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HYREL® ST Capacitors, developed and qualified 

for use in the Minuteman Missile, are 

NOW available to you in ALL RATINGS! 

• Quality 100 times greater than that of 
former high-reliability components! That’s the 
ultra-high-reliability now demanded of 
electronic parts in the Minuteman missile’s 
intricate guidance and control system. 
• An unmatched test history of over 

114 million unit-hours backs up the design of 
HYREL ST Capacitors to withstand the 
rigorous performance requirements specified 

I for Minuteman components. 
• The pioneer in solid tantalum capacitors, 
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manufacturers chosen to participate in the 

Air Force’s Minuteman Component Develop¬ 
ment Program of Autonetics, a division of 
North American Aviation, Inc. 
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glad to discuss the application of these capaci¬ 
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Mr. C. G. Killen, Vice-president, Industrial 
and Military Sales, Sprague Electric Company, 
235 Marshall St., North Adams, Mass. 
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A robot lunar vehicle is probably the simplest and cheapest tool for exploring 
the lunar surface. Since the first vehicles will probably be guided by commands 
from an earth-based control center, AIL has investigated the effects of transmis¬ 
sion and other delays on the rapidity and precision of vehicle guidance. This 
month David Cohen of our Advanced Projects Department describes a position 
predictor system he has developed to minimize the effects of these delays and 
permit continuous vehicle guidance. 

Prediction Display Computer for 
Remote Lunar Vehicle Guidance 

Since the average earth-moon dis¬ 
tance is only about 250,000 miles, a 
lunar robot vehicle exploring the 
lunar surface can be guided by real¬ 
time command signals from an earth-
based control center. The guidance 
signals would be based upon a TV 
display of the lunar terrain at the 
earth-based control center as seen by 
the TV camera mounted on the ve¬ 
hicle. However, the total delay of 3.6 
seconds (2.6 seconds for round-trip 
transmission, 1 second for slow-scan 
TV) between initiation of a command 
and perception of vehicle response on 
the TV display would significantly 
hinder rapid and accurate vehicle 
guidance. 
To understand the guidance prob¬ 

lem and its solution, some time delay 
concepts must be clarified. The ap¬ 
parent vehicle position is the vehicle 
position as indicated by the TV dis¬ 
play at the earth-based control con¬ 
sole. This TV display, transmitted 
from the vehicle-borne TV camera, is 
the view from the vehicle position 2.3 
seconds in the past because of the 
moon-earth transmission time and the 
slow-scan TV delay. The actual ve¬ 
hicle position is that position which 
the vehicle does in fact occupy at any 
given instant of time. The effective 
vehicle position is the vehicle position 
on the lunar terrain 1.3 seconds 
(earth-moon transmission time) in the 
future from its actual position when 
a guidance command is issued at the 
control console. 

Since the delays are additive, the 
guidance operator at the control con¬ 
sole does not see the results of his 
guidance commands for 3.6 seconds. 
Tests using the AIL lunar robot ve¬ 
hicle system simulator demonstrated 
that the total time delay and conse¬ 
quent discrepancy between the ap¬ 
parent vehicle position as indicated by 
the TV display and its effective posi¬ 
tion as determined by earth-moon 
transmission time results in slow and 
inaccurate vehicle guidance. 
To remedy this, a system has been 

devised for computing and presenting 
an effective vehicle position marker on 
the console TV display of the lunar 

Predicted display 

terrain. The marker responds immedi¬ 
ately to the guidance commands is¬ 
sued by the console operator who 
steers the marker across the displayed 
terrain as if it were the vehicle. Thus, 
the marker position represents at all 
times the position at which the com¬ 
mands issued at the console will be 
effective. 

Transform of control loop for unidirectional 
motion 

The marker position on the console 
TV display is computed by integrat¬ 

ing the results of vehicle guidance 
commands over the total delay time 
caused by round-trip transmission 
time and slow-scan TV. Vehicle dy¬ 
namic characteristics and the nonlin¬ 
ear terrain scale as seen on the con¬ 
sole TV display are included in the 
computation. The electrical signals 
representing the computed effective 
vehicle position on the TV display are 
used in the console TV display cir¬ 
cuitry to generate and position var¬ 
iable sized elliptical effective position 
markers. An elipse rather than a dot 
or circle is used to give the marker 
the appearance of perspective varying 
with range as seen on the TV dis¬ 
play. 

A complete bound set of our fifth series 
of articles is available on request. Write 
to Harold Hechtnian at AIL for your set. 
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METAL FILM RESISTORS OFFER 5 
DISTINCT TEMPERATURE COEFFICIENTS 
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RUGGED END-CAP 

CONSTRUCTION 

FOR LONG TERM 

STABILITY 

EXCEPTIONAL 

RESISTANCE TO 

MOISTURE AND 
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Providing close accuracy, reliability and 
stability with low controlled temperature 
coefficients, these molded case metal-film 
resistors outperform precision wirewound 
and carbon film resistors. Prime charac¬ 
teristics include minimum inherent noise 
level, negligible voltage coefficient of re¬ 
sistance and excellent long-time stability 
under rated load as well as under severe 
conditions of humidity. 

Close tracking of resistance values of 2 
or more resistors over a wide temperature 
range is another key performance charac¬ 
teristic of molded-case Filmistor Metal 
Film Resistors. This is especially impor¬ 
tant where they are used to make highly 
accurate ratio dividers. 

Filmistor Metal Film Resistors are au¬ 
tomatically spiralled to desired resistance 
values by exclusive Sprague equipment. 
The metallic resistive film, deposited by 
high vacuum evaporation, bonds firmly to 
special ceramic cores. Noble metal termi¬ 
nals insure low contact resistance. 
The resistance elements, complete with 

end caps and leads attached are molded in 
dense, high temperature thermosetting 
material to form a tough molded shell for 
maximum protection against mechanical 
damage, moisture penetration and re¬ 
peated temperature cycling. 

Filmistor Resistors, in 14, ¡4, 14 and I 
watt ratings, surpass stringent perfor¬ 
mance requirements of MI L R 10509D, 
Characteristics C and E. Write lor Engi¬ 
neering Bulletin No. 7025 to: Technical 
Literature Section, Sprague Electric Co., 
235 Marshall Street, North Adams, Mass. 
For application engineering assistance write: 

Resistor Division, Sprague Electric Co. 
Nashua, New Hampshire 
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The Making of a Magnet. Bell scientists test new superconducting electromagnet, the small cylindrical object being removed 
from helium bath at minus 450 degrees F. An early experimental design produced a field strength over 65,000 gauss. 

OUT OF SOLID STATE SCIENCE COMES A POWERFUL NEW MAGNET 
Bell Telephone Laboratories’ creation of a power¬ 

ful superconducting electromagnet once again illus¬ 
trates the role of materials research in the advancement 
of communications. 

It has long been known that certain materials 
called superconductors have a zero electrical resistance 
at temperatures near absolute zero. A solenoid of 
superconductive wire carrying a large current should 
be capable of producing an extremely powerful mag¬ 
netic field without the bulky power equipment that is 
needed for conventional electromagnets. 

A formidable obstacle blocked the way, however. 
The strong magnetic field tended to destroy the wire’s 
superconductivity. 

Bell Laboratories scientists studying superconduc¬ 
tors—as part of their endless search for new materials 
for communications —were led to the discovery of a 
number of alloys and compounds having exceptional 
superconductive properties. One of these materials, a 

compound of niobium and tin, was found to possess 
a startling ability to retain its superconductivity in 
intense magnetic fields of over 100,000 gauss. Bell 
scientists went on to show how the brittle, intrac¬ 
table material could be made into a wire and hence 
wound to make an extremely powerful electromagnet. 

By finding a low-cost way to create enormously 
powerful magnetic fields, Bell scientists have brought 
closer new applications of magnetism in communica¬ 
tions. Intense magnetic fields provide an invaluable 
tool in research, and offer an attractive means for 
containing hot plasma in thermonuclear experiments. 

The new magnet is another example of how Bell 
Laboratories research not only works to improve Bell 
System communications but also benefits science on 
a broad front. 

®BELL TELEPHONE LABORATORIES 
World center of communications research and development 



MODEL 6db BANDWIDTH 

TL-2D5A 2 kc 

TL-4D9A 4 kc 

TL-6D12A 6 kc 

TL-8D16A 8 kc 

TL10D18A 10 kc 

TL-16D25A 16 kc 

TL-20D32A 20 kc 

TL-30D45A 30 kc 

TL-40D55A 40 kc 

TL-45D60A 45 kc 

TL-32E48C 32 kc 

TL-5OD85C 50 kc 

(suffix "A" denotes 455 kc center frequency; 
suffix "C" denotes 500 kc center frequency) 

Clevite Ceramic Ladder Filters 
Now in stock in 12 bandwidths... 
80 db rejection in 0.1 cu. in. 
Clevite ceramic ladder filters provide more selectivity for their size than any conventional i-f filter. They 
are fixed tuned and need no alignment—are non-magnetic and non-microphonic. Leading manufac¬ 
turers now have Clevite ladder filters in their communications equipment. Improve your newest design 
with these unique filters. Write now for complete specifications— Bulletin 94012, or for selectivity curves 
available on each stock model. ■ Dimensions: Vu" diameter x I1// long. ■ Selectivity: 60 db/6db 
shape factor from 1.3:1 to 2.6:1. ■ Center Frequency Stability: within 0.2% for 5 years, and within 
0.2% from —40° to +85° C. ■ Impedance: 1200-1500 ohms. ■ Designed for military environment. 

CLEVITE ELECTRONIC COMPONENTS 
DIVISION OF CLEVITE 232 FORBES ROAD, BEDFORD, OHIO 

Field Sales Offices: 
Maplewood. N.J. /Chicago, III. / Denver, Colo. / Inglewood, Calif. 



NOW! A REMARKABLE, NEW 
0-40 volt ® 500 ma 
DC POWER SUPPLY 

by PERKIN 
THE ONLY POWER SUPPLY AVAILABLE 
COMBINING THESE 20 FEATURES: 

liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin.iiimiiiiiii 

Model TVCR040-05 0-40 volts @ 0-500 ma 

1. Voltage Regulation: ±.01% or ±2 mv 
2. Current Regulation: ±.02% or ±50/4 amp 
3. Remote Voltage Programming: Full-range 0-40 v 
Factory calibrated @ 100 ohms/volt ±.25% 

4. Remote Current Programming: Full rangel5-5OO ma 
Factory calibrated @ 1 mho/ampere ±1% 

5. Voltage Limiting: Continuously adjustable 0-42 v 
6. Current Limiting: Continuously adjustable 0-600 ma 
7. Remote Voltage Sensing 8. Parallel Operation 9. Series Operation 

10. Vernier Voltage Adjust: 5 mv resolution 
11. Vernier Current Adjust: 50/4 amp resolution 
12. Transient-Free 13. Short-Circuit Proof 
14. Extremely Fast Response: 25/4 sec 
15. Low Ripple: 500/4 volts (voltage regulation mode) 

50/t amps (current regulation mode) 
16. Convection Cooling 17. Portable 18. Regulation Mode Switch 
19. Master-Slave Operation 20. Excellent Long-Term Stability 

Additional Specs ■ AC Input: 105-125 v, 1 0, 47-420 cps, 0.5 A 
■ Max. Ambient Temp.: 45 °C ■ Meters: Dual Scale 0-50 V.DC, 0-600 ma 
■ Dimensions: 5 %" H, 8" W, 9" D—adapter to mount two in 19" rack 
■ Weight: 15 lbs. (approx.) ■ Finish: Gray per M1L-E-15090B 

AND ALL FOR JUST $198 f. o. b. El Segundo 
: I I 1 I I Representatives in principal cities. i~^ I \ l \ 1 
ELECTRONICS CORPORATION ( ® J 
345 Kansas Street, El Segundo, California □ SPring 2-2171 

• 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 

February 7-9, 1962 
3rd Winter Convention on Military 

Electronics, Ambassador Hotel, Los 
Angeles, Calif. 

Exhibits: Mr. Walter E. Peterson, c/o 
IRE Los Angeles Office, 1435 South 
La Cienega Blvd., Los Angeles, Calif. 

March 1-3, 1962 
Eighth Scintillation and Semiconduc¬ 

tor Counter Symposium, Shoreham 
Hotel, Washington, D.C. 

Exhibits: Dr. George A. Morton, RCA 
Labs., Princeton, N.J. 

; March 26-29, 1962 
International Radio &■ Electronics 
Show and IRE International Con¬ 
vention, Waldorf-Astoria Hotel and 
New York Coliseum, New York, N.Y. 

Exhibits: Mr. William C. Copp, IRE 
Advertising Dept., 72 West 45th St., 
New York 36, N.Y. 

! April 11-13, 1962 
SWIRECO (South West IRE Con¬ 

ference & Electronics Show), Rice 
Hotel, Houston, Texas 

Exhibits: Mr. J. C. Robinson, P.O. Box 
1505. Houston. Texas 

: May 1-3, 1962 
Spring Joint Computer Conference, 

Fairmont Hotel, San Francisco, Calif. 
Exhibits: Mr. John W. Ball, Pacific 
Telephone Co., 3240 Arden. Way, Sac¬ 
ramento, Calif. 

May 14-16, 1962 
NAECON (National Aerospace Elec¬ 

tronics Conference), Biltmore Hotel, 
Dayton, Ohio 

Exhibits: IRE Day ton Office, 33 N. Tor¬ 
rence St., Dayton. Ohio 

May 23-25, 1962 
National Telemetering Conference, 

Sheraton Park Hotel, Washington, 
D.C. 

Exhibits: Mr. H. W. Royce, Martin Com¬ 
pany, Baltimore, Md. 

June 12-14, 1962 
Armed Forces Communications & 

Electronics Show, Sheraton Park 
and Shoreham Hotels, Washington, 
D.C. 

Exhibits: Mr. William C. Copp, 72 W. 
45th St., New York 36, N.Y. 

June 25-27, 1962 
Sixth National Convention on Mili¬ 

tary Electronics, Shoreham Hotel, 
Washington, D.C. 

Exhibits: Mr. Ralph I. Cole, Melpar, Inc., 
3000 Arlington Blvd., Falls Church, 
Va. 

I (Continued on page 10 A) 
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Complete VERSATILITY. .. Audio, Video, VHF 

■cay Jtyna-Swecp SKV® 
All-Electronic 

SWEEPING OSCILLATOR 
9 3 5 - B 

50 CPS TO 220 MC IN 12 BANDS • WIDE RANGE OF SWEEP WIDTHS 
VARIABLE REP RATES * MANUAL AND AUTOMATIC OPERATION 

• Single wide-sweep video displays from 10 me down to 1 kc. 

• Linear and logarithmic sweeps of 0.2 cps to 30 cps; or 
sweep locked to line frequency. 

• Audio Sweep of 50 cps to 20,000 cps. 

• 8 fixed, narrow-band video frequency sweeps for repetitive 
operations. 

• Fundamental frequency 10 me to 220 me (widths to 30 me 
plus). 

• High-level output of 1 V rms into 70 ohms. AGC’d to ± 0.5 
db over widest sweep. 

• Manually-operated control for varying oscillator frequency. 

• Fixed pulse-type markers or variable marker provision. 

Price: $1295.00 F.O.B., Factory ($1425.00 F.A.S., New York) 

The wide frequency range, extensive choice of sweep 
widths and repetition rates make the Kay Ligna-Sweep 
SKV a most useful sweeping oscillator. 
For high frequency work, the unit provides 9 sweep 

bands, operating at fundamental frequencies for wide, 
stable sweeps from 10 to 220 me. At the low end of the 
spectrum, an audio frequency sweep from 50 to 20,000 
cps is provided. High order stability permits frequency 
sweeps to as low as 50 cps. 
For checking high-Q circuits and low-frequency 

response characteristics, either log or linear sweeps at 
variable rep rates down to 0.2 cps are available. This 
wide choice of sweep rates (continuous to 30 cycles, 
and fixed line lock ) makes it easy to select that 
highest rep rate which gives both an accurate response 
display and easiest, brightest viewing on the scope 
screen. With the manual frequency control, the trace 
on the scope screen may be held and examined in detail, 
(counted precisely, measured on a VTVM) at any 
frequency point on the scope display. 

Write for 

/ \ Check Video Bandpass -

II \i I e g t 1 kc ,0 10 mc atY- 1 cps rate 

Check Audio Bandpass -
e.g., 50 cps to 20 kc at 

1 cps Log Sweep 

Complete 
Catalog Information 

DEPT. 1-1 MAPLE AVENUE. PINE BROOK. N. J.. CAPITAL 6-4000 
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Meetings 
with Exhibits 
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(Continued from page 8A) 

WHAT ARE 
H-PACS? 

Briefly stated, H-PACS are a complete family of 

readily available, plug-in compatible "packages” 

with operating frequencies up to 16 megacycles 

for the direct implementation of digital systems 

and computers!! 

A major contribution to the field of digital elec¬ 

tronics, these proven H-PACS offer unsurpassed 

reliability and circuit design features hitherto un¬ 

available!! Most important, H-PACS are "in stock” 

— ready for quick delivery!! 

Unique to this outstanding H-PAC series is the 

Model SM-40* — a plug-in serial acoustic delay 

storage element with capacities ranging from 160 

bits to 1600 bits at operating frequencies of 8 to 

16 megacycles!! Pulse delays of 20 gsec to 100 

gsec are obtained by means of a zero temperature 

coefficient glass delay line which obviates the 

requirement for temperature control within rated 

limits!! 

CLOCK 

August 21-24, 1962 
Western Electronics Show and Con¬ 

ference (WESCON), Ambassador 
Hotel & Memorial Sports Arena, Los 
Angeles, Calif. 

Exhibits: Mr. Don Larson, WESCON, 
1435 La Cienega Blvd., Los Angeles, 
Calif. 

August 29-September 1, 1962 
Second International Conference on 
Information Processing, Munich, 
Germany 

Exhibits: Dr. Heinz Billing. Max Planck 
Institute, Munich, Germany 

October 1-3, 1962 
Eighth National Communications 

Symposium, Hotel Utica & Utica 
Municipal Auditorium, Utica, N.Y. 

Exhibits: Mr. R. E. Gaffney, General 
Electric Co., Light Military Elec¬ 
tronics Dept., Utica, N.Y. 

October 8-1O, 1962 
National Electronics Conference, Ex¬ 

position Hall, Chicago, 111. 

Exhibits: Mr. Rudy Napolitan, National 
Electronics Conference, 228 N. LaSalle 
St., Chicago, Ill. 

October 29-31, 1962 
15th Annual Conference on Elec¬ 
tronic Techniques in Medicine & 
Biology, Edgewater Beach Hotel, Chi¬ 
cago, Ill. 

Exhibits: Dr. J. E. Jacobs, 624 Lincoln 
Ave., Evanston, Ill. 

SM-40 FUNCTIONAL DIAGRAM 

Longer delays and increased storage capacity can 

be obtained by cascading several SM-40 units di¬ 

rectly, without the need for inter-unit drivers or 

temperature control!! Serial memory is achieved by 

feeding the SM-40 output back to the input and 

recirculating the stored data!! 

Only one of the many H-PAC 
digital modules shown in the 
new 16-page H-l catalog 
above! Call or write for it 
today! 

PRODUCTS DIVISION 

COMPUTER CONTROL COMPANY, INC. 
EASTERN PLANT: 983 CONCORD STREET/FRAMINGHAM/MASSACHUSETTS 

WESTERN PLANT: 2251 BARRY AVENUE/LOS ANGELES 64/CALIFORNIA 

1OA 

November 13-15, 1962 
Northeast Research & Engineering 
Meeting (NEREM), Somerset Hotel 
& Commonwealth Armory, Boston, 
Mass. 

Exhibits: Mr. Stewart K. Gibson, c/o 
IRE Boston Office, 313 Washington 
St., Newton, Mass. 

December 4-5, 1962 
Eastern Joint Computer Conference, 

Bellevue-Stratford Hotel, Philadelphia, 
Pa. 

Exhibits: Mr. Charles Phillips, 5603 
Jordan Rd., Washington 16, D.C. 

Note on Professional Group Meetings: 
Some of the Professional Groups con¬ 
duct meetings at which there are ex¬ 
hibits. Working committeemen on these 
groups are asked to send advance data 
to this column for publicity information. 
You may address these notices to the 
Advertising Department and of course 
listings are free to IRE Professional 
Groups. 
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QUIET, PLEASE - THIS IS THE MOMENT OF TRUTH 
Here, hooked up to a 3-million watt uhf transmitter, a Metcom duplexer meets its moment of truth. 
The engineer flicks a dial, reads the oscilloscope and carefully measures its recovery time ... 

still another in a long series of performance checks the duplexer must pass before it leaves 
Metcom’s plant. 
High power equipment like this (we have similar equipment for microwave tube and component 

testing at all frequency bands) is representative of the complete and thoroughly modern test 
facilities Metcom keeps on tap to make absolutely certain that any microwave tube or component 
tearing our name performs up to specifications. 
Whatever your requirements in microwave equipment, make sure it's by Metcom ... because Metcom 

makes sure. 

for better microwave tubes and devices AA METCOM INC SALEM, MASSACHUSETTS 

Assembly area for TR tubes L-band high power simulator Low level S-band test bench RF induction brazers 
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NEW LITTON TRAVELING WAVE TUBES 
20 mW to 5.5 kW, 400 Me to 11,000 Me 

Want high performance, high CW power and wide bandwidth 
from a compact, lightweight TWT? You get just that with the 
Litton Industries underweight, undersized family of TWT’s that 
are bigger and better in every other way. For instance, the 
L-3472 gives you 10 watts in a 12-inch, 2.5-pound package. The 
2-watt L-3612 is only 11 inches long and weighs just 1.5 pounds. 

Most of these tubes are PPM focused. Special helix design and 
fabrication techniques have raised the saturation gain to within 
three db of small signal gain. Can be supplied with small signal 
gains up to 60 db. Input and output circuits are coaxial, provid¬ 
ing minimum frequency sensitivity. Bandwidth limited only by 
combined beam-circuit bandwidth. Optimum voltage for small 
signal operation same as for saturated operation. Helix isolated 
from tube body, permitting overload protection, helix modula¬ 
tion, and helix current monitoring. 

Guaranteed to withstand Class II military environment. Applica¬ 
tions include airborne ECM, power tube driver, radar target 
repeaters, and voice and data communications systems. 

Contact us at San Carlos, California, for more information. 

E LITTON 
Electron 

POWER INPUT -DBM 

Tube Type 
Number 

Frequency 
Range 

Megacycles 
Power Output 
Minimum 

Small Signal 
Gain Minimum 

Duty 
Factor 

L-3499 

L-3663 

L-3619 

L-3470 

L-3711 
L-3471 

L-3657 

L-3658 

L-3611 

L-3612 

L-3528 

L-3472 

L-3529 

L-3614 

L-3497" 

L-3674* 

L-3637* 

2000-4000 

2000-4000 

2000-4000 

4000-8000 

4000-8000 

4000-8000 

4000-8000 

4000-8000 

7000-11000 

7000-11000 

5000-11000 

7000-11000 

7000-11000 

8000-11000 

1240-1400 

400- 450 

5900-8400 

2 W 

10 W 

20 W 

20 mW 

1 W 

2 W 

10 W 

20 W 

20 mW 

2 W 

5 W 

10 W 

20 W 

1 kW 

5.5 kW 

5 kW 

200 mW 

36 db 

33 db 

33 db 

36 db 

36 db 

36 db 

33 db 

33 db 

36 db 

36 db 

33 db 

36 db 

36 db 

36 db 

40 db 

37 db 

30 db 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

.02 

.06 

.06 

CW 

•In Development 

INDUSTRIES 
Tube Division 

MICROWAVE TUBES AND DISPLAY DEVICES 
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GMW TRON FUSE 
Diameter: .270 inch 

Length of Body: % inch 

ACTUAL SIZES 

HWA FUSEHOLDER 
Diameter: .500 inch 

Length with Knob and Terminals: 15/16 inch 

SHOWN 

Another BUSS sub-miniature fuse and holder combination 
EXTREME RELIABILITY UNDER HIGH SHOCK 
AND SEVERE ENVIRONMENTAL CONDITIONS. 
Rigid construction of fuse and holder assures 

extraordinary reliability under high shock and 
vibration conditions. Fully insulated ceramic 
body isolates fusible element from effect of dust, 
corrosion, moisture and vapors. 

DESIGNED FOR SPACE-TIGHT APPLICATIONS 
Panel Mounted. Holder can be mounted on 

panel by hand. No special tool required to run 
down holding nut. 

Prong type contacts on fuse make it easy to 
install or replace. 
A knob for the holder may be used to make 

holder water proof from front of panel. 

HOLDER CAN BE MOUNTED IN PRINTED CIRCUITS 
Terminals of holder can be inserted into holes 

and soldered on printed circuit board without 
additional forming. 

If desired, GMW fuse may be used without 
holder and mounted directly into printed cir¬ 
cuit boards. 

AVAILABLE RATINGS FOR GMW FUSES. 
Fuses are made in sizes from 1/10 to 5 am¬ 

peres for use on circuits of 125 volts or less 
where fault current does not exceed 50 amperes. 

Transparent window in end of fuse body 
permits visual inspection of fusible element. 

Before crystallizing your design using sub¬ 
miniature fuses be sure to get full data on the 
Buss GMW fuse and HWA holder combination. 

Exploded view of 
GMW HWA fuse 
& holder combina¬ 
tion. 

IN THE BUSS LINE, you’ll find the type and size fuse to fit your 

. . plus a companion line of clips, blocks and holders. 

BUSSMANN MFG. DIVISION, McGraw - Edison Co., UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO. 
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IRE News and Radio Notes 

Current IRE Statistics 
(As of October 31, 1961) 

Membersh i p—95,572 
Sections—111 
Subsections—31 
Professional Groups—29 
Professional Group Chapters—291 
Student Brauchest—215 

t See June. 1961, issue for a list. 

Calendar of Coming Events 
and Author’s Deadlines* 

1962 
Jan. 9-11: 8th Nat’l. Symp. on Reli¬ 

ability and Quality Control, Statler 
Hilton Hotel, Washington, D. C, 

Jan. 28-Feb. 2: AIEE 1962 Winter Gen¬ 
eral Mtg., New York, N. Y. 

Feb. 6-7 : Symp. on Redundancy Tech¬ 
niques for Computing Systems, 
Dept, of Interior Auditorium, Wash¬ 
ington, D. C. 

Feb. 7-9: 3rd Winter Conv. on Military 
Electronics, Ambassador Hotel, Los 
Angeles, Calif. 

Feb. 14-16: Internat’I. Solid State Cir¬ 
cuits Conf., Philadelphia, Pa. 

Feb. 14-16: Annual Meeting of Bio¬ 
physical Society, Sheraton Park 
Hotel, Washington, D. C. 

Feb. 19-24: Winter Inst, on Optimum 
and Adaptive Control Systems 
Theory Univ, of Florida, Gaines¬ 
ville. 

Mar. 1-3 : 8th Scintillation and Semi¬ 
conductor Counter Symp., Shoreham 
Hotel, Washington, D. C. 

Mar. 26-29 : IRE Internat’I. Conv., Coli¬ 
seum and Waldorf Astoria Hotel, 
New York, N. Y. 

Mar. 28-29: 3rd Symp. on Engrg. As¬ 
pects of Magnetohydrodynamics, 
Univ, of Rochester, Rochester, N. Y. 

Apr. 10-12: 2nd Symp. on the Plasma 
Sheath, New England Mutual Hall, 
Boston, Mass. 

Apr. 11-13 : SWIRECO (S.W. IRE Conf, 
and Electronics Show), Rice Hotel, 
Houston, Tex. 

Apr. 24-26 : Symp. on the Mathematical 
Theory of Automata, United Engrg. 
Ctr., New York, N. Y. (DL*: Jan. 5, 
1962, Symp. Committee, Polytech. 
Inst. Brooklyn, 55 Johnson St., 
Brooklyn 1, N. Y.) 

May 1-3 : Spring Joint Computer Con¬ 
ference, Fairmont Hotel, San Fran¬ 
cisco, Calif. (DL*: Nov. 10, 1961, 
R. I. Tanaka, Lockheed Missiles and 
Space Co., Palo Alto, Calif.) 

May 3-4 : 1st International Congress on 
Human Factors in Electronics, La¬ 
fayette Hotel, Long Beach, Calif. 

* DL = Deadline for submitting ab¬ 
stracts. 

(Continued on page 15A) 

J RE Elects Officers for 1962 
Dr. Patrick E. Haggerty (A’47-SM'53-

F'58), President of Texas Instruments Inc., 
Dallas, Texas, has been elected the 1962 
President of the Institute of Radio Engi¬ 
neers. He succeeds Lloyd V. Berkner (A’26-
M’34-SM’43-F’47), President of Graduate 
Research Center Inc., Dallas. 

T. A. Hunter (A’29-M'45-SM'46-F’53), 
President of Hunter Manufacturing Co., 
Inc., Iowa City, Iowa, has been elected Vice-
President representing North America for 
1962. He succeeds J. F. Byrne (SM’45-F’5O) 
Manager of the Riverside Laboratories, Mo¬ 
torola, Inc., Riverside, Calif. The Vice Presi¬ 
dent representing overseas countries for 1962 
will be A. M. Angot (SM’51), Technical 
Director of Telecommunications Radioélec¬ 
triques et Téléphoniques, Paris, France. 
He succeeds Franz Ollendorff (SM’52), 
Research Professor at the Technion-
Israel Institute of Technology, Haifa, 
Israel. 

Elected as Directors for the 1962-1963 
term are Dr. G. K. Teal (SM’53-F’56), As¬ 
sistant Vice President of the Research and 
Engineering Division of Texas Instruments 
Inc., and G. A. Woonton (A'40-SM’44-
F’51), Professor and Director of Eaton Elec¬ 
tronics Research Laboratory of McGill Uni¬ 
versity, Montreal, Canada. 

Regional Directors for the 1962-1963 
term are: Region 1—Dr. F. K. Willenbrock 
(S'46-A’51-M’55), Associate Dean of Engi¬ 
neering at Harvard University, Cambridge, 
Mass.; Region 3—M. R. Briggs (A’37-
SM'46-F'54), Communications and Control 
Engineering Manager of Westinghouse Elec¬ 
tric Corp., Baltimore, Md.; Region 5— W. B 
Bruene (A'45-SM'49), Collins Radio Co., 
Cedar Rapids, Iowa; Region 7—D. K. 
Reynolds (A’48-SM’51), Professor of Elec¬ 
trical Engineering, at the University of 
Washington, Seattle, Wash. 

Symposium on 
Redundancy Techniques 
For Computing Systems 

A Symposium on Redundancy Tech¬ 
niques for Computing Systems will be held 
on February 6-7, 1962, co-sponsored by the 
Information Systems Branch, Office of Naval 
Research, and the Electronics Division of 
Westinghouse Electric Corp, ['his Sympos¬ 
ium will be held in the Department of the 
Interior Auditorium, C Street between 18th 
and 19th Street, N. W., Washington. D. C. 

The objective of the Symposium is to 
focus attention toward new ideas, research 
and developments, which may lead to the in¬ 
troduction of redundancy techniques into 
forthcoming computing systems. It is ap¬ 
parent that many information processing 
systems of the future will be of such size that 
conventional methods of fabrication and of 
maintenance will be completely unfeasible. 
Computers for space applications have reli¬ 
ability requirements which are presently not 
achievable without use of redundancy. Thus, 
some form of logical redundancy must be in¬ 
troduced if practical systems are to be oper¬ 
ated. Accordingly, it is planned to present in 
a single symposium a collection of related 
papers concerning suggested new techniques 
for the use of redundancy in computing sys¬ 
tems. This should permit relative evaluation 
of such techniques with respect to their prob¬ 
able future utilization in various aspects of 
the computing field. The program will con¬ 
sist of papers invited from many of the or¬ 
ganizations engaged in appropriate research 
and development activities. 

Attendance is open to all interested tech¬ 
nical personnel. Further information and a 
preliminary Symposium program, when 
available, may be obtained by contacting: 
Miss. J. Leno, Code 430A, Office of Naval 
Research, Washington 25, D. C. 

The Sixth Annual Symposium of the North Carolina Section held in Greensboro, North Carolina, October 
19-20, 1961. Left to right: Dr. B. J. Dasher, Director Region III; P. A. McMasters. Chairman, South Carolina 
Section; A. B. MacIntyre, Chairman, North Carolina Section; and W. A. Bernath. General Chairman of the 
Symposium. 
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J XE Announces 1962 Awards 
The Institute of Radio Engineers has an-

i ounced the names of the recipients of the 
1°>2 IRE Awards. Formal presentation of 
tie awards will take place during the 1962 
IRE International Convention, on Wednes-
< ay, March 28, 1962 at the Waldorf Astoria 
Hotel, New York, N. Y. 

Edward V. Appleton of Scotland will re¬ 
iche the 1962 Medal of Honor “for his dis-
ti guished pioneer work in investigating the 
i n osphere by means of radio waves." 

The 1962 Morris N. Liebmann Memorial 
Award will be presented to Victor H. 
kt msey (SM’50 F'60) of the East Bay Sub-
scction of the San Francisco Section “for 
la-vic contributions to the development of 
frequency independent antennas.” Henri B. 
S acts of France will receive the 1962 
Browder J. Thompson Memorial Award for 
L - paper entitled “Analysis and Synthesis 
(•I Nonlinear Systems," which appeared in 
the December, 1960 issue of the Trans-
■hons of the IRE Professional Group 

os Circuit Theory. 
rhe 1962 Harry Diamond Memorial 

Award will be presi ited to William Culshaw 
* fSM'57) of the San Francisco Section “for 

<• «standing accomplishments in the field of 
■ icrowave optics and interferometry.” 
< eorge A. Morton (A'39-SM’46-F’51 ) of 
ib? Princeton Section will receive the 1962 
'. Lidimir K. Zworykin Award “for his con-
iriiution to electronic television through the 
d -selopment of camera and imaging tubes." 
1 he 1962 \\ . R. G. Baker Award will be pre-
re ited to Marvin Chodorow (A'43 -SM’47-
-"54) and Tore Wessel-Berg (A’55) of the 
S«n Francisco Section for their paper en-
■ itled “A High-Efficiency Klystron with 
•istributed Interaction,” which appeared in 
he January, 1961 issue of the Trans¬ 
itions of the IRE Professional Group 
on Electron Devices. 

The second field, however, may be covered 
in a second conference which would closely 
precede or follow the International Con¬ 
ference on Precision Electromagnetic Meas¬ 
urements. 

Original papers in the following areas 
will be considered for presentation: (1) 
atomic frequency and time, (2) determina¬ 
tion of conductivity and complex (tensor) 
electric and magnetic susceptibilities, (3) 
direct current and low frequency measure¬ 
ments, (4) radio frequency and microwave 
measurements, (5) quantum electronics in 
precision measurements, (6) electromagnetic 
measurements for space exploration, and 
(7) data reduction in precision measure¬ 
ments. 

Titles and summaries will be accepted in 
English or French but papers will be pub¬ 
lished in English. As before, it is planned to 
publish a conference record by including the 
conference papers in one issue of the IRE 
Transactions on Instrumentation. Pa¬ 
pers should be submitted to the Program 
Chairman, Dr. George Birnbaum, Hughes 
Research Laboratory, Malibu, Calif. These 
should be in the form of 500 to 1,000 word 
summaries. 

The deadline for submission of summa¬ 
ries is March 15, 1962. Notifications of ac¬ 
ceptance or rejection will be mailed by 
April 15, 1962. The full technical program 
will be announced about June 1, 1962. This, 
with the registration brochure, will be 
mailed to those attending the 1960 Con¬ 
ference, members of IRE-PGI, IRE-
PGM IT, and AIEE Instrumentation Divi¬ 
sion. Further details relating to the Con¬ 
ference, including registration forms (avail¬ 
able about June 1 ), can be obtained by 
writing: J. F. Brockman, National Bureau of 
Standards, Boulder, Colo. 

E all for Papers 
Colorado Conference 

The 1962 International Conference on 
recision Electromagnetic Measurements 
ormerly Conference on Standards and 
ectronic Measurements) will be held Äug¬ 

elt 14-16 at the Boulder Laboratories of the 
N itional Bureau of Standards, Boulder. 
Colo. This Conference is sponsored by the 
Radio Standards Laboratory of the NBS, 
æ Professional Group on Instrumentation 
/ the IRE, and the Instrumentation Divi-
s on of the AIEE. The change of name 
oints up the basic aim of the Conference, 
c h ich is the advancement of standards and 
«curate measurement throughout the co¬ 
herent frequency spectrum. In addition, the 
1962 Conference w 11 give more emphasis to 
the impact of quantum electronics and space 
f k y sics on precision electromagnetic meas-
i rements. In its concern with the strictly 
technical aspect of measurement, this Con-
ftrence will not include papers describing the 
large-scale organization and operation of 
< indards laboratoriesfasdid the conferences 

I 1958 and 1960). The interest in both fields 
is so great that the two subjects may not be 
»dequately handled in a single conference. 

Symposium on 
Scintillation and 
Semiconductor Counter 

The Eighth Scintillation and Semicon¬ 
ductor Counter Symposium will be held 
March 1-3, 1962 at the Hotel Shoreham, 
Washington, D. C. These Symposia have 
been instrumental in bringing together those 
interested in these nuclear radiation de¬ 
tectors either as users or designers. Both the 
theoretical and practical aspects of the 
newer techniques, equipments, and com¬ 
ponents will be covered in invited and con¬ 
tributed papers by workers in the field. 

The Symposium will consist of five day¬ 
time sessions covering the following topics: 
scintillators, photomultipliers and image 
tubes, counter systems and applications, 
semiconductor detectors and scintillation 
track imaging and spark chambers. There 
will be an evening discussion session, pre¬ 
ceded by a banquet, on March 1. A limited 
exhibition will display some of the latest 
equipment available in the scintillation and 
semiconductor counter field. 

The AEC, AIEE, IRE, and NBS are the 
sponsors of the Symposium. Further infor¬ 
mation can be obtained from G. A. Morton, 
Chairman, Scintillation and Semiconductor 
Counter Symposium Committee, RCA Lab¬ 
oratories, Princeton, N. J. 

Calendar of Coming Events 
and Author’s Deadlines* 

(Continued from page 1 JA) 

May 4-5 : Bay Area Symp. on Reliability 
and Quality Control, U. S. Naval 
Postgraduate School, Monterey, 
Calif. (DL*: Dec. 15, 1961, F. B. 
Durand, 553 Connemara Way, 
Sunnyvale, Calif.) 

May 8-10 : Electronic Components Conf. 
Marriott Twin Bridges Hotel, Wash¬ 
ington, D. C. 

May 14-16: NAECON, Dayton, Ohio. 
May 14-16: Symp. on Thermionic 

Power Conversion, Antlers Hotel, 
Colorado Springs, Colo. (DL*: Feb. 
1, 1962, Dr. V. C. Wilson, GE Co., 
Research Lab., Schenectady, N. Y.) 

May 22-24 : Nat’l. Microwave Theory 
and Techniques Symp., Boulder, 
Colo. (DL*: Dec. 18, 1961, R. W. 
Beatty, Nat’l. Bur. Standards, Boul¬ 
der, Colo.) 

May 22 24: Conf, on Self-Organizing 
Principles, Museum of Science and 
Industry, Chicago, III. 

May 23-25: Nat’l. Telemetering Conf., 
Sheraton Park Hotel, Washington, 
D. C. (DL*: Dec. 15, 1961, D. G. 
Mazur, Goddard Space Flight 
Center, Greenbelt, Md.) 

May 24-26 : IRE 7th Region Conf., Seat¬ 
tle, Wash. 

June 18-19: Chicago Spring Conf, on 
Broadcast and Television Receivers, 
O’Hare Inn, Chicago, Ill. (DL*: 
Feb. 15, 1961, A. Cotsworth, Zenith 
Radio Corp., 6001 W. Dickens Ave., 
Chicago 39, Ill.) 

June 25-27 : 6th Nat’l. Convention on 
Military Electronics, Shoreham Ho¬ 
tel, Washington, D. C. (DL*: Feb. 
15, 1962, J. J. Slattery, The Martin 
Co., Baltimore 3, Md.) 

June 25-30: Symp. on Electromagnetic 
Theory and Antennas, Tech. Univ, 
of Denmark, Copenhagen. (DL*: 
Dec. 1, 1961, H. L. Knudson, 0ster 
Volgade 10 G, Copenhagen K, Den¬ 
mark) 

June 27-29: Joint Automatic Control 
Conf., New York Univ., New Yrok, 
N. Y. (DL*: Oct. 15, 1961 (ab¬ 
stracts), Nov. 15, 1961 (papers), 
H. J. Hornfeck, Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, 
Ohio) 

June 28-29: 4th Nat’l. Symp. on Radio 
Frequency Interference, Town 
House Hotel, San Francisco, Calif. 

Aug. 14-16: Internat’l. Conf, on Pre¬ 
cision Electromagnetic Measure¬ 
ments (former title : Conf, on Stand¬ 
ards and Electronic Measurements), 
Nat’l. Bur. Standards, Boulder, Colo. 
(DL*: Mar. 15, 1962, Dr. G. Birn¬ 
baum, Hughes Res. Lab., Malibu, 
Calif.) 

Aug. 21-24: WESCON (Western Elec¬ 
tronics Show and Conf.) Los Ange¬ 
les, Calif. 

Aug. 27-Sept. 1: 2nd Internat’l. Federa¬ 
tion of Information Processing So¬ 
cieties Congress, Munich, Germany. 

Sept. 3-7 : Internat’l. Symp. on Informa¬ 
tion Theory, Brussels, Belgium 
(DL*: Jan. 15, 1962, Dr. F. L. 
Stumpers, Philips Research Labs., 
Eindhoven, Netherlands) 
*DL = Deadline for submitting ab¬ 

stracts. 
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Call for Papers 

6th National Convention on Military Electronics 
(MIL-E-CON 1962) 

June 25-27, 1961 
Shoreham Hotel, Washington, D.C. 

The MIL-E-CON 1962 Convention is sponsored by the IRE Professional Group 
on Military Electronics. Ralph I. Cole, Director, Government Project Service, 
Westinghouse Air Brake Co., Falls Church, Va., is Convention President for 
MIL-E-CON 1962. 

Papers presenting original work in mi 
Suggested topics include, but are not lin 
Current Problems of Space Technology 
Space Electronics 
Ranging and Tracking 
Electronic Propulsion 
Data Handling Systems 
Molecular Electronics and Systems 

litary electronics are invited for this meeting, 
ited to the following: 

Guidance and Control 
Inertial Systems 
Reconnaissance Systems 
Communication Systems 
Operational Analysis 
Reliability 

The technical program will include both classified (confidential) and unclassified 
sessions, with the Air Force Systems Command sponsoring the classified sessions. An 
unclassified and bound Proceedings of the Convention will be available at the meeting. 

Prospective authors are requested to furnish the following information not later 
than February 1, 1962: three copies of a 750-word, unclassified abstracts of the pro¬ 
posed paper plus the name and address of the author(s) and name and address of 
company or affiliation; three copies of biographical sketch of the author(s), 
including education, experience, memberships in professional societies, honors, pub¬ 
lications. Each author must obtain the appropriate military and company clearances 
for his abstract. 

Send abstracts to J. J. Slattery, F316, The Martin Co., Baltimore, Md. 

WESCON Executive 
Committee Named 

Leadership of WESCON for 1962 was as¬ 
signed recently to four prominent Southern 
California electronics executives. WESCON 
will be held in the Los Angeles Memorial 
Sports Arena on August 21-24, 1962. As¬ 
signments to WESCON’s executive com¬ 
mittee were made by the board of directors 
during its annual meeting. 

Donald C. Duncan, President of Duncan 
Electronics, will serve as Chairman of the 
1962 WESCON Board, and Bruce S. 
Angwin, Western Regional Manager of Gen¬ 
eral Electric's receiving tube department, as 
Chairman of the Executive Committee. Ed¬ 
ward C. Bertolet, Vice President of Behl-
man-Invar Electronics is Convention Di¬ 
rector, and S. H. Bellue, Vice President of 
Osborne Electronics, is Show Director. Don 
Larson, WESCON Manager, is the fifth 
member of the executive committee. 

Bay Area members of the eight man 
WESCON Board include John A. Chartz, 
Dalmo Victor, and Meyer Leifer, Ampex 
Instrumentation Products, all newly elected 
to membership, and Dr. John V. N. Granger, 
President of Granger Associates, and Calvin 
K. Townsend, Chairman of the Board of 
Jennings Radio Manufacturing, both former 
members of the Board. 

Plans for WESCON in Los Angeles in¬ 
clude a 1200-booth technical exhibit, 200 
more booths than in 1960 when WESCON 
was last held in Los Angeles. A 94,000-square 
foot pavilion will supplement exhibit areas 
within the permanent Sports Arena facilities. 

Joint Computer Conference 
Committees Named 

Executive and committee responsibilities 
for the 1962 Spring Joint Computer Confer¬ 
ence and Exhibition in San Francisco May 
1-3, 1962 have been announced. The techni¬ 
cal program and exhibits will be at the Fair¬ 
mont Hotel. Sponsorship of the national 
meeting is by the American Federation of 
Information Processing Societies, represent¬ 
ing the IRE, the AIEE and the Association 
for Computing Machinery. 

General Chairman is G. A. Barnard of 
Philco Western Development Laboratories, 
Palo Alto. Vice Chairman is Dr. H. D. Crane 
of Stanford Research Institute and Secre¬ 
tary-Treasurer is R. A. Isaacs of Philco 
Western Development Laboratories. 

Heading the technical program is Dr. 
R. I. Tanaka of Lockheed Missiles and Space 
Co., Palo Alto. Program Vice Chairman is 

6- A. Barnard (left), General Chairman, and Dr. 
H. D. Crane (right), Vice-Chairman, of 1962 Spring 
Joint Computer Conference. 

Dr. R. C. Minnick of Stanford Research 
Institute, and Associate Chairmen for spe¬ 
cial sessions are J. E. Sherman of Lockheed 
Missiles and Space Co. and R. J. Andrews of 
International Business Machines, San Jose. 

J. W. Ball of Pacific Telephone Co., Sac¬ 
ramento is Exhibits Chairman. Arrange¬ 
ments Chairman is R. G. Glaser of McKin¬ 
sey and Co., San Francisco, and Vice 
Chairman of arrangements is R. Smith of 
Smith-Corona Marchant, Oakland. 

Printing and mailing are being handled 
by W. O. Hamlin, Chairman, and R. Johns¬ 
ton, Vice Chairman, both of Fairchild Semi¬ 
conductor, Mountain View. Publications 
Chairman is E. T. Lincoln of IBM, San Jose, 
who is being assisted by J. J. McNulty, Vice 
Chairman, also of IBM, San Jose. Chairman 
and Vice Chairman of the Registration com¬ 
mittee are D. E. Eliezer and L. Rinsler, both 
of IBM, San Jose. N. S. Jones of Friden, 
Inc., San Leandro, is Chairman of the Public 
Relations committee and R. D. Painter of 
Fairchild Semiconductor is Vice Chairman. 

A committee headed by Miss M. G. 
Conley, Chairman, and Miss A. Nemi, Vice 
Chairman, both with IBM in San Francisco, 
will plan a social program for women in San 
Francisco in connection with the conference. 

Consulting assistance to the conference 
committees is being given by R. E. Teasdale 
of the law firm Morrison, Foerster, Hollo¬ 
way, Shuman and Clark, San Francisco, for 
legal matters; John L. Whitlock of John 
Leslie Whitlock Associates, Oakton, Va., for 
exhibits; and William C. Estler of Palo Alto, 
for public relations. 

Winter Convention 
On Military Electronics 

The 1962 Winter Convention on Military 
Electronics to be held in Los Angeles, Febru¬ 
ary 7-9, was announced recently by M. D. 
McFarlane (Robertshaw-Fulton), Chair¬ 
man. 

An opening panel session will present J. 
Rubel, Assistant Secretary of Defense for 
Research and Engineering; Dr. F. J. 
Larsen, Assistant Secretary of the Army, 
Research and Development; Dr. B. Mc¬ 
Millan, Assistant Secretary of the Air Force, 
Research and Development. Maj. Gen. K. P. 
Bergquist, Commander of the Air Force Sys¬ 
tems Command Electronic Systems Divi¬ 
sion, will deliver the convention’s banquet 
address on Wednesday night, February 8. 

A technical program, under the direction 
of M. E. Brady, Space Technology Labora¬ 
tories, and H. L. Richter, Jr., Electro-
Optical Systems, will run in concurrent ses¬ 
sions throughout the three-day event. Mr. 
Brady has singled out communications sys¬ 
tems as a subject for special attention in the 
program. Seventy-five exhibit booths will 
display new military electronic components, 
instruments, and systems produced by the 
military services. A program for women has 
also been arranged. 

The Professional Group on Military 
Electronics, and the Los Angeles Section, 
IRE, are sponsors of the convention. Infor¬ 
mation may be obtained from the IRE 
Business Office, 1435 S. La Cienega Blvd., 
Los Angeles 35, Calif. 

16A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE January, J 962 



LAMBDA 
Convection Cooled Transistorized 
Regulated Power Supplies 

0- 34 
20-105 
75-330 

LA SERIES 
VDC 5, 10, 20 
VDC 2, 4, 8 
VDC 0.8, 1.5, 3 

AMP 
AMP 
AMP 

SPECIAL. • Convection Cooled—No internal 
FEATURES blowers or filters — maintenance free 

• Ambient 50 C 
• No Voltage Spikes or overshoot on 

“turn on, turn off,” or power failure 
• Guaranteed 5 years 

• Remote programming over Vernier band 
• Hermetically-sealed transformer designed 

to MIL-T-27A 
• Easy Service Access 
• Short Circuit Proof 
• Constant Current Operation—Consult Factory 

CONDENSED DATA- LA SERIES 

DC OUTPUT (Regulated for line and load) 

Temperature 
Coefficient . . Less than 0.025%/°C. 

Model 

LA 50-03B 
LA100-03B 
LA200-03A 
LA 20-05B 
LA 40-05B 
LA 80-05B 
LA 8-08B 
LA 15-08B 
LA 30-08B 

Voltage Range Vernier Band 

0- 34 VDC 4 V 
0- 34 VDC 4 V 
0- 34 VDC 4 V 

20-105 VDC 10 V 
20-105 VDC 10 V 
20-105 VDC 10 V 
75-330 VDC 30 V 
75-330 VDC 30 V 
75-330 VDC 30 V 

121 Current Range Price 

0- 5 AMP S 395 
0-10 AMP 510 
0-20 AMP 795 
0- 2 AMP 350 
0- 4 AMP 495 
0- 8 AMP 780 
0- 0.8 AMP 395 
0- 1.5 AMP 560 
0- 3 AMP 860 

(1) The DC output voltage tor each model is completely covered by tour selector 
switches plus vernier range. 

(2) Center of vernier band may be set at any of 16 points throughout voltage range. 

(3) Current rating applies over entire voltage range. 

(4) Prices are for unmetered models. For metered models add the suffix “M” and 
add $30.00 to the price. 

(5) Except for LA-200-03A which has AC input voltage of 100*130 VAC. 105*140 
VAC available upon request. 

AC INPUT 105-140 VAC,(S) 60 ± 0.3 cycled 

Regulation (line) Less than 0.05 per cent or 8 millivolts 
(whichever is greater). For input varia¬ 
tions from 105-140 VAC.*5* 

(6) This frequency band amply covers standard commercial power line tolerances 
in the United States and Canada. For operation over wider frequency band, con* 
suit factory. 

Regulation (load) . Less than 0.10 per cent or 15 millivolts 
(whichever is greater). For load varia¬ 
tions from 0 to full load. 

Ripple and Noise. Less than 1 millivolt rms with either 
terminal grounded. 

Size 
LA 50-03B, LA20-05B, LA 8-08B 
LA100-03B, LA40-05B, LA15-08B 
LA200-03A, LA80-05B, LA30-08B 

3H" H X 19" W X 14^" D 
7" H X 19" W X 14%" D 
10H" H X 19" W X 16^" D 

For complete data send for new Lambda Catalog 61 

LAMBDA ELECTRONICS CORP. 
515 BROAD HOLLOW ROAD HUNTINGTON, L. I.. NEW YORK • 516 MYRTLE 4-42OO 

Western Regional Office: 230 North Lake Avenue, Pasadena, California • Phone: Code 213, MUrray 1-2544 

New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts • Phone: Code 617, HUntley 5-7122 

Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. I., New York • Phone: Code 516, MYrtle 4-4200 
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AIEE Pacific Energy 
Conversion Conference 

A new technical Conference on the sub¬ 
ject of Energy Conversion will be sponsored 
by the San Francisco Section of the AIEE. 
t he Conference will be held in San Francisco 
on August 13-16, 1962. 

This meeting will be devoted to reports 
on the state of the art and panel discussions 
an engineering aspects of applications in the 
field of energy conversion. Included will be 
discussions on thermionics, photovoltaics, 
fuel cells, energy storage, thermo electrics 
and magnetohydrodynamics. 

Authors interested in submitting papers 
are requested to furnish three copies of a 
brief summary by January 15, 1962. Sub¬ 
mission should be made to H. X. Skow, Gen¬ 
eral Program Committee Chairman, West¬ 
inghouse Electric Corporation. 410 Bush St., 
San Francisco, Calif. 

Conference on 
Se LF-0 R G A NIZIN G S VSTE M S 

A conference on Self-Organizing Systems 
will be held on May 22-24, 1962 at the 
Museum of Science and Industry, Chicago, 
Ill., co-sponsored by the Information Sys¬ 
tems Branch of the Office of Naval Research 
and the Armour Research Foundation. 

The objective of the Conference is to 
bring together research workers who are 
concerned with the evolution of self-organiz¬ 
ing information systems. While improved 
understanding and modelling of cognitive, 
learning and growth processes is clearly of 
interest, this Conference is primarily con¬ 
cerned with these fields only insofar as they 

interact with the major objective. Since 
there has been greatly increased emphasis 
placed on self-organizing systems, it would 
seem that this might be an appropriate time 
to evaluate recent progress and to consider 
the future directions of research. Therefore, 
this topic will be examined in depth, with 
particular emphasis placed upon the more 
salient research of the past three years. 

Attendance is open to all interested tech¬ 
nical personnel. Further information and a 
preliminary Conference program, when 
available, may be obtained by contacting 
G. T. Jacobi, COSOS Conference Secretary, 
Armour Research Foundation, 10 West 35 
St., Chicago 16, III. 

Convention Records 
For Seventh National 
Communications Symposium 

The National Communications Sym¬ 
posium Convention Record whic h was pre¬ 
sented to attendees as part of the technical 
program at the Symposium, is available in a 
limited number of copies containing the com¬ 
plete papers which were summarized in the 
Symposium technical sessions as follows: 

Seventh National Communications Con¬ 
vention Record ( 1961 ) S4.50 postage paid. 

Sixth National Communications Con¬ 
vention Record ( 1960) S4.50 postage paid. 

Payments may be made to the IRE 
National Communications Symposium in 
care of IRE Secretariat, Room 223B, 
Mohawk Valley Technical Institute, Armory 
Drive, Utica, N. Y. Payments are to be 
made in advance of shipment and, in the case 
of foreign orders, are to be made payable in 
United States currency. 

Symposium on 
Plasma Physics 

There will be a Symposium on Inter¬ 
action Phenomena in Plasmas, July 2-4, 
1962, at the Chalmers University of Tech¬ 
nology in Gothenburg, Sweden. The Sym¬ 
posium will deal with some aspects of plasma 
physics which will not be discussed exten¬ 
sively during the Copenhagen Symposium 
on Electronmagnetic Theory and Antennas. 
Registration forms for the Gothenburg Sym¬ 
posium can be obtained from the Secretary 
General, Dr. H. Wilhelmsson, Research 
Laboratory of Electronics, Chalmers Uni¬ 
versity of Technology, Gothenburg, Sweden. 

Air Force MARS 
Announces Schedule 

The Air Force MARS Eastern Technical 
Net broadcasting on 3295. 7540, and 15,715 
kc announces the following schedule of 
broadcasts on Sundays, 2-4 P.M. EST: 

Jan. 7—“New Electron Tubes for the 
Modern Era," Dr. J. E. Beggs, Research 
Associate, General Electric Research Lab¬ 
oratory. 

Jan. 14—“Thermionic Integrated Micro¬ 
Module Circuits for High Temperature En¬ 
vironments," A. P. Haase, Manager, Re¬ 
ceiving Tube Department. General Electric 
Company. 

Jan. 21—“Applications of Transistors," 
F. B. Smith, RCA Laboratories. 

Jan. 28—“General Discussion of Semi¬ 
conductor Devices," E. O. Johnson, Re¬ 
search Engineer, RCA Laboratories. 

Feb. 4—“Advances in Broad Band 
Communications," K. Worthen, Communi¬ 
cations Products Department, General 
Electric Company. 

Dr. Constantine D. J. Generates. Jr. (SM’59) and Dr. Wernher von Braun are shown above receiving honorary certificates for original research in space science and 
space medicine from the Greek government through the Hellenic Astronáutica! Society. Left to right: Mr. Triantaphyllides of the H.A.S., Consul General Dr. Basil Vitsaxis 
of Greece, Mrs. von Braun, Dr. von Braun, and Dr. Generales. 
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measure analyze, 100 cps-600 kc signals 
quickly, easily, with one compact instrument 

PANORAMIC’S 

SB-15a 
ULTRASONIC 
SPECTRUM 
ANALYZER 

Panoramic's advanced Model SB-15a automatically and repeti¬ 

tively scans spectrum segments from 1 kc to 200 kc wide 

through the entire range (100 cps to 600 kc) . . . plots frequency 

and amplitude along the calibrated X and Y axes of a long 

persistence CRT, or on a 12 x 4y2" chart (optional RC-3a/15). 

Sweep rates are adjustable from 1 to 60 cps. 

Adjustable resolution enables selection and detailed examina¬ 

tion of signals as close as 100 cps. Self-checking internal fre¬ 

quency markers every 10 kc. Also internal amplitude reference 

• Only 834" high, the SB-15a is completely self-contained, 

needs no external power supply or regulator. 

PANORAMIC PRESENTATION MEANS 
• quick signal location, minimum chance of missing weak 

signals or holes in spectrum • faster measurements— no 

tedious point-by-point plots • reliable spotting of low level 

discrete signals in noise • positive identification and dynamic 

analysis of all types of modulation 

Lab setup shows SB- 15a versatility. (I) FM display measures 
dynamic deviation. (2) & (3) are AM and SSB signals, respec¬ 
tively, with sine wave modulation. 

ALL THESE APPLICATIONS . . . 
• Noise, vibration, harmonic analysis • Filter & transmis¬ 

sion line checks • Telemetry analysis • Communication 

System Monitoring . . . and more • Power Spectral Density 

Analysis (with Model PDA-1 Analyzer) • Frequency Re¬ 

sponse Plotting (with Model G-15 Sweep Generator) 

electronics, inc. 

Formerly Panoramic Radio Products, Inc. 

SUMMARY OF SPECIFICATIONS 
Frequency Range: 100 cps to 600 kc. 

Sweepwidth: Variable, calibrated from 1 kc to 200 kc. 

Center Frequency: Variable, calibrated from 0 to 500 kc. 

Markers: Crystal controlled, 10 kc and 100 kc plus har¬ 

monics. 

IF Bandwidth: Variable, 100 cps to 4 kc. 

Sweep Rate: Variable, 1 cps to 60 cps. 

Amplitude Scales: Linear, 40 db log (extendable to 60 

db) and 2.5 db expanded. 

Sensitivity: 200 fiv to 200 v full scale deflection. 

Accuracy: ±0.5 db. 

Input Impedance: 55 k ohms. 

Write now for specifications, other applications of 

PANORAMIC’s Model SB- 15a. Get on our regular mail¬ 

ing list for THE PANORAMIC ANALYZER, featuring 

application data. 

PANORAMIC ELECTRONICS, INC., 522 South Fulton Avenue, Mount Vernon, N.Y. • Phone: OWens 9-4600 
TWX: MT-V-NY-5229 • Cables: Panoramic, Mount Vernon, N.Y. State 
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Obituaries 
Mario Tchou (M’54), who was Director 

of the Laboratorio Ricerche Elettroniche 
Olivetti, Milan, Italy, died suddenly on 
November 9, 1961. 

He was born on June 26, 1924. From 
1942 to 1945 he attended the University of 
Rome. In 1947 he received the B.S. degree 
in electrical engineering from Catholic Uni¬ 
versity of America, Washington, D. C., and 
in 1949 he received the M.S. degree in phys¬ 
ics from Polytechnic Institute of Brooklyn, 
N. Y. 

From 1947 to 1952 he was an Instructor 
of Electrical Engineering at Manhattan Col¬ 
lege, New York, N. Y. From 1952 to 1954 
he was an Associate Professor of Electrical 
Engineering at Columbia University, New 
York, N. Y. 

Mr. Tchou was responsible, to a large 
extent, for the formation of the Italy Section 
of the IRE and had long been active in IRE 
affairs. At the time of his death he was 
Secretary-Treasurer of the Italy Section. 

Richard W. Johnston (SM’56), who was 
Chairman of the IRE Nuclear Techniques 
Committee from 1958 to 1960, died in 

Bethesda, Md., on 
November 17, 1961. 

He was born on 
May 29, 1917 in Bos¬ 
ton, Mass. In 1947, 
he graduated from 
the Massachusetts 
Institute of Tech¬ 
nolog)’, where he 
majored in electrical 
engineering. During 
World War II, he 

R. W. Johnston was assigned to the 
special engineering 

detachment of the Manhattan Engineering 
District, Oak Ridge, Tenn. In 1946, he 
resumed his studies and worked as an elec¬ 
tronic engineer for the Stevens-Arnold Co., 
Boston, Mass., doing research and develop¬ 
ment work on radar equipment. 

Since 1948, he had been with the Atomic 
Energy Commission. In 1952 he was named 
Chief of the technical coordination section of 
the radiological physics and instruments 
branch, and in 1957 he became Head of the 
entire branch. 

Mr. Johnston was a recipient of the 
Arthur S. Flemming Award for outstanding 
government. He was Chairman of ASA Sec¬ 
tional Committee on Nuclear Instrumenta¬ 
tion, a member of the Administrative Com¬ 
mittee of the IRE Professional Group on 
Nuclear Science, the Instrument Society of 
America, the Electronics Industries As¬ 
sociation, and the American Standards 
Society. 

ing station CFCO for Semmelack and Dick¬ 
son Compan)-, while he was manager of the 
radio department of that firm. In 1924, he 
joined the staff of the radio department of 
Canadian National Railways as a radio en¬ 
gineer. He was appointed Technical Assist¬ 
ant to the Director of radio in 1927. 

Mr. Olive was a member of the Fre¬ 
quency Modulation Committee of the IRE 
from 1946 to 1947, and a member of the 
Modulation Systems Committee from 1947 
to 1948. 

Call for Papers 
For Chicago Conference 

The 1962 Chicago Spring Conference on 
Broadcast and Television Receivers is 
planned for June 18 and 19, and will again 
be held at the O'Hare Inn. 

Papers are sought that woidd be of par¬ 
ticular interest to those in the home enter¬ 
tainment radio and television industry, espe¬ 
cially papers dealing with new products, and 
with new concepts of component and circuit 
design. The deadline for receipt of papers is 
February 15, 1962. At their earliest con¬ 
venience, potential authors are asked to sub¬ 
mit in triplicate a fifty to one hundred 
(50-100) word summary including title of 
the paper and name of author(s), together 
with company affiliation and position. 
Papers should be limited to approximately 
2500 words, and the presentation to twenty 
minutes. 

Authors will be notified of the selection 
of papers early in March . Biographical in¬ 
formation will be requested at that time, but 
complete papers will not be required until 
the time of presentation. Since it is hoped 
that most of the papers will be published in 
the PGBTR Transactions, authors will be 
expected to supply, before presentation, a 

transcript suitable for such submission. Pa¬ 
pers should be submitted to: A. Cotsworth, 
Papers Committee, Zenith Radio Corp., 6001 
West Dickens Ave., Chicago 39, 111. 

Dr. Kalmus Receives 
Army’s Gold Medal Award 

Dr. Henry P. Kalmus (A’39-SM '45-
F'56), Associate Technical Director of the 
Diamond Ordnance Fuze Laboratories, 
Washington, I). C. was presented with the 
Army’s Gold Medal Award for Exceptional 
Service by Dr. Finn Larsen, Assistant 
Secretary of the Army (R&D). This is the 
highest award the Army bestows upon a 
civilian. Dr. Kalmus was cited for “his 
numerous inventions applicable to missiles, 
nuclear weapons, and radar and target de¬ 
tection systems (which) have contributed 
immeasurably to developments in modern 
weaponry. r

A member of the Washington Academy 
of Sciences, he received the Dipl. Engr. de¬ 
gree from the Technical University of Vi¬ 
enna in 1930 and his Doctorate from the 
same University in 1960. Afteran association 
of eight years with the Orion Radio Cor¬ 
poration in Europe, Dr. Kalmus came to the 
United States and was employed in a pro¬ 
fessional capacity with the Emerson Radio 
Corporation, New York, N. Y., and with the 
Zenith Corporation in Chicago, III., prior to 
joining the staff of the National Bureau of 
Standards (and consequently the Diamond 
Ordnance Fuze Laboratories) in 1948. Dr. 
Kalmus holds more than thirty patents in 
the field of electronics and has published a 
great number of scientific papers and arti¬ 
cles. Among the many honors he has re¬ 
ceived is the Department of Commerce 
Gold Medal for Exceptional Service (1954). 

Gordon W. Olive (A’29-VA’39-F'51) 
who was Director General of Engineering at 
the Canadian Broadcasting Corporation, 
Gananoque, Ontario, died on October 22, 
1961. 

He was born on March 18, 1898 in Mon¬ 
treal. From 1919 to 1922 he attended McGill 
Universit)’. He served overseas during World 
War I with the McGill Siege Battery. In 
1923, he built and operated radio broadcast¬ Dr. Finn Larsen (left) congratulates Dr. Henry P. Kalmus (right) uj>on presentation of the 

Army's Gold Medal Award for Exceptional Service to Dr. Kalmus. 
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onr a i/Tunniinu i URLHix innuuuni 

A new, HIGH-POWER, 3 db, crossover 
HYBRID COUPLER* that makes possible duplexers of 

a size and weight heretofore unknown. The crossover feature which allows two 
outputs on one side provides the maximum flexibility. Unlike many high-power 
microwave components, this coupler lends itself to design centers as low as 
15 mc/s or lower without becoming unreasonably large. Otherwise it has the 
properties of the classical 7r/2 hybrid. 
As an example, Figure 1 illustrates 
application to a balanced “ATR” duplex¬ 
er centered at 130 mc/s. Over a 2: 1 band¬ 
width, receiver insertion loss is 0.3 db 
nominal and transmitter insertion loss is 
less than 0.5 db. Isolation is nominally 
30 db. Using tubes especially developed 
for these duplexers by Tucor, Inc., 
recovery time is 100 microseconds. This 
particular unit was furnished for a 10 kw 
peak, 200 watts average power applica¬ 
tion; but these ratings can be extended 
considerably. 
Note the size with relation to the con¬ 

nectors. The four larger connectors on 
outside corners are type C for r-f connec¬ 
tions; the four inner are BNC for d-c 
returns, bypassed, through the r-f cir¬ 
cuitry for keep-alive voltages. 

In Figure 2 is a balanced “TR” du¬ 
plexer with type LC connectors for trans¬ 
mitter and antenna. Hidden are type N 
connectors for receiver and termination. 
The BNC’s on top are for keep-alive volt¬ 
ages. This particular unit has a center 
frequency of 130 mc/s, and will handle 
10 kw peak power, 600 watts average. 

Figure 3 illustrates the basic coupler, 
the heart of these and similar devices. 
Power in port 1 is split equally between 
2 and 3 but 90° out of phase; power 4 is 
also split equally but 90° out of phase in 
opposite sign. A similar situation holds 
for ports 1 and 4 when fed from 2 or 3. 
When power components 90° out of 

phase are fed to ports 2 and 3, the com¬ 
bined output will be from port 1 or 4 de¬ 
pending on sign of the phase difference. 
A similar situation holds with ports 2 and 
3 when power components are fed to 
ports 1 and 4. 
When ports 2 and 3, or 1 and 4, are 

terminated, a nominal 30 db isolation 
may be expected between the other two 
ports over a 2: 1 frequency band. Note 
that the angular orientation between 
ports 1 & 4 and 2 & 3 is unimportant. 
This fact greatly eases the packaging 
problem. 
For high power capability in a small, 

light-weight package, specify Dielectric. 
Further information may be obtained from 
our Proposal Engineering Department. 

^Patent pending 

dial DIELECTRIC 
for solutions to 
com municat ions 

problems. 
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Figure 1. Balanced "ATR" 
Duplexer employing new 
hybrid couplers: 10 kw 
peak. 2:1 band centered on 
130 mc/s. weight 5 pounds. 

Figure 2. Balanced "TR" 
Duplexer: specifications sim¬ 
ilar to those of Figure 1. 

Figure 3. Basic 3 db coupler: 
orientation between port 
pairs 1 & 4 and 2 & 3 may 
be any angle between 90° 
and ISO 3. The crossover 
feature providing two out¬ 
puts on the same side fa¬ 
cilitates application. 

DIELECTRIC'S areas of capability include coaxial, waveguide and open wire techniques . . . 

TRANSMISSION LINES & COMPONENTS • NETWORKS 

SWITCHES • ANTENNAS & FEEDS • TEST EQUIPMENT • R A D ENGINEERING 

DIELECTRIC PRODUCTS ENGINEERING CO., INC. 

RAYMOND, MAINE 
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Eighth National Symposium on Reliability 
and Quality Control 

Statler Hilton Hotel, Washington, D. C., January 9-11, 1962 

The Eighth National Symposium on Re¬ 
liability and Quality Control will be held 
January 9-11, at the Statler Hilton Hotel, 
Washington, D. C. Sponsoring bodies are the 
IRE Professional Group on Reliability and 
Quality Control, the AI EE, the EI A, and 
the ASQC. The formal opening of the Sym¬ 
posium will be Tuesday morning, January 9. 
Senator Henry M. Jackson will be the ban¬ 
quet speaker. Some 200 papers were nomi¬ 
nated as candidates for presentation at this 
Symposium, fifty per cent more than have 
ever been submitted in previous years. Reg¬ 
istration will be held Monday evening, 
January 8, from 5:00 P.M. to 10:00 P.M., and 
Tuesday, January 9, from 8:00 A.M. to 4:30 
P.M. Registration fees, including Banquet 
and Proceedings, are S20.00 for advance 
payment, and $24,00 for door payment for 
members of IRE, AIEE, and ASQC, and 
$22.00 and $24.00 for all others. The Pro¬ 
ceedings of past Symposia, as well as this 
Symposium may be obtained at the Sym¬ 
posium or from the IRE, Editorial Depart¬ 
ment, 1 East 79 Street, New York, N. Y., 
at a price of $5.00 each. M. P. Smith, 
Honeywell, St. Petersburg, Fla. is the 
General Chairman of the Symposium, and 
E. F. Jahr, IBM Corporation, Owego, N. Y. 
is the Program Chairman. 

The program of the conference will be as 
follows: 

Tuesday Morning, January 9 
Session 1—Keynote Address 

“A Management Appraisal of the Reli¬ 
ability Challenge,” C. F. Horne, President, 
General Dynamics, Pomona. 

Session 2A—Statistical Techniques 

Moderator: Dr. M. Sobel, University of 
Minnesota. 

“Statistical Independence in Reliability 
Equations,” A. M. Breipohl, Sandia Corp. 

“Truncation of Sequential Life Tests,” 
T. L. Burnett, IBM Corp. 

“Confidence Limits for System Reliabil¬ 
ity from Components Tests,” Dr. W. S. 
Connor, Research Triangle Inst. 

Session 2B—Program Management 

Moderator: R. H. Dewitt, Office of Elec¬ 
tronics, ODDR & E. 

“Reliability Program Requirements for 
Aerospace Systems and Subsystems,” Major 
V. J. Bracha, U.S.A. F. 

“PERT-PEP Controls for Reliability 
and Costs,” Dr. H. G. Romig, Operations Re¬ 
search Inc. 

“Management of Equipment Reliability 
Activities at USASRDL,” T. J. Edwards, 
U. S. Army Signal Research and Development 
Lab. 

Tuesday Afternoon 
Session 3A—Statistical Techniques 

Moderator: IF. R. Allen, Consultant. 

“Life and Reliability Testing Based on 
the Weibull Distribution,” Prof. H. P. 
Goode, Cornell Univ. 

“Screening for Critical Variables Affect¬ 
ing Reliability,” Dr. C. H. Li, General In¬ 
strument Corp. 

“Factorial Experiments in Reliability 
Analysis,” C. L. Barron, Honeywell. 

“Statistical Methods as Design Tools,” 
E. F. Grey, U.S.A.F. 

Session 3B—Quality Control Techniques 

Moderator: L. J. Jacobson, International 
Resistance Co. 

“Process Acceptance vs Lot Acceptance,” 
C. R. Clark, Sandia Corp. 

“Martin-Denver Auto QC,” R. A. Ben¬ 
nett, The Martin Co. 

“Precision through Variations Flow 
Analysis,” N. L. Enrick, Univ, of Virginia. 

“QC Management for Time-Compressed 
R & D Programs,” F. A. Barta, Hughes Air¬ 
craft Co. 

Tuesday Evening 
Session 4—Panel Discussion 

Moderator: Dr. R. C. Seamans, Jr., 
Associate Administrator, NASA. 

“Reliability—The Key to Space Opera¬ 
tions.” A panel of four leaders from Govern¬ 
ment and Industry will discuss the challenge 
the United States faces in space exploration 
and the key roll reliability plays in this 
activity. 

Wednesday Morning 
Session 5A—Reliability Testing 

Moderator: F. E. ¡Venger, USAF-AFSC. 
“Analysis Testing for Improved Circuit 

Reliability,” B. J. Grinnell, IBM Corp. 
“Optimum Reliability Testing for Space 

Systems,” Mrs. C. D. Hock, NASA. 
“Failure Analysis,” E. IF. Kimball, The 

Martin Co. 
“Estimating Guided Missile System Re¬ 

liability' from R & D Systems Firing Tests,” 
A. Steinberg, U. S. Army Ordnance Missile 
Command. 

Session 5B—Mathematics and 
Reliability Models 

Moderator: Dr. B. Epstein, Consultant. 
“Methodology for System Reliability' 

Analysis,” B. Tiger, RCA. 
“Equipment Self-Repair Techniques,” 

J. Klion, Rome Air Development Center. 
“Mathematical Analysis of Redundant 

Matrices,” G. D. Weinstock, ITT Labs. 
“Intertial Guidance System Component 

Reliability,” L. A. IFeater, Honeywell. 

Session 5C—Training Session 

Moderator: L. J. Paddison, Sandia Corp. 
“Reliability Management by Objectives 

and Results,” Dr. L. IF. Ball, Boeing Co. 
“Practical Statistical Tools for Reli¬ 

ability Measurement and Acceptance,” 
C. M. Ryerson, EL-TEK Corp. 

“Full Design Definition Is Essential to 
Reliability,” IF. L. Hurd, Jr., Lockheed Mis¬ 
sile and Space Co. 

“Contractural Reliability—An Educa¬ 
tion Program,” R. H. Johnson, The Martin 
Co. 

Wednesday Afternoon 
Session 6A—Reliability Testing 

Moderator: P. D. Darnell, Bell Telephone 
Labs. 

“CAM ESA Reliability Test Program,” 
A. P. Harris, Canadian Agency. 

“Practical Aspects of a High Reliability 
Specification,” T. IT. Gross, Lockheed Missile 
and Space Co. 

“Reliability Evaluation by Application 
Derating,” K. IF. Davidson, Texas Instru¬ 
ments Inc. 

“Acceleration Factor Determination on 
Glass Capacitors,” L. D. Hines, Corning 
Glass Works. 

Session 6B—Reliability and Quality 
Control Education 

Moderator: H. C. Jones, Univ, of Mary¬ 
land. 

“Effective Reliability—Through Edu¬ 
cation,” Dr. P. H. Zorger, The Martin Co. 

“AGREE in Action,” G. IF. Lindsay, 
U.S.A.F. 

“A Reliability Slide Rule,” B. Ellison, 
International Electric Corp. 

“A Comprehensive Education and Train¬ 
ing Program for Design Reliability,” F. E. 
Marsh, Boeing Co. 

Session 6C—Training Session 

Moderator: Dr. L. W. Ball, Boeing Co. 
“The Problem of Human Initiated Fail¬ 

ures,” D. Meister, General Dynamics— 
Astronautics. 

“Reliability Through Process Capability’ 
Studies,” G. 0. Hawley, Sandia Corp. 

“A Theory of Component Part Life Ex¬ 
pectancies,” D. R. Earles, A VCO Corp. 

“A Missile Reliability Reporting Sys¬ 
tem,” I. R. Whiteman, C.E.I.R., Inc., 

Wednesday Evening 
Banquet 

“A Senator Looks at the Problem of Re¬ 
liability' in National Survival,” Henry M. 
Jackson, U. S. Senator, State of Washington. 

1961 National Reliability Award—pre¬ 
sented by M. P. Smith, General Chairman. 

1961 IRE Professional Group on Reli¬ 
ability' and Quality Control Award—pre¬ 
sented by’ L. J. Paddison, Chairman, 
PGRQC. 

1961-1962 ASQC Electronics Division 
Award—presented by' H. D. Voegtlen, Divi¬ 
sion Chairman. 
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from one integrated source 

ALITE — with its completely equipped facilities 
for producing high quality, vacuum-tight, 
ceramic-to-metal seals — is geared to meet all 
your requirements for high alumina ceramic¬ 
metal components. From design to finished as¬ 
sembly, every manufacturing step — including 
formulating, firing, metalizing and testing—is 
carefully supervised in our own plant. Result: 
effective quality control and utmost reliability. 

Hermetic seals and bushings made of high 
alumina Alite are recommended for electrome¬ 
chanical applications where service conditions 
are extremely severe or critical. Alite has high 
mechanical strength and thermal shock resist¬ 
ance. It maintains low-loss characteristics 
through a wide frequency and temperature 
range. It resists corrosion, abrasion and nuclear 
radiation. Its extra-smooth, hard, high-fired glaze 
assures high surface resistivity. 

To simplify design problems and speed delivery, 
Alite high voltage terminals, feed-throughs and 
cable end seals are available in over 100 stand¬ 
ard sizes. However, when specifications call for 
special units for unusual applications, you can 
rely on expert assistance from Alite engineers to 
help you take full advantage of Alite’s superior 
properties. 
Write us about your specific requirements today. 

WRITE FOR HELPFUL FREE BULLETINS 

Bulletin A-8 gives useful com¬ 
parative data. Bulletin A-40-R 
describes Alite facilities and 
complete line of Alite Standard 
Bushings. 
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Thursday Morning 
Session 8A—Reliability and Quality 

Control Programs 
Moderator: D. A. Hill, Hughes Aircraft. 
“Reliability Program Based on Bomb-

Nav. System Experience, ” F. W. Blackburn, 
Sperry Rand Corp. 

“Reliability Research on Components for 
Space,” E. E. Brucschke, Hughes Aircraft Co. 

“Quality Assurance in the Field of Nu¬ 
clear Ordnance,” C. E. Smith, Jr., Sandia 
Corp. 

“Reliability Emphasis on Production 
Contracts,” J. A. Marshik, Honeywell. 

Session 8B—Maintainability 

Moderator: E. Harwood, Office of Elec¬ 
tronics, ODDR & E. 

“Simulation of Aircraft Electronics 
Maintenance,” D. S. Ellis, Hughes Aircraft 
Co. 

“The Human Element in the Mainte¬ 
nance Package,” Dr. H. W. Page, IBM 
Corp. 

“Maintainability Prediction and Meas¬ 
urement,” B. L. Retterer, RCA Service Co. 

“Some Considerations of Scheduled 
Maintenance,” R. Meyers, International 
Electric Corp. 

Thursday Afternoon 
Session 9A—Reliability Prediction 

and Measurement 

Moderator: Dr. N. E. Golovin, National 
Aeronautics and Space Administration. 

“Operational Reliability of the Athena 
Computer,” G. P. Anderson, Sperry Rand 
Corp. 

“Reliability Predictions for Multi-Mode 
Electronic Systems,” J. A. Connor, Astro 
Reliability Corp. 

“Correlation of AGREE Testing with 

Operational Reliability,” G. W. Lindsay, 
U.S.A.F. 

“Development of New Prediction Tech¬ 
niques,” I. Bosinoff, Sylvania Electric 
Systems. 

Session 9B—Reliability Design 
Techniques 

Moderator: A. W. Rogers, U.S.A.S.C.— 
R&.D. 

“General Usage Assemblies for Navy 
Electronic Equipment,” T. E. McDuffie, 
N. Y. Naval Shipyard. 

“Increasing Reliability through the 
QUAD Technique," R. M. Fasano, Sylvania 
Electric Products, Inc. 

“Reliability and Forced Air Cooling,” 
J. L. Keller, Sperry Rand Corp. 

“Determination and Use of Failure Pat¬ 
terns,” R. L. Horn, Boeing Co. 

A 

Third National Winter Convention 
on Military Electronics 

Ambassador Hotel, Los Angeles Calif., February 7-9, 1962 

The Third National Winter Convention 
on Military Electronics will be held at the 
Ambassador Hotel, Los Angeles, Calif., on 
February 7-9, 1962. The convention is 
sponsored by the I RE Professional Group 
on Military Electronics and the Los Angeles 
Section of the IRE. Included in the three 
day program will be technical sessions, up 
to 75 military systems exhibits by such 
firms as Lockheed, Autonetics and Westing¬ 
house, field trips, banquet, luncheon, recep¬ 
tion, and a ladies program. 

The banquet speaker will be Major 
General Kenneth P. Bergquist, Commander, 
Electronic Systems Division, Air Force 
Systems Command. The luncheon speaker 
will be Vice-Admiral Robert B. Pirie, 
Deputy Chief, Naval Operations. 

The program of the Convention will be as 
follows: 

Wednesday, February 7 
Session I—Panel Discussion 

“Trends in Weapon System Develop¬ 
ment.” 

Moderator: J. H. Rubel, Asst. Secretary 
of Defense for Research and Engineering 
DOD. 

Panel Members: Dr. F. J. Larsen, Asst. 
Secretary, Research and Development, U. S. 
Army; J. H. Wkelin, Jr., Assist. Secretary, 
Research and Development, U. S. Navy; Dr. 
B. McMillan, Asst. Secretary, Research and 
Development, U. S. Air Force. 

Session IIA—Undersea Warfare and Sonar 
(Confidential) 

“Sonar Equipment Design Problems 
Pecu iar to Advanced ASN Vehicles,” (Con¬ 
fidential), Dr. D. E. Andrews, Jr., Head 
Acoustics Div., U. S. Navy Electronics Lab., 
San Diego, Calif. 

“Adjustable Doppler Tolerance Wave¬ 

form for Correlation Detection,” (Confi¬ 
dential), Dr. P. R. Kan, Space Technology 
Labs., Los Angeles, Calif. 

“Ón the Possibility of All-Weather Pas¬ 
sive Nonacoustic Submarine Detector," 
(Confidential), C. R. Hill, Military-Space 
Div., Electro-Optical Systems, Inc., Pasadena, 
Calif. 

“Improving the Sonar Search Capabili¬ 
ties of Ocean Escorts,” (Confidential), D. L. 
Heebner, Hughes Aircraft Co., Fullerton, 
Calif. 

“Hydro-Acoustic Transducer,” (Confi-
fidential), 5. Wisotsky. 

“Deep Water Transponder Using High 
Pressure Components,” (Unclassified), A. E. 
Johanson, Heavy Military Electronics Dept., 
General Electric Co., Syracuse, N. Y. 

Session IIB—Maintainability (Unclassified). 

Session IIC—Maintainability (Unclassified). 

“The Design of Complex Systems for 
Automated Testability,” R. A. Kirkman and 
M. C. Peterson, Space Technology Labs., Inc. 

“Design of Missile Systems for Main¬ 
tainability,” M. V. Ratynski, Electronic 
Systems Div., Air Force Systems Command, 
Bedford, Mass. 

“Reliability Inputs to Maintainability 
Design Decisions,” R. E. Redfern, Space 
Guidance Center, IBM, Owego, N. Y. 

“Theory of Integrated Maintainability 
and Reliability Analysis for Modular 
Equipment,” Dr. E. J. Althaus, Hughes Air¬ 
craft Co., Culver City, Calif. 

Session IID—Military Equipment 
Design (Unclassified). 

“Human Engineering and Inertial Guid¬ 
ance Systems,” G. J. Ferwerda, AC Spark 
Plug Div., General Motors Corp., Milwaukee, 
W. 

“Device 3G36, ’ E. F. Moretta, U. S. 

Naval Training Device Center, Port Washing¬ 
ton, N. Y. 

“The Malfunction Simulation System 
Data-Flow Class of Trainer," G. B. Rozran, 
Burroughs Labs., Burroughs Corp., Paoli, Pa. 

“Configuration of an Inertial Guidance 
Computer for an Advanced Ballistic 
Missile,” D. K. Richardson, Advanced 
Armaments Lab., Hughes Aircraft Co., Culver 
City, Calif. 

Thursday, February 8 
Session HIA—Radar I (Confidential). 

“BMEWS: Its Present and Future in 
Missile and Satellite Surveillance,” (Confi¬ 
dential), A. D. Korbin, Defense Electronic 
Products, RCA, Moorestown, N. J. 

“A Technique to Discriminate Nose 
Cones During Midcourse.” (Confidential), 
G. A. Cato, Electro-Optical Systems, Inc., 
Pasadena, Calif. 

“A Microwave Missile Detection Tech¬ 
nique,” (Confidential), Capt. P. Tokareff, 
Jr., Reconnaissance Lab., Aeronautical Sys¬ 
tems Div., Wright-Patterson AFB, Ohio. 

“Improved Automatic Detection for 
Radar,” (Confidential), J. IF. Caspers, 
U. S. Navy Electronics Lab., San Diego, 
Calif. 

Session IIIB—Tracking, Telemetry and 
Command (Confidential). 

Session IIIC—System and Technical 
Management (Unclassified). 

“An Appraisal of Scientific Techniques 
in R and D Management," Dr. R. J. Free¬ 
man, Researnalysis Co., Santa Monica, Calif. 

“The Evaluation of a Proposal for the 
Design of an Automatic Monorial System 
for the City of Los Angeles.” The remaining 
two hours will be used for a project which 
will illustrate how proposals are generated 
and evaluated. 
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RLfRfD ÍLtCTROniCS Testing insertion characteristics of 
X-band filter with Alfred Swept Gen¬ 
erator which consists of Alfred Micro¬ 
wave Oscillator and Alfred Microwave 
Leveler. This combination electronically 

MICROWAVE SWEEP GENERATORS 

Still the industry’s most advanced oscil¬ 
lators. Series 620 single band models 
and Model 605 use convenient plug-in 
generator heads covering 1-26.5 kmc. 
Models 6001B-6004C provide 1 watt 
output, electronically swept or stable 
single frequency, 1-12 kmc. 

Features include built-in leveler and 
narrow band symmetrical sweep, ad¬ 
justable frequency markers, and Quick 
Look readout. Drift, less than ±.02% 
per hour; residual FM, less than 
±.0025% peak. 
These units save valuable engineer¬ 

ing time by providing constant RF 
power input to microwave tubes and 
other components under test. With 
constant input, variations in output in¬ 
dicate directly component transfer 
characteristics. Microwave properties 
are examined over continuous spec¬ 
trum, assuring accuracy during broad or 
narrow band testing. Prices: Model 620 
series, $2,890-3,340; Model 605, $1 ,750; 
Generator Heads, $1,500-1,990; Model 
6001B-6004C, $7,250-8,690. 
MICROWAVE LEVELERS 

Ideal instruments for maintaining con¬ 
stant power output ( ± 1 db) with long 
term stability. CW or square wave mod¬ 
ulation. Fast response, very high gain 
assure flat RF output from BWO’s. Also 
available: Model 700 leveler amplifier, 
which may be used with external RF 
components. Prices: Microwave Level¬ 
ers, $875-990; Model 700, $575. 

MICROWAVE AMPLIFIERS 

Alfred manufactures microwave ampli¬ 
fiers for virtually every requirement — 
general purpose, medium power, high 
gain, and low to medium noise figure. 
All models feature low spurious modu¬ 
lation and stable operation. General 
purpose amplifiers provide 30 db gain 
and 10 mw power output with 25 db 
noise figure. Medium power models 
offer power up to 10 watts. High power 
amplifiers provide up to 1 Kw pulse 
power. Low noise amplifiers provide 
noise figure from 6 to 15 db at frequen¬ 
cies from .5 to 12 kmc. 

In addition to standard amplifiers, 
Alfred offers periodic or permanent 
magnet focused amplifiers where light 
weight and low input power is required 
as well as amplifiers designed specifi¬ 
cally for phase modulation. Prices: 
General purpose amplifiers, $1,490-
1,690; Medium power amplifiers, 
$1,550-3,590; Low noise amplifiers, 
$3,150-4,990. 
POWER SUPPLIES 

Alfred furnishes four basic types of 
power supplies. Model 250 Traveling 
Wave Tube Supply operates low and 
moderate power traveling wave ampli¬ 

fier and oscillator tubes. This instrument 
provides all normal sources — helix, 
collector, four separate anodes, grid, 
heater, solenoid and blower— from one 
compact unit. 
Microwave Power Supplies Model 

252, with the unregulated and regulated 
solenoid supplies Model 253 and 254, 
operate all presently known low and 
medium noise figure TW tubes. Model 
252 furnishes electrode and heater 
power for permanent magnet focused 
TW tubes. Electromagnet focused TW 
tubes require in addition either Model 
253 or 254 solenoid supply. Alfred’s 
Sweeping Power Supplies serve as 
general purpose sources for either elec¬ 
tronically swept or fixed frequency op¬ 
eration of voltage tuned magnetrons, 
BWO’s and similar microwave tubes. 
Alfred’s floating high voltage supplies 
provide extremely stable and highly 
regulated DC voltages, featuring wide 
voltage and current ranges, very small 
ripple and accurate voltage adjustment. 
Prices: Model 250, $1 ,990; Models 252, 
$890; 253, $300; 254, $400; Sweeping 
Power Supplies, $1,650-1,690; High 
Voltage Supplies, $690-1,090. 

Free catalog available. Write to: 

ALFRED ELECTRORICS 
897 Commercial Street • Palo Alto, California 

Phone: DAvenport 6-6496 
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Session HID—Displays (Unclassified). 

Thursday Afternoon 
Session IVA—Missile and Space 

Systems (Confidential). 

Session IVB—Information and Data 
Handling Systems (Unclassified). 
Session IVC—System Engineering 

(Unclassified). 

“A New Communication System Design 
Method Responsive to User Requirements,” 
G. S. Mauksch and H. Rapaport, Interna¬ 
tional Electric Corp., Paramus, N. J. 

“A Modular Approach to Air Defense 
and Air Control Systems,” R. Stuckelman, 
Litton Systems, Inc., Canoga Park, Calif. 

“Use of Finite Markov Chains in the 
Reliability Analysis of Systems,” K. Hall, 
and K. Zendere, Sylvania Electronic Systems, 
Reconnaissance Systems Lab., Mountain 
View, Calif. 

“Combined Analog— Digital Simulation 
of Space Vehicle Systems,” W. R. Metzger 
and R. P. Schuk, General Electric Co., Syra¬ 
cuse, N. Y. 

“Determination of the Maximum Allow¬ 
able Weapon System Error,” J. D. Palmer 
and J. A. Nickel, Research Institute, Uni¬ 
versity of Oklahoma, Norman, Okla. 

Session IVD—Navigation (Unclassified). 

“Aircraft Navigation by Doppler in the 
North Atlantic,” R. White, Trans- World 
Airlines, Kansas City, Mo. 

“Inertial Navigator for Aircraft,” D. J. 
Atwood Jr., Boston Research and Develop¬ 
ment Labs., AC Spark Plug Div., General 
Motors, Co., Wakefield, Mass. 

“Geodesy on the Transit Program,” Dr. 
R. B. Kushner, Applied Physics Lab., Johns 
Hopkins University, Silver Spring, Md. 

“The Determination of Position and 
Velocity Vector of a Navigator Using a 
Satellite for Reference,” Dr. I. Kantor, 
RCA, Moorestown, N. J. 

“Damp-Transit, the First Operational 
use of the Transit System,” L. Farkas, RCA, 
Moorestown, N. J. 

Friday, February 9 

Session VA—Reconnaissance and Elec¬ 
tronic Warfare (Confidential). 

“Military Weapons Systems in a Count¬ 
ermeasures Environment,” (Confidential), 
5. Adelman and S. M. Shinners, Sperry 
Gyroscope Co., Great Neck, N. Y. 

“Antijam Communication,” (Confiden¬ 
tial), R. E. Hechert, Aeronutronic, New¬ 
port Beach, Calif. 

To be announced. 
“Spectrum Surveillance System,” (Un¬ 

classified), A. J. Valluzi, Pan American, 
and J. C. Rote, ITT Federal Labs., Nutley 
N.J. 

Session VB—Communication Systems 
(Unclassified). 

“Counting the Effects of Decreasing 
Solar Activity,” E. I. Finke, U.S.N., Office 

of Chief of Naval Operations, Washington, 
D. C. 

“Some Preliminary Results from an Ob¬ 
lique Incidence Step Sounder Link,” W. R. 
Vincent and R. A. Rack, Stanford Research 
Institute, Menlo Park, Calif. 

“The Echo Control Problem in Satellite 
Communications,” F. C. Hunter and J. A. 
Stewart, General Telephone and Electronic 
Labs., Menlo Park, Calif. 

“Large Communication Systems An¬ 
alysis by Computer,” Mrs. E. M. Young 
and R. A. Rack, Stanford Research Institute, 
Menlo Park, Calif. 

“On Experimental Communication Cir¬ 
cuit Utilizing Echo I,” G. T. Bergemann, and 
C. M. Beamer, Collins Radio Co., Cedar 
Rapids, Iowa. 

Friday, February 9 
Session VA—Reconnaissance and Elec¬ 

tronic Warfare (Confidential). 

Session VB—Communications Systems 
(Unclassified). 

Session VC—Aerospace Ground Equip¬ 
ment (Unclassified). 

“Launch Control for Ballistic Missile 
Weapon Systems,” W. C. Knoblock, Space 
Technology Labs., Los Angeles, Calif. 

“Advanced Concepts in Spacecraft Eval¬ 
uations,” W. A. Schönbacher, Space Tech¬ 
nology Labs., Los Angeles, Calif. 

“An Automatic System for Real-Time 
Reduction of Telemetry Data,” L. D. Healy 
and M. S. McFarland, Missiles and Space 
Div., Lockheed Aircraft Corp., Sunnyvale. 
Calif. 

“A Programmable Digital Computer for 
Automatic Checkout Systems,” A. J. 
Monow and R. W. King, Sperry Gyroscope 
Co., Great Neck, N. Y. 

Session VD—Reliability (Unclassified). 
“Reliability vs Cost Tradeoff,” E. S. 

Winlund, Manager, Reliability and Quality 
Control, General Dynamics Electronics, San 
Diego, Calif. 

“The Game of Reliability—Amateur or 
Professional,” R. P. Bosche, Electronics and 
Ordnance Div., Avco Corp., Cincinnati, Ohio. 

“Efficiency in System Reliability Pro¬ 
grams,” D. Rubenstein, Advanced Electronics 
Center, General Electric Co., Ithaca, N. Y. 

“Reliability vs Value Engineering,” Dr. 
E. A. Keller, Military Electronics Div.. 
Motorola Inc. 

“Reliability Assurance of Military Elec¬ 
tronics Equipment Through Effective Re¬ 
liability Control,” 5. A. Rosenthal, Arma 
Div., American Bosch Arma Corp. 

Friday Afternoon 
Session VIA—Radar II (Confidential). 

To be announced. 
“A Microwave Receiver for Instantane¬ 

ous Polarization Measurement,” (Confiden¬ 
tial), J. C. de Brockert and M. Crane, Elec¬ 
tronics Labs., Stanford, Calif. 

“A New High Performance Doppler 
Radar Frequency Tracker,” (Unclassified), 
R. M. Pincus, GPL Div., General Precision, 
Inc., Pleasantville, N. Y. 

“A New Optical Radar,” (Unclassified), 
R. E. Johnson, J. E. Ticen and A. P. Shep¬ 
pard, The Martin Co., Orlando, Fla. 

Session VIB—Missile and Space Power 
Systems (Unclassified). 

“Requirements and State of the Art of 
Electric Systems for Missile and Space Ve¬ 
hicles," Dr. A. Krausy, Space Technology 
Labs. , Los A n geles, Cal if. 

“Battery Experience on the Ballistic 
Missile Programs," E. M. Morse and D. L. 
Lawson, Eagle-Picher. 

“Solar Energy Conversion Systems for 
Long-Duration Space Missions,” R. L. 
Robinson, Space Technology Labs., Los 
Angeles, Calif. 

“Power Supply Problems in Manned 
Space Missions,” D. L. Ken, MSVD, Gen¬ 
eral Electric Co., Valley Forge, Pa. 

Session VIC—Electron Devices 
(Unclassified). 

“Wide-band Single-Diode Parametric 
Amplifiers of Specified Gain, Bandwidth and 
Signal Load Impedance,” A. Mayer, Elec¬ 
tronic Defense Labs., Sylvania Electric Pro¬ 
ducts Inc., Mountain View, Calif. 

“Application of Diode Parametric Am-
lifiers to Military Radar Systems,” H. D. 
Penny, Melabs, Palo Alto, Calif. 

“A Reliable Wide-Band Transmitting 
Amplifier for Space Applications,” H. R. 
Mathwick and J. D. Kiesling, Astro-Electron¬ 
ics Div., RCA Princeton, N. J. 

“Laser Ranging on Single Photon 
Events,” W. R. Sooy and M. L. Wiederhold, 
Research and Development Div., Hughes Air¬ 
craft Co., Culver City, Calif. 

“The Laser,” Dr. T. Maiman, Quantatron 
Inc., Santa Monica, Calif. 

Session VID—Communications Systems 
and Equipment (Unclassified). 

“Monitor and Control Concepts for 
Technical Management of Military Com¬ 
munications," R. A. Skene and R. L. Tate, 
Hoffman Electronics Corp., Los Angeles, 
Calif. 

“Characteristicsand Development of the 
Communication Equipment on the Mercury 
Capsules,” L. Leopold, Space Task Group. 
NASA, Langley Field, Va. 

“Tanlock: A Phase Lock Loop of Ex¬ 
tended Tracking Capability," W. S. Pope, 
Space and Information Systems Div., North 
American Aviation, Inc., Downey, Calif. 

“A High Sensitivity Panoramic Receiver 
Using Pulse Compression Techniques,” F. J. 
Mueller, R. L. Goodwin and I. M. Saffitz, 
Airborne Instruments Lab., Melville, N. Y. 

“Design Approach for Intermediate-
Frequency Amplifiers,” J. I. Hanon, Stirface 
Armament Division, Sperry Gyroscope Co., 
Great Neck, N. V. 
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A VARACTOR FOR EVERY PURPOSE 

3 WATTS 
at 1120 Me 

from 7 WATTS 
at 140 Me 

220 new epitaxial silicon high power varactors in 
four package styles — subminiature glass case • 
double-ended cartridge • “pill” case • new “coaxial 
pill” case — all hermetically sealed, make this kind 
of harmonic generation possible now. 
A WIDE VARIETY of PIV ratings and capacitance 
values allows selection of the optimum diode in each 
case style for your circuit application. 
The data reported below was obtained by the Wave¬ 
guide Systems Division of Microwave Associates” 
in a tandem chain of three doubler stages, each 
using a selected single Microwave Associates’ epi¬ 
taxial silicon high power varactor. 
This high power output and remarkable harmonic 
efficiency was achieved without boosters, without 
power supply, in passive circuits. 
Since the initial introduction of varactors on a 
commercial basis by Microwave Associates, we have 
continued to lead the way in varactor technology. 
Microwave Associates’ unsurpassed varactor circuit 
capabilities are your assurance of varactors tested 
to meet specific harmonic generation requirements. 
The Waveguide Systems Division of Microwave 
Associates offers capabilities for the design and de¬ 
livery of complete harmonic generator circuits. 
Write for a copy of “SELECTION OF VARAC¬ 
TORS FOR POWER HARMONIC GENERATION” 
and for the 1961 Semiconductor Division Short 
Form Catalog. 
♦ Support received by (USAF) ETL Aeronautical Systems Division 
Contract #AF33 (616) — 7232. 

with MICROWAVE ASSOCIATES 

Western Union Fax • TWX: Burlington, Mass. 942 

Export Sales: MICROWAVE INTERNATIONAL CORP., 36 W. 44th Street. N.Y.C., N.Y., U.S.A. Cable MICROKEN 
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1962 International Solid-State Circuits Conference 
University of Pennsylvania and Sheraton Hotel, Philadelphia, Pa., February 14-16, 1962 

The 1962 International Solid-State Cir¬ 
cuits Conference, the ninth annual meeting, 
will feature a 46-paper program during ten 
daytime sessions at the University of Penn¬ 
sylvania. Eleven informal evening discussion 
sessions will also be held at the Sheraton 
Hotel. The Conference is sponsored by the 
IRE Professional Group on Circuit Theory, 
A1EE Committee on Electronics, IRE and 
AIEE Philadelphia Sections, and the Uni¬ 
versity of Pennsylvania. Illustrated conden¬ 
sations of all the talks will be published in a 
Digest of Technical Papers. A 112-page let¬ 
terpress printed edition—volume 5 in the 
series—will be distributed free to all regis¬ 
trants at the meeting. 

The program of the Conference will be as 
follows: 

Wednesday, February 14 

Session I—Logic 

Chairman: A. IF. Lo, IHM Corp., 
Poughkeepsie, N. F. 

“Nonlinear Devices for Threshold 
Logic,” E. P. Stabler, Electronics Lab., Gen¬ 
eral Electric Co., Syracuse, N. Y. 

“New Forms of All-Transistor Logic,” 
R. H. Beeson and H. W. Ruegg, Fairchild 
Semiconductor, Div. Fairchild Camera-Instr. 
Corp., Palo Alto, Calif. 

“A Tunnel-Diode Adaptive Logic Net,” 
E. N. Powers and D. R. Vernot, Philco Corp., 
Blue Bell, Pa. 

“The Technology and Application of 
Optoelectronic Circuits,” J. G. Van Santen, 
Phillips Research Labs., Eindhoven, Nether¬ 
lands. 

Session II—Microwave Parametric Circuits 

Chairman: J. B. Angell, Stanford Uni¬ 
versity, Stanford, Calif. 

“High-Order Harmonic Generation with 
Varactor Diodes,” F. P. Storke, Philco Corp., 
Palo Alto, Calif. 

“High-Power Operation of Varactor 
Devices,” R. P. Rafuse, MIT, Cambridge, 
Mass. 

“Design Techniques for Broadband 
Nondegenerate Parametric Amplifiers,” 
B. T. Vincent and K. M. Johnson, Texas 
Instruments Inc., Dallas, Tex. 

“Special Problems in Microwave Har¬ 
monic Generator Chains,” M. E. Hines, 
Microwave Associates Inc., Burlington, Mass. 

Wednesday Afternoon 

Formal Opening of Conference 

Introductory Comments, J. J. Suran, 
General Electric Co., Chairman of Conference 

Welcoming Remarks, G. P. Harnwell, 
President, University of Pennsylvania. 

1961 Conference Awards, T. R. Finch, 
Bell Telephone Labs., Inc. 

“The Principles and the Promise of Act¬ 
ive Homogeneous Semiconductor Devices,” 
P. Aigrain, University of Paris, Paris, France, 
Defense Research for France. 

Session III—New Devices and Device 
Characterization 

Chairman: 5. K. Ghandhi, Philco Corp., 
Blue Bell, Pa., 

“Generalized Gain and Speed Limita¬ 
tions of Linear Amplifiers," R. D. Thornton, 
MIT, Cambridge, Mass. 

“Ultrasonic Traveling-Wave Amplifier,” 
D. L. White, Bell Telephone Labs., Inc., 
Whippany, N. J. 

“Charge Definition of Transistor Proper¬ 
ties,” A. R. Boothroyd, Imperial College, 
London, England. 

“Evaporated Circuits Incorporating a 
Thin-Film Transistor," P. K. Weimer, RCA 
Labs., Princeton, N. J. 

“Applications of the Surface-Potential 
Controlled Transistor Tetrodes,” II. Z. 
Bogert, D. A. Tremere and C. T. Sah, Fair¬ 
child Semiconductor, Div., Fairchild Camera-
Instrument Corp., Palo Alto, Calif. 

Session IV—Memory 

Chairman: R. H. Baker, MIT Lincoln 
Lab., Lexington, Mass. 

“Magnetoresistive Readout of Thin-Film 
Memories,” P. Huijer, Philips Research 
Labs., Eindhoven, Netherlands. 

High-Speed Thin Magnetic Film 
Memory,” W. E. Proebster and G. Kohn, 
IBM Corp., Zurich, Switzerland. 
“The Engineering of a Fast-Word Organ¬ 

ized Tunnel-Diode Store,” A. Cole, G. B. B. 
Chaplin and P. M. Thompson, Plessey Co., 
Ltd., Hants, England. 

UN Magnetic Disk Serializer-Deserial¬ 
izer,” J. G. Simek, IBM Corp., Endicott, 
N. Y. 

“Improved MDRO Modes for Magnetic 
Film Memories,” K. Chu, IBM Corp., York¬ 
town Heights, N. Y. 

Wednesday Evening 
Informal Discussion Sessions 

“Distributed Logic” 
Moderator: E. E. Loebner, Hewlett-

Packard Co., Palo Alto, Calif. 
Panel Members: H. D. Block, Cornell 

University, Ithaca, N. Y.; M. Hirscher, RCA, 
Camden, N. J.; R. J. Lee, Adaptronics, 
Springfield, Va.; P. D. Low, Stanford Uni¬ 
versity, Stanford, Calif.; E. E. Newhall, Bell 
Telephone Labs., Inc., Murray Hill, N. J.; 
R. D. Vernot, Philco Corp., Blue Bell, Pa. 

“ The Interconnection Problem” 
Moderator: T. R. Finch, Bell Telephone 

Labs., Inc., Murray Hill, N. J. 
Panel Members: E. Koenjian, American 

Bosh Arma Corp., Garden City, N. Y.; J. 
Kilby, Texas Instruments Inc., Dallas, Tex.; 
W. J. Means, Bell Telephone Labs., Inc., 
Murray Hill, N. J.; R. Rice, IBM Corp., 
Yorktown Heights, N. Y. ; A. Coleman, RCA, 
Camden, N. J.; R. Gerhold, Hexagon, Signal 
Corps Lab., Ft. Monmouth, N. J. 

“Microwave Power Sources" 
Moderator: J. B. Angell, Stanford Uni¬ 

versity, Stanford, Calif. 
Panel Members: A. Uhlir, Jr., Micro-

wave Associates Inc., Burlington, Mass.; 

IF. B. Hauer, General Telephone and Elec¬ 
tronics, Corp., Bayside, N. Y.; R. T. McCoy, 
Micromega Corp., Venice, Calif.; R. W. 
Roberts, Melabs, Inc., Palo Alto, Calif.; F. 
Sterzer, RCA Labs., Princeton, N. J.; F. 
Storke, Philco Corp., Palo Alto, Calif. 

“Magnetic Thin-Film Memories" 
Moderator: .4. K. Rapp. Philco Corp., 

Blue Bell, Pa. 
Panel Members: E. E. Bittman, Bur¬ 

roughs Corp., Paoli, Pa.; R. Petschauer, 
Remington Rand Univac, St. Paul, Minn.; 
J. I. Raffel, MIT Lincoln Labs., Lexington, 
Mass.; J. A. Rajchmann, RCA Labs., 
Princeton, N. J. 

“Noisemanship" 
Moderator: R. B. Adler, MIT, Cam¬ 

bridge, Mass. 
Panel Members: H. A. Haus, MIT, Cam¬ 

bridge, Mass.; J. C. S. Kim, Electronics Lab., 
General Electric Co., Syracuse, N. Y.; A. van 
der Ziel, University of Minnesota, Min¬ 
neapolis, Minn.; W. W. Mumford, Bell Tele¬ 
phone Labs., Inc., Whippany, N. J. 

“Charge-Control Characterization of 
Semiconductor Devices” 

Moderator: G. H. Goldstick, National 
Cash Register Co., Hawthorne, Calif. 

Panel Members: J. L. Moll, Stanford 
Electronics Lab., Stanford University, Stan¬ 
ford, Calif.; J. J. Sparkes, British Telecom¬ 
munications Research, Ltd., Berkshire, Eng¬ 
land; C. E. Simmons, Philco Corp., Lansdale, 
Pa.; A. R. Boothroyd, Imperial College, Lon¬ 
don, England; R. D. Lohman, RCA, Somer¬ 
ville, N. J.; C. L. Hegedius, IBM Corp., 
Poughkeepsie, N. Y. 

Thursday Morning, February 15 
Session V—High-Speed Switching 

Chairman: V. H■ Grinich, Fairchild 
Semiconductor, Div. Fairchild Camera and 
Instrument Corp., Palo Alto, Calif. 

“High-Speed Nonsaturating Switching 
Circuits Using a Novel Coupling Tech¬ 
nique,” D. W. Murphy, IBM Corp., Pough¬ 
keepsie, N. Y. 

“Kilomegacycle Tunnel-Diode Logic Cir¬ 
cuits,” B. E. Sear, Remington Rand Univac, 
Div. Sperry Rand Corp., Whitpain, Pa. 

“Computer Circuitry for 500 Mc,” W. 
Peil and R. Marolf, Electronics Lab., General 
Electric Co., Syracuse, N. F. 

“Tunnel-Diode Balanced-Pair Switching 
Characteristics,” J. J. Gibson, G. B. Herzog, 
H. S. Miller and R. A. Powlus, RCA Labs., 
Princeton, N. J. 

Session VI—Low Noise Amplification 

Chairman: E. G. Nielson, Electronics 
Lab., General Electric Co., Syracuse, N. Y. 

“Tunable Millimeter Traveling-Wave 
Maser Operation,” F. Arams and B. Peyton, 
Airborne Instruments Lab., Deer Park, N. Y. 

“Packaged Tunable S-Band Traveling-
Wave Maser Amplifier System,” 5. Ikwit 
and J. G. Smith, Airborne Instruments Lab., 
Deer Park, N. F. 

“An Extremely Low-Noise 6-Gc Non¬ 
degenerate Parametric Amplifier,” M. Ueno-
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hara, Bell Telephone Labs., Inc., Murray 
Hill, N. J. 

“Field-Effect Transistors as Low-Noise 
Amplifiers,” P. P. Lauritzen and O. Leistiko, 
Fairchild Semiconductor, Div. Farichild 
Camera and Instrument Corp., Palo Alto, 
Calif. 

“The Cryotron as a Small-Signal HF 
Amplifier,” N. D. Richards, Semiconductor 
Div., Mullard Ltd., London, England 

Thursday Afternoon 
Session VII—Tunnel Diode Applications 

Chairman: A. E. Stern, The Martin Co., 
Baltimore, Md. 

“The Place of the Tunnel Diode in Solid-
State Circuits,” P. M. Thompson, Plessey 
Co. Ltd., Hants, England. 

“A 4-mw, 6-kMc Tunnel-Diode Oscil¬ 
lator,” W. B. Hauer, General Telephone and 
Electronics Labs., Bay side, N. V. 

“Tunnel Diode FM Transmitter for 
Medical Research,” W. Ko, IF. Thompson 
and E. You, Case Institute of Technology, 
Cleveland, Ohio. 

“A Low-Noise X-Band Esaki-Diode 
Amplifier,” R. Trambarulo, Bell Telephone 
Labs., Inc., Holmdel, N. J. 

“Sensitive Tunnel-Diode Pressure Trans¬ 
ducers, ” M. E. Sikorski, Bell Telephone 
Labs., Inc., Murray Hill, N. J. 

Session VIII—Digital Transmission 
Chairman: J. S. Mayo, Bell Telephone 

Labs., Inc., Murray Hill, N. J. 
“A Drift-Free Hyperbolic Encoder,” N. 

De Polo, Telettra S.P.A., Milan, Italy. 
“Carrier Pulses at Microwave and Milli¬ 

meter-Wave Frequencies,” A. F. Dietrich 
and W. M. Sharpless, Bell Telephone Labs., 
Inc., Holmdel, N. J. 

“Variable-Width Fractional-Nanosecond 
Ptdse Generators,” D. L. Berry, Electronics 
Lab., General Electric Co., Syracuse, N. Y. 

“The Semiconductor Delay Line and Re¬ 
lated Devices,” J. J. Sein and S. N. Levine, 
RCA, New York, N. Y. 

Thursday Evening 
Informal Discussions Sessions 

“Nanosecond Circuitry” 
Moderator: E. P. Stabler, Electronics 

Lab., General Electric Co., Syracuse, N. Y. 
Panel Members: B. J. Lechner, RCA, 

Camden, N. J.; W. M. Goodall, Bell Tele¬ 
phone Labs., Inc., Holmdel, N. J.; J. R. 
Turnbull, IBM Corp., Poughkeepsie, N. Y.; 
W. F. Chow, Remington Rand, Sperry Rand 
Corp., Philadelphia, Pa.; W. Peil, Electronics 
Lab., General Electric Co., Syracuse, N. Y.; 
C. N. Winningstad, Tektronix, Inc., Beaver¬ 
ton, Ore.; D. Berry, Electronics Lab., General 
Electric Co., Syracuse, N. Y.; M. M. Kauf¬ 
man, RCA, Camden, N. J. 

“Optical Masers” 
Moderator: R. H. Kingston, MIT Lin¬ 

coln Lab., Lexington, Mass. 
Panel Members: P. A. Franken, Uni¬ 

versity of Michigan, Ann Arbor, Mich.; 
C. G. B. Garrett, Bell Telephone Labs., Inc., 
Murray Hill, N. J.; H. Scharfman, Ray¬ 
theon Co., Waltham, Mass.; M. L. Stich, 
Hughes Aircraft Co., Malibu, Calif.; A. E. 
Siegman, Stanford Electronics Lab., Stanford 
University, Stanford, Calif. 

“Thin-Film Magnetic and Supecron-
ductive Techniques in Future Computers” 

Moderator: R. E. Hayes, Plessey Co., 
Ltd., Hants, England. 

Panel Members: To be announced. 
“Low-Level Signal Processing” 
Moderator: D. Hilbiber, Fairchild Semi¬ 

conductor, Div., Fairchild Camera and In¬ 
strument Corp., Palo Alto, Calif. 

Panel Members: R. E. Middlebrook, Cal¬ 
ifornia Institute of Technology, Pasadena, 
Calif.; G. S. Bahrs, Vidar Corp., Sunnyvale, 
Calif.; B. W. Fuller, Redcor Development 
Corp., Canoga Park, Calif.; J. A. Ekiss, 
Philco Corp., Lansdale, Pa. 

“High-Power, High-Speed Switching” 
Moderator: R. Bieselle, Shockley Trans¬ 

istor, Palo Alto, Calif. 
Panel Members: H. Hurd, Stanford 

Radiation Lab., Stanford University, Stan¬ 
ford, Calif.; J. M. Goldey, Bell Telephone 
Labs., Inc., Murray Hill, N. J.; C. E. Smith, 

Texas Instruments Inc., Dallas, Tex.; C. 
Fisher, Signal Corps Lab., Ft. Monmouth, 
N. J. 

Friday Morning, February 16 
Session IX—Functional Components 

Chairman: T. D. Stanley, RCA Labs., 
Princeton, N. J. 

“Photoconductive-Electroluminescent Dis¬ 
play Panels on Fotoform Glass,” Z. Szepesi, 
Westinghouse Electric Corp., Elmira, N. Y. 

“Development of an Implantable Car¬ 
diac Pacemaker,” II . Raillard, Electronics 
Lab., General Electric Co., Syracuse, N. Y. 

“Circuit Parameters and Design in Thin-
Film Technology,” F. F. Jenny, IBM Corp., 
Kingston, N. Y. 

“Components for Trainable Systems,” 
P. R. Low, IBM Corp., and Stanford Uni¬ 
versity, Stanford, Calif. M. E. Hoff, H. S. 
Crafts and J. B. Angell, Stanford University, 
Stanford, Calif. 

“Germanium Photodiode Circuits Suit¬ 
able for Measuring Extremely High Tem¬ 
peratures and Extremely Small Tempera¬ 
ture Changes,” M. J. 0. Strutt, Swiss Federal 
Institute of Technology, Zurich Switzerland. 

Session X—Design Applications 

Chairman: R. B. Adler, MIT, Cambridge, 
Mass. 

“Recent Advances in Wideband FM Re¬ 
ceiver Design,” IT. E. Ballentine, V. R. 
Saari, L. F. Willey, Bell Telephone Labs., 
Inc., Murray Hill, N. J. 

“A 100-Watt Wideband Amplifier for 
the 1-12 Me Frequency Range,” C. A. 
Franklin, Defense Research Telecommunica¬ 
tions Establishment, Ottawa, Canada. 

“A Unique Silicon Controlled Rectifier 
High-Power Inverter With Sine Wave Out¬ 
put Voltage,” R. R. Oil, Electro-Mechanical 
Research Inc., Sarasota, Fla., L. A. Schla¬ 
bach, Westinghouse Electric Corp., Pittsburgh, 
Pa. 

“A 300-kw Semiconductor Modulator,” 
F. A. Gateka and M. L. Embree, Bell Tele¬ 
phone Labs., Inc., Murray Hill, N. J. 

P ro fessio n a 1 G ro u p s*_ 

Aerospace & Navigational Electronics 
(G-ll)—G. M. Kirkpatrick, Electronics 
Equipment and Systems Lab., GE Co., 
Syracuse, N. Y. ; H. R. Mimno, Cruft 
Lab., Harvard Univ., Cambridge 38, 
Mass. 

Antennas & Propagation (G-3)—Dr. H. 
Fine, Applied Propagation Branch, Tech¬ 
nical Research Div., FCC, Washington, 
D. C.; S. A. Bowhill, Pennsylvania State 
Univ., University Park, Pa. 

♦ Names listed are Group Chairmen and Trans¬ 
actions Editors. 

Audio (G-l)—C. M. Harris, Electronics 
Res. Labs., Columbia Univ., New York 
27, N. Y.; M. Camras, Armour Res. 
Foundation, Tech. Ctr., Chicago 16, III. 

Automatic Control (G-23)— J. M. Salzer, 
Ramo-Wooldridge, 5500 E. Segunda, 
Hawthorne, Calif.; G. S. Axelby, Westing¬ 
house Air Arm Div., Friendship Airport, 
Baltimore 3, Md. 

Bio-Medical Electronics (G-18)—G. N. 
Webb, Dept, of Medicine, Biophysical 
Div., Johns Hopkins Hospital, Baltimore 
5, Md.; L. B. Lusted, Dept, of Radiology, 
Univ, of Rochester, Rochester 20, N. Y. 

Broadcast & Television Receivers (G-8)— 
R. R. Thalner, Sylvania Home Electron¬ 
ics, 700 Ellicott St., Batavia, N. Y. ; 
C. W. Sall, RCA, Princeton, N. J. 

Broadcasting (G-2)—R. F. Guy, 264 Frank¬ 
lin St., Haworth, N. J.; W. L. Hughes, 
School of Elec. Engrg., Oklahoma State 
University, Stillwater, Okla. 

Circuit Theory (G-4)—Dr. J. H. Mulligan, 
Jr., College of Engrg., New York, Univ., 
University Heights, New York 53, N. Y. ; 
M. E. Van Valkenburg, Dept, of E. E., 
Univ, of Illinois, Urbana, III. 

Communications Systems (G-19)—R. L. 
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Marks, Rome Air Dev. Ctr., Griffiss AFB, 
N. Y.; E. J. Baghdady, Elec. Engrg. 
Dept., M.I.T., Cambridge 39, Mass. 

Component Parts (G-21)—F. E. Wenger, 
Headquarters ARDC, Andrews AFB, 
Washington 25, D. C.; G. Shapiro, Engi¬ 
neering Electronics See., Div. 1.6, NBS, 
Connecticut Ave. and Van Ness St., 
Washington 25, D.C. 

Education (G-25)—G. E. Moore, Westing¬ 
house Elec. Corp., East Pittsburgh, Pa.; 
W. R. LePage, Dept, of E.E., Syracuse 
Univ., Syracuse 10, N. Y. 

Electron Devices (G-15)—W. A. Adcock, 
Texas Instruments, 6000 Lemmon Ave., 
Dallas 9, Tex.; G. Wade, Spencer Lab., 
Raytheon Co., Burlington, Mass. 

Electronic Computers (G-16)—A. A. Cohen, 
Remington Rand Univac, St. Paul 16, 
Minn.; Prof. N. R. Scott, Dept, of Elec. 
Engrg., University of Michigan, Ann 
Arbor, Mich. 

Engineering Management (G-14)—T. W. 
Jarmie, Engineered Electronics Co., 1441 
E. Chestnut Ave., Santa Ana, Calif.; 
Northwestern Univ., Evanston, Ill. 

Engineering Writing and Speech (G-16)— 
J. M. Kimm, Jr., IBM Journal, 17th 
Floor, 545 Madison Ave., New York, 
N. Y. ; H. B. Michaelson, IBM Res. Ctr., 
Box 218, Yorktown Heights, N. Y. 

Human Factors in Electronics (G-28)— 
R. R. Riesz, Bell Telephone Labs., Mur¬ 
ray Hill, N. J.; J. I. Elkind, Bolt Beranek 
and Newman, Inc., 50 Moulton St., Cam¬ 
bridge, Mass. 

Industrial Electronics (G-13)—J. E. Eise-
lein, RCA Victor Div., Camden, N. J.; 
R. W. Bull, Coleman Instruments, Inc., 
42 Madison St., Maywood, III. 

Information Theory (G-2)—G. L. Turin, 
E. E. Dept., Univ, of California, Berkeley, 
Calif.; A. Kohlenberg, Melpar Inc., 11 
Galen St., Watertown, Mass. 

Instrumentation (G-9)—H W. Lance, Nat'l. 
Bureau of Standards, Boulder, Colo.; 
G. B. Hoadley, Dept, of E. E., North 
Carolina State College, Raleigh, N. C. 

Microwave Theory and Techniques (G-17) 
—T. N. Anderson, EMT Corp., Syosset 
Industrial Park, 210 Michael Dr., Syosset, 
L. L, N. Y.; D. D. King, Electronic 
Comm., Inc., 1830 York Rd., Timonium, 
Md. 

Military Electronics (G-24)—W. L. Doxey, 
EC Dept., USARDL, Fort Monmouth, 
N. J.; D. R. Rhodes, Radiation Inc., Box 
37, Melbourne, Fla. 

Nuclear Science (G-5)—L. Costrell, Nu¬ 
cleonic Inst. Sec., NBS, Washington 25, 
D. C.; R. F. Shea, Dig Power Plant 
Engrg., Knolls Atomic Power Lab., Gen-

eral Electric Company, Schenectady, 
N. Y. 

Product Engineering and Production (G-22) 
—A. R. Gray, Astronics of Florida, Inc., 
1110 S. Woods St. , Box 5606, Orlando, 
Fla.; D. B. Ehrenpreis, 325 Spring St., 
New York, N. Y. 

Radio Frequency Interference (G-27)— 
H. E. Dinger, Naval Research Lab., 
Washington 25, D. C.; O. P. Schreiber, 
Technical Wire Prods., Inc., 129 Der-
mondy St., Cranford, N. J. 

Reliability and Quality Control (G-7)— 
L. J. Paddison, Sandia Corp., Sandia Base, 
Albuquerque, N. Mex.; W. X. Lamb, Jr., 
22124 Dumetz Rd., Woodland Hills, 
Calif. 

Space Electronics and Telemetry (G-10)— 
K. M. Uglow, Jr., 2228 Oriole Dr., Sara¬ 
toga Fla.; F. T. Sinnott, Mail Zone 549-
30, Convair-Astronautics, San Diego 12, 
Calif. 

Ultrasonics Engineering (G-20)—V. Salmon, 
Stanford Research Inst., Menlo Park, 
Calif. ; O. E. Mattiat, Res. Div., Acoustica 
Associates Inc., 415 E. Moutecito St., 
Santa Barbara, Calif. 

Vehicular Communications (G-6)—R. P. 
Gifford, General Electric Co., Rm. 206, 
Mountain View Rd., Lynchburg, Va.; 
W. G. Chaney, AT&T Co., 195 Broadway, 
New York 7, N. Y. 

Sections* 

Akron (4)—C. M. Kelly, 2915 Silver Lake 
Circle, Cuyahoga Falls, Ohio; D. Grant, 
1206 Thorndale Dr., Akron 20, Ohio. 

Alamogordo-Hollman (7)—W. S. Stotts, 
1507 Michigan Ave., Alamogordo, N. M.; 
H. T. Castillo, 2611 Pontiac Ave., Alamo¬ 
gordo, N. M. 

Albuquerque-Los Alamos (7)—R. K. Moore, 
608 Vassar Dr., N. E. Albuquerque, 
N. Mex.;F. H. Jean, 1017 Alcazar, N. E., 
Albuquerque, N. Mex. 

Anchorage (7)—T. R. Young, 415 11th 
Ave., Anchorage, Alaska; C. A. Johnson, 
1536 “I” St., Anchorage, Alaska. 

Atlanta (3)—B. E. Montgomery, 6520 
Bridgewood Valley, Atlanta 5, Ga.; R. S. 
Duggan, Jr., 1112 Mason Woods Dr., 
N. E., Atlanta 6, Ga. 

Baltimore (3)—J. T. Wilner, 2610 N. 
Charles St., Station WBAL, Baltimore 18, 
Md.; E. B. Cole, Jr., 6016 Alta Ave., 
Baltimore 6, Md. 

Bay of Quinte (8)—M. B. Broughton, Elec. 
Engrg. Dept., Royal Military College, 
Kingston, Ont., Canada; D. J. Cowan, 3 
Smith Cresent, Belleville, Ont., Canada. 

Beaumont-Port Arthur (6)—H. W. Bartlett, 
3790 Ironton, Beaumont, Tex.; R. Cun¬ 
ningham, Rte. 1, Box 181, Kirbyville, 
Tex. 

* Numerals in parentheses following sections desig¬ 
nate region number. First name designates Chairman; 
second name Secretary. 

Benelux—Herre Rinia, Parklaan 24, Eind¬ 
hoven, Netherlands; G. J. Siezen, 3 
Konig Willem III Laan, Blaricum, Hol¬ 
land. 

Binghamton (1)—F. W. Schaaf, R. D. 1, 
Apalachin, N. Y. ; D. W. Deno, 3149 
Briar Cliff Ave., R. D. 1, Vestal, N. Y. 

Boston (1)—G. P. McCouch, Alcott Rd., 
Concord, Mass.; R. E. Scott, 114-H 
Northeastern Univ., Boston 15, Mass. 

Buenos Aires—J. M. Barcala, 71—385 La 
Plata, FCNGR, Republica, Argentina; 
E. J. Kirkscether, Arenales 3598-A, 
Buenos Aires, Argentina. 

Buffalo-Niagara (1)—D. P. Sante, 4530 
Greenbriar Rd., Williamsville 21, N. Y. ; 
F. A. Timberlake, 169 Greenhaven Ter¬ 
race, Tonawanda, N. Y. 

Cedar Rapids (5)—P. G. Wulfsberg, 2348 
Linden Dr., S.E., Cedar Rapids, Iowa; 
D. E. Newell, 1818 W. 38 St., Davenport, 
Iowa. 

Central Florida (3)—C. E. Mattox, 209 
Beverely Rd., Cocoa Fla.: W. J. Haber-
hern, Jr., 118 Atlantic Blvd., Eau Gallie, 
Fla. 

Central Pennsylvania (4)—W. J. Ross, 105 
Elec. Engrg. Dept., University Park, Pa.; 
J. L. Brown, Jr., Ordnance Research Lab., 
P.O. Box 30, State College, Pa. 

Chicago (5)—W. B. McClelland, 1601 
Cherry St., Park Ridge, Ill.; P. D. Huston, 
233 S. Villa Ave., Elmhurst, Ill. 

Chile—Chairman to be advised; J. de la 

Quintana, IBM World Trade Corp., 
Cassila 3630, Santiago, Chile. 

China Lake (7)—D. W. Kermode, 
USNOTS, P. O. Box 577, China Lake, 
Calif. ; Secretary to be advised. 

Cincinnati (4)—A. J. Bissonette, 680 Tyler, 
Milford, Ohio; J. W. Murray, 5603 Green 
Acres Court, Cincinnati 11, Ohio. 

Cleveland (4)—R. Kazarian, 2031 Lakeview 
Ave., Rocky River, Cleveland 16, Ohio; 
J. I. Sheetz, Ohio Bell Telephone Co., 700 
Prospect Ave., Rm. 704, Cleveland 15, 
Ohio. 

Colombia—A. Ospina (Acting Chairman), 
Comando Armado Natl., Bogotá, Co¬ 
lombia; A. S. Ochoa, Calle 90, #19-41, 
Bogotá 2, D.E., Colombia. 

Columbus (4)—F. A. Wolf. 354 Chatham 
Rd., Columbus 14, Ohio; E. N. Wyler, 109 
W. Stafford, Worthington, Ohio. 

Connecticut (1)—S. C. Wadhams, 13 Der-
wen St., Glenbrook, Conn.; P. N. John¬ 
stone, Twin Lakes Rd., North Branford, 
Conn. 

Dallas (6)—T. Prickett, Jr., 805 Clearwater 
Dr., Richardson, Tex.; C. K. Hager, 2709 
Greenbrook Dr., Garland, Tex. 

Dayton (4)—R. J. Framme, 316 Claranna, 
Dayton 9, Ohio; S. Weissman, 805 Ep-
pington Dr., N. Trotwood, Ohio. 

Denver (6)—H. S. Johnson, 1241 Monaco 
Pkwy., Denver 20, Colo.; F. P. Venditti, 
Denver Res. Inst., Univ, of Denver, Den¬ 
ver 10, Colo. 
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BUCKBEE MEARS PHOTOMECHANICAL 

REPRODUCTION 
to tolerances of +.000039 

/ I X 
r 

Anything that can be drawn in line can be reproduced on glass or in metal. 
Sizes up to 20 feet have been produced to tolerances of +.015. Small 
quantities are practical at moderate cost because no dies are required. 

GLASS ETCHING DATA 

Calibrated dials, straight 
and cross line rulings, 
scales, special purpose 
reticles and prisms suggest 
a few of the items pro¬ 
duced. Glass may be 
coated or lines filled per¬ 
manently with a choice of 
compounds. 

Mi 

DESIGN 
VERSATILITY 

GLASS 
TYPES 

LINEAR A ANGULAR LINE WIDTH 
TOLERANCES TOLERANCES 

FILLING 

Fir® Control 
Reticles 

Polished 
Ordinary Plate 

Up to 3* 
±0001 

.0005 to .001 
±.0001 

Titanium 
Dioxide 

Test Fixture 
Reticles 

Water White 
Plate 

Up to 6* 
±0005 

.001 to .002 
±.0002 

Ferric Oxide 
Red 

Concave or 
Convex Reticles Optical Crown Up to 12* 

±002 
.002 to .005 

±.0004 
Ferne Oxide 

Black 

Reticles for 
Guidance Systems 
Resolution Targets 

Boro- Silicate 
Crown 

Up to 24* 
±.004 

.005 to .010 
±.0005 

Ferric Oxide 
Yellow 

Calibrated Dials Baryta Flint Angles 
±0* O' 30-

.010 to .050 
±.001 

Conductive 
Metallic Silver 

Light Chopper 
Disks 

Pyrex 

METAL ETCHING DATA 

Etching does not change 
the molecular structure, 
leaves no burrs to remove. 
Round, square, oval or 
slotted holes may be 
etched. Patterns are 
etched through metal of 
these thicknesses: Copper 
to .030, nickel and alloys 
to .020, stainless steel to 
.025, molybdenum to .008. 
Surface etching on any 
thickness. 

DESIGNS AND 
TYPES 

METALS DIMENSIONAL 
TOLERANCES 

Fire Control Reticles Copper and Copper Alloys Linear to 3* 
±0002 

Reticles for Optical 
Instruments 

Nickel and Nickel Alloys 
Linear to 12' 

±.001 

Scales Cupro Nickel 
Linear to 24* 

±.003 

Calibrated Dials Spring Steel 
Angular 

±0* O' 30* 

Reticles for Guidance 
Systems 

Stainless Steel 
Line Widths to .002 

±.0001 

Micro Component Parts 
for Control Systems 

Aluminum Line Widths to .005 
±0005 

Curved Surface Etched 
Parts 

Cold Rolled Steel 
Line Widths to .010 

±001 

Cylindrical Surface 
Etching Molybdenum 

Line Widths over .010 
15% of Metal Thickness 

Mechanical Parts Too 
Complicated for Die Stamping 1 Tungsten. Lead. Inconel 

ELECTRO FORMED MESH DATA 

MESH LINES 
PER INCH 

SIZE 
in INCHES 

MESH LINES 
PER INCH 

SIZE 
In INCHES 

Evaporation masks for 1000 4%x4% 120 4% X 5 

mesa transistors in minia- 750 4% X 4% 100 9x9% 

, 1- X - 500 5% X 5% 100 6x6% 

8x8 100 4% X 4% 

sizes. Micro mesh sieves 400 8x8 100 X 30 13% X 16% 

and screens are standard 3Oo 8% X 8% 80 11 % Dia 

production. For all work a 3% X 3% 80 5% X 5% 

special ruling engine draws 10 X 10 80 4x3% 

9% x9% 50 4% x 4% 

lOx 11 50 6x5% 

(stt aight or cross line, cali- 200 5x5 40 5% X 5% 

brated dials, scales and zoo.so 2%x3% 40 4% x4% 

reticles), to linear and con- iso h.t. 14% X 16% 20 4% X 4% 

centric circle accuracies of 6% X 6% 5 6x5% 

±.000039. - —- 5x5 

call or write buclibee 
245 E. 6TH STREET • ST. PAUL, MINNESOTA 
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by FREED 

NCREMENTAL INßUCIANCE MIDG 
No. nio-c 

INDUCTANCE RANGE: Five Decade resistors are used 
for the induction balance with a maximum 
resistance of 111, 110 ohms in steps of 1 ohm. 
RANGE: 
5 decades. 1111.1 H max. — 1 Mh min. 
3 decades. 11.1 H max. — 10 uh min. 
2 decades. 1.1 H max. — 1 uh min. 
FREQUENCY RANGE: 20 cycles to 10kc. 
ACCURACY: ± 0.5% to 5 kc, ± 2% to 10 kc. 
CONDUCTANCE BALANCE: Five decade capacitors and 

one air variable, maximum capacitance, 
11.111 MF. 

CONDUCTANCE RANGE: 0.015 micromho to 100 mho. 
"Q” RANGE: Series operation, 600 max. @ 

100 cycles. 
Parallel operation, 80 five dials @ 100 cycles. 

SUPERIMPOSED DC: 
2 amperes 1 Mh — 100 Mh. 
I ampere 0.1 H — 10 H. 
0.32 ampere 10 H — 100 H. 
0.1 ampere 100 H— 1000 H. 

OTHER FREED INCREMENTAL INDUCTANCE BRIDGES: 
Type 1185 — Max. D.C. to 30 amps. 
Type 1115 — Max. D.C. to 15 amps. 

FREED 
VARIABLE TEST VOLTAGE 
MEGOHMMETER NO. 1620 

The Freed Type 1620 Megohmmeter is a versatile 
insulation resistance measurement instrument with a 
continuously variable DC test potential from 50 io 
1000 volts. 

Components such as transformers, motors, printed 
circuits, cables and insulation material can be tested 
at their rated voltage and above, for safety factor. 

• Resistance — 0.1 megohms to 4,000,000 
megohms. 

• Voltage — variable, 50 - 1000 volts. 
• Accurate — plus or minus 5% on all ranges. 
• Simple — for use by unskilled operators. 
• Safe — high voltage relay controlled. 
• Self-contained — AC operated. 

OTHER MEGOHMMETERS AVAILABLE 
Type 162OC Megohmmeter — a type 1620 with 
additional circuitry for testing capacitors. 
Type 1020B Megohmmeter — a 500 volt fixed test 
potential. Range 1 megohm to 2 million megohms. 
Type 2030 Portable Megohmmeter — battery oper¬ 
ated, 500 volt test potential. Range 1 megohm to 
10 million megohms. 

Send for NEW 48 page transformer catalog. 
Also ask for complete laboratory fest instru¬ 
ment catalog. 

FREED TRANSFORMER CO., INC. 
1702 Weirfield SI., Brooklyn (Ridgewood) 27, N.Y. 

Detroit (4)—D. V. Stocker, Dept, of Elec. 
Engrg., Wayne Univ., Detroit 2, Mich.; 
L. E. Barber, 402 N. Troy St., Royal Oak, 
Mich. 

Egypt—H. M. Mahmoud, 24 Ealaki St., 
Cairo, Egypt; El-Garhi I. El-Kashlan, 46 
Suez-Kanai St., Engineering City, Im-
baba, Cairo, Egypt. 

Elmira-Corning (1)—T. G. Keeton, 611 
McDowell Place, Elmira, N. Y. ; R. K. 
Ainey, Westinghouse Elec. Corp., Box 
284, Elmira, N. Y. 

El Paso (6)—A. M. Rojas H., 2326 Copper 
St., El Paso Tex.; C. W. Brown, 325 
Encino Drive, El Paso, Tex. 

Emporium (4)—J. L. McKain, Sylvan 
Heights, Emporium, Pa.; T. H. Carl-
strom, Sylvania Electric Products, Inc., 
Emporium, Pa. 

Erie (1) R. S. Page, 1224 Idaho Ave., Erie, 
Pa.; K. I. Challstrom, Buffalo Rd., 
R.D. 1, Harborcreek, Pa. 

Evansville-Owensboro (5)—K. G. Miles, 
2105 East Gum St., Evansville 14, Ind.; 
F. R. Snyder, 2521 Iraquois Dr., Owens¬ 
boro, Ky. 

Florida West Coast (3)—R. E. Henning, 
Sperry Microwave Electronics Co., Box 
1828, Clearwater, Fla.; C. W. Benfield, 
605 First St., S.E., Largo, Fla. 

Fort Huachuca (7)—J. W. Virden, 102 
Crandel St., Fort Huachuca, Ariz.; L. J. 
Knight, 135 Jeffords St., Fort Huachuca, 
Ariz. 

Fort Wayne (5)—C. F. Mason, 1519J 
Crescent Ave., Fort Wayne, Ind.; D. W. 
Von Berg, 4015 Wedgewood Dr., Fort 
Wayne, Ind. 

Fort Worth (6)—S. T. Lanham, Sr., 5017 
Vicki, Fort Worth 17, Tex.; M. F. Shep¬ 
herd, 2334 Clearview, Fort Worth, Tex. 

France—Officers to be advised. 
Gainesville (3)—A. D. Sutherland, 1626 

N. W. 14 Ave., Gainesville, Fla.; A. T. 
Raczynski, Sperry Elec. Tube Div., 
Gainesville, Fla. 

Geneva—G. C. Gross, I.T.U., Palais Wil¬ 
son, Geneva, Switzerland; J. H. Gayer, 
I.F.R.B., Palais Wilson, Geneva, Switzer¬ 
land. 

Hamilton (8)—F. H. Edwards, United-Carr 
Fastener Company of Canada, Ltd., 231 
Gage Ave., N., Hamilton, Ont., Canada; 
C. C. Minchel, Canada Westinghouse Co., 
Elec. Tube Div., Plant 2, Hamilton, Ont., 
Canada. 

Hawaii (7)—E. A. Piety, 2030 Home Rule 
St., Honolulu 17, Hawaii; G. H. Stagner, 
525 Lunalilo Home Rd., Honolulu 16, 
Hawaii. 

Houston (6)—L. A. Mullan, Radio Station 
KTRH, Rice Hotel, Houston 2, Tex.; 
J. A. Beyer, 5221 Lincrest Lane, Houston 
27, Tex. 

Huntsville (3)—D. E. Rowe, 8602 Camille 
Dr., S.E., Huntsville, Ala.; J. A. Power, 
4003 Marie St., Apt. 1, Huntsville, Ala. 

India—Officers to be advised. 
Indianapolis (5)—S. M. Stuhlbarg, 4904 
Staughton Dr., Indianapolis, Ind.; R. C. 
Olsen, 4040 Adams Court, N., Indianapo¬ 
lis, Ind. 

Israel—Chairman to be advised. H. Fischler, 
Weizmann Inst, of Science, Dept, of 
Electronics, Box 26, Rehovoth, Israel. 

Italy—A. Marino, Via Guido d'Arezzo 14, 
Rome, Italy; G. P. Tarchini, Laboratorio 
Ricerche Elettr., Via de Parlamento N. 
33, Borgolom bardo, Milan, Italy. 

Ithaca (1)—H. I. Heydt, GE Advanced 

Elec. Ctr., Tomkins County Airport, 
Ithaca, N. Y.; M. Hollar, Advanced Elec¬ 
tronics Ctr., G. E. Co., Ithaca, N. Y. 

Kansas City (6)—F. A. Spies, Bendix Avia¬ 
tion Corp., Box 1159, Kansas City 41, 
Mo.; K. D. Benedict, 1032 East Alton, 
Independence, Mo. 

Kitchener-Waterloo (8)— B. S. McConachie, 
Raytheon Canada, Ltd., 61 Laurel St., 
E., Waterloo, Ont., Canada; W. J. Grey, 
Raytheon Canada, Ltd., Box 8, 400 
Phillips St., Waterloo, Ont., Canada. 

Las Vegas (7)—J. H. Jurmain, Edgerton, 
Germeshausen, Grier, 300 Wall St., Box 
1912, Las Vegas, Nev.; L. S. Kreyer, 617 
Twin Lakes Dr., Las Vegas, Nev. 

Little Rock (6)—R. V. Anders, 5801 Winda-
mere Dr., Little Rock, Ark.; W. C. 
Allsopp, Jr., Ark. Industrial Electric Co., 
5020 Club Rd., Little Rock, Ark. 

London (8)—T. W. Stewart, 1 Susan 
Ave., London, Ont., Canada; R. W. 
Johnson, 9 Ingleside Place, London, Ont., 
Canada. 

Long Island (2)—J. W. Kearney, Airborne 
Instruments Lab., Walt Whitman Rd., 
Melville, L. L, N. Y.; C. H. Doersam, Jr., 
Potter Instrument Co., Inc., Sunnyside 
Blvd., Plainview, L. L, N. Y. 

Los Angeles (7)—J. J. Guarrera, 17160 
Gresham St., Northridge, Calif.; E. E. 
Ingebresten, 15435 Tupper St., Sepul¬ 
veda, Calif. 

Louisville (5)—H. T. Smith, Kentucky 
Rural Elec. Co-op Corp., 4515 Bishop 
Lane, Louisville 18, Ky. ; E. L. Marven, 
Sr., 811 Camden Ave., Louisville 15, Ky. 

Lubbock (6)—J. P. Craig, Rte. 4, Box 210, 
Lubbock, Tex.; E. F. Kilcrease, 2114 38 
St., Lubbock, Tex. 

Miami (3)—F. R. Macklin, 325 Malaga 
Ave., Coral Gables, Fla.; G. A. Liedholz, 
6060 S.W. 114 St., Miami 56, Fla. 

Milwaukee (5)—T. H. Houle, 1000 S. 56 
St., West Allis 14, Wis. ; K. J. Schlager, 
1519 N. 118 St., Wauwatosa 13, Wis. 

Mobile (3)—C. R. Hicks, 4128 N. Marietta 
Dr., Mobile, Ala. ; E. G. Schone, Box 4102, 
Mobile, Ala. 

Montreal (8)—H. H. Schwartz, 5212 King 
Edward Ave., Montreal 29, Que., Canada; 
A. Breton, Ecole Polytechnique, 2500 
Marie Guyard Ave., Montreal 26, Que.. 
Canada 

Newfoundland (8)—Chairman to be ad¬ 
vised. F. A. Mulloy, 55 Calver Ave., 
St. John's Newf., Canada. 

New Orleans (6)—G. Allen, 4239 St. Charles 
Ave., Apt. C, New Orleans 15, La.; N. R. 
Landrv, 6079 Louisville St., New Orleans 
24, La. 

New York (2)—H. W. Pollack, 300 Lennox 
Road, Brooklyn, N. Y. ; E. Schutzman, 
College of Engrg., New York University, 
University Heights, New York 53, N. Y. 

North Carolina (3)—A. B. MacIntyre, 
Stagecoach Rd., Chapel Hill, N. C. ; 
H. A. Voorhees, 1015 Wendover Circle, 
Winston-Salem, N. C. 

Northern Alberta (9)—L. N. Donovan, 
(Chairman and acting secretary), 24 
Birch Dr., Box 136, St. Alberta, Alta., 
Canada 

Northern New Jersey (2)—H. S. Wertz, 
111 Parsonage Rd., Short Hills, N. J.; 
M. E. Levine, Tung-Sol Electric, Inc., 
545 N. Arlington Ave., East Orange, N. J. 

Northwest Florida (3)—F. J. Sites, 29-B 
Boatner Dr., Eglin Village, Eglin AFB, 
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I la.; H. G. Wise, Box 878, Fort Walton 
Beach, Fla. 

C dahoma City (6)—E. Black, 1701 X. W. 
35 St.. Oklahoma City 18, Okla.; J. M. 
Ashworth, 3934 X. W. 34 St., Oklahoma 
City 12, Okla. 

C naha-Lincoln (5)—J. A Rogers, 3815 
Marcy St., Omaha 5, Xeb.; C. Hyde, 312 
Ferguson Hall. Univ, of Xeb.. Lincoln 8, 
Xeb. 

7 lando (3)—J. R. Matzinger, 1825 White¬ 
hall Dr., Winter Park, Fla.; C. E. Mc¬ 
Ginnis, 1720 Shawnee Trial. Maitland. 
Fla. 

Ottawa (8) \\ . R. Conway, 2075 Wood¬ 
crest Rd., Ottawa 1, Ont., Canada; S. G. 
Jones, 1910 Haig Dr., Ottawa 1, Ont.. 
Canada. 

f’ailadelphia (3)—R. M. Showers, Moore 
School of Elec. Engrg., 200 S. 33 St.. 
Philadelphia 4, Pa.; P. A. Lathrop, 19 
Sweetgum Rd., Levittown, Pa. 

Phoenix (7) H. R. Hyder, HI, 2523 N. 57 
St., Phoenix, Ariz.; R. K. Peterson, 2034 
W. Rancho Dr., Phoenix 15, Ariz. 

Pittsburgh (4)—R. I. Van Nice, 112 Delà 
ware Court, Glershaw, Pa.; R. P. O’Shea. 
Rear 125 Woodvale Ave., Johnstown, Pa. 

Portland (7) M. L. Morgan, 12907 SAV. 62 
Ave., Portland 19. Ore.; C. H. Moulton. 
1625 SAV. 87 Ave., Portland 1. Ore. 

Princeton (2) R. D. Lohman, RCA. 
Somerville, N. J.; O. E. Dow, RCA Labs., 
Princeton, X. J. 

Quebec (8) R. M. Vaillancourt, 638 Ave. 
Mon Repos, Ste. Foy, Quebec 10, Canada; 
K. A, Laurie, 775 Calixa La Vallee, Apt. 
15. Quebec 6, Que., Canada. 

regina (8) S. K. Smith, c/o Saskatchewan 
Govt. Tel., 2350 Albert, Regina, Sask., 
Canada; G. H. Beuker, 2901 Athol St., 
Regina, Sask., Canada. 

•jo de Janeiro J. A. W iltgen, Caixa Postal 
450, Rio de Janeiro, I). F., Brazil; C. J. 
Chapin, c/o Riggs National Bank, Du¬ 
Pont Circle Branch, 1913 Massachusetts 
Ave., N. W„ Washington 6, D. C. 

Rochester (1)—J. L. Wheeler, 535 Rondo 
Lane, Webster, N. Y.; D. W. Healy, Jr., 
Univ, of Rochester, River Campus Sta¬ 
tion, Rochester 20, N. Y. 

tome-Utica (1)—R. A. Zachary, Jr., 11 
Arbor Dr., New Hartford, N. Y. ; C. J. 
Civin, 4 Colonial Dr., New Hartford, 
N. Y. 

Sacramento (7)—A. O. Rohde, 3160 Adams 
Rd., Sacramento 25, Calif.; J. C. Bissett, 
8717 Jonnie Way, Fair Oaks, Calif. 

St. Louis (6)--G. E. Barnard, 639 N. 69 St., 
East St. Louis, Ill.; E. A. Kuhlman, 9020 
Cardinal Ter., Brentwood 17, Mo. 

Salt Lake City (7)—A. W. Vodak, 2587 
Sherwood Dr., Salt Lake City, Utah; 
H. J. Redd, 1771 Severn Dr., Salt Lake 
City 17, Utah. 

San Antonio-Austin (6)—W. L. Donaldson. 
129 El Cerrito Circle, San Antonio 12, 
Tex.; C. R. Graf, 207 Addax Dr., San 
Antonio 1, Tex. 

San Diego (7) D. G. De Haas, 1923 Cable 
St., San Diego 7, Calif.; D. Proctor, 2120 
Rexford Dr., San Diego 5, Calif. 

San Francisco (7) —S. F. Kaisei. Microwave 
Electronics Corp., 4061 Transport St., 
Palo Alto. Calif.; Acting Secretary: A. T. 
Waterman, Jr., Electronics Research 
Lab., Stanford University, Stanford, Calif. 

Schenectady (1)—T. G. Mihran, G. E. Re¬ 
search Lab., Box 1088, Schenectady. 
N. Y.; F. J. Eilert, G. E. Co., Bldg. 37 

BALLANTINE Wide Band, Sensitive VTVM 
model 
317 

Price: $495 
with probe 

Measures 
300 pV to 300 V 

at Frequencies 10 cps to 11 Me 
A stable, multi-loop feedback amplifier with as much as 50 db feedback, and 10,000 hour 
frame grid instrument tubes operated conservatively, aid in keeping the Model 317 
within the specified accuracy limits over a long life. A million to one in voltage range 
and over a million to one in frequency coverage makes it attractive as a general purpose 

instrument for measurement of af or rf as well as the complete band. All readings 
have the same high accuracy over the entire five inch voltage scales. This is typical 

of all Ballantine voltmeters due to the use of individually calibrated logarithmic scales. 

The 317 may be used as a null detector from 5 cps to 30 Me having a sensitivity of 

approximately 100 mV from 10 cps to 20 Me. 

VOLTAGE: 300 MV to 300 V. 

FREQUENCY: 10 cps to 11 Me (As a 

null detector, 5 cps to 30 Me). 

ACCURACY: % of reading anywhere on scale at any voltage. 20 cps to 2 Me — 2%; 10 
cps to 6 Me — 4%; 10 cps to 11 Me — 6%. 

SCALES: Voltage, 1 to 3 and 3 to 10, each with 10% overlap. 0 to 10 db scale. 

INPUT IMPEDANCE: With probe, 10 megohms shunted by 7 pF. Less probe, 2 megohms 
shunted by 11 pF to 24 pF. 

AMPLIFIER: Gain of 60 db ± 1 db from 6 cps to 11 Me; output 2.5 volts. 

POWER SUPPLY; 115/230 V, 50 - 400 cps, 70 watts. 

Write for brochure giving many more details 

* Since 1932 — 

([A BALLANTINE LABORATORIES inc. 
Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS. REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE. FREQUENCY. OR WAVEFORM WE HAVE A LARGE UNE. WITH ADDITIONS EACH YEAR ALSO AC'DC AND DC/AC 
INVERTERS. CALIBRATORS. CALIBRATED WIDE BAND AF AMPLIFIER. DIRECT READING CAPACITANCE METER. OTHER ACCESSORIES. 

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1 000 MC. 
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Rm. 578, 1 River Rd., Schenectady, 
N. Y. 

Seattle (7)—W. J. Siddons, 6539 39 St., 
N.E., Seattle 15, Wash.; W. L. Green, 
7202 N. Mercer Way, Mercer Island, 
Wash. 

Shreveport (6)—E. J. Culling, 3252 Sarah 
St., Bossier City, La.; E. C. Strickland, 
2914 Bolch St., Shreveport, La. 

South Bend-Mishawaka (5)—H. W. Vogt¬ 
mann, Bendix Mishawaka Div., 400 S. 
Beiger St., Mishawaka, Ind.; N. O. 
Kindt, 50635 Dresden Dr., South Bend 
17, Ind. 

South Carolina (3)—P. A. McMasters, 5809 
Moore St., North Charleston, S. C.; 
H. L. Hunter, 49 Fort Dr., Rt. 6, Box 423, 
North Charleston, S. C. 

Southern Alberta (8)—R. E. Smith, 1507-20 
A St., N.W., Calgary, Alta., Canada; 
G. E. Parkinson, 735 35 St., N.W., 
Calgary, Alta., Canada. 

Syracuse (1)—G. F. Platts, 101 Iroquois 
Lane, Liverpool, N. Y.; G. M. Kirk¬ 
patrick, 202 David Dr., N. Syracuse 12, 
N. Y. 

Tokyo—Miyaji Tomota, Yokogawa Elec. 

Works, Ltd. 3000 Kichijoji, Musashino-
Shi, Tokyo, Japan. Fumio Minozuma, 16 
Ohara-Machi, Meguro-Ku, Tokyo, Japan. 

Toledo (4)—R. B. Williams, Jr., 5945 
Summitt St., Sylvania, Ohio; H. R. 
Holmes, 3557 149 St., Toledo, Ohio. 

Toronto (8)—G. T. Quigley, Philips Indus¬ 
tries, Ltd., Vanderhoof Ave., Leaside, 
Toronto 17, Ont., Canada; F. A. Ford, 
Canadian GE Co., Ltd., 830 Lansdowne 
Ave., Toronto 4, Ont., Canada. 

Tucson (7)—R. L. Patterson, 5418 E. Sec¬ 
ond St., Tucson, Ariz.; J. L. Dunn, 725 
W. Comobabi Dr., Rt. 6, Box 319C, 
Tucson, Ariz. 

Tulsa (6)—P. M. Ferguson, 1133 N. 
Lewis, Tulsa 10, Okla.; D. P. Hearn, 748 
S. 87th E. Ave., Tulsa 12, Okla. 

Twin Cities (5)—H. D. Shekels, 1942 Beech¬ 
wood, St. Paul 16, Minn.; A. L. Martin, 
Jr., 8714 Second Ave., S., Bloomington 20, 
Minn. 

Vancouver (8)—H. A. Hoyles, 1846 Beau-
lynn Pl., Westlynn Park, North Van¬ 
couver, B. C., Canada, N. Barnaby 
P.O., Vancouver, B. C., Canada. 

Virginia (3)—G. L. Harvey, Sperry Pied¬ 

mont Co., Rte. 29, Charlottesville, Va.; 
E. J. Brauner, 1412 Brookville La., 
Lynchburg, Va. 

Washington (3)—B. S. Melton, 3921 May-
fair Lane, Alexandria, Va.; W. B. Swift, 
CIER, Inc., 1200 Jefferson Davis Hwy., 
Arlington 2, Va. 

Western Massachusetts (1)—R. H. Shupe, 
52 Elaine Dr., Pittsfield, Mass.; W. B 
Conover, General Electric Co., 100 
Plastics Ave., Pittsfield, Mass. 

Western Michigan (4)—J. D. Barfus, 6482 
52 St., S.E., R.R. 1, Grand Rapids, 
Mich.; J. Czerniak, 2744 Bellevue Rd., 
Muskegon, Mich. 

Wichita (6)—R. L. Schräg, Elec. Engrg. 
Dept., Univ, of Wichita, Wichita 8, Kan.; 
W. G. Louie, 758 Mansfield Drive, 
Wichita 7, Kan. 

Williamsport (5)—J. J. De Gan, 117 Eldred 
St., Williamsport, Pa.; T. P. Warne, 324 
Tinsman Ave., Williamsport, Pa. 

Winnipeg (8)—W. H. Galpin, 175 Lanmark 
St., Winnipeg 9, Man., Canada; R. I. 
Punshon, Canadian Broadcasting Corp., 
540 Portage Ave., Winnipeg, Man., 
Canada. 

Subsections 

Buenaventura (7)—L. E. Wood, 630 W. 
Highland Dr., Camarillo, Calif.; J. A. 
Frederick, 455 Corsicana Dr., Oxnard, 
Calif. 

Burlington (5)—H. L. Clark, 2549 Surrey 
Rd., Burlington, Iowa; E. A. Kruse, 314 
Cottage Grove, West Burlington, Iowa. 

Catskill (2)—C. R. Eickhorn, Jr., 29 Ratter¬ 
man Rd., Woodstock, N. Y.; R. A. 
Heassler, R.D. 5, Box 52, Kingston, N. Y. 

Crescent Bay (7)—H. lams, 1325 Goucher 
St., Pacific Palisades, Calif.; H. H. Wil¬ 
son, 16623 Gilmore St., Van Nuys, Calif. 

East Bay (7)—A. J. Stripeika, 2759 Miranda 
Ave., Alamo, Calif.; J. T. Lavrischeff, 
7029 Cutting Blvd., El Cerrito, Calif. 

Eastern North Carolina (3)—W. J. Speed, 
3028 E. Rothgeb Dr., Raleigh, N. C.; 
W. H. Horne, III, Rt. 1, Raleigh, N. C. 

Fairfield County (1)—T. J. Calvert, 11 
Bedford Ave., Norwalk, Conn.; H. F. 
Wischnia, 50 De Leo Dr., Stamford, 
Conn. 

Lancaster (3)—Y. Uyeda, 1924 Pine Dr., 
Lancaster, Pa.; R. M. Matheson, 2728 
Brookfield Rd., Lancaster, Pa. 

Las Cruces-White Sands Proving Ground 
(6)—H. Coleman, Rte. 1, Box 4B, Las 
Cruces, N. M.; Secretary to be advised. 

Lehigh Valley (3)—J. H. Volk, 411 Grant 
St., Easton, Pa.; A. I. Larky, Lehigh 
Univ., Dept, of Elec. Engrg., Bethlehem, 
Pa. 

Memphis (3)—C. Ray, Dept, of Neuro¬ 
surgery, Baptist Memorial Hospital, 
Memphis 3, Tenn.; Brother I. J. Haas, 

Christian Brothers College, Memphis 4, 
Tenn. 

Merrimac Valley (1)—D. D. Sagaser, Bell 
Telephone Labs., 1600 Osgood St., North 
Andover, Mass.; W. Banton, 21 Walnut 
St., North Andover, Mass. 

Mid-Hudson (2)—R. H. Domenico, IBM 
Research Lab., Poughkeepsie, N. Y. ; 
W. Cadden, 67 Round Hill Rd., Pough¬ 
keepsie, N.Y. 

Monmouth (2)—P. E. Griffith, 557 Cedar 
Ave., W. Long Branch, N. J.; V. E 
Reilly, 25 Lenox Rd., Eatontown, N. J. 

Nashville (3)—G. P. McAllister, 2923 Twin 
Lawn Dr., Nashville 14, Tenn.; W. B. 
Kincaid, Jr., 210 Graeme Dr., Nashville 
14, Tenn. 

New Hampshire (1)—R. O. Goodwin, 130 
Colgate Rd., Nashua, N. H.; J. Butler, 
Groton Rd., R.F.D. 2, Nashua, N. H. 

Northern Vermont (1)—R. A. Marcotte, 
Valleyview Dr., RD 1, Essex Junction, 
Vt. ; Secretary to be advised. 

Orange Belt (7)—J. F. McElwee, 455 N. 
Live Oak Ave., Glendora, Calif.; A. G. 
Holtum, Jr., 941 E. Marylind, Clare¬ 
mont, Calif. 

Palm Beach (3)—C. E. Cronin, 544 Ebb 
Tide Dr., North Palm Beach Fla.; A. S. 
Baran, 301 Bayside Rd., Lake Worth, Fla. 

Panama City (3)—J. F. Ault, 1305 Cornell 
Dr., Panama City, Fla.; R. C. Lowry, 
2342 Pretty Bayou Dr., Panama City, 
Fla. 

Pasadena (7)—F. L. Mosely, 700 Fleutridge, 
Pasadena 5, Calif.; J. C. Crosby, 9018 
Youngdale, San Gabriel, Calif. 

Pikes Peak (6)—B. J. Bittner, Box 3217, 
North End Station, Colorado Springs, 
Colo.; A. O. Behnke, 204 Westcott Ave., 
Colorado Springs, Colo. 

Reading (3)—H. S. Hauck, 216 Jameson Pl., 
Reading, Pa.; R. M. LeLacheur, 1637 
Dauphin Ave., Wyomissing, Pa. 

Richland (7)—R. A. Harvey, 657 Cotton¬ 
wood Dr., Richland, Wash.; D. D. Bisby, 
703 Catskill, Richland, Wash. 

San Fernando Valley (7)—R. L. Halpern, 
3315 Longridge Ave., Sherman Oaks, 
Calif.; J. L. Brown, 17408 Mayflower Dr., 
Granada Hills, Calif. 

Santa Ana (7)—J. E. Elms, 112 Kings Pl., 
Newport Beach, Calif.; K. Goodman, 
2567 Columbia Dr., Costa Mesa, Calif. 

Santa Barbara (7)—J. E. Hacke, Box 535, 
Santa Barbara, Calif.; S. R. Boyle, De¬ 
fense Electronics Div., General Electric 
Co., 735 State St., Santa Barbara, Calif. 

Southwestern Ontario (8)—R. A. Clark, 
2558 Byng Rd., Windsor, Ont., Canada; 
Secretary to be advised. 

Victoria (8)—C. L. Madill, 2786 Murray 
Dr., Victoria, B. C., Canada; A. M. Bax¬ 
ter, 620 Rockland Place, Victoria, B. C., 
Canada. 

Westchester County (2)—M. Ziserman, 26 
Edgewood Rd., Hartsdale, N. Y.; M. L. 
Brailey, 12 Dupont Ave., White Plains, 
N. Y. 

Western North Carolina (3)—J. I. Barron, 
Southern Bell T&T Co., Box 240, Char¬ 
lotte, N. C. ; T. C. Livingston, 926 N. 
Sharon Amity Rd., Charlotte, N. C. 
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STC 
L 0 W N 0 I S E H \ 

TRAVELLING WAVE\TUBES 
for S-BAND RADAR \ 

W9/2E 

Typical Noise Factor 8-5 dB 
With voltages fixed for broad band operation 2-5 to 4-1 Gc/s 
Typical Gain 40 dB 

W10/3E 
Typical Noise Factor 6-8 dB 
With voltages optimised for a spot frequency 

between 2-7 and 3-3 Gc/s (circuit 495—LVA 
—003) (illustrated with antimagnetic 
screening) or between 2-8 and 3-8 Gc/s 
(circuit 495—LVA—006) 

Typical Gain 23 dB 

Send for full data and new 
edition of brochure MSI113 

ITT 

«I/8MS 
VALVE DIVISION: BRIXHAM ROAD • PAIGNTON ■ DEVON • ENGLAND 
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lidfcJL Industrial 
Engineering Notes 

iiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiniiiiiiiiiiiiiiiiiiiiiiiiniiiiiniiiiiiiiiiiiiiiiiiuiiiiiiiiiiniiiiiiiiiN 

KIN TEL’s 
AC/DC digital 

voltmeter 
gives you these 3 

important 
features. .. 

1. AC and DC over-ranging. 
The single-plane readout on KIN TEL’s 502B 
voltmeter displays 4 digits plus a 5th over- I 
ranging digit (0 or 1), has 10 times greater 
resolution at the decade points (1. 10, 100 
volts) than voltmeters that lose a digit 
changing from .9999 to 1.000. 

2. Highest accuracy. 
DC measurements between ±100/zv and 
±1000 V are accurate within 0.01% of 
reading ±1 digit. AC accuracy is the high¬ 
est in the industry - within 0.1% of reading 
or ±3 digits from 30 cps to 10 kc for inputs 
up to 10.000, 100.00, or 1000.0 v on the 
respective range scales. This same accuracy 
is maintained up to 15.000 or 150.00 v for 
inputs from 50 cps to 7 kc. 

3. Remote (programable) control. 
The 502B is controllable by remote contact 
closures that command any desired se¬ 
quence of measurements at 10-volt AC, 
100-volt AC, 1000-volt AC, auto-range AC, 
or auto-range DC. 
Write today for detailed literature or a dem¬ 
onstration. Price $4245. Delivery from stock. 

Representatives in all major cities 

OOHU 

5725 Kearny Villa Road, San Diego 12, California 
Phone: BRowning 7-6700 

Association Activities 
A highlight of the gathering, as in 

every year since 1941, was presentation 
of the Radio Fall Meeting Plaque, signify¬ 
ing distinguished achievement for scien¬ 
tific and technological advancement in 
entertainment electronics. The 1961 re¬ 
cipient of the honor was announced at the 
meeting dinner as W illiam T. Wintring-
ham, head of the Visual Systems Research 
Department of the Bell Telephone Lab¬ 
oratories at Murray Hill, N. J. Presenta¬ 
tion of the plaque to Mr. Wintringham for 
his “many technical contributions to the 
electronics industry in the field of video 
techniques” was made by Virgil M. 
Graham, Associate Director of the EIA 
Engineering Department. 

Governmental and Legislative 
The Federal Communications Com¬ 

mission has granted a 60-day extension of 
the December 4 deadline for filing of com¬ 
ments on overall policy and technical pro¬ 
posals for expansion of UHF television. 
The proceeding is contained in Docket 
14229, announced July 26. The extension 
does not apply to separate proceedings in¬ 
volving deintermixture proposals which 
woidd convert eight television markets to 
UHF and provide shorter-spaced VHF 
assignments in eight other markets. 

Military and Space 
A series of tests slated for next year 

may well solve technical problems involv¬ 
ing the use of nuclear engines in rockets, 
Harold B. Finger, Manager of AEC-NASA 
Space Nuclear Propulsion Office, said last 
week. If this breakthrough is achieved, 
the Project Rover manager said, the way 
will be clear for the use of nuclear engines 
in “early” manned lunar operations. The 
upcoming test series involves the proper¬ 
ties of materials used in various reactor 
designs and control of the designs. The 
outcome will provide a reactor for the 
NERVA nuclear rocket engine. Mr. 
Finger said early flight depends on suc¬ 
cessful development of the NERVA engine 
and a flight-test program called RIFT, a 
program that will lead to nuclear stages 
which can be used as upper stages of 
chemical-boost rockets now being con¬ 
sidered for carrying an astronaut to the 
moon. 

Industry Marketing Data 
September was the best month of the 

year for production of television and radio 
receivers alike with totals exceeding Au¬ 
gust output by 179,906 TV sets and 
663,597 radios, it was disclosed in monthly 
figures released last week by the EIA 
Marketing Data Department. Output of 

TV sets in September totaled 694,580, 
compared with 514,674 in August. TV 
production for the nine months of this 
year jumped ahead of the total for the 
same period last year by 20,684 sets to a 
high of 4,393,768. Cumulative sales 
through August exceeded last year’s by 
only about 5000. A total of 2,048,698 
radios were sold at the factory in Septem¬ 
ber, against 1,385,101 sold the month be¬ 
fore. Cumulative sales through September 
were below those for the nine-month pe¬ 
riod in 1960 by 663,597 sets. The totals 
were 12,001,488 this year, compared with 
12,408,377 in 1960. . . . The EIA Military 
Marketing Data Committee has published 
two new marketing aids, one an analysis 
of the Atomic Energy Commission’s fiscal 
year 1962 budget and the other a summary 
of the proposed National Meteorological 
Satellites program. The analysis of AEC 
funds, based on the report to Congress by 
the Joint Committee on Atomic Energy, 
places special emphasis on electronic con¬ 
tent. It breaks down $2,359,400,000 funded 
for operating expenses and $268,750,000 
earmarked for plant acquisition and con¬ 
struction. The meteorological satellites 
plan was developed by a special panel on 
Operational Meteorological Satellites, a 
part of the National Coordinating Com¬ 
mittee for Aviation Meteorology, and en¬ 
dorsed by the participating agencies—the 
National Aeronautics and Space Adminis¬ 
tration, Weather Bureau, Defense Depart¬ 
ment, and Federal Aviation Agency. The 
summary contains a five-year projection of 
funding requirements. The FY 1962 por¬ 
tion has been approved. A limited number 
of copies of both documents is available 
to EIA member-companies from Office of 
Information, EIA Headquarters, 1721 
DeSales Street, N.W., Washington 6, D.C. 

Engineering 
A wide array of scientific and technical 

information in libraries and information 
centers scattered across the country would 
be made available to researchers faster 
under an Air Force proposal to establish a 
“materials information processing capabil¬ 
ity.” The proposed super library is an out¬ 
growth of a modern paradox facing scien¬ 
tific communities everywhere: Scientists 
and engineers want more reliable informa¬ 
tion and want it faster, yet do not have 
enough time to read and evaluate all the 
information they presently receive. The 
new information processing capability 
would ease this dilemma by using com¬ 
puters to sift descriptive information and 

(Continued on page 72A) 

♦ The data on which these Notes are based 
were selected by permission from Weekly Report, 
issues of November 6, November 13, and November 
20, 1961, published by the Electronic Industries 
Association, whose helpfulness is gratefully acknow¬ 
ledged. 
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The Electronics and Control Engineers’ Book Club 
helps you keep ahead in your field . . . at a savings 

Start your membership with any 

of these selections: 

Transistor Electronics by 
D. DeWitt and A. L. Ross-
off. Full coverage from ba¬ 
sic fundamentals to de¬ 
tailed mechanisms. 

Publisher’s Price, $9.00 
Club Price, $7.65 

Mathematics for Electron¬ 
ics with Applications by H. 
M. Nodehnan and F. W. 
Smith, Jr. Methods for 
solving practical problems. 

Publisher’s Price, $7.00 
Club Price, $5.95 

Control Engineers’ Hand¬ 
book by J. C. Truxal. A 
wealth of practical help on 
automatic feedback control 
systems. 

Publisher’s Price, $22.50 
Club Price, $19.10 

Electronic Digital Comput¬ 
ers by C. Smith. What they 
arc. how they function, and 
their underlying principles. 

Publisher’s Price, $12.00 
Club Price, $10.25 

How to Become a Profes¬ 
sional Engineer by J. D. 
Constance. Authoritative 
guidance applicable in all 
states. 

Publisher’s Price, $6.00 
Club Price, $5.10 

Your engineering career owes a great deal to 
books. Why not take advantage of this con¬ 
venient. economical way to have the best profes¬ 
sional books available when you need them? 
The Electronics and Control Engineers’ Book 
Club brings you the essential technical litera¬ 
ture in your field. It also helps you overcome 
today's high cost of building a professional li¬ 
brary by saving you an average of r 5% from 
publisher’s prices. 

How the Club Operates. At regular intervals 
you receive free of charge The Electronics and 
Control Engineers’ Book Bulletin. This gives 
complete advance notice of the next main selec¬ 
tion of the month, as well as many alternate 
selections. If you want the main selection you 
do nothing: the book will lx? mailed to you. If 
you want an alternate selection—or no book al 
all for that period—you can notify the Club by 
returning the convenient card enclosed with 
each Bulletin. 

Saves You Time and Money. You agree only to 
the purchase of three books in a year. Certainly 
out of the large number of books in your field 
offered in any twelve months there will be at 
least three you will buy anyway. By joining the 
Club you save both money and the trouble of 
searching. 

Send No Money Now. Just check the book you 
want as your first selection on the coupon below. 
With it you will be sent Electronic Designers' 
Handbook for only one dollar. T ake advantage 
of this offer and receive two books for less than 
the regular price of one. (If cou|xm is detached, 
write to the Electronics and Control Engineers’ 
Book Club, Dept. IRE-i, 330 W. 42nd St.. New 
York 36, N.Y.) 

ACCEPT THIS 

$16.50 BOOK 

with membership in 

The Electronics and 

Control Engineers' 
Book Club 

ELECTRONIC DESIGNERS’ 
HANDBOOK 

By R. W. Landee, D. C. Davis, 
and A. P. Albrecht 

Provides fundamentals and data to help you 
in the design of all types of electronic equip¬ 
ment. A large number of the circuits used in 
many different applications are covered, to¬ 
gether with theoretical and technical discus¬ 
sions and explanations, design examples to 
show application of theory, and graphical and 
tabular data needed in day-to-day design work. 

Electronic Designers' Handbook is typical of 
the selections of Tn e Electronics and Con¬ 
trol Engineers’ Book Club. All books are 
chosen by qualified editors and consultants. 
Their thoroughgoing understanding of the 
standards and values of the literature in your 
field guarantees the authoritativeness of the 
selections. 

¿NOTE: If you already own thin volume, 
1 you may Mib<»thute any other book on thh 
page an your DOLLAR book, (.heck two 

j bookn below and yon will receive the 
F higher priced selection for only Sl.OO. 

Management for Engineers 
by R. C. Heimer. Practical 
know-how for the engineer-
manager, covering every 
management area. 

Publisher’s Price, $7.50 
Club Price, $6.40 

Successful Technical Writ¬ 
ing by T. Hicks. How to 
make good money and ad¬ 
vance your career with 
technical writing. 

Publisher’s Price, $5.95 
Club Price, $5.05 
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CLIP AND MAIL THIS COUPON TODAY 
THE ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
Dept. IRE-1, 330 West 42nd Street. New York 36. N.Y. 
Please enroll me as a member of Tin* Electronics and Control Engi 
neers’ Book Club. You will bill me for my first selection indicated 
at right at the *i>ecial club price and $1 for Electronic Designers' 
Handbook (or alternate choice), plus few cents delivery costs. (The 
Club assumes this charge on prepaid orders.) Forthcoming selections 
will Im* described in advance and 1 may decline any book. 1 need take 
only 3 selections or alternates in 12 months of membership. (This offer 
good in U.S. only.) 
PLEASE PRINT 

Send as my first selection: (if more 
than one book is checked we will 
send the higher priced selection as 
your $1.00 book)— 

□ 
□ 

Name 

Address 

City Zone State 

Company 

NO RISK GUARANTEE: lf ■' “S and your membership will Im* canceled. 

□ 
□ 
□ 

□ 
□ 

Transistor Electronics. $7.t>5 

Mathematics for Electronics with Ap¬ 

plications $5.95 

Control Engineers’ Handbook. $19.10 

Electronic Digital Computers. $10.25 

How to Become a Professional Engi¬ 

neer. $5.10 

Management for Engineers. $b.40 

Successful Technical Writing. $5.05 

letmn your first shipment within 10 days 
IKE 1 
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FeiToxcube 
■Mn me 
world's smallesi 
Mie doí core 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

Wideband Transformer 

SAUGERTIES. N. Y.-A new fer¬ 
rite pot core, the smallest ever to be ' 
offered to the electronic industry, has 
been announced by Ferroxcube Cor¬ 
poration of America, a subsidiary of 
Consolidated Electronic Industries. ' 
The new core, designated as Type 
743P133, has an outside diameter of j 
.272" and is .133" high. It has an [ 
inductance of 525 mh per 1,000 turns, 
using 3C material, and is particularly 
suited for pulse transformer and high 
frequency inductor applications where 
size is of prime importance. 

This miniature unit is being offered 
in a variety of materials. A line of bob¬ 
bins is also being made available for 
the core. The Ferroxcube pot core line I 
is by far the broadest offered, running 
from this miniature size through I 
dozens of other shapes and sizes up to 
2.6" OD. The cores are furnished in a 
broad line of materials offering the 
highest attainable “Q’s”. 

In addition to its pot core line, 
Ferroxcube also produces memory 
cores, planes, and stacks; recording 
head cores; custom-tailored ferrite 
parts and non-lincar resistive elements. 

North Hills Electronics, Inc., Alexan¬ 
der 1’1., Glen Cove, L. I., N. Y., has an¬ 
nounced a new wideband transformer. 
Designated as the type 1900, this trans¬ 
former provides idolated coupling between 
7512 unbalanced, to 120012 balanced, over 
a frequency range of 200 kc to 50 me. The 
insertion loss is less than 1 db. The sec¬ 
ondary balance is better than 40 db. 

Three case styles are offered. Series AA 
models are potted in metal cases with a 
terminal board on the bottom and two 
6-32 spade mounting bolts. Series BA are 
hermetically sealed with glass terminals 
at the case ends, and two 4-40 studs on 
the bottom for mounting. Series BB is 
similar to BA, except that the unbalanced 
connection is provided by a BNC con¬ 
nector. 

A great variety of different require¬ 
ments is being met by special designs. 
Your specifications for custom wideband 
transformers may be submitted for quota¬ 
tion. 

Complete data may be obtained from 
the firm. 

FERROXCUBE CORPORATION of America 

Saugerties, N. Y. 

I am interested in: 
□ Pot cores □ Memory cores, 

Planes and Stacks 
□ Recording head cores 
□ Custom ferrite parts 
□ Non-linear resistive elements 

NAME_ 

COMPANY_ 

ADDRESS _ _ 

Universal Communications 
Transistors 

A low cost, universal communications 
transistor, the 2N987, has been announced 
by Amperex Electronic Corp., Semicon¬ 
ductor and Special Purpose Tube Div., 
230 Duffy’ Ave., Hicksville, L. I., N. Y. It 
is mounted in a subminiature 4-pin, 

TO-18 case. The same transistor, pack¬ 
aged in a TO-33 case, is available as the 
type 2N2084. 

PADT Germanium alloy-mesa tran¬ 
sistors, the 2N987 and the 2N2O84 pro¬ 
vide the best characteristics of RF front 
and IF types, and feature the ideal combi¬ 
nation of high breakdowm voltage, high 
beta and high frequency. As such, they 
are suited for use in RF and IF amplifiers 
in the HF and VHF bands in mobile and 
airborne communications, instrumentation 
and radar IF applications. 

The subminiature 2N987 is particu¬ 
larly suited for portable paging systems, 
airborne, mobile communications and 
other miniture equipment where size, 
weight and space are important. 

The 2N987 is priced at $1.55 each and 
the 2N2084 at $1.25 each in 1000 lots. 

These components provide a typical 
power gain of 14 db at 100 me, typical 
beta (hfe) of 140, breakdowm voltage 
(BVcbo) of 40 V, and an output capacitance 
(Cob) of 2 ^gf. 

Both types are suitable for printed cir¬ 
cuits and will replace such types as the 
2N499, 2N1224, 2N1395, 2N1396, 2N1745 
and 2N1866. 

Test Procedures 
Reference Manual for 
Coated Magnet Wire 

A new manual of test procedures for all 
film coated magnet wire types is available 
on request from Hudson Wire Co. The 
reference manual is a compilation and 
summary of all the different NEMA and 
MIL-W-583B specification testing tech¬ 
niques that apply to these products. While 
all of the test procedures described are 
covered in part by various individual speci¬ 
fications, this is the first time that they 
have been published in a single source. 

The manual does not contain data on 
test results that must be obtained for the 
different types of film coated magnet wire 
to be judged acceptable. Because these 
results vary considerably for each different 
type, they will be covered in individual 
technical bulletins on each product that 
will be published over the next few months. 

Hudson’s magnet wire divisions are es¬ 
tablished suppliers of magnet wire insu¬ 
lated with plain enamel, liquid nylon, 
polyurethane, formvar, isonel, silicone, 
ML and various dual coating. They also 
produce fabric and film/fabric insulated 
magnet wires. 

Copies of the manual are available free 
from Hudson Wire Co., Magnet Wire 
Division, at either Winsted, Conn, or 
Cassopolis, Mich. 

(Continued on page 42A) 
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Use it on the bench—carry it anywhere! 

New High Stability Oscillator 
5 cps to 500 KC 

Unique frequency, 

amplitude stability 

in this compact, 

light weight, solid 

204B Portable Oscillator 

The unusual stability of the new 204B combines with solid state design and battery operation to give you 
one of the most useful, reliable, versatile oscillators available today. Because the 204B is fully transistorized, 
internal heat is small and warmup drift is negligible. In addition to battery operation, the 204B is operable on 
ac, with an ac power pack available at extra cost. 

Frequency stability over the entire 5 cps to 500 KC range is better than ±0.03%/°C from 0° to 55°C. 
Amplitude stability over rated frequency range and output levels is better than ±0.1% over 8 hours of 
operation at constant line voltage and temperature*; better than ±0.2% for line voltage changes of ±10%; 
better than ±0.1%/°C, 0-55°C. 

Output of the 204B is fully floating, isolated from both power line ground and chassis. Balanced and un¬ 
balanced loads, and loads referenced either above or belowground, can be driven by this versatile oscillator. 

SPECIFICATIONS 
Low impedance circuits drive the 600 ohm output, effec¬ 
tively isolating the oscillator stage. 

Frequency Range: 

Dial Accuracy: 

Frequency Response: 

Output Impedance: 

Output: 

Output Control: 

Distortion: 

Noise: 

5 cps to 500 KC, 5 ranges, 5% over¬ 
lap, vernier control 

± 3% 

+ 3% with rated load 

600 ohms 

10 mw (2.5 V rms) into 600 ohms; 5 v 
rms open circuit 

Continuously variable bridged "T” 
attenuator with at least 40 db 
range 

Less than 1% 

Less than 0.05% 

Designed in the new instrument module packaging, the 
204B is only 6-3/32’ high, 5Jg’ wide and 8" deep; weighs 
just 6 pounds! A new rack mount adapter holds three 
204B oscillators or other instruments of the new mod¬ 
ular design. 
•On battery operation, stability -IX during battery depolarization, less than 
30 minutes. 

Power Source: 4 battery cells at 6.75 v each, 7 ma 
drain, life at least 300 hours 

Power Accessory Available: AC power supply can be installed in 
place of batteries. Optional at 
extra cost. 

Dimensions: 6 - 3/32" x 5 -1/8" x 8". 6 lbs. 

Price: 204B, $275.00 
7063 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road Palo Alto, California, U.SA 

Cable “HEWPACK” DAvenport 6-7000 

Sales representatives in all principal areas 

HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No. 1 

Cable "HEWPACKSA” 
Geneva, Switzerland 

Tel. No. (022) 26.43.36 

PROCEEDINGS OF THE IRE Jonuory, 1962 41A 



DELAY LINES 
Distributed parameter delay lines available in 
bulk or packaged for prompt shipment. Sup¬ 
plied as flexible cable with molded ends, en¬ 
capsulated assemblies, or hermetically sealed 
in metal cases. 
Lumped parameter delay lines to meet special 
requirements for miniature size, fast rise time, 
or low pulse attenuation. 

A Textbook On 
FILM 
COATED 
MAGNET 
WIRE 
by 

HUDSON 
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Electromechanical Gyrator 
Piezoelectric and piezomagnetic transducers have been com¬ 

bined to form a device—low frequency gyrator—which violates 
the reciprocity principle, according to an announcement by 
Clevite Electronic Research Center personnel at the 17th Annual 
National Electronics Conference. 

Need “facts” so you can choose the type magnet wire that 
best fits your requirements? Send for new series of Tech¬ 
nical Information Guides on HUDSON’S magnet wires. Only 
references that summarize most widely used military and 
industry specs. Fast becoming the most popular data source 
in the industry. Sent free to anyone concerned with magnet 
wire applications. 

SEND 

FOR 

FREE 

LITERATURE 

HUDSON WIRE COMPANY* MAGNET WIRE DIVISIONS 
Cassopolis, Michigan • Winsted, Connecticut 

Name- Title_ 

42A 

Company_ 

Address— _ 

In a technical paper authored by J. H. Silverman, J. D. 
Schoeffler and D. R. Curran it was divulged that as an anti¬ 
reciprocal device, the electromechanical (EM) gyrator transforms 
voltage into current, an inductor into a capacitor anti a short cir¬ 
cuit into an open circuit. 

One important potential application of the experimental device 
would utilize a gyrator in conjunction with a neutralizing circuit 
to transmit signals in one direction only, in the form of an isolator. 
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Possible use is in telecommunications to eliminate cross-talk. 
According to Clevite Corporation's Electronic Research 

Center, Cleveland, Ohio the ideal gyrator, like the resistor, induc-
■or, capacitor and ideal transformer, is a separate independent 
network element. The current flowing through one pair of a 
gyrator’s terminals is directly related to the voltage existing 
across the other pair of terminals. 

Consequently, the impedance seen at the input of the gyrator 
s related to the admittance of the load, network elements trans-
ormed through the gyrator must be represented by their recipro-
al duals, and transformers cascaded with the gyrator completely 
ose their identities. 
A distinguishing feature of the gyrator is its antireciprocal 

network behavior, characterized by transfer parameters which 
ire equal in magnitude but opposite in sign (a 180° phase dis¬ 
placement) for the two directions of signal transmission. Similarly, 
any network combination consisting of a reciprocal system cas¬ 
caded with a gyrator exhibits antireciprocal behavior. 

Networks placed in series or in parallel with an antireciprocal 
system residt in a nonreciprocal combination. The transmission 
characteristics in the two directions will then differ in magnitude 
as well as phase. By proper choice of the auxiliary networks it is 
possible to produce an isolator, that is transmission in one direc¬ 
tion only. 

Clevite Electronic Research Center developed the experi¬ 
mental EM gyrator under a U. S. Air Force contract. It combines 
lead titanate zirconate piezoelectric ceramic and nickel cobalt 
magnetostrictive ferrite (with permanent magnet biasing) trans¬ 
ducers bonded together with unity mechanical coupling to form a 
single resonant structure. 

Two types of construction—composite beam and butt joint 
—suffice to cover the frequency range from 1 to 1000 kc. Typical 
EM gyrators have band widths, at the three db point, of one to 
three per cent and minimum power insertion losses of one to three 
db. 

Solid Circuit Semiconductor Networks 
A new line of Solid Circuit® semiconductor networks—Series 

51—was introduced by Texas Instruments Incorporated, 13500 
N. Central Expy., Dallas, Texas. 

AMPERITE 
Thermostatic DELAY RELAYS 

offers true hermetic sealing 
.. assuring maximum stability and life! 

Delays: 2 to 1 80 seconds . . . Actuated by a heater, 

they operate on A.C., D.C., or Pulsating Current . . . Being hermetically 

sealed, they ore not affected by altitude, moisture, or climate changes 

. . . SPST only— normally open or normally closed . . . Compensated for 

ambient temperature changes from — 55’ to +80’ C. . . . Heaters 

consume approximately 2 W. and may be operated continuously ... The 

units are rugged, explosion-proof, long-lived, and — inexpensive! 

TYPES: Standard Radio Octal, and 9-Pin Miniature . . . List Price, $4.00. 

Also — Amperite Differential Relays: Used for automatic overload, 

under-voltage or under current protection. 

PROBLEM? Send for Bulletin No. TR-81 

AMPERITE 
BALLAST REGULATORS 

10 
VOLTAGE Or 24V 

BATTERY & CHARGER 
VARIES APPROX 

WITH AMPERITE 
VOLTAGE VARIES 
ONLY 

50% i 2% 

The Series 51 line includes six different digital circuit modules 
processed with the most modern of semiconductor production 
techniques and embodying the most advanced concepts of circuit 
design. All are in production and immediately available. The 
devices will handle 90% of the circuit functions of digital equip¬ 
ments, particularly for military computers, programmers, and 
other information processing application functions. 

Each silicon network is contained in a hermetically sealed 
package measuring i by J by of an inch. 

TI Series 51 networks perform flip-flop, counter, NOR gate, 
NAND gate, and exclusive OR gate functions. 

Series 51 networks drain but ¡'o as much power as many ad-
(Continued on page 45A) 

Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—50° to 4-70° C.), or humidity ... Rugged, 

light, compact, most inexpensive . list Price, $3.00. 

Write for 4-page Technical Bulletin No. AB-51 

AMPERITE 
561 Broadway, New York 12, N. Y. ... CAnal 6-1446 

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 
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TODAY’S DEFENSE SYSTEMS: 

Worth more & why 

In today’s defense arsenal, things cost more. They cost more 

because they are worth more. They do jobs undreamed 

of a few years ago—with reliability never believed possible. 

Jet fighters are flying higher and faster. 

New atomic-powered ships carry enormous strike power. 

Missiles are thrusting farther with greater accuracy. 

And new electronic systems, like the Hughes Tactical Attack 

System, are making “impossible'’ control jobs a daily routine. 

Hughes systems, developed to meet 
the most advanced fighter mission 
problems, have paced airborne systems 
development. They have flown with 
the F-86, the F-89, the F-102, the 
F-106, and other U. S. Air Force, U. S. 
Navy and Canadian aircraft. 

The new Hughes Tactical Attack Sys¬ 
tem in its own right achieves new 
levels of capability, reliability and 

over-all economy. Highly flexible in 
design, this new system will be as 
modern in the late 1960’s as it is today. 

It integrates three major functions— 
high resolution radar, weapon control 
auxiliaries and a navigational subsys¬ 
tem. Each function incorporates the 
latest state-of-the-art developments. 

Coolant Problems which could be en¬ 
countered in aircraft flying at multiples 

of sonic speeds and at high altitudes 
have been solved. New techniques are 
being applied which provide for more 
efficient cooling of the thousands of 
electronic parts and assemblies, prom¬ 
ising greater reliability. 

New “encapsulation" packaging tech¬ 

niques permit more work to be done 
in smaller space, saving weight and, 
again, vastly increasing reliability. 
This technique packages complex cir¬ 
cuits in small “blocks” of plastic ma¬ 
terial. Each contains scores of diodes, 
transistors, relays and other electronic 
components.These units are vibration-
free. They can be plugged in and out 
as easily as a toaster—facilitating 
trouble-shooting and cutting main¬ 
tenance time. 

These kinds of advancements are the 
“norm” at Hughes. For they are the 
result of over 16 years of prime experi¬ 
ence in the design and building of air¬ 
borne systems. The new Hughes Tac¬ 
tical Attack System has grown out of 
a special, company-funded program 
which has been active for three years. 

Creating a new world with electronics j- 1

HUGHES 
!- ! 
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An important part of Hughes airborne 
systems capability is the company’s 
background in field service and sup¬ 
port functions. This work, involving 
seven major systems, helped in the de¬ 
velopment of the unique self-test fea¬ 
tures incorporated in the new Hughes 
Tactical Attack System. 
Better today, better tomorrow. The 
Hughes Tactical Attack System, like 
other major new defense systems, is 
worth more simply because it delivers 
more—in actual hardware capability 
and in the skills and facilities that back 
its success. 

1.7) Hughes Tactical Attack System has all the 
features and technical advancements necessary to 
the mission. 
(2) Hughes has one of the Free World’s most 
efficient electronics manufacturing capabilities. 
(3) Hughes engineers draw on experience gained 
in the design of systems for more aircraft than 
any other group. 
{4) Hughes Field Engineers have worked with 
more than 16,000 airborne control systems. 
[5) The Hughes system will not become obsolete 
before it flies. Rather, it is presently designed to 
keep step with improved aircraft performance and 
more demanding mission requirements. 
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vanced types of conventional circuits. In¬ 
tegrated fabrication techniques are util¬ 
ized to minimize internal connections and 
increase potential reliability. Produced to 
meet the requirements of military applica¬ 
tions, they achieve design compatibility 
with present-day digital circuitry, and 
operate over a temperature range of —55 
to + 125°C(— 67 to +257°C). 

The development of Solid Circuit® 
semiconductor networks was announced 
by Texas Instruments early in 1959. At the 
beginning of 1960, a catalog unit was made 
available for evaluation by the industry. 
In addition to these products, an extensive 
custom design program is available. 

Advanced semiconductor integrated 
design and fabrication technique are used 
in producing its networks. All of the units 
in the Series 51 are derived from one stand¬ 
ard silicon wafer. After all electrical paths 
have been formed in the slice, it is then 
designated for one of the six Series 51 cir¬ 
cuits, and appropriate connections are 
made. The standardization of fabrication 
steps for this line will allow an effective 
manufacturing volume to be quickly real¬ 
ized with its attendant economies. Each 
silicon circuit is protected with oxide coat¬ 
ing and deposited leads are used for point-
to-point connections on the silicon bar. 
The completed silicon bars then are 
mounted in an hermetically sealed pack¬ 
age. 

The new semiconductor network cir¬ 
cuit line includes types SN 510 and SN 
511 flip-flop/counter circuits, types SN 
513 NOR/NAND gates, types SN 514 
two independent NOR/NAND gates in a 
single package and type SN 515 exclusive 
OR gate network. Both the SN 511 and 
SN 513 have emitter follower outputs in 
addition to the regular outputs to allow 
for greater driving capability to following 
logic stages. The SN 510 flip-flop and 
SN 512-514 NOR/NAND gates have 
power drain of 2 mw, while the power drain 
of the emitter follower units, SN 511 and 
513, is about mw for Vcc = 3 volts. 

Units of Series 51 sell in the $50 $65 
range for quantities of 1000. For sample 
quantities, SN 510, SN 512, SN 514 and 
SN 515 sell for $95 each in quantities of 1 
to 25 and for $76 each in quantities of 26 
and up. The SN 511 and SN 513 sell for 
$115 each for 1 to 25 units and $92 each 
for 26 and up. 

Blower 
A new multi-purpose all-angle blower 

from Western Devices, Inc., 600 W. Flor¬ 
ence Ave., Inglewood 1, Calif., requires 
3J* of panel space, and is claimed to be so 
versatile that one unit in stock can elimi¬ 
nate procurement of several single-purpose 
models to satisfy variable requirements. 

May be used for supply or exhaust, or 
one port for supply, one for exhaust. Twin 

scrolls can be rotated and set to any angle 
through 230° for accurate flow control, or 
the motor-rotor assembly may be reversed 
end-for-end in its housing to provide new, 
equally diverse flow patterns. Blower as¬ 
sembly is recessed to allow for extra usable 
chassis or storage space. MIL quality 
heavy duty construction. Easy mainte¬ 
nance without removal from cabinet. 
Cushion mounted for quiet operation. 
Motor bearings are permanently lubri¬ 
cated. Cleanable or disposable filter. Con¬ 
tact the firm directly for details. 

Random Noise Generators 
For use in the laboratory or in field 

systems requiring the measurement of 
noise figure and receiver sensitivity, 
Model 501 Random Noise Generators 
manufactured by General Microwave 
Corp., 47 Gazza Blvd., Farmingdale, L. I., 
N. Y., are available in six waveguide sizes 
covering the frequency range from 2.6 to 
18.0 Gc. Ail models in the series feature 
the use of argon gas discharge tubes whose 
output is independent of ambient tem¬ 
perature. Each of the waveguide models in 
the Model 501 Series Random Noise 
Generators is supplied with a matched 
termination (VSWR less than 1.03) as 
standard equipment, so designed that its 
inclusion does not add to the normal length 
of the waveguide mount. The matched 
termination is readily removable, leaving 
available a standard waveguide flange for 
connection to other waveguide components 
or signal sources. 

F 

The nominal excess noise power ratio, 
which varies from 15.2 to 16.0 db, depend¬ 
ing upon waveguide size, is constant over 
the waveguide operating frequency range 
and uniform from instrument to instru¬ 
ment within +0.2 db. Each of the wave¬ 
guide noise sources in the 501 series is de¬ 
signed to operate with Model 301 Uni¬ 
versal Power Supply which contains pro¬ 
visions for controlling and monitoring the 
lamp current. Price range for the Model 
501 Noise Generator—$175.00 to $250.00 
each (depending upon waveguide size), 
Model 301 Power Supply—$125.00. De¬ 
livery is from stock. 

(Continued on page 111 A) 
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For the first time . . . ultra high speed 
and precision accuracy in binary graphic 
display ! 660 inches/second recorded at 
40 lines/inch. Sweep information is 
amplitude measured at .010" against a 
grid generated at recorder. 

Endless Loop Electrode 

Resilient Helix 

Appointment of 
(S’52-A’5O) as Mana 
ing of Rochester 
Inc. was announced 
recently. He will 
direct all sales ac¬ 
tivities of the com¬ 
pany which manu¬ 
factures annuncia¬ 
tors, electronic 
trips, process con¬ 
trol systems and 
nuclear reactor in¬ 
strumentation. Pre¬ 
viously, he was Re¬ 
gional Sales Mana¬ 
ger for General Dy-
namics/Electronics, 
was also formerly R 
for Hathaway Instr 

Richard W. Armil 
ger of Sales Engineer-
Instrument Systems, 

R. W. Armil 

Rochester, N. Y. He 
■gional Sales Manager 
iments, Inc., Denver, 

Exclusive Alden graphic recording tech¬ 
niques make it simple to synchronize a 
recording helix with any of a variety of 
sweep, time-base, sampling, or other 
sensing applications which involve proc¬ 
essing information on a sequential basis. 

Colo. 
Mr. Armil is a member of the American 

Institute of Electrical Engineers and is a 
Registered Professional Engineer. 

At Fenwal, as chief electronics engineer, 
he participated in advanced work on tem¬ 
perature measurement, monitoring, and 
control equipment for airborne and indus¬ 
trial applications. 

Mr. Biesele is a member of Tan Beta 
Pi, the AIEE and the National Society of 
Professional Engineers. 

SAMPLE APPLICATIONS 

RADAR — Direct graphic recording from radar or tapes at 
radar rate or sampling of radar return for range information, 
azimuth, target identification. 
FREQUENCY ANALYSIS — Radio astronomy output re¬ 
cords sweep of receiver with dynamic tone shade response 
identifying frequencies of interest. 
INFRA-RED — Integration by Alfax Paper suppresses ran* 
dom noise functions integrates repeat signals. 
ULTRASONICS — Specific flaw detection on 1 to 1 basis 
with wide printout available to 4 ' width. 
SONAR — Echo-ranging, echo-sounding, ASW active & 
passive systems, etc. 

SPECIFIC SONAR APPLICATION 

The appointment of R. L. Biesele, Jr. 
(SM’58) as Manager of Operations for the 
Shockley Transistor unit of Clevite Tran¬ 
sistor in Palo Alto, 
Calif, has been an¬ 
nounced. He joined 
Shockley in 1958 as 
Manager of Re¬ 
search and I )evel-
opment. With the 
Shockley unit, he 
has directed a large 
R & D staff in the 
development of ad¬ 
vanced semi-con¬ 
ductor devices and 
in the conduct of 

A trigger pulse generated by 
the Alden recorder and a 
sweep rate based on 4800 ft I 
second (sound travel) estab¬ 
lish the interval to be recorded. Variable paper feed rat 
provides integration of signal return. 

PRECISION GRAPHIC 
RECORDER.. • an exemple 
of complete system develop¬ 
ment. The Alden 419PGR 
operates at 12 discrete speeds, 
presents 20 fm to 3000 fm full 
scale for flexible program¬ 
ming of underwater sound 
recording. 

Write for complete information Dept E3; 
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R. L. Biesele 

research programs for the armed forces 
and industry. For the present he will con¬ 
tinue his work as manager of R & D in 
addition to his new duties. 

In 1936 he graduated from the Univer¬ 
sity of Texas with the B.S. degree in elec¬ 
trical engineering. For the first seven years 
after graduation he worked with Westing¬ 
house Electric as a lighting application 
engineer and field lighting specialist. In 
1943 he was appointed assistant professor 
of electrical engineering at Southern 
Methodist University. Two years later, he 
achieved the rank of full professor and was 
made chairman of the department, a posi¬ 
tion he held until 1952. In 1952, he became 
vice-president and chief engineer of Toff 
Corporation of Dallas, Tex. At Toff, he 
completed the development of a photoelec¬ 
tric grading instrument. After completing 
his work at Toff, Biesele joined the faculty 
of the University of Oklahoma. He was di¬ 
rector of the digital computer laboratory 
during his last year at the University prior 
to joining Fenwal. Inc., Ashland, Mass. 

Dr. Leo L. Beranek (S’36 A'41 SM'45 
F’52), President of Bolt, Beranekand New¬ 
man, Inc., Cambridge, Mass., received 
the W allace Clement Sabine Award of the 
Acoustical Society of America on Novem¬ 
ber 10, at the 62nd Meeting of the Acous¬ 
tical Society in the Netherland Hilton 
Hotel, Cincinnati, Ohio. He received the 
award for service in the field of architec¬ 
tural acoustics as scientist, teacher and 
supervisor of student research, author of 
outstanding books and consultant to ar¬ 
chitects. 

Recipient of the Doctor of Science 
degree in physics from Harvard Univer¬ 
sity, Cambridge, Mass., he served as 
Director of the Harvard Electro-Acoustic 
Laboratory from 1940 to 1946 and organ¬ 
ized studies on airborne acoustics during 
W orld W ar H. He also formed the Systems 
Research Laboratory at Harvard during 
the war to combat the threat from Jap¬ 
anese Kamikaze planes. From 1947 to 
1954 he was Technical Director of the 
Acoustics Laboratory at the Massachu¬ 
setts Institute of Technology. He was an 
Instructor and Assistant Professor at 
Harvard, an Associate Professor at M.I.T. 
where he is now a Lecturer, and a Visiting 
Professor at the University of Buenos 
Aires. He has lectured on acoustics in 
London, Zurich, Prague, Warsaw, Mos¬ 
cow, Finland, and Switzerland, and for 
several summers directed a special pro¬ 
gram on noise reduction at M.I.T. He 
helped to form the IRE Professional 
Group on Audio and became its first 
chairman. He has served on committees 
of the National Academy of Sciences-Na-
tional Research Council, and the Depart¬ 
ment of Defense. He has served also as 
President of A.S.A., helped organize and 
edit its magazine “Noise Control,“ has 
served on the editorial board of its journal, 
and has contributed widely to the society’s 
program on standardization and technical 
development. His work in acoustics in¬ 
cludes authorship of five books including 
“Acoustics,“ “Acoustic Measurements,” 
and “Noise Reduction." A fifth volume, 
“Acoustics of Halls of Music," will be pub¬ 
lished in 1962. 

Dr. Beranek is a Fellow of the A.S.A., 
the American Academy of Arts and Sci¬ 
ences, the New York Academy of Sci¬ 
ences, American Physical Society, and the 
American Association for the Advance-

(Continiicd on l'apc Idd) 
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SPECIFICATIONS 
Capacitance 

Range: 0 to 120,000gF at 120 cps 

Accuracy: ±(1% of reading + 10pMF) 

Sensitivity: ±(0.1% of reading + 10^pF) 

Dissipation Factor 
Range: 0 -o 120% at 120 cps 

Accuracy: ±(2% of reading +0.1% DF) 

Sensitivity: ±(0.2% of reading +0.05% DF) 

Maximum Voltage to Unknown 
A-C: 0.5v RMS at 120 cps 

D-C: 0-600v (external) 

Null Detection 
Built-in Galvanometer to 

Indicóte B-idge Balance 

Power Input 
105-125v, 60 cps, 15w 

Case 
Sturdy Aluminum Cabinet with 

Blue Textured Finish, Grey Panel 

Dimensions 
12" Wide X 12" High x 6" Deep 

Note: Five other models, with variations in power 
inputs and test frequencies, are also available. 

for the first time 

TEST 
ELECTROLYTIC 
CAPACITORS 
Safely... 
Accurately 
Simply! 

■ The Sprague Model 1W1 Capacitance Bridge introduces a new 
concept in bridge design. Built by capacitor engineers for capacitor 
users, it incorporates the best features of bridges used for many years 
in Sprague laboratories and production facilities. 

■ The internal generator of the 1W1 Bridge is a line-driven 
frequency converter, and detection is obtained from an internal 
tuned transistor amplifier-null detector, whose sensitivity increases as 
the balance point is approached. It has provision for 2-terminal, 3-
terminal, and 4-terminal measurements, which are essential for accu¬ 
rate measurement of capacitors with medium, low, and high capaci¬ 
tance values, respectively. 

■ The Model 1W1 Capacitance Bridge will not cause degradation or 
failure in capacitors during test, as is the case in many conventional 
bridges and test circuits. The 120 cycle a-c voltage, applied to capac¬ 
itors under test from a built-in source, never exceeds 0.5 volt! It is 
usually unnecessary to apply d-c polarizing voltage to electrolytic 
capacitors because of this safe, low voltage. 

For complete technical data on this precision instrument, write for Engineering 
Bulletin 90,010 to Technical literature Section, Sprague Electric Company, 
235 Marshall Street, North Adams, Massachusetts. 

ELECTRONIC PRODUCTS by SPRAGUE 

CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 

TRANSISTORS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE 
THE MARK OF RELIABILITY 

'Sprague' and are registered trademarks of the Sprague Electric Co. 



From WEINSCHEL } W IRE People^ 
EXTENDED 
RANGE 
More Accurate 
Calibration 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllm 
(Continued from fane 46A) 

ment of Science. He received the Presi¬ 
dential Certificate of Merit for his World 
War II contributions, the honorary D.Sc. 
degree and a special alumni citation from 
Cornell College of Iowa, and is a member 
of Sigma Xi and Eta Kappa Nu. 

Mobile Telephone Systems Design for 
AT&T in New York. 

Mr. Chaney was secretary of the Phila¬ 
delphia Chapter of the Professional Group 
on Audio in 1955. In 1956 he became secre¬ 
tary of the New York Chapter of the 
Professional Group on Vehicular Com¬ 
munications. He was named chairman of 
the New York PGVC in 1958. 

Model 64A 

PRECISION 

John A. Buckbee (A'41-M’47) has 
joined Image Instruments, Inc., Newton, 
Mass., it was announced recently. As a 
senior staff member, he will supervise the 
development of certain types of automatic 
recognition equipment and advanced in¬ 
formation display' systems. He is widely 
known for his work at Raytheon during 
the past several years as chief application 
engineer on electrostatic storage tubes. In 
his earlier work he designed equipment for 
the test of color tubes, carcinatrons, 
cathode-ray' tubes, magnetrons and kly¬ 
strons. While a senior engineer at Farns¬ 
worth, he developed color television sys¬ 
tems, television cameras, and radar sys¬ 
tems. 

Specifically designed to meet your 
most exacting requirements for ac¬ 
curacy and reliability, the Model 
64A Stepattenuator, covering the 
range from 0 to 64 db in 0.1 db steps, 
includes these exclusive Weinschel 
features: 
NEW Calibration data of the highest 
commercially available accuracy— 0.02 db 
per 10 db—permanently mounted on the 
front panel for fast, easy reference 

NEW Actual operable frequency range 
—DC to 2 KMC 

William G. Chaney (A’51-M'56) has 
been appointed manager of Mobile Tele¬ 
phone Systems engineering and Personal 
Communications 

Professor George F. Corcoran (A’43-
SM’53-F’56), chairman of the University 
of Maryland department of electrical en¬ 
gineering, has been 
named the 1961 re¬ 
cipient of the Medal 
in Electrical Engi¬ 
neering Education 
by the American 
Institute of Electri¬ 
cal Engineers. 

Established by 
the institute in 
1956, the award is 
made annually to 
a teacher of elec¬ 
trical engineering 

G. F. Corcoran 

NEW Simplified readout 

NEW One male and one female Type 
N connector for each drum to reduce the 

need for adapters 

For complete specifications on the 
Model 64A Precision Stepattenua¬ 
tor, or for information on special 
models to meet other requirements, 
contact our Application Engineering 
Department. 

engineering for Gen¬ 
eral Electric’s Com¬ 
munication Prod¬ 
ucts Department, 
Lynchburg, Va. In 
his new position, he 
will be in charge 
of engineering for 
G-E's full simul¬ 
taneous duplex mo¬ 
bile dial telephone 
units and other 
MTS products. He 

W. G. Chaney 

WEINSCHEL 
ENGINEERING 

10503 METROPOLITAN AVENUE 
KENSINGTON, MARYLAND 

Tel.: 949-0141 (Area Code 301) 
TWX: KENS 446 

In California: 631 Wilshire Blvd. 

Santa Monica 
TWX: SM0N 7185 

also has design responsibility for minia¬ 
turized personal communication equip¬ 
ment including the company’s Voice Com¬ 
mander and Voice Director systems. He 
joined General Electric in 1960, after 13 
years of telephone engineering with Bell 
Telephone Co. of Pennsylvania and AT&T 
in New York. 

In 1943 he graduated from the Univer¬ 
sity' of Pittsburgh, Pittsburgh, Pa. with 
the B.S. degree in physics and engineering. 
From 1943 to 1947 he was with the Army' 
Signal Corps as a radar and communica¬ 
tions officer. From 1947 to 1950 he served 
as a radio instructor at the University of 
Pittsburgh Evening School. He joined the 
Bell Telephone Co. in Pennsylvania in 
1947 and was active in Mobile Radio 
Systems Design with that company until 
1955. From 1951 to 1955 he was an instruc¬ 
tor in ac theory and ac Machinery and 
Transmission Lines at Drexel Institute of 
Technology, Philadelphia, Pa. From 1955 
to 1959 he was engaged as an engineer in 

based upon his excellence in teaching, his 
ability to inspire students to give higher 
achievements, and his contributions to the 
teaching of electrical engineering by text¬ 
books and by' writings on engineering 
education. 

He received the B.S. degree in 1923 
from South Dakota State College, Brook¬ 
ings, S. D. and the M.S. degree in 1926 
from the University' of Minnesota, Minne¬ 
apolis, Minn. He was a teaching fellow in 
electrical engineering at the University of 
Minnesota in 1925, an instructor at Kan¬ 
sas State College in 1927, and associate 
professor and professor at the State Uni¬ 
versity' of Iowa from 1931 to 1941. He has 
been chairman of the University of Mary¬ 
land's department of electrical engineering 
since 1941. He is a registered professional 
engineer and has served as a consultant 
to industry, to state and federal agencies. 

Among his books are: “Introduction to 
Electrical Transients” (with E. B. Kurtz), 
“Alternating Current Circuits” (with 
R. M. Kerchner), “Basis Electrical En¬ 
gineering,” “Electrical Communications 
Experiments” (with H. R. Reed and 
T. C. G. Wagner), “Electronics” (with 
H. W. Price), and “Introductory Electri¬ 
cal Engineering” (with H. R. Reed). 

Professor Corcoran is a member of 
Eta Kappa Nu, Sigma Tau, Tan Beta Pi, 
Phi Kappa Phi, and Sigma Xi, the Amer¬ 
ican Society for Engineering Education, 
the American Institute of Electrical En¬ 
gineers, and the American Association of 
University Professors. 

(Continued on page 50A) 
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FROM ELECTRONIC MEASUREMENTS 

0-1500 V DC POWER SUPPLIES 

CONSTANT-VOLTAGE 

In addition to covering a complete voltage 
ringe—0 to 1500 V—this programmable, regu¬ 
lated power supply can deliver rated current of 
100 ma at any output voltage . . . even at less 
tnan a volt. 
But an even more useful feature is its continu-

cusly variable current-limiting control. Here’s a 
feature that’s finding more application with every 
passing day. 
When it comes to regulation, the Model 238A 

Ê truly flexible. Standard regulation is 0.1% line 
or load. However, 0.01% regulation is available 
by means of an optional plug-in chopper unit. 
The chart below lists just a few of the many 

Electronic Measurements off-the-shelf, constant¬ 
voltage power supplies. For complete information 
request Catalog BR1961. 

CONSTANT-CURRENT 

Here’s the newest in Electronic Measurements’ 
line of Constant Current Power Supplies ... a 
full 1500 V compliance at constant current out¬ 
puts from less than a ma to 100 ma. Like all Elec¬ 
tronic Measurements Power Supplies, the Model 
C638A has a lot of built-in extras too. For ex¬ 
ample, there’s a modulation input . . . there are 
also provisions for remote programming . . . and 
an adjustable voltage compliance control that in 
effect provides for voltage-limiting. 

Specifications include a high output impedance 
of 10‘ megohms at 0.5 to 0.5 megohm at 100 
ma. Above 2.2 ^a, regulation is better than 
0.15%, line or load. Ripple is less than 0.01% 
+ 1 Mæ 
The following listing shows some of the con¬ 

stant current models available. For complete in¬ 
formation, request Specification Sheet 3072B. 

MODEL 
RANGE 

VOLTS DC CURRENT 

238A 
239A 
235A 
234A 
230A 
228A 
229A 
218A 
221A 
225A 
215A 

0 1500 V DC 
0-600 V DC 
0 600 VDC 
0-300 V DC 
0-200 V DC 
0-150 V DC 
0-150 V DC 
0-100 V DC 
0-100 V DC 
0-75 V DC 
0-50 V DC 

0-100 MA 
0-1 AMP 
0 500 MA 
0-500 MA 
0-1 AMP 
0-1 AMP 
0-300 MA 
0-3 AMP 
0-500 MA 
0-2 AMP 
0-3 AMP 

VOLTAGE 
RANGE COMPLIANCE 

MODEL MIN. MAX (MINIMUM) 

C614A 10 no 1 AMP 100 V 
C613A 10 /xa 1 AMP 50 V 
C621A 5^o 500 MA 100 V 
C620A 5 /xa 500 MA 50 V 
C633A 2.2 /xa 300 MA 300 V 
C629A 2.2 /xa 300 MA 50 V 
C632A 2.2 /xa 220 MA 300 V 
C624A 2.2 /xa 220 MA 100 V 
C638A 1 /xa 100 MA 1500 V 
C631A 1 pa 100 MA 300 V 
C612A 1 pa 100 MA 100 V 

ELECTRONIC 

MEASUREMENTS 
COMPANY, INCORPORATED 

EATONTOWN • NEW JERSEY 
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Interstate Electronics is delivering 
the most reliable ENERGY STORAGE 

IRE People^ 

(Continued from page 48 A) 

ELECTROLYTIC CAPACITORS Sage Laboratories, Inc. has announced 

SANGAMO 
»0.000 MFD 

1.5 VDC 
KMX 658042 

ni»« 

TYPE DCM ELECTROLYTIC CAPACITORS 
are especially designed for use as 
energy storage components in DC 
circuitry where peak power require¬ 
ments exceed the maximum output of 
the associated power supply. They 
operate under high temperature con¬ 
ditions, minimize ripple voltage and 
add stability and long life to low volt¬ 
age power supplies. 

That’s why many computer manu¬ 
facturers use the sangamo dcm. 
That’s why you gain by turning to 
sangamo for your capacitor needs. 

Complete data on Type DCM Capacitors is 
detailed in SANGAMO’S Engineering 
Catalog 2231. Write us for your copy. 

INTERSTATE ELECTRONICS, Inc 
227 Fulton Street, New York 7, N.Y. • BEekman 3-8780...TWX, N.Y.1,4478 

Specialists in Military & Industrial Electronic Components 

THE BATTERY THAT’S USED IN GUIDED MISSILES NOW 
RELEASED AS GOVERNMENT SURPLUS 

For Photography, Aircraft, Models, 
Searchlights, Radios, etc. 

$195 
> Postpaid 

Cã. 

Sintered-plate Nickel-Cadmium alkaline storage batteries designed for “Nike” Missile 
and now surplus due to design change. A lifetime battery with no known limit of serv¬ 
ice (over 5000 recharges on test without loss of capacity). Other features: Virtually 
indestructible, compact & lightweight, withstands heavy shock and vibration. Flat 
voltage curve during discharge, retains charge year or more, high discharge rate up 
to 50 amps, for this cell, no corrosive fumes to harm clothing or equipment, spill-proof 
construction, discharge in any position, indefinite storage without deterioration, oper¬ 
ates in temperatures —60® F to 4-200° F. Each cell is approx. 4 ampere hour capacity, 
nominal voltage per cell is 1.2 volts. (A 6 V. battery requires 5 cells.) Cell size 6* H. 
X 2* W. X %* T. Wt. 6 oz. ea. Uses Potassium-Hydroxide (30%) electrolyte. Negligible 
loss during lifetime service. Add only distilled water once a year. A fraction of Gov¬ 
ernment cost. 

Used Test Cells . $1.95 ea. Postpaid 
Brand New Cells . 2.95 ea. Postpaid 

6 Ampere Hour Cells size II. X 2^ W. X W  T. 
Used test cells . $2.95 New Cells . $3.95 ea. 

All cells guaranteed to your satisfaction or money refunded (less Postage). 

ESSE RADIO COMPANY, Dept. IRE 
42 W. South Street Indianapolis 25, Indiana 

broaden the scope 

of your technical 

knowledge through 
Convenient, Accredited 

CREI Extension Programs 

Prepare for new responsibilities by 
supplementing or up-dating your edu¬ 
cation with CREI advanced, special¬ 
ized courses. Flexible Home Study 
Programs will fit your busy schedule. 
ELECTRONIC ENGINEERING TECHNOLOGY 
including: 
NUCLEAR ENGINEERING TECHNOLOGY 
AERONAUTICAL AND NAVIGATIONAL 
SERVOMECHANISMS AND COMPUTER 
ENGINEERING MATHEMATICS 
AUTOMATION AND 
INDUSTRIAL ELECTRONICS 
COMMUNICATIONS • TELEVISION 

50A 

HOME STUDY PROGRAMS • RESIDENCE SCHOOL 

For full particulars write to: 
THE CAPITOL RADIO ENGINEERING INSTITUTE 
ECPD Accredited Technical Institute Curricula* Founded 1927 
3224 Sixteenth St., N.W., Dept. 2601 K 
Washington 10, D.C. 

the appointment of 
A’51-M’55) as Mic 
Specialist. In this 
capacity he will be 
responsible for the 
development of new 
lines of microwave 
components, with 
initial effort di¬ 
rected to the field 
of band-pass filters. 
Before joining Sage 
he was affiliated 
with Hermes Elec¬ 
tronics Co., where 
he directed the 

Jurgen Elkan (S’50-
rowave Engineering 

J. Elkan 

communications planning for Weather 
Observing and Forecasting System 433L 
and had contributed to the design of 
HOT LINE, ACE HIGH and other EHF 
telecommunication systems. From 1951 to 
1955, he was a staff member of M.I.T.’s 
Lincoln Laboratory and Research Lab¬ 
oratory for Electronics. 

Mr. Elkan holds the B.S.E.E. and 
M.S.E.E. from M.I.T., Cambridge, Mass. 
He is a Registered Professional Engineer 
in Massachusetts. 

Appointment of Richard K. Eskeland 
(S’60-M’62) as district sales manager for 
the complete line of Du Mont Electronic 
Instruments at Allen B. Du Mont Lab¬ 
oratories, Division of Fairchild Camera 
and Instrument Corporation was an¬ 
nounced recently. He will have responsibil¬ 
ity for sales of Du Mont oscilloscopes, 
pulse generators, and oscilloscope record 
cameras in all of Long Island, N. Y. He 
conies to Du Mont from Lavoie Labora¬ 
tories where he served as a regional sales 
manager. Prior to that he was with Amer-
esco, Inc. as an export sales engineer. He 
received his engineering education at Fair¬ 
leigh Dickinson University. 

Thomas Evans (M'57) has been ap¬ 
pointed Senior Engineer at White Electro¬ 
magnetics, Inc. it was announced re¬ 
cently. He had been 
associated with the 
Jansky and Bailey 
Corporation since 
1956. 

He completed 
his undergraduate 
and graduate study 
in engineering at 
the University of 
Maryland. White 
Electromagnetics, 
Inc. (WEI) deals 
principally in RFI 

T. Evans 

prediction and control, space communi¬ 
cations systems and design, weapons sys-

(Continued on page 54 A ) 
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MOTOROLA uses LINDBERG Diffusion Furnaces to meet 
exacting tolerances in semiconductor production 

Mr Huffman 

Mr. Tom Huffman, Project Leader for Diffusion Laboratories, Motorola Semiconductor Products Division, Phoenix, Arizona. 

"The precise engineering of Motorola silicon and germanium diffused mesa transistors 
requires control of diffusion depths in the order of a few hundred angstroms. With our 
Lindberg Type RDT8-236 Gaseous Solid State Diffusion Furnace, we are able to obtain 
this close control of transistor diffusion depths.” 

More than 25 Lindberg Diffusion Furnaces of the type illustrated are used by Motor¬ 
ola Semiconductor Products Division at Phoenix, Arizona. These furnaces are 
from Lindberg's complete line bf equipment for production of semiconductors, 
solid state and other electronic devices. 

Processes covered by Lindberg equipment include gaseous and solid diffusion, 
germanium reduction, crystal growing, zone refining, bonding, and special proc¬ 
esses with controlled atmospheres or vacuum. This Lindberg equipment is pre¬ 
cision-designed for precision results and dependable production performance. 
For complete information write for our new Semiconductor Equipment Catalog or 
get in touch with your local Field Representative (see your classified phone book). 
Semiconductor Equipment Division, Lindberg Engineering Company, 2482 West 
Hubbard Street, Chicago 12, Illinois. 

Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. In Canada: 
Birlefco-Lindberg, Ltd., 15 Pelham Ave., Toronto 9, Ont. Also, Lindberg plants in 
Argentina, Australia, England, France, Italy, Japan, Africa, Spain, Switzerland and 
West Germany. 

The type RDT 8-236 Furnace used at Motorola is equip¬ 
ped with 2W O.D. quartz work tube inside Inconel radi¬ 
ator and provides 16" at plus or minus 1.0°C. Special 
alloy rod overbend heating elements, 2 zones of control 
(saturable core reactor). 

LfNDBERG 
heat for industry 
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THE MOTOROLA SILICON 
HOW TO PRODUCE A “UNIVERSAL” TRANSISTOR 

WITH OPTIMUM PERFORMANCE 
AND MAXIMUM RANGE OF USAGE 

N• SUBSTRATE 
(very low resistivity) 

COLLECTOR MOUNTED DIRECTLY TO HEADER 
GIVING MAXIMUM POWER DISSIPATION AND 
HIGH MECHANICAL STRENGTH 

FIRST • Create a new geometry to provide increased 
edge periphery of the emitter-base for desirable 
current rating with decreased junction area for good 
high frequency characteristics. 

SECOND- Combine the new geometry with 
Motorola’s superior epitaxial process to provide 
higher frequency response, lower total control 
charge, high breakdown voltages, and at the same 
time, lower saturation voltage and collector 
capacitance. 

THIRD -Protect the new epitaxial device against 
junction contamination during manufacture, and 
against change with time, and ensure more uniform 
gain at low and high currents by passivating the sur¬ 
face through the planar process. 

HERE ARE THE NEW MOTOROLA SILICON 
EPITAXIAL STAR PLANAR TYPES 

The introduction of Motorola’s new Epitaxial 
“Star" Planar family marks a dramatic advance 
in the design and manufacture of silicon tran¬ 
sistors. The new devices are available now in 
TO-5 and TO-18 packages. Only Motorola of¬ 
fers these star planar types. 

WHAT THE STAR PLANAR 
CAN MEAN 

TO DESIGNERS 
To one company it meant being able to 

reduce the number of different devices re¬ 
quired in their equipment from 7 types to 
1 type. To another it meant effective high-
current switching 4 times faster than the 
type previously used. 

T0-5 Package T0-18 Package 
MM486 MM487 MM488 MM511 MM512 MM513 

h« 
@ lc = 150 mA 20-60 40 120 100-300 20-60 40 120 100 300 

Vctiw'i volts (max) 
If = 500 mA. 

It = 50 mA 
— 1.6 1.6 — 1.6 1.6 

Cob 
It = 0, Vet = 10 V 

8 picofarads (maximum) — All Types 

<7 
lc - 20 mA. Vet = 20 V 

250 me (minimum) — All Types 

Switching Time 
(total) 

non-saturated 
14 nsec (typical) — All Types 

Switching Time 
(saturated) *•" 

toff 

60 nsec (typical) — All Types 

45 nsec (typical) — All Types 
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EPITAXIAL STAR PLANAR 
COMPARE THESE PERFORMANCE FEATURES 

400% HIGHER GAIN BANDWIDTH PRODUCT The small emitter 
area (star) and Motorola’s advanced diffusion techniques com¬ 
bine to improve frequency performance. 

ONE FIFTH THE OUTPUT CAPACITANCE The reduced emitter 
area of Star geometry, plus the high-resistivity epitaxial layer 
combine to substantially lower collector capacitance. 

ONE SEVENTH THE SATURATION VOLTAGE With the low sub¬ 

strate resistance of the epitaxial process, collector saturation 
voltage is greatly reduced. 

Ic, COLLECTOR CURRENT (mA) 

EXTENDED BETA RANGE - FROM 10 TO .5 AMPS Passivated 
to stabilize surface characteristics and eliminate recombina¬ 

tion effects, this new transistor provides more uniform gain 
at low and high current. 

The Motorola Silicon Epitaxial Star Planar types are immediately available from your Motorola Semicon¬ 
ductor Distributor. So. if yours is an application requiring high-speed, high-current switching for line driving 
applications ... or if you need low leno, low-noise front end silicon amplifiers ... or you want the low output 
capacitance at low voltage which makes it possible to choose either a low or high capacitance tank circuit in a 
tuned RF Power Amplifier, the "Universal” Epitaxial Star Planar is your answer. 

Compare the Motorola Epitaxial Star Planar with the type you are presently using in your application. 
Prove to yourself that this “universal” transistor gives you the improved performance you want. 

=> more information on this remarkable new Motorola Epitaxial "Star” 
PI«- ar family, contact your local Motorola Distributor or District Office, or 
cal yr write: Motorola Semiconductor Products, Inc., Technical Information 
Dexrtment, 5005 East McDowell Road, Phoenix 8, Arizona. 

MOTOROLA 
Semiconductor Products Inc. 

A SUBSIDIARY OF MOTOROLA. INC. 

5C35 EAST McDOWELL ROAD • PHOENIX 8. ARIZONA 

BOSTON 305 Concord Ave., Belmont 78, Mass. . IVanho» 4-5070 
CHICAGO 39, 5234 West Diversey Avenue .  AVenue 2-4300 
CLEVELAND 22, 3431 W. Brainard . 831-1440 
DALLAS 19, 3915 Lemmon Avenue .... LAkeside 6-8931 
DAYTON 3120 Far Hills Avenue, Dayton, Ohio . AXminster 3-4164 
DETROIT 27, 13131 Lyndon Avenue . BRoadwjy 3-7171 
GARDEN CITY 1001 Franklin Av»., Garden City, Long Island, N.Y. CH 8-8444 
LOS ANGELES 1741 Ivar Avenue, Hollywood 28, Calif. ... HOIlywood 2-0821 
MINNEAPOLIS 27, 7731 6th Avenue North . liberty 5-2198 
NEW YORK 1051 Bloomfield Ave.. Clifton, NJ. GRegory 2-5300 

from New York . Wisconsin 7-7637 
ORLANDO KnoWel Building. Winter Park. Fla. Midway 7-2507 
PHILADELPHIA 130 South Easton Rd.. Glenside, Pa. Türner 7-7020 

from Philadelphia . WAverly 7-6144 
PHOENIX 8, 5005 East McDowell Road . 273-6364 
SAN FRANCISCO 1299 Bayshore Highway, Burlingame, Calif. Diamond 2-3228 
SYRACUSE 101 South Salina . GRemte 4-3321 
WASHINGTON 8605 Cameron St , Silver Spring. Md JUniper 5-4485 
CANADA Canadian Motorola Electronics Co., 

105 Bartley Drive. Toronto 16, Ontario ..  Plymouth 9-2222 
OUTSIDE U.S.A. Motorola Overseas Corp., 

4545 West Augusta Blvd., Chicago 51, III. SPaulding 2-6500 
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STOCK 
ONE MEGACYCLE 

FLIP FLOPS 

All passive elements 
vacuum deposited 

25-99 Units. $97.50 ea 
. 2 week delivery 

Smail quantity orders 
sent by return mail. 

AME extends a standing 
invitation to all inter¬ 
ested parties to visit 
our facilities in order to 
increase their under¬ 
standing of thin film 
techniques. 

*Multi -Component-Circuits 

2414 REEDIE DRIVE 
SILVER SPRING, MARYLAND 

Telephone 565-2896 
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(Continued from page 50A ) 

tern evaluation, system evaluation by 
computer simulation, and other phases of 
systems analysis. 

Appointment of Alfred M. Faries 
(M’59) asSystems Division representative 
in the Seattle office of Electro-Mechanical 
Research, Inc. was 

I recently announced. 
His duties will in¬ 
clude field liaison 

I relative to the 
I Dyna-Soar manned 

space-glider pro-
I gram. EMR is de-
I signing and manu¬ 

facturing the test-
I instrumentation sub¬ 

system for Dyna-
I Soar ; the Boeing 
Company is the 

A. M. Faries 

prime contractor for this USAF project 
which will result in controlled orbital flight 
by an astronaut. 

After receiving a BSEE degree from 
I Stanford University in 1955, he became a 

research assistant in Stanford's Radio 
Propagation Laboratory. He then spent 
three years as a development engineer at 
Lenkurt Electric Company, San Carlos, 
Calif. His last position prior to joining 
EMR was as a senior research engineer 

Engineers who know 
— CDtricv 

* 

A-27 
SUPERFINE 

LOW-LOSS RF LACQUER 
• Q-max, an extremely low loss dielectric 
impregnating and coating composition, is 
formulated specifically for application to VHF 
and UHF components. It penetrates deeply, 
seals out moisture, provides a surface finish, 
imparts rigidity and promotes stability of the 
electrical constants of high frequency circuits. 
Its effect upon the "Q” of RF windings is 
practically negligible. 

• Q-max applies easily by dipping or brush¬ 
ing, dries quickly, adheres well; meets most 
temperature requirements. Q-max is indus¬ 
try’s standard RF lacquer. Engineers who 
know specify Q-max! Write for new catalog. 

’Registered Trademark 

Q-max Corporation 
MARLBORO • NEW JERSEY 

Telephone: HOpkins 2-3636 

WHEN WRITING 

with the Lockheed Missiles and Space 
Division, Sunnyvale, Calif., where he co¬ 
ordinated the integration of components 
and systems for the Polaris missile pro¬ 
gram. 

Mr. Faries is a member of the Special 
Working Group on Digital Telemetry of 
the U. S. Navy Special Projects Office. 

Dr. Raoul J. Freeman (M’59) has been 
appointed President and Chief Executive 
Officer of Researnalysis Company, Santa 
Monica, Calif. He assumes responsibility 
for guiding the activities of the interna¬ 
tional scientific consulting firm. Resear¬ 
nalysis specializes in R&D Planning, Op¬ 
erations Research, Value Analysis, Sys¬ 
tems Analysis, and PERT Systems. Via its 
branch office in Amsterdam, Holland, it 
provides service to the Common Market 
countries. He was formerly Project Di¬ 
rector with CEIR Inc., where he was con¬ 
cerned with military and commercial op¬ 
erations research and large scale electronic 
computer applications. 

Dr. Freeman received his Ph. D. degree 
in 1957 in Operations Research at Massa¬ 
chusetts Institute of Technology, Cam¬ 
bridge, Mass, and since then has published 
over twenty papers in the fields of R&D 
planning, operations research, and mathe¬ 
matics. He is a member of the Operations 
Research Society of America, and the In¬ 
stitute of Management Sciences (Chair¬ 
man of the Southern California Chapter). 
He has also given seminars in the Graduate 
School-U.C.L.A., and has lectured ex¬ 
tensively in Europe and the United States. 

Interstate Electronics Corporation, 
Anaheim, Calif., a wholly-owned subsidi¬ 
ary of Interstate Engineering Corporation, 
has announced the 
appointment of A. V. 
Gangnes (SM’58) 
to Vice President 
and General Man¬ 
ager. The Anaheim, 
California firm is 
prime contractor for 
test instrumenta¬ 
tion in the LL S. 
Navy Fleet Bal¬ 
listic Missile Weap¬ 
on System ( PO-
LARIS) program. 

A. V. Gangni-s 

He is a graduate of the University of 
Washington where he received a degree 
in Electrical Engineering. He has been 
active in the electronics systems develop¬ 
ment field for fourteen years. He is re¬ 
sponsible for coordination of the various 
departments. 

Dr. Constantine D. J. Generales 
(SM’59) was the recent recipient of an 
honorary certificate from the Greek gov¬ 
ernment for original research in space 
science and space medicine. The award 
was presented through the Hellenic Astro-
nautical Society. He is an assistant pro¬ 
fessor of space medicine and coordinator 
of the Space Medicine Program at New 
York Medical College, Metropolitan New 
York Medical Center. 

(Continued on page 57A) 
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Sanborn® 7-Channel 
tape system 
$6800* complete 

uses interchangeable FM and direct 
record/reproduce electronics 
entirely contained in 7" x 19" panel space 

COMPARE PERFORMANCE, PRICE PER CHANNEL 

Here is the ideal combination of high per¬ 
formance and economy in a 7-channel, 4-
speed system that meets IRIG Telemetry 
Standards. Versatility is another advantage. 
The Model 2000 system uses interchange¬ 
able Sanborn FM or direct record/reproduce 
electronics — all solid-state, in 7" of panel 
space — and you can have any combination 
of direct and FM channels simply by chang¬ 
ing circuit cards. Recording capability may 
be extended beyond the system’s minimum 
input levels through the use of Sanborn 
“850” and other compatible amplifiers. 
The Model 2000 Magnetic Data Recorder 
has four speeds and uses standard y2-inch 
tape on lO^-inch reels. All controls are on 
the front, and several convenience features 
are included: an integral FM Alignment 
Meter that eliminates the need for electron¬ 
ic counters, an automatic squelch, a tape 
footage counter, and provision for using 
one channel for flutter compensation. 
Complete details are available from Sanborn 
Sales-Engineering Representatives in prin¬ 
cipal cities throughout the U. S., Canada 
and foreign countries. 
^Price FOB Waltham, Mass., in Continental U. S. A.; 
subject to change without notice. State and local taxes 
must be added where applicable. 

(Specifications subject to change without notice) 

SPECIFICATIONS 
Input ± 2.5 V into 

ended, adjustable. 
10,000 ohms, single 

Output ± 2.5 V into 1,000 ohms or more, 
single ended; level, position adjustable. 

Bandwidths 
Speed 
3% "/sec 
7y2'7sec 
15"/sec 
30"/sec 

(Max) 
FM 

0-625 cps 
0-1,250 cps 
0-2,500 cps 
0-5,000 cps 

Direct 
50-6,250 cps 
50-12,500 cps 
50-25,000 cps 
100-50,000 cps 

(100% modulation on FM = ± 40% car¬ 
rier deviation) 
Linearity Maximum error due to nonlin¬ 

earity: 0.2%. 
Drift ± 0.5% of full scale for 10 V power 

line change, 10°C ambient temperature 
change, or for 24 hours at constant power 
line voltage and ambient temperature. 

Signal-to-Noise Ratio (Min) 
Direct: 40 db at all speeds. 
FM: 40 db RMS at 30"/sec and 15"/sec; 
35 db RMS at 7y2"/sec; 33 db RMS at 
3%"/sec. 

INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 

Readout, as well as 
input monitoring 
during magnetic re¬ 
cording, may be pro-
vided by this 
compatible 17-inch, 
8-channel Viso-Scope 
or other Sanborn 
monitoring instru¬ 
ments, or by direct 
writing systems. 



56A 

olden Anniversary 
In honor of the IRE's 50th anniversary, the May 1962 issue of Proceedings of the IRE 
-, will survey the progress of electronics from 1912 to 1962. 
\ It will forecast the future of electronics for the next 50 years. 
\ And this special issue of Proceedings will have more than 600 pages 
\ of additional editorial text, discussing developments in 

Nuclear Science 
Circuit Theory 
Broadcasting 

Education 
Audio 

Instrumentation 
Electron Devices 

Components Parts 
Information Theory 

Electronic Computers 
Automatic Control 

Vehicular Communications 
Communications Systems 
Engineering Management 

Industrial Electronics 
Bio-Medical Electronics 
Ultrasonics Engineering 
Military Electronics 

Antennas and Propagation 
Broadcast and Television Receivers 
Product Engineering and Production 
Reliability and Quality Control 
Radio Frequency Interference 
Space Electronics & Telemetry 
Microwave Theory and Techniques 
Human Factors in Electronics 
Aerospace & Navigational Electronics 

Electronics experts from all over the world contribute to make this anniversary 
issue concise yet all-inclusive. 100,000 copies will be printed. Only members of the IRE, 
in good standing in May 1962, and subscribers will receive a copy. We regret that un¬ 
like special issues of the past, no copies can be made available to non-members, or for 
single copy sales. As a member of the IRE you will find the May anniversary issue of 
Proceedings the master reference work you will treasure always. 

The Institute of Radio Engineers • i East 79th st., New York 21, le 5-5100 
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§ IRE People^ 
Algert G. Grimaila (S'48-A’51-M’56) 

has been appointed Chief Engineer for 

(Continued from poge 54A) 

He graduated from Harvard College 
and received his medical education at the 
Universities of Athens, Heidelberg, Paris, 
Zurich and Berlin. He holds the degrees of 
Doctor of Medicine and Doctor of 
Philosophy, the latter received at the Uni¬ 
versity of Berlin. He has served as a flight 
surgeon in the Air Force and has been 
chief of surgical service at various hos¬ 
pitals. He has also served on the Repatria¬ 
tion Committee for the International Red 
Cross. In 1960 he served with the Space 
Science group on its visits to Leningrad 
and Moscow after the International Aero¬ 
nautical Congress held in Stockholm. 

Dr. Generales is a member of the 
American Astronautical Society, American 
Rocket Society, British Interplanetary 
Society, and others. 

Space Technology 
Motorola Military 
Electronics Divi¬ 
sion, Scottsdale, 
Ariz. He was for¬ 
merly Chief Engi¬ 
neer of the Com¬ 
munications and 
Navigation Labo¬ 
ratory. 

The newly form-
ed Space Tech¬ 
nology Group will 
include members 
of the Advanced 
Techniques Section 
him. His responsibilii 

at Western Center, 

A. G. Grimaila 

and will report to 
y is to further expand 

PRECISE, 
RELIABLE 
POWER 

SUPPLIES 
IN A WIDE 
CHOICE OF 
OUTPUT 
RANGES 

Motorola technology in the space elec¬ 
tronics field, direct technical studies and 

R. Karl Honaman (A’23-SM’44) has 
been elected Chairman of the Board and 
Chief Executive Officer of Floating Floors, 
Inc., New York, N. Y. This company pro¬ 
vides environmental facilities for data 
processing systems and installations of a 
similar nature. 

proposals on space programs, and supply 
engineering support to Marketing. He has 
been with Motorola for eleven years. The 
first seven years were spent in performing 
research and development of Military 
Electronics equipment in the Chicago lab¬ 
oratories of Motorola. In 1957 he joined 
the Western Center of Motorola Military 
Electronics Division as Assistant Chief 
Engineer of the Defense Systems Lab¬ 
oratory. Appointed Chief Engineer of the 
Communications and Navigation Lab¬ 
oratory in 1959, he provided technical di¬ 
rection for the extensive missile and space 
communications, guidance, and control 
projects of that facility. 

Mr. Grimaila received the B.S. degree 

Optional 0.1% or 0.01% regulation: 

Three rack sizes: 8%" H, 5%" H, and 
Ski" H. Impervious to operational 
damage: circuit protection is an in¬ 
herent function of input transformer 
and regulator characteristics. 
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31/2" PANEL HEIGHT 

0.1% DC OUTPUT 0.01% 
REGULATION RANGE REGULATION 

MODELS VOLTS AMPS MODELS 

SM 14-7M 0-14 0-7 SM 14-7MX 
SM 36-5M 0-36 0-5 SM 36-15MX 
SM 75-2M 0-75 0-2 SM 75-2MX 

SM 160-1M 0-160 0-1 SM 160-1 MX 

SM 325 0.5M 0-325 0-0.5 SM 325-0. 5MX 

51/4" PANEL HEIGHT 

SM 14-15M 0-14 0-15 SM 14-15MX 

SM 36-10M 0-36 0-10 SM 36-10MX 

SM 75-5M 0-75 0-5 SM 75-5MX 

SM 160-2M 0-160 0 - 2 SM 160-2MX 

SM 325-1M 0-325 0-1 SM 325-1MX 

83/4" PANEL HEIGHT 

SM 14-30M 0-14 0-30 SM 14-30MX 

SM 36-15M 0-36 0-15 SM 36-5MX 

SM 75-8M 0-75 0-8 SM 75-8MX 

SM 160-4M 0-160 0-4 SM 160-4MX 

SM 325-2M 0-325 0-2 SM 325 2MX 

FOR COMPLETE SPECIFICATIONS 
ON MORE THAN 175 STANDARD 
MODEL POWER SUPPLIES, SEND 
FOR KEPCO CATALOG B-611. 

SWITCH RELIABILITY your problem? Take a look at a 

Transco coaxial switch qualified for 2,000,000 operations . . . and reliability isn’t the only outstanding 

feature. This 6 oz. SRDT switch meets MIL Specifications, and is available with 6 RF connector 

types, AC or DC solenoids and indicator circuits. RF characteristics are excellent .. to 11 KMC. 

Write for complete technical data on 

12210 Nebraska Avenue. Los Angeles 

COAXIAL SWITCHES • WAVEGUIDE SWITCHES 
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25, California. BR 2-5687 . 
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• ANTENNAS • MICROWAVE COMPONENTS • VALVES • ACTUATORS 

January, 1962 
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in Electrical Engineering from the Univer¬ 
sity of Connecticut in 1950 and his M.S. 
in Electrical Engineering from Illinois 
Institute of Technology in 1955. Since 
then he has pursued further graduate 
studies at Illinois Institute of Technology, 
University of Arizona, and Arizona State 
University. He is a member of Tau Beta 
Pi, Eta Kappa Nu, Institute of Naviga¬ 
tion, and Association of the U. S. Army. 

borne antennas, and waveguide com¬ 
ponents. He joined The University of 
Michigan staff in 1958. His research at the 
University has included experimental and 
theoretical investigations of the scattering 
properties of basic geometrical shapes, 
both rough and smooth, coated and un¬ 
coated, and of the properties of microwave 
absorbing materials. 

Mr. Hiatt is listed in American Men of 
Science and is a member of the American 
Institute of Physics and Sigma Xi. He was 
President of the Air Force Cambridge Re¬ 
search Center Branch of the Research 
Society of America in 1957-1958. 

George R. Hetrich (M’57-SM 61) has 
joined the Research Division of Electronic 
Communications. Inc. in Timonium. Md. 
as a Senior Engi¬ 
neer. He will have 
responsibilities in 
the area of com¬ 
munication sys¬ 
tems. He comes to 
this new position 
after having been 
associated with 
Westinghouse Elec¬ 
tric Corporation for 
seven years. Most 
of his career was 
spent at the Air 

G. R. Hetrich 

Arm Division in Baltimore, Md., working 
in the Advanced Development Section of 
the Engineering Department. His activi¬ 
ties there were related to all phases of 
coherent radar development. 

Mr. Hetrich holds the B.S.E.E. degree 
and a B.S. degree in engineering physics 
from Lehigh University and an M.S.E.E. 
degree from the University of Pittsburgh. 
He is a Member of the American Institute 
of Electrical Engineers. 

Ralph E. Hiatt (M’47-SM’58) has been 
appointed Head of the Radiation Lab¬ 
oratory of the Department of Electrical 
Engineering of The 
University of Mich¬ 
igan. He had been 
Associate Head 
since July, 1958 and 
was responsible for 
the supervision of 
the laboratory’s an¬ 
echoic chamber 
and experimental 
facility. 

He received the 
M.A. degree in 
physics from Indi-

R. E. Hiatt 

ana University, Bloomington, Ind. in 
1939 and took post-graduate work in 
mathematics at Boston University, Bos¬ 
ton, Mass. Prior to joining the Radiation 
Laboratory he was Chief of the Antenna 
Laboratory at the Air Force Cambridge 
Research Center. During World War II, he 
was Chief of the Ipswich Antenna Field 
Station of the Radiation Laboratory of 
Massachusetts Institute of Technology. 
He supervised and participated in experi¬ 
mental and theoretical research in the 
fields of electromagnetic radiation and 
scattering, ground-based antennas, air¬ 
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The appointment of Milton Jennis 
(M’60) to the position of Projects Director 
of Malaker Laboratories, Inc., was an¬ 
nounced recently. He attended Stevens 
Institute, was manager of the manufac¬ 
turing engineering department for the 
W. L. Maxson Corp., and was also associ-
tiated with Sperry Gyroscope, Mergan- I 
thaler Linotype Co. and Universal Cam- I 
era. He has been in the electronic and 
electro-mechanical field for more than I 
twenty years. 

Mr. Jennis is a member of the Army 
Ordnance Association and the American 
Society of Metals. 

Leonard I. Kent (S’49-A’51-M’55-
SM’58) has been appointed President of 
the Consolidated Microwave Corporation, 
the newly formed 
affiliate of Decitron 
Electronics Corpo¬ 
ration, Brooklyn, 
N. Y. He is also 
Vice President and 
Director of Engi¬ 
neering of Decitron. 
CMC will partici¬ 
pate in the design, 
production, re¬ 
search and develop¬ 
ment of specialized 
microwave equip-

L. 1. Kent 

ment and instrumentation. He is a grad¬ 
uate of the Cooper Union School of En¬ 
gineering, New York, N. Y. where he re¬ 
ceived the B.E.E. degree. He has also been 
awarded the M.E.E. degree and is com¬ 
pleting requirements for the D.E.E. de¬ 
gree at the Polytechnic Institute of 
Brooklyn. 

He was Vice President of the Engineer¬ 
ing Division of Microwave Semiconductor 
and Instruments, Inc. Prior to this he was 
Director of Engineering at Narda Micro¬ 
wave Corporation. He joined Narda as 
Chief Engineer in 1957. He was previously 
associated with FXR, PRD, Airborne In¬ 
struments Laboratory and the Espey 
Manufacturing Company. Among his ac¬ 
complishments have been contributions in 
the field of directional couplers, ridged 
waveguides, millimeter-wave techniques, 
bolometric and solid state devices. Several 
papers have been written by him on these 
subjects. 

Mr. Kent is a member of the Commit¬ 
tee on Waveguides and Fittings of the 
EIA, and a member of the Transducer 
Committee of the ISA. 

DELCO SEMICONDUCTORS 
NOW AVAILABLE AT 
THESE DISTRIBUTORS 

EAST 

Philadelphia, Pa. —Almo Radio Co. 

913 Arch Street/WA 2-5918 

Newton, Mass.—Greene-Shaw Distributing Co. 

341 Watertown St./WO 9-8900 

New York 36, N. Y.— Harvey Radio Co., Inc. 

103 W. 43rd St./JU 2-1500 

Syracuse 11, N. Y.— Harvey Electronics-Syracuse, Inc. 

Pickard Drive, Box 185/GL 4-9282 

Baltimore, Md. —Radio Electric Service Co. 

5 N. Howard St/EL 9-3835 

SOUTH 
Birmingham 5, Ala. —Forbes Distributing Co.. Inc. 

2610 Third Ave., S./AL 1-4101 

West Palm Beach, Fla.—Goddard, Inc. 

1309 North Dixie/TE 3-5701 

Richmond 20, Va. —Meridian Electronics, Inc. 

1001 W. Broad St./EL 5-2834 

MIDWEST 
Detroit 3, Mich.— Glendale Electronic Supply, Inc. 

12530 Hamilton/TU 3-1500 

Indianapolis 25, Ind.—Graham Electronics Supply, Inc. 
122 S. Senate Ave./ME 4-8486 

Cleveland 14, Ohio— Main Line Cleveland, Inc. 

1260 E. 38th St./EX 1-4944 

Chicago 50, III.— Merquip Electronics, Inc. 

5904 W. Roosevelt Rd./AU 7-6274 

Minneapolis 16, Minn.—George Spencer, Inc. 

5305 Cedar Lake Rd./LI 5-8811 

Cincinnati 10, Ohio— United Radio, Inc. 

1314 Vine Street/CH 1-6530 

WEST 

Phoenix 20, Ariz.—Astronics, Inc. 

9310 N. Central Ave./944-1551 

Tacoma 2, Wash.-C & G Electronics Co. 

2502 Jefferson Ave./BR 2-3181 

Monrovia, Cal.—Lynch Electronics, Inc. 

1818 S. Myrtle Ave./EL 9-8261 

San Diego 1, Cal. -Radio Parts Co. 

2060 India St., Box 2710/BE 2-8951 

Los Angeles 15, Cal.— Radio Products Sales, Inc. 

1501 S. Hill St./RI 8-1271 

San Jose 13, Cal.— Schad Electronic Supply, Inc. 

499 S. Market St./CY 7-5858 

Denver, Colo.-L. B. Walker Radio Co. 

300 Bryant St./WE 5-2401 

Ask for a complete catalog 

(Continued or faye 60 Al 

Delco 
— ENDABILITY 

Radio 
■ w

WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE January, 1962 



TAKE A SECOND LOOK 

IT’S THE 2N174—PART OF DELCO RADIO S POWER TRANSISTOR FAMILY WHICH HAS 

PROVED ITS STUFF FOR YEARS IN HUNDREDS OF MILITARY AND INDUSTRIAL APPLICA¬ 

TIONS: MISSILES. COMMUNICATIONS. DATA PROCESSING, AND ULTRASONICS. TO NAME A FEW. 

THIS MULTI-PURPOSE PNP GERMANIUM POWER TRANSISTOR HAS THE HIGH PERFORMANCE AND 

VERSATILITY TO MEET OR EXCEED THE MOST RIGID ELECTRICAL AND ENVIRONMENTAL 

REQUIREMENTS. <[ DESIGNED FOR GENERAL USE WITH 28-VOLT POWER SUPPLIES, THE 2N174 

MAY ALSO BE USED WITH 12 VOLTS WHERE HIGHER RELIABILITY IS DESIRED. MAXIMUM 

EMITTER CURRENT— 15 AMPERES. MAXIMUM COLLECTOR DIODE RATING—80 VOLTS, THERMAL 

RESISTANCE—BELOW .6°C/W AND MAXIMUM POWER DISSI PATI ON—50 WATTS AT 71°C, MOUNTING BASE TEM-

’ERATURE. THE 2N174 S LOW SATURATION RESISTANCE PROVIDES HIGH EFFICIENCY IN SWITCHING OPERA¬ 

TIONS. € LIKE ALL DELCO TRANSISTORS, EVERY 2N174 MUST PASS AT LEAST A DOZEN ELECTRICAL 

AND ENVIRONMENTAL TESTS—BEFORE AND AFTER AGING—BEFORE IT LEAVES DELCO RADIO’S 

LABORATORIES. THIS 200 PERCENT TESTING, COMBINED WITH FIVE YEARS OF REFINEMENTS IN 

MASS PRODUCTION, MEANS CONSISTENT UNIFORMITY IN THE PRODUCT ... AT A LOW PRICE. 

(THE 2N174 IS JUST ONE OF MANY DEPENDABLE TRANSISTORS PRODUCED BY DELCO RADIO TO 

SUPPLY ALL YOUR TRANSISTOR NEEDS. FOR MORE DETAILS OR APPLICATIONS ASSISTANCE ON 

THE 2N174 OR OTHER DELCO TRANSISTORS. CONTACT YOUR NEAREST DELCO RADIO SALES OFFICE. 

Union. New Jersey 
324 Chestnut Street 
MUrdock 7-3770 

Santa Monica, California 
726 Santa Monica Blvd. 

UPton 0-8807 

Chicago. Illinois 
5750 West 51st Street 
Portsmouth 7-3500 

Detroit, Michigan 
57 Harper Avenue 

TRinty 3-6560 

Syracuse, New York 
1054 James Street 
GRanite 2-2668 

DIVISION OF GENERAL MOTORS • KOKOMO. INDIANA 

LCO 
EPENDABILITY 

DIO 
ELIABILITY 
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TIME-SAVING 
GUIDE FOR... 

IRE People^ 
JIT". . - - -■ LrA-U. 

from the University of Minnesota, Minne¬ 
apolis, Minn. 

He is a member of Eta Kappa Nu, and 
Gamma Alpha. 

(Continued from page 58A) 

SPECIFYING 
DEFLECTION 
YOKES 

Dr. Andrew O. Jensen (S’50-M’57) 
will head the newly established Energy 
Conversion Department in the Advanced 
Power Systems Division of Electro-Optical 
Systems, Inc., Pasadena, Calif., it was re¬ 
cently announced. This group will be re¬ 
sponsible for applied research, develop¬ 
ment, test, and production activities in the 
field of static energy conversion. He will 
direct the Department’s activity in areas 
of thermionics, thermoelectrics, solar cells 
and research, leading to their integration 
into complete power packages for a variety 
of space vehicle and auxiliary ground 
power unit applications. 

He joined Electro-Optical Systems in 
September, 1961. Prior to this time, he was 
employed as a research specialist at Gen¬ 
eral Electric Company’s Power Tube Lab¬ 
oratory in Schenectady, N. Y. During his 
five years at GE, he was actively engaged 
in numerous vacuum and vapor ther¬ 
mionic diode development programs for 
space and ground applications, as well as 
research on super power hydrogen thyra¬ 
trons and other general gas discharge prob¬ 
lems. Numerous technical articles and 
papers covering the above work have 
gained him an international reputation. 

Dr. Jensen received his B.S., M.S. and 
Ph.D. degrees in electrical engineering 

General Microwave Corporation, 
Farmingdale, N. Y., announces the ap¬ 
pointment of Charles Lamensdorf (S’55-
M’60) as Project 
Engineer. This 
work will involve 
him in the design 
and development 
of microwave com¬ 
ponents, test equip¬ 
ment and systems 
equipments. He re¬ 
ceived the B.S.E.E. 
degree in 1959 from 
the Polytechnic In¬ 
stitute of Brooklyn, 
Brooklyn, N. Y. 

C. Lamensdorf 

and is presently pursuing the M.S.E.E. 
degree at the same Institute. 

Prior to joining General Microwave 
Corporation, he was employed at the Air¬ 
borne Instruments Laboratory as a De¬ 
sign Engineer, from 1959 to 1961. In this 
capacity, he was involved with the design 
and development of front ends of micro¬ 
wave receivers in the UHF and microwave 

Helps speed your project. Eliminates 
confusion in choosing the right yoke. 

Engineers have saved countless 
hours, many dollars and numerous 
headaches by using this simple Guide 
Sheet For Specifying Deflection Yokes. 

Offered as a public service to engi¬ 
neers by SYNTRONIC INSTRU¬ 
MENTS, INC., YOKE SPECIAL¬ 
ISTS, the only firm devoted primarily 
to deflection yoke manufacture; there¬ 
fore preeminently qualified to help 
you specify the correct yoke for your 
application. Complete line for every 
military and special purpose—in pro¬ 
duction quantities or custom designed 
to your specific requirement. 
Phone our nearest rep. today for 

your Time-Saving Guide Sheet. 
Boston-New Eng.: Stan Pierce, Inc. 

Phone: NOrwood 7-3164 
New York Area: Bressler Associates 

Phone: N.Y. Oxford 5-3727 
Philadelphia Area: Massey Associates 

Phone: MOhawk 4-4200 
Wash.-Balt. Area: Massey Associates 

Phone: APpleton 7-1023 
Indianapolis: Joe Murphy 

Phone: Victor 6-0359 
Los Angeles: Ash M. Wood Co. 

Phone: Cumberland 3-1201 
No Obligation. We are glad to help you. 

syntronk 

small signal 
"h" parameters 

Model 1803A 

Write for information about indus¬ 
try's most complete Une of stand¬ 
ard and custom designed instru¬ 
ments for semiconductor testing. 

INSTRUMENTS, INC. 
100 Industrial Road, Addison, Illinois 

Phone Klngswood 3-6444 

eMwùcA cwpwatiM 
178 HERRICKS ROAD 
MINEOLA, NEW YORK 
Pioneer 1-4141 
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region. He became specialized in designing 
low power triode and klystron oscillators. 
From 1955 to 1959, he was employed by 
the Microwave Research Institute as an 
Engineering Assistant and was involved in 
the design and development of microwave 
ferrite components. During the same peri¬ 
od of time, he was engaged as a consultant 
to Microwave Consultants, a group organ¬ 
ized by several staff members of the Micro¬ 
wave Research Institute. 

Dr. Sumner N. Levine (SM 58) has 
been appointed Professor of Engineering 
and Chairman of the Materials Sciences 
Department of the 
College of Engi¬ 
neering at the State 
University of New 
York, Long Island, 
N. Y. He received 
a B.S. degree in 
physics and chem¬ 
istry from Brown 
University in 1946 
and a Ph.D. in 
physical chemistry 
from the University 
of Wisconsin in 

S. N. Levine 

1949. Prior to assuming his present posi¬ 
tion, he directed the advanced materials 
and electronics components research at 
RCA Surface Communications from 1958 
to 1961. He served on the faculties of the 
University of Chicago from 1949 to 1950 
and Columbia University from 1950 to 
1954, and headed advanced materials re¬ 
search at the American Machine and 
Foundry Company from 1956 to 1958. He 
has also been active in medical and bio¬ 
logical research anti organized and directed 
the Research Laboratories of the U. S. 
Veterans Administration, East Orange, 
N. J. from 1954 to 1956. 

Dr. Levine is a member of the Ameri-

(Continued on page 62/1) 
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Reduce 
Your 

This semiconductor network data 
processor was developed by Texas 
Instruments Incorporated under the 
direction of Manufacturing and 
Electronic Technologies Labora¬ 
tories, Aeronautical Systems Divi¬ 
sion, Dayton, Ohio. 

Microelectronic Design Time 
. with Series 51 sta&iua semiconductor networks 

HERE’S HOW: 

* 

rm 

[O 

Ei 

Ei 

designed to fulfill logic functions of complete equipment assemblies—com¬ 
patible with most of today’s logic circuitry. 

low power drain minimizes thermal problems and reduces power supply 
requirements. 

advanced manufacturing techniques including diffused planar structures, 
deposited leads, oxide protection, and hermetically sealed package—offer 
you the potential for improved circuit reliability. 

today’s ultimate in microelectronics—with the highest function/size ratio 
for your digital circuits or equipments. 

provide reduced microelectronic cost through TI’s standard silicon wafer 
design. 

meet military requirements: 

Power Drain_ 2-4 mw @ 3 volts 
Fan-Out (TI SN 510, 512, 514, 515)_ 4 
Fan-Out (TI SN 511, 513)_ 20 
Propagation Delay_ 75 to 450 nsec 
Power Supply_ 3 to 6 volts 
Temperature Range_ —55° to -|-125°C 

UNIT Tl SN 510 Tl SN 511 Tl SN 512 Tl SN 513 Tl SN 514 Tl SN 515 

Fl NOTION Flip Flop, 
Counter 

Flip Flop 
with emitter 
follower output 

NOR/NAND 
Gate 
(6 input) 

NOR/NAND 
Gate 
(6 input) with 
emitter follower 
output 

Two NOR/NAND 
Gates 
(3 inputs 
each) 

Exclusive 
OR 

Clock pulse is internally 
capacitive-coupled 

CON 'ACT YOUR NEARBY Tl SALES ENGINEER TODAY FOR COMPLETE [¡3 SPECIFICATIONS AND CUSTOM DESIGN ASSISTANCE. 
★Trademark of Texas Instruments Incorporated 

1&686 

COMPONENTS DIVISION 
CAPACITORS. DIODES. 

RECTIFIERS. RESISTORS. 
SEMICONDUCTOR NETWORKS. 

SILICON CONTROLLED RECTIFIERS 

Texas Instruments 
INCORPORATED 
13500 N. CENTRAL EXPRESSWAY 
P O. BOX 5012 • DALLAS 2 2. TEXAS 



ELECTRO¬ 
PLATED 

WIRES 
For many years this plant has specialized in continuous electroplating of wires... 

Recently Gold plated Copper wire has found increasing application in the missile field 

where corrosive atmospheres may be prevalent. .. Our production equipment permits 

handling wire in the size range of .001" to .060".... Technological know-how and 

efficiency assure economy with consistently high quality. 

PROTECT VALUABLE 
MAGNETIC TAPES 

FROM DISTORTIONS DUE TO UNPREDICTED MAGNETIC FIELDS 

Netic Tape 
Data Containers 

Keep Data Clear, Distinct, Without Distortion 
Unprepared tape users never realize the danger of loss 
until it’s too late. 
Such losses have become increasingly common from 

unexpected exposure to unpredicted damaging magnetic 
fields during transportation or storage. These fields may 
be produced by airplane radar or generating equipment 
or other power accessories. Also by generators, power 
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can Physical Society, the American Chem¬ 
ical Society, the American Society for 
Metals, Sigma Xi and the New York 
Academy of Sciences. 

The appointment of Dr. R. E. Malm 
(SM’56) as Manager of the Research and 
Development Department of the Appara-
tus Division of 
Texas Instruments 
Inc., Dallas, Tex. 
was announced re¬ 
cently. The Re¬ 
search and Devel¬ 
opment Depart¬ 
ment provides prod¬ 
uct-oriented study 
and experimenta¬ 
tion leading to new 
business in the 
defense electronics 
field for the Appa¬ 
ratus Division. 

R. E. Malm 

Before joining TI, he was a department 
manager in the Advanced Communications 
Systems Laboratory of Sylvania Electric 
Products. At Sylvania, he was responsible 
for research in physical and mathematical 
aspects of communication as well as syn¬ 
thesis and analysis of advanced antijam 
and low-detectibility communication sys¬ 
tems. Prior to 1957 he was a member of 
the technical staff at Bell Telephone Lab¬ 
oratories for three years, where he worked 
in the areas of military system studies, 
electromagnetic propagation, and in¬ 
formation theory. He was an associate 
physicist at Argonne National Labora¬ 
tory from 1950 to 1954, where he did re¬ 
search in nuclear physics concerned with 
energy levels in light nuclei. 

Dr. Malm holds a Ph.D. degree in 
physics from Massachusetts Institute of 
Technology, Cambridge, Mass., and a 
B.S.E.E. degree from the University of 
Minnesota, Minneapolis, Minn. He is a 
graduate of the Sylvania Management 
Institute, and is a member of American 
Physical Society, American Association 
for Advancement of Science, Tati Beta Pi, 
Eta Kappa Nu, and Sigma Xi. 

lines, power supplies, motors transformers, welding 
machines, magnetic tables or surface grinders, magnetic 
chucks, de-gaussers, solenoids, etc. Such fields have dis¬ 
torted or ruined valuable tapes around factories, labo¬ 
ratories, military installations and radio and TV stations. 

Since 1956, many military and commercial tape users 
have successfully avoided loss and inconvenience by ship¬ 
ping and storing tapes in sturdy NETIC Tape Data Con¬ 
tainers. Magnetic shielding qualities not affected if 
containers are dropped or vibrate. Containers do not re¬ 
tain residual magnetism nor require periodic annealing. 
Available in many convenient round or rectangular shapes. 
Write for sizes and prices today. 

The appointment of A. Ray McCord 
(M’57) as Manager of the Surveillance De¬ 
partment of Texas Instruments Inc., Dallas, 

62A 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company / Phone EVerglade 4-2122 

I 1322 No. Elston Avenue, Chicago 22, Illinois 

Tex. was announced 
investigate systems 
applications of thin 
film circuits, semi¬ 
conductor networks 
and magnetic mem¬ 
ories. His efforts 
will be directed to 
broadening the 
scope of TI’s con¬ 
tractual work and 
commercial appli¬ 
cations in these 
areas. 

recently. He will 

A. R. McCord 
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He joined Texas Instruments in 1951 
as an engineer. He worked in the micro¬ 
wave design group and did development 
work on a tail-warning radar project and 
a transistorized interphone amplifier. He 
has also served as a project engineer on 
two reconnaissance radar systems, as sec¬ 
tion leader of a radar reconnaissance 
branch, and as production manager of the 
Apparatus Division’s manufacturing de¬ 
partment. He holds a B.S. degree in 
chemistry from Centenary College, Shreve¬ 
port, La., and has taken graduate courses 
in electrical engineering at Southern 
Methodist University, Dallas, Tex. 

Aerospace computer developments and 
their application to military weapons sys¬ 
tems is the responsibility of S. L. Mc¬ 
Donough (S'49 
A’50-M’55) mana¬ 
ger of the new 
weapons applica¬ 
tions department 
at the Univac Mili¬ 
tary department, 
St. Paul, Minn. 
Former group man¬ 
ager of digital com¬ 
puter engineering 
at McDonnell Air¬ 
craft Corp., St. 
Louis, Mo., he has 

S. L. McDonough 

the job of “uniting St. Paul Univac’s ad¬ 
vanced computer techniques (i.e., thin-
film memories) and microtronic circuitry 
to effect very small, lightweight, highly 
reliable computers for aerospace applica¬ 
tions.” During his 18 months at McDonnell 
Aircraft, he pioneered the design of light 
weight digital computers for guidance and 
control of missiles and space vehicles. As a 
principal engineer in the electronics de¬ 
partment of Cornell Aeronautical Lab¬ 
oratories, Buffalo, N. Y. from 1949 to 
1960, he was credited with design of the 
INTACC (Intercept Tracking and Con¬ 
trol Computer) used by the Navy for ra¬ 
dio-controlled vectoring of aircraft. 

Mr. McDonough holds the B.S.E.E. 
degree and the M.S.E.E. degree from the 
University of Iowa. He is a member of 
Tau Beta Pi, Eta Kappa Nu and Sigma 
Xi. 

Richard J. Mohr (M'58) has been ap¬ 
pointed Microwave Department Head of 
the Narda Microwave Corporation, 
Mineola, N. Y. He 
will be in charge of 
the engineering re¬ 
search and develop¬ 
ment effort to ex¬ 
pand Narda’s line 
of microwave in¬ 
struments and com¬ 
ponents. 

He has an ex¬ 
tensive background 
in microwave engi¬ 
neering, having 
worked for more 

R. J. Mohr 

than nine years for the Naval Material 
Laboratory, Brooklyn, N. Y., Airborne 
Instruments Laboratory, FXR, Inc. and 
recently as Microwave Section Head at 
the Microwave Dynamics Corp., Plain-

(Continued on page 66A) 
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Arnold Pulse Transformer Cores 
are individually tested 

under actual pulse conditions 
The inset photograph above illustrates a special Arnold advantage: a 
10-megawatt pulse-testing installation which enables us to test-prove pulse 
cores to an extent unequalled elsewhere in the industry. 

For example, Arnold 1 mil Silectron "C” cores—supplied with a guaran¬ 
teed minimum pulse permeability of 300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 pulses per second, at a peak flux 
density of 10,000 gausses. 
The test equipment has a variable range which may enable us to make 

special tests duplicating the actual operating conditions of the transformer. 
The pulser permits tests at .05, .25, 2.0 and 10.0 microsecond pulse dura¬ 
tion, at repetition rates varying anywhere from 50 to 1000 pulses per second. 

This is just another of Arnold’s facilities for better service on magnetic 
materials of all description. • Let us supply your requirements. 

Here’s technical data on ARNOLD SILECTRON CORES 
Bulletin SC-107 A contains design information on Arnold Tape 
Cores wound from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut toroids and 
rectangular shapes. Sizes range from a fraction of an ounce to 
more than a hundred pounds, in standard tape thicknesses 
of 1, 2, 4 and 12 mils. 

Cores are listed in the order of their power-handling ca¬ 
pacity, to permit easier selection to fit your requirements, and 
curves showing the effect of impregnation on core material 
properties are included. 7oso

ADDRESS DEPT. P-1 

■ .ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
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Pioneering New Oil Wells 
in the Laboratory... 
500,000 ALLEN-BRADLEY HOT MOLDED RESISTORS 

HELP MAP STRATA TO FIND "PRODUCERS" 

This network of over 1,000 A-B hot molded 
resistors is one of hundreds of similar grids 
developed by the Schlumberger Well Survey¬ 
ing Corp, for studying ground strata to locate 
producing zones. 
The unusually large number of resistors in 

use per unit makes reliability of paramount 
importance. Therefore, Allen-Bradley resistors 

— with their history of complete freedom from 
catastrophic failure—were a logical selection for 
this unusually critical project. The exclusive 
A-B hot molding process makes possible the 
amazing uniformity for which Allen-Bradley 
resistors are famous. To eliminate the proba¬ 
bility of resistor failure in your equipment, 
Allen-Bradley resistors can be your only choice. 

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 

ALLEN -BRADLEY 
QUALITY ELECTRONIC' COMPONENTS 



— 

This complex resistor network at Schlumberger’s Research 
Center contains in its basic assembly some 150,000 of the 
500,000 Allen-Bradley hot molded resistors which they have 
assembled into grids simulating earth formations. By insert¬ 
ing interchangeable grids into the network in various combi¬ 
nations, it is possible to simulate the borehole and formation 
parameters which affect resistivity measurements. Duplica¬ 
tion of formation characteristics permits a more precise 
examination and interpretation of the different resistivity 
logs used in locating potential gas and oil producing zones. 

^£0 

ALLEN-BRADLEY HOT MOLDED RESISTORS 
are available in all standard EIA and MIL-R-11 
resistance values and tolerances. Shown actual 
size from left to right: 

Type TR 1/10 watt (MIL Type RC 06), Type CB 
1/4 watt (MIL Type RC 07), Type EB 1/2 watt 
(MIL Type RC20),TypeGB 1 watt (MIL Type RC 
32), Type HB 2 watts (MIL Type RC 42). 

A-B also makes a quality line of hermetically 
sealed precision resistors. Using metal grid con¬ 
struction, they are noninductive. Ratings are 
1/4, 1/2 and 1 watt at 125° C with tolerances 
of 0.1, 0.25, 0.5 and 1.0%; and TC ±25 PPM. 



dial any output 
from 0-1000 volts! 

(Continued from page 63A) 

Keithley Regulated DC Supplies 
provide the stability, ease and ac¬ 
curacy necessary for a wide range of 
laboratory tests. Typical applications 
include calibration of meters and de 
amplifiers; testing insulation, diode, 
and capacitor leakage resistances; or 
furnishing potentials for photo-multi¬ 
plier tubes and ionization chambers. 

view, N. Y. He obtained the B.S.E.E. de¬ 
gree in 1952 from the College of the City 
of New York and M.S.E. E. degree 1957 
from the Polytechnic Institute of Brook¬ 
lyn. 

MODEL 241—0.05% accuracy 

A de secondary standard featuring a 
long-life photo-chopper and zener 
reference. It is immune to shock and 
vibration, and offers long-term cali¬ 
bration stability, 
• Accuracy: 0.05% or 1 millivolt. 

• DC Output Voltage: 0-1000 volts — plus, 
minus or floating, with 5 calibrated dials 
and 100 /xv resolution. 

• Output Current: 20 milliamperes max, 

• Stability: 0.005% short term. 

• Ripple: less than 1 mv RMS. 

• Overload Protection: fast-acting relay 
circuit. 

• Price: $800.00 

Appointment of 
(M’61) as sales engine 
District office of Cai 
instrumentation 
marketing firm, 
was announced 
recently. Most re¬ 
cently associated 
with the Electrada 
Corporation as 
sales engineer, he 
has also held key 
sales, engineering 
and administrative 
posts with Wright 
Engineering Com¬ 
pany, Stratham 
Instruments Inc., a 

A mathematics 

Peter Nooteboom 
r in the Los Angeles 
& Co., nationwide 

P. Nooteboom 

Hughes Aircraft, 
graduate of UCLA, 

Nooteboom served as a pilot in the U. S. 
Coast Guard during World War II. He is 
a member of ISA and the Institute of En¬ 
vironmental Sciences. 

MODEL 240—7.0% accuracy 

A general-purpose version of the 
Model 241 available at lower cost. 
• Accuracy: 1.0% or 100 millivolts. 

• DC Output Voltage: 0 1000 volts— plus 
or minus, with 3 calibrated dials and 
10 mv resolution. 

• Output Current: 10 milliamperes max. 

• Stability: 0.05% per eight hours. 

• Ripple: less than 3 mv RMS above 5 cps. 

• Overload Protection: Fast-acting relay 
circuit. 

• Price: $345.00 

Dr. James W. Moyer (SM'56) has 
joined Servomechanisms/Inc. as Director 
of Research of the Company's Research 
and Development 
Center in Santa 
Barbara, Calif. As 
Director of the Re¬ 
search Group, he 
will coordinate his 
activity with the 
Center’s develop¬ 
ment group. 

Before joining 
SM/I, he served as 
Director of Re¬ 
search at the Sperry 
Rand Research 

J. W. Moyer 

Center, Sudbury, Mass., where he organ¬ 
ized an initial program for basic and ap¬ 
plied research. 

Earlier he was associated with the 
General Electric Company for 12 years, 
where his work included studies on liquid 
metals properties, thermionics, hydrogen 
isotope separation and analysis, radiation 
effects in semiconductors and the first di¬ 
rect conversion of fission energy to elec¬ 
tricity at the Knolls Atomic Power Lab¬ 
oratory. He served as physicist and con¬ 
sulting engineer at the G. E. Microwave 
Laboratory in Palo Alto, Calif., later join¬ 
ing G. E.’s Technical Military Planning 
Operation (TEMPO) as staff physicist and 
manager of the physical sciences in the 
environment operation. At TEMPO, he 
was concerned with analysis of trends in 
basic research and applications to the 
broad military spectrum and the emphasis 
on interdisciplinary activities between all 
the sciences. From 1941 to 1946, he worked 
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with the Rochester Ordnance District and 
on the Manhattan Project at Berkeley 
and Oak Ridge. He acted as consultant 
to the National Bureau of Standards from 
1956 to 1959, where he helped organize the 
Free Radicals Research Project. 

Dr. Moyer received the A.B. degree in 
physics from Cornell University in 1938. 
He spent three years in physics at Rutgers 
University, from 1938 to 1941. He received 
the Ph.D. degree in physics from the Uni¬ 
versity of Rochester in 1948. His pro¬ 
fessional affiliations include membership in 
the American Physical Society, American 
Association for the Advancement of Sci¬ 
ence, American Rocket Society, and Sigma 
Xi Philosophical Society of Washington. 

The appointment of Dr. Henry M. 
O’Bryan (M'51-SM’54) as scientific as¬ 
sistant to the vice president of engineering 
and research of The Bendix Corporation 
was announced recently. He will coor¬ 
dinate Bendix engineering and research 
activities with scientists, engineers and 
government agencies in the Washington, 
D. C. area. 

For 10 years prior to joining the Bendix 
staff he was with the General Telephone 
and Electronics Corporation and its sub¬ 
sidiary, Sylvania Electric Products. He 
also has been on the staffs of the New 
Jersey Zinc Company, Reeves Sound, and 
Baird Associates. In recent years he was a 
professor of industrial management at 
Brooklyn Polytechnic Institute. He also 
has taught physics at Johns Hopkins Uni¬ 
versity, Massachusetts Institute of Tech¬ 
nology, Harvard University, and George¬ 
town University. He was educated as a 
physicist at Clark, Northwestern, and 
Johns Hopkins universities. 

Dr. O'Bryan is a licensed professional 
engineer in the state of New York, a 
member of the American Institute of Elec¬ 
trical Engineers, the Optical Society of 
America, and The Institute of Manage¬ 
ment Sciences, and a fellow of the Ameri¬ 
can Physical Society. 

Lawrence J. Perenic (SM ’52) has 
joined S-F-D laboratories as senior project 
engineer, sub-systems. He will be engaged 
primarily in the 
development of mi¬ 
crowave sub-sys¬ 
tems. He was for¬ 
merly associated 
with ACF Electron¬ 
ics Division of ACF 
Industries, Inc., 
Paramus, N. J., as 
director of the mi¬ 
crowave equipment 
laboratory. His 
work there included 
the development of 

L. J. Perenic 

solid-state tracking beacons as well as 
related command and telemetry sub-sys¬ 
tems for the Discoverer, Mercury and 
Minuteman missile programs. He received 
his degree in Electrical Engineering from 
Brooklyn Polytechnic Institute in 1943, 
where he later taught in the evening school. 
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Aaron Rosenfeld (S'49-A’51-M’57) 
ras been appointed President of Micro-
•’ower, Inc., 20-21 Steinway Street, Long 
Island City, N. Y., 
nannfacturer of a 
omprehensive line 
rf catalog power 
supply units de¬ 
signed specifically 
or microwave tubes. 
He will direct the 
engineering and 
manufacture of Mi¬ 
cro-Power’s prod¬ 
ucts. He was for¬ 
merly Chief Engi¬ 
neer for Kepco, 
Inc., where he was 

A. Rosenfeld 

responsible for the 
formulation and design of their line of 
power regulators. 

Mr. Rosenfeld received the B.S. de¬ 
gree in engineering from the City College 
of New York. 

Walter E. Rudd (M’61), formerly with 
Electro-Instruments, Inc., has been named 
Northwest district sales manager of Dunn 
Engineering Cor¬ 
poration. He will 
make his headquar¬ 
ters in Sunnyvale, 
Calif., and will di¬ 
rect sales in North¬ 
ern California, Ore¬ 
gon and Washing¬ 
ton. 

Prior to serving 
as district sales 
manager for Elec¬ 
tro-Instruments, he 
was a research en-

W. E. Rudd 

gineer with the Lockheed Missile and 
Space Division and the Autonetics Divi¬ 
sion of the North American Aviation, Inc. 
He was in the far East from 1950 to 1954 
as an electronics technician in the Navy. 
Mr. Rudd was educated in Fullerton Jun¬ 
ior College, Santa Ana College and Howard 
Payne College. 

Dr. Morton B. Prince (SM ’55), former 
corporate vice president of Hoffman Elec¬ 
tronics, has joined the staff of Electro-
Optical Systems, Inc., as Manager of 
Microelectronics. One of the country’s 
leading authorities in solar cells and solid 
state electronics, he will be responsible for 
the development of a broad range of 
microelectronic programs at Electro-Opti¬ 
cal Systems. These programs will be both 
of a research and development nature as 
well as directed toward eventual com¬ 
mercial utilization and manufacture. In 
addition to his primary functions in the 
microelectronics area, he will also be ac¬ 
tive in the company’s programs in ad-

* vanced space power systems using photo¬ 
voltaic solar cells. 

Prior to joining Electro-Optical Sys¬ 
tems, he was Manager of Hoffman’s 
Semiconductor Division, where he was re¬ 
sponsible for over-all administrative, tech¬ 
nical, marketing, manufacturing, and 
financial operation of that group. In this 
position, he directed the Division's ac¬ 
tivities toward strong research and de-

(Continued on page 68A) 
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CUSTOM DESIGNED 

QUALITY ENGINEERED 
TO YOUR SPECIFICATION 

Whatever your specific system needs may be . . . rigid environmental 
specifications, flat or sloped gain characteristics, special phase shift 
requirements, low noise figure combined with high gain and saturation 
power output . . . turn to Huggins Laboratories Inc. 

Since 1951 Huggins has been the leading supplier of custom designed 
TWTs . . . DEPENDABLE, LONG-LIVED TWTs made to meet the exacting 
design requirements of systems manufacturers the world over. 

If you want the solution to your traveling-wave tube problem, a TWT 
tailored to your specifications in a minimum time and at minimum cost 
. . . contact our Sales Department and join the more than 90 satisfied 
systems manufacturers whose TWT needs are currently served by 

Huggins Laboratories Inc. 

X 6
manufacture 
development 
enqinee 
desiqn 

research 

LABO^ 

LABORATORIES, INC. 

999 East Arques Avenue, Sunnyvale, California REgent 6 9330 
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?YLON 

BROADBAND 
VERTICAL 
RADIATORS for frequency ranges from 2 to 6 me. 

4.5 to 13.5 mc.-11 to 33 mc.-or similar ranges 

A multi-frequency service radiator requiring no matching equipment 
ADVANTAGES 

• Extremely constant input impedance 
over a wide frequency range. 

• Power handling capacity to 150 kw. or 
more. 

• Radiation performance equal to, or 
better than a conventional radiator 
without the need of impedance match¬ 
ing equipment. 

WIND TURBINE COMPANY 
WEST CHESTER, PA. 

Phone.- OWen 6-3110 

TRYLON TOWER AND ANTENNA SYSTEMS 

• RESEARCH • MANUFACTURE 

• DEVELOPMENT • INSTALLATION 

Write, wire or phone for information or application to your requirements. 

Send for your FREE 

1QC9 heathkit 
lUUL CATALOG 
The world's biggest kit catalog 

SUBMINIATURE 
COAXIAL 

R F CONNECTORS 

IRE PeopleJ^ 

(Continued from page 67A) 

velopment efforts which resulted in the 
development of three new product lines. 

He was also a member of the technical 
{ staff of the Bell Telephone Laboratories, 

where he performed extensive work in the 
j properties of semiconductor materials and 
j semiconductor devices. He was responsible 
I for the development of the solar energy 
I converter and an extremely efficient silicon 
I power rectifier. 

Dr. Prince received the Ph. I), degree 
j in physics in 1951 from the Massachusetts 
I Institute of Technology. He is a member of 
I the American Physical Society, Sigma Xi, 
j the Association for Applied Solar Energy. 
I and the Electrochemical Society. 

The appointment of William P. 
Schneider (M’55) as manager of engineer¬ 
ing for Electrodynamic Instrument Cor¬ 
poration, Houston, 
Tex. was announced 
recently. He will 
direct the firm’s 
engineering research 
and design pro¬ 
grams in the fields 
of geophysical in¬ 
strumentation, elec¬ 
tronic components 
and subsystems, 
and oceanographic 
instrumentation. 
He was formerly a 

W. P. Schneider 

ments, Amateur Radio, Marine, Educational 
and General Interest items that we guarantee 
you can build. Over 250 different kits illus¬ 
trated with specifications, schematics and 
full descriptions in this new 100 page catalog. 
Send for your free copy today! Send your 
friends’ names too. 

SMALLEST, LIGHTEST, MATCHED 

IMPEDANCE SUBMINIATURE 

CONNECTOR AVAILABLE 

NOW . . . from MICON ... 50 ohm 
connectors available in screw on 
. . . snap on . . . and crimp on types. 
Only MICON offers the most exten¬ 
sive line of matched impedance 
bulkhead, chassis, line and printed 
wiring board connectors. 

project development engineer at Schlum¬ 
berger Well Surveying Corporation. 

He holds both a B.S. degree in mathe¬ 
matics and a B.S. degree in electrical 
engineering from the University of Hous¬ 
ton and a B.S. degree in electrical engi¬ 
neering from Massachusetts Institute of 
Technology. He was named the outstand¬ 
ing student in the school of engineering 
while attending the University of Houston, 
and was awarded a graduate fellowship at 
MIT for “high scholastic attainment and 
promise of professional competence.” 
He taught at the University of Houston 
after graduating from MIT, then returned 
to MI T to join its research staff, where he 
worked on Project Lincoln. 

Mr. Schneider is a member of Phi 
Kappa Phi, Sigma Xi, and the Engineers 
Council of Houston. 

World’s Largest Manufacturer of Electronic Kits 

HEATH COMPANY 
Benton Harbor 4, Michigan 

Please send FREE 1962 Heathkit Catalog 

NAME 

ADDRESS 

CITY_ _ZONE STATE 
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MICON ELECTRONICS, ,NC 
ROOSEVELT FIELD. 

GARDEN CITY. L. I . NEW YORK 
a wholly owned subsidiary of Metalcroft, Inc. 

Dr. Jacob Shekel (A’52-M’55-SM’57) 
for the last four years head of the elec-

I tronics division of the Israel Ministry of 
Defense, has joined the development staff 

I of Spencer-Kennedy Laboratories, Inc., 
Boston, Mass. Dr. Shekel was with SKI. 
during his doctoral studies at M.I.T. and 
rejoins the organization as Director of 

I Instrument Development. He is a former 
! Chairman (1960) of the Israel section of 

the IRE. 
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The appointment of Donald O. 
Schwennesen (A’43-M’55) as Vice Presi¬ 
dent in charge of the Pacific Division of 

SHOWN ACTUAL SIZE 

The Arnold Engi¬ 
neering Company 
■vas announced 
ecently . In this 
lewly created posi-
ion Mr. Schwen-
lesen will make his 
teadquarters at Ar-
lold’s manufactur-
ng plant at Fuller¬ 
ton, Calif. He was 
ormerly a Vice 
President of Mag¬ 
netic Metals Com-

D.O.Schwennesen 

pany, Camden, N. J. 
He is a graduate of Illinois Institute of 

Technology, Chicago, formerly Armour 
Institute of Technology, with a Degree in 
Electrical Engineering, and has done 
post-graduate study at Armour Institute 
of Technology and at Northwestern Uni¬ 
versity. From 1935 until 1955, he was 
employed by Chicago Standard Trans¬ 
former Company, working his way up 
from Laboratory Engineer to Vice Presi¬ 
dent of Engineering and Sales. Mr. 
Schwennesen is a member of the American 
Institute of Electrical Engineers. 

The advancement of William P. 
Shvidrik (S’57--M'61) to technical director 
of Hayden Advertising Inc., Montclair, 
N . J. was a n -
nounced recently. 
He joined the 
agency a year ago 
as product informa¬ 
tion adviser and 
writer in the fields 
of electronics, non¬ 
destructive testing, 
industrial process 
controls, metal¬ 
lurgy, microwave 
equipment and an¬ 
tenna systems. His 

W. P. Shvidkik 

new post will involve technical copy super¬ 
vision as well as product research for the 
agency’s industrial and specialty con¬ 
sumer accounts. He came to Hayden from 
ITT Federal Laboratories, Clifton, N. J. 
As an electrical engineer in the reliability 
group there, he evaluated components de¬ 
veloped for ITT’s airborne communica¬ 
tions equipment,, including high-frequency 
power tubes, cavities, motors and controls 
used in DMET and TACAN programs, 
the advanced navigational aids in use to¬ 
day by both civilian and military aircraft. 

This assignment followed four years in 
the U. S. Navy, where he served as avia¬ 
tion electronics technician, stationed in 
Frankfort, Germany, and at Port Lyautey, 
in French Morocco. Earlier, he attended 
the Navy’s “Annapolis of the Air,” the 
Aviation Electronics School at Memphis, 
Tenn. He has also served as electronic 
technican for Gawler-Knoop Co., elec¬ 
tronic sales engineers of Roseland, N. J. 
He is a graduate of Newark College of 
Engineering and Bound Brook High 
School, where he was a member of its 
Honor Society. 

(Continued on page 70A) 
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SIZE 5 COMPONENTS 
FOR SERVO SYSTEM MINIATURIZATION 

A complete family of Size 5 components for every servo system 
function is now available from Kearfott. Stainless steel housings, 
shafts and bearings protect the units against environmental 
extremes and contribute to stability under shock, vibration, and 
temperature fluctuations. • Standard 26-v, 400-cps excitation. 
• Operating temperature range —55° to +125°C. 

CHARACTERISTICS 
SYNCHROS 

Transmitter 
CIO 0565 100 

Control Transformer 
Low Z-CJO 0555 100 
High Z-CJO 0552 900 

Differential 
CJO 0595 100 

Resolver 
Low Z-CJO 0585 100 

High Z-CJO 0589 100 

VOLTAGE 
(400 cps) 

26 

11.8 

11.8 

11.8 

26 

26 

T.R. 

.454 

1.765 

1.765 

1.154 

1.0 

1.0 

NULL 
(mv) 

34 

34 
34 

34 

34 

34 

ERROR 
(min) 

10 

10 
10 

10 

10 

10 

SERVO MOTORS 
J126-06 J1 26-02 

No-Load Speed 9800 rpm 9800 rpm 
Stall Torque 0.10 in. oz 0.10 in. oz 
Rotor Moment of Inertia 0.175 gm cm2 0.175 gm cm2
Voltage «I /02 (400 cps) 26 /36-CT 26 /26 
Power Input /Phase 1.7 w 1.7 w 

SYNCHRONOUS MOTOR 
CJO 0172 200 

Pull-In Torque 0.06 in. oz 
Pull-Out Torque 0.10 in. oz 
Pull-Out Power 4 w 

MOTOR GENERATORS 
MOTOR. 

Voltage <t>\ /<p2 (400 cps) 
Power /0 
No-Load Speed 
Stall Torque 

GENERATOR 

Voltage (400 cps) 
Volts/1000 RPM 
Null 

CJ4 0812001 

26/36-CT 
1 5 w 
8000 rpm 
0.10 in. oz 

26 V 
0.1 V 
1.3 mv 

CJ00812650 
26/36-CT 
1 5 w 
8000 rpm 
0.10 in. oz 

26 V 
0.1 V 
10 mv 

CJO 081 3200 
26/26 
1.5 w 
8000 rpm 
0.10 in. oz 

26 v 
0.5 V 
6.7 mv 

Size 5 gearheads range in reduction ratios from 20:1 to 1019:1 for servomotors 
and motor tachometers above. In addition to Size 5 clutches, brakes, and brake¬ 
clutches, Size 6 are available. 

Write for complete data 

KEARFOTT DIVISION 
GENERAL PRECISION, INC. 

Little Falls, New Jersey 
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Delay Lines 
fabricated of 
PHELPS DODGE 

STYROFLEX SPIRAFIL 
FOAMFLEX COAXIAL CABLE 

(Continued from poge 6(>A) 

A-T can supply Delay 
Lines fabricated of 
any Phelps Dodge 
coaxial cable from 
%" diameter through 
1%" diameter in 
compact packages 
to suit your needs. 
Here is accuracy 
within +.02 nano¬ 
seconds ... broader 
band operation . . . 
lower attenuation 
and greater stability. 

Write for 
free catalog 

The General Microwave Corporation 
announces the appointment of Leonard O. 
Sweet (S’51-A’53-M’58) to the post of 
Chief Microwave 
Engineer. In this 
capacity, he is di¬ 
rectly responsible 
for all aspects of 
microwave engi¬ 
neering effort, en¬ 
compassing both 
external and com¬ 
pany-sponsored 
programs. 

He received the 
degree of Bachelor 
of Electrical Engi-

!.. O. Sweet 

A-T ELECTRONICS. INC. 
11 Lawrence Street, New Haven 8, Conn. 

FABRICATORS- DISTRIBUTORS 
OF PHELPS DODGE 
COAXIAL CABLE 

neering in 1951 from the College of the 
City of New York and the degree of Master 
of Electrical Engineering from the Poly¬ 
technic Institute of Brooklyn in 1952. He is 
currently continuing his studies towards a 
doctoral degree in Electro-Physics at the 
Polytechnic Institute of Brooklyn. From 
1951 to 1953 and 1955 to 1956, he was 
employed at the Microwave Research 
Institute of the Polytechnic Institute of 
Brooklyn as a Research Associate. His 
work dealt primarily with the evaluation 
of existing methods of microwave power 
measurement and the development of ab¬ 
solute calorimetric standards for the 

STANDING WAVE RATIO INDICATOR 
The TMC Model SWR-1K (IM-1Ó6/URT) is a multi-purpose instrument 

which will instantaneously provide visual indications of Forward Power, 
Reflected Power, and Voltage Standing Wave Ratio. 

The SWR-1K may be used in any 50 or 70 ohm unbalanced transmission 
system covering 2-30 MCS with average powers up to 1000 watts. 

The SWR-1 K is used as an operational and maintenance tool at trans¬ 
mitter stations and in electronic plants for production testing of transmitters 
and in laboratories for RF transmission system measurements. 

For additional information about the SWR-1 K and other test equipment, 
please contact TMC Test Equipment Division, Mamaroneck, New York. 

The Test Equipment Division Of 

THE TECHNICAL MATERIEL CORPORATION 
Wor/d Wide Suppliers of Electronic Communications Equipment 

and Subsidiaries MAMARONECK, NEW YORK 
OTTAWA, CANADA.ALEXANDRIA, VIRGINIA. GARLAND, TEXAS.LA MESA, CALIFORNIA. POMPANO BEACH, FLORIDA 
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measurement of such power. Prior to 
joining General Microwave Corporation, 
he was employed at PRD Electronics, Inc. 
from 1956 to 1961, where he headed the 
Microwave Section responsible for all 
microwave special order work and product 
development for catalog sales. From 1953 
to 1955, he served as a First Lieutenant 
in the United States Air Force at Eglin 
Air Force Base, Florida. He conducted 
flight tests of high speed bombing and 
navigation computers and coordinated 
efforts of the numerous support personnel 
involved in such a project. 

Mr. Sweet is a member of Sigma Xi. 

The Antenna and Microwave Depart¬ 
ment of TRG Inc., Somerville, Mass., an¬ 
nounces the formation of TRG-West, a 
new division to be located in the Stanford 
area of California This division will 
specialize in applied electromagnetic the¬ 
ory, antennas, microwave components and 
quantum electronics. Dr. Robert L. Tanner 
(S’51-A’52-SM’56) has been appointed 
Vice President of the division, and Dr. 
Edward M. T. Jones (S’45-A’51-M'55-
SM'56) will be the Director of Research. 

Dr. Tanner was formerly Head of the 
Electromagnetic Sciences Group at the 
Electromagnetics Laboratory of Stanford 
Research Institute where his interests em¬ 
braced a number of areas in the field of 
antennas and related systems problems. 
Dr. Jones also came from the Stanford 
Research Institute where he was Head of 
the Microwave Group of the Electro¬ 
magnetics Laboratory. His fields of 
specialty include both low and high power 
microwave filters, microwave antennas, 
strip-line components, directional couplers 
and parametric amplifiers. 

Both are members of Sigma Xi and the 
Scientific Research Society of America. 

The appointment of James R. Weiner 
(S’41-A’47-SM’54) as associated manager 
of the guidance and controls division of 
Hughes Aircraft 
Company's aero¬ 
space group was 
announced recent¬ 
ly. He was formerly 
vice president of en¬ 
gineering for Philco 
Corporation’s gov¬ 
ernment and indus¬ 
trial group in Phila¬ 
delphia, where he 
was responsible for 
the coordination of 
the engineering and 
development work 
within the group. 

J. R. Weiner 

of the five divisions 

Mr. Weiner received his bachelor of 
science degree in engineering physics from 
the University of Illinois and his master of 
electrical engineering degree from Poly¬ 
technic Institute of Brooklyn, and did 
further graduate work at Massachusetts 
Institute of Technology and Harvard 
University. He is a member of numerous 
technical societies and has served as a con¬ 
sultant for the Department of Defense. 

(Continued on page 7 2 A) 
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VERSATILITY 
... for pulse-sampling applications ... for transistor-rise¬ 
time testing ... for semiconductor-diode-recovery-time 
studies ... for strain-gage and other transducer measure¬ 
ments ... for differential-comparator displays ... for 
multiple-trace work in general laboratory experiments. 
... for single-shot or recurrent or triggered main-sweep 
presentations ... for either conventional or triggered jitter-
free delayed-sweep presentations. 
With one of 17 plug-in units, the Tektronix Type 545A Oscil¬ 
loscope holds the capabilities for displaying simply and re¬ 
liably almost any dc-to-30 me signal in almost any lab¬ 
oratory application. 
And an operational amplifier soon available will even 
further widen the scope of Type 545A Oscilloscope meas¬ 
urements—through its capabilities for integration, differen¬ 
tiation, amplification, summation, other operations for 
medium and high-frequency applications. 

RELIABILITY 
.. . from a company that has originated its own designs in 
over 50 different laboratory oscilloscopes—incorporating 
many special components designed and made by Tek¬ 
tronix to provide optimum performance and assure con¬ 
tinuing reliability. 
.. . from a company that has specialized in manufacturing 
ONLY laboratory oscilloscopes and associated instrumen¬ 
tation. 
.. . from a company that has emphasized quality in design 
for quality in performance for 15 years. 

CONTINUING ASSISTANCE 
And to maintain high performance, Tektronix backs up 
every Type 545A Oscilloscope with comprehensive field 
services from 36 Field Offices and 20 Repair Centers 
throughout the United States and Canada. For Tektronix 
believes that a manufacturer's responsibility to the user of 
his product continues throughout the life of the instrument. 

Type 545A performance characteristics include: Risetime of 
12 nanoseconds—with fast-rise Plug-in Units. Calibrated 
Sweep Range of 0.1 jusec/cm to 5 sec/cm. Calibrated Sweep 
Delay frem 1 ¿¡sec to 10 seconds. 
Other Tektronix features include: Single Sweep (for Time 
Base A). 5X-Magnifier. 10-KV Accelerating Potential. Ampli¬ 
tude Calibrator. Electronically-regulated Power Supplies. 
Type 545A (without plug-in units) . $1550 
Type CA Dual-Trace Plug-In Unit (as illustrated) . . . $250 

U.S. Sales Prices f.o.b. Beaverton, Oregon 

Call your Tektronix Field Engineer 
for a demonstration of the versatile 
and reliable Type 545A Oscilloscope 
in your own application. 

Tektronix, Inc. P. O. BOX 500 • BEAVERTON. OREGON / Mitchell 4-0161 • TWX-BEAV 311 • Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES: Albuquerque. N. Mex. • Atlanta. Ga. • Baltimore (Towson) Md. • Boston (Lexington) Mass. • Buffalo, N.Y. • Chicago (Park Ridge) III. • Cleveland, Ohio • Dallas, Texas • Dayton, Ohio 
Denver. Colo. • Detroit (Lathrup Village) Mich. . Endicott (Endwell. N.Y. • Greensboro. N.C. • Houston. Texas • Indianapolis. Ind. • Kansas City (Mission) Kan. . Los Angeles. Calif. Area (East Los Angeles 
Encino • West Los Angeles) • Minneapolis. Minn. • Montreal. Quebec. Canada • New York City Area (Albertson. L.I., N.Y. • Stamford. Conn. • Union. N.J.) • Orlando. Fla. • Philadelphia. Pa. • Phoenix (Scottsdale) Ariz, 
Portland. Oreg. • Pougf keepsie, N.Y. • San Diego, Calif. • San Francisco. Calif. Area (Lafayette, Palo Alto) • Seattle. Wash. • Syracuse. N.Y. • Toronto (Willowdale) Ont.. Canada • Washington. D.C. (Annandale. Va.). 

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu. Hawaii. Tektronix is represented in twenty-five overseas countries by qualified engineering organizations. 
European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G.. Terrassenweg 1 A. Zug. Switzerland, for the name of your local engineering representative. 
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 
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(Continued from (age 70A) 

Section 
Meetings 

BROADBAND 
HIGH FREQUENCY 

MATCHING 

TRANSFORMERS 
(1 KW to 20 KW) 

Dr. S. Dean Wanlass (S'44-A’53-
M’58), one of the nation’s top electronics 
scientists, has been elected president of 
Packard Bell Computer Corporation, it 
was announced recently. In addition to 
his new post, he will continue to serve as 
group vice president—Defense and In-

I dustrial Group of the parent Packard 
I Bell Electronics Corporation. 

One of the other new officers named by 
the board was Kenneth R. Jackson 
(M’46-SM’54) vice president and director 
of administration. 

Unbalance to Balance 
or Vice-Versa and 

Impedance Matching ... 

William J. Weisz, (S’48-A’49-M’53-
SM’60) Manager of Mobile and Portable 
Communications Products in the Com¬ 
munications Division, has been elected 
Vice President, Communications Products 
of Motorola, Inc., Communications Divi¬ 
sion. A 1948 graduate of Massachusetts 
Institute of Technology in Electrical Engi¬ 
neering, he joined Motorola that year and 
was appointed Manager of the Subminia¬ 
ture Equipment Engineering Section in 
1952. He became Product Manager for 
Portable Communications products in 
1954, Chief Engineer for two-way mobile 
and portable products in 1956, and Man¬ 
ager of that department in 1958. 

Mr. Weisz is a member, American 
Institute of Electrical Engineers and has 
represented Motorola on various com¬ 
mittees of the Electronics Industry Asso¬ 
ciation. 

Frequency range: 2 to 30 me. 

Power ratings: 1KW, 5KW 
and 20KW. 

These high frequency trans¬ 
formers are ideal for matching 
unbalanced radio transmitter 
outputs to balanced amplifiers 
and balanced antennas. Stand¬ 
ard impedance transformations: 
50 to 70 ohms unbalanced to 
150, 300 or 600 ohms balanced 
as required. Other impedance 
ratios available on special order. 

Low insertion loss — low 
SWR — good balance. 

Pioneers in the development 
of baluns and unique RF coup¬ 
ling devices B&W again sets a 
standard. 
Drop us a card requesting 

Spec Sheet. 

BARKER & WILLIAMSON, Inc. 
qjodin Communicotion Pquipment SiNX 1912 

BRISTOL. PENNSYLVANIA • STillw.ll 8 5881 

Industrial M 
Engineering Notes 

(Continued from pune 38A) 

empirical data in order to provide scien¬ 
tists with primary information applicable 
to immediate problems. Target time for 
information retrieval woidd be on the order 
of minutes for simple questions, ranging 
upward to a few hours for more complex 
searches. Background, “fill-in” information 
chores would be left to existing libraries. 
A report describing the proposed system, 
“Considerations and Recommendations 
for Developing a Materials Information 
Processing Capability,” by Belfour En¬ 
gineering Co. for Wright Air Development 
Division is available from OTS, U. S. De¬ 
partment of Commerce, Washington 25, 
D. C. Price 50 cents. Order AD 258 643. 

; ... A new OTS Selective Bibliography 
I listing U. S. government and military re¬ 

search reports, translations, and other 
! technical documents on data processing 

and programming has been published by 
the Office of Technical Services, U. S. 
Department of Commerce, Washington 
25, D. C. The bibliography, which may be 

I purchased from OTS for 10 cents is: 
SB-474 “Data Processing and Program-

I ming.” 

Akron 

“Machines that Think & People that Don't," 
J. E. Steele, Wright-Patterson AFB; 9/19/61. 

Alamogordo-Holloman 

“The 1000 Foot Spherical Reflector Antenna 
at Arecibo, Puerto Rico," B. G. Hagaman, Deco 
Electronics, Joint with American Rocket Society; 
10/17/61. 

Albuquerque-Los Alamos 

“On Computers," E. A. Voorhees, Los Alamos 
Scientific Lab.; “History of Los Alamos," Peggy P. 
Church, Author; Tour of “Stretch" Computer Fa¬ 
cilities; 10/20/61. 

Anchorage 

Talk by Ted Young, Chairman, on his trip to 
IRE Headquarters; 10/2/61. 

Atlanta 

“Electronics in Medicine,” H. L. Williams, 
Emory University; 10/27/61. 

Bay of Quinte 

“Radio Telescopes," R. M. Chisholm, Queen's 
University, Kingston, Ont.; 10/18/61. 

Beaumont-Port Arthur 

“RF Interference,” E. Coburn, U.S. Govern¬ 
ment; “Dynamic Resistance Test of Spot Welds," 
L. Cherry, Lamar College; 10/10/61. 

“Modern Laboratory Oscilloscopes," R. D. 
Patterson, Tektronix, Inc.; 11/7/61. 

Benelux 

Trip to Radioastronomy Station at Humain, 
Belgium, R. J. Coutrez, Observatoire Royal de 
Belgique; 10/27/61. 

“Realisabilite des filtres sans inductance mu¬ 
tuelle,” J. Meinguet, University of Louvain; “Basic 
Network Elements for the Synthesis of Non-Linear 
Systems,” S. Duinker, Philijis Research Lab.; 
“Contributions to Crystal Filter Design," M. A. 
Fettweis, Bell Telephone; “Circuits Electriques a 
Paramétrés Complexes," M. O. Beaufays, Univer¬ 
sity of Bruxelles; 10/28/61. 

Binghamton 

“Optical Masers," P. P. Kisliuk, Bell Tele¬ 
phone Labs.; 9/11/61. 

“Communication Satellites," P. II. Sawitz, In¬ 
stitute for Defense Analyses; 10/16/61. 

Buffalo-Niagara 

Tour of new Niagara Power Project; 9/23/61. 
“Field Effect Transistors,” L. J. Sevin, Texas 

Instruments; 10/18/61. 

Chicago 

“Electromagnetic Compatibility Analysis Cen¬ 
ter," S. Cohn, Director, Technical Operations, 
Annapolis; 11/10/61. 

Cincinnati 

“A Reverberation Scheme For Baldwin Elec¬ 
tronic Organ,” A. Bissonette, Baldwin Piano Co.; 
9/19/61. 

“The Laser and Quantum Electronics,” L. 
Seidenstein, Avco Corp.; 10/17/61. 

Colombia 

“Measurement of Radiation," R. Yusti, In¬ 
stilo Colombiano Asuntos Nucleares- Bogota; 
7/14/61. 

“Tunnel Diode," W. Westphal, Universidad 
Javeriana; 11/9/61. 

(Continued on page 74A) 

71k WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE January, 1962 



Snap-in 

removable 

crimp contacts 
FROM THE ORIGINATOR 

OF THE GOLDEN-D 

CANNON Golden-D Mark II Subminiature, the crimp snap-in version of the 
famous "D” line, is available for immediate delivery! M MATES WITH 
ORIGINAL D ■ MONOBLOC INSULATORS ■ SNAP-IN REMOVABLE 
CRIMP CONTACTS DESIGNED TO MS 3190 ■ CADMIUM PLATED, 

SUBMINIATURE GOLD IRIDITE FINISH SHELLS ■ FIVE SIZES WITH 9, 15, 25, 37, 
and 50 CONTACTS ■ PROBE-PROOF CLOSED ENTRY SOCKET 
CONTACTS ■ LOW ASSEMBLY COST 
FOR THE USER. Wherever maximum 

AAI VA I* A| VA reliability is needed in a subminiature multicontact plug — 
1*111 NIL II for both military and industrial applications —specify the 

IW ■ I J Golden-D Mark II. ..it is engineered to deliver superior 
“ BB BV ■ ■ BB performance by the world's most experienced manufacturer 

MARK II of electrical connectors. Write for D-8 Catalog. 

CANNON ELECTRIC COMPANY, 3208 Humboldt Street, 

CANNON 
©PLUGS 

Los Angeles 31, California 
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Another 
reliable 
GENERAL 
MAGNETICS 
MAG MOD” 
Miniature 

«»MAGNETIC 

MODULATOR 

Section 
Meetings 

(Continued from page 72A) 

Specifically designed to deliver an analog output 
voltage which is the continuous product of two 
variable input voltages. One of these is an excita¬ 
tion voltage which varies over a pre determined 
range; in this case, 0 to 1 VRMS 400 cycles per 
second. The other signal is a DC current which 
varies between 0 and ± 400 na. The output volt¬ 
age is 400 cycles AC, and is always in phase or 
180° out of phase with the variable excitation or 
fixed reference, i.e., in phase when the variable 
amplitude DC signal is positive, and 180° out of 
phase when the DC signal is negative. 

TYPE MCM 515-1 SHOWN ACTUAL SIZE. COMPLETELY RUGGEDIZED, 
VIRTUALLY SHOCK AND VIBRATION PROOF. WEIGHS ONLY ONE 0Z. 

Continuous Accuracy 
within ± 5% of Theo¬ 
retical Product over 
the entire Ambient 
Temperature Range 

THERE IS NO SUBSTITUTE FOR 
Specify "MAG MOD" miniature 
components for infinite life, faster 
response time, negligible hyster¬ 
esis and extreme stability. Call 
or write for new Brochure 102 on 
"MAG MOD" Miniaturized Mag¬ 
netic Modulators and Magnetic 
Multiplying Modulators. 

RELIABILITY ! 

General Magnetics • Inc 
135 BLOOMFIELD AVENUE 
BLOOMFIELD, NEW JERSEY 
Telephone: Pilgrim 8-2400 

IREASHOW 
presenting 

"THE GOLDEN 

Columbus 

“Micrologic Elements," R. Schulz and R. Ma¬ 
jor, Fairchild Semiconductor Corp.; 10/19/61. 

Dallas 

“Some Color Slide and Color Television Experi¬ 
ments Using the Land Technique," W. L. Hughes, 
Oklahoma State University; 10/31/61. 

Denver 

A report on the design and test of extra-high 
voltage lines at high altitudes and the final con¬ 
struction of the first 240,000 volt line in the Rocky 
Mountain area, Mr. Robertson and Mr. Farns¬ 
worth, Public Service Co. of Colorado; 10/13/61. 

Elmira-Corning 

“Getters," P. D. Porta, SAES, Italy; 10/9/61. 
“Thin Film Circuitry," D. McLean, Bell Tele¬ 

phone Labs.; 11/13/61. 

Evansville-Owensboro 

Tour of Dewey & Almy Chemical Plant; 
11/8/61. 

Florida West Coast 

“Low-noise Microwave Parametric Ampli¬ 
fiers,” G. P. Rodrigue, Sperry Microwave Elec¬ 
tronics Co.; 10/18/61. 

“Graduate Technical Education in the Golden 
Triangle—What Lies Ahead,” panel discussion mod¬ 
erated by J. S. Allen, Panel members—M. Bier, 
Board of Control, L. E. Grinter, Univ, of Florida, 
J. H. Leutwiler, Sperry Microwave Elect. Co., 
S. D. Sanson, N. K. Winston-Sanson Florida Corp., 
J. Weil, University of Florida; 11/8/61. 

Fort Huachuca 

“Area Transforms," W. Brown, University of 
Michigan; 10/23/61. 

Fort Worth 

“Thin Film Circuits Ready for Production," 
W. O. Faith. Varo, Inc.; 10/10/61. 

Gainesville 

“Parametric Amplifiers," W. H. Louisell, Bell 
Telephone Labs.; 11/8/61. 

DDE OF 
ELECTRONES” 
March 26-29, 1962 

The New York Coliseum 
... part of the 

International Convention of the IRE 
The Institute off Radio Engineers 

1 East 79th Street • New York 21 

Members $1.00. Non-members $3.00. Age limit: over 18 

Hamilton 

“Semiconductors—State of the Art,” L. J. 
Sevin, Texas Instruments; 10/18/61. 

“Electronic Engineers Stake in Canada,” G. P. 
Adamson, Cdn. Westinghouse Co.; 11/6/61. 

Hawaii 

“Reliability in Systems,” A. Graps, Jr., Qual¬ 
ity Evaluation Lab. USN; 8/9/61. 

“Compatible Stereo-Multiplex," D. H. Dash¬ 
iell, Bureau of Ships, USN; 9/13/61. 

“Airglow Zodiacal Light Studies on Halea-
kala,” W. R. Steiger, University of Hawaii; 
10/11/61. 

“Recent Developments in Aerial Surveillance, 
Air Radar, Drone System, Air Infra-Red and Air 
Photo,” J. A. Godbey & D. Coen, Schefield Bar¬ 
racks, U.S. Army; 11/8/61. 

Houston 

“Electronic Seismometers,” L. Erath, Erath, 
Inc.; 9/20/61. 

“Quantized Flux in Superconductors," H. E. 
Rorschach, Rice University; 10/17/61. 
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Huntsville 

“Pert,” H. A. Matheny, Brown Engineering 
?O.; 10/26/61. 

Indianapolis 

Tour of Teleonic Industries, Inc. Plant facility, 
\ Abbott, Pres.; 10/26/61. 

Israel 

“Stabilized Satellite Equipped with Telescope 
Television Camera and Computer for Ultraviolet 
Astronomical Observation,” E. Arazi, M.I.T. & 
Smithsonian Astrophysical Observation; 8/24/61. 

Ithaca 

“Radio Astronomy at the Paris Observatory,” 
M. H. Cohen, Cornell University; 11/9/61. 

Kansas City 

“Tunnel Diode Applications,” E. Gottlieb, 
General Electric; 10/12/61. 

Kitchener-Waterloo 

“Exploring Space with Radio Waves,” P. M. 
Millman, National Research Council; 10/16 61. 

Long Island 

“Fundamental Characteristics of Hydrofoil 
Craft,” J. K. Roper, Grumman Aircraft Engrg. 
Corp., Movie: “The Americas’ Cup Races”; 
9/12/61. 

“Introduction to Molecular Electronic Engi¬ 
neering,” A. von Hippel, Mass. Institute of Tech¬ 
nology; 10/19/61. 

“Analysis and Synthesis of Molecular Sys¬ 
tems,” T. D. Callinan, IBM; 10/26/61. 

“Molecular Electronics—A Key to Relia¬ 
bility,” H. V. Noble, Wright Air Devel. Div.; 
11/2/61. 

Los Angeles 

“Can Our Electronic Engineering Resources 
Meet the Future Challenge?” J. M. Bridges, Dept, 
of Defense, Joint meeting with Los Angeles Chap¬ 
ter PGMIL; 10/20/61. 

Milwaukee 

“Biomedical Electronics,” S. Larks, Marquette 
University; 10/17/61. 

Mobile 

“Computer Programming For Engineers,” J. 
Jones, IBM Corp; 6/30/61. 

Film—Air Force Missiles’ Mission; 9/29/61. 

Montreal 

Tour of Laval Institute; 9/20/61. 

New York 

“Communications and Trailing Aspects of 
Project Mercury,” R. M. Goetchius; 11/1/61. 

Northern Alberta 

“Some New Electronic Tubes, Semiconductors 
and Components and Educational Aids,” D. S. 
Simkins, Philips Electronics Industries Limited; 
10/24/61. 

Northern New Jersey 

“How to Use Computers,” W. Fazar, U. S. 
Dept, of Navy; 10/11/61. 

Oklahoma City 

“Revolution in Technology,” L. Berkner, 
President of IRE; 10/23/61. 

“Analog Transformations,” C. E. Harp, Uni¬ 
versity of Oklahoma; 11/13/61. 

Ottawa 

“The New Ottawa Labs, of the Northern 
Electric Co.,” R. E. Tanner, Northern Electric Co. 
after dinner talk, J. C. R. Punchard, Fellow IRE; 
11/9/61. 

(Continued on page 78A) 

Engineers! Designers! 
THERE IS NO SUBSTITUTE 

FOR RELIABILITY! 

Specify — 
PERFORMANCE 

PROVEN “MAG MOD“ 

MAGNETIC 

MODULATORS 
Actual 

Size 

ffl z ñ 
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GM 
For complete 

specifications and 
application data on “Mag Mod" 

Miniature and Standard 
Components, call or write. 

hD 

p| 
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DIALCO 
PILOT LIGHTS 

The Eyes of Your Equipment" 

Miniaturized design permits 
engineers to employ these 
new components in transis¬ 
torized printed circuit as¬ 
semblies and wafer type 
structures. All models offer 
maximum reliability, fully 
ruggedized construction and 
conform to MIL-T-27A speci¬ 
fications. 

• COMPLETE RELIABILITY 
• INFINITE LIFE 
• FASTER RESPONSE TIME 
• NEGLIGIBLE HYSTERESIS 
• EXTREME STABILITY 
(Ambient Temp. Range 
from -75° to 4-135°C) 

• COMPACT SIZE 
• LIGHTWEIGHT 

Typical circuit applications 
for Magnetic Modulators are 
algebraic addition, subtrac¬ 
tion, multiplying, raising to a 
power, controlling amplifier 
gains, mechanical chopper 
replacement in DC to funda¬ 
mental frequency conver¬ 
sion, filtering and low signal 
level amplification. 

GENERAL 
MAGNETICS -INC 
135 BLOOMFIELD AVENUE 
BLOOMFIELD, NEW JERSEY 

Telephone: Pilgrim 8-2400 

INDICATORS 
in a compact “package 

Ready to Install 
in a minimum of space ! 

The DIALCO DATA MATRIX® 
Manufacturing Service aids you 3 ways: 
fl J Supplies ultra-miniature Lamp Holders with 
read-out Lamp Cartridges... (2) Fabricates panels 
to order...(3) Assembles Lamp Holders on panels. 
For computers, data processing equipment, etc. 
Lamp Holders accommodate DIALCO’s 
own Lamp Cartridges. Shown % size: 
Data Matrix No. DM-7538-40 with 40 
Lamp Holders and Cartridges ... Shown 
actual size: Incandescent Cartridge 
No. 39-6-1471 with short cylindrical 
lens; Neon Cartridge No. 38-1531 with 
long cylindrical lens. Many other features. 

Complete details in Brochure L-l 60B. 

Foremost Manufacturer of Pilot Liéhts 

DIAUGHT 
CORPORATION 

60 STEWART AVENUE, BROOKLYN 37, N.Y. • Area Code 212, Hyacinth 7-7600 
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29 Fields of Special Interest-
The 29 Professional Groups are listed below, together with a brief definition of each, the name of 

Aerospace and Navigational 
Electronics 

Annual fee: $3. 

The application of electronics to opera¬ 
tion and traffic control of aircraft and 
to navigation of all craft. 

Mr. George M. Kirkpatrick, Chair¬ 
man. General Electric Co., Syra¬ 
cuse, N.Y. 

40 Transactions, *6. & *9, Vol 1, No. 3; Vol. 
2, No. 1-3; Vol 4, No. 1, 2, 3; Vol, 5, No. 2, 3, 
4: Vol. 6, No. 1, 2, 4; Vol. 7, No. 1, 2, 3, 4; 
Vol. 8, No. 1, 2. 

Antennas and Propagation 

Annual fee: $6. 

Technical advances in antennas and 
wave propagation theory and the utili¬ 
sation of techniques or products of this 
field. 

Dr. Harry Fine, Chairman, Applied 
Propagation Branch FCC, Washing¬ 
ton, D.C. 

38 Transactions, *Vol. A P-2, No. 2; AP-4, 
No. 4; AP-5, No. 1-4; AP-6, No. 1, 2, 3, 4; 
AP-7, No. 1, 2, 3, 4; AP-8, No. 1, 2, 3, 4. 5, 6; 
AP-9, No. 1, 2, 3, 4, 5. 

Audio 
Annual fee: $2. 

Technology of communication at audio 
frequencies and of the audio portion of 
radio frequency systems, including 
acoustic terminations, recording and 
reproduction. 

Prof. Cyril M. Harris, Chairman, 
Columbia University, 632 W. 125 St., 
New York 27, N.Y. 

60 Transactions. Vol. Al'-l. No. 6; *Vol. 
AU-2. No. 4; Vol. AU-3, No. 1. 3, 5; Vol. 
AU-4. No. 1, 5-6; Vol. AU-5. No. 1, 2, 3, 4, 
5, 6; AU-6, No. 1, 2. 3, 4, 5, 6; AU-7, No. 1, 
2, 3, 4, 5, 6; AU-8. No. 1, 2, 3, 4, 5, 6; AU-9, 
No. 1, 2, 3. 4. 

Automatic Control 
Annual fee: $3. 

The theory and application of auto¬ 
matic control techniques including 
feedback control systems. 

Mr. John M. Salzer, Chairman, 909 
Berkeley St., Santa Monica, Calif. 

14 Transactions. PGAC-3-4-5-6, AC-4, No. 1, 
2, 3; AC-5, No. 1, 2, 4; AC-6. No. 1. 2. 3. 

Bio-Medical Electronics 
Annual fee: $3. 

The use of electronic theory and tech¬ 
niques in problems of medicine and 
biology. 

Mr. George N. Webb, Chairman, 
Dept, of Med. Biophysical Div., 
Johns Hopkins Hospital, Baltimore 
5. Md. 

21 Transactions, 8, 9, 11, 12; ME-6, No. 1, 2, 
3, 4; ME-7, No. 2, 3, 4; BME-8, No. 1, 2, 3. 

Broadcast & Television 
Receivers 

Annual tee: $4. 

The design and manufacture of broad¬ 
cast and television receivers and com¬ 
ponents and activities related thereto. 

Mr. Robert R. Thalner, Chairman, 
Sylvania Home Electronics. Batavia, 
N.Y. 

29 Transactions. 7. 8; BTR-1, No. 1-3, 
BTR-2, No. 1-2-3; BTR-3, No. 1-2; BTR-4, 
No. 2, 3-4; BTR-5, No. 1. 2: BTR-6, No. 1. 
2, 3; BTR 7, No. 1. 2. 

Broadcasting 
Annual fee: $2. 

Broadcast transmission systems engi¬ 
neering, including the design and utili¬ 
sation of broadcast equipment. 

Mr. Raymond F. Guy, Chairman, 
264 Franklin St., Haworth, N.J. 

20 Transactions. No. 10, 11, 12, 13, 14; BC-6, 
No. 1, 2, 3,: BC-7, No. 1, 2, 3 

Circuit Theory 
Annual fee: $4. 

Design and theory of operation of cir¬ 
cuits for use in radio and electronic 
equipment. 

Dr. James H. Mulligan, Jr., Chair¬ 
man, College of Eng., New York 
University, New York 53, N.Y. 

31 Transactions, CT-4, No. 3-4; CT-5, No. 1, 
2, 3. 4; CT-6, No. 1, 2, 3, 4; CT-7, No. 2, 3, 4; 
CT-8, No. 1, 2. 

Communications Systems 
Annual fee: $2. 

Radio and wire telephone, telegraph 
and facsimile in marine, aeronautical, 
radio-relay, coaxial cable and fixed sta¬ 
tion services. 

Mr. Ralph L. Marks, Chairman, 
Rome Air Dev. Center, Griffiss AFB, 
N.Y. 

22 Transactions, CS-5, No. 2, 3; CS-6, No. 1, 
2; CS-7, No. 1, 3, 4; CS-8, No. 1, 2. 3. 4; CS-9. 
No. 1, 2. 

Component Parts 
Annual fee: $3. 

The characteristics, limitation, applica¬ 
tions, development, performance and re¬ 
liability of component parts. 

Mr. Floyd E. Wenger, Chairman, 
Headquarters ARDC, Andrews AFB, 
Washington 25, D.C. 

24 Transactions, CP-4, No. 1, 2, 3, 4; CP-5, 
No. 1, 2, 3, 4; CP-6, No. 1, 2, 3, 4; CP-7, No. 1, 
2, 3, 4; CP-8, No. 1, 2. 

Education 
Annual fee: $3. 

To foster improved relations between 
the electronic and affiliated industries 
and schools, colleges, and universities. 

Mr. George E. Moore, Chairman, 
Westinghouse Electric Corp., East 
Pittsburgh, Pa. 

14 Transactions, Vol. E-l, No. 3, 4; E-2, No. 
1, 2, 3, 4; E-3, No. 1, 2, 3, 4; E-4, No. 1, 2. 

Electron Devices 
Annual fee: $3. 

Electron devices, including particularly 
electron tubes and solid state devices. 

Mr. Willis A. Adcock, Chairman, 
Texas Instruments Co., Dallas 9, 
Tex. 

34 Transactions. “Vol. ED-1, No. 3, 4; ED-3, 
No. 2, 4; ED-4, No. 2, 3, 4; ED-5, No. 2. 3, 4; 
ED-6, No. 1. 3; ED-7, No. 2, 3. 4; ED-8, No. 
1,2. 3. 4. 

Electronic Computers 
Annual fee: $4. 

Design and operation of electronic com¬ 
puters. 

Dr. A. A. Cohen, Chairman, Rem-
ington-Rand Unlvac, St. Paul 16, 
Minn. 

39 Transactions. EC-6. No. 2, 3; EC-7, No. 1, 
2, 3, 4; EC-8, No. 1, 2, 3, 4; EC-9, No. 1, 2, 3, 
4; EC-10, No. 1, 2, 3. 

Engineering Management 
Annual fee: $3. 

Engineering management and adminis¬ 
tration as applied to technical, indus¬ 
trial and educational activities in the 
field of electronics. 

Mr. T. W. Jarmie, Chairman, Engi¬ 
neered Electronics, 1441 East Chest¬ 
nut Ave., Santa Ana, Calif. 

22 Transactions, EM-3, No. 2; EM-4, No. 1, 
3, 4; EM-5, No. 1-4 ; EM-6, No. 1. 2, 3; EM-7, 
No. 1, 2, 3, 4; EM-8, No. 1, 2. 

Engineering Writing and Speech 
Annual fee: $3. 

The promotion, study, development, 
and improvement of the techniques of 
preparation, organisation, processing, 
editing, and delivery of any form of 
information in the electronic-engineer¬ 
ing and related fields by and to in¬ 
dividuals and groups by means of direct 
or derived methods of communication. 

John M. Kinn, Jr., Chairman, IBM 
Journal, 545 Madison Ave., New 
York, N.Y. 

9 Transactions, Vol. EWS-1, No. 2; EWS-2, 
No. 1. 2, 3; EWS-3. No. 1; EWS-4, No. 1, 2. 
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-IRE's 29 Professional Groups 
-he group chairman, and publications to date. . indicates pubi¡caHon, .till »vaiiabi. 

Geoscience Electronics 

Annual fee: None 
Research and development in electronic 
instrumentation for geophysics and geo¬ 
chemistry, especially gravity measure¬ 
ments, seismic measurements, magnet¬ 
ics, well-logging, space exploration, 
meteorology, oceanography, etc. 

Human Factors in Electronics 
Annual fee: J2. 

Development and application of human 
factors and knowledge germane to the 
design of electronic equipment. 

Mr. Robert R. Riesz, Chairman, Bell 
Tel. Labs, Murray Hill, NJ. 

4 Transactions, HFE-1, No. 1, 2; HFE-2. 
No. 1, 2. 

Industrial Electronics 

Annual fee: $3. 

Electronics pertaining to control, treat¬ 
ment and measurement, specifically, in 
industrial processes. 

Mr. J. E. Eiselein, Chairman, RCA 
Victor Div., Camden, N. J. 

16 Transactions, *PGIE 1. 3, 5, 6, 7, 8, 9, 10, 
11; IE-7, No. 1. 2, 3; IE-8, No. 1, 2. 

Information Theory 

Annual fee: $4. 
The theoretical and experimental as¬ 
pects of information transmission, 
processing and utilisation. 

Dr. George L. Turin, Chairman, 
Dept, of E. E., Univ, of California, 
Berkeley 4, Calif. 

27 Transactions, PGIT-4, IT-1, No. 3! IT-2, 
No. 3; IT-3, No. 1, 2, 3. 4; IT-4, No. 1, 2, 3, 
4: IT-5, No. 1, 2, 3, 4; IT-6, No. 1, 3, 4, 5; 
IT-7, No. 1, 2. 3. 

Instrumentation 
Annual fee: $3. 

Measurements and instrumentation uti¬ 
lizing electronic techniques. 

Mr. Harvey W. Lance, Chairman, 
Natl. Bureau of Standards. Boulder, 
Colo. 

20 Transactions, PGI-4, Vol. 1-6, No. 2, 3, 4; 
Vol. 1-7, No. 1, 2; Vol. 1-8, No. 1, 2; Vol. 1-9, 
No. 1, 2, 3; Vol. 1-10, No. 1. 

Microwave Theory and 
Techniques 
Annual fee: $3. 

Microwave, theory, microwave circuitry 
and techniques, microwave measure¬ 
ments and the generation and amplifica¬ 
tion of microwaves. 

Mr. Tore N. Anderson, Chairman, 
EMT Corp., Syosett, Long Island, 

37 Transactions, MTT-4, No. 3; MTT-5, 
No. 3, 4; MTT-6, No. 1, 2. 3, 4; MTT-7, 
No. 2, 3, 4; MTT-8, No. 1, 2, 3, 4, 5, 6: 
MTT 9, No. 1, 2, 3. 4. 

Military Electronics 

Annual fee: $2. 

The electronics sciences, systems, ac¬ 
tivities and services germane to the re¬ 
quirements of the military. Aids other 
Professional Groups in liaison with the 
military. 

Mr. Willie L. Doxey, Chairman, EC 
Dept., USASRDL, Fort Monmouth, 
NJ. 

13 Transactions, MIL-1, No. 1; MIL-2, No. 
1; MIL-3, No. 2, 3, 4; MIL-4, No. 2-3, 4; 
MIL-5, No. 1, 2. 3. 

Nuclear Science 
Annual fee: $3. 

Application of electronic techniques and 
devices to the nuclear field. 

Mr. Louis Costrell, Chairman, 
N.B.S., Washington 25, D.C. 

21 Transactions, NS-1, No. 1; NS-4, No. 2: 
NS-5. No. 1, 2, 3; NS-6, No. 1, 2, 3, 4; NS-7, 
No. 1, 2-3, 4; NS-8, No. 1, 2, 3. 

Product Engineering 
& Production 
Annual fee: $2. 

Nezu advances and materials applica¬ 
tions for the improvement of produc¬ 
tion techniques, including automation 
techniques. 

Mr. Alfred R. Gray, Chairman, As-
tronics of Florida, Inc., Orlando, 
Fla. 

8 Transactions, No. 2-3, 4, 5. 6, PEP-5, No. 

Radio Frequency Interference 

Annual fee: $2. 

Origin, effect, control and measurement 
of radio frequency interference. 

Mr. Harold E. Dinger, Chairman, 
Naval Research Lab., Washington 
25. D.C. 

3 Transactions. RFI-1, No. 1, RFI-2, No. 1, 
RFI-3 No. 1. 

Reliability and Quality 
Control 

Annual fee: $3. 
Techniques of determining and con¬ 
trolling the quality of electronic parts 
and equipment during their manufac¬ 
ture. 

Mr L. J. Paddison, Chairman, 
Sandia Corp., Sandia Base, Albu¬ 
querque, N.M. 

21 Transactions, *3, 5, 10, 11, 12, 13, 14, 15, 
RQC-9, No. 1, 2, 3; RQC-10, No. 1, 2. 

Space Electronics and Telemetry 
Annual fee: $3. 

The control of devices and the meas¬ 
urement and recording of data from 
a remote point by radio. 

Mr. Kenneth V. Uglow, Chairman, 
Electro-Mechanical Research Inc., 
Sarasota, Fla. 

19 Transactions. TRC-1, No. 2-3; TRC-2, 
No. 1; TRC-3. No. 2, 3: TRC-4, No. 1; 
SET-5, No. 1, 2, 3, 4; SET-6, No. 1, 2, 3-4; 
SET-7, No. 1. 2, 3. 

Ultrasonics Engineering 

Annual fee: $2. 

Ultrasonic measurements and commu¬ 
nications, including underwater sound, 
ultrasonic delay lines, and various 
chemical and industrial ultrasonic de¬ 
vices. 

Dr. Vincent Salmon, Chairman, 
Stanford Research Inst., Menlo Park, 
Calif. 

10 Transactions, PGUE, 5, 6, 7; UE-7, No. 1. 
2; UE-8, No. 1. 

Vehicular Communications 
Annual fee: $3. 

Communications problems in the field 
of land and mobile radio services, such 
as public safety, public utilities, rail¬ 
roads. commercial and transportation, 
etc. 

Mr. Richard P. Gifford, Chairman, 
General Electric Co., Lynchburg, 

18 Transactions, 5, 8, 9, 10, 11, 12, 13; Vol. 
VC-9, No. 1, 2, 3; Vol-10, No. 1, 2 

ENGINEERS A 
1 East 79th Street, New York 21, N.Y. jjgtUL 

USE THIS COUPON 
Miss Emily Sirjane PG-1-62 
IRE—1 East 79th St., New York 21, N.Y. 

Please enroll me for these IRE Professional 
Groups 

. $ . 

. $ . 

Name. 

Address. 

Place . 

Please enclose remittance with this order. 

Professional group membership is limited to active 
IRE members. 
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Mr. RAFRIN* 
got you stumped? 
Of course it’s too expensive 
to hire full-time RFI Control 
specialists — but with our 
personnel and equipment 
we can get you stump 
jumpin’, fast! We also have 
complete mobile facilities to 
work in the field. Over a 
decade of experience — all 
over the world. An Electro« 
International RFI Control 
Capabilities brochure is 
available. 

'RAdio FRequency interference 
TM 

i ELECTRO INTERNATIONAL 
Box 391, Annapolis, Md. , CO .3-266 1 

I Subsidiary of Electro Instruments, San Diego, Cal. 

(Continued from page 75A) 

Phoenix 

Election of Officers; 6/23/61. 
“Field Effect Transistor," R. M. Warner, 

i Motorola Semiconductor; 9/15/61. 

Quebec 

“High Speed Analog Simulation of Antenna 
I Arrays," J. Gilbert, Canadian Armament R & D 

Establishment; 10 10 61. 

Regina 

Report on National IRE Convention, H. 
Calder, Saskatchewan Power Corp., “Developments 
in Electronic Tubes and Semiconductors,” D. S. 
Simkins, Philips Electronics, Ltd.; 10/19/61. 

Sacramento 

“Australian Communication Systems," R. C. 
Gant, Royal Australian Air Force; 10/21/61. 

Salt Lake 

“MINUTEMAN Solid Propellant Rocket En¬ 
gines," C. W. Kennedy, Thiokol Chemical Corp.; 
10/13/61. 

San Anton io-Austin 

Conference on Telluric and Geomagnetic Field 
Variations; joint with URSI; 10/23-24-25/61. 

San Diego 

“Design Problems of Very Large Antennas,* 
i K. II. Lippett. Telecomputing Corp.; 11/1/61. 

Shreveport 

“Satellite Communications," J. M. Doyle, 
AT&T: 10/3/61. 

South Bend-Mishawaka 

Tour of Drewrys Plant, D. Howell and W. 
I Trenerry, Drewrys Limited; 9/28/61. 

Southern Alberta 

“Some New Electronic Tubes, Semiconductors 
and Components and Educational Aids,” D. S. 
Simkins, Philips Electronics, Ind., Ltd.; 10/20/61. 

Syracuse 

“Magnetohydrodynamics,” D. H. Marquis, 
1 General Electric Co.; 10/16/61. 

Toledo 

“The Selection and proper use of the Oscillo¬ 
scope," C. W. Spencer, Tektronix, Inc.; 10/24/61. 

Toronto 

“Infrared Radiation," H. Gush, University of 
Toronto; 11/13/61. 

Tucson 

“Army Spectrum Signatures,” E. Rivera, Bell 
I Aerosystems Co.; 9/20/61. 

Tulsa 

“The Possibility of Simplifying Color TV 
I Transmission,” W. L. Hughes, School of Electrical 
I Engineering; 10/12/61. 

“Radioactive Fallout—Its Chemical Composi¬ 
tion, Propagation, Safeguards, etc.,” J. West, Okla¬ 
homa State University; 11/9/61. 

Vancouver 

“Space Communications,” Dr. Berkner. Presi-
I dent, IRE; 10/12/61. 

Virginia 

“Analog Computer Applications,” L. J. Lane, 
General Electric Co.; 10/6/61. 

“F.M. Stereophonic Broadcasting,” C. G. 
Eilers, Zenith Radio Corp.; 10/20/61. 

“Communications for Mercury Capsule,” L. 
Leopold, NASA; 10/27/61. 

Western Massachusetts 

“Stereo Hi-Fi and Stereo F-M," D. R. Von Reck¬ 
linghausen, H. II. Scott, Inc.; 9/26/61. 

Proposed Merger AI EE and IRE, moderator 
—R. II. Shupe; 10/30/61. 

SUBSECTIONS 

Catskill 

“The Role of Electronics in Highways and 
Autos of the Future,” G. W. Gray, RCA Labs.; 
10/25/61. 

Eastern North Carolina 

“Direct Distance Dialing," C. A. Jolly, South¬ 
ern Bell Tel. & Tel. Co.; 10/13/61. 

Lancaster 

“Air Surveillance and Required Communica¬ 
tions for Air Traffic Control,” D. W. Tisdale, Fed¬ 
eral Aviation Agency; 10/18/61. 

Mid-Hudson 

“Thin Film Memories,” F. L. Post. IBM Com¬ 
ponents Div.: 10/17/61. 

Monmouth 

“Micron Size Field Emission Devices," L. N. 
Heynick, U. S. Army; 10/18/61 

Pikes Peak 

“Hearing and Hearing Experiments,” J. Vic¬ 
toreen, Victoreen Labs.; 10/18/61. 

Victoria 

“Fun and Frolic with Fearsome Filters,” R. 
Weir, Defence Research Board; 9/27/61. 

“Advances in Space Science,” G. Odgers, 
Dominion Astrophysical Observatory; 10/25/61. 

Western North Carolina 

“Survival In The Atomic .Age,” K. Williams, 
City of Charlotte and Mecklenburg Co.; 10/27/61. 

The following transfers and admissions 
have been approved and are now ef¬ 
fective: 

Transfer to Senior Member 
Ball, L. F., Oadby, Leicester, England 
Benjamin, C. E., Pittsburgh, Pa. 
Chimera, A. J., Buffalo, N. Y. 
Cohn, M., Timonium, Md. 
Egger, R. J., Detroit, Mich. 
Lambert, J. S., Albuquerque, N. M. 
Levine, S., Westport, Conn. 
Radsliff, J. L., Topeka, Kans. 
Sites, F. J., Eglin AFB, Fla. 

Admission to Senior Member 
Alfred, D. L., Chatham, N. J. 
Bigbie, C. R., Thousand Oaks, Calif. 
Block, T. S., Oceanside, L. L, N. Y. 
Bowers, K. D., Murray Hill, N. J. 
Clapiær, G. L., Vestal, N. Y. 
Deapen, J. A., Jr., Cleburne, Tex. 
Debacker, T. A., Bethesda, Md. 
Dougherty, J. J., Silver Spring, Md. 
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I nd resen, K., Lillestrom, Norway 
I ischer, F. C., Westminster, Calif. 
Foote, E. W., Santa Monica, Calif. 
( reen, J. H., Jr., Richardson, Tex. 
Euber, F., Valley Stream, L. I., N. Y. 
Kawiecki, C. J., Chicago, Ill. 
LaVan, J. T., Philadelphia, Pa. 
Lienesch, J. P., Foxboro, Mass, 
í^ankervis, B. J., Lake Jackson, Tex. 
Pierstorff, B. C , Sudbury, Mass. 
Stemmer, C. P., Little Neck, L. I., N. Y. 
Warchol, E. J., Portland, Ore. 
Wilson, L. E., Laurel, Md. 
Wist, A. O., Great Neck, L. I., N. Y. 

Transfer to Member 
larton, J. R., Chelmsford, Mass. 
Jeckett, F. J., Sandgate, Brisbane, Australia 
bidden, A. L., Jr., Houston, Tex. 
'zerniak, J. L., Muskegon, Mich. 
Javis, E. D., McLean, Va. 
)ixon, A. E., Kingston, Jamaica, W.I. 
Dostal, C. A., Syracuse, N. Y. 
Fabrin, K. W., Aarhus, Denmark 
Foster, R. M., Ridgefield Park, N. J. 
Gosselin, L., Quebec, Que., Canada 
Harman, G. F., Jr., Media, Pa. 
Hayes, R., Vancouver, B.C., Canada 
Killam, K. F., Palo Alto, Calif. 
Liuzza, V., Bridgeton, Mo. 
Nawata, T. T., Calgary, Alta., Canada 
Roberts, H. D., Lutherville, Md. 
Selvaggio, V. F., Kailua, Oahu, Hawaii 
Smith, J. M., Vancouver, B. C., Canada 
Terry, D. M., La Guardia Airport, L. L, N. Y. 
Walter, E. R., Lafayette, Ind. 

Admission to Member 
Abell, M. A., Framingham, Mass. 
Adams, S. E., Jr., Atlanta, Ga. 
Alger, R. G., Maynard, Mass. 
Alstatt, J. D., Merrian, Kans. 
Anderson, J. P., Flourtown, Pa. 
Anderson, R. J., Ludlowville, N. Y. 
Anderson, S. F., Poughkeepsie, N. Y. 
Anderson, T C., Sunnyvale, Calif. 
Andrews, F. E., Huntsville, Ala. 
Aritake, S., Flushing, L. I., N. Y. 
Arnold, S. L., Mountain View, Calif. 
Babbitt, A. E., Jr. Rockville, Md. 
Bankey, G. R., Midwest City, Okla. 
Barker, J. H., Minnea|X)lis, Minn. 
Baskind, D., Montreal, Que., Canada 
Bazemore, T. R., Jr., Burlington, N. C. 
Beal, J. W., Jr., Sedgwick, Kans. 
Beaumont, J. R., Montreal, Que., Canada 
Bemis, R. G., Albuquerque, N. M. 
Berghammer, J., Munich, Germany 
Biechler, C. S., Acton, Mass. 
Blevins, L. L., Liberty, Mo. 
Brandon, J. D., Winston-Salem, N. C. 
Brown, C., Wappingers Falls, N. Y. 
Butterweck, H-J., Aachen, Germany 
Buxbaum, C. L., Plainview, L. L, N. Y. 
Bybee, J. E., Fairfield, Ohio 
Byrd, R. E., Tucson, Ariz. 
Cambria, R. C., New York, N. Y. 
Campbell, B. J., Sydney, N.S.W, Australia 
Carpenter, J. B., Durham, N. C. 
Carreras, L. M., Washington, D.C. 
Carter, J. L., Jr., Montclair, N. J. 
Cassinelli, L. J., Vicente Lopez (B), Argentina 
Casciari, R. J., Corning, N. Y. 
Cavoto, F. V., Philadelphia, Pa. 
Ciemielewski, A. F., Fort Wayne, Ind. 
Clark, D. F., Arlington, Va. 
Connaughton, W., Jr., Mattapan, Mass. 
Conti, M., Milane, Italy 
Costenbader, H. L, Wright-Patterson AFB, Ohio 
Cravino, L., Haedo (B), Republic Argentina 
Crumrine, B. E., Jr., Media, Pa. 
Cusdin, A. G., King City, Ont., Canada 
Davey, R. J., Nairobi, Kenya, East Africa 
DeVilaiss, A. J., Pasadena, Calif. 
Deyo, J. A., North Andover, Mass. 
Dieterich, R. A., Paramus, N. J. 

(Continued on page 82A) 

MICROMINIATURE 
RELAY STYLE 6A 

For Printed Circuits 

Less Space 

Lower Mounting Height 

Terminals & Mounting 
Conform to 0.2" Grid Spacing 

For reliable switching of low-level as well as 
power loads. Style 6A will operate at coil power 
levels below most larger current-sensitive relays in 
its general class, yet easily switches load currents 
of 2 amps resistive and higher at 26.5 VDC or 
115 VAC. Contact arrangement to DPDT. 
Unique construction permits flexible wiring 

and a variety of schematics. Withstands 50 G 
shock and 20 G vibration to 2000 cycles. 

Meets applicable portions of specifications 
MIL-R-5757D and MIL-R-25018 (USAF) 
Class B, Type II, Grade 3. 

Call Or Write For Additional Information 

PRICE ELECTRIC 
CORPORATION 

300 E. Church Street • Frederick, Maryland 
MOnument 3-5141 - TWX: Fred 565-U 
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Unique High-Perveance Beam Power “Tetrodes” Employ Ceramic-Metal Construction— a First from RCA for Mobile Communications 

Now! Power never before available for compact mobile communications is yours-
with an extraordinary family of RCA ceramic-metal tubes. These high-perveance 
tetrodes make possible mobile designs capable of achieving new heights in power and 
compactness. 

Designed by RCA expressly for mobile communications, these unique tubes pro¬ 
vide a choice of cooling methods. The RCA-8072 is conduction cooled. Specify it in 
designs where space is at a premium. The RCA-8121 and RCA-8122, air-cooled 
radiator versions, offer higher power than the 8072 in a tube of comparable size. The 
three types feature a 13.5-volt heater and are designed to give dependable perform¬ 
ance with battery operation. 

All three members of this new RCA tube family should become important mobile 
communications types. Furthermore, other types having different characteristics can 
be custom designed to fill specific needs. Direct inquiries regarding application of 
these new types and other RCA electron tubes to your nearest RCA Field Repre¬ 
sentative or order directly from your RCA Industrial Tube Distributor. 

Technical bulletins on these three new tubes are available from: Commercial 
Engineering, Section A-35-Q, RCA Electron Tube Division, Harrison, N. J. 

Typical CW Operation 

Type Cooling 

Maximum 
Plate 

Dissipation 
Watts 

Plate 
Volts 

Freq. 
Me. 

Useful 
Power 
Output 
Watts 

8072 Conduction 100* 700 
50 
175 
470 

no 
105 
85 

8121 Forced-Air 150 1500 up to 
500 

235 

8122 Forced-Air 400 2000 upto 
500 

300 

•May be higher depending on heat-sink design. 

The Most Trusted Name in Electronics 

RCA Electron Tube Division Field Offices 

INDUSTRIAL PRODUCT SALES ... NEWARK 2, N. J., 744 Broad 
St., HU 5-3900 • CHICAGO 54, ILLINOIS, Suite 1154, Mer. 
chandise Mart Plaza, WH 4-2900 • LOS ANGELES 22, CALIF., 
6801 E. Washington Blvd., RA 3-8361 • BURLINGAME, CALIF., 
1838 El Camino Real, OX 7-1620. GOVERNMENT SALES... 
HARRISON, N. J., 415 South Fifth St., HU 5-3900 • DAYTON 
2, OHIO, 224 N. Wilkinson St., BA 6-2366 • WASHINGTON 
7, D.C.. 1725 “K” St., N.W., FE 7-8500 
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Proceedings of the IRE 

Poles and Zeros 

Amalgamation. 
1961, President 

In October, 
Berkner in¬ 

formed all Section Chairmen, 
by letter, that discussions had 

bee t taking place relative to a possible merger of AI EE and 
IRE. He also sent to Section Chairmen a copy of a joint reso¬ 
lution that had been approved by the Board of Directors of 
each organization. This joint resolution set forth the back-
grouad and reasons for the appointment of a committee, 
named in the resolution, to undertake the studies necessary 
and rppropriate to determine the feasibility, practicability, 
and form of a possible consolidation. President Berkner's let¬ 
ter aid the joint resolution were both published in the Pro¬ 
ceedings in December, 1961, to inform the entire member¬ 
ship of IRE. 

The eight man ccmmittée, named in the resolution, began 
its work immediately. Nine two man committees were ap¬ 
pointed to study and report on detailed aspects of the con¬ 
solidation problem. In order to keep the membership fully 
infer ned of the progress of this work, President Berkner 
issue I a second letter to Section Chairmen on November 28 
out iiing the steps taken by the eight man committee to date. 
The :ext of the letter appears in full on page 4 of this issue. 

I resident Berkner stated in his initial letter to Section 
Chai -men, “Both AI EE and IRE negotiators have ap¬ 
pro iched -the problem with a sense of statesmanship that 
woul I look to creation of a new institute having the best char¬ 
acteristics of both AIEE and IRE . ...” If we, as engineers, 
cann it design a single institute to best meet the needs of our 
pqp esion, who can? 

International Activities. The establishment of the Ad Hoc 
Com nittee on IRE International Activities Outside of Exist¬ 
ing Regions, by the IRE Board of Directors, was reported in 

• “Peles and Zeros” last June. Past President R. L. McFarlan, 
Chai -man, reported for the committee to the Board of Di-

- rectors at its meeting in October. As a first step in its study 
the Committee visited Europe during the past summer. It 
met and carried on discussions with representatives of the 
Insi ution Of Electrical Engineers (in London), the Société 
Française des Electroniciens et des Radioelectriciens, the 
Danish Engineering Society, the Norwegian Society of En¬ 
gine's, the Swedish Engineering Society, and the German 
Engi leering Society. The Committee reported that the initial 
disc lesions were most fruitful. It anticipates continuing liaison 
with the European community. Two specific results of the 
visit are the establishment of a section in France, noted in 
“Pcks and Zeros” last month, and an agreement activated 
between IRE and IEE for the formation of an Advisory 
Cora nittee in the United Kingdom. This Advisory Commit¬ 

tee, when appointed, can act on behalf of the Board of Di¬ 
rectors in the United Kingdom, and will report directly to the 
IRE Executive Committee. 

Number Twenty-Nine. Upon recommendation of the 
Professional Groups Committee, the Executive Committee, 
at its meeting on November 14, 1961, approved a petition for 
the formation of a new Professional Group, the twenty-ninth, 
to be known as the IRE Professional Group on Geoscience 
Electronics. The group is designed to serve the growing needs 
of those interested in the research and development of elec¬ 
tronic instrumentation for geophysics and geochemistry. 
Instrumentation for gravity measurements, seismic measure¬ 
ments, magnetics, well-logging, meteorology, and oceanog¬ 
raphy are typical of the interests of the founding members of 
the new Professional Group. The petitioners, as one would 
expect, were from IRE Sections in the southwest, but interest 
in other parts of the United States and the world should pro¬ 
mote this new group into the same healthy pattern of growth 
that has been typical of its twenty-eight predecessors. 

Antiques. In common parlance one would not expect the 
word antique to have any bearing on fifty year old IRE. On 
the other hand, the value of an object of yesteryear is com¬ 
prised not only of its age but also of its rarity. This is simply a 
preface to calling attention to the value of past issues of IRE 
publications. There are occasions when circumstances force 
the dispossession of these treasured items. Complete sets of 
the Proceedings have a market value; early complete vol¬ 
umes of the Group Transactions are rare. Some ten years 
ago, when the Professional Group system was inaugurated 
and when Transactions publication started, relatively few 
copies were printed, and the supply was soon exhausted. To¬ 
day, as new libraries are stocked, there is a demand for such 
back issues. So, when you are cleaning out the attic or the 
radio shack, spare those back issues. They may be of dollar 
value to you, or they may enable you to make a valuable gift 
to the technical library of your choice. 

100,000—Plus. IRE statistics are published monthly in 
the Proceedings. Steady growth in membership toward the 
oft predicted 100,000, in 1962, is evident. As society member¬ 
ship grows many of its components reach astounding propor¬ 
tions. For example, the size of the Proceedings print order— 
it exceeded 100,000, for the first time, in December, 1961. 

Reference Directory. The National Science Foundation 
announced the publication of a new desk reference entitled 
“Specialized Science Information Services in the United 
States.” This 530 page document, describing 427 scientific 
information centers, is available for 81.75 from the Superin¬ 
tendent of Documents, Washington 25, D. C. 

—F.H.Jr. 
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Scanning the Issue_ c? 
An Open Letter from the President—II (Berkner, p. 4)— 

Last month the Proceedings published a letter from IRE 
Prjddent Lloyd V. Berkner to Section Chairmen describing 
the actions taken last October by the Boards of Directors of 
1RI and AI EE to consider a consolidation of the two societies 
intoa single new society. Because of the importance of theac-
ticn taken by the two Boards and the high degree of interest in 
th; studies under way, President Berkner recently sent a sec-
oikI letter to I RE Section Chairmen apprising them of the prog¬ 
ress being made and arranged for its publication in this issue. 

Penetration of the Ionosphere by Very-Low-Frequency 
Raaio Signals—Interim Results of the LOFTI I Experiment 
(1 e phart, et al., p. 6)—At 10:45 P.M. on February 21, 1961, a 
T tor-Able-Star rocket left its launching pad at Cap Canaveral 
w tn an unusual double payload consisting of a TRANSIT 
navigational satellite with another, smaller satellite mounted 
on top of it. The smaller satellite was the first of a new family 
o‘ satellites called LOFTI. During its 562 revolutions around 
th< earth, LOFTI received and recorded VLF signals originat¬ 
ing from the Navy transmitting stations in Panama and at 
J n Creek, Wash. By the end of its 14 million mile trip, the 
satellite had telemetered a vast quantity of data to 10 receiv¬ 
ing stations in North and South America and to one in 
.',t stralia. This paper presents the preliminary results of an 
i rrportant satellite experiment which will shed a great deal of 
I ¡áit on VLF propagation in the ionosphere. 

Decreasing the Threshold in FM by Frequency Feedback 
(Enloe, p. 18)- With the advent of space communications 
there has been widespread interest in receiving systems which 
htve extreme sensitivity. This, in turn, has focused attention 
öl modulation techniques which trade bandwidth for im-
oioved signal-to-noise ratios. In the course of developing a 
t^hly sensitive receiving station for the Project Echo com-
¡runication satellite experiments, the designers turned their 
a tention to FM. Signal-to-noise ratios can be considerably 
improved by using large index frequency modulation, but un¬ 
fortunately this improvement applies only when the carrier-
to-noise ratio is relatively high. It was then recalled that in 
1939 Chaffee had proposed an almost-forgotten frequency 
feedback circuit which greatly compressed the frequency de-
\iation of the large index wave so that it could be passed 
through a much narrower band-pass IF filter before demodu-
lition. The effect of this compression was to substantially 
reduce the minimum carrier-to-noise ratio (i.e., the threshold) 
needed to yield a signal-to-noise improvement. By using this 
frequency feedback circuit, together with a maser amplifier 
and a special low-noise horn antenna, the Project Echo de¬ 
signers succeeded in building the world’s most sensitive com-
nunications receiver. There has remained, however, consider-
ible misunderstanding as to how and where the above men¬ 
tioned threshold sets in. This paper performs a double service 
by clearing up the false conclusions of previous papers and by 
making it possible for the first time for a designer to predict 
accurately the manner in which this important technique will 
extend the threshold. 

Theory and Design of Wide-Band Parametric Converters 
(Kuh, p. 31)—The author treats the parametric amplifier and 
converter from a circuit theory point of view which leads him 
to a general study of maximum gain-bandwidth relationships 
and to developing practical procedures, which he illustrates, 
for designing coupling networks that approach the optimum 
gain-bandwidth. The approach developed here is more general 
than any that have been published heretofore. The results 
therefore can be applied by many workers in many fields. 

A New Precision Low-Level Bolometer Bridge (Reisener 
and Birx, p. 39)—Using radiometer principles, a new type of 

bridge has been developed for measuring extremely low-level 
RF voltages and powers. The instrument works by comparing 
and matching the heating effect of the RF pulse under meas¬ 
urement to that of a controllable de pulse of known value on a 
bolometer element. The bridge was found to have a sensitivity 
of 3X10-10 watts. Although designed primarily for RF meas¬ 
urement, the bridge may eventually be used to measure any 
kind of electromagnet radiation when suitable detectors and 
modulators are developed. As the best bridge detection and 
calibration method available today, this development will in¬ 
terest many engineers working with signal generators, re¬ 
ceivers and radiometers. 

P-N Junction Charge-Storage Diodes (Moll, et al., p. 43)— 
This paper presents the design theory for a class of semicon¬ 
ductor diodes which are deliberately designed to conduct for 
a brief time in the reverse direction after the forward bias has 
been turned off. This feature distinguishes these diodes from 
those intended for switching and rectification applications, in 
which the ideal recovery time is zero, and makes them of 
particular interest for circuit applications involving fast pulse 
generation, wave shaping and harmonic generation. The di¬ 
odes described here are also noteworthy in that following the 
reverse conduction period the current decays very rapidly to 
zero. The discussion adds substantially to the theoretical un¬ 
derstanding of reverse transient phenomena and calls atten¬ 
tion to the circuit uses of the “storage phase” and the “decay 
phase” of the reverse recovery period of diodes. 

Average Decay Laws for VLF Fields (Wait, p. 53)—By 
making a number of reasonable approximations, the author 
concisely derives a simple formula for relating the average 
field strength of VLF waves to distance and frequency for in¬ 
termediate distances of from 400 to 4000 kilometers. This 
formula gives a simple physical picture of a number of broad 
characteristics of VLF fields that are of interest in a number of 
fields, including wave propagation, communications and navi¬ 
gation. 

Theory, Design and Performance of Maximum-Efficiency 
Variable-Reactance Frequency Multipliers (Utsunomiya and 
Yuan, p. 57)—The high efficiency obtainable with nonlinear-
reactance multipliers makes attractive the possibility of using 
them as multipliers of considerably high order. The amount of 
fundamental power that can theoretically be converted to any 
specified harmonic has been fully worked out in previous 
papers. However, in practice there are many factors which 
contribute to lowering the efficiency of a real multiplier. The 
analysis presented here takes these factors into account so 
that a designer, once he knows the characteristics of a non¬ 
linear element and the circuit losses, can predict the maximum 
obtainable efficiency. The results also show' the important 
role played by intermediate harmonic currents. 

The Study of Large-Signal High Frequency Effects in 
Junction Transistors Using Analog Techniques (Beale and 
Beer. p. 66)—An ingenious analog of a junction transistor has 
been devised in which various transistor parameters are repre¬ 
sented by circuits made up of linear and nonlinear elements. 
The analog makes it possible to determine the magnitude of 
several effects that arise at large signal levels and high fre¬ 
quencies, and from these observations to obtain general ex¬ 
pressions governing the operation of transistors. 

Parametric Behavior of an Ideal Two-Frequency Varactor 
(Montgomery, p. 78)—This brief paper fills in the previously 
incomplete theory of operation of the simplest type of varac¬ 
tor network, i.e., one in which power is exchanged at only two 
frequencies. In particular, the theory identifies all the signal-
to-pump frequency ratios at which operation is possible and 
makes clear those ratios at which operation is impossible. 
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Open Letter from the President—II 
The December, 1961, issue of the Proceedings carried the text of a letter dated October 20, 1961, from 

Lloyd K Berkner, President of the IRE, to IRE Section Chairmen concerning the possible consolidation of 
the IRE and AIEE. In order that the membership may be f ully informed, published below is a second letter 
from President Berkner regarding the progress being made.— The Editor 

November 28, 1961 
Dear Mr. Section Chairman: 

On October 20, 1961, I advised you of the important 
action of the Boards of IRE and AIEE toward con¬ 
solidation of the two societies into a single Institute. 
The action toward consolidation is so important that I 
am writing to advise you of the progress being made. 

Following the actions of the two Boards, the legal 
counsel of IRE advised me that the AIEE resolution 
was substantially identical to that of the IRE Board 
and I therefore declared the IRE resolution in force. 
Immediately thereafter the eight men appointed by the 
resolutions to the Joint Committee on Consolidation 
were notified. These members include Messrs. Warren 
H. Chase, Clarence Linder, Elgin Robertson, Sr. and 
Dr. B. R. Teare, Jr. for the AIEE, and Dr. I’. E. 
Haggerty, Dr. Ronald McFarlan, Mr. Haraden Pratt 
and me for the IRE. 

I designated President-Elect P. E. Haggerty as prin¬ 
cipal representative on the Committee to act for IRE. 

Following these notifications, two-man study com¬ 
mittees were appointed by Dr. Haggerty to study and 
develop guidelines on prime aspects of a consolidation 
plan, each member being notified by letter of his ap¬ 
pointment. These committees were organized as follows: 

Assets, Resources & Finances 
Stuart Bailey (IRE) J. Harold Moore, for H. I. Romnes 
Jansky & Bailey, Incorporated (AIEE) 

Western Electric Company 

Editorial Policy & Publications 
Ferdinand Hamburger, Jr. (IRE) Morris D. Hooven (AIEE) 
Johns Hopkins University Public Service Electric & Gas 

Company 

Extra Society Relationships 
Ronald L. McFarlan (IRE) T. M. Linville (AIEE) 
Consulting Engineer General Electric Company 

International Activities 
Ronald L. McFarlan (IRE) To be appointed (AIEE) 
Consulting Engineer 

Merging of Professional Groups and Technical Committees 
Ernst Weber (IRE) Hendley Blackmon (AIEE) 
Polytechnic Institute of Brooklyn Westinghouse Electric Corpora¬ 

tion 

Relations to Standardization 
Ernst Weber (IRE) C. G. Veinott (AIEE) 
Polytechnic Institute of Brooklyn Reliance Electric & Engineering 

Company 

Merging of Sections: Finances, Geographical Boundaries, 
Sectional Publications 

G. K. Teal (IRE) Walter Scholz (AIEE) 
Texas Instruments, Incorporated Philadelphia Electric Company 

Personnel 
C. F. Savage (AIEE) 
General Electric Company 

Student Branches 
Dean J. D. Ryder (IRE) R. T. Weil, Jr. (AIEE) 
Michigan State University Manhattan College 

Appointments are also being made for IRE and AIEE 
to two-man study committees on Honors and Awards 
and Regional Structure. 

Under the direction of President-Elect Haggerty, a 
work book was prepared and provided to each member 
of the eight-man joint committee, which contained 
complete information on the principal subjects to be 
considered in effectuating consolidation. The principal 
features of this work book are contained in the following 
outline; 

Donald G. Fink (IRE) 
Philco Corporation 
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I Organization and Schedule to Prepare Draft 
11 Organizational Charts 

Ill Comparative Alignment of Constitutions 
IV. Comparative Alignment of Bylaws (and Pertinent Constitu¬ 

tional Articles) 
A. Membership 
1. Privileges 
2. Classes 
3. Admissions, Transfers, etc. 
4. Terminations 

B. Membership Fees 
1. Entrance 
2. Transfer and Annual Dues 
3. Publication 

C. Organization—Membership 
1. Districts/Regions 
2. Sections 
3. Professional Groups 
4. Student Branches 
5. Overseas Chapters 

D. Organiza tior.—Management 
1. Nominations, Elections, Balloting 
2. Board of Directors 
3. Executive Committee 
4. Officers 
5. Standing Committees General 

Administrative 
Technical 

E. Meetings 
F. Miscellaneous 
G. Publications 
Statistical Data 

VI. Comparative Time Table 
VII. Two-Man Study Committee Recommendations. 

By November 17, the initial reviews of most of the 
two-man study committees were completed and their 
reports distributed to all members of the eight-man 
cint committee for inclusion in the work books. 
On the evening of November 16, and throughout the 

1 ty of November 17, a four-man subcommittee met. 
composed of Mr. Chase and Dr. Teare for the AI EE 
a id Mr. Pratt and Dr. Haggerty for the IRE. They were 
joined by Mr. Elgin Robertson, Sr. of the AIEE. The 
r -ports of the two-man study committees were reviewed 
i i detail. Based on these reports and the considerations 
and judgments of the joint subcommittee, Mr. Haraden 
Pratt was asked to prepare an initial constitution and 
bylaws draft for a combined society of AIEE and IRE. 
It will be his goal to have the initial constitution and 
bylaws draft in the hands of the eight-man joint com-
mittee for review by December 5, and he will addi-
uonally and simultaneously provide a copy to Mr. John 
Tobin, Attorney for the IRE, and Mr. Simon Presant, 
Attorney for the AIEE. 

The full eight-man committee will meet in New York 
on December 13, 1961, for first consideration of the 
draft of the constitution and bylaws. At that time the 
replies of the Sections to my letter of October 20 will be 
given full consideration. 
The plan of action of the committee is divided into 

two parts: 

1. To produce a constitution and bylaws for the new 
society, drawing upon the best elements of the ex¬ 
perience of each society, which would best serve 
the technical and professional requirements of the 
profession. 

2. Following completion of the action of paragraph 
#1, the committee will make such modifications in 
the proposed constitution and bylaws as are neces¬ 
sary to effect a merger. This will involve inserting 
temporary clauses to be effective for a year or more 
in order to complete the consolidation. 

Throughout these negotiations, I have been impressed 
by the statesmanlike approach of all members of the 
committee. The framework of the negotiations remains 
within the outline of my letter of October 20, 1961. 
There is no feeling that one society is trying to take over 
the other, but rather a genuine spirit of jointly creating 
a single new and stronger Institute out of the already 
strong roots of the two existing Institutes, thereby 
eliminating undesirable competition and combining re¬ 
sources to better serve and advance our rapidly evolving 
profession. In this, the central Headquarters of the two 
Institutes are giving their full cooperation. Mr. Chase, 
President of AIEE, and I are in constant communica¬ 
tion and we continually exchange correspondence re¬ 
lating to the proposed consolidation. 

1 will continue to write frequently so that you can be 
fully and authoritatively informed, and prepared to 
answer any questions that may be raised in your Sec¬ 
tion. It would be most helpful if you could keep your 
membership fully informed so that incorrect rumors do 
not multiply. Likewise, I would be happy to receive 
further comments from your Section at any time. 

Sincerely yours, 
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Penetration of the Ionosphere by Very-Low-Frequency 
Radio Signals—Interim Results of the 

LOFTI I Experiment* 
J. P. LEIPHARTf, member, ire, R. W. ZEEKf, senior member, ire, L. S. BEARCEf, 

ASSOCIATE, IRE, AND E. TOTHf, FELLOW, IRE 

Summary—LOFTI I is the first of a series of Navy satellite ex¬ 
periments designed for determination of the degree and extent of 
very-low-frequency (VLF) radio wave penetration of the ionosphere. 
This investigation has provided unique data on intensity, time delay, 
echoes, and other characteristics of VLF signals received in the 
ionosphere from transmitters on the Earth’s surface. 

Theoretical studies carried on concurrently with planning and im¬ 
plementation of the experiment have indicated that VLF radio energy 
from transmitters operating below the lower atmosphere-ionosphere 
interface should appear in the ionosphere in useful amount. The 
LOFTI I telemetry records show relatively strong signals in the 
ionosphere from 18-kc transmitters on the terrestrial surface. The 
signals were attenuated less at night and appeared as far away as 
Australia, 10,000 miles from the transmitter. 

Statistical treatment of the data so far reduced shows that the 
attenuation of magnetic field intensity of the 18-kc time pulses from 
Naval Radio Station NBA, as measured near extreme line of sight 
distances to the north of the station, was less than 13 db 50 per cent 
of the time at night and less than 38 db 50 per cent of the time during 
the daylight hours. The data studied so far shows very little effect of 
altitude on signal intensity, an observation which agrees with the 
theoretical treatment based on a model ionosphere. 

The observed time delays of the 18-kc signals range from 10 to 
200 msec, indicating that VLF propagation velocity in the ionosphere 
is much lower than in free space. The occurrence of whistler-path 
propagation is indicated by sequential echoes of the NBA time pulses 
which appear in the telemetry records as much as 4/3 seconds after 
the directly-received pulses. 

Much data remains to be reduced from LOFTI I. Further experi¬ 
ments are planned to provide data on electric dipole impedance in 
the ionosphere (lost to the LOFTI I experiment because of a launch 
vehicle malfunction), on the effect of operation at higher latitudes 
and over a wide range of signal frequency, and on the characteristics 
of the signals produced in the lower atmosphere by VLF transmitters 
radiating in the ionosphere. 

Introduction 

1OFTI (LOw Frequency Trans-Ionospheric) I is 
. the first of a series of Navy satellite experiments 
designed to explore low-frequency radio wave 

propagation in the ionosphere. The LOFTI studies 
were proposed early in 1958 by the Naval Research 
Laboratory as part of a comprehensive satellite com¬ 
munication research program. 
The LOFTI I experiment was planned as an initial 

study of the magnitude and other characteristics of 
VLF radio signals emitted at the earth’s surface as ob-

* Received by the IRE, April 10, 1961; revised manuscript re¬ 
ceived, October 13, 1961. 

t Radio Div., Ú. S. Naval Research Lab., Washington, D. C. 

served in the ionized regions of the atmosphere. Suf¬ 
ficient definitive data was expected to guide the plan¬ 
ning of further LOFTI experiments, which would add to 
the fund of scientific information and lead to improved 
communication systems. 

General Nature of the Ionosphere 

Earth’s ionosphere impedes the passage of low-fre¬ 
quency radio waves from the terrestrial surface into 
outer space. At the higher frequencies, its effectiveness 
as a barrier decreases to a degree such that it becomes 
essentially negligible above, roughly, 100 Me, so far as 
transmission loss is concerned.1 The ionization of the 
atmosphere, which is caused largely by solar radiation, 
varies above any particular point on the earth’s sur¬ 
face with time of day, season of the year, solar storms, 
the sunspot cycle, etc. The observed influence of the 
ionosphere on terrestrial radio wave propagation has 
led to its classification into strata, the D region and 
E, Ft and F2 layers which, when all are present, appear 
in ascending order above the Earth from about 50 to 
about 400 km (roughly, 30 to 250 statute miles) altitude. 
Somewhat more than half of the Earth’s rotating 

atmosphere always faces the sun and is subjected to the 
intense and variable solar radiation while the rest is in 
shadow. The depth of atmosphere through which the 
sun’s rays must pass becomes greater toward the periph¬ 
ery of the illuminated hemisphere. A major change of 
atmospheric ionization occurs in the transition from 
sunlight to shadow and vice versa, resulting in signif¬ 
icant diurnal variations in the performance of terrestrial 
radio systems operating below approximately 100 Me. 
Fig. 1 illustrates one effect of the daily cycle.2 It shows 
the change in phase delay of a VLF signal originating 
about 3200 km (2000 miles) due south of a receiver, as 
observed over a 24-hour period. The 18-kc transmitter 
at Naval Radio Station NBA, Canal Zone (which was 
the main source of VLF signals in the LOFTI I experi¬ 
ment) radiated the signals observed in the Fig. 1 meas¬ 
urements. The measuring receiver was located at the 

1 K. G. Budden, “Radio Waves in the Ionosphere’’ Cambridge 
University Press, London, Eng.; 1961. 

2 From A. R. Chi and H. F. Hastings of the Radio Division, 
USNRL. 
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Naval Research Laboratory in Washington, D. C. The 
transmitter and receiver sites passed through the sun¬ 
light to shadow zone and back almost simultaneously 
dering the period in which these measurements were 
m i de (near the autumnal equinox). The increase in 
ph; se delay observed after sunset indicates lengthening 
of he signal path between the stations. Greater path 
length would be one result of the disappearance of the 
D region with the onset of darkness and the consequent 
inc ease in height of the earth-ionosphere space. 

Fig. 1—-Effect of diurnal change of solar illumination on the propaga¬ 
tion time of an 18-kc radio signal. North-south path; distance 
between transmitter and receiver approximately 3200 km; both 
stations passing almost simultaneously from daylight into dark¬ 
ness and from darkness into daylight. Note rapid reduction of 
phase delay immediately preceding sunrise, indicating swift re¬ 
constitution of D region after a less rapid disappearance with the 
onset of darkness. (From Chi and Hastings, NRL.) 

The data available indicates that the density of the 
atmosphere even at the lower boundary of the D region 
is very low, about IX 10’3 of the sea level value, and 
drops rapidly with increasing height. At 400 km (250 
Tiles) altitude, atmospheric density apparently is near 
tard vacuum proportions, about 1X10-11 of the sea 
cvel atmosphere. The average rate of electron collision 
with other particles in the ionosphere (the collision fre¬ 
quency) decreases correspondingly, although it is also 
affected by other factors such as temperature and ion 
concentration. 

Fig. 2 indicates degree of ionization in terms of free-
edectron concentration as a function of altitude above 
tie earth's surface.3-4 It also shows the general nature 
of the variation of collision frequency with altitude.3

Propagation Loss in the Earth-Ionosphere Cir< fit 

The propagation loss between a VLF transmitter on 
I he ground and a receiver within line-of-sight distance 
in the ionosphere involves three elements. One of these 
is the spreading loss in the lower atmosphere to the 
ooint of signal entry into the ionosphere. Additional cir¬ 
cuit attenuation is then introduced as the result of split-
ing of the radio wave as it impinges on the boundary re-

3 J. A. Ratcliffe, “Physics of the Upper Atmosphere," Academic 
Press, New York, N. Y., and London, Eng.; 1960. See especially 
p. 108: summary graph of data for summer noon, middle latitudes, 
and sunspot minimum. 
4 Stanford Research Institute model of electron density in the 

night ionosphere. 

gion or interface between the ionosphere and the lower 
atmosphere. Part ol the signal energy is reflected back 
toward the Earth’s surface and the remainder is propa¬ 
gated upward in a magneto-ionic mode toward outer 
space. 

I he further attenuation of the signal caused by ab¬ 
sorption of energy as the radio wave traverses the 
ionized medium depends on wave frequency, inclination 
of the wave normal relative to the Earth’s surface, the 
electron density, and the collision frequency. The last 
two factors are the ones most altitude dependent. 
Magneto-ionic theory indicates that VLF radio waves 
will propagate within the ionosphere with least absorp¬ 
tion when the angle of inclination 0 of the wave normal 
relative to the geomagnetic field is zero or 180°. Since 
the VLF wave front after entry into the ionosphere is 
not planar, some reduction in field intensity due to 
spreading as the wave moves upward may be expected. 
The computed rate of attenuation of 18-kc signal 

level due to absorption within the model ionosphere of 
Fig. 2 (for the condition 0 = 0) is shown in Fig. 3 as a 
function of altitude above the terrestrial surface. 

The attenuation rate is approximately 

a = 1.8 X (1) 

in which a is attenuation in db/km, TV is the number of 
free electrons per cubic cm and v is the collision fre¬ 
quency in number of collisions per second. This expres¬ 
sion is derived from a statement defining the complex 
refractive index of a magneto-ionic medium (Appendix 
I). The coefficient (1.8X10-8) of (1) is valid only when 
the electron density is greater than 103 electrons per 
cubic cm, the collision frequency is less than 10” colli¬ 
sions per second, and the gyro frequency is approxi¬ 
mately 1000 kc. These conditions hold generally for the 
LOFTI I experiment. The equation in Appendix I was 
used in calculating Fig. 3 to arrive at more exact values 
than provided by (1). 

Fig. 4 (derived from Fig. 3) shows the cumulative 
least possible attenuation of an 18-kc signal traversing 
the ionosphere radially outward from Earth within the 
range of altitude covered by LOFTI I. This loss does 
not include whatever attenuation of signal level may 
result from spreading of the signal energy within the 
ionosphere and also does not include the interface or 
entrance loss previously mentioned. It appears that 
most of the absorption loss attributable to the iono¬ 
sphere is accumulated in passing through the D region 
between about 60 and 130 km altitude (37 and 80 miles) 
and that there is little further attenuation with further 
increase in altitude. The calculated total attenuation 
caused by absorption in the model ionosphere in its mid¬ 
day state is less than 30 db (about 27 db) under the 
conditions here considered. The corresponding least 
possible loss in passing through the model night iono¬ 
sphere is about 2 db. 
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Fig. 2—Estimated concentration of electrons in the night and day 
atmosphere and electron collision frequency vs altitude. (After 
SRI and Ratcliffe.) 

System Concept of the Experiment 

The LOFTI I experiment required three radio links, 
as shown in Fig. 5. Navy shore transmitting installations 
were the sources of VLF signal. Originally, it was 
planned that three mutually orthogonal magnetic 
dipoles (loop antennas) would be mounted on the satel¬ 
lite, each connected to an individual VLF receiver. In 
addition to measurement of VLF signal level, com¬ 
parison of the signal output of the three loops in con¬ 
junction with satellite aspect data would provide in¬ 
dication of direction of wave arrival and other informa¬ 
tion. Another VLF receiver in the satellite, employing 
an electric dipole antenna (two whips) and a test oscil¬ 
lator periodically connected to the antenna, would in¬ 
dicate the effect of the ionosphere on electric antenna 
impedance and tuning. A similar test oscillator would 
be provided for the loop receivers. 

Fig. 3—Computed rate of attenuation of an 18-kc radio wave in the 
model ionosphere of Fig. 2 vs altitude. 

Fig. 5—System concept of the LOFTI I experiment 
showing the three basic radio links. 

Fig. 4—Minimum possible transmission loss (least cumulative at¬ 
tenuation) of an 18-kc radio wave passing vertically upward 
through the model ionosphere of Fig. 2 vs altitude. Geomagnetic 
field aligned with direction of propagation. (Part of the signal 
energy that reaches the lower boundary of the ionosphere from 
the lower atmosphere does not penetrate the interface. The con¬ 
sequent reduction in signal level (the interface loss) and any 
spreading loss of the ionosphere are not included in the attenua¬ 
tion shown above. 

The various VLF signal outputs would each modulate 
the frequency of an assigned subcarrier of the satellite’s 
VHF amplitude-modulated telemetry transmitter. The 
subcarriers of the VHF telemetry transmissions and 
terrestrial signals in the range of 0.3 to 30 kc received 
at the ground stations were to be recorded on magnetic 
tape together with other related data. The records would 
subsequently be reduced and analyzed to derive at¬ 
tenuation, amplitude distribution, group delay, phase 
delay, Doppler shift, noise in the ionosphere and other 
desired items of information. 

Implementation of the Experiment 

In the fall of 1959, it was found that additional pay¬ 
load could be accommodated in a forthcoming satellite 
launch (Navy’s TRANSIT III B). Simultaneous launch 
of LOFTI I with TRANSIT would make it possible to 
proceed with the VLF study with least delay and ex¬ 
pense. It was intended that the two satellites separate 
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and ;o their individual ways when orbit had been at-
taired. The inclination of the orbit (28°) and its con¬ 
stant height (about 1000 km or 600 statute miles) had 
bee i chosen for the TRANSIT experiment. Allowable 
payload considerations governed LOFTI satellite size 
and weight, and limited its VLF antenna complement 
to a single plane loop and a two-element whip. Two 
identical VLF receivers were coupled to the two an-
ten i is through suitable networks. Both receivers were 
tune! to 18 kc, the frequency of Naval Radio Station 
NBA’s VLF transmissions.5

St ition NBA is located in Panama (Canal Zone) at 
close to 9° north latitude, well inside the ±28 degree 
limits of the intended orbit. This station transmits 
higi y precise time pulses on a very accurately con¬ 
trolled constant frequency carrier.6 Radiated power is 
abe t t 30 kw. The carrier frequency, nominally 18 kc, 
is very slightly offset to compensate for the difference 
between Universal Time (UT-2) and Atomic Time 
(A-l). These signals would be easily identifiable in the 
telei letry records and would in addition serve as a 
highly accurate time and frequency reference. Also, 

. the periods between pulses would provide sequential 
intei vals for determination of VLF noise level in the 
ionosphere. 

Or hit Attained 

T le two-satellite combination was launched at 
10:4-5 P.M. Eastern Standard Time (EST) on Feb¬ 
ruary 21, 1961 from Cape Canaveral, Florida, on a 
Thor/Able-Star rocket vehicle. Unfortunately, the sec¬ 
ond stage of the rocket did not separate from the satel¬ 
lite assembly. This malfunction interrupted the pro-
grat lined sequence of events and prevented satellite 
separation. The three components (rocket and satellites) 
rem lined locked together, moving as a unit along an 
orbit with the intended apogee but a perigee so low 
that the life of the assembly turned out to be only about 
36 days and 9 hours. LOFTI I made its last transmis-
sici: on March 30, 1961. 

I he new composite satellite, designated 1961 ETA, 
had the following computed major orbital elements four 
days after launch:’ 

apogee—960 km (597 statute miles), 
perigee— 166 km (103 statute miles), 
period for one revolution, perigee to perigee—95.9 

minutes, 
progression of perigee- 1-10.67 degrees per day. 

5 An experiment of similar configuration was proposed by Storey 
in 1 >59 for determination of local electron density by measurement 
of wave admittance in the ionosphere (L. R. O. Storey, “A method 
fot measuring local electron density from an artificial satellite,” 
Res. NBS, vol. 63D, pp. 325-340; November-December, 1959.) 

1 See U. S. Naval Observatory 'lime Service Notice No. 8; 
November 18, 1959. Time and frequency control is provided by the 
Observatory; control instrumentation was provided by the Ü. S. 
Naval Research Lab. in 1959. 

Orbital data from NASA; more complete tabulation in Ap-
p«i lix II. 

By' accident, LOFTI I had achieved an eccentric orbit 
which closely approached the ideal originally envisioned 
for this VLF experiment. It had begun a short career of 
plunging up and down through the upper reaches of the 
ionosphere 15 times each 24 hours, passing through the 
F layers and approaching the E layer about as closely 
as a satellite could without burning up immediately be¬ 
cause of atmospheric friction. 

Limitations on the Experiment 

Other departures from the intended conditions of the 
experiment were not so desirable as the eccentric orbit 
or as acceptable as the shorter life expectancy' of the 
satellite. It had been planned that the two 15-foot whip 
antennas wound on spools inside LOFTI 1 would be un¬ 
reeled some time after satellite separation to function as 
a 30-foot electric dipole. LOFTI should then have been 
rotating about an axis parallel to the plane of its loop 
and perpendicular to a line drawn from the center of 
the loop to the center of the satellite’s shell. Extension 
of the whips would have slowed this rotation to be¬ 
tween 15 and 30 rpm. The resulting continuous slow spin 
(about 120°/sec) would have swept the loop and whip 
antennas through a maximum output position relative 
to the signal wave front twice each revolution of the 
satellite. Satellite attitude information would have been 
provided by' the variations in earth and solar aspect 
sensor output. 
The unseparated trio (rocket and satellites) did 

achieve a very' slow tumbling and rotating motion 
(roughly, 1/20 rpm) which, however, was not a satisfac¬ 
tory' substitute for the intended rotation. As a result, the 
aspect sensors scanned much too slowly' to be effective. 
LOFTI’s whip antennas could not be extended be¬ 
cause of interlocks in the interrupted launch sequence 
and the physical presence of TRANSIT. 

Another difficulty' resulting from the failure to sep¬ 
arate was that TRANSIT electronics interfered with 
VLF signal reception by LOFTI. The radio and elec¬ 
trical systems of both satellites had been designed on 
the premise of wide physical separation of the two sys¬ 
tems in orbit. The desired signal data must conse¬ 
quently be separated not only' from background noise 
but also from TRANSIT interference. 

Thus, although all of LOFTI’s instrumentation was 
operative and capable of performing as intended, only 
the loop receiving system could function at full in¬ 
herent capability so far as VLF operation was con¬ 
cerned, and even it was misoriented and partially 
jammed by' TRANSIT interference much of the time. 
NBA signals did appear in the output of the whip re¬ 
ceiver during launch and also during night passes when 
the satellite came close to the transmitter, even though 
the whips remained within LOFTI’s shell unextended. 
However, it is possible that the VLF energy was coupled 
into the whip receiver from the loop receiving system in 
some manner. 
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Electric antenna detuning could not be observed be¬ 
cause of inability to extend the whips. No significant 
change in magnitude of loop impedance appears in the 
data so far examined. 

Portions of the Ionosphere Observed 
in the Experiment 

During its 562 revolutions around Earth, LOFT1 I 
and its companions traveled more than 14 million 
statute miles at an average velocity of approximately 
4.7 miles per second. In its many traversals of the atmos¬ 
phere, LOFTI moved within a belt roughly 4000 miles 
wide, 500 miles deep, 100 miles off the Earth’s surface 
and centered above the equator. 
Ten ground stations located in North and South 

America (indicated b}' small circles in Fig. 6) were in¬ 
strumented to receive the 136.17 Me telemetry signals 
radiated by LOFTI. The VLF transmitting stations 
which were the sources of 18-kc signals in the experi¬ 
ment appear in Fig. 6 as small stars. Three of the re¬ 
ceiving stations were on an approximately east-west line 
and eight were approximately in line north and south 
along the meridian of station NBA. An eleventh station 
located in south-central Australia received the telemetry 
signals in that region. 

Fig. 6—Terrestrial areas over which VLF reception by the satellite 
(at highest apogee and lowest perigee altitude) could be observed 
by telemetry. Location of telemetry receiving stations is indi¬ 
cated by circles; sites of VLF transmitters involved in the ex¬ 
periment are indicated by stars. 

The eleven stations could observe VLF signal recep¬ 
tion by the satellite when it was over the territory shown 
lightly shaded in Fig. 6. These two regions were entirely 
covered by telemetry at highest apogee of the satellite 
but the area of coverage became smaller as the apogee 
became progressively lower.8 Coverage at perigee, 
which changed very little during the lite of the satellite, 
was limited to the smaller areas outlined by the dotted 
lines. 
From one to five of the ground stations could receive 

the LOFTI I telemetry signals as the satellite passed 

• See Appendix II. 

over the North and South American regions. Reception 
by these stations overlapped on some passes, providing 
occasional redundancy of data. Six of the telemetry sta¬ 
tions were each equipped with a 10-foot square loop 
antenna and VLF' receiver for direct reception of 18-
kc signals. This facility made possible comparison of the 
telemetered VLF signals with VLF signals which had 
arrived at these stations via the usual terrestrial paths. 

Signals Re< eived from NBA 

As the satellite came within their range during its 
first revolution around the Earth, the North American 
field stations began reporting good telemetered VLF 
signals. The South American station tapes subsequently 
received also showed good VLF signal reception and 
the tapes received from Australia showed that NBA 
signals were reaching the satellite more than 10,000 
miles away. 

Figs. 7 and 8 are twelve-second samples of LOFTI 
data as recorded at the NRL satellite research station 
at Stump Neck, Maryland. In Fig. 7, the time is 35 
minutes after midnight EST on February 23, 1961. The 
satellite was then in its 16th revolution around the 
earth, 550 km (340 statute miles) high and north¬ 
northeast of the transmitter at a ground distance of 
nearly 1600 km (1000 miles). 
The upper trace (telemetry subchannel I RIG9 band 

4), shows a section of the keying envelope of the NBA 
signal as it appeared in the detector output 10 of LOFTI’s 
loop receiver. The detector output of the whip receiver 
and that of the loop receiver time-shared IRIG band 4. 
The parts of the trace labeled “marker” are intervals in 
which the subcarrier frequency was shifted in the 
satellite to either the upper or the lower limit of band 4 
to indicate that loop receiver or whip receiver output, 
respectively, would follow. Since the whips were not ex¬ 
tended, the detector output of the whip receiver con¬ 
tained little or no desired signal information. For this 
reason, only a few seconds of the whip receiver record 
are shown. 
The envelope of eight of NBA’s time ticks (one pulse 

per second, each 0.3 seco id long) follows after the loop 
marker interval in the upper trace of Fig. 7. The sharp 
downward spikes appearing in the marker interval and 
at the tops of the time pulse envelopes are indicative of 
disturbances in telemetry reception rather than field 
strength variation of the NBA signal at the satellite. 
Satellite VLF receiver output saturation level is ex¬ 
ceeded part of the time in this sequence, indicating that 
the magnetic field of the NBA signal at the satellite was 
equivalent in intensity to the magnetic field associated 

9 Inter-Range Instrumentation Group Standards were used in 
assignment of subcarrier frequency bands (see Appendix III). 

10 An envelope detector channel branched out from the first inter¬ 
mediate frequency (IF) amplifier system of each VLF receiver. Its 
input (first 1F) bandwidth was 28 cps at 3 db down and its output 
(RC filter) cutoff was about 30 cps. 
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transmitter (about 1500 miles north-northeast). The 
signal and interference waveforms are more clearly de¬ 
fined due, most likely, to better telemetry reception. 
However, the corrected signal-to-noise ratio (SNR) is 
the same (46 db). The signal level in Fig. 7 is somewhat 
greater, which likely is indicative of different iono¬ 
spheric conditions. It is also possible that the satellite 
loop was oriented for more nearly optimum response in 
that case. 

T ME — » 

Fig 7—Typical signa output of LOFTI I loop receiver (detector 
and final IF amplifier). Orbit revolution 16, February 23, 1961, 
17:35:38 to 12:35:50 A.M. EST. Satellite over Caribbean area; 
h ight, approximately 550 km; ground range from VLF trans¬ 
ir it ter (NBA, Panama), approximately 1600 km, north-north-
etst. 

Signals Received from NPG 

During the middle of March 1961, Naval Radio Sta¬ 
tion NPG (Jim Creek, near Seattle, Washington) trans¬ 
mitted signals at 18 kc for LOFTI 1. The radiated 
power of the transmitter was 200 to 250 kw. A special 
keyer produced the keying waveform shown in the 
lower trace of Fig. 9. This is a 45-second sample of the 
signal as it appeared March 14, 1961, about 37 minutes 
after midnight EST, in the detector output of the 
ground VLF receiver at Stump Neck. 

Fig. 8—Signal output of LOFTI I loop receiver under better telem¬ 
erry conditions. Orbit revolution 29, February 23, 1961, 
9:10:33 to 9:10:45 P.M. EST. Satellite over Gulf of Mexico; 
height, approximately 200 km; ground range from VLF trans-
raitter (NBA, Panama), approximately 2500 km, north-north-
eust. 

with an electric field intensity of at least 100 ¿tv/m 11 

in free space. 
I iterference generated by TRANSIT’S electronic 

system is evident in the intervals between the time 
ticks. While obscuring the desired signal only partially 
in this case, it is evident that TRANSIT interference 
cou d be expected to make determination of signal in¬ 
tensity from the telemetry records difficult when the 
VL 7 signals are weak. 

1 he lower trace in Fig. 7 shows the second (final) IF 
amplifier output of LOFTI’s loop receiver (25 cps center 
free uency, 20 cps bandwidth at 3 db down). The re¬ 
ceivers were designed to compress an input signal range 
of 40 db into an output signal range of 20 db. Cor¬ 
red ed for this compression, the NBA signal to ambient 
ncise ratio (in a 20-cps band and excluding TRANSIT 
interference) is 46 db for the eight-second period shown. 

Fig. 8 is similar to Fig. 7 but was recorded during orbit 
revolution number 29, 10 minutes after 9 P.M. EST 
or February 23, 1961. The satellite is lower, at about 
1ÇC km (120 miles) altitude, and farther from the 

Fig. 9—Reception from transmitter to north of satellite; LOFTI I 
loop and whip receiver detector output compared to detector 
output of Stump Neck VLF ground receiver. Orbit revolution 
313, March 14, 1961, 12:37:20 to 12:38:05 A.M. EST. Satellite 
over Florida; height, approximately 767 km; ground range from 
transmitter (NPG, State of Washington), approximately 4000 
km, east-southeast. 

L Electric field intensity at the loop center at which the loop 
rece ving system of the satellite reached output saturation in calibra-
ticn measurements made on the ground. 

The keyer switched NPG’s carrier wave alternately 
on and off for 7| seconds each interval. During the 
“on” time, it interrupted the carrier briefly at 1-
second intervals, resulting in the downward spikes 
seen one second apart in the graph. Similarly, the keyer 
switched the carrier on briefly seven times in each 
“transmitter-off” period. This keying pattern could be 
easily identified in the presence of noise and interference. 
The upper trace shows the signal as it appeared in 

the detector output of the LOFTI I receivers. The 
satellite was moving in its 313th orbital revolution and 
at that time (12:37 P.M. EST) was approximately 3850 
km (2400 miles) east-southeast of NPG (ground range) 
and about 767 km (475 miles) high. The keying spikes 
seen in the output of the ground receiver also appear 
(at a slightly later time) in the output of the satellite’s 
loop receiver. Except for TRANSIT interference at 
the satellite, the SNR at the satellite and the ground 
installation do not differ greatly. TRANSIT interfer¬ 
ence is very evident in two of the three loop sections of 
the record; however, NPG’s signal is clearly evident 
through the interference. 
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Signals Received from NBA over Australia 

Fig. 10 is a 23-second section of telemetry record from 
the telemetry station in Australia. It shows the final 
IF amplifier output of LOFTI’s loop receiver during 
orbit number 130 (March 2, 1961) as the satellite 
passed over Australia at a height of 725 km (450 miles). 
LOFTI’s ground range to the transmitter at Panama 
was then close to 16,800 km (10,400 miles). The time 
was close to 3:30 A.M. Australian standard time 
(night) at the satellite (about 2:30 P.M. EST (day) 
at NBA). The NBA keying waveform has been sketched 
in below the record as an aid to recognition of the one-
second time pulses. Although the mean SNR at the 
loop is estimated as approximately 10 db in this se¬ 
quence, large cycle-to-cycle variations are apparent in 
the IF output wave, indicating that rapid fluctuations 
of signal and noise field intensity have been encountered 
as the satellite raced along its path. 

after reflection and change of polarization at the upper 
face of the ionosphere south of the geomagnetic equa¬ 
tor. However, traversal of the full length of a geo¬ 
magnetic line at free-space propagation velocity, even 
from as far north of NBA as 40° geometric latitude, 
would account for only a small fraction of the time de¬ 
lay of the echoes. Most of the delay must be the result 
of slower propagation velocity of the VLF wave, an 
effect to be expected in the ionized medium. 

Fig. 11—VLF echoes in the ionosphere. Signal output of LOFTI I 
loop receiver (final IF amplifier). Orbit revolution 434, March 22, 
1961, 6:58:58 to 6:59:08 A.M. EST. Satellite off east coast of 
Florida; height, approximately 385 km; ground range from 
transmitter (NBA, Panama), approximately 2100 km north. T 
to 7s are time pulses of NBA as received by the satellite, Ei to Es 
are primary echoes of these pulses and 2E5 is probably a second¬ 
ary echo. 

Fig. 10—Reception 10,400 miles from VLF transmitter; output of 
LOFTI I loop receiver (final IF amplifier). Orbit revolution 130, 
March 2, 1961, 3:31:32 to 3:31:54 A.M. Australian Standard 
Time. Satellite over Australian area; height, approximately 725 
km; ground range from transmitter (NBA, Panama), approxi¬ 
mately 16,775 km, west by southwest. 

VLF Signal Echoes in the Ionosphere 

Fig. 11 shows the final IF amplifier output of the 
satellite loop receiver as recorded shortly before 7 
A.M., EST (about dawn) on March 22, 1961, during 
orbit number 434. The satellite was approximately 385 
km (240 miles) high and at about 2100 km (1300 miles) 
ground range north of NBA. The envelope of the NBA 
time pulses as seen in the detector output of the telem¬ 
etry station’s VLF ground receiver appears directly 
below the satellite IF output trace. A strong echo 
(marked E ) can be seen in the output of the satellite 
receiver about two thirds of a second after the onset of 
the first time pulse 1\. A similar echo appears following 
each time pulse T2 through except for the period 
between E2 and Es .which is obscured by noise. A smaller 
echo, marked 2E5, may be the result of a second cycle 
of reflection of the time pulse (Ts) transmitted about 
one and a third seconds earlier. 
The echoes are probably the result of whistler-path 

signal propagation. Attenuation in this mode is not 
very great, as is indicated by the small differences in 
amplitude of the echoes as compared to the directly re¬ 
ceived pulses. The most likely path for the VLF wave 
in this mode is southward along the contour of the 
geomagnetic field, then back north in the same fashion 

Sferics in the Ionosphere 

The random short-duration pulses preceding the first 
time pulse of the ground receiver trace in Fig. 11 are 
identified on the tape record as “lightning. ” Considerable 
r.oise appears in the IF output of the satellite loop re¬ 
ceiver at the same time. About 3 seconds (and 14 miles) 
later, another, much larger, noise burst at the satellite 
largely obliterates signals in the vicinity of the fourth 
time pulse, even though the ground station trace here 
shows less noise than associated with lightning in the 
previous burst. It appears likely that the source of the 
second burst was much closer to the satellite. 

Signal and Noise During a Daylight Pass 

Fig. 12 shows the apparent electric field intensity 12 

(and the corresponding magnetic field intensity) of the 
NBA signal and of the ambient noise level as indicated 
by LOFTI’s loop receiver output during a 6400 km 
long (4000 mile) daylight pass (March 21, 1961, orbit 
Lumber 421). The principal sources of TRANSIT inter¬ 
ference were silent. Over 800 data points provided the 

12 The electric field intensity (microvolts per meter) which pro¬ 
duced the same output from LOFTI’s loop receiving system when 
the satellite was on the ground as was subsequently observed by telem¬ 
etry when the satellite was in orbit. The ratio of electric field in¬ 
tensity in the ionosphere to that in free space for the same power 
level is a function of the ratio of the wave impedances in the two 
media. The loop antenna responds only to change of magnetic flux 

in either medium. The magnetic field intensity (micro-
ampere-turns per meter) may be determined for each medium by 
dividing the apparent microvolts per meter values by the impedance 
of free space (377 ohms). However, the relative power level of t ie 
signals in the two media cannot be calculated until measurements of 
wave impedance in the ionosphere have been made. 
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secoid-by-second outline of each of the three curves, 
which respectively define the quasi-maximum apparent 
sign d intensity (upper level), the quasi-minimum ap-
pa*cnt signal intensity (lower level) and the quasi-peak 
app irent intensity of ambient noise at the satellite 
(doited curve). The curved abscissa at the one micro¬ 
vol t-per-meter level of the ordinate defines the ground 
track of the satellite on the earth’s surface as it moves 
in die ionosphere from out over the Pacific Ocean into 
the Atlantic region. 

Signal and Noise During a Dawn Pass 

Eig. 13 is a presentation of the same type as Fig. 12 
but for a dawn 13 pass (March 22, 1961, orbit number 
434). The apparent signal level at the satellite relative 
to the computed terrestrial surface value drops rapidly 
as LOFTI and its companions move from the west 
toward sunrise at the satellite (from about — 26 db ±5 
db to about —46 db +5 db). Immediately after it 
passes the sunrise line, the satellite moves into a region 
of rapidly increasing VLF field intensity. Loop receiver 
saturation level (indicating signals of over 100 gv/m 
apparent electric field intensity) is reached in about two 
minutes elapsed time. The apparent electric field in¬ 
tensity is then less than 15 db below the computed sur¬ 
face value; the satellite is at a position corresponding to 
about six hours before noon. From there on, the signal 
decreases with further satellite motion to the east, 
reaching a relative value of about —40 db ±5 db at 
the end of the pass. The position then corresponds to 
about four hours before noon. 

Fig. 12—VLE signal and noise field intensity at the satellite during 
17 minutes of a forenoon pass. Upper boundary of signal trace is 
second-to-second quasi-maximum level; lower boundary is quasi-
minimum level. Xoise values are quasi-peak levels. 

Local mean sun time is marked at the five minute 
el tpsed time points along the track. The satellite is 
moving in daylight all the way, approaching high noon 
at the eastern end of the pass. Its altitude increases from 
4*0 km (260 miles) at the west end to 565 km (350 miles) 
it the east end. At the same time, its ground range to 
tke transmitter decreases from over 5800 km (3600 
n iles) at the first time marker to less than 1300 km 
(300 miles) at the last marker. 
The field intensity of NBA’s signal on the terrestrial 

s irface directly under the satellite, as computed from 
a modified form of the Baldwin-McDowell equation, is 
snown by the smooth curve in the upper part of the 
graph. At the western end of the pass, the ratio of the 
apparent electric field intensity of the NBA signal at 
the satellite to the NBA computed electric field in¬ 
tensity at the Earth’s surface is about — 26 db ( ± 5 db). 
At this point, the atmosphere is in a state of ionization 
corresponding to about two hours of solar irradiation. 
At the eastern end of the pass, the ionization is ap-
□roaching the noon values; here the ratio is about —55 
db ( ±5 db). 
The quasi-peak noise level is below the signal level by 

oughly 6 to 12 db during most of the transcontinental 
part of this pass. Occasional large increases of noise 
appear in the data but persist for only a few seconds. 
However, beyond the Gulf of Mexico, over the Carib¬ 
bean area, the noise level is much higher than the NBA 
signal level much of the time. 

Fig. 13—VLF signal and noise field intensity at the satellite 
during 15 minutes of a dawn pass. 

The ambient noise level is higher throughout most of 
this pass than in the daylight pass of Fig. 12, exceeding 
the signal level very considerably shortly before and 
after the satellite passes the sunrise position. Again 
the noise level exceeds the NBA signal level much of the 
time over the Caribbean area. 

Effect of Direction of Satellite 
from Transmitter 

Comparison of NPG signal data to NBA signal data 
affords some experimental confirmation of the effect 
of difference in angle 0 of the wave normal relative to 
the geomagnetic field on attenuation. NPG is about 
40° farther north than NBA. Limited data available for 
a period when the two stations were operating simul¬ 
taneously at 18 kc indicates that the NPG signal in the 
ionosphere was attenuated relative to its computed 
ground signal intensity roughly 10 db less than NBA’s 
signal. 

13 Similar data for night and dusk passes were not yet available 
at the time of this writing. 
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The computed effect of 6 on power loss through the 
model ionosphere of Fig. 2 is shown below. 

Angle e Between Wave Computed Transmission Loss 
Normal and Geomagnetic Through Ionosphere 

Night Day 
0° (or 180°) 2.0db 27 db 
30 (or 150°) 3.5 33 
60 (or 120°) 15 75 
90 >100,000 >100,000 

Time Distribution of Signal Intensity 

The time distribution of the apparent field intensity 
of the NB.-\ signals observed by LOFTI in a particular 
portion or volume of the atmosphere is shown in Fig. 14 
relative to computed ground signal intensity. To de¬ 
velop the data in this form, the second-by-second values 
for a number of passes of the satellite through this 
volume were reduced to one-minute mean values. 14

Fig. 14—Cumulative time distribution of NBA signal intensity at 
the satellite in a space to the north of NBA approximately 4400 
km long (west to east) by 890 km wide (north to south) by 555 km 
high, and 165 km above the terrestrial surface at closest approach. 
Satellite at extreme line-of-sight distance from transmitter most 
of the time. 

The volume to which the distribution curves of Fig. 
14 apply was to the north of station NBA and extended 
from 20 to 28° N latitude and 60° to 100° W longitude. 
The satellite was at altitudes between 380 and 720 km 
(225 and 445 statute miles) during the daytime passes 
and between 165 and 360 km (105 and 224 miles) during 
the night-time passes. The particular passes and this 
volume were chosen because the greatest amount of re-

11 In general, the field intensity at the satellite loop, as gauged 
from final IF output level telemetered from the satellite, did not 
vary much more than about three to one in any one minute interval. 
Each minute of data was examined second by second and a microvolt-
per-meter level was assigned to it which represented a best estimate 
of the mean level for that one minute interval. Although the satellite 
loop receiver saturated at 100 /iv/m, programmed 2-second intervals 
of reduction of loop signal input to the receiver occurred once each 
30 seconds. During this time, a 40-db attenuator was automatically 
inserted into the loop circuit by the satellite instrumentation. The 
resulting increase of input required to produce receiver saturation has 
made possible a rough estimate of the field intensity causing the 
saturated condition immediately prior to and succeeding these 
2-second intervals. 

duced data for transmitter to satellite distances close 
to the extreme line-of-sight range was available for 
them, as of this writing. 
The night curve in Fig. 14 presents data from 10 

passes over a period of four days. Altogether, these 
passes provided 1800 seconds of telemetered informa¬ 
tion. Essentially all of the NBA pulses are visible in the 
telemetry recordings of these passes, except for a few 
moments when noise bursts obscured the signals briefly 
or when telemetry reception failed momentarily. Simi¬ 
larly, the day curve is derived from 14 passes on 8 days 
that together provide 2380 seconds of data. About 10 per 
cent of the time ticks are completely masked by VLF 
noise in these recordings. The designation “night” as 
applied in Fig. 14 is the interval of one and a half hours 
after sunset to one and a half hours before sunrise. Like¬ 
wise, “day” is the period from one and a half hours 
after sunrise to one and a half hours before sunset. 
The one-minute mean data points for both day and 

night cluster along lines of log-normal distribution. 
The night curve has no data points below 15-db at¬ 
tenuation because the loop receiver reached output 
saturation when the ionospheric attenuation was less 
than this value. The one point shown at about 8 db 
(marked “estimated”) was derived from observations 
of output signal magnitude during periods when the 40-
db pad was inserted in the satellite’s loop circuit. It is 
not considered to be as accurate as the rest of the data 
and the night curve has therefore been extended by 
straight line extrapolation. The lines marked “corrected 
for loop misorientation” represent the observed data 
compensated, on a probability basis, for the lower loop 
output resulting from the likely misalignment of the 
loop relative to the VLF wave front. 15

Discussion of Distribution Curves 

The range of amplitude variation of the observed 
night signal in the 3 to 99 per cent time range, including 
the estimated point at 8-db attenuation, is about 30 
db. The 3 to 99 per cent range for the observed day 
signal (including the extrapolated section from 90 to 99 
per cent) is about 21 db. These values compare fairly 
well with the range of fading observed in long-distance 
VLF ground signal propagation studies. 
The difference in attenuation between the day and 

night curves at the 50 per cent time points is about 26 
db. This is nearly the same as the difference between 
the computed day and night absorption loss (cumulative 
attenuation) above 160 km (100 miles) altitude in the 
model ionosphere (Fig. 4). 
The attenuation of magnetic field intensity of the 

VLF radio wave is indicated directly by the ordinate in 
Fig. 14. It appears that 50 per cent of the time the 
magnetic field intensity of the signal in the ionosphere 
at night is 13 db less than the computed ground field 
and is 38 db less during the daylight period. These 
figures apply to the particular conditions under which 

15 See Appendix IV. 
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the data was taken and include correction for probable 
loop misorientation. 
Snce the interface entry and the subsequent absorp-

tioi losses are both dependent to some degree on the 
argle between the wave-normal and the geomagnetic 
field, becoming less as 0 approaches 0 degrees, the at-
teiuiation of the signal by the ionosphere should, in gen¬ 
era , be less at the higher latitudes. 

Time Delay and Doppler Shift 

"he low velocity of VLF wave propagation in the 
iciMisphere indicated by the long delay time of the 
eel oes in Fig. 11 is also apparent in the relatively much 
kt ger time required for the signal to arrive at the 
satellite as compared to arrival time at the ground VLF 
receivers, l ime pulse delays ranging from about 10 to 
2 ) ) msec appear throughout the data. As much as 8 cps 
Doppler shift of NBA's carrier frequency, which is held 
constant at the transmitter to 1 part in 101" (about 
— 2 X 10 n cps), appears in the data so far examined. 

Effect of Altitude 

As of this writing, about one sixth of the LOFTI I 
c ; ta has been reduced. No correlation between altitude 
of the satellite and the apparent signal intensity has yet 
become evident. The data so far studied does not dis¬ 
agree with the concept that the absorption loss occurs 
almost entirely in the D region. 

Conch signs 

General conclusions which are derived before all the 
significant data from an experiment has been reduced 
i id analyzed are necessarily tentative. However, the 
LOF IT 1 data and studies do indicate that: 

figures for 10 per cent and 90 per cent of the time are 4 
db and 29 db at night, and 33 and 45 db by day. This in¬ 
formation is, however, based on only about 2000 seconds 
of data each for the night and day conditions, and 
applies only to 18-kc signals received by the satellite at 
latitudes less than 28° north and to the north of the 
transmitter. 

4) The VLF signal appears to travel to its point of 
reception in the ionosphere much more slowly than in 
free space. Transmission delay as great as thirty times 
the free space delay appears in the data. 

5) The echoes of station NBA signals observed in the 
experiment lend support to present theories of whistler 
propagation. 

6) Satellite communication using VLF radio waves is 
feasible and affords some interesting possibilities for 
future application. 

Future Flans 

Further LOFTI experiments are planned for explora¬ 
tion of VLF reception at the higher latitudes and at 
other frequencies. Transmission from within the iono¬ 
sphere is to be studied. It is expected that, in addition 
to other data, the next experiment will provide the in¬ 
formation on electric dipole impedance in the ionized 
medium lost in the LOFTI I experiment. 

Appendix 1 

Attenuation of a Radio Wave Propagating 
ina Magneto-Ionic Medium 

The absorption coefficient x for an electromagnetic 
wave in a magneto-ionic medium can be determined 
from the complex refractive index n. 

"2 'x) ' 1 1 - iZ- (1/2) Fr7(l - X - iZ} ± [I I'rVd - X - iZ)* + 
(2) 16

1) A considerable portion of the energy radiated by 
transmitters and other sources of VLF signals in the 
lower atmosphere penetrates the interface between the 
ionosphere and lower atmosphere and appears within 
I he ionosphere. It seems likely that there is a transition 
loss at the interface, after which the signal energy is 
urther reduced by attenuation due to absorption plus 
some spreading loss as the wave moves upward through 
he ionized air. 
2) Most of the propagation loss between the ground 

ransmitter and satellite receiver appears to occur below 
100 km altitude. 

3) The signal intensity data so far reduced to statis¬ 
tical form indicates that 50 per cent of the time the 
magnetic field intensity of the VLF wave is reduced less 
than 13 db at night and less than 38 db by day because 
of passage through the ionosphere. The corresponding 

where 

g = refractive index, 
X = w.v2/w2, 

=wl/w, 
1 and 
Z =v/u. 

The quantities 

w.v2 = 47r.Ve2/euw, 
œ/. = w« cos 0 = fnoHve/m) cos 0, 
ur = Uh sin 6 = I^H»e/m) sin 0, 
f = collision frequency, and 
w = wave angular frequency; 

16 J. A. Ratcliffe, “The Magneto-Ionic Theory and Its Applica¬ 
tion to the Ionosphere,” Cambridge University Press, New York, 
N. Y„ and London, Eng.; 1959. 



16 PROCEEDINGS OE THE IRE January 

in which 

Wat = plasma angular frequency, 
œ« = gyro angular frequency, 
N = electron density, 
Ho = magnitude of the imposed magnetic field, 
0 = angle between the direction of the magnetic field 

and the wave normal, 
e = charge of the electron, 
m = mass of the electron, 
Mo = magnetic permittivity of free space, 
€o = electric permittivity of free space. 

An expression for a, the power attenuation of the 
radio wave per unit distance in the ionosphere, may be 
derived from x in equation (1-1). A greatly simplified 
form of this expression appears as (1). 

Appendix II 

Variation of Orbital Parameters 

Orbit Attained 

Certain major orbital parameters of LOFTI I and its 
attached companions four days after launch are given in 
Table I. This data was developed from Minitrack sta¬ 
tion observations by the NASA Computing Center 
and issued by the Goddard Space Flight Center. 

TABLE I 
Major Orbital Elements of Satellite 1961 Eta for the 

Epoch 0353 UT (10:53 pm, EST), February 25, 1961 

in time. This rate did not change greatly during the 
nearly 36| days of the satellite’s life and the apogee 
progressed similarly. The change in sub-orbital posi¬ 
tion 17 of the apogee is shown in the lower part of Fig. 15. 
The progression in position of the apogee and perigee 

over a complete cycle in latitude allowed LOFTI 1 to 
sample the VLF field at varying altitude over all the 
areas covered by telemetry before 1961 Eta perished, 
presumably in a burst of fire, on March 30, 1961. 

Fig. 15—Reduction in altitude of the apogee and variation of the 
apogee in latitude during the lifetime of the satellite. The altitude 
of the perigee remained close to 160 km until the end of life. 

Anomalistic Period 
(Time for one revolution around 
Earth, perigee to perigee) 

Inclination 
(Plane of orbit relative to Earth’s 
equatorial plane) 

Argument of Perigee 
(Angle between ascending node 
and perigee in plane of orbit) 

/Motion Plus (Progression 
of perigee) 

Eccentricity 
(Departure of orbit from perfect 
circle) 

Semi-Major Axis 
(Half-length of major axis) 

Perigee [Least altitude relative to 
equatorial radius of earth 
( =3963.3 statute miles)] 

Apogee (Greatest altitude relative 
to equatorial radius of earth) 

Velocity at Perigee 
Velocity at Apogee 

95.92030 

28.37 

60.392 

10.676 

0.05731 

1.08826 

103 

597 

17,953 
16,007 

Minutes 

Degrees 

Degrees 

Degrees per day 

Earth Radii 

Statute Miles 

Statute Miles 

Miles per hour 
Miles per hour 

Appendix III 

Satellite Instrumentation 18

The Satellite 

LOFTI I (Fig. 16) was a 20-inch diameter sphere that 
weighed 57 pounds complete with instrumentation. A 
loop antenna of approximately elliptical shape, which 
had a mean diameter of 20 inches, was mounted on the 
sphere. The satellite’s two 15-foot long whip antennas 
were wound in strip form on separate motor-driven 
reels inside the sphere. The strips were to be unreeled 
upon radio command, assuming a hollow-rod form 
as they extended slowly through the upper guide tube 
and an orifice in the base of the sphere, respectively.” 
Six sets of solar cells assembled in patches on the surface 
of the sphere provided primary power for the electrical 
and electronic equipment. Eight photo-electric sensors 
were mounted on the sphere, four to provide data on 
satellite attitude relative to the sun and four to provide 
similar information on attitude relative to the Earth. 
Four rods, which were folded up during launch, were 

Progression of the A pogee 

Although 1961 Eta’s perigee became lower by only 
a few miles during its short life, its apogee progressively 
fell from almost 600 miles to nearly 250 miles, as shown 
in the upper part of Fig. 15. 

Table I gives the rate of progression of the perigee as 
very nearly 1 Of degrees per day at that particular epoch 

17 Point on Earth’s surface vertically under the satellite. 
18 The Radio Techniques Branch, Radio Div., USNRL, planned 

and directed the experiment, and provided the satellite VLF and 
ground station instrumentation. The Satellite Techniques Branch, 
Applications Res. Div., USNRL (M. Votaw, Branch Head) pro¬ 
vided the satellite, including the VHF instrumentation, and was 
responsible for launch. 

19 H. R. Warren, “DeHavilland antenna erection unit,” Proc, of 
Fifth National Convention on Military Electronics, Washington, D. C.; 
June 26-28, 1961. 
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th; radiator elements of a turnstile antenna for the 
136-Me telemetry system. 

Electronic Instrumentation 

The block diagram (Fig. 17) shows the major elec¬ 
tronic elements of LOFTI I. The telemetered informa¬ 
tion was carried by frequency variation of subcarriers in 
li ter-Range Instrumentation Group (IRIG) frequency 
bunds 3 to 7 (inclusive), which amplitude-modulated 
tie carrier of the 136. 17-Mc telemetry transmitter. The 
drvided-down (1057 cps) output of the individual sync-
îœked crystal oscillators of the two VLF receivers also 
amplitude-modulated the telemetry carrier, one of the 
1057 cps outputs being considerably attenuated relative 
to the other to permit recognition in the telemetry in 
case of loss of synchronization. The term “25 cps IF 
output” in the diagram refers to the output of the final 
s~age of the second (25 cps) IF amplifier of the VLF 
receiver, and the term “detected output” refers to the 
output of the diode detector following the first IF 
(1082 cps) amplifier. 

satellite assembly was attached to the second stage of 
the Thor/Able-Star launch vehicle and covered by a 
nose cone during launch. 

Pickaback Mounting 
Fig. 18 shows LOFTI I as it appeared mounted as a 

copassenger on the TRANSIT 111-B satellite. The two-

Fig. 18—Side view of LOFTI 1 mounted on TRANSIT 111-B. 

Appendix IV 

Decrease in Output of a Single Plane Loop 
Due to Misorientation Relative to the 

Wave Normal 

Assuming circular polarization of the VLF wave in 
the ionosphere, the LOFTI loop would exhibit cosine¬ 
law response when rotated about any axis perpendicular 
to the wave normal. The loss due to misorientation 
would then be: 

Fig. 16—Side view of the LOFTI I satellite 

Misorientation (Per cent of 90°) Corresponding Reduction in 
Loop Output Voltage 

0 per cent 0 db 
20 0.5 
30 1 
40 1.5 
50 3 
60 4.5 
70 7 
80 10 
90 16 
95 22 
99 36 

Fig. 17—Major electronic elements of LOFTI I satellite instrumenta¬ 
tion which pertained to the VLF experiment. 
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Decreasing the Threshold in FM by 
Frequency Feedback* 

L. H. ENLOE f, MEMBER, IRE 

Summary—The “frequency feedback demodulator" or “fre¬ 
quency compression demodulator" can be used to extend the 
threshold of signal-to-noise improvement in large index frequency¬ 
modulation systems. Previous papers have advanced the argument 
that the threshold occurs in the usual manner when noise peaks 
exceed the carrier envelope at the input to the frequency detector of 
a feedback demodulator. However, correlation between calculated 
values and carefully measured experimental values has been poor. 
The calculated values have been incorrect by orders of magnitude in 
many typical cases. In this paper it is shown that the threshold can 
also occur because of the feedback action of the demodulator. When 
this is taken into account, the threshold can be calculated accurately. 
It is shown that the threshold cannot be improved by the often sug¬ 
gested scheme of inserting a carrier of the proper phase at the input 
to the frequency detector. The phase-locked loop, a related device, 
is shown to have a threshold which is equal to or poorer than the 
threshold of the feedback demodulator for large modulation indices. 
It is shown that the stability of the feedback loop (and consequently 
the threshold) of the feedback demodulator is a function of modula¬ 
tion, but that by following the procedure given, the effect can be 
almost entirely eliminated. The results of this paper allow one to 
design feedback demodulators for the first time which will extend the 
threshold in a predictable manner. 

Introduction 

HI ^HERE is widespread interest at the present time 
in modulation techniques which trade bandwidth 
of the transmitted signal for improved baseband 

signal-to-noise and signal-to-interference ratios. These 
techniques are of special interest in the field of space 
communications where distances are so large that even 
the use of masers and large low-noise antennas results in 
a signal-to-noise ratio, assuming single-sideband modu¬ 
lation, too small for commercial telephone service by a 
factor of about a hundred. In addition, the most efficient 
operation requires the use of a single-frequency channel 
by many satellites and ground stations simultaneously. 
This mode of operation demands a modulation tech¬ 
nique which can increase the baseband signal-to¬ 
rn utual-interference ratio considerably over that of 
single-sideband modulation. Large index frequency 
modulation satisfies both of these requirements and 
could be used but for the fact that it has a relatively 
poor threshold. The threshold is defined as the minimum 
carrier-to-noise ratio yielding an FM improvement which 
is not significantly deteriorated from the value predicted by 
the usual small noise signal-to-noise formulas. This paper 
discusses special demodulators using frequency feed¬ 
back to extend the threshold and bring frequency 
modulation into an attractive position. 

I'he frequency feedback demodulator originated 

* Received by the IRE, August 11, 1961; revised manuscript re-
reived, October 31, 1961. 

+ Bell Telephone Laboratories, Inc., Holmdel, X. J. 

with Chaffee [1] in the early thirties. His paper and a 
companion paper by Carson [2] contain interesting re¬ 
sults concerning the distortion and small noise signal-to-
noise characteristics of the demodulator. In the past 
few years various papers have been published [3], [4] 
to show that a form of this demodulator (a limiter was 
added) could be used to decrease the threshold of 
signal-to-noise improvement in large index EM. More 
recently, demodulators of this type were used in the 
Project Echo experiment for the same purpose [5 ]. In 
these demodulators the frequency deviation of the large 
index wave is compressed by using feedback, so that it 
may be passed through a narrow-band-pass II-' filter 
before demodulation. Previous papers [3 ], [4 j have ad¬ 
vanced the theory that the system threshold occurs in 
the usual manner at the frequency detector of the feed¬ 
back demodulator when noise peaks exceed the carrier, 
and is equal to that of a conventional FM demodulator 
having the same narrow-band-pass IF filter. This implies 
that, if the system were above threshold with no feed¬ 
back applied, an unlimited signal-to-noise ratio could 
theoretically be obtained by increasing the frequency 
deviation of the carrier and the amount of feedback 
simultaneously. In practice it has been found that this 
behavior cannot be obtained, and it has also been found 
that the threshold can be different from the predicted 
value by orders of magnitude. The tendency has been 
to attribute these inconsistencies to the difficulties in¬ 
volved in obtaining a stable feedback system for large 
amounts of feedback. It will be shown in this paper that 
the more fundamental reason is that the threshold de¬ 
teriorates as a function of the feedback action of the 
system. A mathematical analysis of the feedback de¬ 
modulator when it is operating below threshold is a 
difficult and unsolved problem. The determination of 
where the threshold occurs, however, is a considerably 
less difficult problem, and it is this problem which is 
considered. In the past it has been suggested [4] that 
the threshold of the feedback demodulator could be 
eliminated by properly inserting a carrier in front of the 
frequency detector. In this paper it is shown that in a 
properly designed system the threshold would not be 
improved by carrier insertion. It is also shown that 
the feedback stability and the threshold of the feedback 
demodulator are both functions of modulation, but that 
by following the suggested procedure the effect can be 
almost entirely eliminated. The results of this paper 
allow one, for the first time, to design feedback demodu¬ 
lators which will extend the threshold in a predictable 
manner. 
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I. The Concept of Frequency Feedback 

The block diagram of the feedback demodulator is 
shawn in Fig. 1. In order to understand its operation, 
imagine for the moment that the voltage controlled 
cs dilator (VCO) is removed from the circuit and the 
feedback loop left open. Assume that a wide index FM 
wave is applied to the input of the mixer, and a second 
FM wave, from the same source but whose index is a 
fraction smaller, is applied to the VCO terminal of the 
ifiixer. The output of the mixer would consist of the dif-
fe-ence frequency, since the sum frequency components 
are removed by the bandpass filter. The frequency de-
viition of the mixer output would be small, although 
tie frequency deviation of both input waves is large, 
si ice the difference between their instantaneous devia-
ions is small. Hence, the indexes of modulation would 
subtract and the resulting wave would have a smaller 
ii dex of modulation. The reduced index wave may be 
pissed through a filter, whose bandwidth need be only 
a fraction of that required for either large index wave, 
a id frequency detected. It is now apparent that the 
second FM wave could be obtained by feeding the out¬ 
fit of the frequency detector back to the VCO. 

ing the band-pass IF filter is small compared to unity. 1 

Under this condition the IF filter may be represented 
by its low-pass equivalent.2 1 he VCO and frequency 
detector may be replaced by an ideal integrator and an 
ideal differentiator respectively. The mixer is a fre¬ 
quency subtractor. The open-loop transfer function 
KTKfA must, of course, satisfy the usual 
Nyquist and other stability criteria.2 This eliminates 
any possibility of using a so-called “rectangular” IF 
filter. Let us define the closed-loop transfer function as 
the function which relates the phase of the wave gen¬ 
erated by the VCO to the phase of the wave at the 
signal input to the mixer, i.e., dfjwppfjw) in Fig. 2. 
From linear feedback theory it follows that the closed-loop 
bandwidth is unavoidably larger than the open-loop band¬ 
width. In later sections we shall see that this fact plays 
an important role in the determination of the threshold. 

F>g. 2—Baseband analog of the feedback demodulator when the 
wave entering the IF band-pass filter has a modulation index 
much smaller than unity, i.e., when |</>,(t)|«l. AL(ju) is the low-
pass equivalent of the band-pass IF filter A(ju). 

and edju) are the Fourier transforms of <t>W and 
et(t), respectively (shown in Fig. 1). 

E2cos a>2t + ̂ (t) + ej 

•ig. 1-—Block diagram for a frequency feedback demodulator. Kf 
and K, are the gain constants of the frequency detector and the 
VCO respectively. They relate radian frequency to voltage. 
A(ja¡) and H(ja) are the transfer functions of the band-pass IF 
filter and low-pass baseband filter in the feedback path respec¬ 
tively. Although the output is indicated as being immediately 
behind the frequency detector, it might equally well be con¬ 
sidered to be any other point in the loop. 

It will now be shown that the signal-to-noise ratio of 
a feedback demodulator is the same as that of a conven¬ 
tional FM demodulator receiving the same signal and 
noise density if the carrier-to-noise power ratio is suf¬ 
ficiently large. Assume for the moment that there is no 
feedback, i.e., that À'„ = 0. Let the unmodulated carrier 
and noise at the input to the frequency detector be 
given by [ó] 

II. Small Index Response and Signal-to-Noise 
Ratio Above the Threshold 

The “moving finger” or quasi-stationary behavior of 
the feedback demodulator is more or less obvious, and so 
our attention will be concentrated on the less obvious 
small index behavior. It is the small index response 
which may be used to determine the system stability, 
the effective or closed-loop noise bandwidth, the base¬ 
band signal-to-noise ratio and the threshold. The base¬ 
band analog of the demodulator, shown in Fig. 2, is 
valid as long as the modulation index of the wave enter¬ 

elf) = cos + I ft) cos cid — I ft) sin wd 

= Äjl + I ft) +j/ft)]('-' 

= ̂ [1 + A(/)]2 + W 

e jbiot + j tan-1

1 It should be noted that the modulation indexes of the waves at 
the VCO output and mixer signal input may be large. These waves 
have many sidebands for each baseband frequency component, but 
they are correlated in such a manner that when they are multiplied 
together in the mixer a cancellation process takes place which results 
in a carrier and a single pair of quadrature sidebands per baseband 
component. 

2 This will be discussed further in Section V and in Appendix C. 
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where Rr( ) stands for the real part of ( ). /„(/) and 
IM are random Gaussian variables in phase quadra¬ 
ture with each other, normalized by the carrier envelope. 
The last equation places in evidence the envelope and 
phase of the composite wave.3 The constant frequency 
term wo can be subtracted out by a balanced frequency 
detector or eliminated by filtering, and so will be 
dropped. If the envelope of the noise is much smaller 
than the carrier envelope except for a negligible portion 
of time, i.e., if 

I IM + jiM\ « 1. 

then the phase and envelope of the composite wave are 
given by 

^M = IM 

and 

EM = 1 + IM-

fliese expressions show that the composite wave at the 
input to the frequency detector is small index phase-
modulated by the term IM< which is derived from the 
component of noise which is in phase quadrature with 
the carrier. The wave is also small index envelope-
modulated by the term IM> which is derived from the 
component of noise which is in phase with the carrier. 
When feedback is applied, the VCO generates a wave 
which reduces the angle-modulation index of the wave 
in the IF, i.e., the quadrature component of noise IM-
Thus it is seen that, as long as the carrier-to-noise ratio 
is sufficiently large, the demodulator does not respond 
to the in-phase noise (envelope of the composite wave), 
but that it demodulates the quadrature noise in exactly 
the same fashion as it would demodulate signal modula¬ 
tion. Signal and quadrature noise are reduced in the 
same proportion by feedback, with the result that the 
baseband signal-to-noise ratio is independent of feed¬ 
back. For large carrier-to-noise ratios the baseband sig¬ 
nal-to-noise ratio of a feedback demodulator is then the 
same as that of a conventional FM demodulator [8], 

III. Qualitative Discussion of the Threshold 
and Experimental Results 

'Die conventional FM receiver accepts a band of 
noise at the input to its frequency detector equal to the 
bandwidth required by the large index transmitted 
wave. When noise peaks exceed the carrier for any 
significant portion of time, a threshold occurs. This 
threshold limits, for a given carrier power and noise 
density, the baseband signal-to-noise improvement ob¬ 
tainable by increasing the deviation of the transmitted 
wave. It was shown in Section II that the frequency 
feedback demodulator reduced the quadrature noise 

s The phase and envelope of any general wave are uniquely de¬ 
fined by its pre-envelope [7|. 

IM reaching the frequency detector by the use oi feed¬ 
back. While the in-phase noise IM was not reduced by 
feedback, it was also not detected by the ideal frequency 
detector and consequently was not fed around the loop. 
Feedback then decreases the envelope of the noise at the 
input to the frequency detector. Based upon this ob¬ 
servation, it has been wrongly suggested [3], ,4] that 
the threshold is determined by the envelope of the noise 
at the frequency detector and hence should not be de¬ 
graded by feedback. If this were true, the baseband 
signal-to-noise ratio could (in theory) be increased in¬ 
definitely by increasing the deviation of the transmitted 
wave and the amount of feedback simultaneously, as 
long as the system were above threshold with no feed¬ 
back applied. Unfortunately, we shall see later that the 
threshold is degraded by the feedback action of the 
demodulator because of effects which are not at all 
obvious from the above oversimplified argument. 

Let us study briefly the reasons why the feedback 
demodulator is able to extend the threshold. I he con¬ 
ventional large index FM receiver fails to use a very 
important piece of a priori information, that even 
though the carrier frequency will have large frequency 
deviations, its rate of change will be at the baseband 
rate. Both the feedback FM demodulator and the 
phase-locked loop use this a priori information to extend 
the threshold. They are essentially “tracking filters” 
which can track only the slowly varying frequency of 
large index waves, and they consequently respond to 
only a narrow band of noise centered about the in¬ 
stantaneous carrier frequency. We would expect in¬ 
tuitively that the threshold of an ideal tracking filter 
would be equal to that of any other frequency detector 
receiving the same carrier and narrow band of noise. 
The bandwidth of noise to which the feedback demodu¬ 
lator and phase-locked loop respond is precisely the 
band of noise which the VCO tracks. The noise band¬ 
width of both systems is that of the closed-loop response 
function defined in Section II. While the thresholds of 
the phase-locked loop and feedback demodulator occur 
because of the same basic mechanism, the details by 
which they occur are, of course, different. Let us con¬ 
centrate now on the feedback demodulator. Assume for 
the moment that the feedback loop is open and that the 
demodulator input consists of an unmodulated carrier 
wave and a band of Gaussian noise. The noise can be 
separated into components which are in phase and in 
phase quadrature with the carrier, as discussed in Sec¬ 
tion II. If the carrier-to-noise ratio at the input to the 
frequency detector is large, then the composite wave at 
that point is small index phase-modulated by the 
quadrature noise and small index envelope-modulated 
by the in-phase noise. For the purpose of this paper the 
threshold will be said to occur when the phase of the 
composite wave at the input to the frequency detector 
contains a significant amount of noise in addition to 
that derived from the quadrature noise, i.e.., in addition 
to the noise predicted by the FM improvement formula. 
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Now close the feedback loop. The baseband noise 
angle modulates the VCO. If the root-mean-square 
phase deviation of the VCO wave is small, the spectrum 
co isists primarily of a carrier “spike” and the first-order 
spectral sideband zone. These first-order sidebands are 
in phase quadrature with the VCO carrier spike. The 
rincer forms the product of the VCO wave with the 
demodulator input carrier and noise. The product of 
the VCO carrier spike and incoming carrier yields a new 
carrier in the IF. The product of the VCO carrier spike 
ai d incoming quadrature and in-phase noise terms 
yields new quadrature and in-phase noise terms in the 
II. The quadrature noise becomes angle noise and 
the in-phase noise becomes envelope noise. The product 
of the quadrature term (first-order sidebands) of the 
VCO with the incoming carrier yields a second quadra¬ 
ri re term in the IF which tends to cancel the first quad¬ 
rature term. It is because of this cancellation that noise 
ir the baseband is reduced by feedback. It is also this 
cancellation that allows the VCO wave to have a fre-
qtency deviation which may be wider than the IF 
i ter bandwidth. If the products mentioned so far are 
the only ones of any significance, the system behaves in 
i linear fashion. Two products remain, however. The 
product of the quadrature term of the VCO wave with 
t ie incoming quadrature and in-phase noise terms 
yields additional angle and envelope noise. The threshold 
o curs when this additional angle noise becomes significant. 
This happens when the root-mean-square phase de¬ 
viation of the VCO wave caused by noise is no longer 
snail compared to unity. The exact relations are dis-
cussÇd quantitatively in Section IV. Experimentally it 
i; found that, soon after the additional noise becomes 
i oticeable, noise impulses appear in the baseband. 
' 'heir onset serves as a convenient measure of the 
threshold in practical systems. They appear suddenly 
; nd increase rapidly in number as the carrier-to-noise 
latió decreases. They first appear when the root-mean-
square phase deviation of the VCO wave (caused by 
tioise) is </>rms= 1/3.11 radian, i.e., approximately one-
hird of a radian. They are apparently the result of 
ligher-order nonlinearities which occur in this region. 
The threshold should be expressed in terms of the 

nput carrier-to-noise ratio in the closed-loop noise 
□andwidth in Order for its full implication to be ap-
areciated. This is easily done by using the small index 
oaseband analog shown in Fig. 2. The mean-square 
phase of the wave generated by the VCO, 0rms2, can be 
obtained by integrating the product of the input phase 
spectral power density and the square of the absolute 
value of the closed-loop response function. Above 
threshold the input phase spectral power density 
caused by noise is equal to the spectral power density of 
the normalized quadrature noise. Thus 

r+x | KtK/AL(.ju)H(ju) I2 
«Arms" = <r«" I ' - ~ df, 

11 + KrKfAL(ju)H(ju)\ 

where as2 is the spectral power density of the normalized 
quadrature noise which is also equal to the total 
input normalized white noise density. The closed-loop 
noise bandwidth4 is 

-1 + K,Kfy r+“j K,KfAL(ju)H(jco) I2

K„K/ _ •/_„ 11 + KrKf A Il(jw) I 

and the carrier-to-noise ratio in front of the mixer in a 
bandwidth equal to the closed-loop noise bandwidth is 
p = \/2B,a 2. Consequently, the input carrier-to-noise 
ratio in a bandwidth equal to the closed-loop noise band¬ 
width is given, in terms of the mean-square phase of the 
VCO wave, by 

p = 
1 

2 «Arm»2

~ KvKf I2

-1 + K,Kf_ 

As determined by experiment, the threshold occurs at 

1 T K^K, I2
= —- - = 4.8 

2 1/3.11 2 Ll + K,Kf_ 

where F= 1 +-&»■£/ = amount of feedback or frequency 
compression. For large feedback pr = 4.8 or 6.8 db. 

Let us dwell upon the full implications of (1), for they 
are probably the most important results in this paper. 
This equation tells us where the feedback threshold occurs 
in the demodulator as a function of the feedback factor 
and the input carrier-to-noise ratio in a bandwidth 
equal to the closed-loop noise bandwidth of the system. 
Recall that the development of this equation assumed 
that the system was above threshold on an open-loop 
basis. Therefore (1) must be used only after assurance 
that this condition is satisfied. For instance, the result 
pT = 0 when F=1 means only that a system without 
feedback does not have a threshold produced by feed¬ 
back. In order for a feedback demodulator to be above thres¬ 
hold, it must be above both the open-loop and the feedback 
thresholds independently. Observe that the closed-loop 
noise bandwidth is not uniquely related to the IF filter 
bandwidth, baseband bandwidth or the bandwidth re¬ 
quired by the large index wave in front of the mixer. 
However, once the open-loop transfer function 
KvKf A ifjufllljw) is specified, the closed-loop noise 
bandwidth is determined uniquely. It will always be 
larger than the open-loop bandwidth, and for large 
feedback it will be much larger. Consequently, if the 
system were designed by placing all the selectivity in 
the IF filter, then the carrier-to-noise ratio in the IF 
band in front of the frequency detector would be much 
larger than that in a bandwidth equal to the closed-loop 
noise bandwidth (by the ratio of the bandwidths). As 
a result, the system threshold would be caused entirely 
by the feedback threshold. 

4 Notice that power is assumed to reside in both positive and 
negative frequencies, and that the closed-loop bandwidth is two 
sided. 



22 PROCEEDINGS OF THE IRE January 

Since the closed-loop noise bandwidth does not de¬ 
pend on whether the filtering is done at IF or baseband 
or a combination of both, it is immediately clear how 
to improve the performance of the demodulator. First, 
note that full feedback should be maintained over all 
baseband frequencies to be transmitted so that the fre¬ 
quency deviation in the If* filter is fully compressed. 
With this restriction, the closed-loop noise bandwidth 
should be as small as possible for a given amount of 
feedback, in order to minimize the feedback threshold. 
The filtering should be proportioned so that the IF 
filter is as wide as possible without allowing the open-
loop threshold to predominate. This allows the largest 
possible frequency deviation in the IF and therefore 
yields the largest possible baseband signal-to-noise 
ratio for a fixed system threshold carrier-to-noise ratio. 
The remaining filtering required to realize the desired 
closed-loop response function is done at baseband in 
the feedback path. 
The concepts discussed in this Section have been 

thoroughly tested experimentally. Demodulators were 
deliberately designed to have the feedback threshold 
predominate. A typical set of data is shown in Table 1. 
The threshold was defined as the point where the noise 
impulses first appear (actually, in order to obtain a con¬ 
sistent measuring point, the value where the impulses 
were occurring at an average rate of one per second was 
used). The closed-loop noise bandwidths were varied by 
using different IF filter shapes and/or by placing dif¬ 
ferent filters in the baseband feedback path. The IF 
filter 3-db bandwidths were 6 to 7 kc in all cases. 1 he 
mean value is 0rmo = 1/3.11. All values fall within a 
spread of pulse or minus 7 per cent of the mean value, 
which is within the estimated accuracy of the measure¬ 
ments. Although this data is for a 3-kc baseband sys¬ 
tem, C. L. Ruthroff (to be published) has obtained 
similar results for a 1-Mc baseband system. 

TABLE I 
The Root-Mean-Square Phase of the VCO Wave at the 

Threshold of Two Feedback Demodulators for 
Different Amounts of Feedback and Differ¬ 

ent Closed-Loop Noise Bandwidths 

Fig. 3—Measured closed-loop system response. Curve A: 6-kc single¬ 
pole IF filter, 15-kc single-pole baseband filter. Curve B: 30-kc 
single-pole IF filter, 3-kc single-pole baseband filter. 

Be 
F=\+KrK¡ (Closed-Loop . 
(Feedback) Noise Radians 

DB Bandwidth) Kauians 
KC 

Receiver No. 1 

Receiver No. 2 

20 172 1/2.89 
20 147 1/2.92 
20 39 1/3.20 
14 68 1/3.20 

20 45 1/3.27 
30 135 1/3.20 

Fig. 4—Plot of the relative baseband noise power in a 3-kc band¬ 
width vs the input carrier-to-noise power ratio in an arbitrary 
but fixed bandwidth for the two cases in Fig. 3. The input noise 
was white for all practical purposes. 

A typical set of experimental curves in Figs. 3 and 4 
illustrate that the IF bandwidth of a feedback de¬ 
modulator designed using the old theory can indeed be 
greatly increased without increasing the over-all system 
threshold. The closed-loop frequency response functions 

for the two different filter arrangements are shown in 
Fig. 3. In case A the IF filter was a single pole with a 
6-kc, 3-db bandwidth, and the baseband filter in the 
feedback path was a single pole with a 15-kc 3-db band¬ 
width. In case B the 3-db IF bandwidth was increased to 
approximately 30 kc, and the 3-db baseband bandwidth 
was decreased to approximately 3 kc. Curves of the out¬ 
put baseband noise in a 3-kc bandwidth vs the input 
carrier-to-noise ratio in an arbitrary but fixed band¬ 
width are shown in Fig. 4. It can be seen that the system 
threshold was the same in both cases. The important 
point is that while the thresholds were equal, the wide¬ 
band IF system could receive an FM signal with an 
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i i lex approximately 5 times larger than that of the 
narrow IF system, yielding an increase in signal-to¬ 
ne ise ratio of 25.6

IV. Analysis of the Threshold 
(Carrier Unmodulated) 

A mathematical analysis of the feedback demodulator 
when it is operating below threshold is a difficult and 
iisolved problem. The determination of where the 
hreshold occurs, however, is a considerably less dif-
i ult problem, and it is this problem which will now be 
considered. We have seen that when the feedback 
demodulator is above threshold, the baseband noise is 
derived entirely from the quadrature component of the 
iuput noise. This condition must be satisfied in order 
for the FM improvement formulas to be valid. The 
t ireshold will be assumed to occur when a significant 
amount of additional noise appears in the baseband. A 
series approach will be used to determine where this 
additional noise becomes significant. In order to assure 
the validity of the result, we will then have to check the 
envelope in front of the frequency detector to make sure 
that the probability of zero crossings is negligibly small. 

Let the carrier and noise at the input to the mixer be 
given by 

Ci = cos an/ + Nc(t) cos œi/ — N,(t) sin out, 

where Nc(t) and are Gaussian random variables in 
•ime quadrature with each other, normalized with re¬ 
spect to the carrier magnitude. Let the wave generated 
jy the VCO be given by 

62 = 2 cos [oh/ -j- </>(/) T 0]. 

The problem is to find the conditions which must be 
satisfied so that the phase of the wave entering the fre¬ 
quency detector will be essentially 

*1«) = Ã.W - M), 

where N.(t) and <t>(J) represent the output of the base¬ 
band equivalent of the narrow-band IF filter to N,(t) 
and </>(/) respectively. If only the difference frequency 
terms are retained, the mixer output is 

e3(/) = eie2 = [cos <t>(f) + Ac(/) cos 0(/) 

+ A,(/) sin </>(/)] cos (o)0/ — 0) 

— [ — sin </>(/) — Nc(t) sin </>(/) 

+ N,(t) cos </>(/)] sin (o)o/ — 0), 

where Wo=wi — Wj. When this wave is passed through 
the IF filter and sin </>(/) and cos </>(/) are expressed in 
series form, then 

6 The system parameters should not be taken as optimum in any 
sense. This design served only to verify theory and nothing more. 

e3(/) = E (-i) m 
m—0 

<t>2m “ N^2'" 
— 1-52 (-i) ra—— 

(2m) ! m=0 (2m) ! 

+ E (-l)m > cos (wd - 0) 
m-o (2m + 1)!) 

/ « ^2m+ l X A\02m+l

1 - E (- l) m ;- E (- O" -
I m-o (2w+l)l m=0 (2m + 1)! 

“ y.4>2m } 
+ / , (—1)’“ - ? sin (mn/ — 0). 

m-o (2m)!) 

The envelope and phase of a wave in the form A (I) cos 
wot — B(t) sin wot are given respectively by 

Et(l) = VA 2(t) + B^t) 

and 

^y(t) = tan 
, B(D 
• A (t) 

Neglecting all third-order and higher terms, we have 

^,(/) = Ñ.(D - ̂(t) - Nc(t)4(t) 

- Ñc(t)Ñ.(t) + Ñc(t)^(t) 

and 

E^t) = 1 + N'(t) + NMMt) - + $Ne\t) 

+ IA. (/) + 10 (/) — N. (t)$(l). (2) 

Pay particular attention to the difference between terms 
which were multiplied and then filtered, such as 
Nj(t)<l>(t), and terms which were filtered and then multi¬ 
plied, such as N,(t)^(t). The relative importance of 
these second-order terms will now be discussed. Assume 
that there is no feedback and that the resulting open¬ 
loop system is above threshold. </>(/) is then zero, and 
only the first and fourth terms remain in the expression 
for the phase 'Fi(Z). The first term represents the “above 
threshold noise” or quadrature noise. The fourth term 
is negligible because the system is assumed above 
threshold. Now assume that feedback is applied, and 
that the closed-loop system is also above threshold. If 
there is a significant amount of feedback, <j>(t) ap¬ 
proaches N,(t). The first two terms represent the 
“above-threshold” noise of the feedback demodulator. 
The fifth term, which is introduced by feedback, is al¬ 
most equal to and tends to cancel the fourth term, 
which is present with or without feedback. They may 
both be neglected. The third term, which is also intro¬ 
duced by feedback, is considerably larger than the 
other second-order terms. It represents phase noise 
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which adds to the above-threshold noise, i.e., the first 
two terms. The threshold is assumed to occur when this 
additional noise becomes significant. The third term is a 
distortion term since it is a function of the “signal” 
^>(f). In the analysis of feedback systems having distor¬ 
tion, it is often possible to represent the complete system 
as a linear one in which the distortion components are 
introduced by generators [9]. This approach is valid as 
long as the fed-back distortion components are small; 
i.e., all significant distortion must be caused by the 
signal. An important aspect of such an analysis is that 
one can tell to a fair degree of approximation where the 
results of the linearized model cease to be accurate. 
This general approach proves to be a useful one in the 
present problem. Let 0,(0 be the VCO phase contrib¬ 
uted by the quadrature noise NAj), and let <f>d(t) be the 
phase contributed by the distortion component. Then 
if </>«(/) the significant distortion would be caused 
by <t>At), and the linearized baseband model shown in 
Fig. 5 is valid. The quadrature noise and distortion are 
introduced into the system in parallel and are treated 
identically by feedback. Consequently </>»(/) »</></(/) if 
the spectral density of the distortion input </>,(,t)Nc(.t) is 
much smaller than the spectral density of the quadra¬ 
ture term N,(t). In Appendix A it is shown that for large 
feedback the ratio of the spectral density of </>„(/) 
to the density of N^t) is equal to the mean-square value 
of </>,(/), i.e., </>rm82. Thus, the linear model in Fig. 5 is 
valid as long as </>rms2<Kl. In this region of operation the 
phase term in (2) becomes approximately 

= jÃ8(/) - M)} - {NAM) - M)}, 

where the second bracketed term is much smaller than 
the first. This second bracketed term represents the ex¬ 
cess noise which is not derived from the quadrature 
input noise. One would expect intuitively that 
0rn>82— 1/10 would be close to the upper limit of validity 
for the model of Fig. 5, for much beyond that the non¬ 
linear action on the feedback distortion would produce 
sufficient additional distortion to result in a cumulative 
situation. This result agrees quite well with the meas¬ 
ured threshold value of 0rm8 = 1/3.11. 

FREQUENCY 
DETECTOR 

Vco 

Eig. 5—Block diagram for representing the effect of excess phase 
noise or “noise distortion.” 

In order for the results in the above paragraph to be 
correct, it is necessary that the number of zero crossings 
of the envelope be negligibly small for 0r„>,2 < 1/10. Cal¬ 
culation of the actual probability of zero crossings is 
prohibitively difficult. In lieu of this calculation it will 
be shown that the root-mean-square fluctuation of the 
envelope is negligibly small compared to its mean 
value. The first term in the envelope expression of (2) 
is the normalized carrier envelope. The second, fifth, 
and sixth terms represent the envelope noise when the 
loop is open. Since the system is above threshold on an 
open-loop basis these terms are sufficiently small. The 
last three terms tend to cancel each other and can be 
neglected if $(t)=NAt)- Demonstration that the third 
and fourth terms are small compared to the normalized 
carrier envelope, i.e., unity, requires the specification of 
a particular closed-loop transfer function. We shall se¬ 
lect the two-pole low-pass function, having a damping 
ratio less than unity, because of its practical im¬ 
portance. It is felt that the results are typical of most 
other transfer functions of interest. From (2) it can be 
seen that the third and fourth terms are formed by 
multiplying two variables together and then passing the 
result through the low-pass equivalent of the IF filter. 
In Appendix B it is shown that the total power lying 
within a rectangular band of frequencies equal to twice 
the noise bandwidth of the closed-loop response is 
P= ll/4^rms4. Since the power passed by the IF filter 
is smaller still,6 the envelope noise of the composite wave 
at the input to the frequency detector is small compared 
to unity for </>r,„s2< 1 /10. 

In summary, the mean-square phase deviation of the 
VCO wave </>rm82 caused by noise must be small com¬ 
pared to unity in order for the noise appearing in the 
baseband to be primarily derived from the quadrature 
input noise, i.e., predictable from the FM improvement 
formula. This, then, is also the condition which must be 
satisfied for a system to be above the feedback threshold. 

V. Modulation 

In Section IV the carrier was assumed to be un¬ 
modulated. Here it is shown that the system stability, 
and hence the closed-loop bandwidth and feedback 
threshold, are all functions of modulation. It is then 
shown that the dependence may be virtually eliminated 
by proper design. 
Assume that the carrier frequency is varying slowly so 

that it may be represented quasi-statically. Xoise can 
then be separated into components in phase and in 
quadrature with the carrier. The quadrature component 
is the angle noise, and it is the response of the system 
to this noise that is of interest. The nature of this re-

6 Notice that, for a fixed closed-loop noise bandwidth, increasing 
the resonant peak of the closed-loop response function allows more 
envelope noise to pass through the IF filter. 
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spouse may be determined from the small index re¬ 
sponse of the system. It is desired to find a transfer 
function which will relate the signal component of the 
instantaneous phase at the output of a mistuned high-Ç 
ba id-pass filter to the phase of the small index modu¬ 
lated carrier applied to its input. The mistuning, of 
course, represents the deviation of the quasi-statically 
va-ying carrier frequency caused by signal modulation. 
Distortion will not be considered since it does not affect 
stability. In Appendix C’ it is shown that the baseband 
a i dog of the mistuned high-Q band-pass filter is 

YW = 

where 

Yx(ju) = FL[j(œ + œd)]€_'9<“,'i) , 

+ “<>] = 22(œ + 

aid = difference between the carrier frequency 
and the filter center frequency, 

Fl(jw) = conventional low-pass equivalent of the 
bar.d-pass circuit. 

n Figs. 6 and 7 are shown magnitude and phase 
pkts for a single-pole and Bode-type filter [10], The 
conventional low-pass equivalent is given by the = 0 
curve. Modulation manifests itself as a variation in Wd, 
and so its effect on the phase margin of the system is 
very apparent. A slow roll-off filter such as the single-
pD e filter is obviously required in the IF. The single-pole 
fi ter introduces only a slight excess phase shift for 
carrier frequency deviations, i.e., variations in Ud, 
within the 3-db bandwidth. Consequently, only slight 
variations occur in the closed-loop bandwidth and 
therefore in the feedback threshold. 

This instability can have real nuisance value because 
of the likelihood that it will be overlooked in routine 
tests on experimental systems. The reason for this is 
that the system is unstable only on the the peaks of the 
modulation. Further, the oscillations are generally at a 
frequency which is high compared to the baseband 
birdwidth and consequently do not appear after the 
baseband filter which usually follows FM demodulators 
to remove noise lying outside of the baseband band¬ 
width. The effect which is noticed is a degradation of 
the threshold as a function of modulation. The carrier 
frequency in the IF breaks into oscillation at the modu¬ 
lation peaks. The IF filter behaves like a slope circuit 
and produces envelope modulation on the carrier, mak-
irg it much easier for noise peaks to exceed the carrier 
envelope in front of the frequency detector and produce 
th< threshold. 

• The equation developed can also be obtained from a much more 
general analysis of distortion presented in an unpublished memo¬ 
ran luth in 1954 by S. Doba. 

Fig- 6—Amplitude and phase of the transfer function relating the 
signal component of the instantaneous phase at the output of a 
Bode-type high-Q band-pass filter to the phase of the small index 
modulated carrier applied to its input. The carrier is mistuned 
by va. 

Fig. 7—Amplitude and phase of the transfer function relating the 
signal component of the instantaneous phase at the output of a 
single-pole high-Q band-pass filter to the phase of the small index 
modulated carrier applied to its input. The carrier is mistuned 
by wa. 
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The optimum IF filter has not yet been determined; 
however, it is felt that a single-pole filter will be close. 
Additional filtering is done at baseband in order to ac¬ 
complish the following objectives: 

1) Full feedback should be maintained over all base¬ 
band frequencies to be transmitted, so that the 
frequency deviation in the IF is fully compressed. 

2) The closed-loop noise bandwidth should be as 
small as possible for a given amount of feedback 
in order to keep the feedback threshold at a 
minimum. 

3) The IF filter should be as wide as possible without 
allowing the open-loop threshold to predominate. 
This allows maximum frequency deviation in the 
IF and thus maximum baseband signal-to-noise 
ratio. 

VI. Sample Design 

The material presented above will now be illustrated 
by means of an example. This example is not offered 
as THE way to design a system; it is meant only to 
consolidate thinking. In particular, we shall use the 
experimental feedback threshold value given in Table 
I. In practice the “operating threshold” would depend 
upon the intended use, i.e., television, data, multiplex 
telephony, etc. 
Assume the following data: 

/i= 3 Me = baseband bandwidth, 
A/= + 60 Me = peak frequency deviation. 

The design will use a Bode-type [10 1 open-loop charac¬ 
teristic with a phase margin of 50°. It can be seen from 
Fig. 8 that this phase margin yields a closed-loop noise 
bandwidth very close to the minimum value for values 
of feedback less than 30 db. The characteristic will be 
realized in two parts: A single-pole filter in the IF and 
the rest at baseband. Now we must determine the re¬ 
quired amount of feedback. Fig. 8 illustrates graphically 
that we must use as little as possible in order to keep 
the closed-loop bandwidth minimized. However, we 
must use enough to compress the deviation of the IF 
wave sufficiently for it to pass through the single¬ 
pole IF filter. The IF filter must be narrow enough to 
prevent the open-loop threshold from being dominant. 
Thus, we must know the feedback threshold, which can 
not be calculated until the amount of feedback is de¬ 
termined. We see that we have gone in a full circle. The 
result is that we consider only the baseband band¬ 
width as being known, estimate a value of feedback, 
and then solve for the frequency deviation. If we do not 
obtain the required deviation, we make another es¬ 
timate and try again. 

Let us choose 20 db of feedback for our first estimate, 
i.e., F= 10. The closed-loop bandwidth is, from Fig. 8, 
B, =• 11.6 fh = 34.8 Me. From (1), the carrier-to-noise 

PHASE MARGIN IN DEGREES 

Fig. 8—The closed-loop noise bandwidth of systems having a Bode-
type open-loop characteristic for different amounts of feedback 
and phase margin. 

ratio at the input to the mixer in this bandwidth at the 
feedback threshold is 

pt = 4.8 
' 9T 

.10. 
= 3.92 or 5.94 db. 

The single-pole filter in the IF must have a noise band¬ 
width small enough so that the open-loop threshold 
does not predominate. The threshold of a frequency 
detector depends upon the ratio of the input noise band¬ 
width to baseband bandwidth. See Fig. 9.8 Therefore we 
are forced to guess and check our guess. 

Guess at a value of 6 for the ratio of the IF filter 
noise bandwidth to baseband bandwidth. From Fig. 9 
it is seen that for B/fb = 6 the signal-to-noise ratio is 
proportional to the carrier-to-noise ratio for all carrier-
to-noise ratios greater than 8.5 db. 8.5 db will be used 
as the open-loop threshold. Now for the check. The 
noise density which yields a carrier-to-noise ratio of 
5.94 db in a 34.8-Mc bandwidth (closed-loop noise 

8 These curves were derived for an ideal frequency detector with 
a carrier and a narrow band of Gaussian noise at its input. Since in 
the feedback demodulator the quadrature noise has been reduced by 
feedback, the curves do not apply exactly. However, experience has 
shown that they may be used to estimate the frequency detector 
threshold for systems typified by those in Table 1. 
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Fig. 9—Threshold curves. (Presented by F. J. Skinner in an unpub¬ 
lished memorandum in 1954; derived from the results of Rice [6|. 
The threshold phenomenon generates a more or less flat power 
spectrum which is superimposed on the parabolic power spectrum 
(triangular voltage spectrum) at baseband. Thus, the threshold 
effects are noticed sooner in the lower frequencies, i.e., for large 
B/fb ratios. For similar curves see Stumpers |11]. 

bandwidth) also yields a carrier-to-noise ratio of 8.5 db 
Lt a 19.35-Mc bandwidth (IF noise bandwidth). Using 
"9.35 Me for the IF bandwidth means that B/fa is 
slightly greater than 6 but not enough to matter. The 
j-db bandwidth of a single-pole filter with a noise band¬ 
width of 19.35 Me is B = 19.35/1.57 = 12.3 Me. The 
compressed wave could have an index9 of 2 in this filter 
and not have sufficient distortion to be detectable on 
in oscilloscope (this distortion is reduced by feedback) 
|1 ]. The peak frequency deviation in front of the mixer 
would be 

A/ = 10 X 2 X 3 = 60 Me. 

From Fig. 9 a conventional demodulator receiving the 
same transmitted wave would have a threshold greater 
than 12 db in the required 120-Mc rf bandwidth. Thus, 

9 In practice one could not realize a closed-loop noise bandwidth 
as small as this example suggests. We have selected a rather idealized 
open-loop characteristic and have completely neglected excess linear 
phase shift caused by parasitics. It is for closed-loop noise band¬ 
widths much greater than the baseband bandwidth where the ability 
to widen the IF bandwidth pays dividends. 

the feedback demodulator has a threshold which is better 
by at least 

120 
12 - 5.94 + 10 log I0- = 11.5 db. 

34.8 

VII. Carrier Insertion and the 
Phase-Locked Loop 

In amplitude modulation systems a locally generated 
sine wave, whose phase and frequency are the same as 
the carrier, may be inserted to extend the threshold 
indefinitely, at least theoretically [12], It has been 
proposed [4] that such a scheme be incorporated with 
the feedback demodulator. If the large index trans¬ 
mitted wave were phase modulated instead of frequency 
modulated, feedback could be used to reduce the devia¬ 
tion in the IF until only the first-order sidebands were 
important. A locally generated sine wave of the proper 
phase and frequency could then be inserted to eliminate 
the threshold of the phase detector. It will be shown 
in the next few paragraphs that the thresholds of the 
phase-locked-loop and the feedback demodulator with 
carrier insertion are equal to or poorer than that of a 
feedback demodulator without carrier insertion. The 
reason for this stems from the fact that in the first two 
cases the instantaneous phase deviation of the wave 
behind the mixer (multiplier) must be small compared 
to unity in order to prevent severe distortion. For large 
transmitter modulation indexes this requires more feed¬ 
back than would be required by a straightforward feed¬ 
back demodulator, and consequently results in a larger 
closed-loop noise bandwidth. The larger closed-loop 
noise bandwidth yields a poorer feedback threshold. 
First let us consider the carrier insertion scheme. Let 
the carrier be inserted directly after the mixer. The 
combined output is then 

e3(t) = j C2 + cos 0(f) + Ne(t) cos 0(f) 

+ -V,(f) sin 0(f) } cos (wot — 9) 

— ¡ — sin 0(f) — Nc(t) sin 0(f) 

+ N,(t) cos 0(f)} sin (wot — 0), (3) 

where C2 cos (wot-d) is the inserted carrier, normalized 
by the incoming carrier magnitude. 
The envelope and phase may be found exactly as in 

the development of (2). They are 

Ei(t) = 1 + }Vc(f) + 2V,(f)0(f) — |02(f)} 
1 I C 2 

1 , _ 2 -2 2 
+ {5^« W + c W + 

- ÑÁtm}, 

*1(0 = — — ! v,(f) - 0(f) -
1 + U2 

1 _ -
- ■ + c  {^(0^.(0 - ̂ «0(0 }■ 
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The terms proportional to 1/(1 + C2)2 tend to cancel 
just as did the corresponding terms in (2). 

There are two points to notice: 

1) The inserted carrier reduces the percentage en¬ 
velope modulation by the factor 1+Cs, decreasing sys¬ 
tem susceptibility to envelope noise. 

2) The above-threshold phase noise N Aj) — $(t) and 
the “threshold-producing” phase noise are re¬ 
duced by the same factor I+C2, as modulation would 
be if it were present. This reduction produces the same 
effect on the baseband as a decrease in the gain constant 
of the phase detector. Hence, the effect is simply to re¬ 
duce the amount of feedback. The feedback threshold 
of this demodulator is not affected by carrier insertion. 
Now consider the phase-locked loop. In the phase-

locked loop the IF frequency wu is zero and Ö = tt 2. The 
output of the mixer (multiplier) is a baseband signal 
proportional to the quadrature component of (3). There¬ 
fore, there is no need for a separate phase detector or 
carrier insertion. Notice that the quadrature term is 
Q(t) = N,(t) — Again the threshold pro¬ 
ducing noise is present and undiminished, yielding the 
feedback threshold. 

In summary, both the phase-locked loop and the feed¬ 
back demodulator with carrier insertion require the in¬ 
stantaneous phase deviation of the wave behind the 
mixer (multiplier) to be small compared to unity. For 
large transmitted modulation indexes this requires more 
feedback on the highest baseband frequency than would 
be required by a straightforward feedback demodulator, 
and consequently a larger closed-loop noise bandwidth 
is obtained. The larger closed-loop noise bandwidth 
yields a poorer feedback threshold. 

VIII. Conclusions 

I'he over-all threshold of the frequency feedback 
demodulator was determined. The residts show that 
two thresholds can occur. The first occurs in the usual 
manner at the frequency detector; the second occurs 
when the root-mean-square phase of the VCO wave 
(caused by noise) is no longer small compared to unity. 
Experimentally it was found that the second threshold 
occurs when 0r„,» = 1/3. 11 + 7 per cent radians. This 
was related quantitatively to the carrier-to-noise ratio 
in the closed-loop noise bandwidth. It was pointed out 
that for maximum baseband signal -to-noise ratio the 
feedback threshold and open-loop threshold should oc¬ 
cur in the same neighborhood. It was also shown that 
sharp cutoff filters in the IF can cause a serious loss in 
threshold under modulated conditions, and for this 
reason slow roll-off filters such as the single-pole filter 
should be used. Realizing these facts can improve the 
baseband signal-to-noise ratio by one or two orders of 
magnitude, for a given carrier power and noise density, 
over that which would be obtained in systems designed 
be previous theories [3], [4]. It was shown that the 

phase-locked loop and the feedback demodulator with 
carrier insertion have a poorer threshold than the 
standard feedback demodulator for large index modula¬ 
tion. 

The author would like to point out several problems 
that need further study. The “operational” threshold, 
which determines the limit of usefulness of a demodula¬ 
tor, varies according to the service for which it is used, 
i.e., multiplex telephony, television, etc. This threshold 
needs to be determined subjectively for each of these 
services. It has been pointed out in this paper that 
feedback demodulators should be designed to have the 
feedback and open-loop thresholds occur in the same 
neighborhood. Experimental results for the various serv¬ 
ices are also needed here in order to be more specific. 
Intermodulation distortion produced by the IF filter 
should be studied to determine the maximum allowable 
frequency deviation. Last but not least, it would be 
useful if a general analysis of the behavior of the feed¬ 
back demodulator below threshold were available. How¬ 
ever, the fact that the threshold of an ideal frequency 
detector, in the absence of feedback, is not understood 
to a satisfactory degree gives some insight into the dif¬ 
ficulties. 

Appendix A 

It is desired to show that the ratio of the spectral 
power density of the term <j>\t)Nc(t) to the density of 
N,(t) is equal to the mean-square value of 0XO for 
large feedback. Nr(t) and N,(f) are the in-phase and 
quadrature components of the input noise, normalized 
by the carrier magnitude. 0«(f) is the component of the 
phase of the VCO wave derived from the quadrature 
component of the input noise. 
The spectral density of the term (¡».(t) Nr(t) is found 

by determining the covariance and then taking the 
Fourier transform. 'I'he covariance is 

RM = 

where £( ) is the statistical average or expectation of 
( ). Now </>„(0 is derived from N,(t) by linear filtering; 
it follows that </>,(/) and NM are independent processes 
as long as the RF and IF filters are symmetrical [13], 
Thus 

RM = R^MRxM, 

where R^ and Rn,. are the covariances of </>s and Nc, re¬ 
spectively. The spectral density can now be found by 
convolving the individual densities. 

p + » 
Si(f) = 

J —00 

We are interested in the power density only within 
the bandwidth of the closed-loop response function. If 
the feedback is equal to or greater than 15 db or so, the 
bandwidth of the RF band of noise is equal to or greater 
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tha 1 twice the 3-db bandwidth of the closed-loop re-
spo.ise function. Under these conditions 

5ye(/l - /) = SN.(j) 

for f and /i within the desired range. Thus 

5i(/) 

Sn.W 
rms”, 

The spectral density corresponding to the inverse 
Fourier transform of ReSj) contains a de term, a term 
of uniform density and a number of terms whose energy 
is concentrated within a bandwidth twice that of the 
function IKJoi). The total power which would be passed 
by a rectangular filter whose bandwidth is equal to 
twice the closed-loop noise bandwidth (Bc=w„/4f) is 
smaller than 

since 

SN¿f) = 5.v,(/). 

Appendix B 

it is desired to determine an upper bound to the total 
power passed by an ideal rectangular filter, whose band¬ 
width is equal to twice the closed-loop noise bandwidth, 
when the input is the first two second-order terms in 
tha envelope expression of (2), i.e., 

E^t) = .¥,(/)</>(/) - J</>2(/). 

A two-pole low-pass transfer function will be chosen 
as representative of the closed-loop transfer function. 
Let the impulse and transfer functions be, respectively, 

hit) = — t-“"^ sin [«>„V1 — fM 
VI - f2

and 

<«>n 2 
= a »i ’ Oln — 01- + ¿JO1O1„Ç 

w here f < 1. 
The covariance can be expanded in the following 

form [14]: 

= Ä.V*2(O) + Ry y(r)R^(r) + 

— ÆaVO) R^tO) — Ry^rjR^r) — R<t,y(r) 

RM + t-R<V(0) + I^W), 

where Rn^t) = E [Ns(ti)<t>(t2) ], etc. Now the individual 
terms must be calculated. The term RM may be 
tound in Middleton [15]: 

RfiM =- cos {œ„Vl — fM + 
4f 

+ sin í - Í21 T I ! > 
VI - C 

where a,2 is the spectral density of The term for 
Rnn(t) is 

RyM) = o-«2ä(r), 

where S(r) is the “delta” function. The term R^nÇt) is 
simply the product of the impulse function h(r) and 
a,2. 

RM = — ■ sin a>„ VI ~ Pr, 7 > 0, 
vi — f2
0, 7 < 0. 

P is calculated from Re^t) by letting r = 0 in all terms 
except the one containing RyyÇr) and adding them. The 
term Ryylr) yields a uniform spectral density. Only the 
power within a bandwidth equal to twice the closed-
loop noise bandwidth was included. 

Appendix C 

Mistuned Angle-Modulated Carrier 

It is desired to find a transfer function which will 
relate the signal component of the instantaneous phase 
at the output of a mistuned high-Q band-pass filter to 
the phase of the small index modulated carrier applied 
to its input. Distortion will not be considered since it is 
only the signal transfer function which is important to 
stability. Let the small index signal be 

«1(0 = cos [oj0/ + </>(/)] = R, fe'"»' ¿ 
X o «! / 

= /L([l + 

The result is a “baseband” signal which has been trans¬ 
lated in frequency by w0. If Y Moi) is the transfer func¬ 
tion of the conventional low-pass equivalent of the 
filter, then Tl^Xw+wj) ] is the transfer function seen by 
the baseband signal because of the carrier being mis¬ 
tuned by aid. The output signal will, in general, be both 
envelope and phase modulated. Only the signal com¬ 
ponent of the phase modulation is desired. Write 

Fl[7(“ + «d)] = RÍO! + Old)ti>,-“+'‘^ 

= e'^^YMui);, 

where 

Yx{jw) = R(oi + 

Yz(joi) is not the transfer function of a physically 
realizable network, and consequently its impulse func¬ 
tion is complex, i.e., 

h(r) = *1(7) + jh2(r), 

where hi(r) and h2(r) are real. The filter output may be 
found by convolution: 

eo(t) = é'6("j> I [*1(7) + 7*2(7)] [1 +;</>(/ — r)dr 
d — QQ 

= + f [*i(r) +7*2(t) ][j^(/ — 7)]¿7. 
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The signal component of phase is 

^(l) = Im In eo(O 

1 r +“ 
= dM + —— - I h^r)^ — r)dr 

Ry^d) J —oo 
assuming 

</>(/ - t)[//i(t) + jh-i^dr « RM, 

i.e., if the distortion is not too severe. 6(a>d) is a constant 
and can be ignored. The desired transfer function has 
an impulse function of hi(r)/R(ud)- hi(r) is the real 
part of h(r), and consequently its transfer function 
consists of the even real part and odd imaginary part 
of the minimum phase function Yx(jw). The desired 
transfer function is then 

VW = + V*("»I • ¿K(Wd) 
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Theory and Design of Wide-Band 
Parametric Converters* 

E. S. Kunf, MEMBER, IRE 

Summary—This paper treats the parametric converter from the 
:rcuit theory point of view. A linear time-varying capacitance is im¬ 
bedded in an arbitrary linear passive and time-invariant network. 
F rst, we review the steady-state analysis of such a circuit. The for-
rrula for transducer power gain is next derived. Based on this formula, 
tf e maximum gain-bandwidth product is studied using Bode’s rela¬ 
tionship. 
We prove that for the noninverting type parametric converters, 

tEe optimum transducer power gain is that of Manley and Rowe, i.e., 
» /a. The maximum fractional bandwidth is given by Ci/Co(wo7wo) 1/2. 
S mple coupling circuits which approach the optimum situations are 
p-esented along with typical design examples. 

I. Introduction 

, - - - — -
" mostly with the physical aspects of the device, 

the analysis and design of simple coupling cir¬ 
cuits. Usually, a particular amplifier with a single tuned 
c rcuit is described in terms of the calculated and meas¬ 
ured bandwidth and noise figure. However, a general 
approach to the analysis and design of a parametric am¬ 
plifier is not available. Some attempts have been made 
recently in designing wide-band amplifiers by the use of 
a more complicated coupling circuit. 1,2 Yet, the ulti¬ 
mate limitations and potentials of a parametric device 
blowing a general circuit configuration have not been 
t 'eated. 
The present paper studies the parametric converter 

Pom the circuit theory point of view. The well-known 
small signal approach is used, and the nonlinear capaci¬ 
tance is approximated by a periodically varying capaci¬ 
tance. We consider a general circuit configuration where 
the variable capacitance is imbedded in an arbitrary 
[ assive network. The first part of the paper reviews the 
steady-state analysis of such a circuit based on works of 
Desoer, Duinker and Rowe.3-6 Formula for the power 

* Received by the IRE, June 19, 1961. 
f Elec. Engrg. Dept., University of California, Berkeley, Calif. 
1 H. Seidal and G. Herrmann, “Circuit aspects of parametric am-

plifiers,” 1959 IRE WESCON Convention Record, pt. 2, pp. 83-90. 
2 G. !.. Matthaei, “A study of the optimum design of wide-band 

parametric amplifiers and up-converters,” IRE Trans, on Micro-
wave Theory and Techniques, vol. MTT-9, pp. 23-38; January, 
®61. 

3 C. A. Desoer, “Steady-state transmission through a network con¬ 
taining a single time-varying element,” IRE Trans, on Circuit 
"'heory, vol. CT-6, pp. 244-252; September, 1959. 

1 S. Duinker, “General properties of frequency-converting net¬ 
works,” Philips Res. Repts., vol. 13, pp. 37—78, February, 1958; also 
pp. 101-148, April, 1958. 

5 H. E. Rowe, “Some general properties of nonlinear elements 
E. Small signal theory,” Proc. IRE, vol. 46, pp. 850-860; May, 1958. 

gain is derived in terms of the variable capacitance and 
appropriate impedances of the passive imbedding net¬ 
work. From the general formula, the maximum gain¬ 
bandwidth product is then studied by utilizing Bode’s 
familiar relationships.6

In this paper we are concerned with only the non¬ 
inverting-type parametric converter. A forthcoming 
paper will deal with the inverting-type amplifiers and 
converters. A straightforward circuit analysis demon¬ 
strates that the optimum transducer power gain for a 
noninverting-type converter is w'/w (Manley-Rowe 
result7), where w and w' , respectively, are the angular 
frequency of the input signal and the output-upper side¬ 
band signal. The maximum fractional bandwidth is ap¬ 
proximately equal to Ci/Co(wo7wo) 1/2 , where w0' and œ0 

are the center frequencies of the two bands. Ci and Co 
are defined in Section II and are the familiar ca¬ 
pacitances used by many authors. Synthesis procedures 
for coupling networks to approach the optimum gain 
bandwidth are presented. These are under the assump¬ 
tion that œœ'=woWo' over the band. A design example 
indicates that even with the above assumption, a con¬ 
verter with 70 per cent bandwidth can be obtained to 
achieve a power gain within | db from the optimum. 
The design of a real broad-band converter, where 
w' =wowo' does not hold, requires the use of an elaborate 
approximation method. 

II. Steady-State Analysis of a General Circuit 

A. General Background 

The circuit shown in Fig. 1 represents a general con¬ 
figuration of a parametric amplifier or converter. The 
network N is linear, passive and time invariant. The 
input signal is represented by a sinusoidal current source 
of angular frequency we, and is applied at port 1 of the 
network. 

is(J) = Re[.4e2"'']. (1) 

The output voltage Vl(í) is taken at port 3 and the vari¬ 
able capacitance C(t) is connected to the network at 
port 2. Our problem is to determine the steady-state 
voltage However, if the steady-state current ic

6 H. W. Bode, “Network Analysis and Feedback Amplifier De¬ 
sign,” D. Van Nostrand Co., Inc., New York, N. Y. ; 1945. 

’ J. M. Manley and H. E. Rowe, “Some general properties of non¬ 
linear elements—part I. General energy relations,” Proc. IRE, vol. 
44, pp. 904-913; July, 1956. 
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going through the variable capacitance is known, 
can be solved, since by the superposition theorem we 
have 

F¿(w) = Z.i(w)Zs(«) + ZrMIM. (2) 

F¿(w), Zs(œ) and Ic(u) are, respectively, the Fourier 
transforms of is(t) and L(0- Z3i(w) and Z32 (u) 
are the transfer impedances of the open circuit 3-port 
network, N. Thus our problem is reduced to the deter¬ 
mination of /„(/)• 

C(t) 

ic^1

Fourier series analysis rather than Fourier transforms. 
Thus capital letters are phasors at single frequencies. 
Let the charge across the variable capacitance be 

00 

= E , (6) 
X 

and 
oo 

vc(t) = 22 [Fte''“^4“’' + , (7) 
A—co 

where 

Qcm = Qr-m and V J = F-t (8) 

To clarify the various frequency components and nota¬ 
tions, a plot of phasors vs frequencies is shown in Fig. 3. 

LINEAR PASSIVE 
TIME-INVARIANT I 

-o 

N •o 

Fig. 1—A general configuration of a parametric 
amplifier or converter. 

L 

V-l V.! V¿ Vo V; V, 

-we-œ -w wc-w 0 œ -ue w we+œ 
û; a’o a0 a; a, 

Fig. 3—A plot of various frequency components of interest. 

Since 

Fig. 2—The Norton’s equivalent circuit of the network N 
looking back from port 2. 

qM = COMO (9) 

we can combine (6), (7) and (9) to obtain 

The Norton’s equivalent circuit of the network N 
looking back from port 2 is drawn in Fig. 2. Clearly, 

I..,,^ = Ir̂  + F^FX») (3) 

where Feq is the equivalent admittance looking back 
from the variable capacitance, and Aq(w) and Vc(ui) 
are the Fourier transforms of L./f) and vr(J). The vari¬ 
able capacitance is expressed in terms of a complex 
Fourier series with a fundamental angular frequency 
ü (pump frequency). 

x 
C(0 = X (4) 

»1—00 

where 

C„ = C-n (n = 1, 2, • ■ • ). (5) 

From (1), (3) and (4) it can be shown that the steady¬ 
state components of ic(t) and vc(J) contain only frequen¬ 
cies at ±ur-f-mã> for all integers of m both positive and 
negative. The following treatment uses the familiar 

Qcm = E C,Fm_i 
»—00 

Qcm = E C,Fm_/_ (10) 

The current ic can then be expressed as 

where 

dq, 

dt (ID 

Z™ = j(ue + mu)Qcm = jiim 22 CiVm-, (12) 
I—00 

and 
X 

lern' = j(~Wc + mu)Qcm' = jUm' 22 C,FM_/, (13) 
»=—X 

where Qm = w¿>+oje and ßm'= m¿—w«. It is clear from 
the above that 

I cm Z (14) 

1 
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Sim' = ß-m. (15) 

Sometimes it is convenient to express (12) in the 
matrix form as 

2C(Coswt 

Fig. 4—The variable capacitance, C(t). 

Fig. 5—The Norton's equivalent circuit and the 
variable capacitance. 

Similarly, (13) for Zcm ' can be expressed in a matrix 
form. 

spectively. The matrix equation relating the phasors of 
i(t) and v(t) at different frequencies becomes 

B. Parametric Circuit Analysis 

We next consider the special case where C(t) contains 
oniy the constant term and the fundamental component 
as shown in Fig. 4. 

C(t) = Co + 2CiCos0>/, (17) 

i e., 

Ci = C-i and C„ = C_„ = 0 for n > 2. 

Fc r this simple case, a typical form of (12) is 

Z™ 
-— — CiKm_i + CoFm + CiVm+ i. (18) 
J 

The Norton’s equivalent circuit of Fig. 2 is redrawn as 
shown in Fig. 5. We include the fixed capacitance Co 
with Fcq and let 

Y = jb>Co + Keq. (19) 

The current through the variable capacitance 
2C i cos ût and the voltage across it are now designated 
as i(t) and v(t) as shown in Fig. 5. We put 

oo 
iff) = X 

m—oo 

a ixl 

7 til I —III 

where Im and Zm' (without the subscript c) represent the 
phasors of i(t) and i'(t) at frequencies and üm', re-

2 m—1 

jßm-1 

_Z»_ 

jSlm 

2m+l 

j^m+1 

• Cl 0 Cl 0 0 

• 0 Cl 0 Cl 0 

• 0 0 Cl 0 Cl 

(20) 

The corresponding equation pertaining to the 2m' and 
Vm' need not be written since, for all m, 2m' = l-m and 
Vm'= V_m. A set of equations relating phasors at dif¬ 
ferent frequencies can be written immediately. With 
reference to Fig. 5, let 

Yi = VW- (21) 

At Í2-1 =w„—¿ 

0 = jß-iCi7_2 + F-iF-i +j’Û_iCiFo; (22) 

at &0=Ue 

7eq = j'OoCiV-i + KoFo + jffoCiFi; (23) 

at f?i — WeTu? 

0 = jOiCiFo + Y ¡y i + jßiCiFj. (24) 

An equivalent circuit can be drawn to represent (22)-
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(24). This is shown in Fig. 6, where the node voltages 
are the phasors 7, and each 2-port coupling network is 
described by the admittance matrix 

tained at both the signal frequency ß0 and the converted 
frequency ß_p Thus we have either an amplifier or a 
converter, depending on the output frequency. 

‘ 0 jQmCC 

-j^m+lCl 0 
III. Power Gain Formula 

Thus, the infinite ladder type equivalent circuit de¬ 
scribes completely the circuit of Fig. 5. It is important 
to point out for the capacitance assumed in (17), the 
above analysis is exact if the circuit is stable. 

In Section II, we have indicated that the current 
ij) passing through the variable capacitance 2Ci cos 

can be found and represented as 

i(t) = Re [/ocja »' + Zie»°*‘] (26) 

for the noninverting type circuit. 
The output voltage Vl of Fig. 2 is of the form 

VL(/) = Re [Flo^0«' + F£1e'a>‘], (27) 

Q 
-o jûocr 

W, o-1

In this section, we derive the transducer power gain 
for the noninverting-type converter. As shown in Fig. 8 
the source is represented by is = Re and a source 
resistance Rs in parallel. The load resistance is Rl and 
the voltage phasor of interest is Vu at frequency 
ßt = weT¿>. 

Fig. 7—The equivalent circuit for a noninverting¬ 
type converter. 

With the above analysis, we consider now the opera¬ 
tions of parametric converters and amplifiers. In the 
usual treatment, it is assumed that there are only two 
frequency bands present. If the two frequencies of inter¬ 
est are ß0=w, and ßi=«r + ö>, we have a noninverting¬ 
type converter because the output is taken at a fre¬ 
quency ßb which is the sum of the signal and pump fre¬ 
quencies. The assumption made is F_i = 72 = 0. This is 
true if Y-i = Y2= x. The reason for this can be seen 
either from Fig. 6 or from (22) at ß_i and a similar 
equation at ß2. Since for any practical circuit F_i and 
F2 are not equal to infinity, the assumption that there 
are only two frequency bands present is only approxi¬ 
mately true. However, the effects of such an approxi¬ 
mation are usually negligible and will be omitted in this 
paper. With this assumption, the equivalent circuit for 
a noninverting-type converter is shown in Fig. 7. The 
relationships between the current and voltage phasors 
of the network Q of Fig. 7 are given by 

Fig. 8—A general configuration of a parametric converter 
including the source and the load. 

Referring to (22) and (23), let F_i = F2 = 0, we find 

Zp 

1 + ßoß^PZoZ! ’ 

—j^loC\ZoZ\ 

1 + ̂ vCPZoZi ’ 

(28) 

(29) 

where Zo = 1/ Fo and Z\ = 1/ Fp 
The 1^ can be expressed in terms of the source cur¬ 

rent and appropriate impedances of the fixed network 
including the capacitance Co. 

Io~ 

E. 

0 jiloCi Vo 

.j^Ct o Jfi. 

.4Z21(ß0) 
/eq = -

f-o 
(30) 

(25) Thus, 

Thus, the four unknown quantities Vo, Fi, Io and E 
can be solved immediately from (23)—(25). 

Similarly, if the frequencies of interest are ß0 = we and 
ß_i=we —<v, we have an inverting-type circuit. The as¬ 
sumption here is F_2= Fi = 0 or F_2 = Fi= ». It turns 
out for the inverting circuits, amplification can be ob¬ 

Io — j^iCiV i — 
3Z2i(ß0) ßoßiCi2ZoZt

Zo 1 + ßoßiCpZoZi 
(31) 

and 

— jQoCiV o — 
AZ2i(ßo) jßiCiZo 

Zo 1 + ßoßiCrZoZj 
■ (32) 
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1012 

Th e transducer power gain is defined by 

Since 
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G, 
2V ia 2

AVRsRl ’ 

I z,i — Zj2(i2i)Z i, 

(33) 

(34) 

we have from the above equations 

4(Q1Ci)2|Zh(Oo)|í|Z,8(»i)| 2 

RsRl \ 1 + a^c^ZoZ^ 
(35) 

We now consider a special configuration as shown in 
Fig. 9, where network N is a lossless reciprocal 2-port. 
The resistance R acts as both the source and the load. 
In practice, a circulator or a band-pass filter is needed to 
separate out the input and output signals as shown in 
Figs. 10 and 11. 

For convenience of analysis and design, we change 
the notation as follows: let w = i2n be a frequency in the 
input signal frequency band and w' = ñi be a frequency 
in the converted frequency band. Let I, V, Z be the 
phasor current, phasor voltage and impedance at fre-

quency ai and P, V, Z' be the corresponding terms at 
frequency w'. The transfer impedances, Z2i and Z^ of 
(35), can be simplified for the circuit of Fig. 9. In addi¬ 
tion, if conservation of power and reciprocity theorem 
are used, we obtain 

| Z21 |2 = | Z,2|2 = K- ReZ. (36) 

Eq. (35) becomes 

4(w'Ci)2 ReZ Re Z' 
Gt = -¡- 1 ■ - • . (37) 

11 + ̂ 'cezz'Y 

where Z and Z' are the impedances looking back from 
the variable capacitance at frequencies w and w' , re¬ 
spectively, as shown in Fig. 9. This equation can fur¬ 
ther be interpreted in the following manner: First we 
redraw the complete equivalent circuit of the noninvert¬ 
ing-type converter by adding the source and the load 
to the circuit of Fig. 7. This is shown in Fig. 12. N and 
N' are the same network except that all computations 
pertaining to N are at w and those pertaining to N' are 
at iii'. Let Z¡„ be the input impedance looking to the 
right of network N as shown in Fig. 12; then using the 
relations specified by the 2-port Q, 

1 
Zin = - -- ; • (38) 

wC^'CtZ' 

Fig. 12—The complete equivalent circuit for a non-
inverting-type converter. 

The 2-port Q can be interpreted as an impedance in¬ 
verter. Substituting (38) in (37), we get 

(39) 

The second factor in (39) has a maximum of unity for 
passive impedances Z and Z¡„ under the condition 

Zi„ = Z. (40) 

This is the familiar conjugate matching condition. 
Therefore, we conclude that if 

1 

uCywCyZ.' 
(41) 

Fig. 11—A filter-type parametric converter. 

the transducer power gain is the maximum and is equal 
to w'/w, which is the familiar result of Manley and 
Rowe. 
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Let Wo and w0' be the center frequencies of the two 
bands. Thus 

w = wo + △ and w' = woz + A. (42) 

pass interval from zero to wc, 

(49) 

Clearly, 
/ / œ cüo 

œ wo 

1 i A/woz' 

1 i A/wo . 
(43) 

as shown in Fig. 13. The driving-point admittance for 
this optimum case is 

is a function of A. The maximum realizable gain is not 
a constant over a broad band. Equalization may be 
needed if the required tolerance in the pass band is im¬ 
portant, even though (41) is satisfied over a broad band. 

IV. Gain-Bandwidth Limitation and 
Design Illustrations 

In this section we derive an approximate formula for 
the maximum realizable percentage bandwidth and 
present the optimum design method based on the ap¬ 
proximation that ww'=woWo' holds over the band. With 
the above approximation (41) is rewritten in the fol¬ 
lowing form : 

WW'C,2 WoWo'Cl2
(44) 

Therefore in order to obtain the maximum gain over a 
given band, we need to design a passive coupling net¬ 
work such that (44) is satisfied. Moreover, the network 
is restricted to start with a shunt capacitance Co, which 
limits the bandwidth. Let the driving point impedances 
at the two bands be written as 

The circuit as shown in Fig. 14 is actually the parallel 
combination of a capacitance Co/2 and an infinitely long 
constant K image filter. It will be seen that this low-
pass circuit can be used directly in our problem. Bode 
has also shown that if the magnitude of Z is to be maxi¬ 
mized over more than one pass band, the phase must 
be +90° outside the pass bands. For our problem we 
have two frequency bands of interest; the magnitude 
of the impedances over the two bands |z| and |Z'| 
must satisfy (48). The bandwidths of the two pass bands 
are to be maximized. Therefore, we conclude that a typ¬ 
ical phase characteristic of the 2-terminal impedance is 
given by Fig. 15. Since the phase is more or less specified 
except for 6 = 0' in the pass band, the magnitude is also 
more or less specified. In order to satisfy (48) it is clear 
that we have to choose such that 

(o)o<Vo') 1/2Cl 
(51) 

This can be readily obtained by means of a low-pass to 
multiband-pass transformation of Bode’s optimum low-

Z = I Z I Z' = \Z'\ e»’. 

From (44), we have 

1^1 =— • 
wowo tr 

Since the right-hand side is purely real, 

0 = 6', 

(46) becomes 

1*1 I ^'1 aw Cr 

(45) 

(46) 

(47) 

(48) 

Fig. 13—Bode’s optimum low-pass interstage behavior. 

The problem is then simplified and can be stated in 
terms of the design of a familiar 2-terminal interstage 
network. A driving-point impedance which starts with 
a shunt capacitance Co is to be designed to satisfy (48) 
over a maximum possible bandwidth. Bode has con¬ 
sidered the following related problem:8 A driving-point 
impedance Z which starts with a shunt capacitance Co 
has a maximum constant magnitude |Z| over a low 

Fig. 14—Bode’s optimum low-pass 2-terminal interstage network. 

8 Bode, op. cit., see ch. 17. 
Fig. 15—Typical phase characteristics of an optimum 

2-terminal impedance. 1 
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pt ss configuration. Let 

(s* + a>o2)(s2 + »0**) 
p =- (52) 

+ w«2) 

w02 + a>o'2
w/ = - - (53) 

2 

w lere p is the low-pass variable and s is the band-pass 
variable. Eq. (53) is obtained based on the condition 
Z^Z'. The transformation is shown in Eig. 16. Let the 
at guiar bandwidth of the two pass bands be B. From 
tlie conservation of bandwidth we have 

B = — • (54) 
2 

Combining (49), (51) and (54), we obtain the important 
result which states that the limitation of the fractional 
bi ndwidth is given by 

B Ci/wo'Y'2 

Wo Co \ Wfl / 

Tie gain-bandwidth product is thus 

_ B Ci wo7 
VG, - = - — 

wo Co wo 

(55) 

(56) 

and the converted band be 

/o = 10“ cycles, 

/o' = 101“ cycles. 

We want to have three designs which use three different 
variable capacitances with 

C„ = io-“/ 

and 

(a) (0.05 X 10-“/ 

C, = (b) 0.15 X IO" 12/. 

(c) [o.3 X 10-“/ 

From the formula for the optimum gain, we have at the 
center of the band 

G, = 10 or 10 db. 

The percentage bandwidth limitations according to 
(55) for the three cases are 

a) [15.8 

per cent bandwidth = b) 47.4 

c) 194.8 

A practical realization of the admittance of (50) or the 
circuit of Fig. 14 is by means of the usual M-derived 
termination. Bode has tabulated a few simple circuits 
w lieh approximate the ideal case along with their mag¬ 
nitude behavior in his book. 

To illustrate the above theory, the tollowing examples 
are given: Let the center frequencies of the signal band 

The normalized equivalent low-pass circuit used is a 
simple ^/-derived | section given by Bode as shown in 
Fig. 17. The actual circuit after the transformation 
specified by (52) and (53) and a frequency denormaliza¬ 
tion is shown in Fig. 18. The calculated results of the 
transducer power gain are plotted in Figs. 19 22. It is 
seen that for case a), the actual gain follows almost ex¬ 
actly the optimum in the complete pass band. For cases 
b) and c) the actual gain differs from the optimum only 
near the edge of the band. The realized bandwidth is 
about 75 per cent of the maximum. This is because of 
the mismatch of the simple ^/-derived circuit around 
the cutoff frequency. As Bode has shown, a more com¬ 
plicated low-pass circuit such as shown in Fig. 23 can 
almost realize the maximum possible percentage band¬ 
width. 

Fig. 16—Low-pass to multiband-pass transformation. Fig. 17—Normalized low-pass coupling circuit. 

Fig. 18—The actual circuits lor the three specified 
parametric converters. 
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Fig. 20—Transducer power gain vs u/uo for Ci/Ci=0.05. 

Fig. 21—Transducer power gain vs w/wo for CJCt =0.15. Fig. 22—Transducer power gain vs w/uo for Ci/Ci=0.3. 

Fig. 23—A normalized low-pass coupling circuit which 
approaches the optimum behavior. 

In conclusion, it must be pointed out again that the 
above theory and design technique are based on the ap¬ 
proximation ww'=wowo'. For a real broad-band situa¬ 
tion where the above approximation does not hold, we 
have to refer back to (44), where ZZ' is a function of 
frequency. An elaborate network approximation pro¬ 
cedure is necessary to determine the poles and zeros of 
the driving-point impedance. 
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A New Precision Low-Level Bolometer Bridge* 
W. C. REISENERf, member, ire, and D. L. BIRXf, member, ire 

Summary—A low-level RF bridge has been developed for the 
pu-pose of calibrating directly the outputs of signal generators over 
a .vide frequency band. Using standard commercial bolometers 
giving an input resistance of 50 ohms and an error detection scheme 
baaed on raidometer techniques, the bridge has a measured sensi¬ 
tiv ty (S/N = 1) of 3.0X 10~ 10 w. The basic bridge design is described 
in this paper and various applications are discussed. Although de¬ 
sigped primarily for RF measurement, the bridge can be applied 
to the detection of any kind of electromagnetic radiation provided 
suitable bolometer elements and modulating means can be arranged. 

Introduction 
^HE bridge described in this paper was developed 
during the course of an investigation carried out 
for the Signal Corps aimed at developing tech-

niques to permit rapid, accurate, and simplified meas¬ 
urements of extremely low-level RE voltagesand powers 
ncrmally associated with signal generators. The ultimate 
goal was to measure low-level RE powers to 10-16 w with 
3 ier cent accuracy over as wide a frequency range as 
possible with one instrument. At these levels, major 
problems are created by the requirements of low am¬ 
bient noise and high sensitivity. 
To cope with these problems, two approaches were 

investigated: 1) superconducting and semiconducting 
bclometers designed to exploit the benefits of cryogenic 
te nperatures, and 2) the application of radiometer 
principles to the measurement of low-level signals in 
ncise at ambient temperatures. Various aspects of the 
cryogenic phase of the work have been described previ-
otsly [1], [2]. The ambient temperature phase has re¬ 
sulted in the development of a prototype bridge de¬ 
scribed herein. 

is automatically controlled in order to maintain the 
average resistance of the bolometer constant. The effect 
of bolometer instability is thus reduced to a second-
order error in the measurement, since the substituted 
power is not affected by these variations. With this 
method, it is possible to detect differences in power of 
the order of magnitude of the noise output of the 
bolometer. The value of the substituted power can be 
calculated to an accuracy dependent only upon tech¬ 
niques available for de measurements. The RF power 
will differ from this only by a factor determined by the 
efficiency of the bolometer, mount, modulator, and RF 
transmission system. Because it is necessary to use a 
bias power very much larger than the substituted 
power, in order to detect small changes in the bolometer 
resistance, the bias power must be known to within the 
percentage accuracy required for the RE measurement. 
This is a result of the fact that the substituted power is 
determined not by the change in current through the 
bolometer alone, but by both the bias current and the 
change in current. With this system, the maximum 
sensitivity is determined by the bandwidth of the detec¬ 
tion circuits (which can be made quite small by the use 
of a long integration time). The factors which will ulti¬ 
mately limit the sensitivity are the choice of a practical 
observation time and the stability of the RF source. 

Bridge Description 
General 

Fig. 1 is a block diagram of the bridge which is de¬ 
signed to compare the heating effect of a pulse of RF 
power to that of a de pulse on a bolometer element. The 
RF and de pulses are supplied alternately at an audio 
rate (100 cps) the period of which is long compared to 
tie thermal time constant of the bolometer. Under these 
eruditions, if the power supplied by the RF source is not 
equal to that due to the de pulse, the resistance of the 
bolometer will vary periodically at the audio rate. A re¬ 
sistive bridge is used to detect this variation of bolome¬ 
ter resistance. The bridge is excited by a de source which 

Fig. 1—Block diagram of bridge. 

* Received by the I RE, May 8, 1961 ; revised manuscript received, 
Scotember 1, 1961. This work was done under U. S. Signal Corps Con-
trict No. DA-36-039-SC-78284. 

f The Franklin Institute Laboratories for Research and Develop-
trent, Philadelphia, Pa. 

Basic Bridge 

A symmetrical design has been used for the bridge 
with each arm having a resistance of 200 ohms. Two 
100-ohm bolometers are arranged in a Narda Model 560 
mount so that they are in parallel for the RE power 
(providing a 50-ohm termination) and in series for the 
de power (200 ohms). The other three arms of the bridge 
consist of 200-ohm precision wirewound resistors. This 
type was chosen for stability and low noise. Tests 
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showed that the prédominent sources of noise were the 
Johnson noise of the fixed resistors and bolometers and 
temperature fluctuation noise of the bolometers. 

DC Square Wave Source 

The value of the de power which is substituted for the 
RF power depends upon the bias current in the bridge, 
which in turn is a function of the bolometer character¬ 
istic. Several methods are possible for adding the de 
pulse to the bias current. The method chosen was to 
shunt the bridge with a variable resistance as shown in 
Fig. 2, thereby bleeding off a small portion of the bias 
current. This has the advantage that the value of the de 
power is determined completely by the bias current and 
the value of the shunt. There is no need for a calibrated 
square wave source. Variation of the shunt resistance is 
obtained by shorting out a small portion of the shunt by 
means of a mechanical chopper. The accuracy of this 
method depends upon the contact resistance of the 
chopper, the accuracy of the resistors, and the accuracy 
of the de voltmeter which measures the bridge voltage. 

be 1.8 db, the bandwidth about 6 cps. In order to avoid 
the use of tuned circuits within the amplifier, which 
would be bulky and cause coupling problems, selectivity * 
was obtained by means of positive feedback around RC 
band-pass networks. Sufficient negative feedback was 
used in the amplifiers to maintain reasonable gain and 
bandwidth stability. Each stage was adjusted for a Q of 
between 10 and 15. The principal need for narrow band¬ 
width was to reduce hum pickup, which otherwise would 
have saturated the amplifier. The input transformer was 
shielded against electrostatic and magnetic pickup and 
was shock-mounted to avoid microphonics. The sec¬ 
ondary was tuned to the chopper frequency of 100 cps 
by means of a parallel capacitor, and a series capacitor 
was used in the primary to avoid a de short across the 
bridge. The filaments were supplied from a de source to 
reduce hum pickup as much as possible. 
The phase detector, Fig. 3, consisted of a current am¬ 

plifier, the output of which was switched alternately to 
two storage capacitors by a reference derived from the 
100-cps modulation signal. The output was measured 
between the two storage capacitors. 

Fig. 2—DC pulse insertion. 

DC Excitation Amplifier 

The de excitation amplifier maintains the de balance 
of the bridge by controlling the bias current in such a 
way as to keep the average resistance of the bolometers 
equal to 200 ohms. It consists simply of a Kin Tel 
Model 204A de amplifier, followed by a pentode current 
amplifier. A pentode was chosen since it is desirable that 
the amplifier have a large known output impedance to 
limit the current through the bolometers to a safe value 
in the event of failure of any of the components. Filtering 
was added to the plate circuit to reduce noise from the 
de power supply, and a variable cathode resistor was 
used to provide a control of the bias current. This con¬ 
trol permits the error voltage of the de feedback loop to 
be adjusted to zero, thus reducing the required gain. 

AC Amplifier and Phase Detector 

To detect the 100 cps unbalance signal, a tuned ac 
amplifier was used. The input was transformer coupled 
in order to improve the noise figure and provide an un¬ 
grounded input. The final noise figure was estimated to 

Fig. 3—Phase detector and null meter. 

RF Modulation 

Several methods of modulating the output of the sig¬ 
nal generator were tried. In order to obtain the desired 
accuracy, small insertion loss and a large on-off ratio are 
required. Best results for internal modulation were ob¬ 
tained with a mechanical RF chopper, driven at the 100-
cps rate. Most electronic or solid-state modulators did 
not have either a sufficient on-off ratio or required cali¬ 
bration of the insertion loss or gain. For signal gen¬ 
erators which have a provision for internal square wave 
modulation, an output was also provided to supply the 
required input signal. However, this method is not pre¬ 
ferred, since most signal generators cannot be modulated 
with a 100-cps square wave with any degree of accuracy. 
Furthermore, the output meters generally indicate 
average power and must be corrected for the modula¬ 
tion duty cycle. This means that the pulse widths must 

i 

« 
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Fig. 4—Power bridge interconnections. 

Fig. 5—Photo of bridge and modulator. 

be measured precisely. Fig. 4 demonstrates the manner 
in which the bridge and modulator would be connected 
tc the signal generator for calibration, and Fig. 5 is a 
photograph of the complete bridge and modulator unit. 

Bridge Performance 

The detectability of the bridge is limited mainly by 
noise fluctuations in the output caused by Johnson and 
temperature fluctuation noise at the bolometer. The 
¡indicated mean square temperature fluctuation of the 
bolometer is given by 

The solution to the steady heat balance equation, 
E =06, provides a means of relating this temperature 
fluctuation to an equivalent fluctuation in input power. 
Substituting, we have for the mean square noise power 
pc, equivalent to the temperature fluctuation 

_ _ 2kT20 
P? = 02 02 = -

A similar treatment can be made for the Johnson noise 
voltage by means of the expression for bolometer sensi¬ 
tivity which relates output voltage to input power. If 5 
is the bolometer sensitivity, the equivalent mean square 
power fluctuation pf due to Johnson noise is 

where 

0 = temperature deviation from ambient 
k = Boltzmann’s constant 
ß = coefficient of heat transfer 
r = time of averaging 
T= temperature of the bolometer. 

By definition,. 

5 = V/E 

_ 2kTR 

Pi “ rS2

HR ibRbT ibR 

0ÔT 0ÒT 0 
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where V is the change in voltage across the bolometer 
due to the change in the bolometer resistance, ÒT is the 
mean temperature rise caused by detector current i, 
and b is the temperature coefficient of resistance, 
b = ï/R(dR/dT). Substituting for 5, 

2kTß2

~ ri2b2R 

Therefore, the total mean square noise equivalent power 
is 

P2 = Pt2 + Pj2

2kT2ß 2kTß2

ri2b2R 

and this will be minimum detectable signal defined as 
(S/N=l)'. To take account of the fact that the bolo¬ 
meter temperature T will be different from the ambient 
temperature To when bias current is applied to the 
bolometer, we should write the above expression as 

_ kß 2kTß2
P2 = — (r + T»2) +-

7 ri2b2R 

In the current model of the bridge, two Narda N610B 
bolometers with the following characteristics are used: 

bR 
S = 4500 ohms per watt =-

ß 

R = 100 ohms 

b = 0.0038 

bR 
ß = - = 8.43 X 10 5 watt per degree. 

The rated current is 8.75 ma making the mean tempera¬ 
ture rise 0 = 9O.8°C. Substituting these values in our 
equation for equivalent noise power, we find that the 
detection limit of the bridge (S/N=\) should be 
1.5 X10-1 ' w for a time constant of 8 sec. 
By giving careful attention to the reduction of stray 

pickup in the detection circuits, we have been able to 
achieve an over-all detection limit of 3X10~ 10 w. This 
approaches the ultimate limit to within one order of 
magnitude. This figure can be improved by increasing 
the integration time, but long time constants, in addi¬ 
tion to being very annoying to. work with, are limited 
by the stability of the source being measured. In the 
prototype bridge, an 8-sec time constant was found to 
be optimum. A 1-sec output was also provided for more 
rapid initial adjustments and for work at higher signal 
levels. 

In the checks made thus far with the bridge, excellent 
agreement has been obtained in comparison with the 
other standards down to 10~8 w at frequencies ranging 
up to 100 Me. The present RF chopper, James, FTC-
159-1171, used in the modulator unit is limited to fre¬ 
quencies below 500 Me. This is mechanical two-position 
switch driven by an electromagnetic actuator which 
switches the input of the bolometer mount alternately 
between the RF source and a terminating resistance. 
The high-frequency performance is limited by RF leak¬ 
age across the switch and by the discontinuity intro-
dued into the RF line due to the switch. With suitable 
detectors and modulators, however, the bridge is not 
subject to any frequency limitation. In fact we hope 
later to use the bridge in the measurement of low-level 
radiation in the optical range as well as at radio frequen¬ 
cies. Also, with the bridge providing a means of estab¬ 
lishing a low-level RF signal of high accuracy, the use 
of attenuators and a sensitive radio detector should per¬ 
mit measurements to be carried out by comparison 
techniques at the level of 10“ 16 w as desired in the above-
mentioned goals. The accurate low-level source will 
greatly reduce errors due to leakage and high attenua¬ 
tion formerly present in previous comparison tech¬ 
niques. 

Figures on absolute accuracy of the bridge are not 
available since an exact calibration of the bolometer and 
mount efficiency have yet to be made. The comparison 
checks, however, definitely establish the accuracy as 
being well within the desired 3 per cent over the lower 
frequency end of the bolometer range. The main goals 
now are to extend the detection capability of the bridge 
through the use of vacuum mounted bolometers and 
some circuit modifications and, then, to couple the basic 
bridge to low temperature bolometers provided the 
proper characteristics can be achieved. 
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P-N Junction Charge-Storage Diodes* 
J. L. MOLLf, MEMBER, [RE, S. KRAKAUER^, MEMBER, IRE, AND R. SHEN|| 

Summary—The design theory for a new range of p-n junction 
applications is presented. The applications include pulse generation, 
wave shaping, and harmonic generation. The diodes are character-
ized by a very abrupt interruption of reverse current in the turn-off 
transient and are approximately ideal nonlinear capacitors.1 The 
abupt interruption of current in the reverse transient is related to 
the impurity profile in the junction. An estimate is given of the dura¬ 
tion of the abrupt phase. In addition, the role of parasitic elements 
such as inductance, capacitance, and series resistance is discussed in 
rotation to a particular representative circuit. In typical cases, the 
ab upt turn-off phase lasts for a time of the order of 10“’ sec. Transi¬ 
tions in excess of 100 v or an ampere are readily obtained. 

a sinusoidal wave or else by a steady bias current and 
turned off either by the negative portion of the sinusoid 
or by a negative pulse. In distinction to the ideal com¬ 
puter diode or switch, the diodes that we are consider¬ 
ing here are designed to conduct for a period of time in 
the reverse direction. When the stored minority car¬ 
riers are depleted, a very abrupt step in current occurs. 
This abrupt step is useful in rectangular wave-shaping 
as well as harmonic generation. The transients for the 
ideal conventional switching diode as well astheclassof 
diodes under consideration are compared in Fig. 1. 

I. Introduction 

rnHE reverse recovery property of p-n junctions 
has been a subject of considerable interest in the 
application of diodes to switching and rectifica¬ 

tion. 2,3 The diodes that Kingston,2 Lax and Neustadter1 
considered were step junctions of various geometries 
w th the qualitative result that the reverse recovery con¬ 
sisted of a storage phase followed by a decay phase. In 
their idealized circuits, steps of voltage were applied 
w th the result that the storage phase consisted of a pe¬ 
riod of constant reverse current which persisted until 
the carrier density near the junction reached zero. The 
decay phase represented the current due to the residual 
st >red carriers. It was found that both the storage phase 
ai d the decay phase lasted for times comparable to car¬ 
rier lifetime. The diodes that we are considering differ 
qualitatively in their recovery characteristic irom the 
step junction. The storage phase lasts for a time com¬ 
parable to lifetime, but the time for the decay may be 
several orders of magnitude less than carrier lifetime. 

In switching applications, the ideal recovery time is 
zero. That is, any reverse conduction tends to degrade 
ti e performance ot the device. 'I here is a group ol ap-
pEcations, however, where the required recovery time is 
fisite and determined within limits by the circuit. 4,5 The 
diode is biased in the forward direction by either part of 

Fig. 1—Current transients for the ideal switch and the ideal storage 
diode. The ideal switch has no reverse conduction whatsoever. In 
the ideal storage diode, the reverse conduction is equal to the for¬ 
ward conduction, and the abrupt drop in current occurs in zero 
time. 

* Received by the IRE, July 10, 1961; revised manuscript re-
ceved, October 6, 1961. 
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The reverse conduction is obtained by having finite 
carrier lifetime (usually as long as is conveniently ob¬ 
tainable from the fabrication process). The abrupt step 
is obtained by designing the diode so that when the car¬ 
riers at the junction are depleted, essentially all of the 
minority carriers have been removed. The junctions are 
built with retarding fields for minority carriers with the 
result that storage is constrained to the vicinity of the 
junction. Thus, we might define the class of diodes un¬ 
der consideration as carrier storage diodes with constrain¬ 
ing fields, or, since the constraining fields are necessary 
to high performance (fast switching), just storage diodes. 
The ideal storage diode should have the following prop¬ 
erties: 

1) Infinite capacitance in forward direction (zero in¬ 
cremental voltage drop). 

2) Infinitely fast switching from reverse storage con¬ 
duction to cutoff. 

3) Zero capacitance in reverse direction. 
4) Long minority carrier lifetime. 
5) No excessive parasitic elements. A small amount 

of series resistance is tolerable, and it will be seen 
that a small amount of series inductance may be 
desirable. 

In the first part of this paper, we are concerned with 
the intrinsic limitations of the physical electronics on 
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switching speed. We will see that the fast cutoff occurs 
in a time approximately x^/D where D is an average 
diffusion constant for the injected carriers and Xo is the 
distance from the center of the junction to the center of 
gravity of the injected charge distribution. To make the 
turn-off time small, we must have the injected carriers 
concentrated very close to the junction. This can be ac¬ 
complished with a retarding field as is encountered in a 
graded junction.6
The calculation of the fast turn-off rate is most easily 

accomplished by first considering the de conduction 
properties. Generally, if a retarding field is used to con¬ 
fine the carriers to the junction, the maximum carrier 
density for a given stored charge will be greater than if 
there is no retarding field. The increased carrier density 
will result in conductivity modulation and a decrease in 
the retarding field. For this reason, calculation of the 
center of gravity of the injected carriers is a nonlinear 
problem. Since charge distribution is closely related to 
the diode current-voltage characteristic, the observed 
static characteristics serve as an internal check on the 
calculations. 
The qualitative result is that as stored charge is in¬ 

creased, the retarding fields decrease and the distribu¬ 
tion of minority carriers becomes relatively more diffuse. 
That is, with increase in stored charge, the center of 
gravity of the stored minority charges moves away 
from the junction, and the cutoff transition becomes 
slower. The quantitative relations between stored 
charge per unit area and distribution of the stored 
charge is basic to a quantitative design theory for the 
maximum rate of turn-off. 

It is necessary, in any given circuit application, to 
compromise between diode capacitance which acts as a 
passive limitation on the fast transition and the stored 
charge per unit area which limits the fast rate of re¬ 
covery of minority carriers. For given operating condi¬ 
tions, the junction capacitance varies directly and 
stored charge density inversely with junction area. Sec¬ 
tion II is concerned with the distribution of the stored 
charge and its limitation on turn-off rate. We then 
consider the limitation of the passive parameters, and 
finally the compromise that must be made between 
diode capacitance and stored charge per unit area to 
obtain optimum transition speed. 

II. Distribution of Stored Charge 
Experiment and theory on the forward characteristic 

of the storage diode serve to provide an internal check 
on the calculation of the charge distribution and thus 
give confidence in the calculation of the transient. 
Shockley6 has given an extensive discussion of the fields 
that exist at equilibrium in a graded junction. In this 
reference it is shown that a junction with large gradient 

6 W. Shockley, “The theory of p-n junctions in semiconductors 
and p-n junction transistors,” Bell Sys. Tech. J., vol. 28, pp. 435-489; 
July, 1949. 

develops a depletion region, whereas an extremely grad¬ 
ual junction remains essentially neutral throughout. 
The steepness of the junction is measured by 

K=LD/lLa

Ld= (¿Te/2ç2M,) l/2 = Debye length 

La = n¡/a = length in which impurity density changes 

by an amount equal to the intrinsic density 

a = concentration gradient 

M,- = intrinsic carrier density. (1) 

If A»1 there is space change, and if K < 1 the junction 
is neutral. The assumption of constant quasi-Fermi 
level in the junction gives the same formal behavior in 
the nonequilibrium case except that it is necessary to 
substitute a new intrinsic density n/ for Thus if 

Ld = {kTc/lq^i/Y^ 

La' = n//a 

n/ = Mlt"v/2*r

A" = Ld'/ILJ. (2) 

Then if K' < 1 the junction is neutral. 
Substitution for n' in Ld and Là results in 

A" = (3) 

At equilibrium, (F = 0)2C reduces to K and rapidly de¬ 
creases from K as forward voltage is applied. It is pos¬ 
sible, and in fact is commonly encountered, that the 
junction starts at zero bias with a depletion region 
(A'»l ) and goes through an intermediate range, finally 
ending up as a neutral junction (A' < 1). This is the case 
for all of the junctions that we will be discussing in this 
paper. Morgan and Smits7 have extended Shockley’s 
calculations to include nonequilibrium conditions with 
the sole limitation that the quasi-Fermi level is constant 
throughout the central region of the junction. Their cal¬ 
culation shows that if the factor K is less than unity, the 
potential distribution obtained from the neutral ap¬ 
proximation is valid. Sah8 has obtained some approxi¬ 
mate formulas for total junction capacitance for linear 
graded junctions, including diffusion capacitance under 
forward bias. In Sah’s treatment, he assumes that gen¬ 
eration-recombination current9 in the transition region 
accounts for all of the conduction current. Detailed cal¬ 
culations10 suggest that, in many practical instances, 
diffusion current and recombination in neutral regions 
account for most of the conduction current in silicon 

7 S. P. Morgan and F. Smits, “Potential distribution and capaci¬ 
tance of a graded p-n junction,” Bell. Sys. Tech. J. vol. 39, pp. 1573-
1602; November, 1960. 

8 C. T. Sah, “Effects of electrons and holes of the transition layer 
characteristics of linearly graded p-n junctions,” Proc. IRE, vol. 49, 
pp. 603-618; March, 1961. 

9 C. T. Sah, R. N. Noyce and W. Shockley, “Carrier generation 
and recombination in p-n junctions and p-n junction characteristics,” 
Proc. IRE, vol. 45, pp. 1228-1243; September, 1957. 

10 J. Moll, unpublished work. 
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jimctions with forward bias greater than about 0.5 to 
0.5 V. Transition region recombination and generation 

* account for most of the current for bias up to about 0.4 
to 0.5 V forward bias. We shall be dealing with a forward 
bias range of 0.7 to 0.8 v and hence will ignore genera¬ 
tion-recombination current. A further difference in our 
treatment of the junction as compared to that of Sah 8 

is the terminology relating to transition region. When 
the depletion or space charge region has disappeared, 
w? will simply treat the junction as a neutral region. 
For formal reasons, Sah defines a transition region that 
extends essentially through the region of modulation of 
the equilibrium conductivity. Our approximations can 
be extended to give the same result as that obtained by 
Seh8 for the case of sufficient forward bias that the 
junction be neutral (usually about 0.5 v). 
The important storage diode parameters are switch-

ing time, carrier lifetime, and values of parasitic ele-
n»mts such as transition region capacitance, series re¬ 
sistance and inductance. 

In order to obtain the highest possible retarding 
fields, the storage diodes are fabricated by the diffusion 
of boron and phosphorus into opposite faces of a thin 
si ce of silicon. Using a slice thickness in the range of 
25 to 50 g it is possible to obtain significantly' higher 
effective retarding fields than would be obtained in a 
linear graded junction with equal junction gradient. 
'Ilie devices may be given a long lifetime treatment 11 to 
minimize recombination. The diffusion surface concen¬ 
trations and times are set so that the resulting impurity 

g profile is very nearly symmetrical. The impurity density 
ir such a diode can be approximated as 

Nd — Na = 2Nn sinh bx, (4) 

where x is distance measured from the junction and Nu 

and b are determined from the surface concentration 
and diffusion temperature and time. For a completely 
symmetrical diffusion, 

IF _ 
b^- (IF > +VDt) (5) 

ADt 

IF = wafer thickness 

D = diffusion constant 

I = diffusion time. 

Also, 

A”« = N, erfc (H74v<D0 

N, = surface concentration. (6) 

At normal injection densities, we can assume that we 
hive charge neutrality, or 

P = q^p - „ + Nd — N„) = 0. (7) 

i 11 G. Bemski, “Recombination in semiconductors,” Proc. IRE, 
v.l. 46, pp. 900-1004; June, 195S. 

The assumption (7) of charge neutrality makes possible 
the calculation of potential in the small region of con¬ 
stant quasi-Fermi level near the junction. We can make 
the substitution 

P(x) = 

n(x) = p*e+«*MikTj (8) 

where ̂ (x) is the potential with respect to the potential 
at x = 0 and p* is the electron or hole density at the 
junction (x = 0). 
The boundary conditions require that 

(p*)2 = pn = n^vlkT, (9) 

where V is the applied voltage. Substitution of (8) into 
(7) results in 

p* sinh (qty/kT) = Ao sinh bx. (10) 

Fig. 2 shows the impurity density distribution and 
potential variation. Fig. 3 shows the variations of 
d^/dx and p with distance under different injection 
densities. The electric field is 

d'k kT NJ) cosh bx 
- =- -- (11) 

dx q p* cosh d'h 

where 

It is seen from (11) that at x = 0, the field is inversely 
proportional to the injection level p*, while at a certain 
distance away from the center, it becomes constant and 
independent of p*. 

It is very' difficult, analytically, to deal with a vari¬ 
able field, so we will replace the variable field by' an ef¬ 
fective constant field that results in the same amount of 
charge storage as the variable field. If (E) is the average 
field, the amount of stored hole charge is 

— = q p* kT/ q{E), (12) 

where 

Qpu = stored charge (holes) 

p* = hole density at the junction. 

Eq. (12) is valid if the quasi-Fermi level is constant 
throughout most of the region of charge storage (or if 
\ZDpTpy>kT/qfE)) as is the case for the diodes under 
consideration. The current that flows will be the ratio of 
stored charge to lifetime. If the appropriate average 
field is the field near the junction (which varies inversely 
with p*) the forward currentwould vary' as exp (q F/kT) ; 
whereas, if the field far from the junction (which is inde¬ 
pendent of injection level) is most important, the for¬ 
ward current would vary as exp (qV/2kT). Measure¬ 
ments of forward current characteristics showed 
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exp (3qV/A:kT) which indicates that the average field 
should be the geometric mean of the field at the junc¬ 
tion and the field far away. This empirical result can be 
justified by approximating the potential distribution of 
Fig. 2 with straight lines as in Fig. 4 such that 

= EiX 0\< ix< Xi 

kT Ei 
= - In - 1- EiX Xi x< x x< », (13) 

q Ei 

where 

kT 2Nnb kT 
Ei =- ; E2 =- b 

q p* q 

kT In (Ei/£2) 
X] = - ; 

q (Ei - £2) 

Fig. 2—Impurity density (a) and potential variation (b) in a storage 
diode with forward bias applied. 

then the minority hole distribution is approximately 

p = 0 x< X x< Xi 

p = X1 < X < 00. (14) 

The stored charge of holes QPo/A for constant quasi¬ 
Fermi level is 

QPo TJ1— = q p*t-<iEixikT)dx
A Jo 

p*t-(vlkT)(E¡-E,)xlt-i<lEVlkT)dx (15) 

A is the diode area and Qpo is the total stored charge of 
holes. There is a similar charge of electrons on the p-
side. By equating the stored charge of (12) to (15) the 
effective constant field (£) can be expressed in terms of 
£1 and £2 as 

(£) = /(£,/£,)«, (16) 
Fig. 3—Electric field (a) and carrier density (b) for a storage diode as 

a function of forward current. where 

and is plotted in Fig. 5. 

Fig. 4—Broken line approximation to potential in junction (a), and 
resulting hole-density distribution (b). 

Fig. 5—Plot of f(y) vs y. 
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It is seen that for the range of operation where 
0.1 <E| <4E2

_ kTb /No 
(E) « s/E^ =- 4/— • (17) 

9 V p* 

The effect of recombination on the hole density is 
easily seen by assuming a constant field E in the junc¬ 
tion. For this case the hole density for a few tenths of a 
volt or more forward bias is 

This range encompasses the range of impurity distri¬ 
butions and current that we normally use. We now sub¬ 
stitute the approximate relation (17) into (12), and 
tike the boundary condition into account with the 
result that 

p = 

(21> 

9 ,..... T Q" _ — — 3/ /4Ä 7 —— . 

4 bx/2Ño ’ A 
(18) 

where Lp= y/DpTp is the diffusion length for holes. In 
our practical example, 1/Lp~ KFcm“1 and is sufficiently 
small (E,, sufficiently large) so that the recombination 
term is insignificant in determining carrier distribution. 

Ilie total current is Qpo/TpA- Q„o/t„. Eq. (18) shows 
that the stored charge varies (in the forward direction) 
as exp (3qV/4kT). The internal consistency of the 
theory of forward conduction is easily checked experi-
n entally by making independent measurements of 
area, lifetime, voltage, current, junction gradient, and 
from knowledge of the diffusion profile. A practical 
junction has’* 

.Y» = 6.7 X 10 16 cm"* 

b = 7.5 X 10s cm-1

A = 1.47 X 10~* cm2

r = 3.3 X 10-7 sec 

I = 10 ma 

V = 0.75 V 

n, = 1.6 X 10 10/cm3 (t.e., silicon at 300° K). 

From (17), 

III. Storage Phase 
The storage time T, is the portion of the recovery 

transient during which the conductance remains high. 
The storage time T, for the diode can be found most 
easily by assuming that all of the charge is pulled out or 
recombined during storage time. The storage time is ob¬ 
tained from the equation of continuity for charge. 
Thus, the total stored charge Q is obtained from 

^ = /_ e 
di T 

(22) 

9 / - (E) = b \ — = 3.66 X 10’ cm *. 
kT 1 p* 

(19) 

From (12), 

9 2qAp* 
— {E) = Z

Qpo+QnO 

2qAp* 
= 3.9 X 10’ cm-1. (20) 

For (20), the electron and hole charges are simply added 
and the average lifetime is used. The lifetime was meas-
ired by an injection-extraction method. 
The close agreement between the effective average 

field as calculated in (19) and (20) is good evidence that 
t le calculated carrier distribution is very similar to the 
one that is actually obtained. Detailed calculation of 
tie change in quasi-Fermi level shows that it is con-
s:ant to within a few millivolts to distances as great as 
10-’ cm from the junction for both electrons and holes. 
Most of the minority electrons and holes are contained 
i i this region—hence the close agreement of (19) 
and (20). 

where I is the conduction current across the junction 
and r is the recombination lifetime. This form of charge 
continuity applies to step junctions as well as graded 
or retarding field junctions and p-i-n junctions. Eq. (22) 
is of particular utility for retarding field junctions 
(storage junctions) since these junctions have the prop¬ 
erty of containing very little residual stored charge at 
the end of the storage phase. The storage time for sinus¬ 
oidal applied waves as well as rectangular waves can 
be obtained from (22). We will restrict ourselves to rec¬ 
tangular waves for this paper, however. 
We assume that the diode is biased in the forward 

direction by a current If. If the duration of the cur¬ 
rent is several times the lifetime r, a steady-state stored 
charge Qo will be obtained. If the duration is comparable 
to carrier lifetime or less, it will be necessary to solve 
(22) for Qu, the stored charge at the beginning of the 
reverse transient. If at 7 = 0 the current is reversed to 
— Ir, the storage time is 

T„ = t In ( 1 +- ), (23) 
\ IrT / 

where Qn = IfT if the forward current has been on a time 
T/^>t. In general, the initial charge is 

Qo = Ifr(l - e” 77"), (24) 

12 In this case, :he parameter K is approximately 7X106 at equi-
liirium anti reaches a value of 10~3 at 0.75 v forward bias so the neu-
t-ality condition at the forward bias condition is well satisfied. 

where 7/ = period of forward conduction. 
Eqs. (23) and (24) are actually slight over estima¬ 

tions of storage time, since there is a finite residual 
charge left in the junction at the end of the storage 
phase, as illustrated in Fig. 6. 
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Lifetime is not a fixed constant of the diode. It tends 
to increase about 50 per cent for a 70°C temperature 
rise. Smaller junction diodes tend to have a lower life¬ 
time and lower temperature coefficient because of an in¬ 
creased ratio of surface to body recombination. Life¬ 
time also tends to decrease at high stored charge values 
because of nonlinear recombination and because the 
stored charge extends into lower lifetime regions. Life¬ 
time may drop also at very low stored charge values be¬ 
cause traps remain unfilled. Also, as the junction gradi¬ 
ent is increased, there is a tendency for lifetime to de¬ 
crease. A reduction in lifetime by as much as 50 per 
cent may be encountered when high storage is required. 

Since the lifetime is supposed to be very long, the value 
of |x/«o| may be quite large. 
The actual drop of the reverse current follows a very 

complicated function of time. Since we are interested 
only in the approximate cutoff transition time, we as¬ 
sume for simplicity a reverse current decreasing expo¬ 
nentially with time. 

= Irt~,IT-. (27) 

The cutoff transition time is usually short compared to 
the lifetime; we can, therefore, neglect the recombina¬ 
tion loss of carriers during the cutoff phase. We then 
have 

*QP + AQ,„ (28) 

where ̂ QP+^Q„ is the residual charge of electrons and 
holes, and time is measured from the end of the stor¬ 
age phase. It follows from (25) and the assumption that 
the electron and hole currents are equal that 

Fig. 6—Excess electron and hole density showing initial charge dis¬ 
tribution and residual charge at the end of the storage phase. (29) 

IV. Transition Phase 
The current that is conducted from the small bumps 

of residual charge can be calculated by a method that is 
analogous to the one used by Kingston2 for step junc¬ 
tions. In the diode with retarding fields the reverse cur¬ 
rent is conducted by a combination of drift and diffusion 
during the storage phase, whereas the current in the 
step junction is conducted entirely by diffusion. At the 
end of the storage phase, however, all of the current in 
the retarding field diode must be diffusion current since 
the hole (and electron) density at the junction is ap¬ 
proaching zero. Thus, we can calculate the gradient of 
carrier density at the junction. We will make the follow¬ 
ing analytical approximation to the residual carrier 
density: 

A(holes) 
Sp = - X t^ 110 X > 0 

qDpA 

Tr(electrons) 
An = - X X < 0, (25) 

qD„A 

where 

x0 = kT/q{E). 

For a symmetrical junction it is a reasonable assump¬ 
tion that the electron and hole currents are equal. In 
this case 7r(holes) =/..(electrons) = %Ir. 
The analytical form (25) is suggested by more de¬ 

tailed calculations in the Appendix. It is valid only if 
(54) is satisfied, or alternately 

or 

T„ = - where 
D 

2DA 

Dp + D„ 
(30) 

It is interesting to note that the decay time that is cal¬ 
culated by our procedure reduces to the diffusion time 
from the original center of gravity of the injected car¬ 
riers to the junction if the diffusion constants are equal. 
With the use of (12), (17), and (25) we obtain 7', as 

1 / (Qo/-4) \2'3
T„ = - (- -- I • (31) 

D \(4Ç)(6)GV0é)/ 

Note that Nob is the gradient of impurities in the junc¬ 
tion and to a large extent controls the breakdown volt¬ 
age. As the gradient is increased the decay time as well 
as reverse breakdown voltage decreases. Also, if the 
gradient is held constant but the distance 1/b is de¬ 
creased (b increased), the decay time decreases. In¬ 
crease in b is accomplished in practice by using a very 
thin wafer and diffusing a relatively short time. A de¬ 
crease in stored charge per unit area will also decrease 
the decay time. Thus, for a given circuit application, 
the diode capacitance which tends to slow down re¬ 
sponse must be compromised against the decay time. 

V. Design Compromise for Specific Applications 
Dynamic response of the storage diode depends upon 

a complex interaction between the diode and its associ¬ 
ated circuit. The important diode design parameters are : 

1) Junction gradient. 
2) Junction area. 
3) Minority carrier lifetime. 
4) Package impedance (chiefly series inductance). 
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We will examine how circuit conditions determine the 
optimum values for these parameters. There is no single 
tniversally optimum design for the charge-storage di-
cde, but only a best balance of factors for given operat-
i ig conditions. 

Behavior of the storage diode is demonstrated in the 
circuit of Fig. 7. Switch 5 is assumed initially open and 
so diode current id- If and Vd = (To is the for¬ 
ward applied voltage across the diode minus IR drop.) 
At time tn switch 5 is closed, causing the diode current 
[•olarity to reverse. A voltage spike may be apparent 
ccross the diode (Cd = —Ld(did/dt)) during this current 
change. Diode conductivity will be maintained for a 
time because of the stored minority carriers which have 
been injected by If. During this storage conduction 
phase, voltage across the diode will remain small (es¬ 
sentially the forward voltage minus a drop due to cur¬ 
rent and diode series resistance). Diode current will, 
therefore, be determined chiefly by the external circuit. 
When the stored charge becomes depleted, conduction 
cf the diode will drop to the low value typical of its re¬ 
verse biased state. 

Fig. 7—Diode waveforms during switching. 

Fig. 8—Equivalent circuit for the charge-storage diode assuming an 
instantaneous drop in junction conductivity. 

For any given application, interest centers upon the 
time at which the diode switch opens (storage phase) 
end the rapidity with which it opens (transition phase), 
'he considerations relating to storage time have already 
teen discussed. We will be concerned with optimizing 
the fast transition time for a given stored charge and 
I reakdown voltage. 

If the junction conductivity were assumed to drop 
i istantaneously at the end of the storage phase (no 
residual charge), the observed transition characteristic 
would be determined only by impedances associated 
with the diode. These significant impedances are: the 
equivalent Thévenin source impedance looking out from 
the diode terminals, diode lead inductance, and diode 
áiunt capacitance. This equivalent circuit is shown in 
Fig. 8 where cessation of diode conduction is associated 
with the opening of switch 5. 

Since the incremental capacitance of the diode is 
strongly .voltage-dependent, this problem is nonlinear 
and so does not lead to a simple solution. The approxi¬ 
mate contribution of the various impedance elements 
can be evaluated by considering each of the contribu¬ 
tions separately. 

For the effect of nonlinear capacitance, assume Zs 

I urely resistive and zero inductance. The resulting re¬ 
sponse is plotted in Fig. 9 for different assumed voltage 
cependencies of C(V). The coordinates for this plot are 
simply the ones which normalize the analytic solutions. 
Transition is taken here as starting always at v = — To 

and ending at v = K The horizontal time axis normalizes 
with respect to the incremental value of diode capaci¬ 
tance with full reverse voltage at the end of transition 
across the diode. It is apparent from Fig. 9 that very 
1 ttle difference in rise time results from the different 
capacitance voltage dependencies that are plotted. It 
skeins plausible, therefore, that the effective diode ca-

Fig. 9—Storage diode transition characteristic for 
RC limited operation. 

pacitance can be represented by the constant value Cv. 
From this plot, 10-90 per cent transition time, when 
limited exclusively by RC considerations, would be 

Tnc = 2.5 RC„. (32) 

It would be anticipated from this formulation that when 
diode capacitance limits transition speed, a high voltage 
transition will occur more rapidly than low voltage 
transition. This effect is observed. 

Diode series inductance inevitably arises in conjunc¬ 
tion with diode packaging. This is not necessarily a dele¬ 
terious factor, but can serve to improve the transition 
speed considerably if its value is appropriately chosen. 
The manner in which series inductance L is calcu¬ 

lated to influence transition voltage is shown in Fig. 10. 
This plot assumes instantaneous cessation of diode con¬ 
duction and a fixed value Cv for diode capacitance. The 
optimum value for L when Cv and R are given is the 
critically damped value 

R2C„ 
Tcrit — * (33) 

4 
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(38) 

where a = 2N^b is the gradient of impurities at the junc¬ 
tion. With choice of maximum allowable gradient a, the 
junction area may be optimized for minimum time. As¬ 
suming that maximum permitted gradient has been 
chosen, we have 

Fig. 10—Transient response for inductance variation. where 

This inductance about halves the pure RC transition 
time. 

Assuming critical inductance and zero residual di¬ 
ode charge during transition, the optimum impedance 
limited transition time Tklc is approximately 

0.725 
Gq =-

D 

/ q^N^'3
Grlc = 0.66 1- I R. 

\ V I 

Trlc » 1.25 RCV
10—90 per cent 

(34) 
The resulting transition time is taken conservatively as 
the sum of the impedance and residual charge transi¬ 
tion time contributions considered individually. 

Assuming now that inductance is chosen at the critical 
value, we can find the optimum diode parameters for a 
given set of operating conditions. Minority carrier life¬ 
time T must be evaluated on the basis of storage phase 
requirements. It does not enter directly into transition 
phase consideration except insofar as it influences Qn< 

the initial stored charge. The two remaining diode pa¬ 
rameters that may then be optimized are the junction 
gradient and the junction area. These are determined 
from consideration of the transition phase and re¬ 
quired reverse breakdown voltage Vu. 
From (31) 

T, = TJ + Trlc 
' 10—90 per cent ' 10—90 per cent 

T, = G,4-« /3 + Gr LC 4. 

The value of A required to minimize T is 

/2 G,, X"» / QoW V'6
A = (- — ) = 0. 7 (- -- ) 

\ 3 Grlc / \ (q^N^bRYH 

and the calculated value for transition time under these 
conditions is 

T/min = 1.96G/'5GrLc2'6

1.15/ v/3
= 2.3 T„ -- (- - ) 

10—90 |ht cent D \(29)(0)(AW 
(35) 

2/15 
O -3/5. (42) 

(the factor 2.3 conies from definition of transition time 
as 10-90 per cent of the transition voltage). 

This expression relates the gradient Nnb and junc¬ 
tion area .4 to transition time when the influence of 
diode impedance may be ignored. Diode capacitance Cv 

may be related to other diode parameters as follows: 

It is shown in the Appendix that the transition time 
may actually vary more slowly with injected charge 
than is indicated by (31), especially when the field far 
from the junction is much larger than the field near the 
junction. This modification results in a somewhat 
smaller transition time and, for a given breakdown 
voltage, a somewhat smaller optimum area. 

(36) 

so (34) may be expressed as 

7rlc = 1.251? /I 
/ ?eW\ 1/3

\ 6K / 
(37) 

Minimum breakdown voltage establishes an upper limit 
upon the permitted gradient. An empirical expression 
for Vb in linear graded junctions in silicon is 

VI. Experimental Observations 
Figs. 11 and 12 show typical storage diode recovery-

characteristics as taken with a sampling oscilloscope 
driving an X-Y pen recorder. Extraction current was 
held constant and forward current was varied. The two 
test diodes were selected at capacitance values (Co = 7 
and 50 pf) to demonstrate, respectively, the preponder¬ 
ance of stored charge density and capacitive loading on 
transition time limitation. Comparing these figures, the 
7-pf diode exhibits a faster transition (due to its lower 
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Fig. 11—Storage diode transition characteristic (Co=7 pf) as a 
function of forward current, showing degradation due to charge 
dispersion at high storage density levels. 

Fig. 12—Storage diode transition characteristic (Co = 50 pf) as a 
function of forward current, showing degradation due to capaci¬ 
tive loading. 

capacitive loading) than does the 50-pf diode only at 
low forward current. Transition time of the 7-pf diode 
ceteriorates very much more rapidly with increasing 
forward current than does the 50-pf diode because its 
stored charge density is higher. The negative spike at 
the upper left as well as the ringing are due chiefly to 
ciode inductance. It can be seen that the lifetime of the 
higher capacitance diode is almost double that of the 
lower capacitance since storage time is almost double 
for the same forward current. Instrument rise time was 
C.7 nsec. 

VII. Conclusions 

The design theory for a class of diodes which is use¬ 
ful for short pulse generation and wave shaping as well 
as harmonic generation has been presented. The design 
f matures of interest are the length of the storage phase of 
tiie reverse transient and the fast transition time at the 
end of the storage phase. The storage phase is very simi¬ 
lar to the storage phase encountered in all p-n junc¬ 
tions, and its duration is determined by the lifetime of 

minority carriers, magnitude of stored charge and ex¬ 
traction rate. The lifetime of the minority carriers is not 
subject to design in a simple manner, but depends on 
the diode area, profile of impurity density, temperature, 
injection level, and recombination trap density. 
The fast transition phase is independent of the mi¬ 

nority lifetime but is dependent on impurity profile, 
magnitude of stored charge and passive circuit param¬ 
eters. As the impurity gradient at the junction is made 
steeper to increase retarding fields, the transition be¬ 
comes faster. As the stored charge is increased, there is 
a tendency to swamp out the built-in fields, and the 
transition becomes slower. 
The passive circuit parameters tend to slow down the 

fast transition due to the RC discharging time of the 
junction capacitance. An appropriate value of series in¬ 
ductance can improve the fast transition, but the pas¬ 
sive contribution is approximately the RC time. Mini¬ 
mizing the RC time by decrease of area will, with a 
given stored charge, increase the contribution to the 
fast turn-off of the residual stored minority carriers. 
The converse is also true: minimizing the contribu¬ 
tion of the residual stored carriers for a given stored 
charge by increase of area will increase the passive RC 
contribution to the fast turn-off. Thus, for a given ap¬ 
plication there is an optimum area which gives maxi¬ 
mum turn-off rate at the end of the storage phase. 
The observed behavior is in complete qualitative 

agreement with the theoretical predictions. Where pre¬ 
dictions can be made, the actual switching times are 
within a factor of about two of the predicted times. One 
feature of the transient that is not predicted by the 
theory is the slow initial segment of the turn-off phase 
which occurs at the high forward current levels in Fig. 7. 
A minor part of this rounding may be ascribed to modu¬ 
lation of series resistance and the high junction capaci¬ 
tance at low voltage, but the major part of the rounding 
is not understood. 

Appendix 
Calculation of the Shape of Carrier Distribu¬ 

tion at the Beginning of Transition Phase 
Assumptions 

1) Constant retarding field E. 
2) Negligible recombination. 
3) Stored charge Ço at Z = 0 when current density sud¬ 

denly becomes equal to Jr. 
4) Forward current density is Qo/t but we assume 

that the distribution of Qo is determined by field 
only. 

The appropriate differential equations are 

dn 
Jn = qD„ — + qn„nE 

dx 

dn 1 dJ„ 

dt q dx 

(43) 

(44) 
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Combination of (43) and (44) gives 

d2N qE dN SN 
- + 2- .- = 0. 
dx2 kT dx D 

Now if 

(45) 
qE _ 
— x/Djo > 2, 
2kT 

Where N is the Laplace transform of m = n(x, /) — n(x, o) 
at t = 0, m(x, o) =0, 

almost all of the contribution to electron density on the 
right-hand side will come from 

let S' = S+(qE/2kT)2D. Then 

erfc - x/Dto. (51) 
2kT 

Eq. (51) requires 

8 I kT\2
to > — I- ) . (52) 

D \ qE/ 

Krom (23) 

/ Qo\ 
to = r In I 1 4- I or if to « t, 

\ IrT/ 

Qo 
to y • (53) 

* r 

(48) 
Thus the requirement (52) is that 

(54) 

Carrying out the inversion from standard tables and or 
simplifying, we obtain 

m(x, t) = 
Jr íI kT X qE \ - 2 I- 1- Dl I f-’lErlkT erfc £ 
qD \\2qE 2 2^7’ / 

E Dnr/qE\2

I, 8 \kT/ 

The condition (54) is usually satisfied since it is 

V D’J _ (-WUT(-lt 
IT 

kT / X qE _ A) 
- erfc I —= +- - x/Dnl ) > (49) 

2qE \2VD„t 2kT /I 

where 

x qE __ 
Z = —= - VD„l. 

WDJ 2kT 

At / = /«, the density reaches zero at 

X = 0 or m(0, tn) = — p* 

and 

n(x, to) = p*t~vBxlkT m(x

Jr íI kT qE \ / qE __\) 
p* =- < ( —— 4- DJo ) erfc (- y/Dnto I > 

qD\\2qE 2kT / \ 2kT 

x/DJo 2 2 kT qE -
4- f-^DtoiuT - erfc ^Dl (50) 

7T qE 2kT 

~ 10 in a typical case. (55) 

If (55) is not satisfied, we actually do not expect a very 
drastic modification of turn-off time. When (55) is satis¬ 
fied, 

J tX 
n(x, to) = — (56) 

gD 

since 

I qE _ \ 
erfc I- VDin 1 = 2. 

\ 2kT ) 

If the field E is not a constant, it does not appear to be 
possible to solve the problem of finding the total charge 
in the residual bumps. However, the form (56) suggests 
that we might make an approximation such as 
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If we use the linear approximation to potential as in 
(13) we obtain 

Eq. (59) is the same as (29) except that it is modified 
by the factor g{y). Fig. 13 is a plot of g(y) vs y. In the 
particular example that was discussed in Section II, 
£i = 50 V/cm, £2 = 200 V/cm and g(y)=0.75. 
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Average Decay Laws for VLF Fields* 
JAMES R. WAITf, senior member, ire 

Summary—A simplified discussion of propagation in the earth-
i<nosphere waveguide is given. It is shown that, if the square of 
feld amplitude is averaged over the width of the waveguide, a very 
simple formula for the averaged intensity is obtained. This result 
is used to describe some of the broad features of VLF propagation in 
a relatively concise fashion. 

Introduction 
F l| HE representation of VLF field strength in terms 

! of waveguide modes has been quite useful in ex¬ 
plaining observed phenomena at great ranges. 1 

Unfortunately, the convergence of the mode sum be¬ 
comes very poor at short distances from the source. 
Recourse can be made to a ray or hop theory, but this is 
c nly convenient at the fairly short ranges. There is a 
< ¡stance range from about 400 to 4000 km where both 
ray theory and mode theory predict that the field 
strength is an undulating function of distance. The pre¬ 
cise location of the maxima and minima in the inter¬ 
ference patterns depends critically on the effective re-

* Received by the IRE, June 10, 1961; revised manuscript re¬ 
ceived, August 5, 1961. 

t Natl. Bur. of Standards, Boulder, Colo. 
1 J. R. Wait, “The Mode Theory of VLF Ionospheric Propagation 

f T Finite Ground Conductivity,” presented at the VLF Symp., 
I<>u Ider, Colo., January 23-25, 1957; also, Proc. IRE, vol. 45, 
pp. 760-767, June, 1957. (Additional references given here.) 

flection height and to some extent on the electrical 
characteristics of the ionosphere and the ground. In 
many applications one is not too interested in the fine 
structure of the field strength vs distance, but rather 
one is more concerned with the average rate of decay of 
the field. 

It is the purpose of this note to show that many of 
the broad characteristics of VLF fields, particularly in 
the frequency range from 10 to 25 kc, are compatible 
with a simple formula relating average field strength, 
distance, and frequency. The simplicity is achieved by 
making a number of reasonable approximations which 
can be justified on the basis of previous work1 using 
more elaborate methods.2

Formulation 
The space between the ground and the ionosphere is 

represented by a parallel plate waveguide of width h 
and whose effective surface impedances are Z„ and Z¡. 
The source is taken to be a vertical electric dipole lo¬ 
cated on the lower surface (i.e., the ground). Following 
earlier work, the vertical field E at distance d and height 

2 J. R. Wait, “Terrestrial propagation of very-low-frequency 
radio waves, a theoretical investigation,” J. Res. NBS, vol. 64D, pp. 
153-204; March/April, 1960. 
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z can be written 1,2

E S EoIF 

where Eo is the field of the dipole if the ground were flat 
and perfectly conducting, and if the ionosphere were 
not present (i.e., The complex function Wz is 
thus a correction factor which contains the essence of 
the propagation problem. It is given by1

where G and L are constants independent of C. In terms 
of the conductivity a„ and dielectric constant e„ of the 
ground, 

«où! 
G = - y- • 

° o + 

In most cases €^«<r„, so that 

where 

Ri 

R, 

(rf/Ä) 1/2
(y = _ _._ e>[(2<rrf/X)-(»/4)J 

WN) 

• 22 ä„5„ 3/2e '2rS»,'/x cos (kC„z) (2) 

á. 

C 

C-N 

C„ is a solution of 

1 

1 
. d^R.RO/dC * 

4ir(A/A) R,R, 

Si = Z,/i)u, y» = 120tt 

(3) 

R,Ra exp [ — iAirhC/X] = exp ( — 2irin), (4) 

and finally S„ = (1 — Cn2)1/2 . 
Numerical values of C„ and S„ can be obtained from 

(4) using an iterative procedure. Extensive results4 of 
this kind have been obtained by use of a digital com¬ 
puter and these have been used in evaluating the mode 
sum for IV. Both a homogeneous and a stratified iono¬ 
spheric model2 have been considered in this way. More 
recent investigations5 have dealt with the influence of 
earth curvature and the terrestrial magnetic field. These 
latter factors lead to a considerably more complicated 
mode equation. However, for present purposes, the 
parallel plate waveguide with homogeneous isotropic 
walls is adequate for this general discussion. Thus we 
may write 

G =— 

is regarded as a real quantity in what follows. In terms 
of the (angular) plasma frequency w0 and the collisional 
frequency v of the ionosphere, 

03 W#2
L = — where 03r = - • (7) 

03, V 

I'he square of the amplitude of the field in the wave¬ 
guide can now be written 

(E2! = |£02| | W"| (8) 

where 

I Ir| = jyjl* 
W X X 

\^/^) w=0 

X cos (kC„z) cos ÇkC,„*z). (9) 

The double summation is not particularly useful in this 
form. However, the average value of | kF2) can be rep¬ 
resented in a very simple form if approximations are 
made which are valid for oblique incidence modes. A 
similar approach has been used by Brekhovskikh6 in 
connection with acoustic propagation in the 
Specifically, if 

Cn/Si « I and C„/â„ » 1 

for all important modes, it follows that* 

C ~ ~ 2) +

(5) 

(6) 

where 

_ _ r(n - I) _ (» - I) 

kh “ (2h/X) 

ocean. 

(10) 

(11) 

The restrictions stated above may now be replaced by 

1 
(C,,)2 « — , L and (C„)2 » G. 

3 Eo can be loosely described as the inverse-distance field. 
4 H. H. Howe and J. R. Wait, “Mode Calculations for VLF Iono¬ 

spheric Propagation,’' presented at VLF Symp., Boidder, Colo.; 
January 23-25; 1957. 

6 J. R. Wait and K. Spies, “Influence of earth curvature and the 
terrestrial magnetic field on VLF propagation,” J. Geophys. Res., 
vol. 65, pp. 2325-2331; August, 1960. [See also (same authors) MBS 
Tech. Note 114, July, 1961, for extensive calculations.) 

Since L is of the order of 0.5 and G«1 in the frequency 
range of 10 to 25 kc, these conditions are well satisfied 
for the important modes. 

• L. M. Brekhovskikh, “Sound propagation in an underwater 
sound channel,” Dokl. Akad. Nauk. SSSR, vol. 69, pp. 157-167; 
February, 1949. 
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The double summation for | W2] 
poximated by 

may thus be ap-

I ^1 

•cos 
ir(n — |)z 

h 
cos 

ir(m — |)z' 

h 
(12) 

where S„ and Sm have been replaced by unity. In this 
case, the modes of lowest attenuation are of order one 
following earlier adopted conventions.2

The Averaging Process 
We now consider the value of the intensity (or field 

anplitude)2 averaged over the width of the waveguide. 
This average is obtained from | £2| = | £o2| | PP2| where 

1 /• * 
|lT2| = (13) 

0 

In view of the relation 

f» h 

COS 

0 

~ir(n — ̂ )z~ 
- cos 

h 

~ir(m — |)z‘ 

h 
dz 

1 for n = 
0 for n 

m 
m (14) 

When ad is small, a fairly large number of terms in the 
summation in (18) are required; for a first approxima¬ 
tion, the sum may be replaced by an integral. Thus 

1^1 
^Pg (d/X)Pg 
- I e~ada de --
2{h/xy Jo ^h/xy 

This is valid for ad <2 (see Appendix). Making use of 
(19), this can be written in the compact form 

•exp [— y/2G d/h], (23) 

Since 

l>l = |£.|»|^*l 
and 

const. 

d2

is it seen that distance dependence is described by 

it readily follows that 

2(A/X)2
S„*)d (15) 

1 : may be noted that 

5„ - S„* = 2i ImS„ (16) 

a_id from (10), 

I n-S, 
X 

2\/2irh _ 

- / - 1 \ -1 
(C„y(VL + —-) + y/G • (17) 

'I hus 

(d/X)P, 

2W\y 
•a(n-l/2) 2d (18) 

where 

I £2 | — exp [-y/2Gd/h] 

1 
« for G = 0 (i.e. <r„ = »). (24) 

To test the validity of this simple law, | IF2| given by 
(23) and | IF2 given by (9) are plotted as a function 
of d/X for the conditions, h/X = 5, £ = 0.5, G = 0. It is 
seen that over a range of d/X from about 20 to 200, the 
straight line, which corresponds to [ IE21, is a reasonable 
average of the undulating curve for | LE21. It may also 
be demonstrated1 that if h/X is changed by 10 per cent 
or so, the computed mode sum for ) IF2| has maxima and 
minima that are shifted appreciably from the curve 
shown in Fig. 1. However, the same straight line is still 
a good measure of the averaged intensity for the dis¬ 
tance range from 20 to 200 wavelengths. 

and 

X2 

2y/2h3

1 
(19) 

Po = exp[— y/2G{d/h)]. (20) 

The summation indicated above can be written ex-
f licitly in terms of the Jacobi theta function O^v, k) as 
c efined by Jahnke, Emde, and Lösch.7 Thus 

(d/X)P, 

2(h/xy 

/ 
02 I 0, — ) • (21) 

’ E. Jahnke, el al., “Tables of Higher Functions,” McGraw-Hill 
l ook Co., Inc., New York, N. Y. ; 1960. 

Fig. 1—A comparison of the intensity and the averaged 
intensity for a concrete case. 
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When ad»l, the summation in (18) reduces essen¬ 
tially to one term. Thus, 

|ir| 
d/X 

2(h/\y 
e-a<lHe-^2G(.dlh) (25) 

The average intensity is now exponentially damped. 
This corresponds to the region where only one wave¬ 
guide mode is predominant. This particular case has 
been discussed at length in the literature. 1,8 It should 
be mentioned, however, that earth curvature increases 
the effective value of the attenuation of the dominant 
mode? However, the flat-earth approximation is justi¬ 
fied for the higher modes and thus averaged intensity in 
the intermediate distance range is not appreciably in¬ 
fluenced by earth curvature. 

data. It should be mentioned that the frequency de¬ 
pendence is a function of the ionospheric model. For a 
stratified or a diffuse model, the factor vT +1 /x/T is 
replaced by a more complicated function. This is also 
true when the earth’s magnetic field is included in the 
analysis.6

Appendix 

From (8) and (21), it is seen that the averaged field 
intensity behaves in the manner 

I E2 I « Í2 

where 

Concluding Remarks 
Eq. (23) for | IP2] allows for a very simple physical 

discussion of the averaged field intensity in the inter¬ 
mediate distance region. In the first place, it can be seen 
that | E2j varies as d~*12 when the ground losses are 
negligible (such as over sea water). The ground con¬ 
ductivity results in additional attenuation per unit 
distance given by 

(6.14/ä)VG X 10’ db per 1000 km 

when h is expressed in kilometers. 
For example, if ¿ = 80 km,/=16 kc, and a„ = 2 milli-

mhos/w, this amounts to 1.6 db/1000 km. This agrees 
quite well with the results obtained from a more rigorous 
numerical treatment of the modal equation. 1,4 It is in¬ 
teresting to note that this attenuation factor is propor¬ 
tional to/1/2 and a 12. Again, it should be stressed that 
this is only true for the intermediate distance region. 
At very great distances (úe., d> 3000 km), the influence 
of earth curvature on the dominant mode leads to a 
more complicated dependence of ground losses on fre¬ 
quency and conductivity.5

Since the averaged field intensity is proportional to 
the factor 

1 / ad' 
Í2 = — 021 0, ~ 

ad \ ir . 

ad n_i 
(n— l/2) 2ad 

The function Í2 is plotted in Fig. 2 as a function of ad. 
On the same graph, the integral approximation 

jt1'2

(arf)3'2

Fig. 2—Averaged decay laws. 

we see that a broad maximum occurs for a frequency 
w=wr. Since wr is of the order of 105, this corresponds to 
a frequency of the order of 15 kc. Such a maximum is ob¬ 
served when the full mode sum is plotted as a function 
of frequency. Also, such a maximum has been deduced 
by Watt and Maxwell9 on the basis of experimental 

8 K. G. Budden, “The propagation of a radio atmospheric II,” 
Phil. Mag., vol. 43, pp. 1179-1200; November, 1952. 

9 A. D. Watt and E. L. Maxwell, “Characteristics of atmospheric 
noise from 1 to 100 kc/s,” Proc. IRE, vol. 45, pp. 787-795; June, 
1957. 

is also shown for comparison. As can be seen, if ad <2, 
the summation is well approximated by the 3/2’s power 
law. In the example shown in Fig. 1, this corresponds to 
d/X<300. 

Acknowledgment 

1 would like to thank Mrs. A. M. Conda for comput¬ 
ing the Theta function, and Mrs. E. Brackett for assist¬ 
ance in preparing the paper. 

« 



r>62 PROCEEDINGS OF THE IRE 57 

Theory, Design and Performance of Maximum-
Efficiency Variable-Reactance 

Frequency Multipliers* 
T. UTSUNOMIYAf, member, ire, and S. YUAN J 

Summary—Although the Manley and Rowe relations indicate 
:tat complete conversion of fundamental power to any specific har-
-nonic with a nonlinear-reactance element is not impossible theo-
■etically, many factors contribute to lowering the efficiency of real 
multipliers. Analysis, based on a Taylor series expansion of the 
i«nlinear-reactance characteristic and Fourier expansion of the 
/►Itage and charge, with the introduction of suitable parameters and 
jaiescent conditions, permits the exact determination of the various 
ífects. Given the characteristics of a nonlinear element and the 
«evitable circuit losses, maximum obtainable efficiency can be pre-
lÊted from the analysis. Significant increases in efficiency are ob¬ 
tained in various circuit configurations where selected intermediate 
harmonic currents are permitted to flow and where harmonics which 
csnnot contribute to useful output at the desired harmonic fre¬ 
quency are suppressed. The characteristic of nonlinear reactance is 
si own to have a calculable effect on the multiplier efficiency, so that 
he most desirable characteristic can be specified. 

Experimental nonlinear capacitance multipliers designed ac-
ccrding to the developed theory have provided an efficiency of 50 
per cent for a quintupler and 70 per cent for a tripler, very close to 
•he predicted values. 

I. Introduction 

FREQUENCY multipliers of the conventional 
vacuum-tube type suffer from noise generated in 
the interstage tubes, and low-noise requirements 

are growing severely with the developments of high-
qjality FM systems in various fields. Since variable-
reactance devices, primarily as amplifiers, have proved 
■f eir superiority especially as to low-noise character¬ 
istics, nonlinear-reactance frequency multipliers be¬ 
come important for realizing low-noise frequency multi-
□iication. The high efficiency obtainable with these non-
j tear-reactance multipliers provides the possibility of 
ising them as multipliers of considerably high order, 
without introducing additional or excess noise from 
active elements. 

In the developmental stage of such devices, various 
characteristics, such as noise characteristics, signal-
handling capabilities, frequency limits, and the system 
design for such multiplier chains, should be investigated 
Thoroughly. Above all, efficiency optimization is cer-

* Received by the IRE, January 20, 1961; revised manuscript 
received, August 28, 1961. The research reported in this paper stems 
in part from a project sponsored by the Advanced Research Projects 
Agency of the Dept, of Defense and directed by the Rome Air Dev. 
C t„ Air Force Systems Command, under Contract AF 30(602)-2233. 

f Faculty of Engrg., University of Tokyo, Bunkyo-ku, Tokyo, 
¿pan. Formerly with Electronics Research Laboratories, School of 
3 jgrg., Columbia University, New York, N.Y. 

J Electronics Research Laboratories, School of Engrg., Columbia, 
J liversity. New York, N. Y. 

tainly of primary interest in any of the applications. 
This has led to an investigation of such devices to de¬ 
termine the maximum obtainable efficiency. 
Although complete conversion of fundamental power 

to power at any specific harmonic is not impossible with 
an ideal nonlinear-reactance element,1 many factors 
contribute to lowering the efficiency of real multipliers. 
Leeson and Weinreb2 gave a detailed analysis which 
provided a basis for design and optimization of such fre¬ 
quency multipliers. Their results showed much im¬ 
provement in efficiency as compared with that of a fre¬ 
quency multiplier employing an ideal rectifier (non¬ 
linear resistance),3 but only for low-order multiplication 
(Y<5). Obviously, high-order multipliers with high 
efficiency can be achieved by cascading highly efficient 
doublers and tripiers, but with some inconvenience in 
the practical design of such multipliers. The purpose of 
this investigation then, was to improve the perform¬ 
ance of higher-order frequency multipliers, i.e., N>2, 
employing a fewer number of nonlinear-reactance ele¬ 
ments. 
A significant increase in efficiency is obtained in vari¬ 

ous circuit configurations where undesired harmonics 
are prevented from being generated or their power is re¬ 
turned to useful output at the desired harmonic fre¬ 
quency. A design theory has been developed showing 
the exact effect of various losses on efficiency, so that, 
given the characteristics of a nonlinear element and the 
inevitable circuit losses, maximum obtainable efficiency 
can be predicted. Performance characteristics are 
derived as functions of circuit variables. Measured effi¬ 
ciencies agree closely with the calculated efficiencies for 
a frequency doubler, tripler, quadrupler and quintupler. 
For each order of multiplication, a particular circuit was 
designed to maximize the efficiency by minimizing over¬ 
all loss due to circuit elements, stray capacitances, unde¬ 
sired harmonics and so forth. Experimental nonlinear-
capacitance multipliers designed according to the de¬ 
veloped theory have provided an efficiency of 50 per 
cent for a quintupler and 70 per cent for a tripler. 

1 J. M. Manley and H. E. Rowe, “Some general properties of 
nonlinear elements—pt. I, general energy relations,” Proc. IRE, 
vol. 44, pp. 904-913; July, 1956. 

2 D. B. Leeson and S. Weinreb, “Frequency multiplication with 
nonlinear capacitors—a circuit analysis,” Proc. IRE, vol. 47, pp. 
2076-2084; December, 1959. 

3 C. H. Page, “Harmonic generation with ideal rectifiers,” Proc. 
IRE, vol. 46, pp. 1738-1740; October, 1958. 
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II. Analysis 
Although the following analysis is limited to using a 

variable capacitance as the nonlinear element, a similar 
analysis may also be carried out for the nonlinear-in¬ 
ductance multiplier. The variable-capacitance case is 
chosen because of the availability of variable capacitors 
and the simplicity in carrying out the experiment. The 
general case of a nonlinear capacitance and its external 
circuits series-tuned to a definite number of harmonic 
frequencies will be considered first for the analysis. Due 
to the complicated mathematical manipulation, only 
the general procedure of solving the problem will be 
outlined. A specific example will be given later to 
illustrate and clarify the procedure. 

A. General Procedure 

For frequency multipliers using a variable capaci¬ 
tance, the voltage-charge relationships of the nonlinear 
capacitor can be expressed in either of two general 
functional forms: 

o = m (i) 

or 

V = F(0. (2) 

The charge Q can be expressed 

Q = Q„(l + ?) = (J 

= charge across the variable capacitance (3) 

where Qo is the quiescent operating point and ? is the 
normalized variable component of the charge. Sim¬ 
ilarly, the voltage is expressed 

V = Fo(l + ») = Vc

= voltage across the variable capacitance (4) 

where Do is the quiescent operating point, and v is the 
normalized variable component of the voltage. It should 
be noted that the variable voltage components may also 
include a de component due to the nonlinearity under 
the presence of ac charges. Q(F) and V(Q) may be ap¬ 
proximated in the small signal case by Taylor series ex¬ 
pansions about the operating point. As many terms in 
the series as are necessary may be included in the larger 
signal case. Thus, 

çœ) = Qo(l + ai» + a2»’ + • • • + a*»* + • ■ • ) (5) 

and 

F(Q) = Ko(l + di? + da?2 + • • ■ + ßtqk + • • • ) (6) 

where 

Comparison of (3) and (5) shows 

q = 
l-l 

and (4) and (6) show 

» = E d*?*-
A-l 

(9) 

(10) 

Eqs. (9) and (10) are the general relations of normalized 
variable charge and voltage in the nonlinear element. 
Eq. (10) can be used for solving for the voltage in terms 
of charge; a dual analysis employs (9) to solve for the 
charge in terms of voltage. 
The normalized variables are now expanded into 

complex Fourier series. 

q = X — e^nut  ̂ (11) 
n=—» 2 
n#0 

” ?" 
i = E jnu — e’’1“' (12) 

n—oo 2 
n#0 

A »« 
» = E —  e""“' (13) 

m=a—so 2 

where o> is the fundamental driving radian frequen¬ 
cy. In these series =»_„,*= | »„J and ?„ = ?_„* 
= |?„|e'*’. Substituting (11), and (13) into (10) yields 

E \--=Edi 
m=—oo 2 A*=l 

” a 

1=—00 2 

(14) 

For practical reasons to be justified later, (14) may be 
simplified to include only terms with k <2. With this 
approximation, (14) is reduced to 

(15) 

where the existence of a charge component at any fre¬ 
quency is determined by the finite impedance proper¬ 
ties of the external circuit at the corresponding har¬ 
monic frequency. Given a set of preselected desirable 
charge components, an equation is obtained for each 
harmonic by extracting the appropriate coefficients from 
(14). The simplified form of (15) thus provides the cir¬ 
cuit equation relating the voltage for each frequency in 
terms of the preselected charge components. Then 

t'i ?i 
~ — dl “ + ßi 
2 2 

2 

KJ! dQk\o^ 

?-i?2 2 ?-2?3 +

4 4 
, n ?-("-!)?" (

“l I 
4 

(16) 
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(17) 

oi more generally, for m > 0, 

m = odd 

m = even (18) 

and, V-m is just the complex conjugate of vm. The terms 
ir (18), together with the external circuit, provide the 
simultaneous circuit equations, and the basis for estab¬ 
lishing an equivalent circuit for each frequency of in¬ 
terest. Eq. (18) will be greatly simplified when only a 
fi lite number of preselected charge components are 
a lowed to exist in the nonlinear diode. The general cir-
cnit configuration for the nonlinear-capacitance fre¬ 
quency multiplier is then as shown in Fig. 1. The phase 
a igle relations at these frequencies depend on the tun¬ 
ing conditions. The analysis of efficiency optimization 
can best be illustrated with a specific example since, in 
the general case, the notation becomes prohibitively 
complicated (see Section II-C). 

monies preferred to appear across the diode will be in¬ 
vestigated. 

1) 1-5 mode: This mode is the same as the scheme 
used by Leeson and Weinreb,2 where currents of only the 
fundamental frequency and its fifth harmonic flow 
through the diode. 

2) 1-4-5 mode: Employing one intermediate har¬ 
monic, the fourth, the desired harmonic output is ob¬ 
tained by the mixing of the fundamental frequency and 
the fourth harmonic, which is converted directly from 
the fundamental frequency. 

5) 1-2-3-5 mode: This mode allows currents of the 
second and third harmonics to flow through the diode 
in addition to the fundamental frequency current and 
the desired harmonic output. 

4) 1-2-4-5 mode: Currents of the second and fourth 
harmonics flow through the diode, in addition to the 
fundamental frequency and the desired harmonic out¬ 
put currents. 

5) 1-2-3-4-5 mode: Currents of all harmonics below 
the desired output are allowed to flow. 

6) 1-2-3-4-5 • • • n: Currents of all harmonics below 
the desired output flow, plus other harmonics higher 
than the desired output harmonic. 

Case 1) was analyzed in detail by Leeson and Weinreb 2 

and the mathematical expression for efficiency was 

where 

Ri = input resistance, 
Po = circuit loss of input circuit, 
Rb = circuit loss of output circuit, 
J?v = load resistance, 
Pin = power input at fundamental frequency, 
Par = power output at .ZVth order harmonic. 

Ri is shown to be 

c { V « + ßz d2 + q3 + 

i (i - r)[(i - w]1»“-'» 
R} = 

œC0

p. (2V-2) I (2N-1) 1 1/(2V-1) 
» in 1

V o oiC oRy 

where 

- 0 FOR k > 2 [ASSUMPTION 2| 

9 * 2 % 

Fig. 1—General circuit for frequency multiplier 
with nonlinear capacitance. 

¿:. Specific Example 

The performance of a frequency quintupler employ¬ 
ing a semiconductor nonlinear-capacitance diode will 
now be discussed in detail. First, the choice of the har-

r defines the nonlinearity of the variable capacitance as 
expressed by 

C{V) = 
Ci 

(V + «)■’ 
(22) 
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with 

F = terminal voltage, 
</>=contact potential of the junction, 
C\ = value of capacitance for ( F+</>) = 1 volt , 
o<r<i. 

Eq. (20) shows that Ri decreases rapidly as N increases, 
thus decreasing the efficiency. It is noted here that this 
is true only for those nonlinear capacitances that satisfy 
(22). By the same reasoning, case 2) should have better 
efficiency than case 1) but will still be less efficient than 
cases 3) and 4). Cases 3) and 4) require similar analysis 
and it has been determined both theoretically and experi¬ 
mentally that, of the two, case 4) gives a better efficiency. 
Cases 5) and 6) require lengthy mathematical manipula¬ 
tion. 

For the purpose of demonstrating the efficiency calcu¬ 
lation, the 1-2-4-5 mode will be discussed in detail. The 
conditions and approximations imposed on the analysis 
will be the subject of a slight digression. 

1) For most conventional variable-capacitance di¬ 
odes, T ranges from J to |. For T = 5, (21) indicates that 
8a =0 for k>2. For T<|, it can be shown that an error 
in the calculated efficiency of less than 5 per cent will be 
introduced if 0Js are assumed to be zero for k>2. More¬ 
over, the conditions for optimum efficiency require r to 
be as large as possible, as will be shown later. Therefore, 
only ßi and 82 are included in the calculation, and 0Ts 
for k>2 are assumed to be zero. This is the justifica¬ 
tion for the use of (15) in place of (14). 

2) Since the only frequencies of interest are the first, 
second, fourth and fifth harmonics, the other fre¬ 
quency component currents are assumed to be non¬ 
existent in the circuit. 

3) Loss resistance in each harmonic circuit is as¬ 
sumed to be small compared with the total conversion 
resistance in the respective harmonic circuit. 

4) Perfect tuning at each frequency is assumed. 
5) The diode is prevented from conducting in the 

forward region, or in the region of reverse breakdown. 
6) All terms in the analysis are normalized. 
Now, the general procedure outlined above will be 

particularized. First, the normalizing factors are as fol¬ 
lows : 

Fo: the bias voltage, for voltages, 
Qu: the charge on the nonlinear capacitor at Vo, 

for charges, 
wQ (l : for currents, 

Vo/uQ»: for impedances, 
Qo/Vo: for capacitances. 

For the 1-2-4-5 mode, (11) becomes 

Eq. (18) produces for the frequencies of interest, namely, 
the fundamental, the second harmonic, the fourth har¬ 
monic and the fifth harmonic the relations 

fi = 0i I Qi |e'*' 

+ 3-4 I 71 1 I 72 1 + I 74 1 I 75 1 e2<”-»”| (24) 

f! = 0i 1 72 k'*2

+ 02 

r4 = 8i | 74 k'*' 

+ 02 

e't'i + I 72 1 I 74 1 e''* 4 9s ’ 

+ I 7i I I 7s I e'(*6 •>’ 

(25) 

(26) 

Vt = 8i I 75 1 e'*6 + 02 1 Qi I I 74 1 e'(”+’4’. (27) 

The parameters of the external circuits are now intro¬ 
duced. By the simple application of Kirchhoff’s laws to 
Figs. 2-5, (24)-(27) result in the following circuit equa¬ 
tions. For convenience in notation, we define 

7» = I 7» I . (28) 

»i = Pine'*" — 7i(n + yxijeM+tr/c’i 

= 8171«'*' + + 7475s' (#6 ’**) ]. (29) 

»2 = — 2q2(r2 + yxa)«'192*^'2'1

= 8172«'” + 02 
7r 
— e' 291 + q2Qte’^' *2) , 

»4 = — iq^n + jX4)e'|94+(r/2H

= 8174e'*4 + 02 — e>2»t _p qïq6e’^,i~,''>

= — SqdyL + »'s + JXs)^96*«’'2»1

= 8175e'*6 + 82[?i74C'(*1+*4) ]-

(30) 

Equivalent circuits for this device at w, 2«, 4oi and 
5œ are, respectively, Figs. 2, 3, 4, and 5. A close examina¬ 
tion of the equivalent circuits leads to the following 
conclusions: 

7i 7-1 72 7-2 Qi 
q = — e'"' -|- e-'"' -I- e'2"' 4- e-'2"' 4-

2 2 2 2 2 

7-4 7» 7-s -j- -
2 2 2 

(23) 

1) Both multiplying and mixing processes are in¬ 
volved in such devices, that is, the fundamental fre¬ 
quency is multiplied to the second harmonic and then 
to the fourth harmonic, which is mixed with the funda¬ 
mental to give the fifth harmonic, the desired output 
frequency. 

2) Currents of various harmonic frequencies are 
closely related because of the power-transferring mech¬ 
anism. They are also functions of the input voltage, 
load resistance and the losses of circuit elements. 

3) The over-all efficiency will be increased by maxi¬ 
mizing the efficiency of individual loops, since each 
loop contributes to the output power. The over-all 
efficiency, however, is not the product of the efficiencies 
of the individual loops because of the mixing process. 
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* 2q 2eite2* 

EQUIVALENT REACTIVE 
COMPONENT OF NONLINEAR 

CAPACITANCE AT f. 

CONVERSION RESISTANCE 

FROM f, TO ni, 

= LOSS RESISTANCE DUETO 

NONLINEAR CAPACITANCE 
ATI, 

Fig. 2—Equivalent circuit at fundamental frequency Ji. 

r2 = LOSS RESISTANCES DUE TO 
EXTERNAL CIRCUIT AND VARI¬ 
ABLE CAPACITANCE DIODE AT 
FREQUENCY 2f. 

CONVERSION RESISTANCE FROM 2nd 
TO 4th HARMONIC. 

Fig. 3—Equivalent circuit of the 1-2-4-5 mode 
frequency quintupler at frequency 2/. 

'5 ’ 545 'j 

4q 4 e* ^2' 

r4 = LOSS RESISTANCES DUE TO 
EXTERNAL CIRCUIT AND VARI¬ 
ABLE CAPACITANCE DIODE AT 
FREQUENCY 4f. 

CONVERSION RESISTANCE FROM 4th 
TO 5th HARMONIC THROUGH MIXING 

WITH THE FUNDAMENTAL FREQUENCY. 

Fig. 4—Equivalent circuit of the 1-2-4-5 mode 
frequency quintupler at frequency 4/. 

r5 = LOSS RESISTANCES DUE TO 
EXTERNAL CIRCUIT AND VARI¬ 

ABLE CAPACITANCE DIODE AT 
FREQUENCY 5f. 

LOAD RESISTANCE 

Fig. 5—Equivalent circuit of the 1-2-4-5 mode frequency quintupler 
at frequency 5/, the output frequency. 
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C. Efficiency Calculation 

There are many ways that can be used to determine 
efficiency. The easiest and most direct way is to calcu¬ 
late the input power and output power by means of 
input current, output current, input resistance and out¬ 
put resistance. 
A more general approach is to express the over-all effi¬ 

ciency in terms of the efficiencies of the individual loops. 
For a frequency quintupler using the 1-2-4-5 mode, a 
flow graph of power can be drawn, as in Fig. 6, where a 
denotes the amount of fundamental power being con¬ 
verted to the second harmonic and (1— a) denotes the 
rest of the fundamental power being mixed with the 
fourth harmonic to give the fifth harmonic. Associated 
with each frequency is the efficiency of the individual 
loop. From Fig. 6, the output power is 

Po = Pin[ai? 1^2174 + (1 — agitas, (33) 

where 

Pin(l —a)rçt = Pu = Power converted from funda¬ 
mental frequency to output fre¬ 
quency due to mixing with power 
at fourth harmonic, 

Pin (at/tt/it/t) = Pts = Power converted from fourth har¬ 
monic to output frequency due to 
mixing with power at the funda¬ 
mental frequency. 

From (24) and (26), the relations Pa> = ̂iqxq¡,ql, 
Pt& = Wiqiqt>qi are obtained. Pi6 and P^ are related by 
the Manley and Rowe1 relations, 4PiS = P45, from which 

This is the relation for over-all efficiency in terms of the 
efficiencies of each circuit. These latter are difficult to 
compute, so that the more direct calculation of the ratio 
of output to input powers will be undertaken. 
The calculation of over-all efficiency can be greatly 

simplified if perfect tuning conditions are assumed. The 
phase angle relations for perfect tuning at each fre¬ 
quency derived from (29)-(32) are 

20! - 0., -J- — = 0 (37) 
2 

202 - 04 4- — = 0 (38) 

0i + 0! — 05 + — = 0. (39) 

An over-all simplified equivalent circuit, corresponding 
to Fig. 6, is presented in Fig. 7. Eqs. (29)-(32), together 
with (37)-(39), give 

Fin Hn Fi ?5?4 

- = - = - F Ç2 4- ’ 
faqi 02 02 qx 

2, 
02 +  2 

= 0174^2, 

(rs + rO/ß-i = 
01^4 

Sqs 

(40) 

(41) 

(42) 

(43) 

PinOcyiWH = -1(1 - a)y¡Pi„ 

and 

4^i 
a = - • 

yiynh + 41/1 

Substitution of (35) into (33) gives 

Po ^yiyiy^yo 
—— = y =- -
Pi» 4 + 

(34) 

(35) 

(36) 

A method for obtaining the performance character¬ 
istics from these relations is illustrated as follows. A 
parameter 

P = (44) 

Pin('-“”>, 

Fig. 6 Power-flow graph of the 1-2-4-5 mode frequency quintupler. 

rn = TOTAL CIRCUIT LOSS RESISTANCE AT FREQUENCY nf 
rc « CONVERSION RESISTANCE FROM FREQUENCY mf TO 
mn FREQUENCY nf 

-r¿ = EQUIVALENT NEGATIVE RESISTANCE AT FREQUENCY 
mn nf OUE TO POWER CONVERSION FROM FREQUENCY mf 

Fig. 7—-Simplified equivalent circuit of the 1-2-4-5 
mode frequency quintupler. 
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which is a function of load resistance, is introduced. Ef¬ 
fective normalized loss factors are defined: 

A„ = nrn/^ = nR^M/ßt = ßi/ßiQn, (45) 

where rn includes both the external circuit losses and the 
IotS due to the variable-capacitance diode at frequency 
nj. Note that the normalizing factor for impedance is 
now n/ßtuco instead of l/wc0 as defined previously. This 
is because the presence of variable charge components 
changes the apparent capacitance of the diode at nf by 
this amount. In order to have the maximum voltage 
driving the diode and yet prevent the diode from con¬ 
ducting in the forward region, 

qi + qï + qt + Çs = qr = 1 (46) 

under the restrictive assumption that all of the charges 
can add in phase. 

With the use of (44) and (46), (41) becomes 

q^ =- A2. (47) 
2p 

Substitution of (47) into (42), neglecting the terms 
w th (A<)2, gives 

qi A4 

H8) 2 2p 

F nally, (44) and (46)-(48) are combined to give 

A4 
1 + A2 + — 

Efficiencies, as functions of r^ and F, the nonlinearity of 
the variable capacitance, calculated with the above pro¬ 
cedure, using measured circuit loss, are shown in Fig. 8. 
At each frequency, the losses were measured with the 
variable capacitance replaced by a fixed capacitance. It 
is now seen that higher efficiency is obtained with larger 
values of F. This is because the second harmonic is used 
as one of the intermediate harmonics. In general, for any 
order of multiplication the second harmonic should al¬ 
ways be used as an intermediate harmonic since it pro¬ 
vides the closest coupling with the fundamental. For 
conventional diodes, where the range of T is restricted, 
T =0.5 will give the best efficiency. This, again, justifies 
the assumption that /3/s = 0 for k>2, since F should be 
made to approach 0.5 for best efficiency. 

Fig. 8—Efficiency vs load resistance for 1-2-4-5 
mode frequency quintupler. 

wnere the terms containing A2A4 are neglected. All 
charges are now determined as functions of p and the 
loss factors. The corresponding normalized input and 
laid resistances (r in and rL) can also be determined from 
(40) and (43), respectively. The over-all efficiency is then 

where each term is expressible, with the use of the pre¬ 
ceding relations, in terms of only the loss factors and the 
pirameter. The procedure, then, is to calculate qi, from 
(^9), and use the result to obtain qt and q^ from (47) and 
(^8). The input and load resistances are then found 
from (40) and (43). Finally, the efficiency is obtained 
from (50). 
The above analysis dealt with efficiency calculation, 

g ven the circuit losses and the diode characteristic. 
Efficiency optimization is possible by varying the loss 
factors and the diode characteristic. It is obvious that 
better efficiency can always be obtained with circuit ele¬ 
ments with smaller loss. However, it is not immediately 
c ear how the diode characteristics affect the efficiency. 

In practical circuits, one of the important factors that 
lowers the efficiency is stray and case capacitances, since 
any stray capacitance across the variable capacitance 
will decrease the effective nonlinearity, F', of the diode. 
Without stray capacitance, F is defined by (23) or 

1 M 
10g u 

r log (7 + *)' (01)

With stray capacitance C. 

Ci + C 
log -

C + C' 
r = -— - (52) 

log (7 + <t>) 

Since 

The decrease in efficiency due to stray capacitance can 
then be determined exactly. 
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III. Experimental Verification 

In carrying out the experiments, consideration has to 
be given to all the points emphasized in the previous 
section. In order to restrict the current components of 
any particular harmonic to a single loop, a minimum 
number of lossy elements must be used. For any particu¬ 
lar mode of operation, there are many circuit configura¬ 
tions possible to produce the desired harmonic. A bal¬ 
anced form of the 1-2-4-5 mode was chosen since it elim¬ 
inates the need for filters at even harmonics otherwise 
required to prevent the power at these frequencies from 
being dissipated by the input source resistance and the 
output load resistance. Careful layout of circuit ele¬ 
ments was used to minimize the stray capacitances, thus 
making the effective F very close to the actual F of the 
nonlinear capacitor. The choice of the relative magni¬ 
tudes of circuit elements was of primary importance, 
since it determined 1) the effectiveness of localizing the 
power of the various frequency components to their 
respective portions of the circuit, 2) the impedance 
level, 3) the loss in each loop, and 4) the relative losses 
of each loop with respect to other loops. The circuit 
used for this 1-2-4-5 mode frequency quintupler is 
shown in Fig. 9. The variable capacitances used were 
Hughes HC7001 diodes, which have a F of 0.47. Air¬ 
core coils having Q values of approximately 130 were 
used for most of the inductances to minimize the losses. 
The experiment was carried out at an input frequency of 
2.8 Me and output frequency of 14 Me. The diodes were 
back-biased at 10 vdc to provide an adequate working 
power level. The particular frequencies were chosen be¬ 
cause the capacitance of the diode at 10 vdc bias limited 
the operating frequency to a range of 0.5-50 Me with 
reasonable values of inductances and with suitable 
impedance levels. The circuit was carefully laid out to 
minimize lead length and stray capacitances. All loops 
were separately tuned and their losses were measured 
at their respective frequencies with the diode replaced 
by a fixed capacitor. To increase the conversion re¬ 
sistances, the input voltage of the frequency multiplier 
in operation should be as high as possible, without caus¬ 
ing the diode to conduct in the forward region. The ex¬ 
perimental data obtained with the frequency quintupler 
is presented in Fig. 8. The series resistance of the diode 
at these frequencies was measured and found to be con¬ 
stant with frequency. The normalized loss of the diode 
at fundamental frequency is approximately 0.016. As a 
function of load resistance, a maximum efficiency of 46 
per cent was obtained. The input resistance as a func¬ 
tion of signal level is shown in Fig. 10. The input re¬ 
sistance is seen to be directly proportional to the signal 
level. This also indicates that efficiency decreases as the 
signal level is decreased, since circuit loss resistances are 
independent of signal level. Other order multipliers 
have been built and tested using a similar procedure. A 
summary of the experimental data is shown in Fig. 11 
for multipliers of the order 2 to 5. Also shown is a pre-

BIAS BIAS 

Fig. 9—Experimental circuit for frequency quintupler. 

COLUMBIA UNIV. E.R.L. RESULTS 

(2) NONLINEAR REACTANCE, REPORTED 
BY LEESON ANO WEINREB. 

@ IDEAL RESISTIVE DIODE ( '/NZ) 

Fig. 11—Efficiency in db vs harmonic number. 



1062 Utsunomiya and Yuan: Variable-Reactance Frequency Multipliers 65 

cicted efficiency for an eight times multiplier calculated 
cn the basis of using the same diode, and circuit ele¬ 
ments similar to those used in the lower-order multipli¬ 
ers. The data is compared with the results obtained by 
Leeson and Weinreb2 and Page.3

IV. Conclusion 

The general procedure outlined in the preceding sec¬ 
tions is applicable to frequency multipliers of any order, 
ct any frequency and impedance level since, throughout 
the analysis, no limitations have been imposed on these 
factors. The difficulty in obtaining efficient multipliers 
in the microwave frequency range would be in the ex¬ 
cessive loss of the diode. External circuit losses, how¬ 
ever, could be reduced since low loss circuits of coaxial 
or waveguide type may be employed. At low frequen¬ 
cies, i.e.,f<l Me, the problem is just the reverse, since 
I he diode loss will be small compared with the loss of 
I he coils needed for tuning and effective filtering. 
The undesirability of the existence of unwanted har-

■lonics has been repeatedly emphasized. This is some¬ 
what contradictory to the statement that better effi¬ 
ciency can be expected if more currents of different har¬ 
monics be allowed to flow through the nonlinear ele¬ 
ment. This can be explained by a simple example. The 
.-2-4-8 mode is used for comparison for an eight-times 
multiplier. By allowing power at the fifth harmonic to 
flow through the nonlinear element, the over-all effi¬ 
ciency for this 1-2-4-5-8 mode of operation will be less 
.han that of the 1-2-4-8 mode since power at the fifth 
larmonic cannot be returned to useful output. If, how¬ 
ever, the power of both the third and fifth harmonics are 
allowed to flow simultaneously, the over-all efficiency of 
:his 1-2-3-4-5-8 mode of operation might be increased 
due to mixing of the third and fifth harmonics. Hence, 
the choice of harmonic frequencies is most important in 
maximizing the efficiency. Having chosen the desired 
narmonics to improve the performance of the multi¬ 
plier, the current of each harmonic has to be restricted 
to flow only in selected portions of the circuit in order 
to assure maximum usage of its power. To achieve this, 
high impedance isolation filters have to be used. The use 
of high impedance filters, however, will generally in¬ 
crease the circuit losses in a practical circuit. Thus, 
working impedance levels must be determined so that 
effective filtering can be obtained with reasonable cir¬ 
cuit losses. 

fl'he nonlinearity of the element used plays an im¬ 
portant role in increasing the efficiency of such devices. 
For a variable-capacitance diode that satisfies the rela¬ 

tion of (22), higher efficiency can always be expected 
with a higher T, as witnessed in Fig. 8. The efficiency of 
the multiplier is a definite function of the Q of the diode. 
For high-frequency operation, the loss of the diode will 
be much greater than other circuit losses. A diode with 
high Q is therefore essential if the frequency multiplier 
is to be used as power source at microwave frequency. 

It is assumed in the calculation that currents of the 
harmonics of interest have certain phase angle relations 
when all circuits are perfectly tuned. 1 n the experiment, 
however, the circuit is tuned for maximum efficiency, 
which actually corresponds to a slightly detuned condi¬ 
tion. Theoretically, higher efficiency is generally obtain¬ 
able with the circuit slightly detuned. This is because the 
relative current magnitudes, not the absolute current 
magnitudes, are very critical in the determination of 
efficiency. For a frequency tripler, the detuned condi¬ 
tion showed much better efficiency than the perfectly 
tuned condition. For the frequency quintupler, the effect 
of detuning was much less. 
The power handling capability of these devices again 

depends on the characteristics of the nonlinear element 
used. For a variable-capacitance diode, the power input 
is limited by the reverse breakdown voltage of the diode. 
When the diode is biased at a high negative voltage, the 
input voltage can be increased proportionally without 
the diode conducting in the forward region. The nega¬ 
tive-bias voltage is nevertheless limited by the condi¬ 
tion that the negative peak of the variable component 
plus the negative-bias voltage should not exceed the 
breakdown voltage of the diode. This limitation has 
been imposed because the noise due to reverse current 
is much greater than that of the forward conduction cur¬ 
rent. For the experimental frequency quintupler, the 
input power is approximately 5 mw and the output 
power 2.3 mw. This is not the maximum power the 
quintupler can handle. 'Phese power levels were chosen 
because they fitted best to the range of test equipment 
available. 
From a preliminary analysis, for a frequency chain 

using a nonlinear capacitor diode, an improvement in 
signal-to-noise ratio over the conventional vacuum tube 
multipliers of about 10 to 20 db is indicated. Experi¬ 
mental work is currently being carried out, with no 
figures yet available. The problem of cascading two 
multipliers efficiently has also been considered.4

4 T. Utsunomiya and S. Yuan, “High efficiency variable-react¬ 
ance frequency multiplier,” Proc. IRE (Correspondence), vol. 49, 
p. 965; May, 1961. 
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The Study of Large-Signal High-Frequency Effects 
in Junction Transistors Using Analog Techniques* 

J. R. A. BEALEf and A. F. BEERf 

Summary—An analog has been designed and constructed in 
which the base-emitter junction of a transistor is represented by a 
transmission line lumped into several elements representing dis¬ 
tributed base resistance and base-emitter capacitance. The base¬ 
emitter capacitance varies with current and therefore each element 
of the junction is represented by a special circuit which presents the 
required impedance at any current. The distributed voltage-depend¬ 
ent collector-base capacitance and the resistance of the collector 
body are also represented. 

The analog is used to indicate the magnitude of several effects 
that arise at large signal levels and high frequencies. The results are 
generalized to obtain expressions for the variation of base resistance 
and collector series resistance with transistor parameters and oper¬ 
ating conditions. 

I. Introduction 

N all transistors the base resistance, collector capac¬ 
itance and emitter capacitance are distributed 
quantities. Various forms of lumping have been 

used to derive convenient equivalent circuits which are 
very useful over a limited range of small signal operat¬ 
ing conditions. However, the current or voltage de¬ 
pendence of the distributed quantities generally makes 
any simple form of lumping invalid for large signal ap¬ 
plications. To make a detailed analysis of the large 
signal behavior of a transistor it is, in general, neces¬ 
sary to use at least a partially distributed equivalent 
circuit. However, this approach leads to some major 
problems of analysis, and before considering how to 
tackle them one should decide what effects one can ex¬ 
pect to observe. 

The flow of lateral current in the base causes the 
emitter-to-base junction to be nonuniformly biased. 
The low-frequency effect of the junction conductance 
has been analyzed by Fletcher [1]. However, at fre¬ 
quencies above the common emitter cutoff frequency 
fß the admittances of the elements of emitter capac¬ 
itance urôCb’e are greater than the corresponding junc¬ 
tion conductances. Therefore, at large signal levels and 
high frequencies there will be a lateral biasing effect 
which is greater than the low-frequency effect. The 
larger the emitter current and the higher the frequency, 
the more nonuniformly will the emitter inject into the 
base. 

The effects that can be expected from this nonuni¬ 
form injection are: 

* Received by the IRE, September 5, 1961; revised manuscript 
received, October 23, 1961. 

t Mullard Research Labs., Salfords, Redhill, Surrey, Eng. 

1) The part of the emitter which is nearest the base 
contact injects more than the rest of the emitter 
and therefore the effective base resistance will be 
lowered. 

2) In transistors which have a collector region of high 
resistivity, such as diffused-base and grown-j unc¬ 
tion transistors, the nonuniform injection will 
cause an increase in the effective value of collector 
series resistance. 

3) At high enough currents the injected carrier con¬ 
centration will cause significant local modulation 
of base conductivity. This will entail the setting up 
of a drift field in this region which is different from 
that at low injection levels. 

It is possible, by making some rather crude approxi¬ 
mations, to estimate the order of magnitude of these 
effects in any particular design of transistor. The 
authors were required to design a medium power low-
voltage transistor to operate at 100 Me and it appeared 
that the effects would certainly be significant in such a 
transistor. It was, therefore, important to find a 
method of analyzing a partially distributed equivalent 
circuit. It was found that this could be done quite 
neatly by analog techniques. 

In this paper the theory and construction of such an 
analog are discussed, and some results are given on the 
analog of the 100 Me power transistor. These results 
are generalized to show how base resistence and col¬ 
lects series resistance depend on transistor parameters 
and operating conditions. 

II. The Equivalent Circuit 

Ideally a transistor should be represented by a three-
dimensional equivalent circuit in which all the elements 
are distributed. However, for most transistor structures 
it is possible to make certain reasonable assumptions 
about the current flow in order to derive a two-dimen¬ 
sional equivalent circuit. In this paper a diffused base 
transistor with long parallel base and emitter stripes is 
considered, and such a transistor, with idealized geome¬ 
try, is shown in Fig. 1. (A concentric configuration can 
be similarly treated.) 

It will be assumed that: 

1) The transistor is to be operated in a common 
emitter configuration. 

2) The injected carrier concentration is everywhere 
small compared with the equilibrium majority 



1962 Beale and Beer: Large Signal High-Frequency Effects in Junction Transistors 67 

carrier concentration (the validity of this assump¬ 
tion can be checked with the analog when it is 
constructed). 

3) The operating frequency is substantially greater 
than fa and substantially less than /i (say 
2/a</</i/2), where /i is the frequency at which 
the common emitter current amplification |ß| is 
equal to one. 

4) The emitter depletion capacitance can be regarded 
as being independent of emitter current. 

5) The Early effect can be neglected over the fre¬ 
quency range being studied, since movement of 
the depletion layer with voltage occurs largely in 
the relatively lightly doped collector region, and 
the output impedance is determined mainly by 
feedback through the collector capacitance. 

6) The emitter and base contacts are sufficiently 
long that current flow in the z direction (Fig. 1) 
can be neglected. This allows a two-dimensional 
circuit to be developed. 

7) The base layer is thin and can be regarded as a 
sheet in the y-z plane (Fig. 1) of sheet resistance 
Pt,. In the two-dimensional circuit this sheet can be 
represented by a one-dimensional distributed re¬ 
sistance pt>/Z per unit length. This resistance is 
short-circuited under the base contact. 

8) Based on assumption 6), the collector body can be 
represented by a two-dimensional sheet of sheet 
resistance p,/Z, where p, is the resistivity of the 
collector body. 

9) The base region can be considered as divided into 
a finite number of elements of area Zôy. Provided 
that the variation of any parameter over any ele¬ 
ment is insignificant this partial lumping of the dis¬ 
tributed quantities introduces no error. (The de¬ 
termination of the minimum number of such ele¬ 
ments is discussed in Section V-B.) 

An equivalent circuit based on the same concepts as 
the hybrid-7r circuit (Fig. 2) [2] can now be developed 
and this is shown in Fig. 3. The effect on this circuit 
of a drift field in the base region may be neglected in 
grounded emitter but substantial corrections are neces¬ 
sary in grounded base [3]. 

Fig. 2—Hybrid-» equivalent circuit. (Collector series 
resistance has been omitted.) 

Fig. 3—Partially distributed hybrid-» equivalent circuit. 

X »»st 

Ill. The Basic Operation of the Analog 

A. Basic Equations Describing the Transistor To Be 
Simulated 

As the equivalent circuits of Figs. 2 and 3 are basically 
similar, the equations describing the elements are the 
same except that in the partially distributed circuit the 
parameters have values appropriate to elements of the 
transistor. These equations are [2 ] 

bl = kiZbye^^ lkT}V,‘^ 

= bC le
q M \ 

1 4- —~ ) 
kT WlbCt,J 

Eq. (2) has been expanded using the relations 

Fig. 1—Idealized transistor structure. 
1 I ! kT 1w, = — - 14] and r. = - — 
reC„ q SI 

(1) 

(2) 
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where 

Zby is the area of the element, and kt is a constant, 
ui is the reciprocal of the base transit time, 

òCte is the depletion capacitance of the junction, 
òC„e is the diffusion capacitance. 

òrb’ = --by, (3a) 

Oh 
Hrb = — Sy, (3b) 

SC^e = k^by^Vc- - V6.)L (4a) 

SCb̂  = k2Zôy[f(^ - Kb)], (4b) 

where do is the low-frequency value of ß. 
In the frequency range considered, 5g is negligible 

compared with the admittance of ôCbe . 
The resistance in the collector body is considered 

separately in Section 11I-C-2). It is seen that (1) and 
(2) are interdependent and that they, in conjunction 
with (3) completely describe the emitter parameters of 
the transistor. Eqs. (1) and (4) describe the collector 
parameters. 

B. Simulation of Emitter Parameters 

Consider the element shown in Fig. 4. The capac¬ 
itance Cm is a Miller capacitance [5] and the charge on 
it is proportional to the difference between the collector 
and base voltages. If the base voltage is changed at a 
sufficiently low frequency, the change of voltage at 
the collector is opposite in sign. It is shown in Appendix 
I that the current flowing into Cm is the same as that 
which would flow in an equivalent capacitance C^, be¬ 
tween base and emitter: 

/ V 
Ceq = Cjfl 1 H- RlA-

\ kT 
(6) 

Fig. 4—Miller element to simulate Rb, C, and il. 

where 

Ila = kie~vVb,lkT

It can be seen from Fig. 4 that 

R R 
Iga = Ik + I la ~— = Ik H- kte^ htlkT, (7) 

R GA R GA 

where Ik is a constant. 
Eqs. (7) and (6) are of the same form as (1) and (2), 

respectively, (except for the constant current Ik). The 
emitter-to-base junction characteristics of each element 
of the transistor can therefore be simulated by such a 
Miller element. The bases of these elements are con¬ 
nected together through resistances RbA [corresponding 
to (3) ] to build up an analog of the base and emitter 
regions of Fig. 3. 
The matching of the analog to the transistor is dis¬ 

cussed in Section IV. 

C. Simulation of Collector Parameters 

1) Collector Capacitance: In order to simulate di¬ 
rectly the effect of the distributed collector capacitance 
Cb'C’ it would be necessary to connect capacitors be¬ 
tween the b' points and the c' points in the analog (Fig. 
3). (For brevity the identical discussion regarding the 
Cbe - elements is omitted.) However, the collector junc¬ 
tion capacitance is dependent on voltage and for a 
large signal analog it would be necessary to use reverse 
biased junction diodes. Furthermore, if the analog fre¬ 
quency is to be kept conveniently low, the junctions of 
these diodes would need to be very large and it would 
be inconvenient to change them in order to simulate 
different transistors. 

For these reasons a more indirect technique has been 
chosen. The current from the current generators is fed 
into a resistive sheet which represents the collector body 
and from there into a common load. The voltage de¬ 
veloped across this load is amplified to correspond with 
the collector voltage on the transistor and is applied to 
a diode in which the junction has been formed in the 
same manner as the collector-base junction of the tran¬ 
sistor. The capacitive current through this diode, after 
suitable amplification, is fed back to the b' points and 
also into the collector circuit to simulate the current 
flowing from collector to base through Cb-C’. Different 
collector capacitances can then be simulated by varying 
the gain of the amplifiers. The circuit is shown sche¬ 
matically in Fig. 5. 

In this method the changes of voltage in the base, and 
voltage drops in the resistive collector body, are neg¬ 
lected in comparison with changes in voltage across the 
collector load. Measurements on the analog of voltages 
in the base and collector body indicate that these as¬ 
sumptions give a self-consistent system for reasonably 
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designed transistors operating within their normal 
range. However, some correction could be made for the 
effect of changes in base voltage by inserting suitable 
capacitances from base to earth, and for voltage drops 
in the collector body by adjustment of the amplifier 
gains. 

Fig. 5—Diagrammatic layout of circuit for the simulation of 
feedback through the collector capacitance. 

2) Resistive Collector Body: In grown-junction and 
diff used-base transistors, the collector region is of fairly 
high resistivity and has a resistance which cannot in 
general be neglected. For large signal operation the re¬ 
sistance is particularly important in that it determines 
the minimum operating voltage for a given collector 
current. One may therefore define an effective collector 
series resistance rce as 

Maximum peak voltage drop across the collector body 
rre — —- - '—7- • Peak current through the collector body 

However, this collector series resistance is not con¬ 
stant. If the base is sufficiently thin it may be assumed 
that the distribution of the current entering the collector 
is the same as that of the current injected by the 
emitter into the base. Since the lateral bias in the base 
controls this distribution Tee varies with frequency and 
current. (It should be noted that since the majority of 
the collector current L flows through a smaller effective 
resistance than rce, the instantaneous power loss is less 
than Ifrce, and for other calculations, such as power 
amplification, a lower value should be used.) 
The voltage drops in the collector body could be 

simulated and measured using an electrolytic tank, but 
in accordance with assumption 6) voltage drops along 
the length of the base contact (i.e., the z direction of 
Fig. 2) can be neglected. The resistive body can there¬ 
fore be simulated by a resistive sheet such as that ob¬ 
tained by coating an insulating substrate with graphite. 

VI. Matching Analog to Transistor 

A. Base Circuit and Current Generators 

It can be seen from (1) and (7) that the current from 
the current generators in both the analog and the tran¬ 

sistor are related to the base voltages by the same ex¬ 
ponential factor. If voltage changes in the base circuit of 
the analog and the transistor are equal, the ratio of 
changes in Iva to 61 will be constant. However, (2) and 
(6) show that the ratio of C«, to 5Cee can be made in¬ 
dependent of current only if the right-hand terms in the 
brackets are equal. This fixes the ratio of the current 
generators, i.e., 

ÒI 
- - - = RaAClJiCie. (8) 
(Iga — Ik) 

Since changes in base voltage in the analog are equal 
to those in the transistor, the product of the base cur¬ 
rent and resistance must be made the same, i.e., 

Iv Rb'A , , 
— =- (9) 
Iva &rh’ 

Apart from current through Cvc' which is simulated 
independently, the current distribution in the base will 
be correct if the ratio of the reactance of C,^ of each ele¬ 
ment to the reactance of the corresponding element in 
the transistor is also Rva/^v-

OlSCle (A òCve RvA 
-- -- (10) 

^AaC M (A A Ce,, Ôr^’ 

B. Collector Circuit 

/) Collector Series Resistance: It was assumed in the 
introduction that the collector body behaves as a con¬ 
ducting sheet (with the x and y dimensions of the origi¬ 
nal body) into which a distributed current is fed by the 
current generators. In the partially lumped analog it is 
necessary to feed the currents into a sheet (of sheet re¬ 
sistance Ra) of the same effective shape. The problems 
associated with this are discussed in Section V-C. 

Voltage drops V,eA in the conducting sheet are re¬ 
lated to those in the collector body Vce by the equa¬ 
tion 

VCC’a (.Iga — Ik) Z 
- - ■— - -- Ra. (11) 
Vee 51 Pr 

2) Collector Capacitance: On the assumptions made 
in Section III-C the current flowing through the collec¬ 
tor capacitance is given by the expression 

d 
IV c' f(V c, Cb'c'). 

dt 

In the analog the capacitance Ca (Fig. 5) representing 
the collector capacitance is the same function of voltage 
as Cve and the voltage across it has the same wave form 
and amplitude as Vc although the frequency is dif¬ 
ferent. It is intuitively obvious (a proof is given in 
Appendix II) that the waveforms of the currents 
through the two capacitances are the same and that the 
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ratio of the amplitudes is given by 

I cA Ca 0>a 

I b' c' Cb’e' W 

(12) 

where Ca/Cbe is the ratio of the capacitances when the 
same voltage Vl is applied to both. 

If the analog capacitance Ca is placed in the circuit 
shown diagrammatically in Fig. 5, the ratio of currents 
is given by 

Ib'c'A « Ca “a R 
- = - =— - - Ab; (13) 
Ib'c' Ib' c* Cb'c' W / . Rbn'c' 

» 

where means the parallel combination of the re¬ 
sistances. The gain of the amplifier (Ab-) must be ad¬ 
justed so that the ratio of the transistor to analog cur¬ 
rents in (13) is the same as that in (9). Therefore, 

„ 22 Rbn'c 
(14) 

Ca wa R RbA 

Corresponding currents must be fed into the collector 
circuit and the required amplifier gain can similarly be 
determined from (8). 

r V b' n 1 
Ae -- (15) 

Ca<¿A R UjSC teRoA 

The currents fed into the base and collector circuits 
must be 180° out of phase and may be conveniently 
derived from a phase-splitting amplifier. 

V. Details of Analog Construction 

A. Parameters of Miller Element 

As mentioned in Section III-B, there are conditions 
on the parameters Cm, Rla and Ila which must be met 
if (6) is to be accurate. The current in the base line 
(Fig. 4) must be capacitive and therefore the reactance 
of Ceq must be very small compared to the input resist¬ 
ance ßore of the analog transistor. In order to have a 
180° phase shift in voltage between base and collector, 
the analog frequency fA must be much less than the 
cutoff frequency fa of the analog transistor and the col¬ 
lector load must be mainly resistive (i.e., í/uaCm^Rla) 
(Appendix I). Finally, the injection levels in the transis¬ 
tor must always be low enough for (7) to be reasonably 
accurate. 

1) Range of C^: In large signal class B operation the 
analog transistor currents will swing from zero to some 
maximum at which Rla- I la approaches the IIT volt¬ 
age Vht- Thus to obtain the maximum range of Ceq 
[see (6) ], Vht must be as high as possible, but it is 
limited by the voltage which can safely be applied to 
the transistors in the cutoff state. 

It is possible that the maximum range of capacitance 
that can be obtained (approximately 400: 1 for Vht — 10 
volts) is not sufficient particularly for the first elements 
in the base line. However, in this case, the effect of the 
depletion capacitance of these elements on the total 
base current will generally be very small. Therefore, 
Cm can be increased from the value corresponding with 
8Cte (and Rla decreased by the same factor) in order to 
make Ceq correspond with bCbe in the conducting state 
without introducing a significant error. Since Iga must 
remain unaltered it can be seen from (7) that Rga must 
also be decreased by the same factor. However, for 
simplicity it is assumed in the rest of this paper that 
Cm corresponds with bCte . 

B. Number of Elements 

The number of elements required to represent the 
transistor with sufficient accuracy depends on the 
operating conditions. Owing to the ac lateral biasing 
effect, the current distribution will become less uniform 
the higher the frequency and the larger the current 
swing. To find the required number of elements the fol¬ 
lowing procedure may be used. The analog is con¬ 
structed with a few elements representing equal junction 
areas in the transistor, and is set up to simulate the ex¬ 
treme condition in which the transistor is required to 
operate. The peak currents through the collector loads 
Rla of the elements are measured and are plotted as a 
function of distance in the y direction. A stepped line 
is obtained which represents the current density as a 
function of distance. A smooth curve is constructed 
such that for each element the areas under the stepped 
line and the curve are equal. 

It will be found that differences in the current density 
in the elements near the base contact are greater than 
those between the other elements, and the first elements 
should be subdivided. If desired, the lumping of the later 
elements can usually be made more coarse. Another 
stepped line is then plotted and the corresponding 
smooth curve is drawn. This process is repeated until 
there is no significant difference between successive 
smooth curves. The resultant curve represents the 
actual current distribution in the transistor (Fig. 6). 

C. Current Generators and Collector Series Resistance 

The current through the resistances Rga must be fed 
into the resistive body at points which correspond to 
the points 1, 2, • • • , n, in Fig. 6. To avoid errors due to 
the contacts with the resistive body it is desirable to 
allow the currents to spread in the conducting sheet be¬ 
fore they enter the part of the sheet that represents the 
collector body. The arrangement shown in Fig. 7 ap¬ 
pears to be very satisfactory. The line c'c" represents 
the collector edge of the collector depletion layer, move¬ 
ments in this edge with collector voltage being neg¬ 
lected. The line c\c^ represents the edge of the p+ region 
and at this line the conducting sheet must be short cir¬ 
cuited. 
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Fig. 8—Plan view of the 100-Mc 0.5-watt 
diffused base transistor. 

Fig. 6—Plot of peak current density (100 ma total current) vs dis¬ 
tance under emitter showing final number and spacing of ele¬ 
ments. 

Fig. 7—Diagram of conducting sheet representing the resistive col¬ 
lector body. (The region between the lines C'C” and CiC> simu¬ 
lates the collector body of the transistor.) 

Fig. 9—Diagram of analog. (Variable resistors were used for the 
elements of base resistance, the values shown corresponding to 
the particular transistor studied.) 

VI. Analog of 100-Mc Medium Power Transistor 

The preliminary design of the 100-Mc medium power 
transistor is shown in Fig. 8. Owing to the symmetry 
there will be no current across a plane through the 
center line of the emitter, and it was decided to build 
an analog of one half of the transistor. All quantities dis¬ 
cussed in this paper are those of half the transistor. 
The doping of the base layer was such that the re¬ 

sistance between the base and the edge of the emitter 
was about 7 if and the resistance of the layer under the 
emitter was about 40 if and was taken, in fact, as 
6X7 = 42 if. The emitter depletion capacitance when 
the transistor was conducting was taken as 9 X 7 = 63 pf, 
and the intrinsic /i was about 300 Me. 

A. Number of Elements 

The half transistor was required to deliver up to 
100-ma peak current in class B at 100 Me. This operat¬ 
ing condition was used to find the minimum permissible 
number of elements (Section V-B). Six elements repre¬ 
senting equal areas were tried initially, and eventually 
eight elements, representing different areas, were found 
to be satisfactory. The area represented by each ele¬ 

ment can most conveniently be expressed in terms of a 
unit of 1/42 of the emitter area. Starting from the base 
side of the emitter the 8 elements corresponded to 1, 1, 
2, 2, 6, 8, 10, 12 units, respectively. A block diagram of 
the analog is shown in Fig. 9. 

B. Base Resistance 

The resistance between the base contact and the 
center of the first element is 7| if and between the centers 
of the other elements the resistances are 1 1|, 2, 4, 
7, 9, 11 if. It was found convenient to use 100 times 
these resistances in the base line of the analog, and this 
fixed the ratio of the base currents [see (9) ]. The ap-
propriate resistances are shown in Fig. 9. 

C. Emitter Capacitance 

10 kc was chosen as a convenient analog frequency 
to represent 100 Me. Since the emitter depletion capac¬ 
itance of 63 pf is to be simulated in 42 elements, the de¬ 
pletion capacitance per element is 1.5 pf. Eq. (10) 
therefore defines Cm as 150 pf per unit. The appropriate 
capacitance value for each element is shown in Fig. 9. 
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Fig. 10—Experimental check of the relationship between the equiva¬ 
lent capacitance C«, and the collector current Ila in an OC44 
transistor at room temperature (Fig. 4). 

Fig. 10 shows the measured relationship between 
C?<i and emitter current of an 0044 which was the 
type chosen for the Miller transistors. This shows that 
(6) is closely obeyed up to about 2 ma. At higher cur¬ 
rents the high injection level effects reduce the capac¬ 
itance. It is therefore desirable to limit the maximum 
current in each transistor to 2 ma. 
The maximum ratio of Ccq to Cm is obtained when 

IlaRla=Vht- Choosing F//r = 10v, a desirable mini¬ 
mum value of Rla is 5 kß. 

However, the last transistor in the line must have a 
Cm of 12X150=1800 pf which at 10 kc has an im¬ 
pedance of about 10 kß. This impedance should ideally 
be much more than Rla (Appendix I) and a desirable 
minimum value of Rla is 1 kß. 
A compromise between these two desirable limits 

must be made and Rla was chosen to be 1.8 kß. The 
technique discussed in Section V-A-l) was in fact used 
to limit the maximum current in all elements to less 
than about 2 ma, but this complication produced no 
substantial change in the results. 
The accuracy of the analog RC transmission line in 

the base was checked by comparing the measured small¬ 
signal current distribution with the theoretical dis¬ 
tribution for an open-circuited line. The result, shown 
in Fig. 11, was satisfactory. 

D. Emitter to Collector Current Generators 

In order to simulate accurately the infinite internal 
impedance of the current generators, the Rga resist¬ 
ances must be large compared with the common loads 
in the collector circuit, including resistances in the 
graphite sheet which simulates rec The ratio of òI/Iga 
of 2000 was chosen and (8) defines Rga as 705 kß for 

Fig. 11—Experimental check of the small signal emitter current 
density as a function of distance under emitter (50 ma de). 

one unit. Eq. (8) also shows that the Rga resistance for 
each element must be inversely proportional to the 
area it represents. 

E. Collector Series Resistance 

In the design of the transistor it was assumed that 
the distance between the base-collector junction and 
the p+ contact could readily be made about half the 
emitter width, but that a smaller value would be some¬ 
what difficult to reproduce with alloying techniques. 
The shape of the conducting sheet in the analog was 

therefore chosen to simulate this condition. The cur¬ 
rents from the Rga resistors were fed into a graphite-
coated sheet, over a front of 5.2 inches (Fig. 13). At a 
distance of 2.6 inches a line of silver paint was painted 
on the graphite to simulate the p+ contact. 
To avoid distorting the potential distribution within 

the simulated collector body, the contacts from the 
Rga resistances were made remote from the simulated 
collector edge of the depletion layer (e'e" of Fig. 13). To 
give a slightly better representation of the smoothly 
varying current density across the collector to base 
junction, the Iga currents from the first two elements 
were each divided into two components which were fed 
into the collector body separately. 

F. Collector Capacitance 

The R^c resistances must act as current generators 
and must therefore be large compared with the base 
impedances. Their parallel combination resistance 
^nRb„ c determines the required amplifier gain 
[see (14)]. The Rb’C for one unit was chosen as 420 kß. 
The value for each element must be inversely propor-
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t onal to the area it represents. Eq. (15) defines the 
relationship between the amplifier gain and 22-7?^,^ in 
order to simulate the collector current that flows into 
Tie collector side of Cb'c- z v was chosen as 200 kfl 
as shown in Fig. 9 in order that Ay and should be 
equal (a lumped feed to the collector terminal was used 
ecause the result differed little from that obtained 
>vith a distributed feed to the c' points). 

5. Notes on the Complete Analog 

Most of the analog has been discussed in the previous 
sections, but a few further remarks are necessary to ex¬ 
plain all the components shown in Fig. 9. 

1) The 7.5 fl between base contact and the first ele¬ 
ment of the emitter has been simulated by two resistors 
of 375 fl. To the connection between them is connected 
i. resistor Rb„c which simulates the collector capacitance 
in the region between base and emitter contacts. The 
feedback through the capacitance under the base con¬ 
tact is simulated by Rbc- The magnitudes of Rh„c and 
Rbc are determined by the relationship 

1 1 1 
• • , = Ab. Ab»- Ae, ( 16) 

Rbr Rb„e XRb„'C 
n 

where Ab, Abf and Ae are the areas of the base, the re¬ 
gion between base and emitter, and the emitter, respec-
ively._ 
The collector current flowing into the collector side of 

These portions of the junction is simulated by Rx where 

Fig. 12—Normalized peak emitter current density as a function 
of distance under emitter for various peak currents. 

22 R^'c Ab + Abe 
n 

2) An amplifier is used between the load and the 
biased diode. This is necessary because the load must 
have a low impedance in order that the Roa resistors 
act as current generators. The load was chosen to sim¬ 
ulate the characteristics of the transistor load under 
consideration, but its dynamic impedance was always 
made less than 1 kfl. The amplifier is required to obtain 
the same amplitude of collector voltage as in the transis¬ 
tor. 

II. Results for a 100-Mc Medium Power Transistor 

The principal purpose of the analog was to examine 
large signal bias effects in the base line. This effect is 
shown in Fig. 12 for a class B sine wave of base voltage. 
The peak emitter current densities have been nor¬ 
malized to the density at the edge of the emitter. It can 
be seen that the emitter current is highly localized to 
the region nearest the base contact, particularly at high 
currents. This result is generalized in Section VII. 
One of the effects of this current crowding is that on 

the average the base current flows a smaller distance 
under the emitter. Qualitatively, this clearly results in 
a lower effective base resistance, but the distortion of 
the current waveform due to the nonlinear capacitances 

makes it difficult to measure this resistance. However, 
the total power dissipated in the base layer can be de¬ 
termined by measuring across the elements of base re¬ 
sistance with a wave analyzer to find the power at all 
harmonic frequencies. (In practice a good approxima¬ 
tion can be obtained from the fundamental only, or 
from peak measurements on an oscilloscope.) The ef¬ 
fective value of rb' is that in which the total base current 
would dissipate the same power. At 100-Mc with a 
class B sine wave of base voltage this resistance was de¬ 
termined as the base resistance between base and 
emitter contact plus 2.2 fl. This resistance under the 
emitter is about 6 times less than that at low currents 
and small signal levels. 
The effect of the nonuniform injection on the collector 

series resistance is shown in Figs. 13 and 14. In Fig. 13 
lines of equal peak-voltage drop across the collector 
body are shown for a 100 ma peak class B waveform at 
100 Me. These have been normalized to the maximum 
measured voltage drop. Fig. 14 shows the variation of 
recfZ/pA with collector current and frequency. 
The circuit simulating collector capacitance can be 

used in a variety of ways: for example, to demonstrate 
effects of complete neutralization, partial neutralization 
or neutralization with a fixed capacitance. However, in 
this paper we have only included the effect of feedback 
through that part of the collector capacitance that is 
under the emitter Cb^- The conditions simulated were 
that the collector load was a tuned circuit of high Q 
and that the collector voltage was a sine wave of 10 
volts amplitude superimposed on a —12 volt bias. 
Cb'c' was taken as 2 pf at —12 volts bias. The results are 
shown in Fig. 15 where the waveform and amplitude of 
the emitter current density at various points are shown 
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for the same input drive. As can be seen the attenuation 
along the line is increased and the waveforms are further 
distorted by the feedback. 

VII. Generalization of Results 

Although the analog can solve a wide range of 
specific problems it is useful to be able to generalize the 
results obtained from it. This can be done by finding 
the dependence of the emitter current distribution on 
the resistance of the base layer, the/i of the transistor, 
and on the amplitude and frequency of the collector cur¬ 
rent. From this dependence the variation of base re¬ 
sistance and collector series resistance can be deduced. 
Two assumptions are required in addition to those in 

Section 11 : 

1) The emitter and collector depletion capacitances 
can be neglected. 

2) There is negligible emitter current in the region 
furthest from the base contact. 

It is shown in Appendix III that for a given wave¬ 
form of base current, the emitter current per unit 
length in the y direction can be found from a normalized 
distribution by 

a) Multiplying the current density by 

r 2 " 
1 cpk ~ 

wi z. 
Fig. 14—Increase of collector series resistance with 

collector current and frequency. b) Cramping the scale in the y direction by a factor 

WITHOUT FEEDBACK WITH FEEDBACK 
CÚ-2.F 

/ 03 Pb\ 
I l’a* T ) ’ 
\ œj Z / 

where Icpk is the peak collector current. 

Case a) is relevant when considering the possibility of 
high injection levels. This effect would cause local 
swamping of the drift field and hence variation in the 
/i and reduction in emitter efficiency. Case b) deter¬ 
mines the dependence of the effective width of the band 
of emitter current on the various parameters. 

A. Base Resistance 

The effective base resistance is the sum of the resist¬ 
ance from the base contact to the nearest edge of the 
emitter and the resistance of the effective base layer 
under the emitter. The width of this layer is inversely 
proportional to the cramping factor and therefore 

kx 
rb' — fbo H- ’ 

03 
I cpk ' 

(18) 

Fig. 15—Emitter current waveforms in the elements. 
The positions of the elements shown in Fig. 6. where k\ is a constant for a given base current wave¬ 

form. (It is interesting that the resistance per unit 
length of the base layer under the emitter cancels out.) 
Measurements on the analog were made with class B 
sine waves of base voltage. This is not sufficient to de-
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fine the base current waveform which is also affected by 
Tie relative magnitudes of the two terms in the expres¬ 
sion for rb. but this was probably reasonably typical of 
dass B operation. rM was 7 Í2 and at wi/w = 3, LPk = 100 
t ia the second term in (18) was about 2 Í2 as calculated 
from peak power dissipation. Therefore, for this class B 
: peration 

ki — 67 Q ma. (18a) 

3. Collector Series Resistance 

If the band is narrow compared with the width of the 
collector body t the current spreads out in the body 
nearly cylindrically (Fig. 13). 

cc' «2 In 
k^t \ 

bandwidth/ 

kipc
=- In 

Z (
W Pb\ 

kill cpk ~ I 
W1 Z / 

(19) 

Fig. 14 shows the verification of this formula with the 
inalog. For the same class B waveform as for (18a), 
Fig. 14 can be used to determine that 

k2 0.20, (19a) 

1 
k3 — — (Í2ma)~l. (19b) 

26 

VI 11. Conclusions 

An analog has been designed and constructed which 
indicates the behavior of transistors under large signal 
high-frequency operating conditions. The analog is ca¬ 
pable of determining the magnitude of many different 
effects that arise. In particular the ac lateral biasing in 
the base and its effect on such things as bottoming 
voltage can be measured. 

In the particular transistor studied the analog showed 
that when delivering 0.5 watt at 100 Me in class B, the 
effective base resistance would be reduced by a factor 
of about 2.3 and the effective collector series resistance 
increased by a factor of about 2.0 compared with the 
values for uniform current density. 
These results have been generalized by making two 

additional assumptions in order to find the variation of 
these factors with transistor parameters and operating 
conditions. General expressions for base resistance and 
collector series resistance have been derived, and the 
value of the constants for typical class B operation have 
been determined. The analog could be used to find the 
constants for other modes of operation. 

If the analog transistor is operating well below its 
common emitter cutoff frequency 

Zin = ßr, + rb-. (20) 

At low injection levels 

kT 1 
re = - -

q Ie 

Therefore, providing L is not excessive, ßrê i>rb' and 
most of the applied voltage appears across the emitter 
junction 

A Ie — kie~qVb’"‘T, 

and providing the transistor has a constant a, 

Ila = kre^»-'^. (21) 

If the analog frequency (uA/2n') is low enough, i.e., 

1 
Ria «- and if RGA »RLA, 

^aCm 

Ve -

Differentiating 

q 
dVe - RLAk^^dVh.. 

kT 

From (21) 

q 
dv c = - RlaI I.AdV be . 

kT 

The equivalent capacitance Ceq between base and earth 
that would carry the same current as Cm is 

Ceq — Cm 
-dVbe - dV' 

dV be 

q 
1 H- RlA'I LA 

kT 
(22) 

Therefore providing ßrcy>\/(jiA C„, the impedance be¬ 
tween base and earth is determined by (22) where I la 
is given by (21). 
The assumptions made to derive this relation are 

listed below for convenience. 

1) Analog transistor operating well below its com¬ 
mon emitter cutoff frequency. 

2) Low injection levels. 
3) /3rP»rfc .. 
4) constant a. 
5) R.a^/oaaCm. 
6) ^«»1/waC«,. 

Appendix I 

Analysis of the Miller Element (Fig. 4) 

The impedance between base and earth is the sum of 
the input impedance of the transistor Z¡n and the effec¬ 
tive impedance of Cm-

Appendix II 

The relation between the current through the collec¬ 
tor to base-j unction capacitance Ib'C' and that through 
the analog-diode capacitance La is considered here. 
Assume the two capacitances are the same function 
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of voltage, and voltages of the same waveform are ap¬ 
plied to each. 

A = JAV) and Ca = ~fi(V), 
Ct 

to pass a collector current a times that of A at m times 
the frequency. In the frequency range of assumption 
3) E Ih(ui/u), 

am 
Ib(B) = ’ ~ I n(muf) (26a) 

where Cu and Ct are the capacitances of the diode and 
transistor junctions with a particular de bias applied to 
both. 

Vb'c=f2W and 

It will be shown by induction that the emitter current 
per unit length is similar to that in .1 the distance scale 
being compressed by a factor amp/I and the amplitude 
increased by (Pmp/l, i.e., 

The current through both junctions is 
a-mp / amp \ / amp 

~— y )s\¡— y’ ntul (26b) 

d 
I = (C-V) 

dl 

Writing /i(A(0) as/3(0 

he- = W) + A«) 4 (/,(/)), 
dl dl 

(23) 

(24) 

where 

z = — t. 
CD 

Eqs. (23) and (24) show that at any corresponding 
points on the analog and transistor-voltage waveforms 
the ratio of currents is given by 

I cA Cote A CaUa 
- = - = - ; 
Ib' c' C tu CveU 

providing Ca and Cb e are the values of the two capac¬ 
itances when the same voltage is applied to each. 

Appendix III 

Suppose that transistor .1 has a certain distributed 
base resistance under the emitter pCZ per unit length 
in the y direction [(assumption 7), Section I ]. Suppose 
that the base current has some arbitrary waveform 

IbtA) = Io(ut), (25a) 

and that the corresponding emitter current per unit 
length in the y direction is 

= iof(y)g(y, ut), (25b) 

where y is the distance from the edge of the emitter 
nearest the base contact. 

Consider transistor B whose distributed base resist¬ 
ance per unit length in the y direction is p times, and 
whose /i is / times that of J. Suppose that it is required 

Consider the emitter to base junctions of the transistor 
to be divided into strips, those of transistor A having 
a width ôy and those of B a width (q/amp)iy. 
Considering the rth elements in each case, 

ir(B)r a-mp gG^y, mut) 

E(A)r I gO^y, ut) 

However, the reactance X of the storage capacitance of 
an element is given by 

Ul U\kT 
X = — rt = —;— • 

a? coqi rôy 

Therefore, considering corresponding points in the cycle 
in each case the ratio of the reactances of the rth ele¬ 
ments is 

X(Bir I I amp I 
Xia^t m a-mp I am 

However the ratio of the resistances R of the elements 
is proportional to their width and the resistance per 
unit length. 

R(B)r 1 I - =- p = -
R(A)r amp am 

X (B)r _ X(A)r 

R(B}r R(A)r 

Therefore all corresponding elements behave in the 
same way until the end of the line is reached at which 
the currents are negligible [assumption 2), Section 
VII ]. Therefore, (25) follows from (26). 

This means that the current distribution in all transis¬ 
tors can be found from a normalized distribution by 

1) Multiplying the density by 

“ pb
Epk' ~ 

U1 Z . 

2) Cramping the scale in the y direction by a factor 

where ICVk is the peak collector current. 
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Appendix IV 

List of Symbols 

ß = common emitter current amplification. 
ßo = low-frequency value of ß. 

5Gt = elemental emitter base capacitance in the 
transistor. 

Gq = analog capacitance representing 8Cb'e. 

5C9e = elemental diffusion capacitance in the tran¬ 
sistor. 

S G, = elemental emitter depletion capacitance in 
the transistor. 

Cm = Miller capacitance (Fig. 4) in the analog, 
representing 8Cie. 

5G'e' = elemental capacitance of collector depletion 
layer under the emitter contact. Cve is the 
sum of all the 5G'C'-

SG«" = elemental capacitance of collector depletion 
layer not under the emitter contact. Cbc" is 
the sum of all the 5Gc”. 

Cx=the capacitance of the reverse biased diode 
used to represent Cb-c' and Cbc". 

/s = frequency at which \ß\ is 3 db down on ß«. 
fi = frequency at which | d| = 1. 
5/ = current from the elemental current genera¬ 

tors in the common emitter hybrid ir circuit. 
Iga = current through the resistance Rga repre¬ 

senting 81. 
Ib'c-= current through the collector depletion 

capacitance Cbc' in the transistor. 
Ivc'a = current fed to the base of the analog, repre¬ 

senting Ib'c'. 
Zla = current flowing in the resistance Rla in the 

analog. 
Pi = sheet resistance of the base layer of the 

transistor. 
pc = resistivity of the collector body. 
Ra = sheet resistance of the graphite coated sheet 

in the analog representing the collector body. 
8rh = elemental resistance of the base layer be¬ 

tween the emitter and base contacts. 
8rh' = elemental resistance of the base layer under 

the emitter contact. 
Rb'A = resistance elements in the analog repre¬ 

senting 8rh and 8rb'. 

^nRb^c^ parallel combination of resistances through 
which Ib'c'a flows to the base in the analog. 

¿2nRc„'c = parallel combination of the resistances 
through which the current corresponding to 
Ib'c' flows to the collector in the analog. 

Äi4=load resistance of the Miller elements (Fig. 
4). 

rec' = collector series resistance as defined in Sec¬ 
tion III-C-2). 

«Z = reciprocal of the base transit time. 
w = frequency at which the transiter operates. 

Wa = frequency at which the analog operates. 
Z = length of the transistor in the s direction 

(Fig. 1). 

Only those symbols which are used frequently are 
defined in this list. 
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Parametric Behavior of an Ideal Two-
Frequency Varactor* 

G. FRANKLIN MONTGOMERY!, senior member, ire 

Summary—The Manley-Rowe equations for a lossless varactor 
network yield little information for the two-frequency case. With the 
assumption of a linear signal termination, it is shown that the ratio 
of signal and pump frequencies must be M/2, where M is an integer. 
For M odd, a regenerative network is possible at the signal frequency. 
For M even, the network is possibly regenerative or nonregenerative. 
Other frequency ratios are not possible; frequency division is not 
possible except for regenerative division by 2. The effects of strong 
pumping are predictable if the varactor characteristic is given. 

Let vp be the pumping force and », the signal force,2 so 
that 

V = Vp + V, = Ep cos pt + E, cos (st + 0) . (4) 

Let IVP = (wp) be the average power absorbed from the 
pump, and IP, = (w,) the average power absorbed from 
the signal. Because of the ideal assumption, the average 
power is conserved, and IPp+PP, =0. Finally, 

Introduction 

THE simplest varactor networks exchange power 
at only two frequencies. The first is the frequency 
of the energy source, or pump. The second is the 

frequency of the useful output, or signal. Two-fre¬ 
quency circuits are used as parametric oscillators, am¬ 
plifiers, or harmonic generators, and the literature is 
abundant in applications. The theory, however, is in¬ 
complete. The usual analysis assumes a small signal and 
neglects high-order nonlinearity of the varactor charac¬ 
teristic.1 As a result, possible operating modes have been 
overlooked; the impossibility of certain modes is not 
clearly appreciated; and the effects of strong pumping 
are poorly understood. The object of this paper is a two-
frequency theory of the varactor, ideal in the assump¬ 
tion that energy is dissipated only in the terminations 
of the varactor network. The theory accommodates a 
pump and signal of any amplitude, makes use of the 
complete varactor characteristic, and predicts all pos¬ 
sible power conversions for a linear signal termination. 

The Problem 

A varactor is an element whose displacement q 
(charge, flux linkage) is a nonlinear function of the ap¬ 
plied force V (voltage, current), so that 

q = FM- (1) 
The varactor is ideal if the function F(v) is single¬ 
valued. If the remaining properties of F(y) permit series 
expansion, then 

00 
q = X C„vn, (2) 

where the constants are 

w, = v,(dq/dt) = X C„v^(vn)/dt. 
n—1 

The problem is to determine the constraints on p, s, d>, 
and the C„ for which W, 5^0. 

Necessary Conditions 

The Manley- Rowe equations [3 ] for an ideal varac¬ 
tor are 

(6) 

and it is useful to ask whether or not these equations 
illuminate the desired constraints. Each frequency of 
the system has the form (mfi + nf0), and IPm> „ is the 
average power absorbed at that frequency, m and n be¬ 
ing integers. Frequencies /i and /n are reference frequen¬ 
cies only; it is not generally necessary that either /j or/0 

represent a system frequency. Specifically, for the two-
frequency case, it is not sufficient to approach the Man¬ 
ley-Rowe equations by defining/i = p/2ir, mfi = s/2ir, as 
has been done, for this begs the question by assuming 
s/p = m. Instead, choose four integers a, b, c, d. Let 
(afi+bfo) = p/2ir, (cfi+dfo) =s/2tt. Then, 

aWp

bWp dlV, - +-
p s 

= 0, 

* Received by the IRE, June 16, 1961; revised manuscript re¬ 
ceived October 10, 1961. 

t National Bureau of Standards, Washington, D. C. 
1 There are exceptions. Page (1) gives general results for a varac¬ 

tor specified by q=CvV. Leeson and Weinreb [2] demonstrate that 
Nth-order harmonic generation requires an Nth-order varactor 
curvature. 

and since lVp-t-Wa = 0, 

s c d y 

p a b z 

(7) 

(8) 

2 The network can be chosen, using filters as in Manley and Rowe 
[3] for example, so that the total force on the varactor is a finite sum 
of sinusoidal forces. 
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where y and z are two integers with no common factor 
other than unity. 

It is important to remember that the Manley-Rowe 
equations are necessary but not sufficient conditions for 
the operation of a parametric network [4]. Each is 
satisfied if all IKm.„ = 0. A network that satisfies the 
equations can be proved operative only by showing that 
at least one Thus, the Manley-Rowe equa¬ 
tions show that a two-frequency varactor network is not 
impossible if the ratio of signal and pump frequencies is 
a rational number. The equations do not show which 
ratios permit operation. 

Analysis 

In combination with the binomial theorem, the 
identity 2 cosx= exp (jx) + exp ( — jx) transforms (5) to 

- Ê E ¿ E „-i *=o <1=0 6=0 \k' \a/ \ b / 

■ ¡ (2a - k) p+ (2b - n+ k)s\ jexp j[(2Ò - »+ k)<p+ (ir/2) ] | 

• j expj[(2a — k)pl+(2b — n + ¿+l)s/+</>] 

■pexp j((2a — k) pt + (2b — it + k — l)st — <t>\ ! (9) 

where 

/ a \ al 
( I =- (10) 
\ b / bl (a — b) ! 

W, = (w,) is nonzero only if at least one of the exponents 
within the last bracket of at least one term of this sum 
(9) is constant. 

Each term is also proportional to E,”~k+>. If the sig¬ 
nal termination of the network is linear, the power dis¬ 
sipated in the termination can be proportional to the 
first or second power of E, and to no other. (This con¬ 
clusion follows Ohm’s Law. Let I, be the ampli¬ 
tude of the current in a linear termination, and Fp the 
termination power factor. The average dissipation is 
— IK = (FP/2)EJ,. Now, I, is either independent of E, 
or it is not. If it is independent, then the dissipation is 
□roportional to the first power of E,. If /, is not inde-
oendent, then - IK = (FP/2)E,*/Z, where Z is the ter-
nination impedance, and the dissipation is proportional 
o the second power of E«. Ohm’s Law permits no for-
nula for dissipation as a function of E, other than these 
;wo. For a given varactor and a given Ep, the terms ot 
;9) are proportional to integral powers of E„ alone, and 
>ne or more of these must match either the first or sec¬ 
ond of the dissipations above.) Thus, (n — 1) = 1, 2. 
In the first, nonregenerative case, the network is a 
•table source of current at the signal frequency. In the 
second, regenerative case, the network provides a nega-
ive conductance at the signal frequency. The words 
lonregenerative and regenerative denote whether or 
lot the network is generally stable with variation of the 
signal termination impedance. 

'The Nonregenerative Case 

For (n — &+l) = l, k = n, and é = 0. Eq. (9) becomes 

x " / fl \ 
= E E ) (l/2)»+1CnE/E,(2a - n)p 

n=l aa>0 \ d / 

• ¡expj[(2a - n)pt + st + (r/2) + </>] 

+ expj[(2a - n)pt - st + (r/2) - </>| } (11) 

If IK 7*0, then (2a — n)p+s = 0, or (2a — n)p — s = 0, and 
s/p is an integer. Let s/p = N. Then a = (n — N)/2, or 
a = (n-\-N)/2. Since 0<a<w, n>N, and n is odd or 
even as N is odd or even. Thus. 

II 

n 

n - N 

2 
(1 l)’‘sC„Ep"E, sin <t>, s/p = N (12) 

which is the average signal power for nonregenerative 
operation. A power output (IK<0) is obtained only at 
a harmonic of the pump frequency. 

The Regenerative Case 

For (n■ — 1 ) = 2, k = n — 1, and b =0, 1. Eq. (9) be¬ 
comes 

“ "-1 [n — l\ 
w. = E E ) (\!2Y^nCnEP'^E.-

*—i «»o \ a / 

■ { 2[2a —«+!]/> exp j[(2a —»+!)/>/+ («72)] 

+ [(2a— n+l)£ —s] 

•exp /[(2u — »+ pt — 2st+(*/2) — 2<p | 

+ [(2a-»+l)/>+x] 

•expj|(2a —n+l)^/+2s/+(ir/2) + 20]} . (13) 

If IK ^0, then 

(2« — n + \}p — 2s = (I, 

or 

(2a — o + \)p + 2s = 0, 

and s/p is an integer divided by 2. Let s/p= U/2. Then 
a = (n — l + i/)/2, or a = (n— 1 — U)/2. Since 0<a<n —1, 
n— 1 > U, and n is odd or even as U is even or odd. Thus, 

n — 1 

IF, (l/2)"nsCKEf" 'E/sin 2</> , 

s/p^C/2 (14) 

which is the average signal power for regenerative oper¬ 
ation. The output (IK<0) can be developed either at a 
harmonic of the pump frequency (U even) or at an odd 
multiple of one-half the pump frequency (U odd). 
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Discussion 

It is clear that if the signal termination is linear, the 
ratio of signal and pump frequencies for the two-fre-
quency varactor must be M/l, where M is an integer. 
When M is even, the mode of operation can be either 
nonregenerative as shown by (12) or regenerative as 
shown by (14). When M is odd, operation can be re¬ 
generative only. The only possible subharmonic gener¬ 
ation occurs when M is unity. 

Noiseless harmonic generation is a recurring design 
goal, and varactor frequency multipliers are often rela¬ 
tively efficient. There is a possible difficulty, however, 
since the harmonic output can consist of both regenera¬ 
tive and nonregenerative components. The two compo¬ 
nents differ in phase by either tt/4 or 3tt/4 radians. Or-
dinarily the nonregenerative component will predomi¬ 
nate, since it depends importantly on varactor con¬ 
stants Cn of lower order. But if sufficient regeneration 
exists to amplify noise in the network, the sum of the 
two components will be a signal that appears to be 
noise-modulated in both phase and amplitude. For odd¬ 
harmonic generation, it may not be possible to avoid 
this difficulty entirely, other than by seeking a varactor 
with small C„ for n> N. For generating even harmonics, 
it is always possible to pair like varactors in a balanced 
network such that C„ =0 for n odd, thereby eliminating 
regeneration at all even harmonics. 

It is possible to generate oscillations or to amplify re-
generatively at signal frequencies that are odd multiples 
of one-half the pump frequency [5]. This kind of opera¬ 
tion is attractive because of the relatively low pump fre¬ 
quency required. However, such applications want a 
varactor for which Cu+i is appropriately large, and as 
U becomes large, the negative conductance becomes 
more sensitive to pump amplitude. Operation at large 
s/p ratios therefore requires more precise control of 
pump amplitude, which may be a disadvantage. 

If the varactor characteristic is completely specified, 
the effects of strong pumping are predictable. Eqs. (12) 
and (14) can be written 

n 

n — N 
IF, = (E, sin </>) 22 -

n-N 2 
= (E, sin <t>)I(Ep) 

00 
W, = (E,2/2)(sin 2<>) 22 

n=U+l 

= (E,2/2)(sin 2</>)G(Ep), 

respectively, where the polynomial I(EP) is a velocity 
(current), and the polynomial G{EP) a conductance. In 
general, these polynomials can be expected to display 
one or more maxima in Ep, corresponding to limiting be¬ 
havior as the pump amplitude is increased. Note that 
I(Ep) and G(EP) are independent of E„ an independ¬ 
ence which implies unlimited power capability for the 
varactor network. This result follows from the assump¬ 
tion of zero network dissipation. In practice, even if the 
varactor were lossless, it would not be possible to pro¬ 
vide lossless frequency-selective networks for the pump 
and signal terminations; and losses in these elements 
would limit the available signal power and the power 
absorbed from the pump. 

Conclusion 

For a two-frequency varactor network with a linear 
signal termination, the ratio of signal and pump fre¬ 
quencies is M/l, where M is an integer. For M odd, the 
network is possibly regenerative at the signal frequency. 
For M even, the network is possibly either regenerative 
or nonregenerative, or both, at the signal frequency. 

Operation is not possible for other frequency ratios. 
A nonregenerative frequency divider (subharmonic gen¬ 
erator) is not possible. A regenerative frequency divider 
is not possible, except for division by 2. 

Frequency multipliers (harmonic generators) may be 
both regenerative and nonregenerative. A strictly non-
regenerative frequency multiplier is possible for even 
harmonics. A strictly nonregenerative frequency mul¬ 
tiplier may not be possible for odd harmonics. 

Regenerative amplifiers and oscillators are possible at 
signal frequencies that are odd multiples of one-half the 
pump frequency. The oscillation may have either of 
two phases separated by a half-cycle of the oscillation. 
The effects of strong pumping are specified by a poly¬ 

nomial in the pump amplitude using constants of the 
power series expansion of the varactor characteristic. 
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Correspondence 

Comments on “A Synthesis 
Procedure for an n-Port Network”* 

The above note1 by Hazony and Nain 
produces the following comments: 

1) In the literature the word “port” 
usually refers to a pair of terminals. Further-
11 ire, the classical result of Bott and Duffin 
applies to one-port networks. Thus, there is 
an inconsistency in the first paragraph of the 
i« te by Hazony and Nain. 

2) The authors do not mention ideal 
transformers. However, the Bott and Duffin 
procedure did indeed eliminate the ideal 
transformer from the synthesis of a positive 
r?d driving point function. It is inferred 
f-om the first paragraph of their note that 
Hazony and Nain have succeeded in finding 
necessary and sufficient conditions for the 
realizability of an RLC n port without ideal 
transformers. 

If this inference is correct, the authors are 
t) be congratulated. Unfortunately, con¬ 
gratulations will only be minimal unless the 
» hievement is sufficiently advertised by 
ciscussing the role of ideal transformers. 

3) Hazony and Nain exhibit their con-
< it ions 1 )—4) as sufficient for their «-port 
realization. These conditions are also neces-
sny. 

However, these conditions are not pre¬ 
cisely equivalent to the statement that the 
r tatrix in question is a positive real matrix, 
b. particular, their condition 3) is necessary 
f-r the matrix to be positive real, but when 
coupled with their conditions 1), 2), and 4), 
the entire set of conditions is not sufficient. 

Since positive real matrices have been 
predominant in the related literature, it is of 
i rterest to relate 1)~4) to the usual require¬ 
ments for a matrix to be positive real. 

4) This author is sure that the excellent 
rote by Hazony and Nain has stimulated 
th e curiosity of all people interested in «-port 
synthesis. A discussion of the three items 
cited above will clarify the contribution 
made by their note. 

Paul Slepian 
Dept, of Mathematics 
University of Arizona 

Tucson, Ariz. 

* Received by the IRE, September 15, 1961. 
1 D. Hazony and H. J. Nain, Proc. IRE (Corre-

soondence), vol. 49, pp. 1431-1432; September, 1961. 

This constraint would then be equivalent to 
the usual requirement for a matrix function 
to be positive real. 

In comment No. 2 the authors regret to 
say that this method does not guarantee 
synthesis without the use of ideal trans¬ 
formers for n>2. However, a necessary con¬ 
dition for a transformerless synthesis by the 
method is, for an example of two ports, that 
[Z(£)]( [Z(s)]=a minimum matric func¬ 
tion) be relizable as a transformerless two 
ports.3

In view of some personal queries that the 
authors have received, they also wish to re¬ 
state Theorems 11 and 111 as follows: 

Theorem II: [fi ] and [fc] as defined by 
(1) are also realizable matrix functions, and 
they satisfy the constraint ¡Z(¿)| 2X |fi| 
Xlftl =1. 

Theorem III: If |Z(s)] is a “realizable,” 
minimum resistive, matrix function 
(Re[Z(s)] = [0] at 3=jwo), thhn it is possible 
to find a constant k(k>0) such that the 
elements of [fi] and [Tz]“1 have either the 
same J axis zeros or poles. This k is obtained 
by solving either IZdjwo) I =0or |Z2(jwo)| =0 
in (1). 

The authors gratefully acknowledge 
Prof. Slepian’s interest in their note and 
regret the inconvenience caused because of 
these corrections. 

D. Hazony 
H. J. Nain 

Case Inst. Tech. 
Engrg. Div., 

Cleveland, Ohio 

3 Indeed, the method seems to promote trans¬ 
formerless solutions: for example, the authors were 
able to synthesize the following impedance matrix 

23* + 3 + 1 
s3 + 3s + 4 

i -L 4s3 + 3s + t 

s3 + 3s + 4 ' 
I -4s3 + 3s + 1 

s" + 2s + 3 
3s3 + 2s +1-

without transformers. 

Authors’ Comments2

Prof. Slepian in his note points out cor¬ 
rectly that the term, one-port synthesis, 
should have been used in conjunction with 
the Bott-Duffin procedure. 

With reference to comment No. 3, the 
constraint 4) in the original note should have 
Mad: IRe(Z(s)]| >0 for Re 3=0. Further, 
the condition that the elements of [Z(r) ] are 
lational functions of 3 with real coefficients 
should have been added to this constraint. 
2 Received by the IRE, September 27, 1961. 

A Cryotron Memory Cell* 
Haynes of IBM has recently described a 

cryotron memory which will perform a num¬ 
ber of logical operations such as shifting 
within the memory and simultaneous access 
to any three words—two for reading and 
one for writing.1 The memory cell which he 
proposed is constructed with five cryotrons 
and three superconductive loops. This note 
describes a memory cell which will accom¬ 
plish similar functions with three cryotrons 
and one superconductive loop. 

* Received by the IRE, October 25, 1961. 
’M. K. Haynes, “Cryotron storage, arithmetic 

and logical circuits,” Solid-State Electronics, vol. 1, 
pp. 399-408; September, 1960. 

Write-In 
The circuit diagram of the new cell is 

shown in Fig. 1. It contains a persistent cur¬ 
rent loop abed in which a clockwise persist¬ 
ent current represents the storage of a ONE 
and no persistent current represents a ZERO. 
A persistent current is established in loop 
abed by simultaneously energizing the 
“write” and “enable” lines. Since current in 
the enable line makes cryotron E resistive, 
the write current takes the path abed. If the 
enable current is removed before the write 
current is removed, a persistent current can 
be established in the loop. The magnitude of 
the persistent current is chosen so that it is 
equal to 1 /2 Icrit, where Icrit is the critical 
control current for cryotrons R, and Ri. 

Read-Out 

The memory cell has two interrogate 
lines and two read lines and the stored infor¬ 
mation can be sensed on either the read 1 or 
the read 2 output, depending upon which 
interrogate line is energized. 

The two interrogate lines are deposited 
on top of side ab and side cd of the memory 
cell. Output cryotrons Ri and Ri are there¬ 
fore double-control cryotrons; their gates 
are quenched when the sum of the interro¬ 
gate current and the current in the loop 
abed is equal to Icrit-

The cell geometry is arranged so that 
when the interrogate 1 line is pulsed with a 
current equal to Icrit then a current of 
Icrit/2 is induced in the loop. The induced 
current (Icrit/2) plus the persistent current 
(Icrit/2) add so that cryotron R\ is made 
resistive. If there is no persistent current 
then there would be only an induced current 
in the loop (equal to Icrit/2) and Ri would 
remain superconductive. 

It should be noted that gate Ri is on the 
opposite side of the memory cell from the 
interrogate 1 line. Gate Ri is not quenched 
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when the interrogate 1 line is pulsed because 
the current in the interrogate 1 line is op¬ 
posing the current in the persistent current 
loop. Thus the interrogate 1 input will con¬ 
trol the R\ output. 

Triple Access Memory 

Fig. 2 is a circuit diagram of a memory 
containing three 3-bit words. Any two of 
these words can be interrogated and infor¬ 
mation written into the third one simul¬ 
taneously. In the example shown, words 1 
and 2 are being interrogated so that their 
contents will be sensed on the read 1 and 
read 2 outputs, resjiectively. 

Fig. 3—Layout of memory. 

and register-to-register transfer within the 
memory.* It also appears to have minimum 
complexity for the number of functions 
which can be performed. A circuit contain¬ 
ing four memory cells is presently being 
tested in order to determine its operating 
characteristics. 

A. E. Slade 
Advanced Res. Div. 

Arthur D. Little, Inc. 
Cambridge, Mass. 

- Ibid., p. 402. 

Fig. 2—Circuit diagram oi memory. 

To write 110 into word 3, current is ap¬ 
plied to the bit I and bit 2 write lines. This 
current will preferentially flow through the 
enable gates of the memory cells in words 1 
and 2 rather than the higher inductance 
branch that crosses the Ri and Ri cryotrons. 
Thus the write current does not disturb the 
output cryotrons in the memory cells 
through which it passes. In word 3, however, 
the enable gates are resistive and the write 
current is forced through the higher induct¬ 
ance branch of these memory cells so that 
the word 110 can be written into this loca¬ 
tion. Since the write current is equal to 
1/2 Icrit, it is not large enough to give a 
false output in the Ri or R* gates of word 3. 

Circuit Layout 

A single memory cell measures 0.025 by 
0.050 inch, suggesting a packing density of 
600 bits per square inch. The circuit layout 
for this cell is shown in Fig. 3. The dimen¬ 
sions are based on a minimum line width of 
0.005 inch and a similar spacing between 
lines. This size is compatible with present 
masking techniques and, if it seemed de¬ 
sirable to do so, could be reduced by a factor 
of two to five. 

Summary 

The memory cell described is capable of 
a variety of functions such as triple access 

figure reduction obtainable with refrigera¬ 
tion is indicated. 

Results are reported in this letter which 
indicate that a substantial decrease in noise 
figure can be obtained with refrigeration of a 
diffused silicon mesa varactor to tempera¬ 
tures near 100°K (a temperature range in¬ 
cluding temperatures accessible by thermo¬ 
electric means). Further, the noise figure 
obtained at room temperature using the best 
silicon unit measured is comparable with 
that of an average gallium-arsenide unit. 
It is felt that these results are significant, 
in view of the proven stability and ease of 
fabrication of diffused silicon devices. 

One example of previous pessimistic re¬ 
sults using refrigerated diffused silicon mesa 
diodes is shown in Fig. 1. The experiments 
were performed using 5.84 Gc signal and 
11.7 Gc pump frequencies. The amplifier 
used for these experiments has been de¬ 
scribed in a previous report [1], In Fig. 1, 
curves F and Id are the measured noise 
figure and rectified diode current plotted as 
functions of diode temperature. The curve 
designated “Pump'’ indicates the pump 
power required to maintain the amplifier 
gain constant at 16 db. As the diode tem¬ 
perature was lowered, it was necessary to 
increase the pump power to maintain con¬ 
stant gain (in contrast to similar experi¬ 
ments with refrigerated germanium and 
gallium-arsenide diodes where pump power 
decreased or remained almost constant). 
The assumption that changes in pump power 
with diode tenqierature probably indicate 
a continuous decrease in the dynamic qual¬ 
ity factor (Q) of the diode [3] seems to be 
borne out by the temperature dependence of 
noise figure indicated in Fig. 1. The values 
of noise figure measured at room temper¬ 
ature indicate that these diodes have sub¬ 
stantially lower Q values than do the ger¬ 
manium and gallium-arsenide diodes. Diffused Silicon Mesa Diodes for 

Use in Refrigerated Parametric 
Amplifiers* 

Previous experiments with parametric 
amplifiers [1, 2] have indicated that the 
excess noise temperature of the amplifier can 
be substantially reduced by refrigeration of 
the varactor diode. The noise figure was 
found to decrease steadily as the diode tem¬ 
perature was decreased from room tem¬ 
perature to temperatures near 100°K. This 
was found to be the case for both diffused 
germanium mesa diodes [1 ] and for gallium¬ 
arsenide point-contact diodes [2 ]. However, 
previous results (to be discussed below) ob¬ 
tained by authors using refrigerated diffused 
silicon mesa diodes were much less favor¬ 
able, indicating either little improvement in, 
or an increase in noise figure with cooling. 
As discussed below, the prediction of the 
low-temperature performance of a diffused 
silicon mesa diode is not entirely straightfor¬ 
ward. However, at the outset, operation of 
such a diode (suitably doped) to tempera¬ 
tures as low as 100°K without degradation 
of the quality factor seems feasible. Accord¬ 
ingly, further investigation of the noise 

♦ Received by the IRE November 16, 1961. 

Fig. I —Noise figure as a function of 
diode temperature. 

Improvement in the Q of the diode can 
be effected by reducing the mesa area. This 
results because the spreading resistance 
does not increase as rapidly with decreasing 
mesa diameter as the capacitance decreases, 
and the RC product of the wafer decreases 
with decreasing mesa diameter [5], 

The prediction of the temperature de-
pendence of Q for a diffused mesa diode in¬ 
volves considerable complication. 11 is clear 
that the bulk series resistance in the wafer 
can be made almost temperature independ-
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en to 10°K by doping the silicon suffi-
CDitly. For example, the results of Morin 
an I Maita [6] indicate only small changes 
ii conductivity (a) down to 10°I< for /»-type 
si. icon doped toa level of about 1.5X 10” cm-3. 
However, there is a heavily compensated 
impurity distribution near the space charge 
boundary of the diffused junction. The low¬ 
est conductances in this region are near the 
space charge boundaries, and the net carrier 
concentrations are probably lower at these 
boundaries than they are in the bulk semi¬ 
conductor. The measurements of Morin and 
N aita indicate considerable differences in 
tl e temperature dependence of a for un-
cc mpensated silicon for doping levels lower 
tl an 10” cm"1. Similar complicating changes 
in the temperature dependence of a for com¬ 
pensated doping are probable. 

In view of these uncertainties, the tem¬ 
perature dependence of the noise figure for 
a variety of diffused silicon varactor diodes 
w h starting doping level in the degenerate 
region was investigated. Encouraging re¬ 
st its have been obtained with a group of 
ua ts fabricated using phosphorus diffusion 
into /»-silicon of 0.001 ohm-cm. 

Several diodes of this kind were first 
examined at room temperature, to deter-
mi ue the noise figure as a function of bias 
voltage. The best noise figure measured was 
0.7 db at 5.84 Gc (double channel). The 
dynamic quality factor of this diode, on the 
b; sis of the data obtained, is better than 6.5, 
ai d the cutoff frequency is higher than 130 
G' at zero bias. The high Q and low-noise 
figure are believed to result from the com-
biration of high doping level and very small 
musa diameter. A mechanical failure pre¬ 
ve «ted determination of noise temperature 
btbw 200°K. However, the noise tempera¬ 
ture decreasetl steadily as the temperature 
decreased toward this value. Another simi-
la - diode was satisfactorily operated down 
to about 93°K, and the experimental data 
are plotted in Eig. 2. In this case, excess noise 
tenperature (T„) is plotted as a function of 
dinde temperature. T„ decreased from 93°K 
to ibout 30°K as the diode was refrigerated 
fro n 296°K to 93°K. The pump power neces¬ 
sary to maintain the gain at 16 db decreased 
ca tinuously down to 180°K and remained 
ca stant at lower temperatures. This prob; 
atty indicates improvement of the diode Q 
wTh cooling in the higher temperature 
r.u ge. 

These results, admittedly limited, indi¬ 
cate that refrigeration of the diffused silicon 
varactor diode can decrease the noise ligure 
of a varactor amplifier substantially. Fur¬ 
ther, the cutoff frequency of the diffused 
silicon mesa varactor can be well over 100 
kMc at zero bias, a value which ensures a 
noise figure close to that of presently avail¬ 
able gallium arsenide diodes. 
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Fig. 2—Noise temperature as a function 
of diode temperature. 

Reverse-Current Anomaly in 
Germanium Diodes* 

Experiments have recently been per¬ 
formed at 156 Me with experimental ger¬ 
manium varactors and a reverse-current 
anomaly was observed. In April, 1960, 
Hefni1 reported a similar anomaly at 4 kMc 
in a silicon mesa-type varactor and proposed 
that minority carrier lifetime was respon¬ 
sible. Measurements on nearly 100 ger¬ 
manium diodes, however, suggest that this 
may not be the complete explanation. 

The germanium varactors had normal 
static characteristics; however, when RF 
driving power was superimposed upon the 
de bias voltage, a current much larger than 
the normal reverse saturation current 
flowed through the diode and an area of 
negative resistance was observed. Ava¬ 
lanche breakdown current was eliminated as 

• Received by the IRE, September 21, 1961; re¬ 
visee manuscript received, October 27, 1961. 
1 I. Hefni, “Effect of minority-carriers on the Dy¬ 

namic characteristic of parametric diodes,” Electronic 
Engrg., vol. x, pp. 226-227; April, 1960. 

a possible source of this large reverse current 
since the effect was observed at bias voltages 
much less than the avalanche breakdown 
voltage. 

The diode l-V characteristics were dis¬ 
played on an oscilloscope while operating in 
a 156- to 312-Mc frequency doubler circuit 
with the bias voltage across the diode swept 
by a sawtooth voltage of approximately 100 
cps. A few typical displays are shown in 
Fig. 1. Figs. 1(a) and 1(b) are of a normal 
diode which did not exhibit the anomaly. 
Figs. 1(c) and 1(d), however, show the I-V 
characteristics of a diode exhibiting this re¬ 
verse current anomaly. This effect was ob¬ 
served for RF power inputs as low as 14 
MW. 

The minority carrier lifetime was meas¬ 
ured to determine if any correlation existed 
between lifetime and the negative resist¬ 
ance effect. Minority carrier lifetime was 
measured on a Tektronic oscilloscope 
equipped with a Tektronic diode recovery 
tester plug-in adapter. For most diodes, the 
trace was as shown in Fig. 2(a). This was as 
expected. For others, however, the trace ap¬ 
peared as in Fig. 2(b) with a spike which, 
at times, was of sufficient magnitude to 
interfere with accurate lifetime measure¬ 
ment. This spike was later correlated with 
long lifetime and the negative resistance 
phenomenon. 

The diodes tested may be separated into 
three basic device groups depending upon 
the treatment of the »-type germanium 
used in their fabrication. These groups are 
homogeneous-base devices, diffused-base 
devices, and homogeneous gold-doped de¬ 
vices. 

The homogeneous-base devices, fabri¬ 
cated from n-type germanium of various 
resistivities, exhibited lifetimes from 13 to 
356 nanoseconds. Of these, every diode 
which had a minority-carrier lifetime greater 
than 50 nsec also had a spike on the lifetime 
measurement display and exhibited the re¬ 
verse current anomaly under RF drive. 
Those units with lifetimes less than 50 nsec 
had normal lifetime displays and did not 
exhibit the reverse current anomaly. 

The gold-doped units were fabricated 
from »-type, gold-doped germanium with a 
resistivity of approximately 2 ohm-cm. 
These units were found to have normal life¬ 
time characteristics with lifetimes in the 
order of 30 nsec and showed no evidence of 
the reverse-current anomaly. 

The diffused-base units were fabricated 
from homogeneous »-type germanium which 
had a thin » + layer diffused into the sur¬ 
face. Although these diodes had minority 
carrier lifetimes between 26 and 260 nsec, no 
spikes on the lifetime measurement display 
nor negative resistance effects under RF 
drive were observed. These results were 
contrary to those expected by the simple 
correlation with minority-carrier lifetime. 
Since, with the exception of the surface 
treatment, these units were identical to the 
homogeneous-base devices, these results 
suggest that the appearance of the reverse 
current anomaly and the spike on the life¬ 
time display are dependent upon surface 
effects. 
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Diode No. I : 
(a) Reverse characteristics without RE driving 

power. Horizontal =—10 v/division. Vertical =0.1 
ma /division. 

(b) Reverse characteristics with RF driving power 
= 35 mw. Horizontal = —10 v/division. Vertical =0.1 
ma /division. 

Diode No. 2: 
(c) Reverse characteristics without RF driving 

power. Horizontal = —10 v/division. Vertical =0.1 
ma /division. 

This investigation has shown that, 
although minority-carrier lifetime is related 
to the reverse-current anomaly, it may not 
be the determining factor. Although the 
anomaly was not observed for any diodes 
with lifetimes less than 50 nsec, it was 
shown to be dependent on surface treatment 
for diodes with longer lifetimes. This would 
suggest that the reverse-current anomaly 
and the spike on the lifetime display depend 
upon surface effects in addition to the 
minority-carrier lifetime. 

Marshall Greenspan 
Special Products Operation 

Philco Corp. 
Lansdale, Pa. 

On the Resonant Frequency Modes 
of Ruby Optical Masers* 

When the input radiation from a ruby 
optical maser is passed through a Fabry-
Perot interferometer which is not crossed 
with a dispersing apparatus such as a spec¬ 
trograph, a multitude of rings is observed as 
reported by several workers in the field. 1-9 
In such a setup the various orders of the 
interferometer overlap. As a result one can¬ 
not extract sufficient information from these 
patterns. 

In consequence, it was decided to pass 
the laser beam through a high-resolution 
spectrograph. The spectrograph chosen was 
the 40-foot MIT high-resolution instrument 
using a 10-inch Harrison and Stroke diffrac¬ 
tion grating which has an apparatus line¬ 
width of only 0.02 wave numbers for 6943 A 
radiation. With this instrument, a detailed 
picture of the frequency modes can be ob¬ 
tained (see Fig. 1 ). Here, two exposures of 
the laser output, taken at different times, 
were recorded on the same photographic 
plate by moving the plate between expo¬ 
sures. A Kodak Type I-N spectroscopic 
plate was used. To facilitate the evaluation 
of this photograph, the reticule of an eye¬ 
piece was placed on the film after develop¬ 
ment. The upper scale shown in Fig. 1 repre¬ 
sents distance in millimeters where one 
millimeter corresponds to 0.8 wave numbers. 

It can be seen that the laser output con¬ 
sists of approximately 10 lines with a con¬ 
stant separation of 0.08 wave numbers be¬ 
tween them. These lines represent the dif¬ 
ferent axial Fabry-Perot interferometer 
modes excited within the ruby cavity itself. 
These appear at the wavelengths which 
satisfy (1). 

« y = (n + 1) y = • • • = (n + « y 

=••• (D 
where 

Xt 
2 (t-t) when k « » 

Note on “Complementary Series”* 

The question whether “Complementary 
Series”1 of length 26 exist has been answered 
in the affirmative with the following 
example: 

These modes fall within the 16-wave-num-
ber line-width of the 6934Â fluorescence 
line. The separation of different lines, AX/2, 
corresponds to 0.08 wave numbers and may 
be accounted for by the length of the ruby 
rod. Furthermore, we find that each line has 
a line width of 0.02 wave numbers, but, since 
the instrument also has a line width of 0.02 
wave numbers, we are limited by the resolu¬ 
tion of the instrument. Therefore, to avoid 
this difficulty, this spectrograph should be 
used in conjunction with a high-resolving 
power Fabry-Perot interferometer. 

(d) Reverse characteristics with RF driving power 
=35 mw. Horizontal = —10 v/division. Vertical =0.1 
ma/division. 

Fig. 1—Reverse characteristics of varactor diodes. 
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♦ Received by the IRE, October 13, 1961 . 
1 M. J. E. Golay, ‘Complementary series," IRE 

Trans, on Information Theory, vol. IT-7, pp. 82-87; 
April, 1961. 

* Received by the IRE, November 20, 1961. This 
note was presented at the Electron Devices Research 
Conference. Troy, N. V.,June, 1961. 
1 R. J. Collins, et ah, “Coherence narrowing, di¬ 

rectionality, and relaxation oscillations in the light 
emission from ruby." Phys. Rer.. vol. 5, pp. 303-305; 
October, 1960. 
2 T. H. Maiman. el al., “Stimulated optical emis¬ 

sion in fluorescent solids II." Phys. Rev., vol. 123, pp. 
1151-1157. 
3 W. Kaiser, el al., “Fluorescence and optical 

effects in CaFriSm**,” Phys. Rev., vol. 123, pp. 766-
776; August, 1961. 
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Fig. 1—The resonant frequency modes of ruby optical 
maser operated near threshold. 

under the fluorescence line width. From such 
experiments it was estimated that, by con¬ 
trolling the threshold input electrical energy 
to better than l/10th of 1 per cent, one 
should be able to obtain not only a single 
interferometer mode but also a single spike. 
Such single spikes have been observed. 
Since this interrelationship between fre¬ 
quency modes and spiking patterns is a very 
interesting one, further experiments are 
planned to study this effect in some detail. 

M. ClFTAN 
A. Krutchkoff 
S. Koozekanani 

Raytheon Co. 
Spencer Lab. 

Infrared and Optical Research Lab. 
Burlington, Mass. 

WWV Frequency 
With Respect to U. S. Frequency Standard 

October 1961 Parts in 10“>t 

Fig. 2—Same as Fig. 1, but operated at higher input 
energy and showing four exposures. 

Fig. 3—Same as Fig. 1, but operated at still higher in¬ 
put energies and with successively increasing 
(from left to right) slit width of the spectrograph. 

From these experiments, it is clear that 
the output consists of lines, as observed by 
the use of the spectrograph, and these are 
ciae to the different Fabry-Perot interfero-
i»eter modes sustained within the ruby 
cavity itself. Fig. 1 now clarifies the origin 
oí the numerous rings obtained by the 
Fabry-Perot interferometer. The number of 
modes shown on this pattern is dependent 
oa the input energy. At higher input ener¬ 
gies, more modes are excited, as is shown in 
Fig. 2. If all the modes within the fluores¬ 
cence line width were excited, one would ob¬ 
tain some 400 of these lines. Fig. 3 illustrates 
a case where almost all of these lines have 
been excited. 

For this picture, the slit of the spectro¬ 
graph had been gradually opened for suc¬ 
cessive exposures from left to right resulting 
in an increasing loss in resolution. For in¬ 
stance, the exposure on the very right was 
obtained with a slit-width corresponding to 
0.3 cm“1 resolution. The reason for succes-
sively opening the slit of the spectrograph 
wider and wider was to gain sufficient in¬ 
tensity and observe whether or not the 
weakly excited resonant modes falling under 
the tail of the fluorescence line shape were 
at all present. In view of the fact that the 
fluorescence output of the laser was not in¬ 
tense enough to be photographed, one con¬ 
cludes that the above exposure indicates the 
presence of all the frequency modes falling 

WWV and WWVH Standard 
Frequency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVH are kept in agreement with respect 
to each other and have been maintained as 
constant as possible with respect to an im¬ 
proved United States Frequency Standard 
(USFS) since December 1, 1957. 

The nominal broadcast frequencies 
should for the purpose of highly accurate 
scientific measurements, or of establishing 
high uniformity among frequencies, or for 
removing unavoidable variations in the 
broadcast frequencies, be corrected to the 
value of the USFS, as indicated in the table 
below. The corrections reported have been 
arrived at by means of improved measure¬ 
ment methods based on LF and VLF trans¬ 
missions. 

The characteristics of the USFS, and its 
relation to time scales such as ET and UT2, 
have been described in a previous issue,1 to 
which the reader is referred for a complete 
discussion. 

The WWV and WWVH time signals are 
also kept in agreement with each other. Also 
they are locked to the nominal frequency of 
the transmissions and consequently may 
depart continuously from UT2. Corrections 
are determined and published by the U. S. 
Naval Observatory. The broadcast signals 
are maintained in close agreement with 
UT2 by properly offsetting the broadcast 
frequency from the USFS at the beginning of 
each year when necessary. This new system 
was commenced on January 1, 1960. A re¬ 
tardation time adjustment of 20 msec was 
made on December 16, 1959; another re¬ 
tardation adjustment of 5 msec was made 
at 0000 UT on January 1, 1961; a time ad¬ 
vancement of 50 msec was made at 0000 
UT on August 1, 1961. 

* Received by the IRE, November 17, 1961. 
1 Refer to “National Standards of Time and Fre¬ 

quency in The United States," Proc. IRE, vol. 48. 
pp. 105-106; January, 1960. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
iot 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

-149.5 
-149.4 
-149.3 
-149.4 
-149.3 
-149.3 
-149.3 
-149.2 
-149.1 
-149.0 
-149.7 
-149.6 
-149.8 
-150.0 
-150.1 
-150.2 
-150.4 
-150.6 
-150.5 
-150.6 
-150.4 
-150.5 
-150.5 
-150.5 
-150.1 
-150.1 
-149.8 
-149.8 

1 io 7 
-150.0 
-150.0 

+ A minus sign indicates that the broadcast fre¬ 
quency was low. The uncertainty associated with 
these values is ± 5 X10-n . 

t Frequency adjusted —0.7 X10 10 on October 10. 

National Bureau of Standards 
Boulder, Colo. 

The Relationship Between Emitter 
Junction Recovery and 
“Wiggle” Effect* 

An anomalous behavior of the saturated 
transistor collector waveform during turn¬ 
off has been observed previously and has 
been referred to as the “wiggle” effect.1'2 
Several attempts have been made to explain 
this phenomenon.2'3 The purpose of this note 
is to report on a mechanism explaining this 
effect and to present supporting experimen¬ 
tal evidence. 

Curve ( 1 ) of Fig. 1 shows the collector 
waveform for a transistor which does not 
exhibit the “wiggle” effect; curve (2) shows 
the waveform when the “wiggle” effect is 
present. This effect may be explained by 
considering the emitter junction to become 
momentarily reverse biased upon applica¬ 
tion of the “off” pulse, and to subsequently 
become forward biased once again. Wave¬ 
forms, characteristic of the base current and 
voltage in a common emitter circuit with 
base speed-up capacitance, are shown in 
Fig. 2. Waveforms Vbb and In have been 
observed experimentally. Curve Vb'e, rep-

♦ Received by the IRE, November 13, 1961. 
1 R. Beaufoy and J. J. Sparkes, “The junction 

transistor as a charge controlled device,” ATE J., 
vol. 13, pp. 310-327; October, 1957. 
1 J. J. Sparkes, “A study of the charge control 

parameters of transistors,” Proc. IRE, vol. 48, pp. 
1696-1705; October, 1960. 

’ R. J. Bosselaers, “A simple method for compensa¬ 
tion of the wiggle effect,” The Solid Stale J., vol. 2, 
pp. 32-35; April, 1961. 
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Fig. 1—Collector waveform. 

Fig. 2—Base waveforms. 

Fig. 3 shows the distribution of base mi¬ 
nority carriers implied by the collector wave¬ 
form (curve 2) of Fig. 1 and the Vb'e wave¬ 
form of Fig. 2. The large charge transferred 
because of the speed-up capacitor causes the 
emitter and collector junctions to recover al¬ 
most immediately. A short time later the 
emitter junction again becomes forward bi¬ 
ased and causes an increase in collector cur¬ 
rent. Finally, the transistor goes through its 
normal recovery phase. Variations from the 
collector waveform, shown as curve (2) in 
Fig. 1, have been observed. These variations 
can be explained by appropriate changes in 
the distribution of base minority carriers. 

The model for the “wiggle” effect pro¬ 
posed here also satisfactorily explains other 
features of the turn-off waveform. For ex¬ 
ample, the initial fast fall is a consequence of 
the recovery of emitter and collector junc¬ 
tions.’ 

It is anticipated that this work will be 
published in greater detail in the near future. 

R. P. Nan Av ATt 
Syracuse University 

Syracuse, N.Y. 
R. J. WlLFINGER 

IBM 
General Products Div. 

Development Lab. 
Endicott, N.Y. 

1 K. P. Nanavati, “A fundamental lower bound for 
junction transistor fall time." Proc. Natl. Electronics 
Conf., vol. 17, pp. 178-181; October, 1961. 
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Fig. 1—Infrared fluorescence of Tm*1 in CaWO« at 
77°K. The line at 1.911 microns exhibits stimu¬ 
lated emission. 

(a) 

Fig. 3 - Base minority carrier distribution. 

resenting the internal emitter junction volt¬ 
age (i.e., excluding the voltage drop across 
the experimentally determined extrinsic 
base resistance), has been calculated by 
measuring the instantaneous base current. 
I'he base current was measured using a 
small sampling resistor and a differential 
sampling oscilloscope to assure that the cur¬ 
rent waveform was not being integrated. 

The initial reversal of Vb'e indicates 
that the internal emitter junction does re¬ 
cover momentarily when sufficient overdrive 
is provided. Note that, if the contribution 
of the total capacitance between collector 
and ground is recognized and considered, 
good agreement exists between the time 
when the emitter junction becomes forward 
biased and when the collector waveform be¬ 
gins to rise (denoted by It in Figs. 1 and 2). 
This agreement establishes the relationship 
between the “wiggle” effect and emitter 
junction recovery. 

Optical Maser Characteristics of 
Tm” in CaWO(* 

Recently1 stimulated emission has been 
observed in the infrared fluorescence line at 
1.063 microns (77°K) of Nd +3 in CaW04. 
Optical maser effects were observed both at 
room temperature and 77°K. Later publica¬ 
tions23 report optical maser characteristics 
of Nd +3 in two additional host lattices: 
CaF2 and SrMoO4. 

This note and the succeeding one1 de¬ 
scribe optical maser characteristics of two 
other trivalent rare earth ions in CaW04: 
thulium and holmium. 

To observe stimulated emission1 a cylin¬ 
drical rod of CaWO4:Tm +3 with polished 
silvered spherical ends is pulsed with high-
intensity illumination from a GE FT524 
helical xenon flash lamp and the light emerg¬ 
ing from the lightly silvered end (~5 per 
cent transmitting) is focussed onto the en¬ 
trance slit of a grating spectrometer. The 

♦ Received by the IRE, November 20, 1961. 
1 L. F. Johnson and K. Nassau, “Infrared Fluores-

ence and Stimulated Emission of Nd +3 in CaWO«," 
Proc. IRE, (Correspondence), vol. 49, pp. 1704-1706; 
November, 1961. 
1 L. F. Johnson, “Optical Maser Characteristics 

of Nd+* in CaFt” (to be published). 
’ L. F. Johnson and R. R. Soden, “Optical Maser 

Characteristics of Nd** in SrMoO«" (to be published). 
4 L. F. Johnson, et al.. “Optical Maser Character¬ 

istics of Ho*» in CaWO«,” Proc. IRE (Correspond¬ 
ence), vol. 50, pp. 87-88; January, 1962. 

(b) 
Fig. 2—Stimulated emission in CaWOi :Tmn at 77°K. 

(a) Upper trace: variation of lamp intensity with 
time 

Lower trace: stimulated emission at 1.911 
microns superimposed on natural fluores-
ence and stray lamp light. 

Time scale for both traces: 100 Msec /division; 
pump intensity 50 ¡»er cent above threshold. 

(b) Fluorescence and stimulated emission at 1.911 
microns, 300 per cent above threshold. 

Time scale—upper trace: 10 Msec . division 
lower trace: 100 Msec /division. 

analyzed beam is focussed onto a gold-doped 
germanium photoconductive detector5 cooled 
to 77°K and the signal displayed on an os¬ 
cilloscope. 

When irradiated by visible light, triva¬ 
lent thulium fluoresces strongly in CaW0 4 

in the region 1.7-2 microns. The infrared 
fluorescence spectrum at 77°K, shown in 
Fig. 1, corresponds to 3H5—»ML transitions 

6 We are indebted to Dr. H. Levinstein of Syra¬ 
cuse University for providing us with a crystal of Au-
doped germanium. 
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?ig. 4-Optical mawr action in CaWOt : Tin *•. 

for the free ion. At 77°K stimulated emis-
sio« is observed in the fluorescence line at 
1.911 microns, designated by the arrow in 
Fig. 1. No maser action could be obtained at 
room temperature. An oscilloscope trace of 
stimulated emission at 1.911 microns is 
shown in Fig. 2(a); a quartz prism was em-
plo.ed for wavelength isolation of the maser 
beam (lower trace). Both traces are triggered 
sinwltaneously. The stimulated emission is 
shown in more detail in Fig. 2(b) where 
1.9 1 microns has been isolated from natural 
fluorescence and stray light by means of a 
gra ing. In the lower trace it is seen that the 
fluorescence rises with lamp intensity until a 
crit cal density of inverted population is 
att; ined between the two states involved in 

the transition. A series of sharp spikes or 
bursts of stimulated emission then appear. 
The upper trace of Fig. 2(b) displays the 
character of these spikes on an expanded 
time scale of 10 psec/division. The random¬ 
ness and irregularity is quite unlike oscilla¬ 
tions in the stimulated emission of 
CaW04:Nd+s . The threshold for stimulated 
emission in the helical xenon lamp configura¬ 
tion was 125 joules of energy into the lamp 
for the one crystal examined to date. 

An energy level diagram for the 4f—4f 
transitions of Tm+I in CaWO4 based on pre¬ 
liminary absorption data combined with 
fluorescence measurements at 77°K is shown 
in Fig. 3. The term assignments are taken 
from the work of Gruber and Conway6 on 
thulium salts. Absorption is quite weak for 
the concentration used (0.5 per cent), the 
strongest lines occurring between 1.7 to 1.8 
microns. In the experiment described pump¬ 
ing probably arises principally from the near 
coincidence of weak absorption lines in the 
region 4600 to 4800 A and xenon lines from 
the lamp. On this basis a diagram depicting 
optical maser action in CaWO4:Tm +3 is 
shown in Fig. 4. The terminal state for the 
3HS—>3Hs transition involved in stimulated 
emission lies 325 cm -1 above the ground 
state. 

We wish to thank Miss D. M. Dodd for 
obtaining the absorption data and P. M. 
Ness for preparing the maser rod. The tech¬ 
nical support of R. A. Thomas and A. M. 
Broyer is also appreciated. 

L. F. Johnson 
G. D. Boyd 
K. Nassau 

Bell Telephone Labs., Inc. 
Murray Hill, N. J. 

6 J. B. Gruber and J. G. Conway, “Electronic 
energy levels and crystal quantum states of Tm (IV),” 
J. Chem. Phys., vol. 32, pp. 1178-82; April, 1960. 

Optical Maser Characteristics of 
Ho+3 in CaW0(* 

When trivalent holmium in CaWO4 is 
excited by visible light intense infrared 
fluorescence is produced in the range 1.9 to 
2.1 microns. The fluorescence spectrum at 
77°K is shown in Fig. 1. The lines are 4f10 

transitions and correspond to ‘I,—>6IS transi¬ 
tions of the free ion. The assignments are 
taken from McClure.1

A rod of CaWO4: Ho+3 (0.5 per cent) was 
examined for optical maser characteristics 
in the same manner as CaWO4:Tm +3 . At 
77°K stimulated emission is observed in the 
infrared fluorescence line at 2.046 microns, 
designated by the arrow in Fig. 1. No maser 
action was found at room temperature. An 
oscilloscope trace taken with the beam 
passed through a grating spectrometer set 

* Received by the IRE, November 20, 1961. 
1 D. S. McClure, “Electronic spectra of molecules 

and ions in crystals,” in “Solid State Physics,” vol. 9, 
pp. 400-525; 1959. 
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Fig. 1—Infrared fluorescence spectrum of Ho+’ in 
CaWO< at 77°K. The line at 2.046 microns exhibits 
stimulated emission. 

Fig. 2—Stimulated emission in CaWOcHo*1 at 77°K. 
Upper trace: variation of lamp intensity with time. 
Lower trace: stimulated emission at 2.046 microns 

superimposed on natural fluorescence and stray 
light from the lamp. 

Time scale: KM) ̂ sec/division. 
Pump intensity: 30 per cent above threshold. 
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Fig. 3—Optical maser action in CaWOcHo*1. The 
principal pumping region lies in the range 4400 to 
4600 A (~23,OOO cm ‘). The terminal state of the 
5l7—^1« transition exhibiting stimulated emission 
lies 230 cm -1 above the ground state. 
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at 2.046 microns is shown in Fig. 2. Spikes 
in the pattern are quite irregular in both am¬ 
plitude and frequency, similar to those shown 
in the preceding note2 for CaWO«:Tm+’. 
The threshold for stimulated emission was 
300 joules of energy into the helical xenon 
lamp. 

The strongest absorption lines of Ho+S in 
CaW0( lie in the range 4400 to 4600 A. By 
combining preliminary absorption data with 
the fluorescence spectrum of Fig. 1 a dia¬ 
gram depicting optical maser action in 
CaWOG Ho+S is obtained (Fig. 3). The term¬ 
inal state of the 6I7—̂l» transition involved 
in stimulated emission lies 230 cm 1 above 
the ground state. Such a small splitting im¬ 
plies that the threshold at liquid hydrogen 
temperature may be considerably lower than 
at 77°K. 

We wish to thank Miss D. M. Dodd for 
the absorption measurements and R. A. 
Thomas for preparing the maser rod. 

L. F. Johnson 
G. D. Boyd 
K. Nassau 

Bell Telephone Labs., Inc. 
Murray Hill, N. J. 

- L. F. Johnson, G. D. Boyd and K. Nassau. 
“Optical maser characteristics of TM +1 in CaWO.,“ 
Proc. IRE (Correspondence), vol. 50. pp. 86-87; 
January, 1962. 

The Field Induced by Eddy 
Currents in a Semi-Infinite Solid* 

The current interest in the switching of 
thin permalloy films poses the problem of 
the transient decay of the magnetic field 
produced by eddy currents in the ground 
plane when the drive current in a wire above 
ground is switched. This problem is con¬ 
sidered by Smythe1 for the case of a source 
above a thin ground plane of surface resis¬ 
tivity s, but as far as the author knows has 
not been treated for a thick ground plane. 
We consider here the problem of a current¬ 
carrying wire a distance d above a semi¬ 
infinite solid of conductivity a and perme¬ 
ability go. At zero time a step of current I 
is switched on. 

The field may be described by a vector 
potential A We have 

AA 
E= - — = Ho. (D 

of 

where E and Jare electric field and current 
density. Of course 

a = constant 
a = 0 

x<0 
X > 0. 

(2) 

solid cannot cha nge i n zero time, a nd eddy cur¬ 
rents are induced on the surface of the solid 
such that no magnetic field penetrates into 
the solid. From outside the solid this initial 
surface eddy current is indistinguishable 
from an image current of opposite sign in the 
solid. 

If we neglect the displacement current 
(we are interested in small line-solid spac¬ 
ings and the displacement current in the 
solid is negligible with respect to the con¬ 
duction current) the initial magnetic field 
is given by 

= 0 = 0, 

which has a solution, the field due to two 
line sources distance 2d apart for x>0. 

We find the initial surface current K 
from the boundary condition, 

(iX3),j = goK. 

In the solid1 the current density is given 
by 

dj 

ul 

A Greens function for this equation is2

GG, y; y, t) = -—-

■ exp 
(X - x')2 + (y - y')2

4u2/ 

where «2 = l/ag. 
Thus the current density in the solid at 

a general time becomes 

JG.y.O = -¿—-e-u*/*■’«> 
2ir2a2t 

(3) 

Since 

Eqs'. (1) and (2) imply that A for x<0 
cannot change instantaneously since this 
would require infinite current density in the 
solid. Therefore the magnetic field B in the 

Bt.„-j —  d/(x2 + <f2), 

f I d K = —k -
i- x1 + d2

Here we have doubled the magnitude of 
the initial surface current to account for the 
absence of solid for x>0. 

A current filament at x, y produces a 
horizontal (y) component at x=y = 0 of 

d2BK
♦ Received by the IRE, September 5, 1961. 
1 W. R. Smythe, “Static and Dynamic Electricity," 

McGraw-Hill Book Co., Inc., New York. N. Y., pp. 
390 ff. 

This amount of surface current just can¬ 
cels the initial B field in the solid due to the 
line source, at x =d. 

nJ xdxdy 

W’+y2) ’ 
(4) 

2 P. M. Morse and H. Feshbach, “Methods of 
Theoretical Physics," McGraw-Hill Book, Co., Inc., 
New York, N. Y.. p. 861; 1953. 



1*)2 Correspondence 89 

11 ?re the vector sign on J is dropped. 
If we define, 

x y d 
( =- -• 1? = -^’ * = - T 

2ay/1 2a^ / 2ay/ / 
etc., 

we have by (3) and (4), since vertical com¬ 
pel ents of B cancel when integrated over 
th? solid, 

Bk = Bo

e-i'-^'^'didTi 

’(»l’ + fW’ + xT (5) 

where 

R 
B° ~ 2rd 

VV rh the aid of 

Í * H&S 

e^dy 

y 
e ed£dn 

W + (W2 + X2) 

2ei' 
X2

(-!)■ 
(2X)2" 

one finds from (5) 

til"/ ï 
(2X)2” "/’ 

(6) 

where 

d A”'1— ) T¡e ” dt¡ 

Some Characteristics of Certain 
Electrostatically-Focused Devices* 

In the course of a recent investigation of 
E-type devices [1], the authors have con¬ 
sidered the possibility of employing an elec¬ 
trostatically-focused fast-wave device, such 
as that shown in Fig. 1, in the generation 
and amplification of microwave frequencies. 
A comparison of this embodiment with the 
helitron, described by Watkins and Wada 
[2], and with the “Cyclotron-Resonance Os¬ 
cillator,” described by Pantell [3], [4] and 
Chow [5|, reveals that it possesses certain 
features resembling both devices. In par¬ 
ticular, the ribbon-shaped electron beam is 
injected along a helical path such that the 
centrifugal force of the electron is balanced 
by the radial electric field force, just as with 
the helitron. However, certain differences in 
the electromagnetic field modes are necessi¬ 
tated in the proposed device by the fact that 
the “principal,” or TEM, wave in a coaxial 
transmission system does not provide the 
required azimuthal RF electric field [6], 
while the parallel-wire geometry of the heli¬ 
tron supports a TEM wave possessing an 
azimuthal interacting field. 

The suggestion that the ribbon-shaped 
electron beam might be arranged to interact 
with the transverse component of the TEn-
mode wave is, of course, not a new innova¬ 
tion. An excellent discussion of an electron 
beam interacting with the TEn-mode in a 
circular waveguide, containing no center 
conductor, has been presented by Pantell 
[31, with the ribbon-shaped beam being con¬ 
fined to a helical trajectory by means of an 
axial magnetic field. The experimental work 
conducted by Pantell and Chow [3], [5] was 
carried out using a rectangular waveguide, 
although it should certainly be possible to 
duplicate the experiment in a circular guide. 

The cutoff wavelength Xe for the TEn 
mode, which is presumed to propagate in 
the coaxial transmission system shown in 
Fig. 1, is approximately given by [6] 

- 2 
d \2"“2 , 
— I ije ’ dy. l.S23irr, / rA 

(1 + -)cm, (1) 

The first three 7» are 

7i = V2ir, 7» = — 5V2ir, 7, = 169a/t/V2. 

Thi s an asymptotic expansion for B in 
descending powers of X is 

/ 1 5^2 169V2\ 
B ~ Bo ̂ 1 - - ĝ 4 - J. 

In : ;rms of the time t, 

/ 2x/2 t lOy/2 f2
B = Bo ( 1- -- --

X ird^ano ird^m? 

(J)

irdV^ ) 

where r, and rc are in cm. Since this relation 
holds under the condition that r,/rc is equal 
to 3-to-l, Xc is approximately (3.92 r,). 
Hence the diameter of the outer circular 
guide, necessary to support the TEu mode 
in the coaxial system, is 15.3//c where the 
cutoff frequency fc is expressed in Gc. If 
the radial width of the ribbon beam is much 
less than the center-of-the-beam radius ro, 
and if the latter is the geometric mean of r, 
and ro then r0 becomes 4.32//e. 

The voltage tuning curve can be com¬ 
puted from 

f ~ 
2rr. 1 In (r./rc) 

(2)

where 9 is the magnitude of the charge-to 
mass ratio of the electron, Vc and V, are the 
cathode-to-center-conductor and cathode-
to-outer-conductor potentials, and $ is the 
beam pitch angle measured relative to a 
cross-sectional plane of the coaxial system. 
One can also use the basic equations of 
Watkins and Wada to obtain 

F. Fsec2 <h + 2 In (r„/r,) ~| 
Pc Lsec2 4> + 2 In (r0/r <.)_!’ 

which reduces to the case of purely circular 
motion obtained by the authors [1] when 4> 
vanishes. 

Thus, at an operating frequency of 5 
Gc, the above results lead to 

r, = 1.55 cm, ro = 0.865 cm, r = 0.517 cm. 

These values of transmission-line dimensions 
are relatively easy to fabricate and the beam 
radius is sufficiently small to provide a beam 
transmission of the order of fifty per cent. 1 

If the beam pitch angle is taken to have a 
typical value of 10°, then the values of radii 
given above may be used in conjunction 
with (3) to yield a value of —0.148 for the 
ratio of Fc/V/. Hence Vc and V, are equal 
to 343 kv and —50.7 kv, respectively, in 
view of (2). These excessively large operat¬ 
ing potentials limit the useful range much 
below the frequency chosen for computation. 
Similar conclusions were reached by Pantell 
[4] pertaining to a related device. 

If the ratio of radii (r,/rt) is maintained 
at the value specified above, then as the fre¬ 
quency is reduced the beam radius ro must 
likewise increase. Thus, while the beam and 
equilibrium potentials are reduced by a de¬ 
crease of frequency, the beam stiffness is ad¬ 
versely affected by this increased radius. 

W. M. Nunn, Jr. 
J. E. Rowe 

Electron Physics Lab. 
The University of Michigan 

Ann Arbor, Mich. 

For the case of aluminum (l/<r = 2.86X10~ , 

ohi meters) and a 7 mil line-plane spacing, 
the induced field has decayed by 1/10 in a 
tin e, 

Z = 170 nanoseconds. 

R. W. Peterson 
Control Data Corp. 
Minneapolis, Minn. 
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Physical Basis for Electro¬ 
magnetic Theory* 

Without denying the truth of the very 
attractive treatments proposed by two 
recent authors, 1 2 it is necessary to amend 
their notes and point out the places where 
knowledge of the nature of the real physical 
world is required to complete the derivation 
of Maxwell's equations. Sugai states: “Vec¬ 
tor operation (2) onto (6) gives (9),” where 
Vector operation (2) is 

divcnrlT- V-(VX F) “ 0 (D 

and (6) is 

_ dB 
V X E - - — • (2) 

dl 

while (9) is 

VÖ = 0. (3) 

Examining these relations in a bit more 
detail, we see that the first two lead to 

/ aB \ V(VXA) = V(--)=O. 

and, interchanging the order of differenti¬ 
ation, 

d _ 
- (V-B) = 0 

dl 

and integrating 

V- B = constant, (4) 

which is not quite the same as (3). In fact, 
if we compare this with 

VP = p, (5) 

the similarity of the equations leads us to the 
reason for the vanishing of the constant in 
(4). This is exactly the place where we must 
call on physical experience for help. If we 
take the magnetic analog of the charge 
density, p, we have a collection of magnets 
each with two poles, and hence the net mag¬ 
netic “charge” must be zero. 

1 know of no purely mathematical or 
logical argument for the nonexistence of an 
isolated magnetic pole. This physical fact 
arises from details of atomic structure. Eq. 
(3) can be derived, it is true, for the field due 
to a current carrying wire without recourse 
to the details of atomic structure,’ but this 
is admittedly not a general derivation. 

Another scheme for the logical develop¬ 
ment of electromagnetic theory, which 
should certainly be mentioned in this con¬ 
nection, is the one presented by Page and 
Adams,4 where the theory is developed as 

the natural extension of Milne’s work in the 
theory of relativity. In this treatment, a 
“moving element” is postulated with an 
“observer” or group of observers, and the 
equations of the theory of relativity are de¬ 
rived. Subsequently, an electric field is de¬ 
fined or, as the authors say, “represented 
graphically by continuous lines of force 
originating on positive charges and termi¬ 
nating on negative charges.” Each of these 
lines of force is “considered as the locus of a 
dense linear aggregate of moving elements, 
or points.” 

From these assumptions, Maxwell’s 
equations are developed; in particular, 

7=7X4. (6) 

and hence, 

VH = 0 (7) 

for free space. 
The physical assumptions here are quite 

different from those required in the classical 
derivations. They include the assumption of 
a unique and constant velocity of signal 
transmission (the velocity of light) and cer¬ 
tain characteristics of an observer, such as 
the ability to assign a temporal scale to 
events observed. 

It would be interesting to speculate 
about the relationships between these as¬ 
sumptions and the “physical facts” of 
atomic structure. Is there some common 
foundation from which electromagnetic 
field theory and atomic structure both arise 
as the only possible description of the 
physical world due to limitations imposed 
by our methods of observation? 

M. W. Leen 
Maple Row, RFD 1 

Bethel, Conn. 

ly speaking, V-Bmust be independent of time 
as an instantaneously observed fact. The 
question to be settled here is that it may be 
possible to say that V-B can be a finite 
quantity in a microscopic world. However, 
this assumption (or nonassumption) must 
be sup[M>rted by experiment as well as by 
theory. If EM theory is a mathematical 
identity, it needs no physical experimenta¬ 
tion. However, EM theory is the basis of 
the present electronics technology, and it 
represents a physical world. I think any 
further discussion on this fundamental uni¬ 
fying EM-atomic structure theory is rather 
specialized for the interest of the general 
public of this journal, despite the fact it is 
a worthy project. _ 

There are many books to prove div B = 0 
for macroscopic cases; yet the author found 
that the recent book by Langmuir6 had a 
very clear and elegant proof. If the perme¬ 
ability constant depends on position and 
time for_macroscopic cases, the expression 
of div B = 0 is different from div 11=0. 
Interestingly enough, attempts7 to derive 
wave equations for stationary general linear 
media will deal with the commutabilities of 
linear scalar differential operators. 

May I take this opportunity to thank 
Farhat for his kindness in pointing out a 
typographical error in the previous letter. 2 

The _correct_expression for curl curl F is 
v(v F)-v*F. 

Iwao Sugai 
TTT Federal Laboratories 

Nutley, N. J. 

* Received by the IRE, August 2, 1961. 
1 P. Clavier, "Electromagnetic theory from a 

mathematical viewpoint," Proc. IRE (Correspond¬ 
ence), vol. 48, pp. 1494-1495; August, i960. 
3 1. Sugai, "Vectors for waves and electrons." 

Proc. IRE (Correspondence), vol. 49, pp. 628-629; 
March, 1961. 
1 G. P. Harnwell. “Principles of Electricity and 

Electromagnetism," McGraw-Hill Book Co., Inc., 
New York, N. Y„ pp. 289 290; 1938. 

* L. Page and N. I. Adams, “Electrodynamics," 
D. Van Nostrand Co., Inc., Princeton, N. .1.; 1940. 

Comments by Iwao SugaP 
The author would like to thank Dr. Leen 

for his attention to the recent letter,2 which 
employs the universally accepted under¬ 
standing of div B=0 for the set of Max¬ 
well’s equations for macroscopic physical 
facts. 

Leen’s note appears to seek a basic 
answer for div_B = 0 in macroscopic descrip¬ 
tions and div B = constant, for microscopic 
phenomena. His aim seems to be unification 
of the field theories of electromagnetic phe¬ 
nomena and the field theories related to 
atomic structures. By the well-known cor-
respondence principle, the prediction made 
by quantum physics (microscopic) ap¬ 
proaches the description of classical physics 
(macroscopic) if the quantum number in¬ 
volved becomes very large, but not in the 
reverse direction. Therefore, if he maintains 
div B = C (constant), this C must become a 
function of quantum number in order to 
realize this smooth transition. This already 
requires that field quantities such as E, II . 
D, and B must become functions of position, 
time, and quantum numbers. 

Because — {d/dt}V- B=0, mathematical-

5 Received by the IRE, August 16, 1961. 

Comment by P. .1. Clavier* 
While the author's work1 is only men¬ 

tioned in Leen's article, and not referred to 
directly, Leen misses one point the author 
tried to make. 

The attempt was to show that the num¬ 
ber of possible forms for physical laws was 
very small indeed, so that one could well de¬ 
velop all possible physical theories without 
mentioning the physical world itself. When, 
however, one wants to select a possible 
theory to represent a given phenomenon, 
there is first a choice between the small num¬ 
ber of possible theories. When a given theory 
is selected, the values of the universal con¬ 
stants can still be chosen within that theory 
so as best to fit the experimental data. Such 
a constant is, for instance, the velocity of 
light. 

As for V-B, the introduction of a new 
scalar is only necessary if the description ob¬ 
tained with 3 vectors and one scalar 
(E, H, i and p) is not satisfactory. (The in¬ 
troduction of p forces the introduction of i.) 

P. A. Clavier 
Autonutronic 

Division of Ford Motor Company 
Newport Beach, Calif. 

6 R. V. Langmuir. “Electromagnetic Fields and 
Waves.” McGraw-Hill Book Co.. Inc., New York. 
N. Y., p. 69; 1961. 

’ I. Sugai, “Operators for wave equations in gen¬ 
eral linear media." IRE Trans, on Antennas and 
Propagation (Communication), vol. AP-9, pp. 501-
502; September, 1961. 

* Received by the IRE, August 17, 1961. 



1^52 Correspondence 91 

Explanation of One Type of RF 
Induced Negative Resistance in 
Junction Diodes* 

In a previous correspondence1 we re¬ 
pented the observance of negative resistance 
regions in the I-V characteristics of some 
p-t junction diodes when they were pumped 
by in RF signal. We propose to give here the 
reason for the observed negative resistance. 

In our experiment the diode was driven 
via an impedance matching network which 
Wis resonant at the pump frequency. The 
dixie behaves as a nonlinear capacitance in 
this resonant circuit. The effect of capacitive 
nci linearity in a resonant circuit has been 
treated extensively. 2 3 The important result 
fo-our purpose is that shape of the response 
cirve is distorted from that of the linear re¬ 
sponse curve to the shape displayed by the 
experimental response curve of Fig. 1. This 
cirve was obtained by driving the circuit 
from a sweep frequency generator and 
k»sely coupling a detector to the circuit. 

If the driving frequency is kept fixed and 
th_r bias voltage is swept, the observed re¬ 
sponse voltage as a function of bias voltage 
is similar to the curve of Fig. 1 because 
sweeping the bias voltage has the effect of 
sweeping the resonant frequency of the cir-
ci« the diode capacitance being a function 
of he bias voltage. An experimental curve 
of »espouse versus bias voltage for the diode 
is Mown in Fig. 2. 

The RF response voltage appears across 
th’ diode. If the driving power is large 
encugh, the response voltage drives the 
diode into the nonlinear resistance region, 
resulting in rectification of the RF current. 
Th s current rectification results in a for¬ 
ward direct current in the bias circuit. 
A negative resistance in the bias circuit 

<;u now occur in the following way. The re-
sp®se voltage as a function of bias voltage 
hie a negative slope in two regions, denoted 
by 4 and B in Fig. 2. The scope trace jumps 
ac-jss region A because the response curve 
ex «bits an instability in that region. 2 3 If 
thi negative slope of the response curve is 
steep enough in these regions, the rectified 
cu~ent will increase even though the bias 
v<J age is decreasing. Hence the increase of 
the response with decreasing bias voltage in 
reg on A of Fig. 2 gives rise to an increasing 
rec ified current with decreasing bias voltage 
in »egion A of Fig. 3, which is the bias cir-
cu i I-V characteristic observed, while the 
re- ponse curve of Fig. 2 occurred. Similarly, 
the negative slope of the response in region 
B x Fig. 2 causes the rectified current to in¬ 
crease as bias voltage decreases in region B 
of F ig. 3. In Fig. 3 the negative resistance at 
A is current controlled and that at B is 
vo tage controlled. 

It should be emphasized here that the 
negitive resistance effect described above is 
different from another negative resistance 
effect, due to minority carrier storage, which 

* Received by the IRE, October 23, 1961. 
• J. C. McDade, “RF-induced negative resistance 

in anction diodes," Proc. IRE (Correspondence), 
vol 19, pp. 957-958; May, 1961. 

- J. J. Stoker, “Nonlinear Vibrations,” Inter-
sciaxe Publishers, Inc., New York, N. Y., pp. 81 ff.; 
1953 

• W. J. Cunningham. “Introduction to Nonlinear 
Analysis,” McGraw-Hill Book Co., Inc., New York, 
N. pp. 171 ff.; 1958. 

Fig. 1—Experimental response curve. Vertical scale 
is power sampled by the detector. Horizontal scale, 
representing frequency, is calibrated at 4 Mc/cm 
centered at 320 Me. Input power 40 mw. Diode 
bias is —9 V. The diode used was a type TI C64. 

Fig. 2—Experimental response of the circuit as a 
function of back-bias voltage on the diode. Vertical 
scale is sampled power at the driving frequency 
of 310 Me. Horizontal scale is negative bias voltage 
calibrated at 2 v/division with zero volts at the 
extreme right. Input power 40 mw. 

Fig. 3—Bias circuit I-V characteristic resulting from 
the response of Fig. 2. Horizontal scale same as 
Fig. 2. Vertical scale is 0.1 ma/division. 

has frequently been observed in some vari¬ 
able-capacitance diodes.4-6 That the two 
effects are of different nature can be seen 
from the following experimental observa¬ 
tions. The resonance type of negative re¬ 
sistance described here does not exist unless 
there is a resonant circuit at the driving fre¬ 
quency, whereas the minority carrier nega¬ 
tive resistance can exist even when there is 
not a resonant circuit at the driving fre¬ 
quency. The resonance type of negative re¬ 
sistance seems to be observable at any fre¬ 
quency7 as long as the diode capacitance is 
appreciable compared to any linear capaci¬ 
tance in the circuit, while the minority carrier 
negative resistance disappears when the 
period of the driving signal is appreciably 
longer than the minority carrier lifetime. 
An explanation of the minority carrier nega¬ 
tive resistance can be found in Siegel.5

James C. McDade 
Diamond Ordnance Fuze Labs. 

Washington, D. C. 

4 I. Hefni, “Effect of minority carriers on the dy¬ 
namic characteristic of parametric diodes,” Electronic 
Engrg., vol. 32, pp. 226-227; April, 1960. 

s K. Siegel, “Anomolous reverse current in varac¬ 
tor diodes,” Proc. IRE (Correspondence), vol. 48, 
pp. 1159-1160; June, 1960. 
6 I. Hefni, “The negative resistances in junction 

diodes," Proc. IRE (correspondence), vol. 49, pp. 
1427-1428; September, 1961. 
7 E. O. Keizer, “A carrier energized bistable circuit 

using variable capacitance diodes,” RCA Rev., vol. 
18, pp. 475-485; December, 1957. 

Cutoff Frequency of a Junction 
Transistor when Mobilities 
are not Constant* 

Sugano and Koshiga1 have presented a 
very interesting analysis of the cutoff fre¬ 
quency of a drift transistor, taking account 
of the mobility variation in the base region. 
This decrease in mobility in the heavily-
doped base region, indeed, does reduce the 
cutoff frequency, as the authors point out. 
However, the effect of this mobility varia¬ 
tion in practical structures may not be as 
serious as indicated by their numerical ex¬ 
ample. 

In their numerical example, Sugano and 
Koshiga assume a built-in field of 8(kT/qW) 
where W is the base width, and assume that 
the mobility is decreasing with increasing 
impurity concentration as N~'13 throughout 
the entire base region. However, inasmuch 
as the mobility in germanium is essentially 
constant for N<10 16 cm -3 , these assump¬ 
tions imply that the impurity concentration 
at the collector edge of the base region must 
be at least 10 16 cm -3 and the impurity con¬ 
centration at the emitter edge of the base 
region must be e8 = 3X103 as large, or 
3X1019 cm-3 . In practical structures, how¬ 
ever, such a very large value of concentra¬ 
tion would not be used because of the diffi¬ 
culty of obtaining good emitter efficiency 
and of the very low emitter-base breakdown 
voltage and high emitter transition capaci¬ 
tance that would result. 

In practical germanium drift-type struc¬ 
tures, the impurity concentration at the base 
edge of the emitter-base junction would nor¬ 
mally range from 5X10'6 to 5X101’ cm-3 , 
while the impurity concentration at the col-
lector-depletion-layer edge of the base region 
will generally range upward from 3X10” 
cm-3 . Consequently, in most practical struc¬ 
tures, the mobility variation will be impor¬ 
tant only through a part of the active base 
region. To illustrate the order of magnitude 
of the effect in typical structures, the cutoff 
frequency2 œr (as distinct from the alpha¬ 
cutoff frequency ua considered by Sugano 
and Koshiga) can be calculated approx¬ 
imately by the method of stored charge, as 
shown by Varnerin3 and as extended by 
Beale,4 for a base structure in which the 
impurity concentration and minority-carrier 
diffusion constant vary as follows: 

NW = Na^ 0 < X < W (1) 

D„W = D, 
0 < X < IF, 
Wt<x<W 

(2) 

Here x is distance measured through the 
base from the emitter, IV is the base width, 
and Wi is the distance from the emitter edge 
of the base region to the point in the base at 

♦ Received by the IRE, September 11, 1961. 
1 T. Sugano and F. Koshiga, “The calculation of 

cutoff frequencies of minority-carrier transport fac¬ 
tors in drift transistors when the mobilities are not 
constant,” Proc. IRE (Correspondence), vol. 49, 
p. 1218; July, 1961. 
1 The frequency at which the magnitude of the 

common-emitter short-circuit forward current trans¬ 
fer ratio |A/el can be extrapolated to 1. 
3 L. J. Varnerin, “Stored charge method of tran¬ 

sistor base transit analysis,” Proc. IRE, vol. 47, pp. 
523-527; April, 1959. 
4 J. R. A. Beale, “The calculation of transit times 

in junction transistors when the mobilities are not 
constant,” Proc. IRE (Correspondence), vol. 48, 
p. 1341; July, 1960. 
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TABLE I 

Case 
An •Vil 

0Wi PIT 
(<vr» ’’/Di) 

(cn •) Eq. (3) Eq. (4) 
(a) 
(b) 
(c) 
(d) 

2X10” 
10” 

5X10«K
5X10” 
5X10” 
5X10” 

3 
2.3 
1.6 
8 

6 
5.3 
4.6 
8 

5.9 
5.8 
5.55 
2.2 

7.2 
6.5 
5.85 
9.1 

The results arc shown in Fig. 1, where k 
is the improvement factor defined by 

which the impurity concentration has de¬ 
creased to a value such that mobility, i.e., 
Dp, no longer varies with impurity concen¬ 
tration, e.g., for germanium, IF| occurs in 
the base at the point where A^(.v)=10'* 
cm-’. In (1) and (2) 0 is a constant which is 
proportional to the built-in electric held, 
and can be evaluated in terms of the impur¬ 
ity concentration at the emitter and col¬ 
lector edges of the base region, No and Nw 
respectively, as 0lF=ln (Nt>/Nw)- By sub¬ 
stituting (1) and (2) into Beale’s (2) for 
calculating the hole concentration in the 
base and by substituting the resulting ex¬ 
pressions6 for hole concentration in Var-
nerin’s (1) the transit time, r, which is the 
reciprocal of the cutoff frequency w-r, may 
be written as 

T - (l/«r) = IF2 1 
Ä (0WT‘ 

•{(9/4)/"''’- (l/4)e ̂ »' 
+ r*»’ + (0W - 0Wi) - 3|. 

times the value corresponding to constant 
mobility in the base, rather than to the 0.3 
factor quoted by Sugano and Koshiga for 
ua. However, this difference probably can be 
attributed to the fact that the result in 
Table I is obtained in terms of the cutoff 
frequency, wr, rather than in terms of the 
alpha-cutoff frequency, ua. 

In conclusion, it also might be of interest 
to point out that a resaonable estimate of the 
effect of mobility variation on cutoff fre¬ 
quency can be obtained by employing the 
simpler (4), which assumes constant mobil¬ 
ity, and using a value of mobility corre¬ 
sponding to the mean value of the impurity 
concentrations at the emitter and collector-
depletion-layer edges of the base region. 

R. L. Pritchard 
Transistor Products Div. 
Texas Instruments Inc. 

Dallas, Tex. 

where /a is the cutoff frequency of the trans¬ 
port factor anti Dpi is the diffusion constant 
of minority carriers at the collector edge of 
the base region. 

Furthermore Pritchard has presented an 
interesting extension of Varnerin’s stored-
charge base transit time analysis. Here it 
must be pointed exit that the base transit 
time t is not the reciprocal of the cutoff 
angular frequency u„. 

The dotted line in Fig. 1 shows the im¬ 
provement factor when the cutoff angular 
frequency is defined by the reciprocal of the 
base transit time, which shows the great 
discrepancy. 

It appears difficult to relate the cutoff 
frequency to the bise transit time directly, 
because calculations based on the diffusion¬ 
mobility model allow for the broadening of 
the input signal and provide thereby a more 
detailed and accurate determination of phase 
lag for an ac signal,1“ but the stored-charge 
method does not. 

However, the phase differences between 
the emitter current and the collector current 
at the cutoff frequency is an experience. 
Namely, the approximation 

(3) 1 
Note that this expression reduces to Beale’s 
(7) if Wi = IF, i.e., if mobility varies through¬ 
out the entire base region. Alternatively, if 
ITT =0, i.e., if mobility is constant through¬ 
out the entire base region, (3) reduces to 

T = (I/«,.) = B’2 1 
ÕT ¿Srj« 
•{(/su - + (4) 

This result could be extracted from Var-
nerin's analysis, and interestingly enough 
also was derived by te Winkel* using classical 
techniques, rather than the stored-charge 
approach ! 

To illustrate the order of magnitude of 
cutoff-frequency reduction for practical 
structures, the results of a series of calcula¬ 
tions based on (3) and (4) are presented 
here in Table I. 

Cases (a)-(c) represent typical germani¬ 
um drift structures 7 8 and show that the 
decrease in cutoff frequency due to mobility 
variation is, at most, of the order of 5 to 20 
per cent. Case (d) is that of Sugano and 
Koshiga and is included only to show that 
(3) above also predicts a rather severe de¬ 
crease in cutoff frequency due to mobility 
variation for such a hypothetical structure. 
In fact, the results in Table I indicate that 
the cutoff frequency ur is reduced to 0.24 

5 Note that there are two solutions, one valid for 
0 <x <Wi, and a second expression for ITi <x <IF. 
6 J. te Winkel, “Drift transistor -simplified elec¬ 

trical characterization.” Elec, and Radio Engr., vol. 
36, p. 382. Eq. (17); August, 1950. 
7 A. L. Kestenbaum and N. H. Ditrick. “Design 

construction and high-frequency performance of drift 
transistors," RCA Rev., vol. 18, p. 13; March, 1957. 
8 C. G. Thornton and .1. B. Angell, “Technology 

of micro-alloy diffused transistor," Proc. IRE, vol. 
46. p. 1171 ; .lune, 1958. 

A uthors' Comment9
in the preceding communication, 

Pritchard has discussed our numerical exam¬ 
ple. It seems worthwhile to make clear why 
we assumed such a hypothetical structure as 
previously reported.1 A built-in field of 4 in 
terms of d/f, where d was the base width,/ 
was IkT/qE and E was the electric field, was 
assumed for convenience to compare our cal¬ 
culations with Kromer’s results and in order 
to compare these under the severest condi¬ 
tion. The mobility was assumed to decrease 
with increasing impurity concentration as 
N~' 13 throughout the entire base region for 
convenience to compare our calculations 
with Beale’s results' and to calculate modi¬ 
fied Bessel functions numerically. 

We are in complete agreement with 
Pritchard’s opinion that the effect of minor¬ 
ity carrier mobility variation in practical 
drift transistors is not as serious as indi¬ 
cated by our numerical example. 

We have calculated the effect of mobility 
variation on the minority-carrier transport 
factor as the function of d/f, the parameter 
of which is a, defined by ( 1 ) of our previous 
correspondence. Namely, 

is rewritten to give 

o.ar = 1, 

which indicates that the phase angle of the 
transport factor at the cutoff frequency is 
one radian. 

I he relation is a good approximation for 
the diffusion transistor, because the phase 
angle of the transport factor at the cutoff 
frequency is 57°, or 0.997 radian. 

For the case of the diffusion transistor, 
r is given by 

a2
T = - . 

w„ 

therefore the cutoff frequency is obtained as 
follows: 

This formula is approximately equal to the 
result obtained fro n the diffusion equation. 

For the case of the drift transistor, how¬ 
ever, the phase angle of transport factor 
at the cutoff frequency is the function of the 
built-in field. 1 henefore, the relation of the 
cutoff frequency to the base transit time for 
the drift transistor should be 

9 Received by the IRE, October 3, I‘>61. 

But the usual way of deriving the expression 
for the phase angle of transport factor is to 
use the diffusion equation. Consequently, 
from the stored-charge method, we believe, 

10 L. J. Varnerin, irivate communication. 
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Fig. 1 — Oscillator structure (not to scale). 

Fig. 2—Simplified equivalent circuit. 

F S. 1-—Improvement 'actor of the cutoff frequency 
as the function of a built-in field. 

where r = Rb/Rn, I = L/R^C, P^ = 
( V,- Up)’/8P,vand R„ = { F,- Fp)/(Z„-Z,). 

If Z<K1, the oscillation is sinusoidal with 
frequency 

ZirV LC 

If ZX>1 the unloaded oscillation is of the re¬ 
laxation type, and under specified conditions 
of loading, the frequency should be propor¬ 
tional to Rn/L. Thus the frequency should 
have the functional form 

where /„= 1/27tZ?vC. Measurements of fre¬ 
quency vs inductance for low peak-current 
diodes indicate that a»0.12. 

Unloaded output waveforms are shown 
in Fig. 3 for diode No. 68-3 (Zp = 5.2 a, 
Æ,v = 0.034 ohm, C=0.016 Mf, so /d = 290 Me 
and Rn2C= 19 ̂ h). The frequency shows the 
dependence upon bias voltage which is char¬ 
acteristic of relaxation oscillation. 

With diode No. 68-2 (Z, “4.35 a, 
P.v = 0.066 ohm, C=0.014 4 and Pm,« = 92 
mw, so/a=175 Me and Z?.v2C = 60 M^h) the 
output power is measured as 

pre. Power output 
//A I r (meas- (calcu-

y ured) lated) 
55 0.31 6 0.77 87 80 
100 0.57 2.4 0.4 65 76 
Me mw mw 

t mí cutoff frequency has not been obtained 
as yet. 

In summary, Pritchard’s contribution of 
a more practical analysis for the case of 
v; riable mobility s interesting and illumi-
i . ting. The relation of the cutoff frequency 
t: the base transit time, however, should be 
< fecussed more rigorously. 

T. Sugano 
F. Koshiga 

Dept of Electronic Engrg. 
University of Tokyo 

Tokyo, Japan 

Fig. 3—Unloaded output waveforms. 

A 5-Ampere Peak-Current Turin el-
Eiode Oscillator at VHF* 

Germanium tunnel diodes with peak cur¬ 
rents of about 5 amperes have been used as 
oscillators at frequencies up to 100 Me. 

The diodes are “solution-grown” squares 
■vith dimensions of 0.02 in X 0.02 in X 0.011 
ri . One face is soldered to the end of a short 
^ece of No. 13 copper wire. Another wire 
a akes a mercury wetted contact to the other 

face. The capacitance of the diodes (esti¬ 
mated as the ratio of peak-minus-valley 
current to the maximum slope of the con¬ 
stant current switching transient) was 
about 0.02 nf. The series parasitic inductance 
was calculated and measured to be about 
20 g/ih, and the series resistance was about 
0.01 ohms. 

The oscillator structure is shown in Eig. 
1. The oscillator circuit is formed by press¬ 
ing a thin strip of nichrome tightly against 
the copper wires to serve as bias resistance 
and to complete a small-loop inductance of 
100 to 200 maT. The low-impedance output 
transmission line allows loading of the diode. 

■Such an oscillator can be crudely 
analyzed by assuming that the series para¬ 
sitic inductances of the diode and the load 
are negligible, and the v-i characteristic has 
constant slope in the negative resistance 
region as shown in Fig. 2. The load con¬ 
ductance can be increased until 

1 1 C 
- = — Rb. Rn Rl L 

lhe “calculated” power output is esti¬ 
mated from (1) and (2). There is fair agree¬ 
ment with the measured power, although 
the measured power appears to be falling 
off more rapidly with frequency. This may 
be because the effect of the load parasitic-
inductance has been entirely neglected. 

The author would like to express his 
gratitude to the staff of the Bell Telephone 
Laboratories at Murray Hill, N. J., for the 
opportunity to use their facilities to fabri¬ 
cate the tunnel diodes considered here. 

A. C. Scott 
Dept, of Elec. Engrg. 

Mass. Inst. Tech. 
Cambridge, Mass. 

♦ Received by the IRE, September 25, 1961. This 
i )te is based on a thesis submitted in partial ftilfill-
wnt of the requirements of the degree of Doctor of 
•xience in the Dept, of Elec. Engrg. at the Mass, 
ist. Tech., Cambridge, Mass., on August 21, 1961. 

at which point the power into R¡. will be 

Po = (1 - r/l)P„ml , (1) 

On the Probability of Error for 
Largest-of Selection* 

Quite often in the processing of radar and 
communications signals, a group of channel 
outputs are compared and the largest se¬ 
lected as the channel containing the signal. 
Inherent in this process is the possibility of 
making an error in selection. The proba¬ 
bility of making such an error is the subject 
of this note in which a closed-form exprès-

♦ Received by the IRE, September 5, 1961. 
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sion is derived and a family of curves pre¬ 
sented. 

A model consisting of N channels is as¬ 
sumed. All channels contain noise; one of the 
channels contains a signal as well. The 
noise in the N channels are independent and 
Gaussian with mean zero and average power 
^o. The signal is a sinusoid of amplitude P. 
The outputs of the N channels are envelope 
detected and the largest selected as the 
channel containing the signal. 

The probability of making an error, Pe, 
can be computed from the probability 
densities given by Rice,1 for the envelope of 
a sinusoid immersed ir Gaussian noise. These 
are: for the 7V-1 channels containing only 
noise 

order 
have 

Pt

of summation and integration, 

A l 
i- E 

0 ^0 

.e-[A'»(n+l)+P dX. 

we 

(6) 

Watson2 has shown that 

_ g-lxHi+ll+P-
o do 

dX 

_ J_ ^-tn/n+DP’/î^û 
„ + 1 

Combining (7) and (6) yields 

(7) 

(1) 
^0 

and for the channel containing signal and 
noise 

hW = ~ (2) 
Wo ' Wo / 

g-(n/n+l 

By letting R = P*/do (note that R corre¬ 
sponds to 2E/Nuof Woodward* and matched 
filter theory) and recognizing that the first 
term of the series is unity, we have 

It is interesting to note that, since the 
relative signal amplitudes will not be effected 
by detectors whose output is a monotonic 
function of the input amplitude, any mono¬ 
tonic detector could have been used in the 
model. The envelope detector was selected 
for ease of analysis. 

An expression for probability of error is 
obtained by finding the probability of 
making the correct selection, and then sub¬ 
tracting this quantity from unity. The 
probability of correct selection is obtained 
by, first, computing the probability of suc¬ 
cess for each possible value of the signal and 
then averaging these probabilities over all 
possible values of the output of the signal 
channel. This operation is expressed func¬ 
tionally by 

f MA')[ J ̂dFWF] ' 'dX. (3) 

By inserting (t) and (2) into (3), we 
obtain 

P, = 1 - f — ) 
J o do \ do I 

X y -1 n-i 
— e-v^dV dX. (4) 
do J 

W (-1)"+1 IN - 1\ = V -- -- I ) g-loln+DRIt 
oJi n + 1 \ h / 

(8) 

For small values of N there is little diffi¬ 
culty in calculating P as a function of R; 

Doppler Studies of the Ionosphere 
with Vertical Incidence* 

Several articles have appeared recently12 
discussing ionospheric investigations by 
means of the Doppler shifts produced by 
movements of the layers. It may be of inter¬ 
est that similar investigations are being 
carried out at the Boulder Laboratories of 
the National Bureau of Standards, Colo. 
The method in use is essentially that de¬ 
scribed by Watts and Davies’ for oblique 
propagation except that the transmitter and 
receiver are separated by about 15 km, thus 
giving essentially vertical incidence. Briefly, 
the technique consists of recording, on slow-
moving magnetic tape, the beat frequency 
produced by the received carrier and a local 
off-set oscillator of high stability. The beat 
frequency (about 5 cps) is converted into an 
audio tone by fast playback, and the fre¬ 
quency spectrum is analyzed by standard 
audio techniques. Time variations in the 
phase path (P) of the wave produce equiva¬ 
lent frequency variations of the received 
signal. The off-set oscillator makes possible 
the determination of the senses of these fre¬ 
quency variations. Sample Doppler “iono¬ 
grams” produced by this technique are 
shown in Fig. 1 on carrier frequencies of 
2.10, 4.00 and 5.05 Me. The traces on 4.0 
and 5.05 Me are similar in shape but are 

BOULDER. AUGUST 7, 1961 

*00 w 

It is easily shown that 

Cx V I — e-<l'l9h>d\- = 1 - '*•> 
Jo do 

Fig. I—Probability of error for largest of selection. 

and using the Binominal series, we obtain 

I I _ ¿-(A W O)]A -I 

= É (-D" (N " (5) 
n-0 X M / 

however, for N larger than about 7, it is 
usually more expedient to use an electronic 
computer. The results of such a program are 
shown in Fig. 1 for R from zero to 50 and 
logarithmic increments of N from 2 to 27. 

H. Ward 
Sylvania Electronic Systems 

Waltham, Mass. 

Fig-. 1—Frequency fluctuations of signals reflected 
from the ionosphere with normal incidence. 

Combining (5) and (4) and reversing the 

1 N. Wax, “Noise and Stochastic Processes," 
Dover Publications, Inc., New York, N. V.; p. 238. 
1954. 

- G. N. Watson. “Theory of Bessel Functions,’' 
Cambridge University Press, London. Eng., p. 393: 
1948. 

• P. M. Woodward, “Probability and Informa¬ 
tion Theory,” Pergamon Press. Inc.. New York. N. Y„ p. 103; 1955. 

* Received by the IRE, October 5. 1961. 
, J T. Ogawa, S. Ando and A. Yoshida, “Vertical 
incident Doppler ionogram,” Proc. IRE (Corre¬ 
spondence), vol. 49, p. 643; March. 1961. 
2 J. W. Findlay, el al., “Vertical incidence Doppler 

ionogram,” Proc. IRE (Correspondence), vol. 49, p. 1220; July, 1961. P
3 J. M. Watts and K. Davies, “Rapid frequency 

analysis of lading radio signals,” J. Geophys. Kes., vol. 65. pp. 2295-2301; August, 1960. 
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sin ilar to the 2.10-Mc trace only near 1930 
(1(5° West Meridian Time). 

Several frequencies can be used to give 
so tie information about the level at which 
the observed effects originate. The observed 
¡instantaneous frequency shift (if) of a car¬ 
rier frequency/, Me, is given by the formula 

c dt 

where 

(1) 

(2) 

n being the phase refractive index at a point 
on the ray path where the ray makes an 
angle a with the direction of the wave nor¬ 
mal. (Note that this difference in direction 
arises from the anisotropy produced in the 
ionosphere by the earth's magnetic field.) c 
is the free-space velocity of light. For vertical 
propagation, ds cos a = dh where dh repre¬ 
sents an increment in the actual height (A); 
thus 

P = 2 J ndh. (3) 

From (3) it can be seen that with vertical 
incidence, variations in phase path may be 
brought about either by changes in height 
of reflection only or by changes in refractive 
index along the path. Consider the case in 
which only the height of reflection varies. 

frequencies, indicating that most of the 
changes are due to variations in the levels of 
reflection. One other point of interest con¬ 
cerns the measurement of phase path. As 
has been pointed out by Ogawa, Ando and 
Yoshida,2 the Doppler technique measures 
time rates of change of phase path. How¬ 
ever, it is possible to obtain net changes in 
phase path (AP) by integrating (1): 

J tfdl - ^P. (7) 

Now the integral on the left-hand side is the 
area under the ¿/-time curve, which can be 
determined experimentally. 

The method described above has several 
advantages over the system described by 
Ogawa, Ando and Yoshida, most important 
of which are: first, that the sense of the 
changes is determined and, second, that the 
total phase-path change can be easily ob¬ 
tained. It lacks the virtual height determi¬ 
nation possible in Findlay’s technique. 

Kenneth Davies 
Central Radio Propagation Lab. 

Boulder Labs. 
Natl. Bur. Standards 

Boulder, Colo. 

PHOSPHOR SCREEN 
» MESHES 

ELECTRON FLOOD GUN 

Fig. 1—The screen to be tested is illuminated through 
the mesh by a flood beam. 

Fig. 2—A commonly used system focuses an elec¬ 
tron image of a NBS chart onto the screen. 

„ f dh if = -1--
c dl 

(4) 

so that, fòr a given ionospheric height vari¬ 
ation, the frequency fluctuations are pro¬ 
portional to the carrier frequency. On the 
other hand, consider the case in which ioniza¬ 
tion is produced in a slab, of thickness t, and 
in which the electron density is N/m\ well 
below the level of reflection, e.g., the D 
region, where the refractive index, n, is 
approximately unity so that 

/ Ñ 1 N 
<5> 

where 

•k = 8.06 X IO“ 11 . 

Now 

dP _ 1 k_ dN_ 
dt~ ~ 7 ‘ P ~d7 

Therefore 

so that, under these conditions, the magni¬ 
tude of the frequency fluctuations is in¬ 
versely proportional to the frequency of the 
carrier wave. 

By observing several different carrier 
frequencies it should be possible to deter¬ 
mine, at least to some extent, whether the 
observed phenomena are due to changes in 
height of reflection or to ionization changes 
in the lower ionosphere. Measurements of 
the frequency fluctuations, in Fig. 1, near 
1930 and 1940, respectively, show that the 
ratios are approximately the ratios of the 

Measuring Phosphor Resolution* 
The resolution of settled phosphor 

screens can be measured with an electron 
gun and a fine metallic mesh. The screen to 
be tested is illuminated through the mesh 
by a flood beam from the electron gun 
(Fig. 1). As successively finer meshes are 
used, the shadow of the mesh ceases to be 
resolved through the phosphor, and a mesh 
resolution number is assigned to the screen 
corresponding to the just discernible web 
width. 

The resolution of the system is limited by 
the scattering of the electrons at the mesh. 
The error due to this scattering can be kept 
small if the separation of the screen and the 
mesh is only a few mils and the drift space 
between the gun and the screen is several 
inches. In contrast, one commonly used sys¬ 
tem projects a National Bureau of Standards 
lens resolution chart on a transparent photo¬ 
cathode and focuses the resultant electron 
image on the screen to be tested (Fig. 2). 
With this method the resolution of the 
optical lens, the photocathode, and/or the 
electronic lens might be worse than that of 
the screen. 

The meshes are cemented to rings, 
which are mounted in a holder that accom¬ 
modates three rings simultaneously, so that 
the resolution of the phosphor can be brack¬ 
eted (see Fig. 3). To test the resolution of 
the camera, the holder is mounted between 
the phosphor and the camera and back-

* Received by the IRE, October 9, 1961. This 
work was done under the auspices of the U. S. Atomic 
Energy Commission. 

Fig. 3—The meshes are mounted behind the phosphor 
in this holder. 

lighted with light from the phosphor. In our 
tests, the 1000-lines-per-inch mesh with a 
web width of 310 microinches was discernible 
when photographed in this manner. How¬ 
ever, when the phosphor was placed between 
the holder and the camera, this pattern was 
no longer visible, but the next finer mesh 
was clearly “seen” through the phosphor. 
Since this mesh was a 500-line, 450-micro-
inch mesh, the phosphor was assigned a 
mesh resolution figure of 450. These electro¬ 
formed nickel meshes are available from 
Buckbee Mears, St. Paul, Minnesota, in 
web widths that cover the resolution range of 
settled phosphors; intermediate widths can 
be purchased on special order. Meshes with 
unequal horizontal and vertical webs that 
would effectively double the number of test 
patterns that could be mounted behind the 
phosphor are also available. 
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No data were taken to correlate mesh 
resolution figure with line pairs per milli¬ 
meter. For the purpose of evaluating settling 
techniques, the mesh system was simple, 
inexpensive, and relatively independent of 
the resolution of the system. 

The author wishes to thank L. Mancebo 
and R. Kalibjian for their advice and 
Technician R. Reiss for his assistance. 

G. A. Leavitt 
Electronics Engrg. Dept. 
Lawrence Radiation Lab. 
University of California 

Livermore, Calif. 

Combining (1), (2) and (3) results in 

E = xC,!^«'2» - Vb. (4) 

Differentiate E with respect to x: 

dE 
dx 

F xKA dE~\ , 
10A4E '»oG0 1+ - In 10— , (5) 

L 20 dx J 

and take common logarithms of both sides 
of the equation: 

dE KAE 
log— = + log G» 

dx 20 
xKA 
20 

dE~\ 
In 10— . 

dx J 
(6) 

Differentiate (6) 
again: 

with respect to x once 

Analysis of AGC Loops* 
In an earlier paper,1 Victor and Brock¬ 

man presented a detailed analysis of AGC 
loops. This communication contains an 
alternative method of derivation and some 
additional details of performance which may 
be of value in gaining a better understanding 
of loop behavior. The loop being analyzed 
has parts as shown in Fig. 1. 

d2E 
dx' 

~dE 
— -In 10 
dx 

KA 
~20 

dE 
77 

KA , 
- In 
20 

VdE d'E-y 
10 - 1- x-
Ldx dx’J 
KA , . dEJ 

-|-x- In 10 — I 
20 dx J 

(7) 

and manipulate to obtain the nonlinear dif¬ 
ferential equation of the AGC loop: 

d'E KA In 10 / dE\' 
dp~ 20 Vd?7 

This formidable-appearing expression can be 
shown to have a solution: 

20 x 
TTT '"S —  ’ KA Xo 

where x» is the amplitude of the input signal 
required in order to just barely overcome the 
AGC delay bias and initiate gain control 
action. That is, 

Definitions of Terms 

x = Amplitude of input signal to IF 
amplifier. 

G = Gain of controlled amplifier. 
Gx=dc output of AGC detector. 
Vs = AGC bias (“delay") voltage. 

E, E' = dc error voltage. 
A =Gain of AGC loop filter. (In gen¬ 

eral, A is frequency dependent.) 
ve = Control voltage applied to gain-

controlled amplifier. 

Loop Equations 

E = Gx - VB (1) 
t’e = A E. (2) 

We assume 
KV 

G - GolO/— (3) 

where Go is gain with no signal present, and 
K is a gain-control constant with units of 
db/v. 

la 
X« = — (10) 

* Received by the IRE, September 19, 1961. 
1 W. K. Victor and M. H. Brockman. “The appli¬ 

cation of linear servo theory to the design of AGC 
loops,” Proc. IRE, vol. 48, pp. 234-238; February, 
1960. 

To the extent that (3) is correct, the re¬ 
sult for static error (9) is exact and involves 
no linearizing approximation. Of course, the 
assumption (3) of the exponential gain¬ 
control characteristic is not really exact, 
even though it may be very nearly so in a 
precision AGC loop. 

Gain error in db is given by 

20,og(1 + K) (,1)

These expressions are readily applied to 
calculate steady-state errors under static 
conditions. However, under dynamic condi¬ 
tions the mathematics quickly become in¬ 
tractable and recourse must be had to a 
linear approximation. The following argu¬ 
ment is intended to derive the linearized 
open-loop gain. 

Assume a steady signal x(x>xo) causes 
an error voltage E. In a hypothetical experi¬ 
ment E is measured, the loop opened at the 
dashed lines, and a voltage E' = E applied for 
control purposes. No steady-state conditions 
have been altered, so the error voltage re¬ 
mains at E. 

The small-signal, open-loop gain is de¬ 
fined as the ratio of the change in E, due to a 
change in E1. From (1), (2), and (3), 

E = G„WK'EI'mx - Fb, (12) 

so the open-loop gain is 

dE , KA 
- = xGolO^ - In 10 
dE' 20 

= xG —  In 10 (13) 
20 

which is still a nonlinear function, since 
G = G(x). 

However, if AGC action is effective, E is 
very small and xG is approximately’ equal to 
Vb. Therefore, the linearized open-loop gain 
is given by' 

— - 10 = 0.115 I'b KA. (14) 
dE’ 20 

This result agrees with that derived by 
Victor and Brockman, as, indeed, it should. 
Conventional feedback analysis may now be 
applied, in order to determine the closed-
loop transfer function and dynamic loop 
behavior. 

Floyd M. Gardner 
Gardner Res. Co. 

Orange, Calif. 

Air-to-Undersea Communication* 
Since the classical paper of Sommerfeld, 1 

many problems have been solved with vary¬ 
ing degrees of accuracy invok ing the deter¬ 
mination of electromagnetic fields caused by 
a transmitter located in air above an arbi¬ 
trary “ground. "Ina recent report2 the author 
has obtained solutions for the Sommerfeld 
integrals over the “quasi-near” range using 
an extension of the method employed by 
Baños and Wesley3 for the fields produced 
by a submerged antenna. 

The method depends on the evaluation of 
certain auxiliary' integrals, in terms of 
asymptotic series, obtained by the saddle¬ 
point method of integration in the complex 
plane. The integrals and the paths of integra¬ 
tions are carefully chosen such as to permit 
term-wise differentiation or integration to 
obtain new asymptotic series for their de¬ 
rivatives or integrals. By choosing suitable 
arguments of the relevant functions and by 
carrying out the operations indicated in the 
relevant expressions, two of the integrals 
(U, V) developed by Baños and Wesley4can 

♦Received by the IRE, October 9, 1961. This 
work was performed under Contract Nonr 2798(01). 

1 A. Sommerfeld, “über die Austreitung der Wellen 
in der drahtlosen Telegraphie," Annalen der Physik, 
vol. 28, p. 44; 1909. 

1 S. H. Durrani, “Air-to-Undersea Communica¬ 
tion: Electromagnetic Fields in the Two Media, 
Caused by Vertical and Horizontal Electric Dipoles 
in Air," Engrg. Exper. Sta., University of New 
Mexico, Albuquerque, Tech. Rept. EE-61 ; September, 
1961. 

* A. Baños and J. P. Wesley, “The Horizontal 
Electric Dipole in a Conducting Half-Space," Marine 
Physical Lab. Repts. No. 55-33 and 54-31: Univer¬ 
sity of California, Los Angeles, 1953-54. 

* Ibid. Chs. 8, 9. 
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be modified to yield values of the if-vector 
components for the present problem. 

The “quasi-near” range is defined as the 
range which is less than a wavelength in air 
but more than a wavelength in the sea; that 
is, kar < 1 < I k,r I. Here subscripts a and 5 
refer^to air and sea, k is the wave-number 
Rei >0), and r the range. (See Fig. 1, which 

and 

A Í 2 2— cosí, j-- — 

- 2[1 +^.(2 + Ä)]/(W‘r2)| 

. ( 1 1A*«'' — sin </>¿ - — IR3 R3

+ 2[1 +#.(z + A)]/(n2r3)^ 

Fig. 1 —Coordinate system. 

shows both rectangular and cylindrical co¬ 
ordinates.) The fields are required at P for 
an electrical dipole—vertical or horizontal— 
radiating from 5. A time dependence of 
e™‘ is assumed and rationalized MKS units 
are used. Superscripts v and h stand for the 
vertical and horizontal dipoles, respectively. 
Then Sommerfeld’s results1'6-6 for the first 
case become 

g~ikaR g-ikaR* 

C" J0(Kr)e-^^ 7. 
— 2 I " - - — — Au A 
J 0 «27o + 7t 7a 

. , C * „ = 2 I --- -- XoX, 
J o «7a + 7, 

where 7i — x/X2- ¿,2, Re 7»>0, i — a, s, and 
K ^kS/k,,1; r, R, R' as in Fig. 1. Similar ex¬ 
pressions are obtained for iri,*, and 

* 
On applying the method outlined above, 

al r components are evaluated to within an 
error of 0.5 per cent. Use of the familiar 
formulas 

£ = VV-ir 4* Wr, H =jatVXf 

leads to the following approximate results 
for E, Il components in the quasi-near range 
with h, Iz| <r: 

^3r(z — h) 3r(z + h) 2jk, 
En‘’ — 

r3 - 2(z - h)3 r3 - 2(z + Ä)2
Azar̂  Ri fl'6

En — — 2eik»,jkJ (nW) 
E^^-2e^/(nW) 

6 A. Sommerfeld, “Partial Differential Equations 
in Physics,” Academic Press, Inc., New York, N. Y„ 
§§32-33; 1949. 

« J. Stratton, “Electromagnetic Theory,” Mc¬ 
Craw-Hill Book Co., Inc., New York, N. Y.; 1941. 

E,a* ~ cos <t> 
3r(z — li) 

R> 
3r(z + h) ) 

R~3 ) 

E„h ~ cos ^‘.’¡2(1 - >^)/(n2r’)| 

£w*~ sin <^'‘«z{2(2 +jkji)/(n*r3)\ 

Eah ~ cos0e'*«*{ — 6h/(n3̂)} . 

Similarly for the H3 components.2
A comparison of the E fields shows that a 

vertical electric dipole produces the strongest 
component in the sea, this being the hori¬ 
zontal component E-,,". It has previously 
been shown by' Moore and Blair’ that a 
horizontal submerged transmitter is better 
than a vertical one and produces the strong¬ 
est field component in air along the vertical 
direction. Combining the two results, it is 
concluded that from field-strength consider¬ 
ations alone, the best intercommunication 
system is obtained by' using a vertical elec¬ 
tric dipole in air along with a horizontal 
electric dipole in the sea. 

Using the field-strength values given by 
the above formulas, simplified estimates can 
be made of the communication range, i.e., 
the distance over which satisfactory signal 
strength is obtained, provided noise figures, 
bandwidth, temperature and other data 
regarding transmitter and receiver are 
available. An example2 illustrates the 
method. 

S. H. Durrani 
Electrical Engrg. Dept. 

University of New Mexico 
Albuquerque, N. Mex. 

Proof 

The linear differential equation for the 
model of the distributed RC ladder network 
is 

v" — (r’/r)v’ — srcv = 0, 

where r is the series distributed resistance 
per unit length and c the shunt distributed 
capacitance per unit length and where » is 
the voltage across the network which has an 
assumed time dependence of e’1. The prime 
denotes differentiation with respect to x. 

Let the solution for the symmetrical line 
be in the form 

v(x, s) = vtD(x, s) — i,B(x, s) 

in which Vi and i’i are the necessary two ar¬ 
bitrary constants, in this case the voltage 
and current at the input of the network. The 
choice of the symbols D and B is consistent 
with their interpretation as the chain pa¬ 
rameters of a network of length x. 

The current in the series resistance of the 
network is related to the voltage by 

f(x, s) = - v’(x, s)/r(x); 

consequently, 

i(x, s) = — ViD’(x,s)/r(x) 

+ iiB'(x, s)/r(x). 

If the current is written in terms of chain 
parameters, i.e., 

i(x, s) = — C(x, s)vi + A(x, s)ii, 

then the identification 

A(x, s) - B\x, s)/r(x) 

can be made. 
For a two-port network to be symmetri¬ 

cal A =D, hence 

D(x, s) = B'(x, s)/r(x). 

Substituting this back into the original 
form for the voltage, and dropping the func¬ 
tional dependence symbols, 

7 R. K. Moore and W. E. Blair, “Dipole radiation 
in a conducting half-space,” J. Res. N BS, Sec. D, vol. 
65, pp. 547-563; November-December, 1961. 

Symmetrical RC 
Distributed Networks* 

The class of distributed RC networks, 
more specifically distributed RC ladder net¬ 
works, which is electrically symmetrical can 
be identified by the characteristic that the 
distributed series resistance is proportional 
to the distributed shunt capacitance. The 
proof of this is presented and the sym¬ 
metrical network analyzed. 

* Received by the IRE, October 3, 1961. This ma¬ 
terial represents a portion of the work in progress 
on a Ph.D. dissertation at the Polytechnical Institute 
oí Brooklyn, Brooklyn, N. Y. 

a = Vi(B'/r) — iiB. 

Thus, 

a' = ®,[(B"r - B'r')/r3] - i^B' 

and 

a" = t , [(B"'r - B'r")/^ 

- 2(B"r - B'r')r'/r3] - iiB" . 

As this is, by hypothesis, a solution to 
the differential equation make the substitu¬ 
tions and regroup: 

(®t/r)(B"' - SB"(r'/r) 

+ B'[3(r'/r)3 — (r"/r) — rrc]} 

— ii[B” — (r'/r)B' — srcB} = 0. 

Since »i and A are arbitrary, the bracketed 
groups of terms above must both vanish. If 
the second is differentiated with respect to 
X and then subtracted from the first brack¬ 
eted group the result is 

B" - (r'/r)B‘ - (\/2)s(r/r')(rc)'B = 0. 

Comparing this with the second bracketed 
group, i.e., 

B" - (r'/r)B' - srcB = 0, 



98 PROCEEDINGS OE THE IRE January 

it is seen that, 

src = (\/2)s(r/r')(r'c + rc')-, 

hence, 

(E/r) = (f'/c) 

and finally 

r(x) = kc(x) 

k = constant. 

Thus, the electrically symmetrical RC 
distributed ladder network has its series dis¬ 
tributed resistance proportional to its shunt 
distributed capacitance. 

Substitute the initial conditions of f = ri and 
i = ii when x = 0, and place the voltage and 
current equations into a form suitable for 
identification of the network chain param¬ 
eters: 

Analysis of “Proportional” Network 

Let both series resistance and shunt ca¬ 
pacitance have the same functional depend¬ 
ence f(x) on the distance along the line, i.e., 

r = rof(x) c = cof(x). 

The differential equation in this case be¬ 
comes 

®" — (f'/jW - srocope = 0. 

Reduction to a Riccati equation by the 
usual1 substitution 

v' = uv 

leads to 

u' + h2 — (j'/f)u — sroCoP = 0. 

However, it is more fruitful if the sub¬ 
stitution is made 

s' = yfv, 

leading to the separable equation, 

ÿ + (y* - sryCoJ = 0 

dy/(sr„c0 — y2) = fdx 

and its solution 

» = »1 Cosh y/sco/ro f rdx 
Jo 

— iiy/ro/sco Sinh y/sc0/r0 Í rdx 
Jo 

i = — fix/sco/ro Sinh x/sco/r» I rdx 
J o 

+ »i Cosh y/sco/ro I rdx. 
Jo 

Therefore, the chain parameters of the 
network are 

A = Cosh y/sco/ro I rdx 
J o 

B = y/ 'o/sco Sinh y/sc0/r0 f rdx 
J » 

C = y/sco/ro Sinh y/sco/ro I rdx 
Jo 

D = Cosh y/sco/r» I rdx 
J o 

Note that the uniform network for which 
/=1, i.e., r = ro, c = Co, is in this class since 
the series resistance is proportional to the 
shunt capacitance. It is seen that the above 
relations for the chain parameters give the 
correct results in this special case. 

M. J. Hellström 
Westinghouse Electric Corp. 

Metuchen, N. J. 

In this case a polycrystalline titanium co¬ 
balt substituted barium ferrite,2 [BaO-
0.1(T¡CoOs)-5.9 FejO»], was used in a field 
displacement isolator. The polycrystalline 
ferrite was prepared by the usual ceramic 
processes. The sample used was cut in the 
form of a slab whose E plane coincided with 
the direction of pressing. The anisotropy 
field of this ferrite was estimated to be 16 
kilo-oersteds using the data of DiBitetto, 
el al.3

Using the isolator configuration shown in 
Fig. 1, data of forward and reverse attenua¬ 
tion as a function of ferrite strip distance 
from the guide wall was taken at a frequency 
of 58 kMc and an applied de magnetic field 
of 5000 cersteds. From the results, shown in 
Fig. 2, it is seen that the forward attenuation 
falls off much faster than the backward at¬ 
tenuation at distances ranging from 0.01 
inch to 0.03 inch from the guide wall. Also, 
the data indicates an optimum mounting 
position of 0.081 L which, to our knowledge, 
is closer to the guide wall than had been 
previously reported by other authors. 1 4-7

FERRITE LENGTH- 0.959“ 

O FORWARD PROPAGATION 
« REVERSE PROPAGATION 

Tig. 1—Field displacement isolator 
mounting configuration. 

y = y/sroc« tanh Ç y/sroCo J fdx + A' 

Incidentally, y = v'/fv- — ro/ly/i) is the nor¬ 
malized admittance at any point along the 
network. 

Continuing, 

dv/v = fy/sr^co tanh Çx/wõ J fdx + Kjdx 

V = s» Cosh Ç y/sroCo J fdx + K 

in which t’o and K are constants of integra¬ 
tion. The current is found from the relation 

i = - (J/r»f); 
it is 

— y/sco/rt¡Vo Sinh y/sroc« I fdx + K 
a o 

1 M. Golomb and M. Shanks, “Elements of Ordi¬ 
nary Differential Equations,“ McGraw-Hill Book Co., 
Inc., New York, N. Y., p. 246; 1950. 

Higher Modes in Millimeter 
Wave Isolators* 

I n millimeter wavelengths, it is almost im¬ 
possible to insert a probe into the inside of 
the waveguide to measure the field distribu¬ 
tion because of the extremely small wave¬ 
guide size. One of the purposes of this note 
is to report that a new method can be used 
for obtaining the general field distribution 
in a millimeter wave field displacement iso¬ 
lator. Other observations of the experimental 
results obtained by this method are also 
reported. The method involved changing 
the mounting position of a ferrite strip. 

Some of the effects of ferrite strip mount¬ 
ing for millimeter wave field displacement 
isolators which employed single crystal bari¬ 
um ferrite have previously been reported.1

♦ Received by the IRE. October 16, 1961. This 
work was supported by an A. O. Smith Corp, re¬ 
search grant. 

1 K. Ishii, J. B. Y. Tsui, and F. F. Y. Wang, 
“Effects of ferrite strip mounting positions on milli¬ 
meter wave isolator characteristics,” IRE Trans, on 
Microwave Theory and Techniques (Correspond¬ 
ence), vol. MTT-9, p. 362; July, 1961. 

FERRITE DISTANCE FROM GUIDE WALL 

Fig. 2- -Propagation loss in both directions as a func¬ 
tion of ferrite distance from the guide wall. For 
the theoretical curve, A =40 db, B = 10 db, 
C = 10db. 

2 Supplied by A. O. Smith Corp. 
* D. I. DiBitetto, et al., “Hexagonal Magnetic 

Material for Microwave Applications," Philips Labs., 
New York, N. Y., Rept. No. 2, U. S. Army Signal 
Corps Cantract No. DA 36-039 SC-85279; July 14, 
1960. 

4 R. F. Soohoo, “Theory and Application of Fer¬ 
rites,” Prentice Hall Inc., Englewood Cliffs, N. J.; 
I960. 

5 B. Lax, “Frequency and loss characteristics of 
microwave ferrite devices," Proc. IRE, vol. 44, pp. 
1368-1386; October, 1956. 

•A. G. Fox, S. E. Miller, and M. T. Weiss, “Be¬ 
haviour and applications of ferrites in the microwave 
region," Bell Sys. Tech. J., vol. 34, pp. 5-103; January, 
1955. 

7 K. J. Button, “Theoretical analysis of the opera¬ 
tion of die field displacement isolator," IRE Trans, 
on Microwave Theory and Techniques, vol. 
MTT-6, pp. 303-308; July, 1958. 
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S milar results were repeatedly noted with 
ether samples of the same ferrite material. 

It appears from Fig. 2 that the directiv-
ity will change somewhere between 0.20 and 
125 L indicating .hat the TE20 mode and 
I igher modes are propagated in this region. 
C imstock and Fay8 have shown by theory 
æ d the probe method at a lower frequency 
(6.175 kMc) that for low values of resistive 
crating on the ferrite strip the TE10 mode is 
highly attenuated and that all propagation 
is in the TE20 mode or higher modes. The 
ck ta obtained at 53 kMc agrees with their 
fadings, although no resistive coating was 
teed on the ferrite strip; the ferrite itself 
being used as the dissipative material. At X 
band, the field probe measurements of 
Angelakos9 for a ferrite without resistive 

coating also indicated that the TE20 mode 
is propagated. 

The general shape of the experimental 
curves indicated that an equation developed 
by Lax6 for the propagation loss in the two 
directions as a function of ferrite distance 
from the guide wall could be used to ap¬ 
proximate the experimental data. This equa¬ 
tion is 

= A sin’ kx + B cos’ kx ± C sin’ kx, 

where 
A = Cx^’ß1
B = C'x„"k* 
C = C'x,,"ßk 

nr 
k = T 

8 R. L. Comstock and C. E. Fay, “Operation of the 
fit 11 displacement isolator,” IRE Trans, on Micro-
wwb Theory and Techniques, vol. MTT-8, pp. 
605-611; November, I960. 

9 D. J. Angelakos, “Transverse electric field dis¬ 
tr 1 utions in ferrite loaded waveguides,” IRE Trans. 
or Microwave Theory and Techniques, vol. 
MTT-7, pp. 390-391 ; July, 1959. 

Using the TEzo mode in this equation the 
“constants” A, B, and C were chosen to get 
an approximate fit to the experimental data 
shown in Fig. 2. Although this equation can¬ 
not fit the experimental data perfectly, this 
equation used in conjunction with higher 
modes probably could give a better fit. 

Thus, at millimeter wavelengths propa¬ 
gation in a field displacement isolator is 
mainly in the TEso mode with the TE10 
mode attenuated as was found by Comstock 
and Fay at 6 kMc. Also, Lax's equation, 
verified at X band, can be used to describe 
the backward and forward losses of a field 
displacement isolator at millimeter wave¬ 
lengths. 
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Books _-
linear Algebra and Group Theory, by V. I. 
inirnov; R. A. Silverman, Ed. 

Published (1961) by McGraw-Hill Book Co., Inc., 
;.0W. 42 St., New York 36. N. Y. 418 pages +6 index 
Figes+x pages+2 bibliography pages + 10 appendix 
Fcges+27 pages hints and answers. Ulus. 61X9). 
5 2.50. 

This book is a selection of material from 
Professor Smirnov’s encyclopedic six vol-
i ne “Course of H gher Mathematics.” The 
present volume concerns itself with the 
usual topics of linear algebra—determi¬ 
nants, matrices and systems of equations— 
, «d also contains an introduction to group 
tf eory. A summary of the contents follows. 

Chapter 1 discusses determinants and 
their properties including methods of expan¬ 
sion and the multiplication theorem. In 
C tapter 2, the author examines the solution 
ri' systems of linear equations. Topics in¬ 
ri ide systems of m equations in n unknowns, 
In ear vector spaces, the Gram determinant, 
H tdatnard’s inequality, linear differential 
e fuations with constant coefficients, and 
I cobians. 

Chapter 3, on linear transformations, 
oasiders rotations n three dimensions, gen-
e-al linear transformations, tensor concepts 
including con variant and contra variant vec-
to-s and cartesian tensors, elements of 
n ntrix algebra, unitary and orthogonal 
tu informations, Schwarz’s inequality, sca¬ 
lar product and norm. Chapter 4 deals with 
<1 Eidratic forms. The subjects discussed are 
reduction of a quadratic form to a sum of 
so lares, classification of quadratic forms, 
si aultaneous reduction of two quadratic 
ferms, Jacobi's formula, small oscillations, 
extremal properties of the eigenvalues, 
hermitian and unitary matrices, functions of 
nr trices. 

In Chapter 5, the author investigates in¬ 
tis te-dimensional spaces. He discusses Hil¬ 
bert and function spaces and their relation, 
cc a vergence of vectors, complete systems of 
orthonormal vectors, linear transformations 
in mfinitely many variables, and linear oper¬ 
ateJ’s. Chapter 6 contains the proof of the 
classical reduction o' any matrix to a canón¬ 
ica form. A lengthy numerical example is 
in iuded to illustrate the procedure. 

Chapter 7 is an introduction to the gen¬ 
eral theory of groups. The topics considered 
arj groups of linear transformations, poly-
h« ral groups, Lorentz transformations, 
permutations, abstract groups, subgroups, 
classes and normal subgroups, isomorphic 
anc homomorphic groups, the unitary group 
anc the rotation group, the unimodular 
grxip and the Lorentz group. Chapter 8 
contains an introduction to the theory of 
gr xip representations. Among the subjects 
treated here are the basic theorems, Abelian 
groups and one-dimensional representa-
tic as, representations of the two-dimen-
sicnai unitary group, of the rotation group 
arc of the two-dimensional unimodular 
group, direct prodi cts, the orthogonality 
pr xierty, characters, regular representa-
ticc of a group, and proofs that the rota-
ticL group and the Lorentz group are 
simple. The elements of the theory of con¬ 

tinuous groups are developed in Chapter 9. 
The topics under discussion include con¬ 
tinuous groups and their structure con¬ 
stants, infinitesimal transformations, con¬ 
struction of a group from its structure con¬ 
stants, integration on a group and the or¬ 
thogonality property. 

The exposition is characterized by con¬ 
creteness and clarity. The editor of the 
English edition has increased its utility 
greatly by the addition of a large collection 
of problems, many with answers or hints for 
the solution. 

The first four chapters and Chapter 6 
comprise the usual course in linear algebra 
(oriented towards applications) on a senior 
undergraduate or possibly first-year gradu¬ 
ate level. The material on group theory is 
somewhat unusual. Here, besides the general 
theory, the specific groups discussed are 
those of greatest interest to physics. The 
chapter on group representations is an ex¬ 
cellent extensive introduction to the subject. 
The material on continuous groups is largely 
introductory but also discusses integration 
on a group. 

The development of the material treated 
in the book is characterized by a concrete 
approach which should make it more acces¬ 
sible to the non-specialist. The orientation of 
the author is always directed towards ap¬ 
plications of the algebra to analysis, geome¬ 
try and physics. It should prove a welcome 
addition to the library of the applied mathe¬ 
matician, engineer or physicist. 

Aaron D. Fialkow 
Polytechnic Institute of 

Brooklyn, 
Brooklyn, N. V. 

irreversibility, Markoflian chains, etc. In 
view of this, the mathematical introduction 
has been kept short (12 pages) which is not 
satisfactory in the reviewer's opinion (spec¬ 
tral analysis is not equivalent with Fourier 
analysis of a fluctuating quantity, but in¬ 
cludes many more powerful tools). 

The basic chapters on noise sources are 
well written and will acquaint one with the 
field of noise. At some places, however, the 
German Griinklichkcit, in compiling too 
many theories including antiquated ones, 
will lead to confusion. Examples are found 
in the discussion of 1/f noise (Bess’ theory 
on dislocation pipes, etc.) and in the dis¬ 
cussion of generation recombination noise in 
semiconductors. No clear distinction is made 
between shot effects (as occurring during 
ambipolar sweep-out) and thermal carrier 
fluctuations. More critical display would 
have been welcome in these instances. 

The circuit aspect of noise has been kept 
short since it will form the contents of 
Volume II, which will possibly also be a 
welcome addition to the literature on noise. 

K. M. van Vliet 
University of Minnesota 

Minneapolis, Minn. 

Elektronisches Rauschen, Teil I, by H. 
Pfeifer. 

Published (1959) by B. G. Teubner Verlagsgesell¬ 
schaft. Leipzig, Germany. 248 pages+13 index pages 
-l-vi pages+23 bibliography pages + 16 appendix 
pages. Ulus. 6 X8J. 

It is very worthwhile to have another 
book available on noise which covers as wide 
a scope as this one since, at the present time, 
there are only a few adequate textbooks. The 
present book (Volume I ) deals with the basic 
aspects of noise in semiconductors, semi¬ 
conductor devices, vacuum tubes, and high-
frequency devices such as klystrons, travel¬ 
ing wave tubes, masers, etc. This book will 
be useful for a course in noise phenomena, 
as well as for the experimenter in this field. 
Both experimental and theoretical material 
is presented very completely within the in¬ 
tended scope of the book. Of special merit 
is the excellent list of references, including 
current literature. The theory is mainly 
directed towards the device under discussion, 
in a manner which may be desired by the 
engineer or experimental physicist. Appar¬ 
ently, the book does not aim at exposing 
broadly the fundamentals of stochastic 
processes; hence, the theoretician should not 
advise this book for those aspects of noise 
which are linked with statistical mechanics, 

Functional Circuits and Oscillators, by 
Herbert J. Reich 

Published (1961) by D. Van Nostrand Co., Inc., 
120 Alexander St., Princeton, N. .1. 419 pages 4-12 in¬ 
dex pages 4-xix pages 4-2 appendix pages 4-28 pages of 
problems. Illus. 6} X9«. SI 2.50. 

In the reviewer’s opinion, this book is an 
excellent contribution to electronics engi¬ 
neering literature, which is characterized by 
many good to excellent books, and very many 
books that are mediocre or even less. W hile 
it seems to be somewhat too specialized for 
use as a college text, per se, it may find worth¬ 
while application in graduate work and be 
useful as a supplementary reference text for 
a course in nonlinear circuits. Its chief value 
lies in the outstanding way in which it pre¬ 
sents fundamental theory and technical in¬ 
formation regarding a practically complete 
stable of elementary circuits, which a large 
and rapidly growing body of electronics 
speciality engineers must master in order to 
be in a position readily to synthesize the 
complicated circuit combinations that to¬ 
day’s technology demands, and that will be 
even more essential in the future. 

This book is a bit unusual in that it is not 
divided into chapters because, as the author 
states, such a breakdown “would be dif¬ 
ficult and often artificial.” There are 93 sub¬ 
ject headings with 345 subheadings, plus 111 
problems which are a very essential part of 
the text. In studying one of the several 
subject headings with which the reviewer 
was not familiar, an adequate understanding 
of the text was not obtained until after the 
referenced problems were worked out in de¬ 
tail. This seems to be a most excellent way 
of treating the subjects, and the text would 
probably have to be doubled in volume if 
text alone were to carry understanding with¬ 
out the problems. 
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This book gives an excellent and entirely 
adequate theoretical treatment of negative¬ 
resistance devices, summing circuits, dif¬ 
ferential amplifiers, differentiators, inte¬ 
grators, clippers, gates, and nonlinear circuit 
simulators, but is quite brief (although by 
no means superficial) in its treatment of sine 
wave oscillators. Colpitts and Hartley are 
mentioned, but presumably the author felt 
that their long history rendered a detailed 
treatment redundant, and therefore he con¬ 
fines himself to a brief generalized analysis. 
Mathematics, including differential equa¬ 
tions, is used freely throughout the text, but 
not unnecessarily nor exhaustively, and only 
in cases where the mathematics makes a 
definite contribution. The author and sub¬ 
ject indices are particularly well done and 
convenient, and the bibliography inserted as 
footnotes seems to be entirely adequate. 

This book does not contain a compen¬ 
dium of “practical” circuits and in only a few 
cases are circuit valves mentioned; hence the 
“handbook engineer” will find little of use to 
him. However, the well grounded electronics 
engineer will find this book adequate as a 
foundation for specialization in any one of 
a number of electronics circuit fields. 

C. A. Priest 
314 Hurlburt Rd. 
Syracuse, N. Y. 

The book has been found useful as a 
reference in which most of the fundamental 
derivations may be found. It would appear 
to be equally useful as a text, although this 
reviewer would have preferred the chapters 
in a different order. 

An attempt was made to find errors and 
sections which might confuse the reader. A 
few marginal examples were found, but in 
this respect the book rates well above most 
current publications. It is to be recom¬ 
mended as a text and reference, and to those 
interested in seriously learning about plasma 
physics. To the latter group, a suggestion is 
offered that the book is thorough and can 
profitably be read carefully, equation by 
equation. The effort thus expended should 
be well rewarded. 

D. G. Dow 
Varian Associates 
Palo Alto. Calif. 

which enables us to recognize and to deal 
with a problem in which integration is re¬ 
quired. By the same token, there are few, 
if any, modern mathematical techniques for 
circuit analysis which cannot be related to 
physical “things” such as time, amplitude, 
frequency, phase, growth, decay and the like. 
Concepts communicated with the assistance 
of physical imagery tend to endure long 
after the associated symbology has been for¬ 
gotten. Dr. Ku’s book is as deficient as many 
others in this respect. In this case it is par¬ 
ticularly unfortunate because of the great 
wealth of material presented. 

R. P. Burr 
Circuit Research Co. 

Glen Cove, N. Y. 

Plasmas and Controlled Fusion, by David J. 
Rose and Melville Clark, Jr. 

Published (1961) by The Technology Press. Mass. 
Inst. Tech., Cambridge and John Wiley and Sons, 
Inc., 440 Park Ave. S., New York 16. N. Y. 463 pages 
+19 index pages+xiv pages + 11 appendix pages + 
references and problems by chapter. Ulus. 6X9i. 
$10.75. 

In this book, the recent flood of research 
papers on plasma physics has been carefully 
and fully digested and presented as an or¬ 
ganized textbook. The book is clearly and 
avowedly intended as a textbook on the 
problems of controlled fusion, and appears 
to be a success in this aim. It is to be recom¬ 
mended further as a reference containing 
many of the derivations and descriptions 
previously available only in collections of 
papers with diverse notation and variable 
quality of presentation. A notable feature is 
that the descriptive text is clear and often 
appealing to the intuition, yet the deriva¬ 
tions are complete and accurate to the best 
of the reviewer's knowledge. I n the rare cases 
where mathematical details are left out, the 
reader is told in words the difficult steps, and 
references are given. 

After an introductory chapter about en¬ 
ergy sources, nuclear and non-nuclear, the 
book treats the basic parts of analytic 
plasma theory in the following chapters: 2) 
and 3) Collision Phenomena, 4) Velocity 
Distribution, 5) Maxwell’s Equation, 6) Hy¬ 
dromagnetic Equations, 7) Macroscopic 
Motions, 8) Coulomb Interactions, 9) 
Plasma Waves of Small Amplitude, 10) Mo¬ 
tion of Individual Charges, 11) Radiation 
Losses, 12) Plasma Stability. The final four 
chapters (13-16) are devoted to engineering 
problems and the three major confinement 
schemes, Pinch, Mirror and Stellerator de¬ 
vices. The appendix of vector relations, 
physical constants, conversion and glossary 
is useful. 

Transient Circuit Analysis, by Y. H. Ku 
Published (1961) by D. Van Nostrand Co., Inc., 

120 Alexander St., Princeton, N. J. 342 pages +9 index 
pages+xiv pages+88 appendix pages. Illus. 6JX9J. 
$13.00. 

This book was written “to provide . . . 
engineers, physicists, and applied mathe¬ 
maticians with a board treatment of circuit 
analysis. . . .” The principal chapters are: 

Solution of Ordinary Differential Equa¬ 
tions 

Linear Network Analysis 
Fourier Series and Fourier Integral 
Fourier Transform 
Laplace Transform 
Functions of a Complex Variable 
Inverse Transform 
Transients in Transmission Lines 
The Z-Transform and Sampled-Data 
Systems 

As suggested by the chapter headings, a 
more descriptive title would be “The Mathe¬ 
matical Basis of Modern Transient Circuit 
Analysis.” The reader will find the text 
highly compressed and mathematical in 
character as befits a textbook prepared for 
a graduate level course on circuit analysis. 
The utility of the book as a reference work 
for the practicing engineer is therefore some¬ 
what limited. Modern mathematical tech¬ 
niques for circuit analysis have provided 
many new tools for the system designer. In 
general, however, the “rules of the game” 
and the underlying physical concept are re¬ 
membered long after the details of rigorous 
derivation and boundary conditions of the 
technique are forgotten. Occasionally this 
circumstance leads one into difficulty and, in 
such a situation Dr. Ku’s book will be of 
assistance. 

A common failing of mathematical texts 
directed towards a specific manifestation of 
the physical world is a preoccupation with 
mathematical manipulation and logic to the 
almost complete exclusion of the associated 
physical picture. As a simple example, while 
students we all learn sooner or later that the 
process of integration is an elegant way of 
computing the area under a curve. When the 
immediate recollections of our academic 
background have receded into the past it is 
usually the simple physical concept of “area” 

Meteor Science and Engineering, by 
D. W. R. McKinley 

Published (1961) by McGraw-Hill Book Co., Inc., 
330 \V. 42 St., New York 36, N. Y. 283 pages + 13 in¬ 
dex pages +ix pages + 13 bibliography pages +4 ap¬ 
pendix pages. Illus. 6JX9J. $12.50. 

In recent years there has been an in¬ 
creasing effort on the part of astronomers 
and radio scientists and engineers to deter¬ 
mine the distributions and dynamics of 
meteoric particles in space, and their effects 
in the upper atmosphere. Progress has been 
rapid, with the newer techniques of radio 
augmenting the spectrum of measurable 
meteoric phenomena, and complementing 
other basic studies previously made only by 
visual and telescopic methods. Dr. Mc¬ 
Kinley’s book, “Meteor Science and Engi¬ 
neering,” provides a current status report on 
the methods , results, and applications of the 
radio and optical studies of meteors, with 
emphasis on the radio investigations. It 
comes at the right time for such a report, 
since we are just now entering a new phase 
in the study of meteoric particles, based on 
the use of space vehicles. 

The first four chapters survey the history 
of meteor observations, provide some basic 
material on astronomy and radio, and sum¬ 
marize the visual, photographic, and radio 
techniques used in the basic studies. The 
next chapter presents observational data on 
meteors, although other results are included 
in other chapters to illustrate techniques or 
theoretical discussions. 

In Chapter 6 the astronomical aspects of 
meteors are presented. For a more complete 
discussion of this subject, the reader may 
refer to Lovell's 1954 Oxford Press book, 
“Meteor Astronomy.” The physical theory 
of meteors is summarized in the next chapter. 
Again there is a book available for the reader 
who may wish to expand on this subject— 
Öpik’s, “Physics of Meteor Flight in the 
Atmosphere,” Interscience Publishers, 1958. 

The longest chapter (8) is on the theory 
of radio echoes from the ionized trails pro¬ 
duced by meteoric particles in the upper 
atmosphere. The unified treatment and dis¬ 
cussion of this material, most of which is not 
otherwise available in book form, provides 
a valuable reference source for those who are 
acquainted with the subject, and a training 
ground for newcomers to the discipline. In 
the discussion of the application of the 
theory to the highly variable measured 
quantities, there is a general emphasis on 
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empiricism, a fact that the author does not 
t il to point out. 

Forward scatter from meteor trails is the 
t «bject of the next chapter, where the appli¬ 
cations of such scattering to new techniques 
■ radio communications are emphasized. 
Ilie final chapter treats briefly such other 
■ eteoric effects as their possible connection 
with rainfall, and their threat to space 
travel. 

In his book McKinley covers the middle 
ground between the scientist and the engi¬ 
neer concerned with the techniques and re¬ 
sults of studies and applications of various 
n eteoric phenomena. It should prove valu-
í ble to specialists in any way concerned 
vith meteors, and to the scientific layman. 
]n his own work the author has contributed 
r ruch to both the scientific and engineering 
¿reas. He is liberal in his references to the 
work of others. His writing is entertaining as 
v ?ll as factual, and the final product appears 
t have unusually few misprints. 

Dr. Von R. Eshleman 
Stanford University 

Stanford, Calif. 

A/ = ä21 FtZ./[(An+Z,)(Ä«+ YL)-kM 
as compared with the usual definition ob¬ 
tained by letting 

Z,—>oo of Ai = hí\ Fz,/[Ä«+ Yl]. 

A 12-page list of symbols is tabulated. Ex¬ 
tensive use is made of straight line approxi¬ 
mations to actual operating characteristics. 

The authors are associated with the 
Applied Physics Laboratory of Johns 
Hopkins University where the material was 
developed and used for special course use. 

L. J. Giacoletto 
Michigan State University 

East Lansing, Mich. 

plication of new energy conversion tech¬ 
niques in space. This emphasis distinguishes 
the volume from others in the advanced 
energy conversion field. Inclusion of papers 
on dynamic and electrostatic engines is par¬ 
ticularly worthwhile. Some of the papers 
cover original experimental work of broader 
interest than just space applications. 

W. H. Clingman 
Texas Instruments Inc. 

Dallas, Tex. 

Linear Vacuum-Tube and Transistor Cir¬ 
cuits, by A. J. Cote, Jr. and J. B. Oakes 

Published (1961) by McGraw-Hill Book Co., Inc., 
31 ) W. 42 St.. New York 36, N. Y. 402 pages +9 index 
pares 4-xxvi pages ¿-references by chapter. Ilins. 
61X91. $10.75. 

Most of the several books that have been 
pt blished recently concerning transistors 
c Tver both the device and applications to a 
greater or lesser degree. The present book is 

► < «teemed only with the applications of 
transistors and, as the title indicates, only 
t re linear circuit applications. Of necessity 
t un, some of the material presented is cir-
c fit analysis not directly related to transis-

1 to -s. In fact, very little of the book is ap-
¡d cable to transistors only. Although the 
a rthorsdo not emphasize the general appli¬ 
cability of the development, they do empha-
sœ the close similarity between transistors 
a k! vacuum tubes. This approach is good 
pedagogically and will be attractive to prac-
tking engineers desiring to up-date their 
\TCiium-tube amplifier knowledge. Self 
st idy is also facilitated by the extensive use 
o' tabular information, worked-out exam-
p es, and a goodly supply of problems. The 
b»k could also be used as an undergraduate 
text, although for optimum use the curricu-
it bi should be developed so as to allocate a 
term to active circuit analysis. 

The technical content of this book fol¬ 
lows the conventional progression of two-
po-t analysis, cascade connections, band¬ 
width considerations, feedback, stability, 
ail oscillators. Two aspects of the authors’ 
development depart from conventionality. 
F rst, the authors develop operating equa-
ti mis using general parameters—signals 
(current or voltage), immittances (imped-
ai-e or admittance), etc. Second, the au¬ 
thors carry available power gain formulation 
over to voltage gain and current gain. Thus, 
truisfer functions are defined as the ratio of 
oi_-put signal divided by the signal available 

I from the source. On this basis the trans¬ 
ci rrent quantity in h parameters is 

Energy Conversion for Space Power, Vol. 3 
in Progress in Astronautics and Rocketry, 
Nathan W. Snyder, Ed. 

Published (1961) by Academic Press, Inc., Ill 
Fifth Ave., New York 3, N. Y. 779 pages +xvi pages. 
Illus. 6jX9j. $7.25. 

This book is a collection of energy con¬ 
version papers presented at the American 
Rocket Society Symposium on space power 
systems held at Santa Monica, Calif., 
September 27-30, 1960. Volume 3 covers 
scientific and engineering principles. Volume 
4 of the same series contains system papers 
presented at this meeting. In addition to the 
usual advanced energy conversion subjects, 
such as thermoelectricity, thermionics, solar 
cells, fuel cells, and magnetohydrodynamics, 
papers on dynamic as well as electrostatic 
generators are included. In each category the 
basic physical principles are adequately re¬ 
viewed. Most of the papers report engineer¬ 
ing studies with space power applications as 
the final objective. In each area the relation¬ 
ship of the important parameters and prob¬ 
lems to system advantages is discussed. 

In thermoelectrics, high-temperature 
generator materials are emphasized, as well 
as design of thermoelement modules con¬ 
sidering heat transfer and thermal stress. 
Thermoelectric cooling in space applications 
is also discussed in one paper. In the thermi¬ 
onic section, the physics of thermionic diodes 
and parameter optimization, principally for 
the cesium diode, are emphasized. Some new 
experimental data is given. One paper de¬ 
scribes actual operation of a nuclear fuel ele¬ 
ment-diode combination. The papers on 
solar cells cover advances in fabrication to 
achieve better performance and lower costs 
as w'ell as radiation damage experiments. In 
fuel cells, the regenerative fuel cell is em¬ 
phasized. Many possible cells are presented. 
There are also two papers on secondary bat¬ 
teries for energy storage in space applica¬ 
tions. Dynamic engines discussed are the 
vapor turbine, Stirling engine, expansion 
engines, as well as an electromechanical 
energy storage system. One paper describes 
experimental work on zero gravity boiling. 
Experimental data are described where com¬ 
bustion gases are used as the working medium 
in magnetohydrodynamic generators. In ad¬ 
dition, two papers cover cylindrical geome¬ 
try with vortex flow of the working medium. 
The final section of the book covers para¬ 
metric electrostatic generators. 

The book is recommended for engineers 
concerned with space power systems or ap¬ 

Transistors and Active Circuits, by John G. 
Linvill and James F. Gibbons 

Published (1961) by McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. V. 501 pages 4-13 
index pages 4-x pages. Illus. 6ÍX9J. $14.50. 

This long awaited book by two members 
of the faculty of the Stanford Electrical En¬ 
gineering Department has justified the ex¬ 
pectations. The book is an excellent com¬ 
promise between the existing texts on semi¬ 
conductor device theory and, on the other 
hand, texts that are only concerned with cir¬ 
cuit results. The authors have attempted 
with a minimum strain on the average be¬ 
ginning graduate electrical engineer’s back¬ 
ground to build a firm base for the under¬ 
standing of most semiconductor active de¬ 
vices. Although the treatment given here re¬ 
lates principally to the bi-polar transistor, 
their method of solving the resulting differ¬ 
ential equations by lumped approximation 
(difference equations) allows one readily to 
extend this to other forms of devices. 

The book is divided into three major 
areas. Part 1, The Physics of Semiconduct¬ 
ors, contains an introduction to the neces¬ 
sary theory to be used in the rest of the sec¬ 
tion and a complete discussion of the method 
of lumped representation that is used 
through the rest of the book. 

Part 2, Two-Port Network Theory, cov¬ 
ers the area of small signal theory and de¬ 
velops the results necessary for designing 
amplifier and oscillator circuits. It may be of 
some interest to note that Part 2 by itself 
could stand alone as a short textbook on the 
theory and design of two-port networks. 

Part 3, Transistor Circuits, is the joining 
of the first two parts into a discussion of ap¬ 
plications of transistors in a wide variety of 
circuit configurations. An interesting unify¬ 
ing approach to the solutions of problems re¬ 
lating to thermal drift, noise and non-linear 
distortion is presented here under the title of 
“Contaminating Signals in Amplifiers.” 

The book is very well written with the 
serious student in mind in that it avoids the 
“cook-book” approach and assumes that the 
reader has mastered all the material pre¬ 
sented up to any point. The problems that 
are at the end of each chapter contribute to 
the fine presentation of the subject material. 

The obvious boundary conditions of size 
and price of college textbooks probably 
caused the authors to give a somewhat in¬ 
adequate coverage (considering the engineer¬ 
ing importance) to device characterization 
and application in the switching mode. It is 
hoped that this could be remedied in an en¬ 
core to “Transistors in Active Circuits.” 

Victor H. Grinich 
Research and Development 

Fairchild Semiconductor 
Mountain View, Calif. 
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Introduction to Transients, by D. K. 
McCleery 

Published (1961) by John Wiley and Sons, Inc., 
440 Park Ave. S., New York 16, N. Y. 220 pages 4-4 
index pages 4-xi pages 4-7 appendix pages +examples 
by chapter. Ulus. 5 J X8 J. $7.50. 

This volume adds substantially to the 
physical understanding of transients through 
the medium of Heaviside’s operational tech¬ 
niques. The treatment emerges with special 
clarity without resorting to differential 
equations or Laplace transforms. The author 
is particularly sensitive to the usual diffi¬ 
culties that engineering students encounter 
in attempting to gain a fundamental compre¬ 
hension of transient phenomena. He is criti¬ 
cal of the present tendency to envelope such 
students with obscure mathematical for¬ 
malism. “The hungry sheep look up and are 
not fed.” 

The textbook is organized in the form of 
eight chapters. Each chapter is well docu¬ 
mented and includes a list of challenging ex¬ 
ercises. Chapter one introduces the reader 
to the exponential law and its many implica¬ 
tions. The intuitive approach is illustrated 
as well as analytical formulations of a variety 
of waveforms. In Chapter two, Heaviside’s 
concepts are derived and applied to several 
examples involving the unit step function 
and the unit ramp function. The procedure 
is extended to include other types of driving 
functions. Oscillatory conditions are treated 
in Chapter three. 

In Chapter four, transients in thermionic 
tube circuits are considered. Emphasis is 
placed on linear approximations as applied 
to class-A amplifiers, oscillators, and relaxa¬ 
tion circuits. Chapter five deals with more 
complicated transient problems by utilizing 
Heaviside’s expansion theorem. Traveling 
waves on transmission lines and shift opera¬ 
tors are extensively covered in Chapter six. 

Chapter seven concerns itself with the 
response of circuits to alternating stimuli. 
Carson's modified expansion theorem is also 
described and illustrated. In Chapter eight, 
the superposition principle is stressed and 
alternative forms of Duhamel’s integral are 
elaborated upon. Carson’s infinite integral 
theorem is also discussed and related to the 
Laplace transform. 

This excellent, practical textbook is an 
invaluable introduction to the field of tran¬ 
sients not only for college students but also 
for a wide professional readership. It pro¬ 
vides essential background for the more ab¬ 
stract approaches which utilize Laplace 
transform concepts in order to gain deeper 
understanding. 

A. B. Giordano 
Polytechnic Institute of Brooklyn 

Brooklyn, N. Y. 

PROCEEDINGS OF THE IRE 

The fact that a work appears in third 
edition is in itself significant evidence of its 
merit. In this reviewer’s opinion, J. D. 
Ryder’s present revision of two earlier ver¬ 
sions of a work well suited to teaching intro¬ 
ductory electronics, is obviously a contri¬ 
bution. 

After developing a workable understand¬ 
ing on the part of the reader of the behavior 
of charged particles in fields, the cathode¬ 
ray tube, and the physics of thermionic, 
photo, secondary, and high-field emission, 
the author introduces tube, semiconductor 
diode, and transistor fundamentals. From 
that point he skillfully carries the reader 
through small-signal amplifiers, feedback, 
and large-signal amplifiers in the context of 
both vacuum tubes and transistors. 

Active circuit computations are handled 
conventionally in terms of the quasi-linear 
equivalent voltage and current generators 
without the use of transforms. Both z and 
¿-parameter characterizations of transistors 
are treated. 

The contents are well rounded out by 
adequate discussion of such topics as gaseous 
conduction, power rectifiers, smoothing cir¬ 
cuits, and control and photoelectric devices. 
The omission of the cascode amplifier, the 
lack of emphasis on the class C amplifier, 
and the deceptively simple treatment of 
the tunnel diode are regarded by this re¬ 
viewer as the least satisfactory aspects of a 
good work. 

Overall, the book has much to commend 
it. The treatment of selected classic experi¬ 
ments adds much interest to the sections 
concerned with physical background ma¬ 
terial. Further, the documentation through¬ 
out is excellent, including references to 
classic as well as to current papers. The more 
than two hundred fifty problems included 
should afford ample illustration and prac¬ 
tice. For convenience in reference, tabulation 
of physical constants and numerous tube and 
transistor graphical characteristics are also 
included. Ryder's work should prove to be a 
highly satisfactory vehicle for a first excur¬ 
sion into the area of electronic engineering. 

Professor C. R. Wischmeyer 
Rice University 
Houston, Tex. 

Electronic Engineering Principles, 3rd ed., 
by John D. Ryder 

Published (1961) by Prentice- Hall, Inc., Engle¬ 
wood Cliffs, N. J. 409 pages 4-8 index pages 4-xi 
pages 4-11 appendix pages. Ulus. 6} X9J. $12.65. 

Recent Books 
Brown, K. and Weiser, P., Eds. Ground Sup¬ 

port Systems for Missiles and Space 
Vehicles. McGraw-Hill Book Co., Inc., 
330 W. 42 St., N. Y. 36, N. Y. S15.00. 
Treatment directed toward the average 
engineer having no prior acquaintance 
with ground support systems. The text 
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approaches the system as a whole unit; 
all subsystems are considered. 

Carson, R. S. Principles of Applied Elec¬ 
tronics. McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y. $9.95. 
Provides a fully integrated introduction 
to the principles which govern the opera¬ 
tion of the latest vacuum, gas, and semi¬ 
conductor electron devices. 

Kipiniak, \\ . Dynamic Optimization and 
Control. The M.I. T. Press, Mass. Inst, of 
Tech., Cambridge 39, Mass., $4.95. De¬ 
velops a general control theory for dy¬ 
namic systems of immediate interest to 
electrical, mechanical, and chemical en¬ 
gineers and to operations research 
analysts. 

Koelle, H. H., Ed.-in-Chief. Handbook of 
Astronautical Engineering. McGraw-Hill 
Book Co., Inc., 330 W. 42 St., N. Y. 36, 
N. Y. $27.50. A handbook covering the 
major areas of space flight technology, 
organized in six parts; fundamentals of 
astronautical engineering, astrodynam¬ 
ics, astrionics, propulsion systems, space 
vehicles, and space flight operations. 

Lanczos, Cornelius. Linear Differential 
Operators. D. Van Nostrand Co., Inc., 
120 Alexander St., Princeton, N. J. 
$12.75. A book designed for engineers, 
mathematical physicists and other ap¬ 
plied mathematicians. 

Ramey, R. L. Physical Electronics. Wads¬ 
worth Publishing Co., Inc., Belmont, 
Calif. $8.50. 

Seifert, H. S. and Brown, K. Ballistic Missile 
and Space Vehicle Systems. John Wiley 
and Sons, Inc., 440 Park Ave. S., New 
York 16, N. Y. $12.00. Covers the disci¬ 
plines involved in the development of a 
ballistic missile or space vehicle system 
from an engineering viewpoint; the pur¬ 
pose is to stress the relationships between 
the different parts of such a system, with 
particular emphasis on interface and sys¬ 
tems design principles. 

Snyder, N. W., Ed. Space Power Systems, 
Vol. 4 in Progress in Astronautics and 
Rocketry, M. Summerfield, Series Ed. 
Academic Press, Inc., Ill Fifth Ave., 
New York 3, N. Y. $6.00. 

Vajda, S. Mathematical Programming. Addi¬ 
son-Wesley Publishing Co., Inc., Read-
ing, Mass. $8.50. The book offers an in¬ 
troduction to linear and nonlinear 
programming, with emphasis on the 
mathematical aspects of the subject. It 
is designed for use as a textbook at the 
graduate level. 

Yeager, Ernest, Ed. Transactions of the Sym¬ 
posium on Electrode Processes. John 
Wiley and Sons, Inc., 440 Park Ave. S., 
New York 16, N. Y. $20.00. The book in¬ 
cludes all papers and discussions pre¬ 
sented at the Symposium sponsored by 
The Electrochemical Society, Inc., and 
the U. S. Air Force Office of Scientific 
Research, held in Philadelphia, Pa., May, 
1959. 
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Scanning the Transactions_ 

The transmission of power without wires has been an un-
f jlfilled dream of scientists and engineers for more than a 
half century. Interest in wireless power transmission dates 
lack to 1899, when Nikola Tesla, vith the aid of a grant from 
John Jacob Astor, constructed a large experimental station at 
C florado Springs where he attempted to transmit power over 
long distances at a frequency of a few hundred kilocycles. 
His attempts failed. No provision had been made for direct¬ 
ing the radiated energy. Indeed, at this low frequency a 
drectional array would have been impossibly large. Today, 
we are readily able to direct electromagnetic energy into 
narrow beams by utilizing the microwave region of the spec-
t-jm, but the generation of large amounts of power at these 
high frequencies poses a formidable problem. An important 
s-ep forward was made in the late 1950’s with the discovery 
that large amounts of power can be obtained from relatively 
small sized microwave tube structures through the use of high-
e ticiency designs and new cooling systems, as exemplified 
bs the Amplitron. Average power outputs of more than 10 
k owatts can now be attained at 10 centimeter wavelengths, 
a »d 200 kilowatt outputs are now confidently predicted in the 
foreseeable future. As a result, the feasibility of radiowave 
transmission of power is once again under serious study. 
Among a number of potential applications being investigated 
is one in which a helicopter device is sustained for an indefi-
n tely long period of time at a point above the earth’s surface 
by energy furnished to it by a microwave beam. A typical 
system envisioned for this application would involve a 350-
fcot transmitting antenna on the ground operating at 6 kMc 
and a 50-foot receiving antenna on a helicopter device hover¬ 
ing 65,000 feet above. Recent studies have indicated that 
sich a vehicle could hover with the desired efficiency at an 
altitude as high as 102,000 feet. A flying platform 10 or 
more miles high might provide a number of technical and 
economic advantages for airborne early warning systems, 
air route surveillance radars, educational television, etc. In 
any event, it appears that a 60-year dream is about to come 
trie. (W. C. Brown “Power without wires,” IRE STUDENT 
QUARTERLY, September, 1962; and H. Letaw, Jr., et al., 
“Sime comments on the transmission of power by the use of 
microwave beams,” IRE Trans, on Antennas and 
Propagation, November, 1961.) 

Radio direction finding, although a well-established tech-
nh ue, is still undergoing improvement and refinement. One 
of the problems that has attracted investigators in recent 
years is that of resolving the directional components of a 
milticomponent field. It was found that the directions of 
two components of equal frequency can be resolved by using 
crossed loops and a twin-channel receiver. Recent work has 
new shown that similar results can be obtained by spinning a 
single-loop antenna at an appropriate rate and using a single-
clii.nnel receiver. The unusual pattern in the accompanying 
pl»tograph is the direction finder display which results when 
there are two components of equal frequency at bearings of 
0e and 60°. In this type of CRO display, the loop antenna 
pattern is inverted so that nulls appear at the periphery 

and maxima at the center. The bearing of the two components 
is indicated by the corners of the black “bow tie” in the 
center. (W. M. Sherrill and D. N. Travers, “Single-channel 
direction finding in a multicomponent field," IRE TRANS. 
on Antennas and Propagation, November, 1961.) 

Nuclear instrumentation, once a narrow subdiscipline 
among the byways of engineering and physics, has recently 
advanced to a more prominent and centralized position in the 
mainstream of science and technology, becoming an essential 
part of several important fields of activity. In fact, today, this 
subdiscipline can itself be subdivided into major areas of 
its own, such as reactor control, plasma diagnostics, radio¬ 
chemical processing, experimental physics and radiation 
measurement. The rapid growth in the scope and importance 
of this subject led the IRE, AIEE and the Instrument Society 
of America to hold a Joint Nuclear Instrumentation Symposi¬ 
um at North Carolina State College last September. This was 
the first of what is likely to become an annual or biennial 
event. The papers presented at the meeting gave ample evi¬ 
dence of the breadth and variety of subject matter with which 
the nuclear instrumentation specialist is now concerned. The 
topics included such diverse areas as gamma-ray astronomy, 
digital computer control of nuclear power stations, gamma 
monitoring in radiochemical processing plants, and instrumen¬ 
tation for plasma physics research. The discussions were note¬ 
worthy not only for their diversity but for their depth. In the 
area of plasma physics research, for example, one finds de¬ 
scriptions of (1) instrumentation for measuring the electrical 
characteristics of a plasma during discharge experiments; (2) 
magnetic and electrostatic plasma probes; (3) spectroscopic 
techniques in the microwave, infrared, visible and ultra¬ 
violet regions; (4) measurements of high-energy radiation 
of neutrons, electrons and X rays; and (5) analog computer 
studies of plasma instrumentation problems. The 25 papers 
presented at this first joint symposium have now been pub¬ 
lished in the October issue of the IRE Transactions on 
Nuclear Science, providing a valuable report on current 
developments in a blossoming field. 
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Abstracts of IRE Transactions_ 

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. 

e__ ~ ~ ... IRE Libraries and Non Sponsoring Group Publication ~ . 
r Members Colleges Members 

Antennas and 
Propagation AP-9, No. 6 $2.25 $3.25 $4.50 

Electron Devices ED-8, No. 6 2.25 3.25 4.50 
Information Theory IT-7, No. 4 2.25 3.25 4.50 
Reliability and 

Quality Control RQC-10, No. 3 2.25 3.25 4.50 
Nuclear Science NS-8, No. 4 2.25 3.25 4.50 
Space Electronics 
and Telemetry SET-7, No. 4 2.25 3.25 4.50 

Antennas and Propagation 
Vol. AP-9, No. 6, November, 1961 

Scattering by a Periodically Apertured Con¬ 
ducting Screen—R. B. Kieburtz and A. Ishi¬ 
maru (p. 506) 

This paper presents a generalized vari¬ 
ational method for calculation of equivalent¬ 
circuit parameters or scattering coefficients of 
any thin obstacle. The equivalent susceptance 
is obtained from an eigenvalue of a general¬ 
energy operator. The method is applied here to 
the scattering of a plane wave by a conducting 
screen containing a doubly-periodic array of 
square apertures. 

Previous variational formulations of anal¬ 
ogous waveguide problems were largely re¬ 
stricted to cases in which only the dominant 
mode can propagate. In applying these methods 
to scattering problems, the ratio of aperture 
spacing to wavelength had to be restricted to 
less than unity at normal incidence so that no 
additional propagating modes were excited. The 
formulation presented here can be applied, how¬ 
ever, for any number of propagating modes. 

Numerical results are presented for scatter¬ 
ing by a periodically apertured screen, giving 
scattering coefficients as a function of wave 
number of the incident wave. The distribution 
of energy into higher-order diffraction lobes is 
evaluated. 

A Reaction Theorem and Its Application to 
Antenna Impedance Calculations—J. H. Rich¬ 
mond (p. 515) 

The reaction theorem is generalized to 
allow the fields of an antenna in one environ¬ 
ment to be employed in calculations of mutual 
impedance in another environment. 

Several expressions for self-impedance and 
mutual impedance are presented. These are in 
the form of surface integrals or volume integrals 
of the field intensities or the current density. 
It is shown how the fields of an antenna in free 
space can be useful in calculating the impedance 
in the presence of scatterers. 

Single-Channel Direction Finding in a 
Multicomponent Field—W. M. Sherrill and 
D. N. Travers (p. 521) 

On the basis of theoretical argument and 
experimental results, the capability of a single¬ 
channel spinning-loop direction finder to re¬ 
solve the directional components of a multi¬ 
component field of plane waves is demon¬ 

strated. Calculated bearing displays are com¬ 
pared with corresponding displays obtained by 
experiment for the cases of two and three com¬ 
ponents. Directional resolution of components 
of equal and differing frequencies is demon¬ 
strated, and methods of presenting the bearing 
display are discussed. 

A Solution to the Frequency-Independent 
Antenna Problem—B. Ru-Shao Cheo, V. H. 
Rumsey and W. J. Welch (p. 527) 

A solution of Maxwell’s equations is ob¬ 
tained for an antenna consisting of an infinite 
number of equally spaced wires in the form of 
coplanar equiangular spirals. Radiation ampli¬ 
tude patterns obtained from this solution agree 
closely with measurements on two-element 
spiral antennas. The phase pattern shows the 
approximate validity of a phase center at a dis¬ 
tance behind the antenna which decreases with 
the tightness of the spiral. The current distribu¬ 
tion clearly shows increased attenuation with 
increase in the tightness of the spiral, thus 
showing how the frequency-independent mode 
depends on the curvature. A remarkable feature 
of the solution is that the current consists of an 
inward traveling wave at infinity when the an¬ 
tenna is excited in that sense which produces 
an outward wave at the center. 

TheRadiationFields from a Circumferential 
Slot on a Metal Cylinder Coated with a Lossy 
Dielectric—Charles M. Knop (p. 535) 

The radiation fields produced by a sinu¬ 
soidal distribution of axial-electric field along a 
thin circumferential slot, cut in a perfectly 
conducting infinite cylinder which is covered by 
a concentric dielectric coating, are found by 
applying the method of Wait with two modifi¬ 
cations. Initially, a structure consisting of a 
finite coated cylinder containing the slot and 
exciting a radial waveguide is considered. The 
fields in this waveguide are expressed in terms 
of derivatives of two axial Hertz vectors, and 
for a finite radial wall spacing are seen to con¬ 
sist of a double Fourier series. The radial walls 
are then allowed to become infinitely spaced; 
in this process, the Fourier-series representation 
for the axial dependence of the fields becomes a 
Fourier integral. The radiation fields are then 
found by asymptotically evaluating the Fourier 
integral by the method of stationary phase 
rather than by the saddle-point method. 

Expressions for the radiation fields are then 
found, but are given explicitly for the equa¬ 
torial plane only. Calculated radiation patterns 

in this plane, for a coating having a fixed dielec¬ 
tric constant with the thickness as a parameter, 
and for a fixed thickness with the dielectric 
constant as a parameter, are given for the case 
of a cylinder of size 0oa = 3. Generalizations 
based on these calculations are suggested. The 
case of a specific plasma coating is briefly con¬ 
sidered, and an approximate solution, readily 
obtained, which gives the same azimuthal form 
for the equatorial patterns, is also noted. 

Radiation from a Radial Electric Dipole 
Near a Long Finite Circular Cylinder—Hans H. 
Kuehl (p. (546) 

By use of the currents on the infinite 
cylinder excited by a radial dipole, approximate 
expressions for the two components of the far-
zone electric field of a radial electric dipole near 
a perfectly conducting finite cylinder are de¬ 
rived. The validity of the approximation de¬ 
pends on the conditions, W3»l and ̂ »1, i.e., 
the cylinder must be long compared to a wave¬ 
length. The expressions are initially in integral 
form but it is shown that they may be evaluated 
approximately over most of the range of 0 by 
use of the saddle point method. The theoretical 
results are compared to experimental results for 
a particular cylinder. 

ELF Waves in the Presence of Exponential 
Ionospheric Conductivity Profiles—Janis Galejs 
(p. 554) 

Based on the theory of Nicolet and Aikin, 
the profile of ionospheric conductivity exhibits 
a nearly exponential variation with altitude 
through the D layer and the lower edge of the 
E layer. Propagation of ELF waves below this 
exponential layer is considered after calcu¬ 
lating the surface impedance Z, at an altitude 
h where the local refractive index n does not 
necessarily satisfy |«|»1. The propagation 
constant is determined by an iteration process. 
This model ol an isotropic nonhomogeneous 
ionosphere is a closer approximation of the 
propagation geometry than are earlier models, 
where Z, was defined at h where | n | »1. The 
present model accounts simultaneously for 
ELF attenuation rates as measured by Jean, 
and earth-ionosphere cavity resonances as ob¬ 
served by Balser and Wagner. 

Some Remarks on Green’s Dyadic for 
Infinite Space—J. Van Bladel (p. 563) 

The validity of the often used dyadic 

/ „ 1 \ e-^x 

X k* J 4tR 

to compute the electric field inside a current¬ 
carrying region is investigated. It is found that 
care must be exercised in the definition of the 
integrals, which should be taken as principal 
values around the field point. 

Apparent Temperatures of Smooth and 
Rough Terrain—S. N. C. Chen and W. H. 
Peake (p. 567) 

The apparent temperatures of smooth and 
rough terrain surfaces are calculated for fre¬ 
quencies between 1 and 75 kMc, for angles of 
incidence between 5° and 80°, and for observa¬ 
tion altitudes between 2 km and 32 km. The 
attenuation and thermal radiation caused by 
the atmosphere are accounted for by an experi¬ 
mental model atmosphere, and the surface 
emissivities are based on measured complex 
dielectric constants (for the smooth surfaces) 
and measured radar return (for the rough sur¬ 
faces). It is found that perpendicular polariza¬ 
tion provides the greatest temperature con¬ 
trast between rough and smooth surfaces, and 
that the contrast decreases as the altitude of 
observation increases; at /— 75 kMc (approxi¬ 
mately the resonant frequency of the oxygen 
molecule), there is likely to be little, if any, 
contrast between rough and smooth surfaces. 
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Diffraction of a Plane Wave by a Perfectly 
(•nducting Sphere with a Concentric Shell— 
Martin A. Plonus (p. 573) 

A general solution to the problem of diffrac-
t on from a perfectly conducting sphere with a 
ermcentric shell spaced any* distance from the 
s riace of the sphere is presented. If the shell 
consists of a dielectric material the solution 
s mplifies by using asymptotic expressions lor 
tv spherical Bessel unction. Another simplifi-
c uion results when the shell is assumed to be 
ttn. 

Correction to "Sidelobe Reduction by Non-
triform Element Spacing"—Roger F. Harring-
t»i (p. 576) 

Communications (p. 577) 
Contributors (p. 585) 
Annual Index (p. 586) 
Papers to be Published in Future Issues 

( nside Back Cover) 

Electron Devices 
V >i.. ED-8, No. 6, November, 1961 

Our Sincere Thanks to Dr. Earl Steele— 
W A. Adock (p. 435) 

Mylar Electron Beam Windows—William 
H. Steier (p. 436) 

Thin sheets of Myler have been found a use-
ft 1 material for electron beam windows for 
beams in the 0.5- to 1.0-Mev energy range. 
Tie material finds special application in beam 
excited plasma devices where the plasma and 
tl e electron gun are to be held at different 
pressures. 

Experiments are described in which the 
arount of beam scatter and beam debunching 
cr used by* the Mylar are determined. Data is 
pKsented on the damage to the Mylar caused 
b’ the electron beam and the resultant decrease 
in pressure differential that the bombarded 
Mylar can withstand. The experiments were 
alo conducted using Mylar sheets coated with 
41 KI 5000 A coatings of aluminum. 

The Magnetron as a Negative-Resistance 
Ar plifier—J. Kline (p. 437) 

A one-port, nonlinear, crossed-field micro¬ 
wave amplifier which uses a magnetron as a 
negative-resistance element is described. Such 
ar amplifier is characterized as one using an 
era tting sole, reentrant beam, and reentrant 
R5 fields. A circulator is required to achieve 
sta ole regenerative amplification. The system is 
am lyzed as a negative-resistance amplifier and 
as a symchronized or forced oscillator. Experi-
meital measurements of gain and bandwidth 
ai ■ illustrated. The effect of varying operating 
cc rditions upon these characteristics is indi-
ca;ed. Operation with a solid cathode com-
poeed of oxidized beryllium-nickel has been 
demonstrated. 

Super-Saturated Transistor Switches— 
Ja »es F. Gibbons (p. 443) 

The purpose of this paper is to calculate 
tlw voltage drop across a closed transistor 
swi ch in the presence of intermediate-level 
op ‘ating conditions. The problem is formu-
lanxl to include the important one-dimensional 
eff * Hs associated with intermediate-level opera¬ 
tic« in such a way that the low-level theory is 
included as a special case. Experimental verifi¬ 
cation of the theory* has been obtained over a 
m< derately wide rang? of base drives. 

Conservation Principles in Multivelocity 
Electron Flow -G. Hck (p. 452) 

This paper considers the extension of Poyn-
tir-g’s theorem to an electron gas with a con-
tir_K>us distribution of velocities. In particular, 
an extension of the concept of “kinetic po-
teirtiar is attempted, since this concept has 
preved itself very* useful in the investigation of 
singe-velocity flow. I: is found that in three 
dimensions the electrc kinetic-flow vector can-
no* be expressed as th? product of the convec-
tior current density aid a single scalar quan¬ 
tity of the dimension potential. In one-dimen-
sio«al applications, however, this circumstance 

is immaterial. Another difficulty is encountered 
when a small perturbation component on a 
steady state is considered. The nonlinear Bolz-
mann transport equation gives a linear equa¬ 
tion between the first-order perturbations, but 
the nonlinearity makes possible a conversion of 
part of the perturbation power flow to de power 
flow. In other words, the power flow associated 
with a single-frequency perturbation is not 
necessarily conserved in multivelocity flow, 
even in the absence of an ac Poynting vector. 
In the case of space-charge-limited flow in an 
electron gun, the consequence is that the cool¬ 
ing of an electron stream by* adiabatic expan¬ 
sion can proceed beyond the potential minimum 
and very low noise temperatures are attainable 
in principle if the accelerating field is main¬ 
tained small over an appreciable length of the 
electron gun. 

Uniform Turn-On in Four Layer Diodes— 
K. Hubner, M. Melehy and R. L. Biesele (p. 
461) 

The turn-on characteristics of 200-volt four-
layer diodes have been investigated as a func¬ 
tion of the rate of rise of the applied voltage 
close to the breakover point. A fast rate of rise 
of the order of kv//rsec allows bringing the 
voltage up to, or higher than, the designed 
avalanche voltage of the center junction, even 
if localized spots having a lower breakdown 
voltage are present. Such spots, possibly due to 
crystalline defects, surface conditions and sta¬ 
tistical or accidental variations of impurity 
concentration, may lead to localized turn-on 
and possible burn out. There is experimental 
evidence that a fast rate of rise results in uni¬ 
form turn-on and allows current densities up 
to 55,000 a/cm2 without damaging the device. 

A Millimicrosecond Pulse-Generator Tube 
—W. H. Cornetet, Jr. and J. G. Josenhans 
(p. 464) 

This paper describes the theory and testing 
of a 100-Mc repetition-rate millimicrosecond 
pulse-generator tube utilizing klystron bunch¬ 
ing. The optimum operation of the generator 
was obtained with a drift-tube transit angle 
@o of approximately 150° ; depth of modulation 
a=Vi/Fo = l; and the reduced plasma-angle 
</>,, was less than 20°. Observations and data 
were determined with an Edgerton, Germes-
hausen and Grier traveling-wave oscilloscoire 
and a comparison measurement technique. The 
generator has a measured pulse rise time of 130 
gMæc (0 100 per cent), and a pulse duration of 
300 jqisec at the half-voltage point. A pulse 
height of 20 volts on a 50-ohm coaxial line is 
possible. 

Definition and Determination of the Series 
Inductance of Tunnel Diodes W. B. Hauer 
(p. 470) 

For the application of tunnel diodes in the 
microwave region it is important that the series 
inductance of the diodes is well below one 
nanohenry. Such small inductances arl very 
difficult to measure. A method is described here 
by which the inductance can be calculated. 
The key point of the procedure is a new parame¬ 
ter called the effective radius of a tunnel diode. 
It is the radius of a cylindrical conductor which 
can be substituted for the diode in inductance 
calculations. Experimental determination of 
the effective radius is shown. The approach 
taken readily leads to a concise definition of the 
series inductance of tunnel diodes. 

Impurity-Density Distribution in the Base 
Region on Drift Transistors —M. B. Das and 
A. R. Boothroyd (p. 475) 

The nature of the impurity grading in the 
base of drift transistors is studied by measuring 
the depedance of the base transit time on 
collector voltage. Provided that modulation of 
collector-depletion lay*er width caused by 
change of collector voltage occurs only in the 
base material, as in the case of an alloyed col¬ 
lector, it is possible to deduce the base-region 
field parameter m = &V/(kT/q) from such 
transit-time measurements. By this means, the 
validity* of assumed distributions of impurity 

density may be verified; in particular, it may* be 
established whether the impurity grading ap¬ 
proximates an exponential or a complementary 
error function (erfc) form. Results are given for 
a number of drift-transistor samples, most of 
which are believed to have undergone impurity 
diffusion into the base material from a constant 
surface concentration during fabrication. In all 
cases, however, interpretation of measured 
data indicates a base impurity-density distribu¬ 
tion approximating exponential rather than 
erfc form to be present. 

Closely Spaced, Aligned Grids in Vacuum 
Tubes L. A. Harris (p. 481) 

Applications of Cold-Cathode Parallel-Field 
Devices—R. E. Lundgren. C. Susskind and 
J. R. Woodyard (p. 489) 

Investigations have been undertaken at the 
University of California over the past several 
years to extend the app ication of a cold¬ 
cathode parallel-field device to the fields of 
rectification, amplification, oscillation, and 
electron emission. The characteristics of the 
device as functions of vo tage and magnetic 
field in the pressure range near 10-3 mm of Hg 
have been studied. Operation of the device as 
a short-circuit-stable variety of negative re¬ 
sistance is possible, and a simple theory* is given 
to explain the negative-resistance phenomenon. 
Results indicate that rectifiers capable of with¬ 
standing inverse voltages of at least 30 kv and 
currents of 10 ma with a forward drop of 300 v 
are possible. A peak electron emission of 7.2 
ma/w indicates that the device might serve as 
an electron source in long-pulse applications. 

Cerenkov Radiation in Slow-Wave Guiding 
Structures -B. W. Hakki (p. 497) 

Cerenkov radiation of a prebunched beam 
in a dielectric tube waveguide is here shown to 
be about an order of magnitude higher than 
that in a comparable slab of dielectric material. 
Furthermore, two distinct types of interaction 
are analyzed: multibunch, and bunch-by*-
bunch radiation, wherein integral transform 
methods are used. Multibunch Cerenkov radi¬ 
ation in a helix waveguide is used to show the 
identity with TWT interaction. It is subse¬ 
quently shown that for open boundary inho¬ 
mogeneous waveguides a TWT type analysis 
will give the same results as multibunch 
Cerenkov radiation based on integral transform 
methods. For single bunch or a bunch-by-
bunch type of interaction in such structures 
where energy* orthogonality and completeness 
of the eigenfunctions do not hold, an integral 
transform method is used. The underlying dif¬ 
ference between bunch-by-bunch and multi¬ 
bunch radiation is discussed. 

The utility of Cerenkov radiation in a 
dielectric tube waveguide for the generation of 
coherent electromagnetic power in the milli¬ 
meter range is pointed out. Numerical results 
are given to show the variation of power with 
respect to various parameters. Experimental 
results from a 0.8-Mev beam are shown to agree 
satisfactorily with theory. 

Single-Transit, Large Radius E-Type De¬ 
vices—W. M. Nunn. Jr. and J. E. Rowe (p. 
.508) 

A small-signal analysis of E-type traveling¬ 
wave devices is presented for systems in which 
a ribbon-shaped electron beam completes a 
single excursion through the interaction space 
of a coaxial-cylindrical structure. The incre¬ 
mental propagation constants and the associ¬ 
ated forward-wave growing- and beating-wave 
gain, as well as the backward-wave start-oscil¬ 
lation conditions, are examined over a wide 
range of operating conditions. The results point 
to an interaction-principle that specifies the 
manner in which the rate of change of energy 
transfer between the electron beam and the 
RF wave is affected by the curvature of the 
path. 

The origins of slipping-stream motion are 
examined and an approximate method of com¬ 
puting gain under these circumstances is pre¬ 
sented. In addition, predictions based on a 
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small-signal study reveal that E- and O-type 
devices possess comparable efficiencies. 

Experimental data on a C-band E-type 
amplifier are presented in support of the 
theoretical predictions. 

Parametric Amplifier with Thermoelectric 
Refrigeration—M. Uenohara and R. Wolfe 
(p. 521) 

The noise figure of a variable-capacitance 
parametric amplifier can be greatly improved 
by refrigerating the diode. A thermoelectric 
refrigerator can be used for this purpose with¬ 
out losing the advantage of system simplicity. 
A two-stage thermoelectric refrigerator has 
been built into a 6-Gc parametric amplifier. 
With no load this refrigerator has produced a 
temperature difference of 101 °C below room 
temperature. In the amplifier it cooled the diode 
to 213°K. The effective noise temperature of 
the amplifier was reduced from 170°K when the 
GaAs diode was at room temperature to 108°K 
when the diode was cooled to 213°K. The de¬ 
sign, construction and characteristics of the am¬ 
plifier and the thermoelectric refrigerator are 
described. 

Equivalence of the Collective and the Cor¬ 
puscular Theories of Noise in Junction Diodes 
—A. van der Ziel (p. 525) 

There are at present two methods of ap¬ 
proach to the problem of noise in p-n junction 
diodes: 1) the corpuscular theory and 2) the 
more fundamental collective theory. In the 
first the noise is expressed in terms of the fate 
of individual carriers, and in the second the 
noise is described in terms of distributed dif¬ 
fusion noise and recombination noise sources. 
The equivalence of the two methods is demon¬ 
strated by integrating the continuity equation 
and identifying the various groups of carriers 
showing up in the corpuscular theory. 

Electron-Beam Defocusing Due to High-
Intensity RF Fields—G. R. Brewer and J. R. 
Anderson (p. 528) 

The electric fields associated with a “slow” 
electromagnetic wave propagating along an 
electron beam will modulate this beam; the 
axial component of field will produce the usual 
“bunching,” while the radial component will 
cause periodic peí turbations in the radius* of 
such an electron beam. This paper presents the 
results of analytical and experimental studies 
in an attempt to explain certain features of this 
defocusing effect of intense RF fields on the 
beam in a traveling-wave tube. In particular 
the effect of cathode flux on the RF defocusing 
of a beam in Brillouin flow is treated. 

Constant-Output-Frequency, Octave Tun¬ 
ing Range Backward-Wave Parametric Ampli¬ 
fier—S. Okwit and E. W. Sard (p. 540) 

This paper describes a varactor diode back¬ 
ward-wave parametric amplifier (BWPA) 
which operates in a new mode that yields a 
constant-output frequency as the amplification 
frequency is electronically turned over an 
octave signal tuning range. A theoretical dis¬ 
cussion on the design considerations is pre¬ 
sented and applied to the construction of an 
LF model (1.5-3. 3 Me). Experimental data on 
the important amplifier characteristics are 
given and shown to correlate well with theory. 
The amplifier yields stable gains in excess of 20 
db over a greater-t han-octave tuning range, 
and the output frequency (which is taken at the 
idler) has less than a ±1.6 per cent variation 
over the octave band. The over-all effective 
receiver input-noise temperatures were meas¬ 
ured and agreed well with theory, being about 
160°K at the LF end of rtie band and increasing 
to 300°K at the HF end. 

Propagation in Helical and Narrow-Band 
Slow Wave Structures—B. M. Bevensee (p. 
549) 

A variational analysis is developed for a 
large class of helical slow-wave structures and 
illustrated for a narrow tape helix. A 2X2 
determinantal equation accurately describes 
the dispersion of the wave with predominant 
M = 1 mode component, both in the ordinary 

and anomalous regions. A 3X3 determinantal 
equation would be necessary to describe well 
the dispersion of the ordinary TWT wave at 
low frequencies. 

The analysis is modified to include the 
presence of a filamentary electron beam. It is 
shown how the equation for the incremental 
propagation constant takes the Pierce form, 
provided the frequency does not lie too near 
cutoff. 

A variational analysis is also made of the 
propagation in a general narrow-band cavity 
chain interacting with a longitudinally-con¬ 
fined beam. It is shown how the equation for the 
incremental phase shift per cavity is formally 
related to Pierce’s equation for the incremental 
propagation constant in a helix TWT. Pro¬ 
vided certain necessary (but not sufficient) con¬ 
ditions are met, an appropriately-defined C3 

parameter exists for the cavity chain. 
The resonant-slot coupled cavity chain is 

treated variationally and it is shown how a very 
accurate dispersion relation obtains. The waves 
in this structure interacting with a beam are 
also described formally, under certain condi¬ 
tions, by the Pierce equation for the TWT. 

Correspondence (p. 559) 
Contributors (p. 562) 
Annual Index, 1961 (Follows page 565) 

Information Theory 
Vol. IT-7, No. 4. October, 1961 

Optimum Linear Finite-Dimensional Esti¬ 
mator of Signal Waveforms—Tadao Kasami 
(p. 206) 

This paper deals with the linear estimation 
of noise corrupted signal waveforms, from ob¬ 
servation over a specified finite time-interval. 
Two new features are delineated in this paper: 
1) the estimating operator is assumed to be 
finite-dimensional, because economically real¬ 
izable operators are finite-dimensional in gener¬ 
al, and 2) the cost of observation and estimation 
is taken into account, and assumed to be de¬ 
pendent upon the dimension of the operator 
only. As a result, the optimum linear finite¬ 
dimensional operator that minimizes the risk 
(the sum of cost and average loss) is obtained 
for the case in which a quadratic loss function 
due to error is adopted. 

A Method of Digital Signalling in the Pres¬ 
ence of Additive Gaussian Noise—Ludwik 
Kurz (p. 215) 

This paper considers the basic problem of 
transmitting digital information through a 
noisy channel with minimum probability of 
error in finite time. The transmitted signals are 
average-power limited, and the noise is as¬ 
sumed to be additive Gaussian with a power 
spectrum which may be nonwhite. A theory of 
so-called efficient codes (minimax, equal sepa¬ 
ration, and nearly equal separation) is de¬ 
veloped. Efficient codes are formed from 
weighted sums of eigenfunctions generated by 
an integral equation with its kernel correspond¬ 
ing to the inverse Fourier transform of the 
Gaussian noise power spectrum. In addition, 
the theory of equidistant and nearly equidis¬ 
tant codes is extended to the case of non¬ 
white Gaussian noise. It is shown that efficient 
codes perform better than equidistant codes if 
the noise is nonwhite; i.e., properly chosen 
waveforms are more efficient than binary 
coding. Performance results are given for sev¬ 
eral different codes when the interference is 
white Gaussian noise and when the noise power 
density increases with increasing frequency. 
The detection scheme used does not require 
estimation of the signal or the noise levels at the 
receiver and is thus independent of fading. 

Some Results on the Problem of Discrimi¬ 
nating Between Two Gaussian Processes— 
P. Bello (p. 224) 

This paper is concerned with certain aspects 
of the problem of discriminating between two 
Gaussian processes. The emphasis is on deter¬ 

mining approximate optimum detector struc¬ 
tures which avoid some of the mathematical 
difficulties inherent in the evaluation of the 
exact optimum detector structure. To this end, 
an approach termed the “inverse operator” 
approach is presented which leads to approxi¬ 
mate detector structures via the Neumann 
series expansion of linear operator theory. 
These approximate detectors are found by using 
a finite number of terms in an “optimum de¬ 
tector” expansion which results from the use of 
the above Neumann series expansion. A suffi¬ 
cient condition for the rapid convergence of the 
optimum detector expansion is found to be 
that the eigenvalues of a certain ojærator have 
magnitudes much less than unity. An upper 
bound is derived for the error incurred at the 
detector output by the use of a finite number of 
terms in the optimum detector expansion. 
Error probabilities are calculated for the case 
in which the detector outputs may be assumed 
approximately normally distributed. From an 
output “signal-to-noise” ratio point of view, it 
is shown that the performance of the optimum 
detector and approximate detectors will differ 
negligibly if the above eigenvalues have squared 
magnitudes much less than unity. Some upper 
bounds are derived for the largest eigenvalue 
(magnitude). 

Error Correcting Codes and Their Imple¬ 
mentation for Data Transmission Systems — 
J. E. Meggitt (p. 234) 

Presented here is a practical automatic 
error-correcting system that may be applied to 
many data transmission problems. It is particu¬ 
larly suited to the correction of bursts of errors 
and so may be applied to the problem of the 
transmission of data over telephone networks. 

The attractive feature of the system is its 
remarkable simplicity from the point of view of 
implementation. It is so simple that it can 
readily be incorporated into much existing 
equipment. 

In the system, messages are transmitted in 
blocks and each block is coded separately. The 
codes used within the blocks are cyclic codes. 
This means that coders and decoders employ 
linear feedback shift registers to form check 
digits and to correct errors. 

The basic ideas are presented in terms of the 
hardware components to which the system 
gives rise and analyzed afterwards in terms of 
mathematics so that it is easy for the engineer 
to see, at once, what is involved. 

The theory usually applies to binary mes¬ 
sages in which data is transmitted serially. 
However, an extension is included which shows 
how the same ideas may be applied to binary 
codes in which information is sent in parallel. 

On the Optimum Range Resolution of 
Radar Signals in Noise—N. J. Nilsson (p. 
245) 

Optimum radar resolution is recognized to 
be a problem in distinguishing between dif¬ 
ferent possible target configurations. Radar 
reception systems which perform optimum 
range resolution are then designed using the 
principles of statistical decision theory. In par¬ 
ticular, the design of the optimum resolution 
system is carried out for a squared-error loss 
function, modified to provide extra penalties 
for wrong guesses about the number of targets 
present. Such a system is capable of simul¬ 
taneously deciding the number of targets 
present, their spatial positions (ranges) and 
their relative amplitudes. The analysis also 
includes a discussion of an optimum device for 
the resolution of distributed (clutter-like) 
targets. 

Phase Shift Pulse Codes with Good 
Periodic Correlation Properties—R. C. Hei-
miller (p. 254) 

A method of generating phase shift pulse 
codes of arbitrarily long length with zero 
periodic correlation except for the peak for 
zero shift is presented. The codes are of length 
p* where p is any prime number, and p different 
phase shifts corresponding to the /»th roots of 
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■ nity are necessary to generate them. Since p 
different phase shifts are required, these codes 
¿re not as easy to generate and process as the 

b binary codes, but this does not seem to be a 
-crious limitation to their usefulness. Applica¬ 
tion of these codes can l>e made as interpulse 
phase modulation for range resolution in pulse 
Doppler radars or for a method of synchroniz¬ 
ing a pulse code communication system. 

Optimum Nonlinear Filters for Quantized 
Inputs—F. Tung and R. J. Schwarz (p. 257) 

Optimum least-square filters belonging 
Zadeh's nonlinear class are considered. At¬ 
tention is restricted to those systems whose 
present output is influenced only by a portion 
of the past input. The input signal consists of a 
■lessage and noise, both of which are stationary 
random processes. It is assumed that the am-
phtude of the input time series is bounded and 
Sikes on discrete values at all times. This as¬ 
sumption leads to a nonlinear filter which can 
’•<• realized as a quantizer or amplitude selec¬ 
tor followed by a parallel set of linear filters. 
T le system becomes optimum when the im¬ 
pulse responses of the linear filters satisfy a sys-
ocm of integral equations of the Wiener-Hopf 
n pe adapted to finite memory filters. By vir-
n»e of the assumptions made concerning the 
i:»int probability density functions of the mes-
sige and noise processes, it is found that the 
Fourier transforms of the kernels of these 
equations are rational functions. A method is 
< eveloped for the solution of this set of inte¬ 
gral equations. This method is illustrated by 
rr. example, and the mean-square error of the 
ronlinear filter so obtained is compared with 
die best linear filter. 

Correspondence (p. 265) 
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Reliability and Quality Control 
Vol. RQC-10, No. 3. November, 

1961 
Manufacture and Control of High Fre¬ 

quency Transistors for Consumer Products— 
C. B. Tague and H. C. Bartels (p. 1) 

The philosophy of manufacturing transis¬ 
tors on an automatic line optimized for a par¬ 
ticular high frequency type is reviewed. The 
method of optimizing for different types and 
the process controls used to monitor these pro-
cedures are analyzed. 

The concept of defining high frequency 
characteristics through functional tests rather 
than by traditional parameters and some of the 
problems encountered with this approach are 
d «cussed. 

Results of sampling tests for life and elec¬ 
trical characteristics are reviewed. Field data, 
h >:h consumer production line and in use fail-
ire rates, are given. 

Some Aspects of Satellite and Space Probe 
Reliability—T. W. Gross and H. C. Werner 

7) 
It is becoming a recognized fact that many 

ol the electronic piece parts used in present 
r day ballistic missile and space probes are in¬ 

adequate for the long-life space programs of 
tl e near future. Realization of the major dif¬ 
ferences of life and reliability requirements re¬ 
st king from short and long term exposures to 

r tie space environment has led to a four point 
pkm for the establishment of an acceptable 
cl ns of parts that will meet the more rigid de¬ 

mands. Presented here are the plan and some of 
the preliminary results obtained to date. 

Design by Worst-Case Analysis : A System¬ 
atic Method to Approach Specified Reliability 
Requirements—W. D. Ashcraft and W. Hoch¬ 
wald (p. 15) 

Design criteria which result in a systematic 
method to approach specified reliability re¬ 
quirements of equipment are essential to the 
development of complex electronic systems. A 
practical approach to designing equipment 
which lends itself to theoretically valid relia¬ 
bility prediction has long been sought. The 
worst-case analysis offers an answer in terms 
of a simple, well-organized, analytical method. 
Furthermore, application of this method results 
in a number of factors which benefit the com¬ 
ponent design engineer, the system design en¬ 
gineer, the administration of the engineering 
organization which applies these techniques, 
and the manufacturer of the component parts. 
The subject of worst-case criteria will be intro¬ 
duced, and the resulting effects on hardware 
and the engineer will be examined. The proced¬ 
ure for performing the worst -case analysis will 
then be described, and sample circuits designed 
in this manner will be shown. Lastly, the rela¬ 
tion of worst-case criteria to statistical theory 
will be described, and the validity of worst-case 
criteria for reliability prediction will be shown. 

Correlation-Capability Studies —Howard L. 
Berke (p. 22) 

In missile production, a recurring problem 
is the measurement of derived parameters. Un¬ 
like volts, amjieres, and ohms, these parameters 
do not lend themselves to standard black-box 
test equipment. Nevertheless, whatever test 
equipment is used for their measurement still 
must lx closely correlated to yield consistent 
and reliable measures. 

The Span Plan, which has been successful 
largely because it uses range estimates rather 
than actual variances, has shown itself to lx? 
the most practical method for conducting cor¬ 
relation studies on Sidewinder missile test sta-
t ions. 

After discussing the Span Plan in some de¬ 
tail, the author concludes that the Correlation 
Capability Program, in establishing and main¬ 
taining close correlation of test stations, has 
been a significant contributor to Sidewinder’s 
success. 

Built-In Reliability—E. P. Laffie (p. 28) 
There has been a growing tendency, lately, 

to substitute the word “reliability” for “qual¬ 
ity control.” There have been many definitions 
for reliability proposed. A simple but adequate 
one has been given by Knight, el al.: “The re¬ 
liability of an electronic product is the proba¬ 
bility that the product will give satisfactory 
performance for a given period of time when 
used in the manner and for the purpose in¬ 
tended.” 

One of the basic and fundamental concepts 
for achievement of true reliability is to build 
the product right in the first place. The aim of 
this paper is to point out how this can be ac¬ 
complished and areas of actual application. 

Biographies (p. 36) 

Nuclear Science 
Vol. NS-8, No. 4, October, 1961 

The Nuclear Instrumentation Symposium 
—C. S. Lisser (p. 2) 

Reactor Power Monitor Utilizing Cerenkov 
Radiation—James L. Lovvorn (p. 3) 

Cerenkov light in the central region of a 
water-moderated reactor has been measured as 
a function of reactor power. Simple photovol¬ 
taic light detectors were used with a recording 
microammeter. The electrical current re¬ 
sponded to a power increment increase with an 
initial rise proportional to the reactor power. 
This was followed by an additional increase in 
current of from 4 to 5% with a time constant of 
approximately 4 minutes. 

High-Current Regulated Supply, Combin¬ 
ing Transistors and Magnetic Amplifiers, for 
the Oak Ridge Isochronous Cyclotron—B. C. 
Behr, W. E. Lingar, and W. H. White, Jr. 
(p. 6) 

Circuits are shown and design criteria given 
for a current-regulated power supply which is 
typical of 19 supplies of four types built for the 
Oak Ridge Isochronous Cyclotron. These sup¬ 
plies range from 6.25 to 34 kw with current rat¬ 
ings from 250 to 1200 amp. Current regulation 
and ripple of 1 part in 10* are obtained by sepa¬ 
rate ac and de feedback circuits driving a bank 
of parallel power transistors in series with the 
load. The dissipation of the transistor bank is 
limited by a third feedback circuit, which drives 
a saturable reactor in the power supply to 
maintain a constant voltage across the transis¬ 
tor bank. The output can be varied from zero 
to maximum by setting a reference potentiom¬ 
eter which is supplied by a Zener reference with 
a low temperature coefficient. Plug-in circuits 
in the feedback networks allow versatility; any 
regulator can be used with a wide variety’ of 
magnets of varying time constants. A modular 
transistor bank simplifies construction and 
maintenance. 

Low Level Alpha Counting with Solid State 
Detectors—L. Cathey (p. 10) 

Two instruments are described that utilize 
the high discrimination of solid state alpha de¬ 
tectors against beta and gamma radiation. An 
alpha particle survey’ meter has been devel¬ 
oped with a 6 cm2 sensitive area. It will detect 
alpha particles in the presence of a 50 r/hr 
gamma ray’ field. A low level alpha counter has 
been built with a background of less than 0.001 
count per minute. It is useful for measurement 
of alpha emission from bio-assay’ samples. 

A Sub-Millimicroampere Current Ampli¬ 
fier Utilizing An Unusual Transistor Effect— 
F. T. May and R. A. Dandi (p. 16) 

Due to a very unusual effect that occurred 
when certain transistors were operated at low 
current levels, a direct coupled, transistorized, 
current amplifier has been develoiæd with sen¬ 
sitivity’ extending below the millimicroampere 
region of input currents. This amplifier was 
necessary for the measurement of certain char¬ 
acteristics of the experimental controlled fu¬ 
sion machine, DCX (Direct Current Experi¬ 
ment). Characteristics of the high-gain tran¬ 
sistors are presented along with a description of 
the design and resulting characteristics of a 
current amplifier with sensitivities of 1/10“*, 
1/10“ and 1/10“ 10 volt/amp. A possible ex¬ 
planation of the high-gain effect involving the 
existence of an 2V-type inversion layer on the 
P-type base of the silicon transistors of interest 
suggests the need for more basic experiments 
on the effects of inversion lay’ers on transistor 
action. 

Gamma-Ray Astronomy in Space in the 
50-KEV to 3 MEV Region—L. E. Peterson and 
R. L. Howard (p. 21) 

The y-ray fluxes in space which arise 
from nuclear and plasma interactions are ex¬ 
pected to be of the order of 10“1 to 10“ 2 

photons/cm2’sec. A considerable y-ray back¬ 
ground is produced from the interactions of 
cosmic-ray nucleons. A detection system is de¬ 
scribed which will allow the measurement of 
considerably’ weaker primary’ fluxes than previ¬ 
ous experiments. The apparatus is to be placed 
on a low-altitude, low-latitude earth satellite. 
A scintillation counter with a shielding col¬ 
limator is used in the 50 -150 kev energy region. 
In the 0.3 to 3.0 Mev region, the high particle 
flux requires the use of an anticoincidence 
shield around the scintillation counter. A 
Compton coincidence telescope provides direc¬ 
tional collimation in this energy region. Data 
from the detectors are entered into a temporary 
binary storage and are read out, together with 
identification and satellite orientation informa¬ 
tion, to the payload telemetry system at a one 
bit/sec rate. The entire apparatus weighs 30 
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pounds, has a complement of 400 transistors, 
and operates on 650 mw of power. 

The University of Chicago Measurement in 
Space of Cosmic Rays at Energies above 0.5 
MEV—J. B. Lamport and L. J. Petraitis 
(p. 30) 

Since 1958, two groups at The University 
of Chicago have collaborated in designing sev¬ 
eral experiments to acquire information relat¬ 
ing to the flux of primary cosmic rays having 
energies normally below the threshold imposed 
by the geomagnetic field. These experiments 
are performed with instruments carried by 
space vehicles. So far in this program, two 
types of cosmic-ray counter telescopes have 
been designed and built. 

The first type includes a three-fold coinci¬ 
dence counter which has a low-energy thresh¬ 
old for protons at about 75 mev. Such instru¬ 
ments have been flown successfully aboard Ex-
plorer VI and Pioneer V. From these flights 
much useful information was obtained regard¬ 
ing the radiation belts, the Forbush decreases, 
the solar acceleration of protons, and the gradi¬ 
ent of the cosmic-ray flux as a function of dis¬ 
tance from the sun. Another instrument of this 
type is similar to the first but has a lower 
threshold, 10 mev. The third, which is based 
upon a different principle, is a two-element, 
solid-state device for measuring the flux at 
energies from 0.5 to 10 mev. The latter two in¬ 
struments are scheduled for first flight aboard 
a high-eccentricity, earth satellite in late 1961 
or early 1962. 

This paper contains a detailed description 
of the first type of telescope. All the instru¬ 
ments of this type are alike except for the de¬ 
tector systems. 

Instrumentation for Use with BEV Ac¬ 
celerators—W. A. Higinbotham (p. 34) 

The object of the instrumentation is to ob¬ 
serve the interaction of high energy protons 
with various nuclei and to study the character¬ 
istics of the short-lived particles which are pro-
duced. The tracks of charged particles can be 
directly observed in photographic film, in 
cloud and bubble chambers and in spark cham¬ 
bers. Alternatively, a number of radiation de¬ 
tectors may be arranged to give a signal only 
when a selected type of event takes place. 

Some millimicrosecond logic circuits will be 
described which are used with scintillation and 
Cerenkov detectors to select and to analyze 
high energy events. Some recent techniques for 
data collection and processing will be pre¬ 
sented. 

Electronic Instruments and Techniques for 
Plasms Physics Research in the United King¬ 
dom—A. B. Gillespie (p. 40) 

The paper describes electronic instruments 
and techniques which have been developed and 
used in support of the U.K. plasma physics re¬ 
search program. These generally fall under 
the headings of machine design, machine con¬ 
trol and instrumentation, and plasma diagnos¬ 
tics. To date, most work has been in the latter 
category which involes a wide variety of meas¬ 
urements ranging from the low frequency end 
of the spectrum to high energy nuclear radia¬ 
tions. Many of the diagnostic instruments de¬ 
scribed have been developed for use with 
ZETA, the large toroidal discharge experiment 
at the Atomic Energy Research Establishment, 
Harwell. 

Dangers in Safety Systems—E. P. Epier 
(P. 51) 

Reactor safety systems have failed in such 
a way as to destroy the reactor which they were 
intended to protect. Safety rods, when released, 
can, through malfunction, increase rather than 
decrease reactivity. The electronic and sensing 
portions of the safety system are usually ar¬ 
ranged so that random failures may on rare oc¬ 
casions result in a slight impairment of protec¬ 
tion. The total loss of protection should not in 
itself lead to damage to the reactor. System¬ 
atic failures have occurred however, such 
that the safety and control systems have be-
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come coupled either deliberately or through 
oversight in such a way that the loss of protec¬ 
tion and reactor runaway have been caused by 
a single event. 

A Survey of Plasma Instrumentation— 
Charles B. Wharton (p. 56) 

Most of the properties of plasmas are diffi¬ 
cult to determine. This is especially true for 
high temperature, dense, transient plasmas 
such as encountered in controlled fusion re¬ 
search. If high temperatures and long plasma 
confinement times are to be achieved the meas¬ 
uring instruments must not perturb the plasma. 
Since each transient event has its own person¬ 
ality and cannot be expected to be exactly like 
any preceding or subsequent event, all informa¬ 
tion (ideally) must be collected each time, with¬ 
out relying on reproducibility. Such plasma in¬ 
strumentation has been given the name 
“plasma diagnostics.” 

A survey and evaluation of several diag¬ 
nostic techniques is given. Applications of 
some of the more important ones to specific ex¬ 
periments are shown and a comparison of 
measured quantities is made. 

A tabulation of several commonly used 
techniques is given in Tables I, II and III, to¬ 
gether with a crude evaluation of them. Most 
of the methods are applicable to general plasma 
work but some are used only in controlled fu¬ 
sion experimentation. 

Diagnostic Techniques of the High Com¬ 
pression and Neutral Injection Experiments— 
William F. Cummins (p. 71) 

In the Multi-Stage Compression Experi¬ 
ment (Toy Top III) we wish to determine the 
energy and spatial distribution of the plasma 
components—ions and electrons—from the 
time of their initial injection into the machine 
through the heating and containment cycle. An 
ion analyzer, consisting of a magnetic momen¬ 
tum analyzer followed by an electrostatic ana¬ 
lyzer, has been valuable in finding the energy 
distribution of the plasma ions. The density 
distribution of the plasma in the experiment’s 
magnetic field has been largely determined 
with electrostatic extraction probes. Micro¬ 
wave radiometers and double probes have been 
utilized to find electron temperatures. Li6 (Eu) 
and plastic scintillation counters assess the 
total number and rate of production of neu¬ 
trons from D-D reactions, which may be con¬ 
firmed with nuclear emulsions. Electron tem¬ 
peratures in the Single-Stage High Compres¬ 
sion Experiment (Table Top II) have been de¬ 
termined from an analysis of the escaping 
electron flux. 

The initial experiments on neutral atom in¬ 
jection into a mirror field geometry (ALICE) 
require a knowledge of the initial background 
gas density, neutral beam current, buildup of 
plasma density, loss rate from the confinement 
region, and the spatial distribution of the 
plasma. A magnetically shielded, nude Bayard-
Alpert gauge determines the total initial gas 
pressure, the partial pressure of each atomic 
specie being found with a mass spectrograph. 
A copper target calorimeter indicates beam cur¬ 
rent; while neutral particle detectors on the 
chamber walls and screened Faraday collec¬ 
tors outside of the mirrors show the build-up 
and loss of plasma. These instruments, along 
with electrostatic probes, give the density of 
the plasma at various points in the system. 

DCX-1 Instrumentation—Herman Postma 
(P. 77) 
DCX is a steady state experiment at Oak 

Ridge which accumulates a plasma by means 
of high energy injection of diatomic ions into a 
magnetic mirror geometry. This paper de¬ 
scribes the diagnostic techniques that have 
been employed in DCX-1 to study stability of 
the plasma accumulated in this device. These 
include studies of the radiation emitted by this 
plasma, the plasma density, the plasma poten¬ 
tial, and the energy spectra of the particles 
ejected from the plasma. Experimental meas-
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urements are given to illustrate results ob¬ 
tained using these techniques. 

Soft X-Ray Spectroscopy of a Hot Plasma 
—F. C. Jahoda (p. 81) 

A Continuous Photometer for Low Concen¬ 
trations of Uranium in Aluminum Nitrate-
Nitric Acid Solutions—E. E. Erickson and 
C. M. Slansky (p. 83) 

In the recovery of uranium from spent 
nuclear fuel elements, a waste stream from one 
solvent extraction cycle may be recycled as 
scrub solution to the prior cycle of the process. 
The waste solution may, as a result of this re¬ 
cycle, enter large columns where a critical ac¬ 
cumulation of U-235 is prevented by concen¬ 
tration rather than size limitations. A contin¬ 
uous monitor was required to detect changes in 
uranium content of these recycled streams. 
Evaluation of the time lags and dilution effects 
in the sampling system showed that the sample 
monitored would increase by 2 grams uranium/ 
liter before the situation could become danger¬ 
ous. An in-line photometer was developed that 
could detect changes in uranium concentration 
of about 0.02 gram/liter in the 0-2 gram/liter 
range; it was set to alarm at a maximum ura¬ 
nium content of 1 gram/liter. 

The photometer is basically a simple instru¬ 
ment, depending primarily on the use of a pho¬ 
tovoltaic cell to compensate for the logarithmic 
characteristics of light absorption. The sample 
stream is analyzed in the wavelength region of 
425 millimicrons, where uranium absorbs light, 
and the instrument is standardized in the 525 
millimicron region, where uranium does not 
absorb. A Brown amplifier is utilized to adjust 
the instrument output to the recorder for the 
reference cycle to zero, so that the recorded 
output for the measuring cycle is a linear func¬ 
tion of uranium concentration. Fail-safe tech¬ 
niques incorporated account for the bulk of the 
instrument hardware. 

Several problems remain to be solved before 
use of the photometer can be extended to other 
applications, chief among which is interference 
by iron. Extension of the principles of the 
measurement suggests possible means of meas¬ 
uring individual constituents in multicompo¬ 
nent solutions. 

Inline Applications of Gamma Monitoring 
and Uranium Colorimetry—M. J. Kelly, J. W. 
Landry, T. S. Mackey, and R. W. Stelzner 
(P- 89) 

Techniques using gamma scintillation spec¬ 
trometry and colorimetry for continuous anal¬ 
ysis of radiochemical processing plant streams 
are discussed. 

The use of a continuous gamma monitor on 
an organic processing stream is described with 
emphasis on the practical difficulties encoun¬ 
tered. A study substantiated by experiment on 
an improved gamma monitor is presented. The 
use of colorimetry to determine uranium con¬ 
centration in processing streams is considered. 
Tests and results are reported for a relatively 
simple colorimeter and discussion is presented 
concerning more elaborate techniques. 

Formulation and Implementation of Criti¬ 
cality Control—A. H. Dexter and J. N. Wil¬ 
son (p. 94) 

A program to control the behavior of per¬ 
sonnel during a criticality incident has been 
put into effect at Savannah River Laboratory. 
The objectives are to minimize exposure to 
radiation and its effects by prompt evacuation 
and by speedy identification of those indi¬ 
viduals who received the highest doses. 

The many considerations that had to be 
taken into account in the formulation of the 
basic philosophy, the specifications of the nec¬ 
essary alarm and dosimetry systems, and the 
implementation of the program are described 
in detail. 

Failsafe AD Hi-Lo Limit Detector—E. 
Bianchi and P. Lenk (p. 101) 

A very accurate alternating current limit 
detector is presented. Its design philosophy, 
specially suited for multi-channel applications 
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is based on dynamic monitoring of both limits 
t rough the same cliannel. 

Completely solid-state, this limit detector 
crdiibits an accuracy of ±0.1% over a tem¬ 
perature range from 0 to 45° C. The design is 
in lerently failsafe; and reliability evaluations 
were performed for a 1000 channel application. 

Design philosophy, circuit diagrams and 
srstem operation are presented in detail and 
<i ̂ cussed. 

A Fast Response Monitor for Airborne 
Uianium Dust—William O. Gentry and Gar-
k ad B. Seaborn (p. 104) 

A fixed filter paper alpha air monitor has 
b?en developed which will sound an alarm 
wLhin 15 minutes for a uranium dust in air con¬ 
centration of 6 picocuries per cubic foot. The 
ca ise and effect of background variations are 
d scussed. Typical natural background data ac¬ 
cu nutated over a six months period are in-
ck ded. 

A prototype instrument has been built and 
oynrated satisfactorily. The final model of the 
irstrument which is n the design stage will be 
hojsed in a cabinet 13 inches high, 15 inches 
deep, and 21 J inches wide. Pictorial and sche¬ 
in; tic diagrams are included. 

Effect of Thermal Neutron Irradiation on 
T Termocouples and Resistance Thermometers 
—C. W. Ross (p. 110) 

Digital Computers in Nuclear Power Appli¬ 
es fions—J. Prades and Y. Panis (p. 119) 

There are a number of interesting applica-
tio is of digital control computers in the nuclear 
power field which demand highly reliable, high 
speed, automatic operation. These include 
(aO the monitoring of radioactivity levels, 
(b) conventional monitoring and data record¬ 
ing (c) operation calculations on reactors, 
(<D economic calculations and plant optimiza-
tiou. In the case of gas-cooled reactors with a 
thousand or more cooling channels one problem 
is to detect and localize dangerous increases in 
ra ioactivity due to gas leakage in the face of 
b;«kground radiation which is subject to nor¬ 
ma statistical variations of random types and 
variation in the mean level. This application of 
dij tai computers for monitoring radioactivity 
wi 1 be discussed anc an existing installation 
wi I be described. 

Factors Affecting Design and Sale of Tran¬ 
sistorized Instrumentation—E. B. Hubbard 
(P- 127) 

This paper concludes that all solid state sys-
tens are not necessarily the best for reactor 
con:rol instrumentation. However, market re-
qu lements dictate that the growing preference 
for solid state systems outweighs all other con-
skkrations. 

Nuclear Protective System Design for Reli-
abiLty—V. S. Underkoffler, J. L. Cockrell and 
J. E. Magee (p. 130) 

Three significant and almost parallel devel-
opn ents have taken place in recent years with 
respect to the development of electronic instru-
mo-tation for nuclear reactor protective sys-
tei«;. First, of course, has been the widespread 
use of solid-state components as active circuit 
elezrents. Justification for this need had its 
roots in the projected estimates of improved 
circait mean life, reduced power requirements, 
sma 1er size, etc. The second development was 
of a more fundamental nature in that it recog-
aize 1 that the electronic protective system 
prcilem was a switching circuit and logic de¬ 
sig« problem. A natural consequence of this 
recognition was the desire to convert the trans¬ 
ducer analog signals to bistate signals, and then 
harcle the bistate signals with solid state logic 
devi :es, which in turn, control the on-off status 
of ; power supply serving as the energy source 
for the safety rod actuators or similar devices. 
The third development arose from the desire 
to M-duce the probability of reactor shutdown 
to i TBtrument failures and introduced the “two 
of t «•ee” coincidence or majority decision con-
cep>. This majority decision concept could 
easi y be accomplished if signals were in bistate 

form, since it represents a rather simple thresh¬ 
old logic problem readily solvable by a host of 
devices. With respect to these three develop¬ 
ments the purpose of this paper is to provide 
system design concepts for reliability enhance¬ 
ment and to present system building blocks for 
a practical realization of these concepts. Al¬ 
though the ideas presented here are pointed 
toward nuclear reactor protective systems, it is 
felt that these same approaches can be applied 
to general systems design. 

Survey of Space Nuclear Instrumentation 
—George H. Ludwig (p. 149) 

Use of Electrostatic Probes in Plasma 
Physics—Francis F. Chen (p. 150) 

The principles of classical Langmuir probe 
theory are outlined to indicate the type of infor¬ 
mation theoretically obtainable by this tech¬ 
nique. In the dense, hot plasmas and high mag¬ 
netic fields encountered in modern plasma 
physics, difficulties arise both in instrumenta¬ 
tion and in interpretation of the measurements. 
Because of these difficulties, perhaps the useful¬ 
ness of probes lies primarily in the measure¬ 
ments of local fluctuating electric fields. The 
types of circuits required in probe work are 
described in general terms. 

Our Changing Views of Reactor Instrumen¬ 
tation—A. R. Pearson and C. G. Lennox (p. 
155) 

At Chalk River emphasis has been placed 
on triplicated instrumentation for the reliable 
and safe control of nuclear reactors. Experience 
with the three-channel systems on the NRX 
and NRU reactors is given, along with some 
comments on the problems that have arisen. 

A semiconductor current amplifier, an 
alarm circuit and a logarithmic amplifier, are 
described and provide examples of instruments 
that meet the new design requirements. 

Application of solid-state digital techniques 
to reactor instrumentation becomes attractive 
when large numbers of signals have to be ex¬ 
amined in detail. A semiconductor system is 
described that is capable of scanning several 
hundred low-level signals in less than 0.1 sec. 
The switching circuits used are shown. The ap¬ 
plication of these systems to plant monitoring 
and control is out ined. 

Instrumentation for Measurements in the 
Van Allen Belts—W. Wheltley (p. 165) 

Space Electronics and Telemetry 
Vol. SET-7, No. 4, December, 

1961 
Vibration, Shock, and Acoustic Noise As¬ 

sociated with Space Vehicles—D. G. Douglas 
(p. 87) 

Analysis of telemetered vibration data re¬ 
ceived from Transit-Courier launchings, using 
Able-Star space vehicle equipment, indicates 
three major sources of vibration. These are 
missile engine acoustic noise at liftoff, aero¬ 
dynamic effects as the missile reaches Mach 1, 
and separation shock when the second-stage 
vehicle is launched. These measurements were 
taken at the Able-Star instrument platform; 
thus very little vibration if any was induced by 
turbopumps, alternators, or snap-operating 
valves. Vibration decreases to extremely low 
levels between the three periods of major exci¬ 
tation; therefore, transmission of vibration di¬ 
rectly from the rocket engine through the mis¬ 
sile structure has negligible effect on space 
vehicle equipment. 

Data obtained are useful in establishing 
equipment environmental test criteria. Speci¬ 
fications requiring sinusoidal combined with 
random vibration are indicated by some func¬ 
tions and shaped random, -emphasizing certain 
frequency regions, are suggested for other func-
t ions. 

Plasma-Enhanced Breakdown of Telem¬ 
etry Antennas During Ballistic Missile Pow¬ 
ered Flight— H. A. Poehler (p. 90) 

Attention is directed to a previously unrec¬ 
ognized phenomenon, plasma-enhanced break¬ 
down of ballistic missile antennas. Plasma-en¬ 
hanced antenna breakdown is a general phe¬ 
nomenon, and has been observed during flight 
tests of a variety of ballistic missiles. Examples 
chosen from telemetry signal-strength records 
of recent ballistic missile flights are presented. 
The need for the consideration of this effect in 
the design of the staging sequence of ballistic 
missiles is pointed to. 

Phase-Locked Loops for Electronically 
Scanned Antenna Arrays—M. Breese, R. Col¬ 
bert, W. Rubin, and P. Sferrazza (p. 95) 

This paper describes the ATHESA (Auto¬ 
matic THree-dimensional Electronic Scanned 
Array) technique for achieving very high an¬ 
tenna gain for deep-space communication sys¬ 
tems. Phase coherence over a band of frequen¬ 
cies is established on reception automatically 
and continuously for either stationary or mov¬ 
ing targets by phase-locking the signals from 
antenna elements separated by many wave¬ 
lengths to a reference antenna element. 

A New Class of FM Subcarrier Oscillators 
—Leonard Baker (p. 100) 

This paper describes a new class of milli¬ 
volt-controlled subcarrier oscillators developed 
especially for operation in the rugged environ¬ 
ments of orbital programs. The oscillators cover 
all the standard IRIG channels. The full IRIG 
signal-frequency response is achieved at a 
modulation index equal to five. 

A less-than-unity-gain, long-tailed pair, 
silicon-transistor, de amplifier and a greater-
than-unity-gain RC network are combined to 
form a sine-wave oscillator. The center fre¬ 
quency Is deviated ± 15 per cent by a ±10 mil¬ 
livolt control signal. Excellent linearity char¬ 
acteristics are achieved. A unique feature of the 
circuit is the inherent deviation limiting. In¬ 
ductors are avoided in the oscillator design. 

The passive RC network synthesis pro¬ 
cedure is developed to realize 1) a voltage gain 
greater than unity, 2) the proper percentage of 
deviation with excellent linearity character¬ 
istics, and 3) inherent deviation limiting to con¬ 
tain the FM signal spectra within their assigned 
channels. 

The center frequency is deviated by con¬ 
trolling the relative gain of the long-tailed pair 
type of differential de amplifier. A pure sine 
wave is generated without additional filtering. 

The balanced nature of the circuit yields 
excellent center frequency stability from 0°C 
to +85°C. Center frequency time drift pro¬ 
vides an improvement of at least one order of 
magnitude over present state-of-the-art milli¬ 
volt-controlled oscillators. 

Measured data is presented to support the 
procedures used in the design. The oscillator 
and associated circuitry are contained in a 4 j-
cubic-inch package that weighs 4 ounces. 

Transient Analysis of a Phase-Locked 
Loop Discriminator—A. K. Rue and P. A. Lux 
(p. 105) 

This paper analyzes the step and impulse 
response of a phase-locked loop discriminator 
with an optimum-type RC filter. In previous 
papers the multiplier in a phase-locked loop is 
linearized in order to obtain the optimum filter 
design, and the response to a large step is not 
considered. 

In this paper the system is treated as a sec¬ 
ond-order nonlinear system, and phase plane 
analysis is used to determine the transient re¬ 
sponse. 

Some very interesting results were found 
analytically and then verified experimentally. 
For example, it was found that the phase error 
can be greater than 7r and the system will still 
lock into the carrier after an unusual transient 
response. 

Contributors (p. 112) 
Correction to “Noise Figure Measurements 

Using Celestial Sources’*—A. M. Faries and 
H. A. Turner (p. 113) 
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534.231 3984 
The Computation of Far-Field Radiation 

Patterns from Measurements made near the 
Source—C. W. Horton and G. S. Innis, Jr. {J. 
Acoust. Soc. Am., vol. 33, pp. 877-880; July, 
1961.) Two methods based on a) the use of 
Green’s functions, and b) a proposal made by 
Pachner (1933 of 1956) are analyzed and com¬ 
pared. 

The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number. The number in heavy 
type at the top right is the serial number of the 
Abstract. DC numbers marked with a dagger 
(t) must be regarded as provisional. 

534.232 3985 
Sound Radiation from Prolate Spheroids— 

G. Chertock. (J. Acoust. Soc. Am., vol. 33, 
pp. 871-876; July, 1961.) An analysis of the 
radiation from a spheroid providing expres¬ 
sions for pressure and velocity distributions, 
radiation impedance and directivity factor in 
each mode. 

UDC NUMBERS 
Certain changes and extensions in UDC 

numbers, as published in PE Notes up to and 
including PE 666, will be introduced in this and 
subsequent issues. The main changes are: 
Artificial satellites: 
Semiconductor devices: 
Velocity-control tubes, 

klystrons, etc.: 
Quality of received sig¬ 

nal, propagation con¬ 
ditions, etc.: 

Color television: 

551.507.362.2 (PE 657) 
621.382 (PE 657) 

621.385.6 (PE 634) 

621.391.8 
621.397.132 

(PE 651) 
(PE 650) 

The “Extensions and Corrections to the 
UDC,” Ser. 3, No. 6, August, 1959, contains 
details of PE Notes 598 -658. This and other 
UDC publications, including individual PE 
Notes, are obtainable from The International 
Federation for Documentation, Willem Witsen-
plein 6, The Hague, Netherlands or from The 
British Standards Institution, 2 Park Street, 
London, W. 1, England. 

ACOUSTICS AND AUDIO FREQUENCIES 
534.2 3983 

Solution of an Integral Equation Occurring 
in the Study of Certain Wave-Propagation 
Problems in Layered Media—I. M. Longman. 
(J. Acoust. Soc. Am., vol. 33, pp. 954-958; 
July, 1961.) A method of inversion of an in¬ 
tegral equation arising in the solution of the 
problem of reflection or refraction of a spher¬ 
ical sound-wave pulse at a plane interface in a 
layered elastic medium. 

A list of organizations which have avail¬ 
able English translations of Russian 
journals in the electronics and allied 
fields appears each June and December 
at the end of the Abstracts and Ref¬ 
erences section. 

534.232-8:538.652 3986 
Ultrasonic Transducer Design cuts Losses 

—H. L. Morgan. {Electronics, vol. 34, pp. 70-
73; August 18, 1961.) Magnetostrictive ta¡>e 
and insulating material are wound into a cyl¬ 
inder. Possible methods of cooling high-power 
transducers are discussed. 

534.24-14 3987 
Theoretical and Experimental Study of 

Underwater Sound Reverberation—B. F. 
Cron and W. R. Schumacher. (J. Acoust. Soc. 
Am., vol. 33, pp. 881-888; July, 1961.) Fluc¬ 
tuations of amplitude and phase associated 
with the return of a single-frequency pulse 
were studied. By using the correct filter, a con¬ 
siderable gain in signal quality could be 
achieved. 

534.522.1 3988 
Diffraction of Light by Ultrasonic Waves of 

Various Standing-Wave Ratios—B. D. Cook 
and E. A. Hiedemann. (J. Acoust. Soc. Am., 
vol. 33, pp. 945-948; July, 1961.) 

534.79 3989 
Investigation for the Complete Representa¬ 

tion of the Laws of Loudness Growth with any 
Complex Form of Noise Excitation—H. Niese. 
(Hochfrequenz, und Elektroak., vol. 70, pp. 
5-17; February, 1961.) Extension of investiga¬ 
tions of the inertia effect in hearing based on 
earlier experimental results (e.g., 11 of Feb¬ 
ruary). 

534.844.1 3990 
The Influence of the Diffusing Area and 

the Dimensions of a Reverberation Chamber 
on the Measured Coeffiicient of Sound Ab¬ 
sorption—U. Kath and W. Kuhl. {Acústica, 
vol. 11, no. 1, pp. 50-64; 1961. In German.) 

534.88:621.396.677 3991 
Improved Directivity using Synchronous 

Demodulation -D. G. Tucker. {Acústica, vol. 
11, no. 1, pp. 45-49; 1961.) In a limited appli¬ 
cation greatly improved directional response 
can be obtained by the use of synchronous de¬ 
modulation in conjunction with a receiving ar¬ 
ray whose secondary responses are in reverse 
phase relative to the main beam. Compared 
with a multiplicative system, response sup¬ 
pression is better but the narrowing of the main 
lobe is not so great. 

534.88:621.396.677.3 3992 
Array Steering in a Layered Waveguide— 

C. S. Clay. {J. Acoust. Soc. Am., vol. 33, pp. 
865-870; July, 1961.) Time-delay steering of 
the array will give several maxima and minima 
but a mechanically steered array will give one 
well-defined maximum. 

621.395.625.3 3993 
Mechano-electrical Analogues for the Fil¬ 

tering of Electroacoustic Drive Systems — W. 
Wolf. (Tech. Mitt. BRF, Berlin, vol. 5, pp. 
1-9 and 49-58; March and June, 1961.) The 
problem of overcoming fluctuations in mechan¬ 
ical tape transport mechanisms is investigated 
with the aid of electromechanical analogs and 
measurements on equivalent electrical circuits. 
See also 1400 of May. 

ANTENNAS AND TRANSMISSION LINES 
621.315.212 3994 

Theory and Design of a Coaxial Support¬ 
ing Bead made of Composite Dielectrics 
G. II. Owyang. {Cañad. J. Phys., vol. 39, pp. 
926-934; June, 1961.) A formula correlating 
the standing-wave ratio with parameters of the 
bead is derived. An example shows that ratios 
<1.003 are possible over a frequency range of 
13:1. 

621.372.2:621.372.4 14 3995 
Contribution to the Problem of the Homo¬ 

geneous Lecher Line with Nonlinear Capaci¬ 
tive Loading G. Böhme. (Hochfrequenz, und 
Elektroak., vol. 70, pp. 25-30; February, 1961.) 
An approximate solution of the line equations is 
derived by means of an iterative method. The 
application of the system to parametric ampli¬ 
fication is considered. 

621.372.21.018.78 3996 
A New Method of Calculating Signal Dis¬ 

tortion in High-Frequency Cables—K. Riha-
czek and H. Wörner. (Nachrtech. Z., vol. 14, 
pp. 119-124; March, 1961.) The transmission 
factor is evaluated in the form of a power series 
or, in approximation, by polynomials. Ex¬ 
amples are given of calculations of optimum 
carrier frequency for low signal distortion in 
pulse transmissions systems. 
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621.372.8:537.226 3997 
Cylindrical Dielectric Waveguide Modes— 

E. Snitzer. (J. Opt. Soc. Amer., vol. 51, pp. 
-TH -498; May, 1961.) Sets of solutions are de-
rked for both hybrid inodes, giving cutoff, field 
d ïtribution and conditions far from cutoff. 
FWd plots for the lower-order modes are 
shown. 

621.372.82:536.48 3998 
Simple Approach to Cryogenic Waveguide 

— D. K. Milne. (J. Sei. Instr., vol. 38, p. 335; 
Ai gust, 1961.) The advantages of using a 
“q iasi-ellipticaln guide are discussed. 

62 ..372.823 3999 
On the Nomenclature of TEct Modes in a 

Cylindrical Waveguide—C. T. Tai. (Proc. 
IRE, vol. 49, pp. 1442-1443; September, 1961.) 
A modification of notation produces a more 
keieal nomenclature for all the modes in a 
cylindrical waveguide. The number of propa¬ 
gei ion modes for a given waveguide may be de-
tarnined from the graph presented. 

6Í 1372.85 4000 
Variational Principle Relating to Systems 

of Equations with Common Eigenvalues. Appli¬ 
cation to the Calculation of the Propagation 
Constant of Electromagnetic Waves in Guides 
w th Anisotropic Media—L. Cairo and T. 
Kalian. (C.R. Acad. Sei. (Paris), vol. 251, pp. 
D(5-1867; October 31, 1960.) A variational 
pri iciple of general character is established and 
is applied to the case of systems of equations, 
gi.Sng the propagation constant of gyromag-
netic waveguides. See 707 of 1959 (Hauser). 

621.372.851.2 4001 
The Construction of Narrow-Band Micro¬ 

wave Diaphragm Filters in Waveguide—J. 
Wiîdel. (Nachrtech., vol. 11, pp. 115-121; 
Mi rch, 1961.) Details of the design and per-
fo'mance of inductive irises are given. 

6Z1.396.67 4002 
Aerials— H. Page. (Proc. IEE, pt. B, vol. 

10E, pp. 473-489; September, 1961.) A review 
of progress. 74 references. 

621-396.67 4003 
Theoretical Techniques for Handling Par¬ 

tial y Polarized Radio Waves with Special 
Reference to Antennas H. C. Ko. (Proc. 
IP E, vol. 49, pp. 1446-1447; September, 1961.) 
T1 e power available from the antenna can be 
ex cessed in terms of the Stokes parameters or 
th«» density matrix. 

621.396.67 4004 
Experimental Investigations on the Appli-

ca >lity of the Principle of Superposition in the 
Design of Combinations of Aerials—E. Hütt-
m; nn. (Nachrtech., vol. 11, pp. 93-96; Febru¬ 
ary 1961.) Consideration of the distribution of 
displacement currents to obtain a more pre¬ 
cis? picture of the radiation mechanism of com-
biced antennas, with particular reference to a 
special type of V-antenna. 

62 .396.67 4005 
Attenuation Effect of a Tiled Roof in the 

Case of Loft Aerials—H. Hügli. (Tech. Mitt. 
PTT, vol. 39, pp. 132-134; April, 1961. In 
German and French.) Brief note on the meas-
urc menta to be carried out to determine the 
attenuation. Results are given of measurements 
mace with different antennas in the range 
50 950 Me under a dry and a wet roof. 

621396.67(083.7) 4006 
Categories and Types of Aerials—(Nachr-

tec* Z., vol. 14, pp. 92-96; February, 1961.) 
Glossary of 75 proposed terms and definitions 
wid , in some cases, equivalent terms in Eng-
lisl and French. 

621.396.676:551.510.535 4007 
The Electrically Short Antenna as a Probe 

for Measuring Free Electron Densities and 
Collision Frequencies in an Ionized Region— 
King, Harrison, and Denton. (See 4134.) 

621.396.677:534.88 4008 
Improved Directivity using Synchronous 

Demodulation—Tucker. (Sec 3991.) 

621.396.677:621.396.43 4009 
Antenna-Beam Configurations in Scatter 

Communications—A. T. Waterman, Jr. (Proc. 
IRE, vol. 49, p. 1452; September, 1961.) There 
is a difference in the directivities of the scatter¬ 
ing processes which operate in tropospheric 
scattering and in incoherent scattering by free 
electrons. The consequences are discussed in 
terms of the desirable polar diagrams of an¬ 
tenna systems used in scatter communications. 

621.396.677.3 4010 
Super-Gain Aerials—T. Heller. (Nachrtech. 

Z., vol. 14, pp. 113-118; March, 1961.) The 
principle of superdirective antenna arrays is 
discussed and the design is given of three end¬ 
fire and side-fire arrays with 15, 21 and 31 radi¬ 
ators and spacings of 0.34 X, 0.3 X and 0.2 X, re-
spectively. 

621.396.677.3:534.88 4011 
Array Steering in a Layered Waveguide 

—Clay. (See 3992.) 

621.396.677.7 4012 
Omnidirectional K-Band Antenna uses 

Slots, Probes and Horns—G. J. Monser and 
E. D. Botkin. (Electronics, vol. 34, pp. 54-55; 
August 18, 1961.) The nominal vertical beam¬ 
width is 30° centered on the horizon. The fre¬ 
quency range covered is 1.5 to 1 with a voltage 
SWR less than 3:1. 

621.396.677.83 4013 
Gain Limit and Tolerances of Big Reflector 

Antennas—A. Consortini, L. Ronchi, A. M. 
Scheggi and G. Toraldo di Francia. (Alta Fre-
qttenza, vol. 30, pp. 232-243; March, 1961. In 
English.) The effects of manufacturing errors 
on antenna gain are studied for the parabolic 
antenna. Assuming that the construction toler¬ 
ances are greater for larger antennas, an opti¬ 
mum size antenna is found for the expected 
maximum gain. 

AUTOMATIC COMPUTERS 
681.142 4014 

High-Speed Analogue/Digital Converter— 
Y. Hazoni. (C.R. Acad. Sei. (Paris), vol. 251, 
pp. 343-345; July 18, 1960.) Details are given 
of a fully transistorized unit for the conversion 
of pulse-amplitude data to numbers of pulses. 
Use is made of a tunnel-diode/transistor com¬ 
bination in the blocking oscillator circuit to 
produce oscillations at a frequency of a) 10 Me 
or b) 40 Me. The over-all dead time of the con¬ 
verter is reduced ten times. 

681.142:535.215 4015 
Optical Erasure of EL-PC and Neon-PC 

Storage Elements—J. A. O’Connell and B. 
Narken. (Proc. IRE, vol. 49, pp. 1438-1439; 
September, 1961.) A new method of selective 
storage and erasure using “optrons” is de¬ 
scribed. A single light source of constant in¬ 
tensity with emission within the sensitivity 
range of the photoconductor will latch optrons 
with short pulses (<30 msec) and erase them 
with long pulses (>200 msec). 

681.142:537.227 4016 
Obtaining Nondestructive Read-Out with 

Ferroelectric Memories—A. B. Kaufman. 
(Electronics, vol. 34, pp. 47-51; August 25, 
1961.) The development and initial tests of a 
monomorphic, polycrystalline Ba titanate stor¬ 
age cell used as a three- or four-terminal device. 

681.142:538.221 4017 
The Magnetic Flux Counter—G. Müller. 

(Nachrtech. Z., vol. 14, pp. 81-87; February, 
1961.) The principle and application of multi¬ 
stable magnetic storage systems are discussed. 

681.142:538.632.621.375.432 4018 
Feedback Amplification Improves Hall-

Effect Multipliers—R. A. Greiner. (Elec¬ 
tronics, vol. 34, pp. 52-55; August 25, 1961.) A 
transistor feedback amplifier supplies a field coil 
current in phase with the input signal. A de 
component is added to increase the common¬ 
mode signal rejection. 

681.142:621.318.134 4019 
A 0.7-Microsecond Ferrite Core Memory— 

W. H. Rhodes, L. A. Russell, F. E. Sakalay and 
R. M. Whalen. (IBM J. Res. Dev., vol. 5, 
pp. 174-182; July, 1961.) A storage capacity 
of 73,728 bits is achieved with an instruction 
repetition rate of 1.47 Me. 

CIRCUITS AND CIRCUIT ELEMENTS 
621.3.064:621.372.44 4020 

Switching Processes in D.C. Circuits with 
Nonlinear Resistance and Nonlinear Induct¬ 
ance—W. Böning. (Arch. Eleklrolech., vol. 46, 
pp. 103-124; March 15, 1961.) Normalized dif¬ 
ferential equations are derived for the analysis 
of switching processes involving nonlinear re¬ 
sistances with semiconductor- or tube-type 
characteristics. 

621.314.2.029.53/.62:621.372.832.6 402 1 
Design of Wide-Band Shielded Toroidal 

R.F. Transformers- R. S. Berg and B. How¬ 
land. (Rev. Sei. Instr., vol. 32, pp. 864-865; 
July. 1961.) Details of transformers for use 
with magic-T or hybrid junctions in the fre¬ 
quency range 1-100 Me. 

621.314.22:621.374 4022 
Determination of Core Size in Pulse Trans¬ 

former Design—C. F. Wilds. (Electronic Eng., 
vol. 33, pp. 566-573; September, 1961.) The 
construction of a design chart is described and 
its application is illustrated. 

621.318.57:538.221 4023 
Toroids of Square-Loop Ferrite Material as 

Switching Elements—W. Hillberg. (Arch, 
elekt. Übertragung, vol. 15, pp. 145-152; March, 
1961.) A differential equation is derived which 
describes magnetic reversal processes in square¬ 
loop ferrites neglecting the effect of eddy cur¬ 
rents. The application of this analysis to prac¬ 
tical switching circuits is considered. 

621.3 18.57:621.382.23:621.374 4024 
Tunnel Diodes Increase Digital-Circuit 

Switching-Speeds—W. V. Harrison and R. S. 
Foote. (Electronics, vol. 34, pp. 154-156; Au¬ 
gust 11, 1961.) GaAs tunnel diodes are used 
with transistors in high-speed switching cir¬ 
cuits suitable for pulse-generator operation. 

621.318.57:681.142 4025 
Application of Karnaugh’s Mirror Symbols 

to Transfluxors—F. Schreiber. (Frequenz, vol. 
15, pp. 58-61; February, 1961.) A transfluxor 
symbol is proposed which is based on the sys¬ 
tem used by Karnaugh (2207 of 1955) for mag¬ 
netic-core switching circuits. 

621.372.413:621.385.644.3 4026 
An Analysis of a Cylindrical Cavity with 

Radial Vanes—A. Singh and R. A. Rao. (Proc. 
I EE, pt. B, vol. 108, pp. 550-555; September, 
1961.) The procedure involves the use of vari¬ 
ational methods for obtaining successively 
better approximations to the resonance fre¬ 
quencies and the field configuration. 

621.372.4 14:621.372.8 4027 
An Analysis of the Travelling-Wave Cavity 

—D. Karayianin and C. A. Morrison. (Proc. 
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I EE, pt. B, vol. 108, pp. 545 549; September, 
1961.) The measured response of a traveling¬ 
wave cavity differs from that predicted by 
simple theory. An internal mismatch can ex¬ 
plain the observed response. 

621.372.52 4028 
Rules for the Verification of the Stability of 

Normal Linear Negative-Feedback Systems -
A. Lepschy and A. Ruberti. (Alta Frequenza, 
vol. 30, pp. 285-292; April, 1961.) The sta¬ 
bility criterion and rules are formulated and 
the procedure of applying the rules to polar 
diagrams and curves of the system function is 
described. 

621.372.54 4029 
A Filter System with Favourable Pulse 

Characteristics -K. Uhl. (Arch, elekl. Übertra¬ 
gung, vol. 15, pp. 109 114; March, 1961.) Anal¬ 
ysis of filter ¡>erformance under pulse condi¬ 
tions on the basis of the distribution of poles 
and zeros of the transfer function. A practical 
filter circuit is derived and the pulse amplitude 
calculated. 

621.372.54:534.1 4030 
Mechanical Filters with Flexural Coupling 

—M. Börner. (Arch, elekt. Übertragung, vol. 15, 
pp. 175-180; April, 1961.) The use of flexural 
coupling between longitudinal resonators 
makes possible the construction of very small 
mechanical filters for operation around 500 kc. 
The characteristics of such a system are calcu¬ 
lated and two practical examples are given. See 
also 2155 of 1959 (Börner, et al.). 

621.372.542.2 4031 
The Design of Filters with the Aid of the 

Catalogue of Normalized Low-Pass Filters -
R. Saal. (Frequenz, vol. 15, pp. 111-121; April, 
1961.) Filter design by the insertion-loss 
method is facilitated by the use of tables pre¬ 
pared with the aid of an electronic computer 
(see 2051 of 1957 (Glowatzki)). The design of 
Tchebycheff-type and Cauer-parameter low-
pass filters is considered in detail. 

621.372.543 4032 
Diagrams for the Design of Double-Tuned 

Band Filters with Arbitrary Coupling —Sittner 
and Minner. (Frequenz, vol. 15, pp. 93-99; 
March, 1961.) The design curves and equa¬ 
tions given are based on filter parameters 
which can be obtained directly by measure¬ 
ment in the filter circuit. 

621.372.543.2:534.143 4033 
Insertion Loss of Electromechanical Cou¬ 

pling Filters—E. Trzeba. (Hochfrequenz, und 
Elektroak., vol. 70, pp. 17 20; February, 1961.) 
The insertion loss is defined and design for¬ 
mulas arc derived for minimizing this loss. See 
also 2497 of August. 

621.372.543.2:534.143 4034 
Experiences with Mechanical Band Fil¬ 

ters —H. J. Rohde. (Hochfrequenz, und Elek¬ 
troak., vol. 70, p¡). 31 38; February, 1961.) 
Problems arising in the construction of electro¬ 
mechanical filters are discussed and some prac¬ 
tical types of filters are described. 

621.372.543.22 4035 
A Crystal Filter of Increased Bandwidth and 

its Synthesis—\V. Herzog. (Naehrtech. Z., vol. 
14, pp. 153-157; March, 1961.) The method 
given in 1750 of June is applied to a lattice¬ 
type filter with a crystal in each bridge arm. 

621.372.55:621.397.6 4036 
A Differentiating Equalizer with Transis¬ 

tors—H. Anders and U. Reese. (Rundfunk-
tech. Mitt., vol. 5, pp. 66-75; April, 1961.) The 
equipment described is designed for emphasiz¬ 
ing the upiær frequencies of the video signal 
band without phase distortion. 

621.372.6 4037 
A Synthesis Procedure tor an n-Port Net¬ 

work—D. Hazony and H. J. Nain. (Proc. IRE, 
vol. 49, pp. 1431-1432; September, 1961.) The 
method is based on the Bott-Duffin procedure 
for two-port networks. 

621.373:621.372.44:621.382.23 4038 
Bistable Systems of Differential Equations 

with Applications to Tunnel-Diode Circuits— 
J. K. Moser. (IBM J. Res. & Dev., vol. 5, pp. 
226 240; July, 1961.) A mathematical theory is 
developed for nonlinear circuits with at least 
two stable, steady states. The theory is applied 
in detail to circuits containing one or two tun¬ 
nel diodes. 

621.373.42 4039 
New Wide Range Oscillator Technique— 

L. M. Sargent. (Brit. Commun. Electronics, vol. 
8, pp. 600 603; August, 1961.) A modification 
of the Wien bridge RC oscillator circuit is used 
in an instrument with a range of 10 cps-10 Me. 

621.373.422:621.382.23 4040 
Crystal-Stabilized Tunnel-Diode Oscil¬ 

lators—J. J. Nagle. (Electronics, vol. 34, pp. 
40-42; September 1, 1961.) Theory and design 
procedure is given for a 40-Mc oscillator with 
frequency stability of 7.5 parts per million per 
degrees Centigrade. 

621.373.43:621.382.23 4041 
One-Tunnel-Diode Binary—A. L. Whet¬ 

stone and S. Kounosu: R. A. Kaenel. (Proc. 
IRE, vol. 49, p. 1445; September, 1961.) Com¬ 
ment on 1761 of June and author’s reply. 

621.373.52 4042 
An Analysis of the Modes of Operation of a 

Simple Transistor Oscillator—J. F. Gibbons. 
(Proc. IRE, vol. 49, pp. 1383-1390; Septem¬ 
ber, 1961.) An analysis predicting two modes of 
oscillation: a two-terminal transit-time mode 
and a three-terminal mode. 

621.374:621.382.3 4043 
Transistor Precision Pulse Shaper with 

Short Recovery Time— I. De Lotto. (Alta Fre¬ 
quenza, vol. 30, pp. 219-223; March, 1961. In 
English.) The circuit is designed to minimize 
the effects of temperature changes and indi¬ 
vidual variations in transistors. The pulse dura¬ 
tion varied by < 1 per cent for a temperature 
range of 25-45°C and by <2 per cent in ten 
similar circuits. 

621.374.3 4044 
A Neuristor Prototype—A. J. Cote, Jr. 

(Proc. IRE, vol. 49, pp. 1430-1431; Septem¬ 
ber, 1961.) A description of an electronic 
lumped-element model of the neuristor pro¬ 
posed by Crane (IRE Trans, on Electronic 
Computers, vol. EC-9, pp. 370-371; Septem¬ 
ber, 1960.) 

621.374.3:621.382.233 4045 
Some Circuit Applications of Avalanche De¬ 

vices—G. M. Ettinger. (Proc. 1EE, pt. B, vol. 
108, pp. 563 569; September, 1961.) Applica¬ 
tions of pn-pn avalanche diodes in analog com¬ 
puters, process control, oscillography and te¬ 
lemetry are discussed. 

621.374.32 4046 
Study of a Diode Bridge Nanosecond Reso¬ 

lution Coincidence Circuit—S. C. Pancholi and 
N. K. Saha. (Proc. Nat. Inst. Sei., India, A, 
vol. 27, pp. 155 160; March 26, 1961.) A highly 
stable circuit is described which can provide a 
resolution down to 0.7 nsec. 

621.374.44 4047 
Frequency Components in the Output of a 

Harmonic Generator Driven by the Sum of 
Two Sine Waves—G. Einarsson. (Ericsson 
Tech., vol. 17, no. 1, pp. 139-148. 1961.) /X 

frequency analysis is given for the output of 
a generator which emits a constant-amplitude 
pulse at each zero crossing of the input voltage 
consisting of the sum of two sine waves raised 
to an arbitrary de level. 

621.374.44 4048 
A Random Pulse Generator with Variable 

Mean Rate J. L. Douce and B. G. Leary. 
(Proc. IEE, pt. B, vol. 108, pp. 524 528; Sep¬ 
tember, 1961.) Method of producing a random-
pulse train with predetermined statistical 
projærties. 

621.375.018.756 :62 1.3 17.7 4049 
Amplifier for the Generation of Accurately 

Controlled Microsecond Pulses—J. B. Gunn. 
(Rev. Sei. Instr., vol. 32, pp. 804 807; July, 
1961.) A description is given of a pulse amplifier 
whose output voltage can Im* accurately con¬ 
trolled by the setting of a ten-turn ¡lotenti-
ometer. The output amplitude and pulse 
lengths are variable up to 1000 v, 2.6 a, and 
10 jusec, respectively. 

621.375.024:623 .45 1-519 4050 
Designing Hybrid D.C. Amplifiers to With¬ 

stand Missile Environments—R. L. Konigs-
berg. (Electronics, vol. 34, pp. 157-159; 
August 11, 1961.) The amplifier comprises one 
tube and Si transistors, and is based on the 
Goldberg principle for de drift correction. 

621.375. 1:621 .391 .822 405 1 
Actual Noise Measure of Linear Amplifiers 

—K. Kurokawa. (Proc. IRE, vol. 49, pp. 
1391 1397; September, 1961.) A new noise 
measure is proposed which includes the noise 
contribution from the load. It is of particular 
use in comparing amplifiers whose terminations 
are not necessarily optimized. 

621.375.233 4052 
Automatic Gain Control for Superregenera-

tive Amplifiers—J. IL Kuck. (Electronics, vol. 
34, pp. 76-79; July 21, 1961.) The circuit gives 
stable operation for long periods and maintains 
output pulses constant over a 90-db range of 
input signals. 

621.375.9:538.569.4 4053 
‘Nonadiabatic’ Behaviour in a Low-

Frequency Beam-Type Maser—T. Shimizu 
and K. Shimoda. (J. Phys. Soc. Japan, vol. 16, 
pp. 777 791; April, 1961.) Characteristics are 
discussed theoretically when the adiabatic 
focusing approximation can no longer be as¬ 
sumed. 

621.375.9:538.569.4 4054 
A Travelling-Wave Maser Using Chromium-

Doped Rutile—-E. S. Sabisky and H. J. Gerrit¬ 
sen. (Proc. IRE. vol. 49, pp. 1329 1330; 
August, 1961.) The active material is of small 
cross section and is connected to standard size 
X-band waveguides by dielectric tajxTs. Per¬ 
formance figures quoted show appreciable gain 
I>er unit length with a very large tunable band¬ 
width obtained without the use of any external 
slowing structure. 

621.375.9:538.569.4:538.222 4055 
Maser Action in Emerald—F. E. Goodwin. 

(J. Appl. Phys., vol. 32, pp. 1624 1625; 
August, 1961.) The successful operation of a 
single-cavity reflect ion-type maser amplifier at 
10 Gc using synthetic emerald is reported. 

621.375.9:538.569.4:538.222 4056 
Maser Action in Ruby by Off-Resonance 

Pumping F. Arams and M. Birnbaum. (Proc. 
IRE, vol. 49, pp. 1426 1427; September, 1961.) 
Population inversion peaks have been observed 
using a pump frequency as much as 1400 Me 
from the cent< r frequency. The experimental 
results are discussed and explained. 
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<2 1.375.9:538.569.4: 621.396.43:551 .507.362.2 
4057 

The Maser and its Application to Satellite 
Communication Systems—P. Hlawiczka. (J. 
Frit. IRE, vol. 22, pp. 265-270; September, 
1*1.) The properties of the traveling-wave 
leaser with a comb structure are discussed with 
Particular reference to the 2-10-Gc frequency 
ra ige. Performance is estimated and compared 
with a parametric amplifier in a practical an¬ 
tenna system. 

621.375.9:621.372 .44 4058 
A Tunable Reactance-Type Straight Ampli¬ 

fier for the U.H.F. Range —K. Bornhardt. 
(Arch, elekt. Übertragung, vol. 15, pp. 153-160; 
Y arch, 1961.) An experimental variable-
ci-pacitance amplifier tunable in the range 480-
750 Me, with a pump frequency of 1900 Me, is 
described. With a 10-Mc bandwidth the noise 
fig ire is better than that obtainable with a con¬ 
ventional earthed-grid triode amplifier. See also 
9. of January (Maurer, et al.). 

62 1.375.9:621.372.44:621.372.2 4059 
Gain Saturation in a Travelling-Wave Para¬ 

metric Amplifier—A. Jurkusand P. N. Robson. 
(4 toe. IRE, vol. 49, pp. 1433-1434; September, 
1*1.) There is a periodic transfer of power 
abiig the line, between signal, idler and pump 
fr-.-^uencies (see 1927 of 1960). The resultant 
re»lnction in gain with increase of signal 
sticngth is shown graphically. 

62L375.9:621.372.44:621.382.3 4060 
Parametric Amplification with Transistors 

—U. L. Rohde. (Wireless World, vol. 67, pp. 
49^499; October, 1961.) A note on the opera-
tia and characteristics of a parametric ampli¬ 
fie- using transistors operating beyond cutoff 
frer uency. 

62. 375.9:621.372.44:621.385.63 4061 
Microwave Amplification in Electrostatic 

Ria? Structures—Bass. (See 4365.) 

62.-375.9:621.382.23 4062 
On the Cascaded Tunnel-Diode Amplifier— 

P. M. Chirlian. (Proc IRE, vol. 49, pp. 1434-
14. J; September, 1961.) A midband equivalent 
circuit of an artificial transmission line is de-
scr bed for use with tunnel diodes in cascade 
anq lifiers (see 3044 of 1960). Only one diode is 
nec< ed in each stage and the shunt resistor is 
an ordinary passive ccmponent. 

GENERAL PHYSICS 
537.222.1 4063 

The Electrostatic Field in Metals, particu¬ 
larly at a Surface against an Insulator—F. 
Oll.adorff. (Arch. Elektrotech., vol. 46, pp. 1-26; 
February 15, 1961.) 

537 312.8:530.145 4064 
Quantum Theory and Transverse Galvano¬ 

magnetic Phenomenon—E. N. Adams and 
T. D. Holstein. (J . Phys. Chern. Solids, vol. 10, 
pp. 254-276; August, 1959.) A quantum theory 
of dectrical conduction in crossed electric and 
magnetic fields is given for the limit of very 
weak scattering. 

537^25.72:538.569 4065 
A Gas Discharge Generated by Micro¬ 

waves which Glows Free in Space at the Focus 
of a Closed Ellipsoid of Revolution—J. Geerk 
and H. Kleinwächter. (Z. Naturforsch., vol. 16a, 
pp. 320-321; March, 1961.) Better results were 
obt;a led than in earlier experiments (2147 of 
July! 

537J 5 4066 
Electric-Field-Induced Anisotropies in an 

Inhomogeneous Plasma —L. Wetzel. (Phys. 
Rev., vol. 123, pp. 722-726; August 1, 1961.) 
AnisXropies in electron diffusion and conduc¬ 
tivity can be produced in the absence of a 
maga^tic field. 

537.56 4067 
Nonlinear Time-Dependent Plasma Oscil¬ 

lations— D. Montgomery. (Phys. Rev., vol. 123, 
pp. 1077-1078, August 15, 1961.) The Laplace 
transform technique used to solve the problem 
of the first-order motions in an unbounded, 
rarified, electron plasma is modified to solve the 
problem to arbitrarily high order. 

537.56:538.56 4068 
Some Boundary Value Problems Involving 

Plasma Media—J. R. Wait. (J. Res. NBS, 
vol. 65B, pp. 137-150; April-June, 1961.) A 
plasma, consisting of a neutral mixture of elec¬ 
trons, ions and molecules, in the presence of a 
constant magnetic field Ho, possesses a dielec¬ 
tric constant which is in the form of a tensor. 
Exact solutions of boundary value problems in¬ 
volving such media are obtained for two-
dimensional configurations. Explicit results 
are given for the reflection coefficients of strati¬ 
fied plasma in planar and cylindrical geometry. 

537.56:538.561 4069 
Radiation in a Plasma : Part 1—Cherenkov 

Effect—M. H. Cohen. (Phys. Rev., vol. 123, 
pp. 711-721; August 1, 1961.) A linear con¬ 
tinuum theory in which the em and electro¬ 
acoustic waves set up in a plasma by arbitrary 
charge and current sources are found from 
Maxwell’s equations. The results are similar to 
those of Pines and Bohm (1021 of 1954), al¬ 
though the latter start from the particle view¬ 
point. 

538.566 4070 
Contribution to the Theory of Mode Con¬ 

version—F. Müller. (Hochfrequenz, und Elek-
troak., vol. 70, pp. 20-25; February, 1961.) 
Maxwell’s equations are formulated for three-
dimensional Riemann space. (See also 1596 of 
May.) The propagation of a Lecher wave with¬ 
out mode conversion is considered. 

538.566:535.42 4071 
Diffraction of a Plane Electromagnetic 

Wave at a Circular Ferrite Cylinder—W. Eggi¬ 
mann. (Bull. Schweiz, elektrolech. Ver., vol. 52, 
pp. 377-381 ; May 20, 1961.) German version of 
paper published in IRE Trans, on Microwave 
Theory and Techniques, vol. MTT-8, pp. 
440-445; July, 1960. 

538.566:535.43 4072 
Scattering of Electromagnetic Waves from 

Concentric Infinite Cylinders—M. Kerker and 
E. Matijevic. (J. Opt. Soc. Amer., vol. 51, pp. 
506-508; May, 1961.) “The solution for the 
scattering of radiant energy in the form of elec¬ 
tromagnetic waves by concentric isotropic in¬ 
finitely long circular cylinders is given for the 
incident energy travelling perpendicular to the 
cylinder axis.” 

538.569.4 4073 
Theory of Resonance Absorption of Energy 

by a Rotating Solid.—J. Dreitlein and H. Kes-
semeier. (Phys. Rev., vol. 123, pp. 835-852; 
August 1, 1961.) 

538.569.4:621.375.9:535.6 1-1/2 4074 
Use of a Different Type of Fluorescent 

Material as an Optical Maser —J. J. Markham 
and D. Mergerian. (Nature, vol. 191, pp. 586-
588; August 5, 1961.) A device is suggested 
which is based on the Stokes’ shift associated 
with absorption and emission bands created by 
point defects in solids such as KC1. Preliminary 
calculations indicate that such a device can be 
made to operate. 

538.569.4:621.375.9:535.6 1-2 4075 
Generation of Optical Harmonics—P. A. 

Franken, A. E. Hill, C. W. Peters and G. Wein¬ 
reich. (Phys. Rev. Lett., vol. 7, pp. 118-119; 
August 15, 1961.) Analysis is given together 
with a description of experimental observation 

of the second harmonic produced by projecting 
an intense beam of 6943-A light through crys¬ 
talline quartz. 

538.569.4:621.375.9:535.61-2 4076 
Stimulated Optical Emission in Fluorescent 

Solids: Part I—Theoretical Considerations — 
T. H. Maiman. (Phys. Rev., vol. 123, pp. 1145-
1150; August 15, 1961.) 

538.569.4:621.375.9:535.61-2 4077 
Stimulated Optical Emission in Fluorescent 

Solids: Part 2—Spectroscopy and Stimulated 
Emission in Ruby—T. H. Maiman, R. H. 
Hoskins, I. J. D’Haenens, C. K. Asawa and 
V. Evtuhov. (Phys. Rev., vol. 123, pp. 1151-
1157; August 15, 1961.) 

538.569.4:621.375.9:535.61-2 4078 
Fluorescence and Optical Maser Effects in 

CaF?:Snr —W. Kaiser, C. G. B. Garrett and 
D. L. Wood. (Phys. Rev., vol. 123, pp. 766-776; 
August 1, 1961.) 

538.691 4079 
Electron Trajectories in a Nonuniform 

Axially Symmetric Magnetic Field—D. A. 
Dunn and R. E. Holaday. (J. A ppi. Phys., vol. 
32, pp. 1612-1620; August, 1961.) The equa¬ 
tions for motions of electrons in a sinusoidally 
varying magnetic field have been solved. A de¬ 
vice for converging a hollow cylindrical electron 
beam designed and built on the basis of the 
solutions, gave measured area convergences of 
15 to 1. 

539.2:537.311.1 4080 
Energy Bands in the Presence of an Ex¬ 

ternal Force Field: Anomalous Velocities— 
E. N. Adams and E. I. Blount. (J. Phys. Chern. 
Solids, vol. 10, pp. 286-303; August, 1959.) The 
theory of field-modified energy bands is ex¬ 
tended to include the effect of weak scattering 
forces. The modified current operator is found 
to contain terms giving anomalous currents. 
The theory of these currents is developed and 
their relation to the spontaneous Hall effect in 
ferromagnets is considered. 

GEOPHYSICAL AND EXTRATER¬ 
RESTRIAL PHENOMENA 

523.164:523.165 4081 
Spectrum of Galactic Radio Emission— 

F. G. Smith. (Nature, vol. 191, p. 1381; 
September 30, 1961.) A discrepancy between 
theoretical and experimental values of a, the 
radio spectral index, is discussed. New obser¬ 
vations at 408 Me are consistent with a = 0.37, 
the value previously obtained. 

523.164:551.594.5 4082 
Radio-Star Scintillations and the Auroral 

Zone—P. A. Forsyth and K. V. Paulson. 
(Cañad. J. Phys., vol. 39, pp. 502-509; April, 
1961.) Scintillations at 53 Me over a four-year 
period are analyzed. The dependence on the 
altitude of the source was much stronger in 
1955 than in 1958. The scintillations probably 
arise in regions of the atmosphere which mi¬ 
grate southwards when solar activity is high. 

523.164.3 4083 
Radio Spectrum of Jupiter—A. G. Smith. 

(Science, vol. 134, pp. 587-595; September 1, 
1961.) Review of the results of radio observa¬ 
tions from 1955 to the present. 35 references. 

523.164.32 4084 
The Solar Noise Burst of November 12, 

1960—A. E. Covington, G. A. Harvey and 
L. R. McNarry. (Cañad. J. Phys., vol. 39, 
pp. 635-636; April, 1961. Plate). A description 
of the noise received at 2800 and 48 Me. 

523.164.32 4085 
Spectral Characteristics of Type II Solar 

Radio Bursts—P. A. Sturrock. (Nature, vol. 
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192, p. 58; October, 7, 1961.) An explanation 
of a) the appearance of radiation only at funda¬ 
mental and second harmonic frequencies and 
b) the frequent splitting observed in these lines 
is given. See also Roberts (3816 of 1960). 

523.164.32 4086 
Decimetre Radio Bursts Concurrent with 

Solar Type IV Radiation T. Krishnan and 
R. F. Mullaly. (Nature, vol. 192, pp. 58-59; 
October 7, 1961.) Measurements taken during 
a Type IV burst show that radiation at 1420 
Me can originate in a part of the sun’s atmos¬ 
phere widely different from the source of 45-60-
Mc radiation. 

523.164.32:523.75 4087 
Coincidence of the Explosive Phase of 

Solar Flares with 10.7 cm Solar Noise Bursts — 
A. E. Covington and G. A. Harvey. (Nature, 
vol. 192, pp. 152-153; October, 1961.) Com¬ 
parison of commencement times of 10.7-cm 
solar noise bursts with those of the observed 
explosive phase of solar flares shows good 
correlation. 

523.164.4 4088 
Amplitude and Angular Scintillations of the 

Radio Source Cygnus-A Observed at Boulder, 
Colorado R. S. Lawrence, J. L. Jesperson and 
R. C. Lamb. (J . Res. NBS, vol. 651), pp. 333-
350; July/August, 1961.) Comparison with 
records from a suitably-placed ionosonde shows 
correlation between scintillationsand spread-F, 
but not with E». The angular dependence of 
scintillations shows that the ionospheric irregu¬ 
larities are anisotropic. During the day slow, 
irregular variations of angle occur, and are at¬ 
tributed to large-scale lens-like irregularities. 

523.165 4089 
Intensity Variations in Outer Van Allen 

Radiation Belt —S. E. Forbush, D. Venkatesan 
and C. E. McIlwain. (J . Geophys. Res., vol. 66, 
pp. 2275-2287; August, 1961.) Count rates ob¬ 
served with Explorer VI I during stormy i>eriods 
(October-December, 1959) indicate a decrease 
outside 3.5 earth radii during the main phases. 
The lower cutoff values on the counters are 18 
mev for protons, 1 mev for electrons. The 
proportion of soft radiation increases during 
periods of increased intensity. 

523.165 4090 
Some Effects of Diamagnetic Ring Currents 

on Van Allen Radiation—A. J. Dessler and 
R. Karplus. (J. Geophys. Res., vol. 66, pp. 
2289-2295; August, 1961.) A qualitative theo¬ 
retical model is proposed to explain the deple¬ 
tion of the outer Van .Allen belt during the main 
phase of a storm. The theory incorporates a 
magnetic tail on the dark side of earth, a ring 
current centered at 4-6 earth radii and local 
betatron acceleration and deceleration of Van 
Allen and solar particles. 

523.165 4091 
Energy Spectrum and Angular Distributions 

of Electrons Trapped in the Geomagnetic 
Field—J. B. Cladis, L. F. Chase, Jr.. W. L. 
Imhof and D. J. Knecht. (J. Geophys. Res., 
vol. 66, pp. 2297 2312; August, 1961.) Count 
rates taken during a sounding rocket flight to 
1045 km are used to derive distributions of 
pitch angles at various heights ami the energy 
spectrum. The latter was found to be constant 
above 600 km. Electron flux for energies >50 
kev at apogee was (4.2 ±0.8) X 106 cm“* sec“1. 

523.165 4092 
The Observed Outer-Belt Electron Distri¬ 

bution and the Neutron Decay Hypothesis — 
W. N. Hess, J. Killeen, C. Y. Fan, P. Meyer 
and J. A. Simpson. (J . Geophys. Res., vol. 66, 
pp. 2313-2314; August, 1961.) The electron 
flux distribution along a line of force of range 
21,000 km in the equatorial plane is compared 

with a curve based on the neutron albedo 
theory of electron production. There is suf¬ 
ficient disparity between the two curves to sug¬ 
gest that other sources of electrons must exist. 

523.165 4093 
Unusual Increase in the Cosmic-Ray In¬ 

tensity on November 20, 1960—M. A. Pome-
rantz and S. P. Duggal. (J . Franklin Inst., vol. 
271, pp. 327 335; April. 1961.) Observations at 
arctic and antarctic stations show a statistically 
significant anisotropy. 

523.3:621.396.96 4094 
Radar Scattering Cross-Section—Applied to 

Moon Return—Hayre. (See 4155.) 

523.5:621.396.96 4095 
The Latitude Dependence of Radar Meteor 

Shower Observations —C. S. L. Keay and 
C. Ellyett. (J. Geophys. Res., vol. 66, pp. 2337-
2343; August, 1961.) A simplified method of 
assessing the relative significance of meteor 
showers is described which leads to good agree¬ 
ment between surveys in both hemispheres. 

523.5:621.396.96 4096 
Head Echoes from Meteor Trails -J. S. 

Greenhow. (J. Atmos. Terr. Phys., vol. 22, pp. 
64 74; Septem ber, 1961.) Head echoes are often 
reflected from regions up to 100 km in length 
which may persist for many seconds after the 
passage of the meteor. The consequences of this 
fact are discussed. 

523.72:523.165 4097 
Solar X Rays —R. W. Kreplin. (Ann. Geo¬ 

phys., vol. 17, pp. 151-161; April-June, 1961. 
In English.) Measurements of the intensity of 
solar X rays made during the past eleven years 
using rockets are reviewed and a useful table 
showing intensities as a function of wavelength 
and solar activity is given. 

523.72:551.510.535 4098 
Preliminary Data on Solar Extreme Ultra¬ 

violet Radiation in the Upper Atmosphere— 
H. E. Hinteregger. (J. Geophys. Res., vol. 66, 
pp. 2367-2380; August, 1961.) A rocket-borne 
monochromator was flown in August, 1960. 
The intensity of the solar spectrum from 260-
1300 A was scanned in 10 s at a series of heights 
up to 235 km. Tables of the intensities, extrapo¬ 
lated to a height above the earth’s atmosphere, 
are given together with absorption cross sec¬ 
tions and other useful information. For com¬ 
pleteness, similar tables are given for wave¬ 
lengths outside the range covered by the Au¬ 
gust measurements. 

tween two semi-infinite homogeneous media of 
anisotropic electrical conductivity are consid¬ 
ered for the case of a steady uniform magnetic 
field i>erpendicular to the plane. Difficulties in 
obtaining solutions when the field is at other 
angles are demonstrated. 

550.385.4:551.594 4103 
Electric Currents associated with Geo¬ 

magnetic Disturbances in the Auroral Zone— 
F. J. Scrase. (Nature, vol. 191, pp. 963-966; 
September, 1961.) Currents of the order of 10* a 
have been observed at Lerwick during bay-type 
disturbances. A west-to-east maximum oc¬ 
curred between 1700 and 1800 GMT, zero cur¬ 
rent at 2100 and an east-to-west peak was 
measured at about midnight. The west-to-east 
current was at the level of the F layer and the 
east-to-west current near E-layer level. 

550.386.6 4104 
The Diurnal Variation of K Indices of Geo¬ 

magnetic Activity on Disturbed Days in 1940-
1948 S. B. Nichsolson and O. R. Wulf. (J. 
Geophys. Res., vol. 66, pp. 2399 2404; August, 
1961.) 

551.507.362.2 4105 
Analysis of Satellite Data -D. G. Parkyn. 

(Nature, vol. 191, pp. 896-897; August 26, 
1961.) From an analysis of the orbit of satellite 
1958 3» atmospheric density variations have 
been isolated which are tentatively ascribed to 
third-harmonic tides. 

523.745 4099 
Secular Variations of Short-Lived Sunspots 

—T. S. Ringnes. (Nature, vol. 192, pp. 151-152; 
October 14, 1961. 

550.38 4100 
Geomagnetism in Relation to Aeronomy— 

E. H. Vestine. (Ann. Geophys., vol. 17, pp. 
181-194; April-June, 1961; In English.) A 
brief review dealing with quiet-day and storm 
variations and associated current systems, the 
motion of particles trapped in the radiation 
belts, and phenomena in the outer atmosphere. 
57 references. 

550.385.4 4101 
Geomagnetic Variations between November 

12 and November 16, 1960—E. R. Niblett. 
(Cañad. J. Phys., vol. 39, pp. 619-622; April, 
1961.) 

550.385.4 4102 
On the Reflection and Refraction of Hydro-

magnetic Waves in Ionized Gas -T. Nami-
kawa. (J. Geomag. Geoelec., vol. 12, no. 3, pp. 
117-128; 1961.) Reflection and refraction of 
hydromagnetic waves at a plane boundary be¬ 

551.507.362.2 4106 
Errors in Orbital Predictions for Artificial 

Satellites ot Earth K. Moe. (Nature, vol. 192, 
p. 151; October 14, 1961.) 

551.507.362.2 4107 
Atmospheric Densities at Heights of 180-

700 km—D. G. King-Hele and D. M. C. 
Walker. (Ann. Geophys., vol. 17, pp. 162-171; 
April-June, 1961. In English.) Atmospheric 
densities determined from changes in the orbits 
of 22 earth satellites are discussed. 

551.507.362.2 4108 
Determination of Atmospheric Densities 

from Satellite Observations—('. A. Whitney. 
(Ann. Geophys., vol. 17, pp. 237 244; April-
June, 1961. In English.) A discussion of the 
errors arising from various factors involved in 
the determination of upper-atmosphere densi¬ 
ties from satellite drag measurements. 

551.507.362.2.061.3 4109 
Proceedings of the Fourth AFBMD/STL 

Symposium : Advances in Ballistic Missile and 
Space Technology—(Planet-Space Sei., vol. 7, 
pp. 1-462; July, 1961.) The text is given of 45 
papers on various aspects of rocket and satellite 
techniques including instrumentation, space 
guidance and computers. For papers on space 
communications, see e.g., 4298 below. 

551.507.362.2:523.164 4110 
Proposed Satellite Techniques for Per¬ 

forming a High-Resolution Survey of the Radio 
Sky at Medium Wavelengths R. C. Jennison. 
(J . Brit. IRE, vol. 22, pp. 205 208; September, 
1961.) The reception pattern of a short dipole 
above the F layer is modified by refraction in 
the ionized medium. The properties of this pat¬ 
tern are discussed and satellite exj>eriments 
using this phenomenon are suggested. 

551.507.362.2:523.165 4111 
Satellite-Borne Instrumentation for Ob¬ 

serving Flux of Heavy Primary Cosmic Radia¬ 
tion--?. Schwed, M. A. Pomerantz, H. Hanson 
and H. Benjamin. (J. Franklin Inst., vol. 271, 
pp. 275 291; April, 1961.) 

551.507.362.2:523.165 4112 
Cosmic-Ray Measurements in the U. K. 
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Scant I Satellite—H. Elliot, J. J. Quenby, 
I> W. Mayne and A. C. Durney. (J. Brit. IRE, 
w L 22, pp. 251-256; September, 1961.) The 
in tin purpose is to measure accurately the 
jri nary cosmic-ray energy spectrum and the 
ein nges in it due to modulation by the inter-
¡4 inetary magnetic field. G-M counters and a 
Ch ‘renkov counter will be used. 

5 51.507.362.2 :621.38 : 539.12.04 4113 
Radiation and other Environmental Effects 

on Satellites—R. Innes. (J. Brit. IRE, vol. 22, 
pp. 241-250; September, 1961.) Transistor 
fafljre in a satellite spending an appreciable 
pan of its life in the inner Van Allen belt seems 
li-aly after several years. Solar cells cannot be 
eff -ctively protected from hard radiation. 

551.510.535 4114 
Lyman-a Radiation—H. Friedman. (Ann. 

Grrphys., vol. 17, pp. 245-248; April-June, 
19)1. In English.) The role of Lyman a in the 
i(« cation of the D region is discussed. Noc-
tuiaal observations of Lyman a which lead to 
the concept of the hydrogen geocorona are 
re\ iewed . 

55- 510.535 4115 
Theory of Electrostatic Fields in the Iono¬ 

sphäre at Equatorial Latitudes—J. R. Spreiter 
and B. R. Briggs. (J Geophys. Res., vol. 66, 
pp 2345-2354; August, 1961.) An analysis is 
m.« e of the elongated electrostatic fields re-
qu red to provide the E- and F-layer coupling 
in the dynamo theory, for equatorial conditions. 
TL? attenuation of the electrostatic field is 
foin d to be large, implying very small coupling, 
for fields with horizontal wavelengths of a few 
km; most of this attenuation occurs at heights 
net r the E region. (For an analysis in non-
ecjt atorial regions, see 3393 of October.) 

551.510.535 4116 
Apparent Reflection Heights and Reflection 

Prcjerties of the Ionosphere above Tsumeb, 
Sow h-West Africa, determined by means of 
Pakses in the Frequency Band from 350 to 5600 
kC''s—W. Elling. (Aren, elekl. Übertragung, vol. 
15 pp. 115-124; March, 1961.) The results of 
nig <time ionospheric measurements made dur¬ 
ing the period August, 1957 to March, 1958 are 
an.il^zed to determine the electron density dis-
trit Ltion below the F layer. At least three 
ledges to the electron distribution were regu¬ 
larle observed at heights between 110 and 170 
km and in the lower E region. The occurrence 
of E. layers was also noted. 

551510.535 4117 
Comparison of Absorption Coefficients of 

the ionosphere from Pulse Amplitude Measure¬ 
mew. s and Field-Strength Recordings—H. 
Schientek and G. Umlauft. (Arch, elekt. 
Übertragung, vol. 15, pp. 200 204; April, 1961.) 
Ion spheric absorption was measured by two 
med ods: a) vertical-incidence soundings at 
1.75 Me; b) field-strength measurements over 
an oblique-incidence path 295 km in length, at 
2.61 Me. These frequencies are such that, in 
both methods, the heights of reflection are 
equa . The absorption coefficients determined 
usir^. the two methods have a correlation co-
effifi»*nt of 0.84 for both daily and monthly 
me ■ values, and are related to each other by 
the ajuare of the effective frequency (f+fü)-

551310.535 4118 
The Ionospheric Disturbance of November 

12 £ wd 16, 1960—W. S. Campbell and P. L. 
Hut<rt. (Cañad. J. Phys., vol. 39, pp. 614-616; 
Aprfi 1961.) Changes in ionospheric absorption 
as shown by/ min are discussed. 

551.510.535 4119 
Nocturnal and Seasonal Variations of Equa¬ 

torial Spread-F—M. S. V. G. Rao and B. R. 

Rao. (J. Atmos. Terr. Phys., vol. 22, pp. 12-22; 
September, 1961.) A classification of spread¬ 
echo patterns based on the distribution of rela¬ 
tive amplitude within the echo is described. 
The variations in spread-F index at Waitair 
(7.4°N geomag.) are compared with those at 
Kodaikanal (0.6°N geomag.) 

551.510.535:523.164 4120 
Measurement of Ionospheric Drift by 

Radio-Star Observations—B. Dueño. (J. Geo¬ 
phys. Res., vol. 66, pp. 2355-2365; August, 
1961.) The incidence of scintillations is greatest 
in the hours before sunrise at Puerto Rico; it is 
not correlated with spread-F or Eg. The drift 
results show that the ionosphere irregularities 
causing scintillation are elongated along the 
lines of force of the geomagnetic field, and that 
drift, rather than random changes, is the main 
source of scintillation. 

551.510.535:523.164 4121 
A Method of Estimating Ionospheric Ab¬ 

sorption Heights from Recovery Times— 
S. Ziauddin. (Nature, vol. 191, pp. 1084-1085; 
September 9, 1961.) Rapid recovery from ab¬ 
sorption occurs when the ionizing source is 
suddenly cut off. From a plot of ionospheric 
relaxation time against height, an estimate can 
be made of the height of the absorbing layer 
which is in good agreement with measurements 
made by the three-frequency riometer method. 

551.510.535:523.164 4122 
Ionospheric Absorption on November 12, 

1960- E. L. Vogan and T. R. Hartz. (Cañad. 
J. Phys., vol. 39, pp. 630-635; April, 1961.) The 
results obtained using riometers in Canada are 
described. 

551.510.535:523.745 4123 
Ionospheric Absorption and Solar Activity 

in Intermediate Latitudes—M. Anastassiades, 
D. Ilias and C. Caroumbalos. (Ann. Géophys., 
vol. 17, pp. 256-260; April-June, 1961.) Meas¬ 
urements of the absorption of cosmic noise 
were made at Athens on 27.6 and 58 Me. 
Analysis of the data allowed the components of 
the total absorption due to the F and D layers 
and the extra component to be estimated. 

551.510.535:523.75 4124 
Ionospheric Current Systems of Ten I.G.Y. 

Solar-Flare Effects—D. Van Sabben. (J. At¬ 
mos. Terr. Phys., vol. 22, pp. 32-42; September, 
1961.) The current systems consist of two 
vortices, one on each side of the magnetic equa¬ 
tor. The northern vortex is centered west of the 
southern one and is more intense in local sum¬ 
mer than the southern one. The asymmetry in 
the vortices can be described in terms of an 
ionospheric current system. 

551.510.535:550.385.2 4125 
Ionospheric Critical Frequencies and Mag¬ 

netic Parameters of the Day before—H. W. 
Bergh and J. W. King. (J. Atmos. Terr. Phys., 
vol. 22, pp. 74-75; September, 1961.) The cor¬ 
relation between /0F2 at 0300 and 0500 LMT 
at Capetown and local magnetic activity K 
was calculated. The correlation is greatest when 
the magnetic indexes for the previous day are 
used. This is true both when 24-h and 6-h 
means of K are used in the correlations. 

551.510.535:550.385.37 4126 
Connexion between Micropulsations and 

the Ionosphere—C. M. Lock and P. J. Stevens. 
(Nature, vol. 191, pp. 584-585; August 5, 1961.) 
Measurements made at Christchurch, England, 
and Ascension Island, 6750 km distant, show 
that Pt pulses occur simultaneously at both 
stations but the same coherence is not observed 
for Pe pulsations. 

551.510.535:551.507.362.1 4127 
Atmospheric Ion Compositions Measured 

above Wallops Island, Virginia—H. A. Taylor, 
Jr., and H. C. Brinton. (J. Geophys. Res., vol. 
66, pp. 2587-2588; August, 1961.) Preliminary 
data for heights between 100 and 250 km, 
obtained from two rocket flights, are given and 
compared with results of previous determi¬ 
nations. 

551.510.535:551.507.362.2 4128 
Ionospheric Information Deduced from the 

Doppler Shifts of Harmonic Frequencies from 
Earth Satellites—O. K. Garriott and A. W. 
Nichol. (J. Atmos. Terr. Phys., vol. 22, pp. 
50-63; September, 1961.) Measurements made 
near the end of the life of Sputnik III have 
indicated the presence of appreciable ionization 
at a height of 90 km in the daytime and have 
revealed the existence of ionospheric irregulari¬ 
ties below 175 km. 

551.510.535:551.507.362.2 4129 
Height of Nighttime F-Layer Irregularities 

at the Equator—G. S. Kent and J. R. Koster. 
(Nature, vol. 191, pp. 1083-1084; September 9, 
1961.) Satellite transmissions propagated 
through the irregularities produce a diffraction 
pattern from whose velocity the effective height 
of the diffracting screen may be determined. 
Irregularities are elongated with axial ratio at 
least 7:1 along the earth’s magnetic field and 
lie between 50 and 100 km above the base of 
the F layer. 

551.510.535:621.3.087.4 4130 
The Determination of the Absorption of the 

Ionosphere from Pulse Amplitude Observations 
—G. Umlauft. (Arch. tech. Messen, No. 302, 
pp. 53-56; March, 1961.) Equipment for meas¬ 
uring ionospheric absorption by means of 
vertical-incidence soundings is described. It 
operates at 1.73 or 2.23 Me with pulse width 
variable between 50 and 500 ¿isec. Details are 
given of the polarimeter receiving circuit. See 
also 4117 above. 

551.510.535:621.391.812.63 4131 
On the Validity of some Approximations to 

the Appleton-Hartree Formula—Davies and 
King. (See 4277.) 

551.510.535:621.391.812.63 4132 
Investigation of Ionospheric Absorption on 

5.65 Mc/s at Waitair—Ramana and Rao. (See 
4278.) 

551.510.535:621.391.812.63 4133 
The Fading of Radio Waves Reflected 

Vertically from the Ionosphere during Mag¬ 
netic Storms—G. F. Fooks. (J. Atmos. Terr. 
Phys., vol. 22, pp. 43-49; September, 1961.) 
Correlation analysis is applied to the spread, 
rapidly-fading reflection observed at Cam¬ 
bridge (52°N) during magnetic storms. The 
drift velocity is usually large and towards the 
West, and the direction of elongation of the 
diffraction pattern shows that the ionospheric 
irregularities are aligned with the earth’s mag¬ 
netic field. 

551.510.535:621.396.676 4134 
The Electrically Short Antenna as a Probe 

for Measuring Free Electron Densities and 
Collision Frequencies in an Ionized Region— 
R. King, C. W. Harrison, Jr., and D. H. 
Denton, Jr. (J. Res. NBS, vol. 65D, pp. 371-
384; July/August, 1961.) The integral-equation 
method is used to obtain expressions for the 
admittance of an electrically short center-
driven dipole or base-driven monopole when 
immersed in a conducting dielectric. The con¬ 
ductivity and permittivity of the medium can 
be calculated from measurements of the ad¬ 
mittance antenna immersed in the medium and 
in air. 

551.510.535:681.142 4135 
An Analogue Solution of the Continuity 
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Equation of the Ionospheric F Region—B. H. 
Briggs and H. Rishbeth. {Proc. Phys. Soc. 
(Ixyndon), vol. 78, pp. 409-422; September 1, 
1961.) An electromechanical analog computer 
is used to solve an idealized F-layer continuity 
equation. The results show how the layer above 
the F 2 peak is mainly controlled by vertical dif¬ 
fusion of ionization, and below the peak by the 
production and loss processes. The machine can 
also simulate the effect of a solar eclipse. 

551.510.535(98): 523.75 4136 
Effects of Corpuscular Emissions on the 

Polar Ionosphere Following Solar Flares— 
G. E. Hill. (J. Geophys. Res., vol. 66, pp. 2329-
2335; August, 1961.) During the events of 
July 24-25, and September 18-22, 1957, iono¬ 
spheric absorption was more intense in the sun¬ 
lit portion of the polar cap. After the September 
event, there was strong auroral absorption, a 
geomagnetic storm and a decrease in F2-layer 
ionization; none of these occurred after the 
July event. 

551.510.535(99) :621.391.812.63 4137 
Ionospheric Reflections below 50 Kilometres 

during Polar-Cap Absorption Events -J. B. 
Gregory. (J. Geophys. Res., vol. 66, pp. 2575-
2577; August, 1961.) Vertical-incidence h' (t) 
observations on 2*3 Me at Scott Base (latitude 
78°S) showed partial reflections from heights 
below 50 km during two polar-cap absorption 
events. The results are correlated with measure¬ 
ments made in space vehicles during the same 
¡»eriods. 

551.510.536:551.594.6 4138 
Electron Densities in the Outer Ionosphere 

Deduced from Nose Whistlers—R. L. Smith. 
(J. Geophys. Res., vol. 66, pp. 2578-2579; 
August, 1961.) Comment on 1519 of May 
(Pope). 

551.510.536:551.594.6 4139 
Some Comments on Obtaining Electron 

Densities in the Exosphere using Nose 
Whistlers -J. H. Pope. {J. Geophys., Res., vol. 
66, pp. 2580-2581; August, 1961.) Discussion 
of a paper by Smith (see 4138 above). 

551.593.5 o 4140 
Variations of |OI] 5577-A Emission in the 

Upper Atmosphere F. E. Roach. (Ann. Geo¬ 
phys., vol. 17, pp. 172 -180; April-June, 1961. 
In English.) A review of experimental data, 
with consideration of excitation mechanisms 
and relations with other airglow emissions. 

551.593.5 4141 
A Simultaneous Study of the XX 5577, 5893 

and 6300 Emissions of the Night Airglow at 
Poona- M. W. Chiplonkar and V. V. Agashe. 
(Ann. Geophys., vol. 17, pp. 231-236; April-
June, 1961. In English.) Results of measure¬ 
ments made in early 1960. 

551.594 4142 
Hydrogen Emissions during the Period 

November 9-16, 1960—R. Montalbetti and 
D. J. McEwen. (Cañad. J. Phys., vol. 39, pp. 
617-619; April, 1961.) 

551.594:621.396.9 4143 
Power Density Requirements for Airglow 

Excitation by Gyro-waves—V. A. Bailey. (J. 
Res. NBS, vol. 65D, pp. 321 322; July/August, 
1961.) An array of 80 dipoles radiating a gyro¬ 
wave with a mean power of 500 kw would pro¬ 
duce an easily observable enhancement of the 
nocturnal airglow overhead within a solid angle 
of 32 square degrees. 

551.594.5 4144 
Temperatures Deduced from Aurora and 

Airglow Spectra -D. M. Hunten. (Ann. Geo¬ 
phys., vol. 17, pp. 249 255; April-June, 1961. 
In English.) Several experimental results are 

combined to give a temiærature profile between 
70 and 250 km. 

551.594.5 4145 
Observations of Auroral Ionization during 

the Period November 11-16, 1960—H. V. 
Serson and B. C. Blevis. (Cañad. J. Phys., vol. 
39, pp. 622-625; April, 1961.) Auroral lumi¬ 
nosity and radar echo amplitude at 488 and 
944 Me were observed. 

551.594.5:523.164 4146 
Three-Frequency Measurements of Auroral 

Absorption—S. Ziauddin and P. A. Forsyth. 
(J. Geophys. Res., vol. 66, pp. 2315-2319; 
August, 1961.) The ratio of the measured ab¬ 
sorption of cosmic noise during auroral events 
was measured on two pairs of frequencies near 
30 Me. Assuming that the electron collision fre¬ 
quency as a function of height is known, the 
height at which the absorption occurs can be 
estimated. Heights of 50-70 km were usual for 
intense auroral events, but lower heights were 
observed for cosmic-ray events. 

551.594.5:621.396.96 4147 
Auroral Observations by Radar in Terre 

Adelie (Nov. 1957-Jan. 1958.)—K. Bullough. 
(C.R. Acad. Sei. (Paris), vol. 251, pp. 2222-
2223; November 14, 1960.) Observations made 
during the southern summer show a correlation 
between the geomagnetic latitude of the echoes 
and the Kp value. For full report see Ann. 
Geophys., vol. 17, pp. 195-230; April-June, 
1961. 

551.594.5:621.396.96 4148 
Auroral Radar Observations at 48 Mc/s 

during the Period of the 12 November, 1960, 
Solar Event—A. G. McNamara. (Cañad. J. 
Phys., vol. 39, pp. 625-627; April, 1961.) 

551.594.6 4149 
Extension of Nose Whistler Analysis — 

R. L. Smith and D. L. Carpenter. (J. Geophys. 
Res., vol. 66, pp. 2582-2586; August, 1961.) A 
method of analysis is described which gives the 
nose frequency and the time delay to the nose 
when the nose is not directly observable. 

LOCATION AND AIDS TO 
NAVIGATION 

534.88 4150 
Consideration of the Problem of Optimum 

Frequency in Underwater Sonar Systems — 
H. Thiede. (Acústica, vol. 11, no. 1, pp. 22-25; 
1961. In German.) The optimum frequencies of 
sonar systems for obtaining a given range are 
determined taking account of the frequency¬ 
dependent parameters of sound propagation in 
sea water. The relation between range and mini¬ 
mum areas of radiating surface is also calcu¬ 
lated. 

621.396.9:551.507.362.2 4151 
Instrumentation and Telemetry of Transit 

Navigational Satellites—J. W. Hamblen and 
J. B. Oakes. (Electronics, vol. 34, pp. 148-153; 
August 11, 1961.) The system is based on the 
accurate positional information obtainable 
from the Doppler shift of the signal from a 
satellite. The experimental satellite described 
has four transmitters operating between 54 and 
324 Me, driven from a single-frequency source 
accurate to within a few parts in 10 10 . Opera¬ 
tional, constructional and circuit details are 
given. 

621.396.9:629.19.053 4152 
Inertial Systems in Space Vehicles— 

M. A. V. Matthews. (J. Bril. IRE, vol. 22, 
pp. 231 239; September, 1961.) A discussion of 
the advantages and disadvantages when used 
in conjunction with radio methods. 

621.396.933.2:621.396.67 4153 
The Application of the Interferometer to 

H.F. Direction Finding—C. W. McLeish and 
N. Burtnyk. (Proc. I EE, pt. B, vol. 108, pp. 
495-499; September, 1961.) A considerable re¬ 
duction in bearing error, compared with a 
narrow-aperture system, is obtained in the 
presence of interference. A standard deviation 
of 1.2° was obtained with a 400-ft interferome¬ 
ter on skywave transmission at 5-25 Me. 

621.396.933.2:621.396.67 4154 
Antenna Coupling Error in Direction Find¬ 

ers—C. W. Harrison, Jr. (J. Res. NBS, vol. 
65D, pp. 363-369; July/August, 1961.) “An¬ 
tenna coupling or scattering error in an inter-
ferometer-angle-measuring system consisting of 
two identical base-loaded quarter-wave vertical 
antennas over a ¡»erfectly conducting earth is 
investigated. A curve is supplied for the error 
in angle as a function of antenna spacing for 
an incident vertically-polarized electric field 
arriving in the plane of the antennas, when the 
ratio of antenna length to radius is 75 and the 
base loads are resistors of 50 ohms.” 

621.396.96:523.3 4155 
Radar Scattering Cross-Section—Applied to 

Moon Return—H. S. Havre. (Proc. IRE, vol. 
49, p. 1433; September, 1961.) A discussion of 
the effect of rough terrain on the scattered 
echo. Results indicate that the effective surface 
as seen by radar is not as smooth as was as¬ 
sumed by’ some previous authors. 

621.396.96:621.374.5 4156 
The Delay-Lock Discriminator—an Opti¬ 

mum Tracking Device J. J. Spilker, Jr., and 
D. T. Magill. (Proc. IRE, vol. 49, pp. 1403-
1416; September, 1961.) A statistically opti¬ 
mum device for the measurement of the delay 
between two correlated waveforms. A non¬ 
linear feedback system including a variable 
delay’ line is used. The theory’ and operation are 
described. 

621.396.96:621.391.82 4157 
Search-Radar Analogue Simulator Repro¬ 

duces Jamming, Scintillation—L. G. Fischer 
and G. Frenkel. (Electronics, vol. 34, pp. 58-60; 
August 25, 1961.) Simulated signals are in¬ 
jected at IF into a radar set. 

621.396.962.3 4158 
An Interpretation of ‘Paired Echo Theory* 

for Time-Domain Distortion in Pulsed Systems, 
and, an Extension to the Radar ‘Uncertainty 
Function’—J. V. Difranco and W. L. Rubin. 
(Proc. IRE, vol. 49, pp. 1432 1433; September, 
1961.) A discussion of the application of 
Fourier analysis in determinations of distortion 
in pulse systems and degradation of radar 
performance. 

621.396.962.33:621.376.23 4159 
A Sequential Detection System for the 

Processing of Radar Returns- A. A. Galvin. 
(Proc. IRE, vol. 49, pp. 141 7—1423; September, 
1961.) A two-step filter detection system is de-
scribed which offers an appreciable reduction in 
size and complexity of equipment without re¬ 
duction in performance. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.583:621.3.032.14 4160 
Ternary System Th-Ce-Al—J. H. N. van 

Vucht. (Philips Res. Repts., vol. 16, pp. 1-40; 
February, 1961.) An investigation of a non¬ 
evaporating getter material. 

535.215:546.48’221 4161 
The Real Structure of CdS Single Crystals 

—W. Mohling and H. Thiel. (Ann. Phys. (Lpz.) 
vol. 7, pp. 381-386; March 29, 1961.) Crystal 
growth and defects were investigated. 
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5-5.215:546.48’221 4162 
Absorption Spectra of Transition Ions in 

C IS Crystals—R. Pappalardo and R. E. Dietz. 
( Pays. Rev., vol. 123, pp. 1188-1203; August 15, 
KM.) 

55 5.215: 546.48’221 4163 
Effects of Vacancies on Pulse Photo-

cai duction in CdS Single Crystals—J. Shira-
fi4 and Y. Inuishi. (J. Phys. Soc. Japan, vol. 
It, p. 832; April, 1961.) Cd vacancies shorten 
electron lifetimes at low temperatures. S vacan¬ 
cies. enhance the quantum efficiency and in¬ 
crease the lifetime. 

535.215:546.48’221:534.283-8 4164 
Photosensitive-Ultrasonic Properties of 

Cidmium Sulphide—H. D. Nine and R. Truell. 
(Pi.ys. Rev., vol. 123, pp. 799-803; August 1, 
19 51.) Ultrasonic attenuation is found to vary 
wi i light irradiation, some crystals showing a 
de ' ease and others an increase. The latter 
eff?ct is explicable by piezoelectric coupling 
be ween conduction electrons and stress waves. 

533 215:546.682’221 4165 
Photoconductivity in Indium Sulphide 

Penders and Crystals—R. II. Bube and W. H. 
McCarroll. (J. Phys. Chem., Solids, vol. 10, 
pp 333-335; August, 1959.) 

535.376: 546.47’221 4166 
The Influence of Temperature on Field En-

haa:ement and Field Quenching of Cathodo-
lunnescence—H. Gobrecht, H. E. Gumlich 
and J. zum Bruch. (Z. Phys., vol. 162, pp. 
16e.-179; March, 17, 1961.) Further results of 
investigations on ZnS-Mn. See also 590 of 
Feb-uary (Gobrecht and Gumlich). 

535.376:546.47’221 4167 
Infrared Emission and Electroluminescence 

in Z nc Sulphide Phosphors—D. W. G. Ballen-
tym. (Proc. Phys. Soc. (London), vol. 78, pp. 
348-353; September 1, 1961.) Experimental re-
sulls show that infrared emission does not occur 
in □ aterials with high Cu concentration, and 
wa- not detected during electroluminescence. 

535.376:546.48’47’221 4168 
Electrophotoluminescence of a Zinc-Cad-

mic m-Sulphide Phosphor as a Function of Ex¬ 
citad on Wavelength and Width of Field Pulse 
—I Gutjahr and F. Matossi. (Z. Phys., vol. 
162 pp. 105-113; March 3, 1961.) 

537 »27:538.569.4 4169 
Proton Magnetic Resonance in Ferroelec¬ 

tric (CH<NH()A1SO • 12HeO—R. Hoshino. 
(J. Phys. Soc. Japan, vol. 16, pp. 835-836; 
April, 1961.) 

537^27:621.318.57 4170 
lacrease in Dielectric Constant during 

Swi ching in Lithium Selenite and Triglycine 
Subhate—E. Fatuzzo (J. Appl. Phys., vol. 32, 
pp. 1571-1579; August, 1961.) Changes in di¬ 
elec* ric constant were measured during switch¬ 
ing cp to frequencies of 100 Me. A model to 
explain the experimental results is given and 
disc issed. 

537.228.1: 549.514.51 4171 
Tiickness-Shear-Mode Quartz Cut with 

Smal. Second- and Third-Order Temperature 
Coefficients of Frequency (RT-Cut)—R. Bech-
marx. (Proc. IRE, vol. 49, pp. 1454; Septem¬ 
ber, 1961.) 

537.311.31 4172 
Theory of Electron-Phonon Interaction in 

MeU s—H. Stolz. (Ann. Phys. (Lpz.), vol. 7, 
pp. 3 53-367; March 29, 1961.) Calculation of 
matrix elements for phonon absorption or emis¬ 
sion rm the basis of assumptions also discussed 
by Whitfield (2146 of July). 

537.311.31 4173 
Electron-Phonon Interaction—H. Puff. 

(Ann. Phys. (Lpz.), vol. 7, pp. 368-370; March 
29, 1961.) See also 4172 above. 

537.311.31 4174 
Electrical Resistivity at Low Temperatures 

—J. S. Dugdale. (Science, vol. 134, pp. 77-86; 
July 14, 1961.) Investigations of the pressure 
dependence of the electrical resistance of metals 
at low temperatures are discussed; results are 
interpreted in terms of Fermi surface dis¬ 
placement and Fermi energy changes. 

537.311.31:538.569.4 4175 
Influence of Ferromagnetic Resonance on 

the Electrical Resistance of a Metal—A. Bas-
sompierre. (C.R. Acad. Sei. (Paris), vol. 251, 
pp. 2141-2143; November 14, 1960.) An exami¬ 
nation of the increase in resistance produced by 
the collision of conduction electrons with mis-
aligned-spin faults caused by ferromagnetic 
resonance. 

537.311.33 4176 
The Phonon-Assisted Auger Effect in Semi¬ 

conductors—D. M. Eagles. (Proc. Phys. Soc., 
vol. 78, pp. 204-216; August 1, 1961.) Some 
calculations on the effect of phonons on Auger 
recombination and impact ionization in semi¬ 
conductors with simple bands are presented. 

537.311.33 4177 
The Possibility of Negative-Resistance 

Effects in Semiconductors—B. K. Ridley and 
T. B. Watkins. (Proc. Phys. Soc., vol. 78, pp. 
293-304; August 1, 1961.) If carriers in a high-
mobility subband are heated with an electric 
field, they can transfer to a higher-energy low-
mobility subband. The necessary conditions 
and possible side effects are discussed. 

537.311.33 4178 
A Relation between the Binding Energy 

and the Band-Gap Energy in Semiconductors 
of Diamond or Zinc-Blende Structure - P. 
Manca. (J. Phys. Chem. Solids, vol. 20, pp. 
268-273; August, 1961.) For the binary semi¬ 
conductors of tetrahedral coordination con¬ 
sidered, a linear relation of the type, E0 = a 
(Et — b) has been determined empirically where 
Eg is the gap energy, E„ is the single-bond 
energy and a and b are characteristic constants 
of the series Atv AIV, A111 Bv An BVI . 

537.31 1.33 :546.23 :537.226 4179 
Dielectric Relaxation Phenomena in Sele¬ 

nium—W. Ludwig and F. Eckart. (Z. Phys., 
vol. 162, pp. 127-141; March 17, 1961.) 
Measurements of the variation of dielectric 
loss in the range 0.5— 1000 kc at temperatures 
from +40 to — 160°C, on Br-doped hexagonal 
Se. 

537.311.33 : [546.28 + 546.289 4180 
Theory of Electrical Conductivity of Ge and 

Si : Part 1—The Electron-Phonon Matrix 
Elements—W. Klose. (Ann. Phys. (Lpz.), 
vol. 7, pp. 233-242; March 16, 1961.) Intra¬ 
valley and intervalley electron scattering at 
acoustic and optical phonons is determined 
using an approximation valid for low tempera¬ 
tures. 

537.311.33:546.28 4181 
Properties of Grain Boundaries in Silicon— 

Y. Matukura. (J. Phys. Soc. Japan, vol. 16, 
pp. 842-843; April, 1961.) The grain boundary 
layer in Si is n type. 

537.311.33:546.28 4182 
Diffusion along Small-Angle Grain Bound¬ 

aries in Silicon—H. J. Gueisser, K. Hubner 
and W. Shockley. (Phys. Rev., vol. 123, pp. 
1245-1254; August 15, 1961.) 

537.311.33:546.28:541.135 4183 
Saturation Currents in Silicon Electrodes— 

G. Greger. (Z. Naturforsch., vol. 16a, pp. 284-
288; March, 1961.) Investigation on p- and n-
type electrodes in various electrolytes. See also 
3930 of 1960 (Seipt). 

537.311.33:546.281’26 4184 
Lattice Absorption Bands in SiC—L. Pat¬ 

rick and W. J. Choyke. (Phys. Rev., vol. 123, 
pp. 813-815; August 1, 1961.) 

537.311.33:546.289 4185 
Surface Kinetics and Physics Investigation 

of the Reaction between Single-Crystal Ger¬ 
manium and Iodine — W. J. Heinecke and S. 
Ing, Jr. (J. Appl. Phys., vol. 32, pp. 1498-
1504; August, 1961.) An activation energy of 
18.5 kcal/mol was found for each of the three 
crystallographic planes studied. Frequency fac¬ 
tors differed with orientation. 

537.311.33:546.289 4186 
The Adsorption of Chlorine on Clean 

Germanium Surfaces—M. Green and K. H. 
Maxwell. (J. Phys. Chem. Solids, vol. 20, pp. 
274-280; August, 1961.) 

537.311.33:546.289 4187 
Cyclotron-Resonance Measurements of the 

Energy-Band Parameters of Germanium— 
B. W. Levinger and D. R. Frankl. (J. Phys. 
Chem. Solids, vol. 20, pp. 281-288; August, 
1961.) 

537.311.33:546.289 4188 
Conductivity of Grain Boundaries in Ge— 

Y. Matukura and S. Tanaka. (J. Phys. Soc. 
Japan, vol. 16 pp. 833-834; April, 1961.) The 
temperature variations of resistivity and Hall 
coefficient are measured. 

537.311.33:546.289 4189 
Electrical Properties of Heavily Doped 

n-Type Germanium Y. Furukawa. (J. Phys. 
Soc. Japan, vol. 16, pp. 687-694; April, 1961.) 
Experimental studies were made on electrical 
resistivity, Hall coefficient and magneto¬ 
resistance of As-, Sb- and (As + Sb) -doped Ge 
in the electron concentration range 10 18 —3 
X 10 19 cm-3 . 

537.311.33:546.289 4190 
Regrowth of Germanium from Molten 

Indium on Lead—M. Tomono. (J. Phys. Soc. 
Japan, vol. 16, pp. 711-719; April 1961.) A 
single crystal of «-type Ge was alloyed with 
In and the resulting regrowth of /»-type Ge 
was observed for various cooling rates. 

537.311.33:546.289 4191 
Low-Temperature Electrical Breakdown in 

Germanium—J. Yamashita. (J. Phys. Soc. 
Japan, vol. 16, pp. 720-732; April, 1961.) The 
breakdown field estimated theoretically is in 
agreement with experiment when the con¬ 
centration of donors and acceptors is fairly 
small. 

537.3 11.33: 546.57’86’24 1 4192 
The Thermal Conductivity of Silver Anti¬ 

mony Telluride—E. F. Hockings. (J. Phys. 
Chem. Solids, vol. 10, pp. 341-342; August, 
1959.) 

537.311.33:546.68’86 4193 
Temperature Variation of Optical Energy 

Gap for GaSb—InSb Alloys—J. C. Woolley 
and J. A. Evans. (Proc. Phys. Soc., vol. 78, 
pp. 354-360; September 1, 1961.) Absorption 
measurements show that the energy gap varies 
linearly with temperature in the range 100-
800° K. 

537.31 1.33 :546.682’18 4194 
Electrical Properties of /»-Type InP—M. 

Glicksman and K. Weiser. (J. Phys. Chem. 
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Solids, vol. 10, pp. 337 340; August, 1959.) 
A plot of the temperature dependence of the 
measured Hall mobilities of two Cd-doped 
samples is given, and the properties of two 
crystals are tabulated. 

1961.) The internal stress energy is determined 
on the basis of exiærimental investigations of 
Bloch wall shape and comi>ared with the eddy-
current energy component in magnetization 
reversal processes. 

537.311.33:546.682 ’86 4195 
The Diffusion Coefficient of Zinc in In¬ 

dium Antimonide—K. F. Hulme and J. E. 
Kemp. (J. Phys. Chem. Solids, vol. 10, pp. 
335-337; August, 1959.) A value of 1.6X10« 
exp [( — 53,000 ± 6000)/RT] cms/sec was ob¬ 
tained using the pn junction method. 

537.31 1.33 :546.682’86 4196 
Interpretation of the Anisotropy of the 

Resistance Change in n-Type Insb—H. Rup¬ 
precht. (Z. Naturforsch., vol. 16a, pp. 395-
401; April, 1961.) Further investigations of 
resistivity changes in InSb as a function of 
growth conditions and doping material. Sec 
also 1241 of April (Rupprecht, et al.). 

537.311.33:546.683’86:539.12.04 4197 
Recovery of Electron Radiation Damage in 

n-Type InSb—F. M. Eisen. (Phys. Rev., vol. 
123, pp. 736-744; August 1, 1961.) 

538.221 4206 
Fine Structure of Weiss Domains on ! 110] 

Surfaces of Si-Fe Single Crystals as a Function 
of Magnetic Field Strength and Field Direc¬ 
tion—R. Kohlhaas and G. Ballensiefen. (Z. 
angew. Phys., vol. 13. pp. 131-134; March, 
1961.) 

538.221 4207 
Calculation and Measurement of the In¬ 

ternal Demagnetization Factor—G. Vogler. 
(.4 mm. Phys. (Lpz.), vol. 7, pp. 268-279; 
March 16, 1961.) Magnetic energy and internal 
demagnetization factors are calculated for 
various types of distribution of small ferro¬ 
magnetic particles in a given volume. Results 
of measurements on rubber-iron mixtures are 
com {»a red with theoretical findings. 

537.311.33 : [546.682’864- 546.682’19] : 539.23 
4198 

Properties of Vapour-Deposited InSb and 
InAs Films—K. G. Günther and H. Freller. 
(Z. Naturforsch., vol. 16a, pp. 279 283; March, 
1961.) Further report on results obtained with 
films prepared by the “three-temperature 
methods.” See also 3349 of 1959 (Günther). 

538.221 4208 
The Diffusion After-Effect of Permeability 

of Iron-Nickel Alloys—D. Gerstner and E. 
Kneller. (Z. Melallkde, vol. 52, pp. 426-436; 
June, 1961.) Investigations were made on the 
change of permeability in quenched Fe-Ni 
alloys with 50 to 85 per cent Ni content by 
weight, at temperatures between 300°C and 
the Curie point. 

537.311.33:546.812.221 4199 
Measurement and Analysis of the Infrared 

Reflection Saectrum of Semiconducting SnS -
C. Haas and M. M. G. Corbey. (J. Phys. 
Chem. Solids, vol. 20, pp. 197-203; August, 
1961.) 

537.311.33:546.823-31 4200 
Electrical Conduction in ¿-Type Titanium 

Sesquioxide—J. Yahia and H. P. R. Fred-
erikse. (Phys. Rev., vol. 123, pp. 1257-1261; 
August 15, 1961.) Measurements indicate that 
below 450°K the crystals behave like semicon¬ 
ductors while above it the conductivity is appar¬ 
ently metallic. 

537.311.33:621.382.23 4201 
The Band Structure of Strongly Doped 

Semiconductors—G. Winstel and W. Hey-
wang. (Z. Naturforsch., vol. 16a, pp. 440-441; 
April, 1961.) Theoretical consideration of the 
discrepancies arising between the conventional 
band model of doi>cd semiconductors and the 
measured characteristics of tunnel diodes. See 
also 4329 below. 

537.312.62 4202 
A Study of Superconducting Niobium by 

Electron Tunnelling—P Townsend and J. Sut¬ 
ton. (Proc. Phys. Soc., vol. 78, pp. 309 311; 
August 1, 1961.) 

537.322.1 4203 
Peltier Coefficient at High Current Levels— 

J. R. Reitz. (J. A ppi. Phys., vol. 32, pp. 1623-
1624; August, 1961.) The advantages of a metal 
weld at the junction of a thermocouple are 
considered. At high current densities the effect 
of using a two-metal weld is discussed. 

538.221:537.288.4 4209 
Magnification of the Magneto-optical Kerr 

Rotation by Interference—J. Kranz and A. 
Schauer. (Optik (Stuttgart), vol. 18, pp. 186-
200; April, 1961.) The rotation can be magni¬ 
fied by means of suitable vapor-deposited 
films, and this effect is calculated. The method 
has been used for the observation of Weiss 
domains. See also 1281 of 1959 (Kranz & 
Drechsel). 

538.221:538.23 4210 
Investigations of Rotational Hysteresis — 

V. Zehler. (Z. angew. Phys., vol. 13, pp. 139-
141, March, 1961.) 

538.221:538.632 4211 
Measurements of Hall Effect in Binary 

Mixed-Crystal Series of Iron—W. Jellinghaus 
and M. P. de Andres. (Z. angew. Phys., vol. 
13, pp. 121-122; March. 1961.) See also 3481 
of October. 

538.221:538.632 4212 
Extraordinary- Hall-Effect Measurements 

on Ni, some Ni Alloys, and Ferrites —J. M. 
Lavine. (Phys. Rev., vol. 123, pp. 1273-1277; 
August 15, 1961.) 

538.221:538.652 4213 
The Change in Length of Mixtures of Ferro¬ 

magnetic and Carrier Materials in a Magnetic 
Field—G. Vogler. (Ann. Phys. (Lpz.), vol. 7, 
pp. 387-396; March 29, 1961.) Magneto¬ 
strictive effects arc calculated and investigated 
by measurements on a suspension of iron 
powder in rubber. See also 4207 above. 

538.221 :539.23 4216 
Remanent State in One-Dimensional Mi¬ 

cromagnetics—A. Aharoni. (Phys. Rev., vol. 
123, pp. 732-736; August 1, 1961.) 

538.221:539.23 4217 
The Theory of Magnetization Reversal in 

Thin Films—W. Andrä. (Z. angew. Phys., vol. 
13, pp. 141-143; March, 1961.) Inhomogeneous 
reversal processes are considered on the basis of 
domain theory. 

538.221:539.23 4218 
The Magnetic Domain Structure of 

‘Single-Crystal’ Thin Films of Iron—D. 
Unangst. (Ann. Phys. (Lpz.), vol. 7, pp. 280-
301; March 16, 1961.) Bitter pattern technique 
is used to investigate the domain structure of 
films of thickness 500-10,000 A during mag¬ 
netic reversal and after demagnetization. 

538.221:539.23 4219 
The Magnetic Properties of Very Thin 

Vapour-Deposited Iron Films in a Vacuum 
and their Change after the Admission of Air— 
H. Hoffmann. (Z. angew. Phys., vol. 13, pp. 
149 -151; March, 1961.) 

538.221:539.23 4220 
The Curie Temperature of Very Thin 

Nickel Films — W. Hellenthal. (Z. angew. 
Phys., vol. 13, pp. 147-149; March, 1961.) 
Discrepancies in the results of C urie- tern ¡»era -
ture measurements on thin films by various 
authors are accounted for by reference to a 
model based on an investigation of slow mag¬ 
netization processes (2311 of July) and calcu¬ 
lation of the temperature deiændence of spon¬ 
taneous magnetization. 

538.221:539.23 4221 
The Influence of Local Fluctuations of 

Anisotropy on the Magnetic Characteristics of 
Thin Ni-Fe Films -S. Middelhoek. (Z. angew. 
Phys., vol. 13, pp. 151-154; March. 1961.) 

538.211:539.23 4222 
The Magnetization Reversal of Thin Nickel-

Iron Films in the Difficult Direction -Pt. 1: 
Elect ron-Microscope Observations of the Origin 
of Domains E. Fuchs, pp. 157-160; Pt. 2: 
Hysteresis and Domain Behaviour—E. Fehlt-
keller. pp. 161-164; (Z. angew. Phys., vol. 13; 
March. 1961.) 

538.221:539.23 4223 
The Temperature Dependence of the Mag¬ 

netic Properties of Thin Permalloy Films—A. 
Segmüller. (Z. angew. Phys., vol. 13, pp. 154 
157; March, 1961.) 

538.221:539.23:538.569.4 4224 
Ferromagnetic Resonance Absorption of 

Single-Crystal Thin Films of Nickel—M. 
Kuriyama, II . Yamanouchi and S. Hosoya. 
(J. Phys. Soc. Japan, vol. 16, pp. 701-706; 
April, 1961.) The saturation magnetization, the 
crystalline anisotropy and the Lande splitting 
factor were measured for film thicknesses be¬ 
tween 100 and 1000 A. 

538.221 4204 
Experimental Test of the Spin-Wave 

Theory of a Ferromagnet —A. C. Gossard, V. 
Jaccarino and J. P. Remeika. (Phys. Rev. 
Lett., vol. 7, pp. 122-124; August 15, 1961.) 

538.221:538.652 4214 
Volume Magnetostriction in Nickel-Iron 

Alloys—Y. Nakamura, T. Nakajima and H. 
Takaki. (J. Phys. Soc. Japan, vol. 16, pp. 840-
841; April, 1961.) Magnetostriction was meas¬ 
ured as a function of Ni/Fe ratio in ordered 
and disordered specimens. 

538.221 :539.23:538.61 4225 
Measurement of Magnetization at the Sur¬ 

face of Iron-Silicon Single Crystals with the 
aid of the Magnified Magneto-optical Kerr 
Effect—J. Kranz and B. Passon. (Z. angew. 
Phys., vol. 13, pp. 122-124; March, 1961.) 
See also 3879 of November. 

538.221 4205 
The Internal Stress Energy of Bloch Walls 

—M. Hieke, E. Max and H. G. Müller. (Z. 
angew. Phys., vol. 13, pp. 125 130; March, 

538.221 :538.652 :534.232 4215 
Improved Nickel-Base Alloys for Magneto¬ 

strictive Transducers -C. A. Clark. (J. 
A const. Soc. Am., vol. 33, pp. 930-933; July, 
1961.) 

538.221:539.23:621.385.833 4226 
Electron-Optical Investigation of Domain 

Boundaries in Thin Ferromagnetic Films—L. 
Reimer. (Z. angew. Phys., vol. 13, pp. 143-147; 
March, 1961.) Investigation by means of an 
electron microscope of Ni and Fe films using 
the technique described by Fuller and Hale 
(2085 of 1960). 
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513.221:539.38 4227 
Deformation of Domain Structures by 

St *esses—C. Greiner. (Z. angew. Phys., vol. 13, 
PR 134-136; March, 1961.) Investigation of 
th* effects of tension and compression on Bloch 
will displacement in Ni-Fe (50/50) wire. 

533.221:621.3.042.2 4228 
The Dynamic Behaviour of Bloch Walls in 

Grain-Oriented Laminations— P. K. Hermann. 
(Z angew. Phys., vol. 13, pp. 136-139; March, 
19«1.) An interpretation of the cause of hys-
terisis effects observed particularly in thin 
gn in-oriented laminations is given. 

535.221 :621.318.124: 538.569.4 4229 
Ferrimagnetic Resonance of Single-Crystal 

Ba ium Ferrite in the Millimetre Wave Region 
—F. F. Y. Wang, K. Ishii and J. B. Y. Tsui. 
(J. Appl. Phys., vol. 32, pp. 1621-1622; 
August, 1961.) Results of measurements at 
frequencies about 50 Gc agree with the theory 
developed by Weiss and Anderson (3326 of 
1955). 

Garnet Ferrites -I. P. Kaminow and R. V. 
Jones. (Phys. Rev., vol. 123, pp. 1122-1129; 
August 15, 1961.) 

538.221:621.318.134:538.569.4 4237 
Nonlinear Damping Losses in YIG—R. L. 

Conger. (J. Appl. Phys., vol. 32, pp. 1525— 
1527; August, 1961.) A theoretical investiga¬ 
tion shows that nonlinear damping causes the 
microwave ferromagnetic resonance suscepti¬ 
bility to decrease with increasing power. 

538.221:621.385.833 4238 
The Origin of Image Contrast in the Dis¬ 

play of Ferromagnetic Domains by means of 
an Illuminating Electron Microscope—J. Kranz 
and H. Bialas. (Optik, (Stuttgart), vol. 18, pp. 
178-185; April, 1961.) A formula is given which 
expresses image contrast as a function of a) the 
gradient of magnetic induction over the speci¬ 
men and b) the radius of the image on the 
screen. Experimental results confirm the con¬ 
clusions reached. 

Post Office -J. Bastelberger. (Nachrtech. Z., 
vol. 14, pp. 72 81; February, 1961.) A stand¬ 
ard frequency of 1 kc with an accuracy within 
±1.5 parts in 108 and hourly time pulses are 
available throughout the whole of West Ger¬ 
many. Details are given of the standard 
frequency equipment, the comparison system 
and the distribution network. 

621.3.018.41 (083.74): 621.396.61 4247 
Effect of External Conditions on the Phase 

of Radio Signals—Watt-Carter and Corke. 
(See 4327.) 

538.221:621.318.134 4230 
The Estimation of Domain-Wall Velocity 

in £ ‘Square-Loop’ Ferrite, and some Observa-
tiors on the Reversal Process—J. E. Knowles. 
(Proc. Phys. Soc., vol. 78, pp. 233-238; 
August 1, 1961.) 

538.221:621.318.134 4231 
The Angle Dependence of the Anisotropy 

Induced in Iron-Nickel Ferrite Single Crystals 
by a Magnetic Field—R. Wagner. (Ann. 
Ph^s. (Lpz.), vol. 7, pp. 302-311; March 16, 
1964). Results of measurements are compared 
wit i the theories of other authors. 

538.222:538.569.4:621.375.9 4239 
On the Theory of Cross-Relaxation in 

Maser Materials—M. Hirono. (J. Phys. Soc. 
Japan, vol. 16, pp. 766-776; April, 1961.) A 
theoretical study in which the cross-relaxa¬ 
tion is calculated by the method of moments 
taking into account the effect of the crystalline 
electric field. 

538 221:621.318.134 4232 
Magnetic Relaxation in Magnetite and in 

its Solid Solution with Manganese and Nickel 
Fer-ites—A. Braginski and T. Merceron. 
(Naure, vol. 191, pp. 898-899; August 26, 
196 .) Relaxation was examined in the systems 
Mn-Fe3-*O4+v and Ni*Fej_x O4+v by meas-
suri ig their permeability disaccommodation. 
In slid solutions of magnetite with other cubic 
ferr tes, the formation of local configurations of 
anisotropic space charge is explained by the 
presence of octahedral sites having trigonal 
symsnetry. Peaks in the disaccommodation 
spectrum are explained by migration of these 
vaci ncies. 

538.221:621.318.134 4233 
'“he Magnetic Spectrum of Ni-Zn Ferrites 

with Perminvar Loop—F. Voigt. (Nalurwiss., 
vol. 48, pp. 215-216; April, 1961.) Report of 
mea-urements of the frequency dependence of 
com »lex permeability on two types of Ni-Zn 
ferrLe, one containing CoO, with or without 
annealing in a transverse magnetic field. 

538.121:621.318.134 4234 
Magnetic Anomaly in FeTiO:s—aFe-jO;, Sys¬ 

tem by Mossbauer Effect—S. L. Ruby and G. 
Shirane. (Phys. Rev., vol. 123, pp. 1239-1240; 
Augist 15, 1961.) The anomaly revealed by the 
Mössbauer measurements is that the ferri-
magietic phase consists of ferrimagnetic clus¬ 
ters wrrounded by paramagnetic media. 

538.; 21:621.318.134:538.569.4 4235 
C yromagnetic Resonance of Ferrites and 

Garrets in the Frequency Range 400-1200 
Me ä—J. Deutsch and H. G. Maier. (Nachr-
tech. Z., vol. 14, pp. 142-146; March, 1961.) 
Experimental investigation of nonreciprocal 
alternation near gyromagnet ic resonance. (See 
also report in Proc. IRE, vol. 49, pp. 1443-
1445 September, 1961.) 

538.221:621.318.134:538.569.4 4236 
P-essure Dependence of the Microwave 

Resonance Properties of some Spinel and 

539.23:548.5:539.12.04 4240 
Study of Electron Bombardment of Thin 

Films—G. B. Gilbert, T. O. Poehler and C. F. 
Miller. (J. Appl. Phys., vol. 32, pp. 1597-
1600; .August, 1961.) Results obtained using a 
35-kev electron beam indicate substantial 
crystal growth in films of In, Bi and Ge. 

539.23:621.382.032.27 4241 
Lead Wire Attachment Technique for Thin-

Film Studies—R. I. George and R. B. Mc-
Quistan. (Rev. Sei. Instr., vol. 32, pp. 855-856; 
July, 1961.) Au leads are used on a synthetic 
sapphire substrate. 

621.315.5/.6: 536.48: 538.214 4242 
Magnetic Susceptibility of Materials Com¬ 

monly Used in the Construction of Cryogenic 
Apparatus—G. L. Salinger and J. C. Wheatley. 
(Rev. Sei. Instr., vol. 32, pp. 872-874; July, 
1961.) 

621.315.5/.6].004.6 4243 
The Long-Term Behaviour of Materials 

and Components in Electrical Engineering— 
J. Tretter. (Frequenz, vol. 15 pp. 39-47; 
February, 1961.) A theoretical interpretation 
of after-effect, aging and recovery processes in 
semiconductor, ferroelectric, ferromagnetic and 
other materials is attempted. Certain laws ap¬ 
pear to be followed in the establishment of new 
equilibrium conditions in materials and com¬ 
ponents subsequent to the application of energy 
in the form of heat, light, electricity or me¬ 
chanical stress. 

621.317.3:537.311.33 4248 
Apparatus for the Measurement of Gal¬ 

vanomagnetic Effects in High-Resistance 
Semiconductors — G. Fischer, D. Greig and E. 
Mooser. (Rev. Sei. Instr., vol. 32, pp. 842 846; 
July, 1961.) The resistivity of samples can be 
measured if the resistance is in the range 10“’ 
— 10 12 Ü. The Hall coefficient can also be de¬ 
termined provided the charge-carrier mobility 
of the sample exceeds 1 cm2/vsec. 

621.317.3:537.311.33 4249 
Microwave Measurement of Mobility: 

Analysis of Apparatus—S. H. Liu, Y. Nishina 
and R. H. Good, Jr. (Rev. Sei. Instr., vol. 32, 
pp. 784-789; July, 1961.) A semiconductor 
sample is mounted in a bimodal cavity with an 
applied static magnetic field and the power 
transfer produced by the Faraday rotation is 
measured. A formula is derived for the power¬ 
transfer ratio as a function of magnetic field, 
conductivity and mobility of the sample, and 
the properties of the equipment. 

621.317.3:537.311.33 4250 
Microwave Measurement of Hall Mobility: 

Experimental Method —Y. Nishina and G. C. 
Danielson. (Rev. Sei. Instr., vol. 32, pp. 790-
793; July, 1961.) The measurements were made 
at 9 Gc, over the temperature range 30-300°K, 
and the analysis given by Liu, el al. (4249 
above) was verified by observations on an 
«-type sample. 

621.317.3:537.311.33 4251 
Microwave Determination of Semiconduc¬ 

tor Carrier Lifetimes—H. A. Atwater: H. 
Jacobs. (Proc. IRE, vol. 49, pp. 1440-1442; 
September, 1961.) Atwater suggests that a 
microwave power transient will not in general 
follow the exponential decay of the injected car¬ 
riers [see 3774 of 1949 (Ramsa et al.) J. Jacobs 
points out a flaw in the criticism and describes 
an alternative approach which gives good 
agreement between theoretical and experi¬ 
mental values [2730 of August (Jacobs el al.). 

MATHEMATICS 
512.83:513.882 4244 

Computational Problems concerning the 
Hilbert Matrix—J. Todd. (J. Res. NBS, vol. 
65B, pp. 19-22; January-March, 1961.) The 
influence of theoretical mathematics and of com¬ 
putational experiment on each other is illus¬ 
trated by a discussion of recent work. 

517.522.2 4245 
A Power Series Expansion of the Master 

Equation—N. G. van Kämpen. (Cañad. J. 
Phys., vol. 39, pp. 551-567; April, 1961.) 

MEASUREMENTS AND TEST GEAR 
621.3.018.41(083.74) 4246 

The Standard Frequency of the Federal 

621.317.33:537.311.33 4252 
An A.C. Silicon Resistivity Meter—C. C. 

Allen and W. R. Runyan. (Rev. Sei. Instr., 
vol. 32, pp. 824-828; July, 1961.) A description 
of a four-point probe resistivity meter, which 
is direct reading and covers a resistivity range 
of 0.01-300 12 cm for full-scale deflection. 

621.317.34.029.64:621.372.824 4253 
Precision Instruments for Coaxial Line 

Measurements up to 4 Gc/s—D. Woods. 
(Proc. IEE, pt. B, vol. 108, pp. 490-492; Sep¬ 
tember, 1961. Discussion, pp. 493-494.) A pro¬ 
gram to improve the standardization and 
measurement of admittance, voltage, power 
and attenuation is described. 

621.317.373 4254 
Phase Measurement at Audio and High 

Frequencies—O. Macek. (Arch. lech. Messen, 
no. 301, pp. 35-38; February, 1961.) The 
methods reviewed include those using cathode¬ 
ray oscilloscopes, ring modulators, and pulse-
controlled multivibrators. 31 references. 
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621.317.44:538.632 4255 
Measurements in Inhomogeneous Mag¬ 

netic Fields by means of the Hall Probe — 
P. Menzel (Arch. tech. Messen, no. 303, pp. 
83-86; April, 1961.) The characteristics and 
limits of accuracy of Hall-effect devices used 
for the measurement of magnetic induction are 
discussed. 

621.317.7:621.372.2.012.11 4256 
Smith-Diagram Display Unit uses Micro¬ 

wave Phase-Directional Coupler —S. Tsu¬ 
chiya. (Electronics, vol. 34, pp. 80-84; July 21, 
1961.) Microwave impedances can be meas¬ 
ured and displayed directly on a cathode-ray 
tube. 

621.317.733 4257 
Choosing Transformer Ratio-Arm Bridges 

—W. H. P. Leslie. (Proc. I EE, pt. B, vol. 
108, pp. 539-545; September, 1961.) Five 
bridges are considered in detail and their suita¬ 
bility for the following applications is dis¬ 
cussed: a) similar impedances with appreciable 
capacity to earth from each terminal, b) com¬ 
parison of low impedances when lead imped¬ 
ance is not negligible and c) measurement by 
substitution. Karo’s circuit (554 of 1959) 
shows no practical advantage and is based on 
incorrect analysis. 

621.317.74:621-526 4258 
An Automatic Electronic Nyquist Plotter -

H. J. Fraser and W. V. P. Reece (Proc. I EE, 
pt. B, vol. 108, pp. 535-538; September, 1961.) 
An instrument to plot automatically the trans¬ 
fer function of electrical networks or servo sys¬ 
tems over the frequency range 0.2-200 cps. 

621.3 17.74:621.396.679.4 4259 
Measurements on a Transmission-Line 

Ring-Hybrid—A. J. Hymans. (Electronic Eng., 
vol. 33, pp. 578-581; September, 1961.) The 
design of accessories for measurements in the 
range 20-30 Me is described including a 
matched load for 2-kw dissipation. 

621.317.761:538.569.4 4260 
A Magnetically Tunable Microwave Fre¬ 

quency Meter—G. H. Thiess. (Proc. IRE, vol. 
49, pp. 1439-1440; September, 1961.) A note 
on a method of frequency measurement based 
on ferromagnetic resonance [see 1496 of 1956 
(Vartanian and Melchor)]. An accuracy 
within 0.3 per cent can be achieved using single¬ 
crystal spheres of Y-Fe garnet. 

621.317.794.089.6 4261 
A Bolometer Mount Efficiency Measure¬ 

ment Technique—G. F. Engen (J. Res. NBS, 
vol. 65C, pp. 113-124; April -June, 1961.) A 
variation of the impedance measurement 
method is described which gives increased ac¬ 
curacy and simplifies the o¡>erational procedure. 
It is indei>endent of connector discontinuities 
and is applicable to matched and unmatched 
mounts. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

621-52:681.142 4262 
Statistical Design of Linear Discrete-Data 

Control Systems via the Modified z-Trans-
form Method—J. T. Tou. (J. Franklin Inst., 
vol. 271, pp. 249-262; April. 1961.) 

621.317.361.029.42:612 4263 
Frequency Measurement of a Strongly Dis¬ 

turbed and Damped Oscillation —R. Gier-
siepen. (Frequenz, vol. 15, pp. 105-111; April, 
1961.) The problem considered is that of 
measuring the natural frequency of the blood 
circulating system. The use of an electrical 
equivalent of the circulatory system enables 
the interference function to be simulated and 
subtracted from the input function. 

621.317.39:531.71:537.312.8 4264 
Design of Magnetoresistance Elements — 

D. H. Roberts. (J. Sei. Instr., vol. 38, pp. 332-
333; August, 1961.) Suggestions are made for 
improving the performance of an instrument 
for measuring linear displacement. 

621.362:621.387 4265 
Optimization of Emission-Limited Ther¬ 

mionic Generators A. Schoek. (J. Appl. 
Phys., vol. 32, pp. 1564-1570; August, 1961.) 
Equations are derived describing the per¬ 
formance of space-charge-neutralized ther¬ 
mionic convertors. An expression is derived for 
maximum conversion efficiency in terms of the 
system parameters. 

621.383.5:621.3.087.9 4260 
A Fast Numeral Reading Machine—G. 

Fougere, J. Preston and R. Farnsworth. (Elec¬ 
tronic Eng., vol. 33, pp. 562 565; September, 
1961). The machine optically reads three digit 
numbers printed on plastic tape at a rate of 
150 characters per second. 

621.385.833 4267 
Improved Electron Filter Lens -J. A. Simp¬ 

son and L. Marton. (Ret'. Sei. Instr., vol. 32, 
pp. 802-803; July, 1961.) 

621.385.833 4268 
First-Order Examination of an Optical 

System Formed from Four Quadrupolar Elec¬ 
trostatic Lenses -D. Dhuicq. (C. R. Acad. Sei. 
(Paris), vol. 251, pp. 1989-1991; November 7, 
1960.) 

621.387.4:621.383.292 4269 
Semiconductors yield Improved Electron 

Multiplier—F. A. White, J. C. Sheffield and 
W. I). Davis. (Nucleonics, vol. 19, pp. 58-60; 
August, 1961.) The magnetic electron multi¬ 
plier described, which is designed for use as an 
ion detector, incorporates a parallel-plate 
dynode system consisting of Au-doj>ed Si. 

621.387.4:621.383.292 4270 
Resistance-Strip Magnetic Electron Mul¬ 

tiplier—G. W. Goodrich and W. C. Wiley. 
(Rev. Sei. Instr., vol. 32, pp. 846-849; July, 
1961). The multiplier uses a continuous sur¬ 
face of high-resistance semiconductor materials 
in place of a conventional multielement dynode 
structure. 

621.398:621-52 4271 
Analogue and Digital Methods and their 

Application in Telemetry—K. Bauer. (Z. Ver. 
Dlech. Ing., vol. 103, no. 24, pp. 1209 1217; 
August 21, 1961.) Examples of circuits and 
equipment are given and their operation is 
described with particular regard to the pres¬ 
entation in digital form of process control 
measurements. 

621.561.57:537.322.15 4272 
Frigistors—Thermocouples of Semicon¬ 

ductor Material for use as Cooling Elements 
and Heat Pumps—W. Dörr. (Elektron. Rund¬ 
schau, vol. 15, pp. 107-111; March, 1961.) 
Various patterns of commercial-type Bi-Te 
junctions using the Peltier effect are described. 

PROPAGATION OF WAVES 

621.391.812.62 4273 
Effect of Multiple Atmospheric Inversions 

on Tropospheric Radio Propagation F. H. 
Northover. (J. Res. NBS, vol. 65 D, pp. 385-
392; July/August, 1961.) An earlier theory 
(1409 of 1952) for a single elevated inversion 
layer is extended to cover the case of multiple 
layers. Under certain conditions, several weak 
high-level inversions can produce a similar 
effect to a single strong inversion. 

621.391.812.62 4274 
Smooth-Earth Diffraction Calculations for 

Hoîizontal Polarization —L. E. Vogler. (J. 
Res. NBS, vol. 65D, pp. 397 399; July/ 
August, 1961.) A simplified method of calcu¬ 
lating attenuation in the “far diffraction re¬ 
gion" is described, and an improved criterion 
is given for determining the ranges of validity 
of the method. 

621.391.812.63 4275 
Effects of Equatorial Spread-F Irregu¬ 

larities on C. W. Transmissions —M. S. V. G. 
Rao and B. R. Rao. (Cañad. J. Phys., vol. 
39, pp. 596-603; April, 1961.) A CW signal 
on 11.7 Me was recorded to study the fading 
rate during spread-F conditions and the 
horizontal extent of spread-F patches affecting 
the 1300-km path from Colombo to Waitair. 
The fading rate increased from 10.7 cycles i>er 
minute (no spread-F) to about 40 cycles ;>er 
minute (severe spread-F) with more rapid 
Hutter also present. Patches of more than 650-
km extent in the N-S direction apparently 
occur over this path. 

621.391.812.63 4276 
Observations of Unusual Low-Frequency 

Propagation made on 12th November 1960— 
J. S. Belrose and D. B. Ross. (Cañad. J. Phys., 
vol. 39, pp. 609-614; April, 1961.) Amplitude 
and phase measurements were made near 80 
kc in northern Canada. 

621.391.812.63:551.510.535 4277 
On the Validity of some Approximations to 

the Appleton-Hartree Formula—K. Davies 
anrl G. A. M. King. (J. Res. NBS, vol. 65 D, 
pp. 323-332; July/August, 1961.) Various ap¬ 
proximations for the refractive index are com-
pared with values computed from the complete 
formula, for various latitudes and a frequency 
of 2.0 Me. Some approximations become very 
poor only a short distance from where they are 
exact. Formulas are given that yield sufficiently 
accurate values for all geomagnetic latitudes. 
Certain approximations to the group refrac¬ 
tive indexes are also considered. 

621.391.812.63:551.510.535 4278 
Investigation of Ionospheric Absorption on 

5.65 Mc/s at Waitair—K. V. V. Ramana and 
B. R. Rao. (J. Atmos. Terr. Phys., vol. 22, 
pp. 1 11 ¡September, 1961.) Measurements were 
made during the I.G.Y. and I.G.C. period« 
and the diurnal and seasonal variations of 
absorption were studied. The simple relation 
log paf^ cos" X >s only approximate and the 
observations can be better fitted to an expres¬ 
sion dei>ending on Jaeger’s function (3252 of 
1947). 

621.391.812.63:551.510.535 4279 
The Fading of Radio Waves Reflected 

Vertically from the Ionosphere during Mag¬ 
netic Storms—Fooks. (Sec 4133.) 

621.391.812.63.029.45:621.396.67 4280 
On the Possibility of Rejecting Certain 

Modes in V.L.F. Propagation—J. R. Wait. 
(Proc. IRE, vol. 49, pp. 1429-1430; Septem¬ 
ber, 1961.) An analysis of the second-order 
mode and its dependence on the structure of 
the transmitting antenna. 

621.391.814.2.029.4/.5 4281 
On the Theory of Mixed-Path Ground-

Wave Propagation on a Spherical Earth— 
J. R. Wait. (J. Res. NBS, vol. 65D, pp. 401-
410; July/August, 1961.) “The problem formu¬ 
lated concerns the mutual impedance between 
two vertical dipole antennas A and B located 
near the surface of a spherical smooth earth. 
The path between A and B is made up of a 
number of homogeneous segments where the 
surface impedance is constant. Various formu¬ 
las are developed, for two- and three-section 
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paths, which are suitable for computation. 
C' itain limiting cases are discussed and where 
posible a physical interpretation of the results 
is jiven. Comparisons with previous work are 
ma le.” 

621-391.814.2.029. S3 4282 
A Few Observations of the Perturbations 

in :he Phase of the Low-Frequency Ground 
Wwe—J. M. Ross and J. E. Kirch. (J. Res. 
N3S, vol. 65D, pp. 393 396; July/August, 
1961.) “The effects of anomaly-producing 
teitain features on the phase of the low-fre-
qucncy ground wave were measured in a nearly 
idealized environment to confirm theoretical 
pre fictions. Results for an isolated butte gave 
go xi correlation with the theoretical model. In 
most cases the mean value of the phase 
pc* urbation approached zero.” 

RECEPTION 
621 376.23:523.164 4283 

Digital Methods for the Extraction of Phase 
an 3 Amplitude Information from a Modulated 
Signal—R. S. Lawrence, J. L. Jesperson and 
R. C. Lamb. (J. Res. NBS, vol. 65D, pp. 351-
35®; July/August, 1961.) A zero-crossing 
method, a filter method and a statistical ap¬ 
proach intended for the analysis of radio-star 
sei filiations are described. They may be ap-
plií l to other types of modulated signals. 

62. 391.81 4284 
Correlation Measurements on Frequency 

Di’srsity in the Short-Wave Range—J. 
Gr »skopf, G. Heinzelmann and K. Vogt. 
(Nichrlech. Z., vol. 14, pp. 124-128; March, 
191 .) Report on investigations of frequency-
diversity reception over the path Tokyo-
Frankfurt (Main) using SSB transmitters on 
19.79 and 14.73 Me, the frequency diversity 
in e ich case being obtained by AF modulation 
of the transmitter. A reduction of the fre¬ 
quency spacing normally used in frequency-
diversity systems appears to be possible. For 
investigations of space-diversity reception see 
95.- of 1959 (Grosskopf, el al.). 

621.391.812.63 4285 
Some Experiments on the Reception of 

loiKspheric Waves—M. Mancianti. (Alla 
Froquenza, vol. 30, pp. 293-295; April, 1961.) 
Report on reception tests at 872 kc to investi¬ 
gate phase distortion due to ionospheric 
pre, agation of AM signals. Typical oscillo-
grams are reproduced. For English version see 
Alia Frequenza, vol. 30, pp. 543-544; July, 
1961.) 

62 L 391.82: 551.507.362 4286 
Analysis and Prediction of Radio Signal 

Interference Effects due to Ionized Layer 
aroxnd a Re-entry Vehicle—W. C. Taylor. 
(Pl mel-Space Sei., vol. 7, pp. 286-300; July, 
1961.) The problem of transmitting em waves 
through the thermally ionized layer of gases in 
the shock layer round a hypersonic missile is 
considered. 

Equipment for Telegraphy and Telephony— 
D. Leypold, P. Schucht and H. Wich. (Fre¬ 
quenz, vol. 15, pp. 45-55; February, 1961.) 
Equipment for SSB and telegraphy diversity 
operation is described. 

621.396.62:621.396.71 :621.394.62 4290 
Telegraphy Equipment in the New Short-

Wave Receiver for Large Stations—H. Meiss¬ 
ner. (Frequenz, vol. 15, pp. 56-58; February, 
1961.) See 4289 above. 

621.396.621.54:621.391.82 4291 
The Determination of the Image Response 

in a Superheterodyne with regard to Noise-
Factor Measurement—M. Piatelli. (Proc. 
IRE, vol. 49, p. 1435; September, 1961.) 

621.396.666:621.391.812.63 4292 
Elimination of Ionospheric Refraction 

Effects -J. M. Brito- Infante. (Proc. IRE, 
vol. 49, pp. 1451-1452; September, 1961.) If 
radio signals from a mobile transmitter are re¬ 
ceived on several different frequencies, the 
frequency shift due to ionospheric refraction 
can be eliminated. The analytical procedure 
for using this principle in practice is given. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376.3 4293 
Power in a Frequency-Modulated Wave— 

R. G. Medhurst (Electronic Tech., vol. 38, pp. 
378-379; October, 1961.) The time variation 
of the mean power in a sampling period is 
calculated for the general case where there is 
no specific relation between modulation fre¬ 
quency and carrier frequency or sampling 
period. 

621.39(94) 4294 
Broadband Telecommunication Systems— 

A. H. Kaye, F. D. Morris, J. F. Sinnatt, P. H. 
Richards, J. R. Walklate and J. C. Wilson. 
(J. Inst. Engrs. (Aust.), vol. 33, pp. 213-234; 
June, 1961.) A collection of six papers on opera¬ 
tive and proposed Australian communication 
systems. 

621.391 4295 
Reconstruction Error and Delay for Ampli¬ 

tude-Sampled White Noise—D. S. Ruchkin. 
(Proc. IRE, vol. 49, p. 1436; September, 
1961.) An expression is derived for the mean¬ 
square reconstruction error. 

621.391:621.376.5 4296 
Instantaneous-Value Companding in Time-

Modulated Transmission Systems—W. Glaser. 
(Nachrtech., vol. 11, pp. 106-114; March, 
1961.) The application of a companding 
method to pulse-modulated systems, and the 
resultant advantages, are discussed. 

621.391.823:621.317.3(083.74) 4287 
IRE Standards on Radio Interference: 

Me4tods of Measurement of Conducted Inter-
fereace Output to the Power Line from F.M. 
and Television Broadcast Receivers in the 
Rax<e of 300 kc to 25 Me, 1961—(Proc. IRE, 
vol. 49, pp. 1398-1402; September, 1961.) 
Sta alard 61 IRE 27.SI. 

621.396.62:534.76 4288 
Multiplex Adaptors for Compatible F.M. 

Ste-eo Reception—L. Solomon. (Electronics, 
vol. 34, pp. 45-47; August 18, 1961.) A sum-
mai y of methods and design principles. 

621 396.62:621.396.71 4289 
Few Short-Wave Large-Station Receiving 

621.396.43:523.3 4297 
Long-Distance Communication via the 

Moon—P. A. Webster. (J. Brit. IRE, vol. 22, 
pp. 257-264; September, 1961.) Optimum fre¬ 
quency, type of modulation, antenna size 
and other requirements for economic opera¬ 
tion of a circuit via the moon are considered. 
Experiments at 210 Me using a 1-kw trans¬ 
mitter and the Jodrell Bank radio telescope are 
described. 

621.396.43:523.3 4298 
A Study of U.H.F. Space Communications 

through an Aurora using the Moon as a 
Reflector—R. P. Ingalls, J. C. James and 
M. L. Stone. (Planet-Space Sei., vol. 7, pp. 272-
285; July, 1961.) Signals at 440 Me from a 
transmitter at College, Alaska, in the auroral 
zone were reflected from the moon and re¬ 
ceived at two stations in the midlatitude zone. 
No decrease of received power was noticed 

when the propagated signal passed through 
an auroral disturbance but the observed fading 
rate increased and the observed polarization 
angle fluctuated rapidly. 

621.396.43:523.5 4299 
Propagation of Meteor-Burst Signals dur¬ 

ing the Polar Disturbance of November 12-16, 
1960—L. A. Maynard. (Cañad. J. Phys., vol. 
39, pp. 628-630; April, 1961.) It is concluded 
that the fall in signal strength was due to 
absorption below the meteoric region at 
heights of 80-100 km. 

621.396.43:551.507.362.2 4300 
Radio Communication by means of Satel¬ 

lites—C. C. Cutler. (Planet-Space Sei., vol. 7, 
pp. 254-271; July, 1961.) An examination is 
made of the difficulties of long-distance radio 
communication by satellite, comparing the 
simplicity of a passive repeater with a very 
low reflected signal to the complex power and 
orientation problems of a solar-powered trans¬ 
mitter-receiver with much narrower band¬ 
width. 

621.396.43:551.507.362.2 4301 
Satellite-Supported Communication at 21 

Megacycles—R. Soifer. (Proc. IRE, vol. 49, 
pp. 1455-1456; September, 1961.) A group of 
transmitters and receivers operated near New 
York in 1959-1960. Signal bursts which occurred 
during six-minute periods before, during, and 
after satellite passes were recorded. 29 bursts 
occurred during the central periods. The 
statistical probability that the bursts are asso¬ 
ciated with the passes is very high. 

621.396.43:551.507.362.2 4302 
The Advantages of Attitude Stabilization 

and Station Keeping in Communications 
Satellite Orbits W. F. Hilton and B. Stewart. 
(J. Bril. IRE, vol. 22, pp. 193-202; September, 
1961.) Satellites using high-gain antennas re¬ 
quiring stabilizing equipment in the payload 
and unstabilized satellites using higher trans¬ 
mitter power are compared. Spin stabilization 
is examined and random and station-keeping 
satellites are discussed. 

621.396.43:551.507.362.2 4303 
A Proposal for an Active Communication 

Satellite System based on Inclined Elliptic 
Orbits—B. Buss and J. R. Millburn. (J. Bril. 
IRE. vol. 22, pp. 209-225; September, 1961.) 
Four satellites in a 63° elliptical orbit would 
give a good service to the northern hemisphere. 
The design for a 1000-telephone-channel satel¬ 
lite having a radiated power of 12 w at the 
optimum frequency of 2 Gc is given. 

621.396.43:551.507.362.2 4304 
Some International Aspects of Satellite 

Communication System Planning —C. F. 
Booth. (J. Brit. IRE, vol. 22, pp. 227-229; 
September, 1961.) The allocation of frequency 
bands, methods of minimizing interference 
with other services and the type of modula¬ 
tion and base-band characteristics require 
international agreement. 

621.396.43:551 .507.362.2:621.375.9:538.569.4 
4305 

The Maser and its Application to Satellite 
Communication Systems -H lawiezka. (See 
4057.) 

621.396.43:621.396.677 4306 
Antenna-Beam Configurations in Scatter 

Communications—Waterman. (See 4009.) 

621.396.43:629.19 4307 
Long-Range Radio Communication by 

Satellite Microwave Dipoles—(Nature, vol. 
191, pp. 1237-1238; September 23, 1961.) A 
note on the Space Science Board's general 
recommendations on the West Ford Project. 
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621.396.65 4308 
The Development of the R.T.F. Radio-Link 

System -F. Anguéra. {E.B.U. Rev., no. 66A, 
pp. 61-64; Apiil, 1961.) Fundamental design 
principles are discussed covering technical and 
economic criteria. 

621.396.712:621.316.9 4309 
The Lightning Protection of Broadcasting 

Stations in Norwegian Mountains—H. Otter-
bech. {E.B.U. Rev., no. 66A, pp. 58-60; April, 
1961 .) Protective measures are summarized and 
statistical data of station breakdowns in rela¬ 
tion to thunderstorm occurrence are given. 

621.396.74:681.84.087.7 4310 
Review of the Main Proposals for the 

Broadcast Transmission of Stereophony—K. 
Wilhelm. {Nachriech. Z., vol. 14, pp. 129-141; 
March, 1961.) International proposals are sum¬ 
marized and compared. 20 references. 

621.396.946 4311 
The Possibility of Reception of Communi¬ 

cations from Extraneous Planetary Systems— 
M. V. Ardenne and G. Böhme. {Hochfrequenz, 
und Elektroak., vol. 70, pp. 2-5; February, 
1961.) The feasibility and transmitter power 
requirements of a communication system with 
a planet at a distance of ten light years are 
estimated on the basis of information theory 
and galactic noise data. See, e.g., 2900 of 1960 
(Bracewell). 

SUBSIDIARY APPARATUS 

621-526:522.6 4312 
Servo System Design for Balloon-Borne 

Star Trackers—W. J. Wichman and M. M. 
Birnbaum. {Electronics, vol. 34, pp. 43-46; 
September 1, 1961.) The telesco¡>e-¡>ointing 
equipment can operate over a dynamic light 
range of 1,000,000:1, the average pointing 
error being within 5 seconds of arc. 

621.3.087.4:621.395.625.3 4313 
Magneto-optical Readout of Magnetic Re¬ 

cordings T. Lentz and J. Miyata. {Electronics, 
vol. 34, pp. 36 39; September 1, 1961.) This 
technique is based on the rotation of the plane 
of polarization of a light beam reflected from a 
magnetized surface. 

621.311.69:629.19 4314 
Power Supplies for Space Vehicles — 

K. E. V. Willis. {J. Brit. IRE, vol. 22, pp. 179-
188; September, 1961.) Available unconven¬ 
tional power sources are reviewed in the light of 
possible future requirements. 

621.314.63 4315 
Silicon Power Rectifiers—A. J. Blundell, 

A. E. Garside, R. G. Hibberd and I. Williams. 
{Proc. IEE, pt. A, vol. 108, pp. 273-288; Au¬ 
gust, 1961. Discussion, pp. 288 294.) The proc« 
esses involved in ¡»reparing single-crystal Si are 
outlined and details of design, production tech¬ 
niques and characteristics of Si rectifiers are 
given. 

TELEVISION AND PHOTOTELEGRAPHY 
621.397.13:389.6 4316 

°tandard Conversion of Television Signals 
with Different Vertical Scanning Frequency— 
E. Sennhenn. {Radio Mentor, vol. 27, pp. 184-
188; March, 1961.) Problems arising in the 
reproduction of recorded television signals of 
differing field frequency are discussed. An auto¬ 
matic control system is described for compen-
sating the fluctuations produced by the conver¬ 
sion process. 

621.397.132 4317 
Circuit Technique of Demodulators for 

Colour Television Signals according to the 
N.T.S.C. Method—F. Jaeschke. {Arch, elekt. 
Übertragung, vol. 15, pp. 187 199; April, 1961.) 

Design problems peculiar to color television 
engineering are discussed and several types of 
demodulator circuits are considered. For the 
design of a modulator see, 2762 of 1959. 

621.397.331.21 4318 
Investigations on Image-Iconoscope Cam¬ 

era Tubes by means of Special Test Equip¬ 
ment—A. Kaufmann. {Rundfunklech. Mitt., 
vol. 5, pp. 27-34; February, 1961.) The test 
equipment is described and a test specification 
meeting practical studio requirements is pro¬ 
posed. Tests were made on different types of 
tubes to determine the dependence of tube ¡>er-
formance on parameters such as tem¡>erature, 
beam current and collector voltage. 

621.397.331.22:621.397.61 4319 
The Simplification of the Operation of Im¬ 

age Orthicons —T. Mayer and G. E. Parting¬ 
ton. {Rundfunklech. Mitt., vol. 5, pp. 1-7; 
February, 1961.) Description of the principal 
features of the 4j-in image orthicon and its ap¬ 
plications. See also 1658 of May (Partington). 

621.397.331.222 4320 
Operation of Vidicons in Unusual Environ¬ 

mental Conditions—G. A. Robinson. {J. Soc. 
Mol. Pic. Telev. Engrs., vol. 70, pp. 264-266; 
April, 1961.) The effects of tem¡x*rature, high 
pressure and nuclear radiation on vidicon 
tubes were examined. 

621.397.334:621.396.621 4321 
Progress Report on the Development of a 

Photoelectric Beam-Index Colour-Television 
Tube and System -R. Graham, J. W. H. Jus¬ 
tice and J. K. Oxenham. {Proc. IEE, pt. B, vol. 
108, pp. 511 520; September, 1961. Discussion, 
pp. 520-523.) The principle of operation of the 
Zebra system is described and methods of over¬ 
coming some of the basic problems of index¬ 
ing are outlined. Comparisons are drawn be-
tween index and other color television displays. 
See also 1044 of March (Macwhirter). 

621.397.6:535.376 4322 
The Application of Electroluminescence in 

Television Techniques L. Jung. {Tech. Mitt. 
BRF, Berlin, vol. 5, pp. 25-36; March, 1961.) 
Present-day developments in the design of im¬ 
age intensifiers, image display and storage de¬ 
vices are reviewed. 

621.397.61:621.376.2 4323 
The Modulation of Television Transmitters 

in the Intermediate-Frequency Range—P. 
Klopf. {Rundfunklech. Milt., vol. 5, pp. 79-87; 
April, 1961.) The advantages of using low-
level modulation at intermediate frequency are 
reviewed, with particular reference to results 
obtained with C.C.I.R. modified N.T.S.C. 
color television signals. See also 1035 of 1960. 

621.397.7-182.3 4324 
Mobile Eurovision Installation of Öster¬ 

reichischer Rundfunk [Austrian Broadcasting 
System)—F. Brunner. {Rundfunklech. Mill.. 
vol. 5, pp. 23 26; February, 1961.) The installa¬ 
tion described comprises all the equipment 
necessary for Eurovision transmissions apart 
from that carried by the television outside¬ 
broadcast vehicle. 

621.397.7-182.3 4325 
The Television Outside-Broadcast Vehicles 

for Southern Switzerland—H. Probst. {Tech. 
Milt. PTT, vol. 39, pp. 71-87; March, 1961. In 
German and Italian.) Detailed description of 
the mobile studio installation which is housed 
in two vehicles. 

621.397.74 4326 
Video Cross-Bar Distributor -H. H. Frey¬ 

tag. {Rundfunklech. Milt., vol. 5, pp. 61-65; 
April, 1961.) Description of a distribution in¬ 
stallation for television networks which is re¬ 

motely controlled and incorporates transistor 
amplifiers. 

TRANSMISSION 
621.396.61:621.3.018.4 1 (083 .74) 4327 

Effect of External Conditions on the Phase 
of Radio Signals —D. E. Watt-Carter and 
R. L. Corke. {Nature, vol. 191, p. 1286; Sep¬ 
tember 23, 1961.) Phase errors in the 16-kc 
transmission from Rugby are due to a) an¬ 
tenna detuning caused by changing weather and 
antenna sway, and b) mechanical fluctuations 
of the tuning inductors and transient thermal 
and electrical effects in the amplifiers when the 
transmitter is keyed. Only those due to a) 
would be likely to lx? observed at a distance. 

TUBES AND THERMIONICS 
621.382(083.74) 4328 

International State of Standardization 
of Semiconductor Components—M. Falter. 
{Nachrlech., vol. 11, pp. 50-55; February, 
1961.) Standards of terms and symbols are 
compared and standardized measuring circuits 
are given. 

621.382.23 4329 
Interpretation of the Tunnel-Diode Char¬ 

acteristic from its Variation with Temperature 
—G. Winstel. {Z. Naturforsch., vol. 16a, pp. 
438-440; April, 1961.) The characteristics of 
Ge and GaAs tunnel diodes were investigated 
in the temperature range 100-400° K. 

621.382.23 4330 
Diode Reverse Characteristics at Low Tem¬ 

peratures —A. S. Clorfeine. (Proc. IRE, vol. 
49, pp. 1425-1426; September, 1961.) The 
characteristics of inductance and negative* re¬ 
sistance have been observed in a junction diode 
at temperatures below 78°K. Possible explana¬ 
tions are advanced. 

621.382.23 4331 
Reverse Characteristics of Low-Lifetime 

Germanium Diodes—A. Blicher and I. II. 
Kalish. (Proc. IRE, vol. 49, p. 1427; Septem¬ 
ber, 1961.) Measurements are described which 
confirm the theory that carrier generation in 
the depletion region is responsible for the non¬ 
saturable reverse characteristics of Ge pn junc¬ 
tions. 

621.382.23 4332 
The Tunnel Diode: Physical Basis, Manu¬ 

facture and Applications -H. J. Hartmann, M. 
Michelitsch and W. Steinhäuser. {Arch, elekt. 
Übertragung, vol. 15, pp. 125-144; March, 
1961.) A summary giving physical principles 
and circuitry. 30 references. 

621.382.23 4333 
Temperature Dependence of the Peak Cur¬ 

rent of Germanium Tunnel Diodes—A. 
Blicher, R. M. Minton and R. Glicksman. 
(Proc. IRE, vol. 49, pp. 1428-1429; Septem¬ 
ber, 1961.) The tem¡x*rature dependence was 
investigated as a function of carrier concentra¬ 
tion. 

621.382.23 4334 
The Effect of Nonsymmetrical Doping on 

Tunnel Diodes--F. D. Shepherd and A. C. 
Yang. (Proc. IRE, vol. 49, pp. 1435-1436; 
September, 1961.) Esaki’s model (1784 of 
1958) is used to explain the I/V characteristics 
of the tunnel diode. The properties are shown 
to be quite dejx*ndent upon the degeneracy 
ratio and the cutoff voltage. 

621.382.23:621.372.44 4335 
Negative-Resistance Diode handles High 

Power—A. P. Schmid, Jr. {Electronics, vol. 34, 
pp. 44-46; August 25, 1961.) Theory and appli¬ 
cations of a bonded diode with current-con-
trolled negative resistance are discussed. 
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C 1.382.23:621.372.44 4336 
The Negative Resistances in Junction Di-

c<ss—I. Hefni. (Proc. IRE, vol. 49, pp. 1427-
1-28; September, 1961.) Negative-resistance 
^‘cts are described which could explain the 
oamalous V/1 characteristics of variable-
es ^acitance diodes used in parametric devices 

e.g., 2804 of August (McDade)]. 

<21.382.233:621.318.57 4337 
The Silicon Four-Layer Diode and its Ap-

tfcations as an Electronic Switch—H. Keller 
i «zi G. Wieczorek. (Frequenz, vol. 15, pp. 33-

February, 1961.) The principle of opera-
Ci _n and several practical switching circuits are 
c rscribed. 

C 21 .382.233:621.318. 57 4338 
Minimum Time for Turn-Off in Four-Layer 

Diodes—M. A. Melehy. (Proc. IRE, vol. 49, 
1424; September, 1961.) An approximate 

ample form for the minimum time n required 
b turn off a four-layer diode is derived and a 
r^thod of plotting Tt against the device con-
suents is demonstrated. 

382.3 4339 
‘Spread’ in Transistor Samples—R. Paul. 

• nachrtech., vol. 11, pp. 56-65; February, 
^61.) Investigation of the causes of deviation 

■ the characteristics of individual mass-pro-
d ced transistors. 

fell .382.3 4340 
Problems of Lifetime and ‘Spread’ of 

Taansistors—G. Fassbender. (Nachrtech., vol. 
U pp. 66-71; February, 1961.) Ways of im-

p -oving transistor quality and reliability are 
4 ^cussed with reference to curves giving the 
:pread in the characteristics of manufactured 
components. 

• 21.382.3 4341 
The Recombination of Injected Charge 

Zxrriers in Transistors—H. U. Harten. (Elek-
^•n. Rundschau, vol. 15, pp. 111-116; March, 
-61.) The significance of the effect and means 

>' reducing it are discussed. 

X 1.382.3 4342 
Some Advantages of Silicon Transistors in 

□rcuit Design—M. K. McPhun. (Proc. I EE, 
C B, vol. 108, pp. 570-575; September, 1961.) 
I ie performance of Si transistors is compared 
* th that of Ge devices from the viewpoint of 
» circuit designer. 

>1.382.3:621.375.4 4343 
Stabilization of the D.C. Operating Point of 

1 ansistors—A. E. Bachmann. (Tech. Mill. 
^TT, vol. 39, pp. 88-99; March. 1961.) Ac-
X unt is taken of the effect of emitter-base volt¬ 
ee changes on stability. Tables are included 
.-'lieh give the stability factors of two- and 

ree-stage direct-coupled transistor amplifier 
i cuits. 

52 1.382 .3:621 .375.9:621.372.44 4344 
Parametric Amplification with Transistors 

—Rohde. (See 4060.) 

521.382.3.004.6:519.24 4345 
The Representation ot the Results of Life 

T3St8 in the Manufacture of Transistors—C. 
V.llalaz. (Arch, elekl. Übertragung, vol. 15. pp. 
El -186; April, 1961.) The problem of storing 
«d evaluating the data obtained from relia¬ 
bility studies is considered. The limitation and 
< bdi vision of the information range on the 
basis of statistical principles are considered, and 
j system of symbols is given for the various 
_spes of life-test curve obtained. The evalua-
L >n of life-test results as discussed could be car-
' id out automatically. 

521.382.32 4346 
D.C. Characteristic of the Unipolar Transis¬ 

tor taking account of Loss Impedances—A. H. 
Frei. (Arch, elekl. Übertragung, vol. 15, pp. 161— 
165; April, 1961.) A formula is derived for the 
de characteristics of the unipolar field-effect 
transistor (tecnetron) assuming smooth distri¬ 
bution of the space-charge field in the active 
channel. Good agreement between theoretical 
and measured results is obtained. 

621.382.32:539.12.04 4347 
Electron-Radiation Damage in Unipolar 

Transistor Devices— B. A. Kulp, J. P. Jones 
and A. F. Vetter. (Proc. IRE, vol. 49, pp. 
1437-1438; September, 1961.) The character¬ 
istics after various degrees of electron bombard¬ 
ment are shown. Some recovery could be ob¬ 
tained by annealing. 

621.382.333 4348 
The Thermal Behaviour of Transistors with 

Nonstationary Collector Dissipation—H. Rei¬ 
mann. (Nachrtech. Z., vol. 14, pp. 69-72; Feb¬ 
ruary, 1961.) Theoretical investigation of con¬ 
ditions in a transistor with fluctuating load, on 
the basis of a rough approximation. 

621.382.333 4349 
Noise Investigations on Silicon Transistors 

—B. Kurz. (Bull. Schweiz, elektrotech. Ver., vol. 
52, pp. 369-377; May 20, 1961.) Results of 
measurements on Si alloy-junction transistors 
agree satisfactorily with the theoretical noise 
factors obtained.. 

621.382.333.015.5 4350 
Voltage Breakdown of Transistors—S. C. 

Ryder-Smith. (Electronic Tech., vol. 38, pp. 
348-356; October, 1961.) The mechanisms of 
avalanche and punch-through breakdown are 
explained and the effects of external circuit ele¬ 
ments on the breakdown voltages are discussed. 
The application of voltage ratings to practical 
circuits is considered with a view to protecting 
the transistors without being unduly restric¬ 
tive. 

621.382.333.33:621.318.57 4351 
Temperature Effects on Ga As Switching 

Transistors—E. D. Haidemenakis, J. A. My-
dosh, N. Almeleh, R. Bharat and E. L. Schork. 
(Proc. IRE, vol. 49, p. 1448; September, 
1961.) The current transfer ratio increases 
slightly at high temperatures and increases ten 
times at low temperatures. 

621.383.292 4352 
The Responsivity Profile of Photomulti¬ 

pliers—H. C. Ingrao and J. M. Pasachoff. (Rev. 
Sei. Instr., vol. 32, pp. 866-867; July, 1961.) 

621.385.032.213.23 4353 
Improvement in Oxide-Cathode Stability by 

Controlled Electrolysis—A. Sandor. (Le Vide, 
vol. 16, pp. 79-90; May/June, 1961. In French 
and English.) 

621.385.032.213.23 4354 
Effect of Ultraviolet Irradiation on the Elec¬ 

trical Conductivity of Cathodes Coated with 
Barium Oxide—C. H. B. Mee. (Nature, vol. 
191, pp. 1383-1384; September 30, 1961.) Ul¬ 
traviolet irradiation increased the room-tem¬ 
perature dark conductivity of a BaO-coated 
cathode by a factor of about 2 at 37O°K after 
which the effect decreased with the increase of 
temperature and disappeared when 55O°K was 
exceeded. After cooling, the cathode was shown 
to have returned to its original state. 

621.385.032.213.62 4355 
The Lifetime of a Tungsten Heater Fila¬ 

ment under Different Operating Conditions— 
B. Berkes. (Arch. Elektrotech., vol. 46, pp. 59-
63; February 15, 1961.) The investigations are 
concerned with the heater filaments of satu¬ 
rated diodes used in current or voltage stabi¬ 
lizers. The operating conditions considered are 

a) constant heater voltage, b) constant heater 
current, c) constant filament temperature, and 
d) constant anode current. Formulas are given 
for calculating the stability of voltage or cur¬ 
rent regulators controlled by such diodes. 

621.385.032.269. 1:621 .391 .822 4356 
The Finite-Beam Space-Charge-Limited 

Diode as a Noise Transducer—R. A. McFar¬ 
lane. (Cañad. J. Phys., vol. 39, pp. 568-578; 
April, 1961.) A method is presented for calcu¬ 
lating the noise properties of a cylindrical elec¬ 
tron beam from a space-charge limited diode 
electron gun. The multivelocity character of 
the beam is considered and correction is made 
for finite beam diameter. The ratio of anode 
noise current to full-shot noise is found to de¬ 
pend on œl/î/Voa, where w is the frequency and 
Voa the anode voltage. 

621.385.032.269.1 :621.391.822 4357 
Microwave Noise in Accelerated Electron 

Streams—R. A. McFarlane. (Cañad. J. Phys., 
vol. 39, pp. 579-587; April, 1961.) Noise cur¬ 
rent fluctuations on the beam from a space¬ 
charge-limited diode electron gun were meas¬ 
ured at 1400, 4250 and 9520 Me. The measure¬ 
ments are compared with a theory which takes 
account of the finite-beam diameter and the 
velocity distribution of the electrons. 

621.385.3.029.6 4358 
New Method of Calculating the Admittance 

of Disk-Seal Triodes under Small-Signal Con¬ 
ditions— I. Vagó and M. Uzsoky. (Period 
Polyl. Bp., Elec. Engrg, vol. 5, no. 2, pp. 107-
127; 1961. In German.) The solution is ob¬ 
tained by a variational method and given in 
operational form applicable to any type of 
voltage function. 

621.385.5.032.265:621.376.23 4359 
Synchronous Detector using the 7360 

Beam-Deflection Tube—A. Sobel. (Rev. Sei. 
Instr., vol. 32, pp. 867-868; July, 1961.) The 
advantages of the detector include cancella¬ 
tion of drift due to changes in cathode emis¬ 
sion, and the elimination of balancing trans¬ 
formers or phase inverters. 

621.385.6:621.372.8 4360 
On the Theory of a Microwave Electron 

Device with Interaction in the Transverse Di¬ 
rection—L. N. Loshakov. (Radiotekhnika i 
Eleklronika, vol. 5, pp. 1448-1457; September, 
1960.) Results of a preliminary theoretical in¬ 
vestigation of an electrOn-beam waveguide sys¬ 
tem in which the beam moves in a direction per¬ 
pendicular to the power flow. 

621.385.62.072.6 4361 
An Arrangement for the Frequency Stabili¬ 

zation of a Klystron Oscillator—E. Pietzsch. 
(Tech. Milt. BRF, Berlin, vol. 5, pp. 37-41; 
March, 1961.) A mechanical wobbulator sys¬ 
tem and discriminator amplifier for stabiliza¬ 
tion at 4 Gc are described. 

621.385.623.5:621.376.3 4362 
Frequency Modulation of a Reflex Klys¬ 

tron with Minimum Incidental Amplitude 
Modulation—W. R. Day, Jr. (Proc. IRE, vol. 
49, pp. 1449-1450; September, 1961.) 

621.385.624 4363 
Finite-Gap Klystrons—L. Solymar. (Elec¬ 

tronic Tech., vol. 38, pp. 373-377; October, 
1961.) The amplitudes of the fundamental and 
harmonic components of current are calcu¬ 
lated using a large-signal ballistic theory. For 
large signals, the dependence on gap width is 
altered but gap admittance is invariant. 

621.385.63 4364 
Contribution to the Theory of Minimum 

Noise Figure of Low-Noise Travelling-Wave 
Tubes—K B. Niclas (Arch, elekl. Überlra-
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gung, vol. 15, pp. 101-107; February, 1961.) 
Conditions for obtaining the minimum noise 
figure are formulated; they are of a more gen¬ 
eral character than those given by Bloom and 
Peter (3402 of 1954). A method of measuring 
noise parameters is described with an example 
of its application at 3 Gc. 

621.385.63:621.375.9:621.372 .44 4365 
Microwave Amplification in Electrostatic 

Ring Structures -J. C. Bass. (Proc. IRE, vol. 
49, pp. 1424 1425; September, 1961.) Amplifi¬ 
cation by means of axially symmetric electro¬ 
static rings with an axial magnetic field is de¬ 
scribed and experimental results are given. 

621.385.63:621.396.65 4366 
Travelling-Wave Amplifiers—T. Berceli. 

{Period. Polyl., Bp., Elec. Engrg, vol. 5, no. 1, 
pp. 75-91; In German.) Traveling-wave am¬ 
plifier equipment for the final stage of a radio¬ 
link installation is described. A design method 
for the helix coupling system is given which 
takes account of the effect of screening. 

621.385.632 4367 
Experimental Study of a Backward-Wave 

Tube with a Nonuniform Delay System—L. P. 

Lisovskil. {Radiotekhnika i Elektronika, vol. 5, 
pp. 1442-1447; September, 1960.) An experi¬ 
mental investigation of a backward-wave tube 
with delay line in the form of a double comb, 
the teeth of which decrease uniformly in height 
along the axis of the tube. A variation of 2.25 
per cent in tooth height over one wavelength 
resulted in a 10-fold increase in restarting cur¬ 
rent required. 

621.385.69:621.372.2 4368 
Feedback-Type Distributed-Amplifier Tube 

—T. Kojima. {Rev. Elec. Comm. Lab., Japan, 
vol. 9, pj). 150-164; March/April, 1961.) The 
theory and design details are given for a tube in 
which the anode and grid form a double helix. 
Part of the amplified signal from the anode is 
fed back to the grid to compensate for line loss 
at high frequencies. The bandwidth of an ex¬ 
perimental tube was 0-300 Me. See also 3208 of 
September. 

621.387:621.362 4369 
Optimization of Emission-Limited Thermi¬ 

onic Generators—Schoek. (See 4265.) 

621.387.322:621.316.722 4370 
Comparison of Argon, Krypton and Xenon 

as Admixtures in Neon Glow-Discharge Refer¬ 
ence Tubes — F. A. Benson and G. P. Burdett. 
{Proc. IEE, pt. B, vol. 108, pp. 501-507; Dis¬ 
cussion, pp. 507-510; September, 1961.) Cer¬ 
tain desired tube characteristics can fre¬ 
quently be obtained by correct choice of gas 
mixture. 

621.387.322.2 4371 
The Stability of Reference Tubes using 

Monocrystalline Cathodes—F. A. Benson and 
B. Rigg. {Electronic Eng, vol. 33, pp. 524-525; 
August, 1961.) The Mo crystal slices used are 
cut to expose the (1, 0, 0) face and the tubes 
are filled with Ne+0.3 per cent A at 45-mm-
Hg pressure. Performance is superior to that of 
polycrystalline types. 

MISCELLANEOUS 

001.891:621.396 4372 
Radio Research 1960: The Report of the 

Radio Research Board and the Report of the 
Director of Radio Research [(Book Review) 
Publishers: H. M. Stationery Office, London, 
23 pp., 2s. 6d.; 1961.] {Nature, vol. 191, pp. 
1255-1256; September 23, 1961.) 



IBM asks basic questions in manufacturing research 

How can we make what we invent? 

This is a three-dimensional interconnection plane {shown 
actual size). A single 8" x 6" interconnection board can 
hold up to 4000 electrical connections. 

Distances within computers are shrinking, trans¬ 
forming microseconds into lengthy intervals and 
thousandths of an inch into large measurements. 
The adequacy of time-honored manufacturing 
techniques is shrinking along with them, ibm is 
inventing new manufacturing capabilities to 
make sure that tomorrow’s discoveries will find 
production lines waiting for them. 
ibm builds new manufacturing technologies based 
on research. It has set manufacturing research 
free from day-to-day production pressures to 
concentrate upon manufacturing problems spe¬ 
cific to new product technologies. Manufactur¬ 
ing research conducts broad inquiry into the 
fundamental nature of manufacturing concepts 
and processes. In addition to its own program, 
ibm carries on manufacturing research projects 
with universities and research institutes. 
Manufacturing researchers examine manufac¬ 
turing processes before products are developed. 
Recently, when development of micromodule 
circuitry started, manufacturing researchers 
studied possible interconnection techniques.This 
analysis suggested an arrangement of laminated 
circuit planes which, combined with a standard 

This is the same interconnection board magnified30 times. 
The circuit planes are fiormed by successively coating, 
etching and washing copper-clad phenolic. 

matrix, permitted automated production of com¬ 
plex, miniaturized interconnection packages. 
This interconnection technique makesand breaks 
standard conductor patterns to form the circuits 
required on individual pieces of hardware. Spe¬ 
cialists in fields as diverse as physical chemistry, 
metallurgy, and hydraulic servo-systems all 
contributed to its development. 
In other current projects, ibm manufacturing 
researchers skilled in many scientific disciplines 
are studying technologies involving magnetic 
coating by electrophoresis, the effect of heat 
treatment on wave propagation in metals, and 
high-energy rate forming. Out of their research 
may come the discoveries that make tomorrow’s 
manufacturing systems possible. 
If you have been searching for an opportunity 
to make important contributions in manufac¬ 
turing research, or in software development, 
optics, solid state physics and many other fields 
in which basic questions are being asked at ibm, 
please contact us. Write to Director of Profes¬ 
sional Employment, IBM Corporation, Dept. 
645N, 590 Madison Avenue, New York 22, New 
York, ibm is an Equal Opportunity Employer. 
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row 
m©» 
by George C. Southworth 
formerly Bell Telephone 
Laboratories, Inc. 

A NEW BOOK FROM GORDON AND BREACH 

(Continued from page 79A) 

A pioneer of research in radio’s frontier 
frequencies interweaves events and ob¬ 
servations from his long and distin¬ 
guished career with an authoritative 
first hand account of the development 
of modern radio—from spark telegraphy 
and crystal detection to microwaves and 
radio astronomy. Here is that story, 
candidly told, its technical aspects fully 
described and illustrated. Included are 
the first transoceanic telephone experi¬ 
ments in 1915, the uphill development 
of short-wave telephony, of waveguides, 
of microwaves and the wartime epic of 
their adaption to radar and more re¬ 
cently to radio relay. Many diagrams, 
illustrations in line and halftone; sev¬ 
eral published for the first time. 

350 pages $6.50 

PROGRAMMING FOR 
DIGITAL COMPUTERS 
by J. F. Davison 

PUTTING COMPUTERS TO PROFITABLE USE 

A completely practical introduction to 
the writing of programs for digital com¬ 
puters, designed for those already in 
the field and for students; mathematics | 
is not a prerequisite. Contents: Intro¬ 
duction to Computers — Programmer's 
Role — Programmer's Task — Program¬ 
ming Details — Further Programming 
Facilities — More Sophisticated Tech¬ 
niques—Interpretive Schemes and Auto¬ 
codes — Variations in Computers and 
Peripheral Equipment. 

186 pages $6.00 

from your bookseller, or 

GORDON AND BREACH 

G 

B 

SCIENCE PUBLISHERS 
150 Fifth Avenue 
New York 11 

Dito, J. C., Leidschendam, Netherlands 
Dobner, L., Milano, Italy 
Draminski, D. J., Poughkeepsie, N. Y. 
Drew, P. G., Cambridge, Mass. 
Duke, L. B., Covina, Calif. 
Esposito, N., Milan, Italy 
Etheridge, D. E., Milpitas, Calif. 
Fansler, B. J., Red Bank, N. J. 
Farr, J. E., Culver City, Calif. 
Fassberg, E. N., Anaheim, Calif. 
Fatio, J. L., San Diego, Calif. 
Foshee, L. L., Alexandria, Va. 
Fuller. W. H., Jr., Hampton, Va. 
Gambill, B., Jr., Santa Barbara, Calif. 
Garnett, D., Dallas, Tex. 
Giguere, C. J., Prince Edward Island, Canada 
Gledhill, J. W., Jr., Biloxi, Miss. 
Goldstein, J. D., Garden City, L. I., N. Y. 
Hall, B. B., West Acton, Mass. 
Hanner, J. C., Raleigh, N. C. 
Hanon, L. D., Jr., Pomona, Calif. 
Hansen, R. C., Orland Park, Ill. 
Harrison, R. C., Jr., San Diego, Calif. 
Hart, N. D., Baltimore, Md. 
Hastings, C. W., Granada Hills, Calif. 
Hellyer, F. G., Omaha, Neb. 
Henderson, W. D., Riverton, N. J. 
Herron, R. M., Ill, Washington, D.C. 
Hill, H. H., Northboro, Mass 
Höring, S., Flushing, L. I., N. Y. 
Irwin, R. L., Toronto, Ont., Canada 
James, E. F., Berea, Ohio 
James, L. T., Minneapolis, Minn. 
Jenkins, S. U., Charlottesville, Va. 
Jevon, R. W., Lexington, Mass. 
Joas, J. G., Seattle, Wash. 
Kenny, V., Palo Alto, Calif. 
Kertcher, R. S., Ventura. Calif. 
King, J. J., Azusa, Calif. 
Kipping, J. H., Liverpool, N. Y. 
Kishi, G., Tokyo, Japan 
Kliever, W. W., Playa Del Rey, Calif. 
Knox, C., Los Angeles. Calif. 
Kopstein, F. F., Trotwood, Ohio 
Lachenbruch, P. A., Los Angeles, Calif. 
Lake, R. E., Flushing, L. L, N. Y. 
Lankford, T. J., Prairie Village, Kans. 
LaRue, R. D., Sr., North Highlands, Calif. 
Lash, J. A., Ithaca, N. Y. 
Lee. S. S., Los Angeles. Calif. 
Leeming, M. N., B< rdentown, N. J. 
Lesko, J. F., APO 900, San Francisco, Calif. 
Lesnick, D. R., College Park, Md. 
Liu. C. C., Rochester, N. Y. 
Lobert, A., Hasbrouck Heights, N. J. 
Loetz, R. F., Sturgis, Mich. 
Loughran, G. T., Huntington Station, L. I., 

N. Y. 
Marsey, J. L., Cos Cob, Conn. 
McCall, L. F., Abingdon. Md. 
McCormick, L. F., Ridgecrest, Calif. 
McKinney, J., Grand Island, Neb. 
Metz, R. J., Ellicott City, Md. 
Meyer, R. A., Philadelphia, Pa. 
Michael, P. B., Bethesda, Md. 
Millan, J. R., Vina del Mar, Chile 
Miner, J. G., Sunnyvale, Calif. 
Moon, C. K., Minneapolis, Minn. 
Moore, F. F., Irving, Tex. 
Moseley, L. M., Dallas, Tex. 
Newman, J. W., Owensboro, Ky. 
Newman, S., New York, N. Y. 
Nier, R. E., Virginia Beach, Va. 
Northrup, F. C., San Diego, Calif. 
Ockene, A., White Plains, N. Y. 
O’Keefe, J. J., Kingston, N. Y. 
Olshausen, R., Sunset Beach, Calif. 
O’Neal, A. L., Inkster, Mich. 
Peek, J. B. H., Nuenen (NB), The Netherlands 

Petruzzellis, P., White Plains, N. Y. 
Peterson, D. A., Chicago, Ill. 
Pharez, J. T., Essex, England 
Phillips, G., Kenya, East Africa 
Powell, F. H., Jr., St. Petersburg, Fla. 
Pritchard, J. L., Norfolk, Mass. 
Pullen, R. H., Palo Alto, Calif. 
Reese, W. B., Washington, D.C. 
Richardson, R. D., Lexington, Mass. 
Riley, J. H., Palo Alto, Calif. 
Robe, T. J., Union, N. J. 
Roberts, V. C., Moorestown, N. J. 
Rockwell, C. S., Jr., Little Silver, N. J. 
Rohatyn, P., Alexandria, Va. 
Rowland, L. J., Bethesda, Md. 
Saam, H. J., Jr., Jeffersonville, Ind. 
Salmon, B. T., New York, N. Y. 
Sandler, B. T., New York, N. Y. 
Sandler, S. J., Fort Huachuca, Ariz. 
Sandlin, J. R., Jr., Haddonfield, N. J. 
Saxena, R. C., Allahabad, India 
Scalzo, P. J., Van Nuys, Calif. 
Scarlett, N. J., Fremont, Calif. 
Schierrer, W. E., Bethlehem, Pa. 
Schultz, L., Culver City, Calif. 
Segree, T. A., Baltimore, Md. 
Seiffert, S. V., Denver, Colo. 
Selin, A. N., Wappingers Falls, N. Y. 
Setliff, R. D., Charlottesville, Va. 
Sexton, W. L., Elmhurst, L. I., N. Y. 
Sherard, J. W., Winston-Salem, N. C. 
Singer, C. M., Indianapolis, Ind. 
Smith, R. P., Hyattsville, Md. 
Sofie, L. E., Seattle, Wash. 
Sohl, G., Fort Huachuca, Ariz. 
Solecki, J. E., Indianapolis, Ind. 
Stewart, R., Van Nuys, Calif. 
Stinar, R. C., Santa Monica, Calif. 
Stites, J. W., Wichita, Kans. 
Straub, W. I., Kansas City, Mo. 
Strong, F. G., Long Beach, Calif. 
Sullivan, J. V., West Hyattsville, Md. 
Summers, T. O., Albuquerque, N. M. 
Tanaka, A. A., Playa del Rey, Calif. 
Tatum, L. I., Falls Church, Va. 
Taylor, W. T., Schoolcraft, Mich. 
Terris, A., Silver Spring, Md. 
Thompson, S. E., Fort Lee, N. J. 
Tucker, C. J., Ei Cajon, Calif. 
Vahl, G. W., Boulder, Colo. 
Van Hoorde, G. R., Chelmsford, Mass. 
Van Sickle, J. H., Preston, Ont., Canada 
Van Trump, R. J., Littleton, Colo. 
Vered, O., Haifa, Israel 
Vitaljic, F. N., F.P.O. San Francisco, Calif. 
Walton, W. D., Springfield, Va. 
Wegner, A. D., Mississippi City, Miss. 
Wheeler, A. C., Tacoma, Wash. 
Williams, R. H., Whitesboro, N. Y. 
Wilson, R. E., Verona, N. Y. 
Wyhs, A., Hopkins, Minn. 
Young, P. D., Harvey, La. 
Youngs, C., Norristown, Pa. 
Zarn, R. E., APO New York, N. Y. 

Admission to Associate 
Altman, W. S., Hawthorne, Calif. 
Andre, M. J., St. Petersburg, Fla. 
Ardill, H. E., Sydney, Australia 
Ashby, W. L., Pluckemin, N. J. 
Barlow, W. L., Muskegon, Mich. 
Behrendt, D. L., Long Beach, Calif. 
Bell, R. W., Fargo, N. D. 
Bennett, J. R., Raleigh, N. C. 
Blakely, J. C., Syracuse, N. Y. 
Bobby, G. A., Malibu, Calif. 
Boilevin, J. R., New York, N. Y. 
Borden, C. D., High Point, Md. 
Brancker, R. W. S., Montreal, Canada 
Bullock, G. L., McComb, Miss. 
Butts, H. D., Alamogordo, N. M. 
Cachón, P. L., Alger, Algérie 
Chandra, J., Delhi, India 
Chocka, J., Jr., Matawan, N. J. 
Contratto, F. B., Palo Alto, Calif. 
Crawford, W. J., Palo Alto, Calif. 

(Continued on page 85A) 
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Preselector requirements? Will your system require 
: fixed, tunable, or gang tuned, narrow band preselector? Let MICROLAB design, engineer and mass produce these Preselectors 

to your specifications with optimum reliability and speed. Send the following information for immediate results: 

• Minimum pass band required, specifying only frequencies to be passed. • Maximum insertion loss at the center frequency. 

• Maximum pass band attenuation, measured relative to the center frequency attenuation. • Amount of rejection required 

and frequencies at which this rejection is needed. 

Write MICROLAB, 570 W. Mt. Pleasant Ave., Livingston, 

U. J. or telephone WYman 2-5700 for Bulletin 11A. 
as 

pbESELECIOR J 
■^TÕ25-1150 MC 

7652 

“ \q) s«i*‘ N0 
microlab 
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space age research 

ATOMIC PARTICLES WITH A LIFE SPAN OF ONE 
TEN-THOUSANDTH OF A MILLIONTH OF A SECOND! 

GENERATOR 

Continental Electronics 
driver system 

Continental Electronics, specialist in super power elec¬ 
tronics equipment, is building the radio frequency 
driver system for the linear accelerator injector for the 
proton synchrotron now under construction for the 
Argonne National Laboratory. This driver system will 
have a peak power of 5 megawatts, with an average 
power of 25 kilowatts, operating at a frequency of 200 
megacycles with a 500 micro-second pulse. 

When completed, the Argonne proton synchrotron will 
accelerate protons to an energy of 12.5 billion electron 
volts, enabling scientists conducting atomic research 
to experiment with known phenomena and discover 
new phenomena that occur when protons of high 
energy collide with other protons at rest. This collision 

usually results in the production of rare, short-lived 
particles; some with a life span of one ten-thousandth 
of a millionth of a second! 

To achieve the high energy required to produce these 
rare atomic phenomena, protons from a conventional 
ion source are first accelerated to 750,000 electron volts 
with a conventional high voltage supply. They are 
then increased to 50 million electron volts by passing 
through the linear accelerator, reaching final energy of 
12.5 billion electron volts in the synchrotron. 

Continental Electronics is proud to be a contributor 
to the Argonne National Laboratory's atomic research 
program which is dedicated to increasing scientific 
understanding of atomic energy. 

MANUFACTURING 
4212 SOUTH BUCKNER BLVD. • DALLAS 27, TEXAS • EVergreen 1-1135 

SUBSIDIARY OF LING -TEMCO- VOUGHT, INC. 

DESIGNERS AND BUILDERS OF THE WORLDS MOST POWERFUL RADIO TRANSMITTERS 



Membership 

(Continued front page 82A) 

D’S • 2a, D., Thornton Heath, Surrey, England 
Fagu^ P. M., Orlando, Fla. 
Fitz^Htrick, A., New York, N. Y. 
GarIL gton, R. O., Fort Worth, Tex. 
Gorn iey, A. J.. Winston-Salem, N. C. 
Gos j g, E. C., Orlando, Fla. 
Gross. J., Brooklyn, N. Y. 
Grov^, D. G., Los Angeles, Calif. 
Hai/õp, R. P., Waterford, N. Y. 
IngaK, R. Z., Seattle, Wash. 
Jan# 7, E., Glen Cove, L. I., N. Y. 
Jaysea, T. G., Paoli, Pa. 
John» on, C. A., Toronto, Ont., Canada 
Kle* J. H., Dallas, Tex. 
Kncler, H., Granada Hills, Calif. 
Kuniashi, Y., Kohoku-ku, Yokohama, Japan 
Lan- ell. F., Steven .ge, Herts. England 
Let»!. C. L., New York, N. Y. 
Lipy» t. D. D., Utica, N. Y. 
Mac K innon, M. D., Nova Scotia, Canada 
Mackie, N. J., Casilla 35, Ho. Peru 
Mas« ;r, D., Mountainside, N. J. 
McCarley, I., Oklahoma City, Okla. 
McNeill, J. D., Toronto, Ont., Canada 
McSweeney, D., Brooklyn, N. Y. 
Milkr, J. L., Wayne, Mich. 
Moatzn. R. W., Marlboro, Mass. 
Mote, E. A., New York, N. Y. 
Norx ry, D. J., Richmond, B. C., Canada 
Ogdi . J. L., Meguro-ku, Tokyo, Japan 
Oku>- Y., Long Beach, Calif. 
OrUû. J. W., Chicago, Ill. 
Phill »s, J. D., Little Rock, Ark. 
Pros. er, H. F., Chicago, Ill. 
Real« R. P., Van Nuys, Calif. 
Reist B. B., Brighton, Mass. 
Ricaxrds, P., Port Arthur, Tex. 
Rick san, M. A., Mayfield Heights, Ohio 
Rien uni, O. A., Toronto, Ont., Canada 
Saxm, S., Chicago, Ill. 
Shea» J. J., Memphis, Tenn. 
Smit . F. M., Washington. D. C. 
Smic , G. R., Baltimore. Md. 
Ste*Tt, C. W., Arlington, Va. 
Trilích, J. D., Houston, Tex. 
Wa L, R. F., Framingham Center, Mass. 
War î, E. A., APO San Francisco, Calif. 
Welfe. F. D., Jr., Chicago, Ill. 
Wueischel, F., Sierra Vista, Artz. 

“Hyperbolic Direction Finding with 
Artificial Sferics,” Dr. E. A. Lewis, 
AFCRL, Bedford, Mass. 

Los Angeles—September 21 
“Spatial Information Available from 

Monopulse Radar,” D. B. Anderson, No. 
American Aviation (Autonetics) Ana¬ 
heim, Calif. 

San Francisco—October 11 

“The Benelux Cross Antenna Project,” 
C. L. Seeger, Stanford Radio Astronomy 
Inst., Stanford Univ., Stanford, Calif. 

Washington, D. C.—October 17 

“Fabric (inflatable) Antennas and 
Their Applications,” C. C. Jones and A. T. 
Hawthorne, Westinghouse Electric Corp., 
Baltimore, Md. 

Antennas and Propagation 
Microwave Theory and 
Techniques 

Baltimore—November 8 
“Recent Research in Frequency Inde¬ 

pendent Antennas at the University of 
Illinois,” J. Dyson, Univ, of Ill. 

Columbus—October 18 

“Signal Processing Antennas,” Dr. 
R. C. Hansen, Aerospace, Inc., Los Angeles 
Calif. 

(Continued on page 86A) 
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EMERGENCY 
I LIGHTING 

& POWER 

EMERGENCY 
LIGHTING & 
POWER UNIT 

Professional 
Group Meetings 3

with rex 
“BEAMED-POWER” ANTENNAS 

illustrates ATR Emer¬ 
gency Lighting and Power Unit, 

Model ETS complete with lamps. 

Aerospace and Navigational 
Electronics 

Oklahoma City—October 9 

‘Telemetry Equipment and Transis¬ 
torised Electronic Organs—Made by 
Dorsett," D. Clotz, Dorsett Electronics 
Inc. Norman, Okla. 

Antennas and Propagation 

Boston—October 25 

Twelve-Horn Monopulse Antenna,” 
L. ]. Ricardi, Lincoln Lab., Lexington, 
Mas. 

NOW MAILING! PL88 — technical 
data, pricing bulletin describing 

Advanced-design commercial and 
citizen-band base-station antennas 
and accessories. Includes Tower, 
Rotator, “Baluns,” Masting and 

Transmission line data, plus nice-
to-have-around “info.” Request 
your copy, today; no obligation. 

WORLD RENOWNED AND RESPECTED 
PERFORMANCE -6 to 1500 MC. 

M a Communication 
' K  ancl -|-y Antennas 

^Telrex— 
LABORATORIES 

ASBURY PARK 46, NEW JERSEY, U.S.A. 
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Completely Automatic 
Standby-Power Units 
Specially Designed to Per¬ 
mit the Instantaneous 
Continued Operation of 
Critical Lighting Equip¬ 
ment, PA Systems, Am¬ 
plifiers, Intercom Systems, 
Burglar Alarms, Fire 
Alarms, Synchronous 
Electric Clocks, Electric 
Time ’and Recording 
Clocks, Incubators, Gas 
Valves, Telephone and 
Test Equipment, and 
Similar Critical Devices in 
the Event of 115 Volt AC 
Commercial Power Line 
Failure. For Use: In Hos¬ 
pitals, Banks, Hotels, 
Theatres, Factories, Office 
Buildings, Schools, Homes, 

’ and Many Other Areas of 
Operation. 

SEE YOUR JOBBER OR WRITE FACTORY 

“A” Battery Eliminators • DC-AC Inverters • Auto Radio Vibrators 

I ATR ELECTRONICS, INC. 
Formerly American Television A Radio Co 

Quality Products Since 1931 
ST. PAUL 1, MINNESOTA— U.S.A. 
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Professional 
Group Meetings 

San Francisco—September 13 
“Multiplex Simplified,” R. Greisinger, 

Sargent-Rayment Co., Oakland, Calif. 

(Continued front page 85A) Automatic Control 

Baltimore—October 10 
Audio 

Boston—September 28 

“FM Stereo Transmission,” R. L. 
Kaye, WCRB-FM, 750 South St., Wal¬ 
tham, Mass. 

Chicago—October 13 
“Stereo Geometry,” P. W. Klipsch, 

Klipsch & Associates, Hope, Ark. 

San Diego—September 6 

“Limitations to Radio Communica¬ 
tions in Noise,” J. C. Webster, Naval 
Electronics Lab., San Diego, Calif. 

San Francisco—November 1 

“A New Battery-operated Transistor¬ 
ized Audio Oscillator and a New Transis¬ 
torized Wave Analyzer,” D. Cochran, 
Hewlett Packard Co., Palo Alto, Calif. 

San Francisco—October 17 

“Acoustical Considerations in the De¬ 
sign of Sound Studies,” 

“A Very Directional Condenser Micro¬ 
phone” M. Rettinger, RCA Eng’g. Dept., 
Hollywood, Calif. 

“Process Control,” N. B. Nichols, 
Taylor Instrument Co., Rochester, N. Y. 

Chicago—October 13 

“The VOLSCAN Automatic Voice 
Relay,” T. Dunsheath, Cook Research 
Labs., Morton Grove, Ill. 

Long Island—May 13 

“Field Trip—Inspection of Totalizator 
and Pari-Mutuel Systems,” Courtesy 
American Totalizator Co., & N. Y. Racing 
Assn. (Aqueduct Race Track) 

Los Angeles—October 10 

“Model Feedback Applied to Flexible 
Booster Control,” W. K. Waymeyer, 
Douglas Aircraft, Santa Monica. 

Pittsburgh—October 11 

“Optimizing Control of Physical Sys¬ 
tems,” Dr. I. Lefkowitz, Case Inst, of 
Technology, Cleveland, Ohio 

Schenectady—February 14 
“Chemical Plants and Processes; a 

Challenge for Control Engineering,” W. 
Kipiniak, MIT, Cambridge, Mass. 

Automatic Control 
Instrumentation 

Long Island—March 7 
“The Automatic Control and Instru¬ 

mentation of Hovering Vehicles,” E. J. 
Knight, Natl. Research Associates, Col¬ 
lege Park, Md. 

Schenectady—April 25 

“Navigation Theory for Interplane¬ 
tary Flight,” Dr. R. Battin, MIT, Cam¬ 
bridge, Mass. 

Bio-Medical Electronics 
Baltimore—October 30 

“Some Electrical Properties of Nerve 
Fibers of Engineering Interest,” Dr. L. J. 
Mullins, Univ, of Maryland, School of 
Medicine, Baltimore 

Chicago—October 13 
“Measuring and Monitoring in Heart 

Surgery,” Dr. P. V. Moulder, Jr., Univ, 
of Chicago, Billings Hospital, Chicago, 
Ill. 

Columbus—September 21 
This was an organizational meeting 

for the Chapter's Steering Committee. 
The committee outlined the year's forth¬ 
coming activities and announced the 
group's program for the next three months. 

Los Angeles—October 19 
“Physiological Monitoring—Aerospace 

and the Modern Hospital,” Dr. J. T. 
Burroughs, VA; C. C. Miller, Jr., ITT 
Federal Labs., R. Harper, ITT Federal 
Labs. 

Memphis—October 20 

“Computers in Medicine," Dr. D. Wall, 
IBM assigned to Natl. Institutes oí 
Health, Washington, D. C. 

Omaha-Lincoln—October 26-27 

“The Federal Interest in Biomedical 
Engineering,”—in absentia, B. Jones, read 
by R. L. Bowman, Natl. Institutes of 
Health, Bethesda, Md. 

San Francisco—October 17 
“Computer Simulation and Mathe¬ 

matical Analysis of Non-Linear Biological 
Systems,” J. G. Defares, M.D., University 
of Leyden, Holland. 

Albuquerque-Los Alamos—November 9 

“Foundations of Circuit Theory,” Dr. 
S. Kami, Univ, of New Mexico 

Circuit Theory 
1961 Syracuse—September 21 

“Impressions of the Prague Conference 
on Circuit Theory," Dr. N. Balabanian, 
Syracuse Univ., Syracuse, N. Y. 

(Continued on page 100A) 

Crystal Frequency: 2.5 me 
Average Q: 4.5 million 
Aging: Less than 5 parts in 10 10 per day 
Type: BG11AH-5 

CRAFTSMANSHIP AND 

CAPABILITY— it’s the 
combination that counts 

BLILEY ELECTRIC COMPANY, Union Station Bldq., ERIE. PENNSYLVANIA 

Use your 
IRE DIRECTORY! 

It's valuable! 
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This busy metropolitan area is the 
termination of over 1000 miles of 
microwave systems, providing reliable 
communications across town and 
country for the Western Union Tele¬ 
graph Company. Andrew’s experi¬ 
ence in research, development and 
manufacturing is the reason why the 
dependable performance of an 
Andrew P8-37, eight-foot parabolic an¬ 
tenna was selected for this installation. 

NEW ANDREW CATALOGS 
for Communication Engineers 

Catalog M —Microwave Antennas 
Catalog R —Rigid Transmission Lines 
Catalog H — Heliax — Coaxial Cables 
Catalog T —Telemetry Antennas 

All ANDREW parabolic antennas 
conform to the newly proposed EIA-
FCC standards governing radiation 
patterns and side lobes, and they are 
guaranteed to give specified pattern 
and VSWR in your microwave system. 
From over sixty standard parabolic 

antennas, you can choose the type and 
size that will give optimum system 
performance with absolute mechan¬ 
ical and electrical reliability. 

Microwave engineers have found 
Andrew a valuable partner in plan¬ 
ning communications systems. A com¬ 
puter is available upon request for 
calculating antenna system perform¬ 
ance. The recently published Catalog 
M presents complete engineering spec¬ 
ifications in a wide selection of para¬ 
bolic antennas serving the microwave 
frequencies. Write for catalog or call 
local Andrew application engineer. 

P O. BOX BOZ • CHICAGO 42. ILLINOIS, U S A 

NEW YORK • BOSTON • WASHINGTON, D.C. • LOS ANGELES • TORONTO 
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expansion at VITRO creates 
new career positions in 

ADVANCED 
DEVELOPMENT 

SYSTEMS 

DESIGN 

... and an unusual opportunity for pleasant 

and rewarding living 

If you are a talented engineer or physicist, it will pay 
you to check one of the new and permanent career 
positions at Vitro Electronics. 

The assignments are exciting and include state-of-the-art 
level work. You have to be creative, capable of 
developing original concepts, and you should have 
experience in one of the following areas: design of 
receivers, transmitters and associated equipment in the 
RF and microwave fields, particularly 30 - 3000 m.c. 
regions; solid state circuitry and printed circuit 
applications; parametric and other low noise 
preamplifiers; spectrum display equipment, signal 
generators, microwave components, wide band IF and 
Video amplifiers and TV circuitry, and phase 
measuring equipment. 

Our facilities are located in Silver Spring, Maryland, a 
residential suburb of Washington, D. C., affording you 
a choice of country, suburban or city living. Public schools 
are excellent and five nearby universities offer graduate 
courses. The cultural pleasures of the Nation’s Capital 
are just minutes away, and the countryside provides 
every opportunity for sports, from mountain climbing to 
boating and fishing on the Chesapeake Bay. 

All qualified applicants will receive consideration for 
employment without regard to race, creed, color or 
national origin. 

Address your inquiry to: 
Mr. D. R. Staffer, Director of Industrial Relations 

ifítñ ELECTRONICS 
A Division of the Vitro Corporation of America 

PRODUCERS OF ISTEÎÆS-CX-1A.R.ICE EQUIPMENT 

919 JESUP-BLAIR DRIVE, SILVER SPRING, MD. 

(Suburb of Washington, D.C.) 

A Positions 7 
\ Open Í 

!IHIIIIIIIII1IIIIIIIIII1IIIIIIIII!IIIIII!!!IIIIIIIIII|||||||||||||||||||||||||||W 

The following positions of interest to 
I IRE members have been reported as 

open. Apply in writing, addressing reply 
to company mentioned or to Box No. 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

Proceedings of the IRE 
I East 79th St., New York 21, N.Y. 

CREATIVE ENGINEER 

Nation’s leading manufacturer of high speed 
solid state counting, timing and frequency meas¬ 
uring instrumentation seeks imaginative young 
engineer to design and develop digital and pulse 
instruments and systems. Outstanding opportu¬ 
nity for technical growth and advancement. 
One to two years’ experience in transistor ap¬ 

plication of digital and pulse techniques plus 
BSEE or equivalent are required. Send resume 
to: Personnel Manager, Computer Measurements 
Company, 12970 Bradley Avenue, San Fernando, 
California. 

PRODUCTION MANAGER—ELECTRONIC 
EQUIPMENT 

Require a man with at least 10 years experi¬ 
ence in direct management of male and female 
assemblers, wiremen and testers, working on 
both military and commercial electronic equip¬ 
ment. 
Must be familiar with military specifications 

for workmanship and know cost cutting tech¬ 
niques. Should be experienced in estimating labor 
hours and maintaining budgeted hours via strict 
production control. 
This man will run the entire wiring and 

assembly operation (up to 100 people) and will 
be a part of the top management team. Salary 
open. Contact George W. Fellendorf, President, 
Planetronics, Inc., Easton, Pennsylvania. 

TECHNICAL WRITER 

Technical Writer to work with scientific, en¬ 
gineering and public relations personnel. BS in 
engineering or physics. Nuclear experience de¬ 
sirable. Send resume to Mgr. of Employment, 
General Atomic Div., General Dynamics Corp., 
P.O. Box 608, San Diego 12, Calif. 

ASSISTANT PROFESSOR 

Ph.D.s required with interests in circuits, 
electromagnetic theory or controls, in expanding 
Graduate and Undergraduate School. Applica¬ 
tions from abroad invited. Apply to Chairman, 
Department of Electrical Engineering, Villanova 
University, Villanova, Pa. 

ASSISTANT or ASSOCIATE PROFESSOR 

Assistant or Associate Professor with Ph.D. 
in Electrical Engineering or Physics. Interest in 
Electronics, Microwaves, Solid State, Circuit 
Theory, or Computers. Active research and grad¬ 
uate program with opportunities for outside con¬ 
sulting. May start February 1 or September 1, 
1962. Send resume to W. P. Smith, Chairman 
Electrical Engineering Department, University of 
Kansas, Lawrence, Kansas. 

ELECTRONICS ENGINEER 

Critical vacancy in the position of Electronics 
Engineer, GS-11, $7560 per annum. Contact In¬ 
dustrial Relations Department, U. S. Naval Air 
Station, Quonset Point, R. I. 

(ConltHued oh page 90 A) 
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USAF/AWCS-412-L| Consisting of a closely coordinated network of data 
acquisition stations, data processing and display centers and 
weapon bases, Air Weapons Control System 412-L provides the tools 
for effective and flexible air space management, continent wide or 

in single point defense. Vital detection and tracking information is 
supplied automatically to human decision-makers within seconds. 
Effective direction of both manned and unmanned weapons, includ* 
ing return of manned aircraft to base, is a system function. 

STAFF 
EXPANDING 

as program moves ahead in advanced development phase 
If you are one of the fast-growing group 
of scientists and engineers who recog¬ 
nizes the unequaled career advantages 
and satisfactions to be gained through 
work on very large-scale, complex sys¬ 
tems, we urge you to scan this abbre¬ 
viated list of current openings on 412-L. 
If your background, experience or in¬ 
terests are represented, write us today. 
We promise you a careful review of 
your qualifications and a prompt reply. 

COMMUNICATION SYSTEMS 
Training In information theory and switching 
theory; broad experience in both RF and wire 
communication systems design, especially auto¬ 
matic subscriber and dial systems; to determine 
and specify characteristics for intra- and inter-
site command and control complexes. 

OPERATIONS ANALYSIS 
Involves synthesis,'analysis of computer oriented 
weapons control systems (ground/air environ¬ 
ments) from an operational standpoint. Estimates 
system (personnel & equipment) capabilities; 
derives and evaluates system procedures using 
analyses and computer simulation as tools. 
BS/MS - minimum 3 years experience. 

EQUIPMENT EVALUATION 
Solving man-machine problems, evaluating alter¬ 
native components, displays, or techniques, de¬ 
vise simulators. Advanced degree in experimental 

psychology required. 

An Equal Opportunity Employer 

SYSTEM EQUIPMENT ANALYSIS 

Performs analysis on system-equipments and 
their functions; derives criteria and parameters 
to meet operational requirements. Work In areas 
of signal processing, detection, tracking and digi¬ 
tal communications. Requires BS/MS/EE/Physics/ 
Math-knowledge of simulation techniques, feed¬ 
back theory, probability and Information coding 
desirable. 3 years experience. 

WEAPONS INTEGRATION 

Determines and specifies optimum weapon utili¬ 
zation. Specifies weapon interfaces to equip¬ 
ment designers to insure system compatibility. 
Support / provide analytical inputs relative to 
weapons capabilities; analytical studies to assure 
optimum weapon employment within specific 

computer capabilities. BS/MS. 2 years manned/ 
unmanned weapons system experience. 

INFORMATION PROCESSING 
& DISPLAY SYSTEMS 
Training in information and statistical theory; 
broad experience in design and integration of 
tactical and strategic data processing systems; 
to define system parameters, Identify Interface 
problems, perform math analyses of control loops 
as applied to real-time processing and display 
systems. 

TECHNICAL WRITERS 
Creation of systems manuals, engineering re¬ 
ports, proposals; required Is at least 2 years of 
technical education with minimum of 5 years in 
engineering writing. Knowledge of graphic arts 
techniques would be helpful. 

PROGRAMMING ANALYSIS 
Degree required. Math background; 2 years 
experience on medium/large-scale digital com¬ 
puters solving real-time military operational 
problems. Activity ranges from problem analysis 
to program development, including flow dia¬ 
gramming, coding and debugging in the utility 
control, simulation and operation areas. 

ANTENNA & MICROWAVE COMPONENTS 

BSEE, advanced degree preferred; experience 
with high power phenomenon, antenna develop¬ 
ment, RF plumbing, modulators, transmitters and 

receivers. 

APPLIED MATHEMATICS 

Performs mathematical analyses on all phases 
of ground electronic control systems. Utilizes 
probability theory, numerical analysis, complex 
variables; knowledge and utilization of analog/ 
digital computers desirable. BS/MS Math re¬ 
quired; 2 years experience on applied math 
problems in engineering field. 

Write in confidence to Mr. P. W. Christos, Div. 53-MA 
DEFENSE SYSTEMS DEPARTMENT (A Department of the Defense Electronics Division), 

General Electric, Northern Lights Office Building —Syracuse, New York 

GENERAL® ELECTRIC 
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THE WESTINGHOUSE 
RESEARCH LABORATORY 

is expanding its program in importanf new directions. A wide range of 
challenging opportunities exist for outstanding members of the technical 
community in areas listed below 

• ELECTRONIC CIRCUITS 

• INFORMATION THEORY 

• CODING 

• BIOLOGICAL OPTICS 

• TELEVISION 

The opportunities involved extend from junior engineering to senior 
scientist and technical managerial positions. Salary considerations there¬ 
fore will be based on background qualifications. Write to 

Mr. M. Korenich, Administrator 
Industrial Relations 
Westinghouse Research Laboratories 
1310 Beulah Road 
Churchill Borough 
Pittsburgh 35, Pennsylvania 

An Equal Opportunity Employer 

THE 
EXCEP¬ 
TIONAL 

MAN 

when the position you wish to fill is 
vital to your organization . . . 

when the man you seek requires all the 
attributes of leadership . . . plus the 
ability to make significant technical 
contributions to the work for 
which he will be responsible . . . 

when you need a man who can command 
the respect of his associates and 

subordinates because of his intimate 
knowledge of and first-hand experience 
in their fields . . . 

when you need a man who is well 

educated and trained in the specialized 

fields of knowledge you require . . . 

you need The Exceptional Man. 

Let us locate him for you. 

Ciùvtès’A. BuiSWCVUJCr ASSOCIATES 
INCORPORATED 

EXECUTIVE SEARCH SPECIALISTS 

44 FRANKLIN BUILDING • BALTIMORE 2, MD. • PLAZA 2-5013 

A Positions T 
Open /A* 
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(Continued from page 88A) 

ENGINEER 

$115 week. Approx. College grad, with a ma¬ 
jor in either electrical or mechanical engineer¬ 
ing. Work involves investigating major appli¬ 
ances and building products in laboratory of na¬ 
tional magazine. Prefer some experience but will 
consider recent college graduate. Veteran or 
Draft Deferred. Send typed resume to, Hearst 
Magazines, Personnel Office, 309 West 56 
Street, New York 19, N. Y. 

TELEVISION BROADCAST TECHNICIAN 

Opportunities for video technician with group 
television stations. Write G. G. Jacobs, Corin¬ 
thian Broadcasting Corp., 302 South Frankfort, 
Tulsa, Okla. 

BIO-MEDICAL RESEARCH 

The Department of Physiology and Pharma¬ 
cology seeks a young man interested in bio¬ 
medical research. Prefer a recent graduate with 
extensive background in circuit theory to assist 
in developing instrumentation for bio-medical re¬ 
search. Interested persons should communicate 
with: Albert F. Kelso, Ph.D., Dept, of Physiol¬ 
ogy and Pharmacology, c/o Chicago College of 
Osteopathy, 1122 East 53 Street, Chicago 15, 
Ill. 

BROADCAST ENGINEERS 

The United States Information Agency seeks 
Electronics Engineers with Communications or 
Broadcasting Systems experience for its Voice of 
America. The positions are located in Washing¬ 
ton, D. C. and abroad. Domestic assignments are 
mainly concerned with the design and planning 
of broadcasting systems and transmitting plants 
up to 1000 kilowatts. 

Foreign positions are of a construction man-
agement type. 

Broadcasting and Communications Systems 
cover frequency ranges in the medium and high 
frequency bands. 

Foreign Service appointments will be made at 
the entrance level of $10,785 per annum and 
range to $12,025 plus overseas allowances. Ap¬ 
pointment levels for domestic service: $8955, 
$10,635, $12,210, $13,730 and range to $15,030 
per annum commensurate with background and 
experience. 

Relocation expenses paid in accordance with 
government regulations. 

Applicants must be AMERICAN citizens. 
Please send background resume or application 

for Federal Employment (SF-57) to: Employ¬ 
ment Branch, U. S. Information Agency. Wash 
ington 25, D. C. 

SENIOR ELECTRONICS ENGINEER 

Excellent opportunity exists for professional 
advancement with small research organization. 
Seeking B.S.E.E. or M.S.E.E. with 4 to 10 
years experience including design work in R. F. 
and microwave fields in the 30 to 3000 Me re¬ 
gions. Interest in Project Management respon¬ 
sibilities desired. Contact Richard A. Johnson, 
Vice President, Systems Research Laboratories, 
Inc., 500 Woods Drive, Dayton 32, Ohio. Phone 
244-4051. 

MAGNETIC CORE COMPONENTS 

Electrical Engineer with design experience in¬ 
volving components for pulse circuitry with em¬ 
phasis on filters, R. F. coils and pulse trans¬ 
formers. A background involving the uses of fer-

(Continued on page OJA) 
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NCR .. .Research 

MICROENCAPSULATION MAGNETICS THIN FILMS OPERATIONS 

Development 

OPTICS 

...New Products 

THE NCR 450 CONTROL AND PROOF MACHINE THE NCR 315 COMPUTER 

NCR offers a wide range of opportunities 
f.t experienced scientists and engineers 
interested in commercially oriented 
pojects or advanced military electronic 
d?velopment. Current work encompasses 
a broad field of activity including semi 
; inductor research, low temperature 
I tysics. micro-electronics, photochromies, 
a Ivanced electronic systems development. 
Il gh frequency communications, and 
o aerations research studies related to 

complex business and financial systems. 
Previous efforts of NCR research and de¬ 
velopment have resulted in new products 
such as: NCR (no carbon required) 
Paper, the highly successful Electronic 
Data Processing Systems, and other items 
for the electronic and business machine 
industries. Rapid growth has caused open¬ 
ings at all levels of experience and educa¬ 
tion and provide opportunity for technical 
or administrative growth. 

Send letter of application and résumé to: 
T. F. Wade, Technical Placement, G 2. 
The National Cash Register Company, 
Dayton 9. Ohio. 

An equal opportunity employer. 

NCR 
rw£ NATIONAL CASH REGISTER COMPANY, dayton 9, OHIO 
ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS 

78 YEARS OF HELPING BUSINESS SAVE MONEY 

electronic data processing 
ADDING MACHINES • CASH REGISTERS 

ACCOUNTING MACHINES 

NCR PAPER (NO CARBON REQUIRED) 

“iOCEEDINGS OF THE IRE January, 1962 
91 A 





AND SPACE SYSTEMS SPECIALISTS 

Here at Lockheed Missiles and Space Company, satellites and spacecraft 
are a specialty. From research to the reaches of space, the whole scope of 
space technology is being carefully investigated. 

All aspects of research, systems analysis, design, development and 
operation are handled by outstanding engineers and scientists at 
Lockheed's Research Laboratories in Palo Alto, and in the development 
headquarters in nearby Sunnyvale, California. 

Typical of Lockheed's complete capability is the DISCOVERER series. 
This, with its recoverable capsule, is used to gather research 
material. Other military and commercial satellites and spacecraft under study, 
under development, or in operation, include: 

An infrared missile defense alarm system • Sophisticated orbiting 
biomedical capsules • Lunar probes • Interplanetary exploration programs 
A space rendezvous system • Nuclear and other advanced propulsion systems 
Communications satellite systems 

It is clear that the projects at Lockheed Missiles and Space Company are 
challenging. Moreover, its location on the beautiful San Francisco 
Peninsula adds gracious living and perfect climate to the many rewarding 
opportunities available to creative engineers and scientists. 

For further information, please write: Research and Development Staff, 
Dept. M-32C, 599 Mathilda Avenue, Sunnyvale, California. 
An Equal Opportunity Employer. 

LOCKHEED MISSILES & SPACE COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manager for the Navy polaris fbm and the Air Force agena Satellite in the discoverer and mioas 
programs. Other current programs include saint, advent and such nasa projects as OGO. OAO. echo, and nimbus. 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA • CAPE CANAVERAL. FLORIDA • HAWAII 



can be yours at MOTOROLA in PHOENIX 
Motorola’s widely-diversified activities in advanced military elec¬ 
tronics assure engineers and scientists the fullest measure of 
growth potential— in the immediate future and in the years ahead. 
As a member of a project team, you participate in challenging 
state-of-the-art assignments spanning a broad field of engineering 
concepts. Your career will prosper at Motorola in Phoenix, where 
initiative and creativity earn recognition and rewards. 

Your family will prosper, too, in a dry, sunny climate that’s 
world-famous. You can play golf, swim, enjoy patio barbecues 
every month of the year. There are many near-by lakes for boat¬ 
ing, water-skiing and fishing. Skin diving and deep-sea fishing are 
sports you can enjoy any weekend in the warm waters ofoid 
Mexico. 

Investigate the new career opportunities at Motorola in Phoenix 

POSITIONS 
IMMEDIATELY 

AVAILABLE 

• Systems Test Equipment Design 
• Communications and Navigation 
• Systems Analysis and Preliminary Design 
• Missile and Space Guidance and Control 
• Digital Circuitry Design 
• Microwave and Radar 
• Reliability and Components 
• Solid State 

©Write Phil Nienstedt (Dept. 211) 

MOTOROLA 
MILITARY ELECTRONICS DIVISION, WESTERN CENTER 

P. O. Box 1417, Scottsdale, Arizona 

Motorola also offers opportunities at 
Chicago, Illinois, and at Culver City and Riverside, California 

An Equal Opportunity Employer 

A Positions / 
zlWWIIMIK Open 
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(Continued from page 90A) 

rite and |>owdered iron cores is highly desirable. 
Send complete resume and salary requirements 
with first letter to Paul E. Dicker, Chief Engi¬ 
neer, Aladdin Electronics, Nashville 10, Tennes¬ 
see. 

ELECTRONIC MUSICAL INSTRUMENT 
ENGINEER 

Graduate Electrical Engineer to join research 
group on electronic musical instruments. One to 
three years electronic experience required, with 
some musical background desirable. Write Albert 
Meyer, Engineering & Research Dept., The 
Baldwin Piano Co., 1801 Gilbert Ave., Cincinnati 
2, Ohio. 

EDUCATION AND RESEARCH IN 
BIO-MEDICAL ENGINEERING 

An educational program designed to prepare 
life and physical scientists, doctors of medicine, 
and engineers for research in life systems 
through the current period of transition of bio¬ 
logical sciences from the natural history stage of 
inquiry by inductive empiricism to that of in¬ 
quiry by deductively formulated theory. An in¬ 
tensive four-term (12-month) preparation in 
methods of logical thought, mathematics, physics, 
and electrical theory for doctors of medicine and 
biologists, and one-term (3-month) preparation in 

I life sciences for engineers, makes possible joint 
course work in the final three terms (nine 
months). Thesis research on biological systems is 
conducted at the Presbyterian Hospital by teams 
drawn from both disciplines. The program leads 
to a graduate degree at Drexel. Limited stipend 
and scholarship funds are available. Assistance 
with fellowship application to National Insti¬ 
tutes of Health is offered. For information, 
James W. Dow, M. D., Dept, of Bio-medical 
Engineering, Drexel Institute of Technology, 15 
North 32 St., Philadelphia 4, Pa. 

ANTENNA ENGINEERS 

Experienced Antenna Engineers, Physicists, 
B.S., M.S.. Ph. I). ( itizens of U. S. A. Very 
challenging theoretical, applied research and en¬ 
gineering problems on ground, missile, satellite 
and deep space probe antenna systems. Write H. 
W. Haas, Physical Science Laboratory, New 
Mexico State University, University Park, New 

I Mexico. 

OVERSEAS 

Robert College, in Istanbul, Turkey, presents 
a challenge in education where East meets West. 
An opportunity to contribute significantly to the 
development of a young republic is available to 
specialists in engineering, business administra¬ 
tion and economics, the sciences, and the hu¬ 
manities. Graduate degrees required. Address in¬ 
quiries to Dr. Howard P. Hall, Vice President, 
Robert College, Bebek Post Box 8. Istanbul, 
Turkey; with copy to the Near East College As¬ 
sociation, 548 Fifth Avenue, New York 36, N.Y. 

AUDIO ENGINEER 

BSEE or BS Physics. 3 to 5 years experience 
in the design and development of moving coil 
microphones and/or miniature dynamic speakers. 
Manufacturing experience desirable. Progressive 
company manufacturing electroacoustic transdu¬ 
cers in the Metro¡>olitan area. Salary competi¬ 
tive. Send complete resume to Box 2062. 

(Continued on page 96A) 
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Your Challenge is Greater with COLLINS 
?_5 an engineer at Collins, you help develop the finest 
avionics equipment built. You have the opportunity of 
working with top men on advanced instrumentation 
and equipment such as automatic pilot, solid state com-
rrunication/navigation systems, antennas, Doppler, dis¬ 
tance measuring equipment and weather radar. And you 
s^y right with a project until product completion. ■ 
Collins, one of the nation’s leading growth companies, 
¿50 offers a wide variety of engineering opportunities 
¡-. ground communication, antenna research, micro¬ 
wave, data systems, amateur, broadcast, components 

and general systems design. Facilities are in Cedar 
Rapids, Iowa; Dallas, Texas; and Newport Beach, Cal¬ 
ifornia, with sales offices and field service installations 
throughout the world. ■ Now Collins has openings for 
M.E.’s, E.E.’s, I.E.’s and graduate level Physicists in de¬ 
sign, research and production. Evaluate your present 
situation and qualifications. If you are interested in a 
career with Collins, write: 

L. R. Nuss 
Collins Radio Company 

Cedar Rapids, 
Iowa I

B. E. Jeffries 
Collins Radio Company I 

Dallas, I 
Texas 

An equal opportunity employer. 

R. 0. Olson 
Collins Radio Company 

Newport Beach. 
California 

PeOCEEOINGS Of THE IRE January, 1962 
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SANDERS ASSOCIATES, Inc. OFFERS 

YOU THESE CAREER ADVANTAGES 

Creation of new engineering positions with good growth potential is 
as much a part of Sanders Associates as the development of new 
engineering techniques — upon which the Company was founded just 
10 years ago. 

Fresh, non-conventional approaches toward solution of both old and 
new problems have enabled Sanders to grow from 11 founding engineers 
to over 2400 employees ... to open 3 new facilities within the last year 
...and to acquire a contract backlog in excess of $100 million, largely 
for production of Sanders-developed systems. 

Still further pioneering and expansion are planned in advanced areas 
of phased array radar, pulse doppler radar systems, space radar and 
communications systems, creating positions for Engineers interested 
in and qualified for working at the threshold of the state of the art. 

NEW FACILITIES 
Plainview, L. I., New York 
Burlington, Mass. 
Washington, D. C. 

SANDERS’ ACHIEVEMENTS 
FLEXPRINT® flexible printed 

circuits, for which Sanders holds 
the basic patent; TRI PLATE® 

microwave products; PANAR® radar 

Positions Are Open for the Following: 
SENIOR SYSTEMS ENGINEERS 
With 5 or more years experience in communications, reconnaissance or satel¬ 
lite systems and equipments, specifically in transistor circuit design, analysis 
or development of digital equipments, man-machine control systems, receivers 
(HF through UHF), data storage and display devices or mathematical analy¬ 
ses related to such equipment. BS or MS in EE or Physics. 

RECEIVER DESIGN ENGINEERS 
For design and development of receivers for military applications. Experience 
should include design of low noise front ends, IF strips, AGC circuitry and 
application of image rejection techniques - all transistorized. BS in EE or 
Physics with 3 to 8 years experience. 

CIRCUIT DESIGN ENGINEERS 
To translate conventional wire circuits into flexible and/or rigid printed cir¬ 
cuitry and to design circuitry layout and approaches for printed circuits. EE, 
ME or ChE with printed circuit background. 

TRANSMITTER DESIGN ENGINEERS 
For design and development of transmitters (VHF, UHF and microwave), 
tubes, pulse modulators, power in excess of 1 kilowatt -for military and air¬ 
borne applications. 

PROFESSORS 

Ph.D.’s required in electrical engineering (both 
new and those established in their field) for a 
rapidly expanding and state supported urban 
University with a strong Graduate School. Out¬ 
standing opportunities in growth and salary— 
all located in an excellent total environment in¬ 
volving a research-based community in New 
York State. Box 2064. 

PROFESSOR 

Ph.D. wanted to head E. E. Department in 
metropolitan New York school, September 1962. 
Educational & industrial experience desired. Ex¬ 
cellent opportunity to participate in teaching, 
research & growth of department. Write box 
2065. 

TEACHING-ELECTRICAL ENGINEERING 

Electrical Engineering staff openings in an ex¬ 
panding undergraduate program. Candidates 
should possess graduate degrees (M.S. or Ph. I).). 
Encouragement is given to private consultation 
and research. Rank and salary commensurate 
with academic attainment and experience. Apply: 
Wm. Shewan, Chairman, Dept, of E. E., Col¬ 
lege of Engineering, Valparaiso University, Val¬ 
paraiso, Indiana. 

SCIENTISTS AND ENGINEERS 

For JPL’s Lunar and Planetary Programs 
with experience in any of the following areas: 
Celestial Mechanics, Orbit Determination, Space 
Navigation Theory, Trajectory Studies, and Sys¬ 
tems Analysis. A new technology, based on ce¬ 
lestial mechanics, mathematical statistics, and 
engineering systems analysis, is evolving in the 
space exploration program. Both theoretical and 
project positions are available for experienced 
people in this expanding field. Send resume to 
P. I. Locke, Jet Propulsion Laboratory, Cali¬ 
fornia Institute of Technology, 4800 Oak Grove 
Drive, Pasadena, California. An equal oppor¬ 
tunity employer. 

Resumes should be addressed to R. W. McCarthy. 

SUNDERS RSSOCinTES, INE. 
An Equal Opportunity Employer NASHUA, NEW HAMPSHIRE 

(About an hour from downtown Boston) 

^REGISTERED U. S. TRADEMARK 

ENGINEERS 

The Federal Aviation Agency is filling three 
engineer positions: 

1. General Engineer (Aircraft Electrical/Elec-
tronic) GS-13, $10,635 per annum. 

2. Aeronautical Design Evaluation Engineer 
GS-12, $8955 per annum. 

3. Aeronautical Power Plant Design Evalua¬ 
tion Engineer (Engines) GS-12, $8955 ¡»er 
annum. 

Incumbents will serve as technical specialists in 
the Engineering and Manufacturing Branch, 
Flight Standards Division. Some travel is re¬ 
quired. Call Jamaica, N. Y. OL 9-7000 ext. 209 
for further information. 

ELECTRONICS INSTRUCTORS 

Permanent positions as radio and electronics in¬ 
structors for energetic young men up to 30 years 
old. Excellent and unlimited pay for persons 
with the right desire and qualifications. Col¬ 
lege definitely preferred. Excellent advancement 
opportunities. Send complete resume to Elkins In¬ 
stitute of Radio and Electronics, 2603 Inwood 
Road, Dallas 35, Texas. 

PROFESSOR 

Professor of Engineering to teach electronics 
and work in the development of undergraduate 
and graduate programs. Ph.D. and teaching ex¬ 
perience in the field are required. Also, Assistant 

(Continued on page 98A) 

96A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE January, J 962 



PERSONAL. 

Name-

Address -

LOUIS MUNICIPAL AIRPORT . ST. LOU.S «. MISSOURI 

Age - - -

Health Thieß’ Ff 
Physical Appearance 

Size 

MILITARY SERVICE: 

ACHIEVEMENTS: 

FH-I Phantom — 

F2H Banshee— 

F101 Voodoo-

F3H Demon - /j 
Quail GAM-72 

F4H Phantom 

Asse. Ke 
Mercury Spacecraft -

FUTURE OBJECTIVE: 

cafLfueA^-

ENGINEERS 
SCIENTISTS 
PHYSICISTS 
LET'S 

RESUMES 

Pease complete this form and forward to: Mr. D. F. Waters, Professional Placement, Dept. 62, McDonnell 
A rcraft, St. Louis 66, Missouri. This is not an application for employment. Your qualifications will be 
reviewed by our placement staff and you will be advised of positions at McDonnell for which you qualify. 
Y Ju may then make application if you wish. 
Is tme_ Address_ _ __ 

City & State_ .Phone_ Age_ 

Pamary Experience Area_ __ Number of Years_ 
Secondary Experience- -- Number of Years_ 
Additional Comments_ _ 

Education: AE- ME___Math_ Physics___Chemistry_ EE_ Astronomy_ Other_ 

Degree: BS- MS- PHD- 1 would like to receive application form 
Date Date Date “ 

J vouM like to receive literature about professional opportunities at McDonnell 

primary interest is: 

□ Airborne Communications □ 
□ Antenna & Microwave □ 

Techniques 
F Automatic Test Equipment □ 

Computer Development 
Digital Technique & Logic 
Design 
Military Airborne & Solid 
State Electronics 

Research 

Thin Film Techniques 

Weapons Systems Analysis 

MCDONNELL An equal opportunity employer. 
Phantom IT Fighter and Attack Aircraft • 

Mercury. Asset and Aerobaiiistic Spacecraft • Talos and Typhon Missile Airframes and Engines 

Quail Decoy Missiles • Rotorcraft • Electronic Systems • Automation 

MCDONNELL AIRCRAFT ST. LOUIS 



ELECTRONICS 
ENGINEERS 

WITH 

RADAR 
EXPERIENCE 
Silver Springs, Maryland i 

Armour Research Foundation, a leading 
scientific and engineering organization, is 
now offering exceptional long term oppor¬ 
tunities for electronic engineers to work 
in Silver Springs. Maryland. 
The Foundation is currently forming a 
highly competent research team to make 
significant conti ibutions toward the de¬ 
velopment and evaluation of an advanced 
radar system having search, track, and 
track-while-scan modes of operation. These 
oiænings afford a unique opportunity to 
work on an entire weapon system, along 
with opportunity for professional growth 
in the areas of development and analysis. 
To qualify you should have a B.S. degree 
in E. E., with an aliove average academic 
record, with a minimum of 2 years ex-
perience in circuit design, radar develop¬ 
ment. or system development and evalu 
at ion. 
Staff members receive ATTRACTIVE 
SALARIES, up to 4 weeks vacation, gen¬ 
erous insurance and retirement benefits, 
and tuition paid graduate study, /bi equal 
< f'I'ortunity employer. Please reply in con¬ 
fidence to Mr. W A. Massey at: 

Positions 

llllllllllllllllllllllllll 
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CRITICAL VACANCIES AT GRIFFISS AIR 
FORCE BASE, ROME, N. Y. 

Contract Assistant 
Technical Pub. Editor 
Management Analyst 
Research Psychologist 

GS-7 $5335 pa. 
GS-7 $5355 pa. 
GS-7 $5355 pa. 
GS-7 $5355 pa. 

(Physiological, Experimental & Engineering) 

ARMOUR 
RESEARCH 
FOUNDATION 
P. 0. BOX 453 

SILVER SPRINGS. MARYLAND 

Professor to teach electronics. M.S. required, 
Ph.D. desirable. Excellent opportunities in a 
rapidly growing college. Apply to the Head of 
the Engineering Department, Los Angeles State 
College. Los Angeles 32, California. 

ASSISTANT or ASSOCIATE PROFESSOR 

For January or September 1962, assistant or 
associate professor of Electrical Engineering re¬ 
quired to teach undergraduate and graduate 
courses. Ph.D. required. Specialty networks, 
computors, or electromagnetic theory. Write to 
Dr. H. Mahrous, Electrical Engineering Dept., 
Pratt Institute. Brooklyn 5, New York. 

ENGINEER-PHYSICIST FOR ELECTRO¬ 
THERMAL RESEARCH 

Cornell Aeronautical Laboratory of Cornell 
University has several attractive openings for 
qualified Engineers or Scientists to participate in 
research in the thermodynamics of advanced 
electronic devices. 

Projects include investigations of the thermal 
asjiects of microminiature and new solid state 
electronic devices. 

Appropriate experience in thermodynamics, 
cryogenics, solid state physics, and electronics 
required. 
Contact E. P. Rentschler, Cornell Aeronau¬ 

tical Laboratory, Inc.. 4455 Genesee Street, 
Buffalo 21, New York 

Supvy. Engineering Data 

Librarian 
Industrial Engineer 
Electrical Engineer 
Research Psychologist 

Specialist 
GS-9 $6435 pa. 
GS-9 $6435 pa. 
GS-9 $6435 pa. 
GS-9 $6435 pa. 
GS-9 $6435 pa. 

(Physiological, Experimental & Engineering) 
Industrial Engineer 
Electrical Engineer 
Electronic Engineer 
General Engineer 
Mechanical Engineer 

GS-11 $7560 pa. 
GS-11 $7560 pa. 
GS-12 $8955 pa. 
GS-12 $8955 pa. 
GS-12 $8955 pa. 

H 0 o

k. k\ Positions 
Wanted 

^iiinMiiniifiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 

COMPUTERS AND 
CONTROL SYSTEMS 

■ OPTICAL SPECIALISTS 

■ LOGIC DESIGNERS 

■ PROJECT ENGINEERS 

■ ADVANCED ELECTRONICS 

Scientists and engineers needed with experience in all phases 
of digital computer and control system design. 
Systems organization, logic design, magnetic core and drum 
memories, dynamic analysis, and electro-optical correlation 
devices. Also advanced areas such as high-speed tunnel-diode 
techniques, thin films, and hybrid analog-digital techniques. 
Applications include airborne digital equipment, numerical 
machine control, photogrammetric equipment, and special¬ 
purpose control computers. Both commercial and military 
programs, emphasizing advanced development and research. 
We think you will find this work unusually stimulating and 
satisfying. Comfortable and pleasant surroundings in suburban 
Detroit. 

If interested, please write or wire A. Capsalis, 
Research Laboratories Division, The Bendix Corporation, 

Southfield, Michigan. 

Research Laboratories Division 

An equal opportunity employer 

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 IRE publishes free of charge 

notices of positions wanted by IRE mem¬ 
bers who are now in the Service or have 
received an honorable discharge. Such 
notices should not have more than five 
lines. They may be inserted only after a 
lapse of one month or more following a 
previous insertion and the maximum num¬ 
ber of insertions is three per year. The 
IRE necessarily reserves the right to 
decline any announcement without assign¬ 
ment of reason. 
Address replies to box number indi¬ 

cated, c/o IRE, 1 East 79th St., New 
York 21, N.Y. 

ACADEMIC POSITION 

B.S. and M.S. in E.E. ; present position Assist¬ 
ant Professor; 7 years teaching experience and 1 
year training in Guided Missiles. Desires teach¬ 
ing position in Fall of 1962 with opportunity for 
graduate study. Box 3961 W. 

ELECTRICAL ENGINEER 

Professional E.E. degree (MIT). Four years 
experience in digital control system development, 
circuit design, logic design and programming. 
Speaks 4 foreign languges. U.S. Citizen. Seeks 
challenging position in U.S. or Europe. Box 
3967 W. 

HAWAII 

Communications Systems Engineer. Data trans¬ 
mission, HF, VHF. UHF, microwave, common 
carrier; SSB, MUX, tropo and iono scatter, mo¬ 
bile, CCTV; Systems planning, design, procure¬ 
ment, installation, operation. Recent experience in 
high speed data transmission. Desires position in 
or leading to assignment in Hawaii. Available 
about first of 1962. Box 3968 W. 

V.P. or GENERAL MANAGER 

Age 42, BSEE, 24 years extremely diversi¬ 
fied engineering, manufacturing and management 
exjierience with 5 major U.S. companies, in tele¬ 
communications, test ranges, aerial navigation and 
intelligence equipments and systems. Presently 
management consultant but will consider major 
resjionsibilities with smaller company or strictly 
autonomous division of larger one. East Coast 
(suburban area) preferred. Box 3970 W. 

(Continued tu l'âge 100A) 
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Ph.D’s, MS’s, BSEE’s 

Exceptional 
opportunities 

with 

SYLVANIA 
near 

SAN FRANCISCO 

Sylvania Mountain View, 40 minutes south of San Francisco, 
offers you challenging scientific work on defense systems, 
plus ideal living conditions. 

The work involves systems studies, design and development 
in frequency ranges from DC to daylight; it offers growth 
into scientific or management positions of responsibility. 

Immediate openings exist in the following fields: 

Reliability Analysis 
Operations Research 
Systems Analysis, Design 
Design and Development of: 

Antennas, Receivers, Transmitters, 
Transceivers, Servos 

Analog Computers 
Mechanical Design 
Field Engineering 

Sophisticated San Francisco’s theatres, restaurants and major 
league sports are minutes away. The Pacific Ocean is near; 
hunting, fishing and skiing 3 hours’ drive. 

Furthering your education? Sylvania encourages, sponsors 
graduate study at Stanford and other nearby institutions. 

Send resumé to Wayne Pearson, Sylvania , Box 188, Mountain View, California 

U.S. citizenship required. 
An equal opportunity employer. 

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management \ 

^6r GENERAL TELEPHONE & ELECTRONICS^^ 

7468 C 
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RADIOTRACER 

SURFACE STUDIES 
Philco scientists have recently developed sensitive radiochemical 
methods which can detect about one-thousandth of a monolayer 
deposit on the hyperpure surface of a high frequency solid state 
device. Using radioactive tracers, it is possible to monitor the spatial 
distribution of materials deposited on the surface during synthesis 
of the device and thereby correlate measurements of device charac¬ 
teristics with observations of the physical properties of the surface 
under a variety of conditions. In this way, better insight is gained 
not only into the relation of surface phenomena to device per¬ 
formance but also into the mechanisms which influence the surface 
states. 

Radiochemistry is one aspect of Philco’s research program in solid 
state physics. Other projects include such studies as high vacuum 
mass spectrometry, structure of oxidic films, and nucleation of epi¬ 
taxial films. 

The Research Division offers attractive staff positions to scientists 
in a number of areas in addition to solid state research. Plasma 
physics, artificial intelligence, and communication theory are among 
the areas of interest. Letters of application or inquiry may be 
addressed to: 

RESEARCH CENTER 

Mr. W. P. Diefenbach 
Personnel Director 

Philco Research Center 
Blue Bell, Pennsylvania 

An equal opportunity employer 

DESIGNED to 
FIND the creative 
ENGINEER and 
SCIENTIST 

Positions 
Wanted 

lllllllllllllllllllllllllllllllllllllllllllllllllllllll 

By Armed Forces Veterans 

ELECTRONICS ENGINEER 

Age 32, married. Desires challenging position 
offering security and advancement possibilities. 
Twelve years experience in ground radar and 
communications. Five years of experience has 
been in systems engineering, primarily micro¬ 
wave, training and supervisory experience; Com¬ 
mercial pilot. Box 3981 W. 

(Continued from page 98A) 

MIDDLE ATLANTIC to $20,000 

• Circuit Designers to solve sophisticated prob¬ 
lems in satellite communications and project 
design parameters beyond the present state-of-
the-art. 

LIBRARIAN 

MS (Library) 9 years general, aeronautical, 
and electronic library experience. Familiar Gov¬ 
ernment documents. Favor southern LI or mid¬ 
town NY City. Box 3971 W. 

Professional 
Group Meetings 3

(Continued from page 86A ) 

• Senior Design Specialists: Guidance & Control 
or Systems analysis & advanced design. 

SOUTHEAST to $4o,ooo 
• Vice-Pres, for airborne instrumentation group. 

Must combine good technical background with 
ability to strengthen present contract acquisition 
capability. 

SOUTHWEST to $17,000 
• ECM Systems design and development. Re¬ 

ceiver & transmitter design or Infrared optics 
highly desired. 

All Expert tes Paid by 
Employer Clients 

CROSS COUNTRY 
CONSULTANTS 

Personnel Search Specialists 
225 E. Redwood St.. Baltimore 2, Md. 

LExington 9-6604 

ENGINEER 

Military retired. Over 20 years training and 
experience in electronics maintenance and op¬ 
erations management for USAF. Some R&D as¬ 
sociated with 8 years assignments on special 
projects. Interested in electronics or geophysical 
operations with possible assignments in Australia 
or New Zealand. Box 3978 W. 

TEACHER 

B.S. and M.S. in E.E. ; ¡»resent position Re¬ 
search and Development Engineer with six years 
experience. Desires teaching position in Fall of 
1962. Box 3979 VV. 

SYSTEMS ENGINEERING 

M.S.E.E., 5 years experience digital and 
analog systems. Interested in process analysis, 
simulation, feasibility study, and proposal prep¬ 
aration related to development and application of 
process control computers. Box 3980 W. 

Circuit Theory 
Information Theory 

Omaha-Lincoln—October 18 
Symposium on Transmission Line 

Problems : 
“600 Ohm Bridged H Pads for Tele¬ 

phone Line Attenuation,” R. W. Hicks, 
AT&T, Omaha, Neb. 

“300 Ohm II Pads for TV' Broadcast 
Receivers,” E. Olney, Columbia TV Ser¬ 
vice, Omaha, Neb. 

“Theory of T & H Pad Attenuators,” 
H. W. Becker, P. E., Omaha, Neb. 

“Telephone Line & Repeater Prob¬ 
lems,” R. Barnett & O. Stauers, Western 
Electric, Omaha, Neb. 

“Types of Faders in Broadcast Stud¬ 
ios,” S. Davidson, WOW-TV, Omaha, 
Neb. 

(Continued on page 102 A) 
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ELECTRONICS & SPACE 

ENGINEERS 
New long-range contracts at Ryan 

have created top-salaried opportunities in sunny San Diego 

RÏAN ELECTRONICS was selected by 
Hughes Aircraft Company, Inc., to 
d sign, develop and fabricate the Radar 
Altimeter and Doppler Velocity Sensor 
equipments for NASA’s Surveyor 
L^nar Soft Landing Spacecraft. 

SATURN LAUNCH VEHICLE will 
employ radar altimeters now under 
development at Ryan Electronics. 
Engineers interested in a space age 
future are invited to get in touch with 
fast-moving Ryan Electronics right now. 

WORLD LEADER in the design and 
production of Doppler Navigators for 
all types of aircraft now flying or 
projected, Ryan Electronics seeks engi¬ 
neers for challenging opportunities in 
sunny San Diego. 

Ryan is on the move! New contracts call for years of research, design and 

development work on such space age projects as radar altimeters for the 

Surveyor lunar soft landing vehicle and the Saturn launch vehicle. Ryan 

Electronics is also the world leader in Doppler navigation systems, as well 
as in the field of space guidance and control. If you are a career engineer 

interested in a top-salaried job with stable, diversified Ryan ... if you 

would like to live in cool, sunny San Diego on the blue Pacific where the 

living is America’s finest ... Send resume in complete confidence to: 
JAMES C. KERNS, Ryan Aeronautical Company, 5650 Kearny Mesa Rd., 

San Diego 12, California. 

RYAN 

ELECTRONICS 
“An equal opportunity employer” 
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SCIENTISTS 
ENGINEERS 

CALIFORNIA 
offers you and your family 

• A world center of the electronic industry for CAREER ADVANCE¬ 
MENT 

• The High Sierra and the Pacific Ocean for RECREATION 
• Some of the nation’s finest public schools for your CHILDREN 
• World Famous Universities for ADVANCED STUDY 
• MAJOR CULTURAL CENTERS 
while living in such places as 

Exciting San Francisco 
Fabulous Southern California 
Cultural Palo Alto 

companies pay interview, relocation and agency expenses 

submit resume in confidence to: 

PROFESSIONAL & TECHNICAL 
RECRUITING ASSOCIATES 

(a division of the 
Permanent Employment Agency) 

825 San Antonio Rd. 
Palo Alto, Calif. 

Professional 
Group Meetings 

Creates New Opportunities in 
Research, Development and Engineering 

STAFF ENGINEERS 

For creative staff engineering in air data systems, pressure sensors and 
transducers, optical electronic systems, digital computers and sensors, 
solid state physics, logical design, systems analysis and synthesis, 
infrared and visual scanning techniques, information theory, systems 
development for navigation and guidance of aircraft, missiles and 
space vehicles, and heat transfer analyses. 

DEVELOPMENT ENGINEERS 

For project engineering assignments on automatic navigation, air data 
and flight control systems and devices. Also assignments in 

ground support equipment in the above areas, as well as in our 
new ordnance equipment group. Experience in 
electromechanical /optical systems desirable. 

An Equal Opportunity Employer 

Please forward resume, in confidence, to Mr. Donald Svenson. 

Kollsman Instrument Corporation 
A Subsidiary of Standard Kollsman Industries Inc. 80 08 45th AVE.. ELMHURST 73. QUEENS. NEW YORK 

(Continued from page 100A) 

Communications Systems 

Rome-Utica—October 2-4 

“More than 50 papers given at the 
Seventh National Communications Sym¬ 
posium at the Banquet,” F. Virden, Rear 
Admiral US Navy. 

Syracuse—October 24 
“Survey of Satellite and Space Com¬ 

munications,” R. P. Haviland, Gen’l 
Elec. Co., Philadelphia, Pa. 

Toronto—October 23 

“Engineering Considerations for the 
CNT Alaska Microwave System,” C. J. 
Bridgland, Canadian National Telegraph, 
Toronto, Canada 

Washington, D. C.—September 11 
Panel Discussion on SPACE COM¬ 

MUNICATIONS 
Panel Moderator: Mr. E. W. Allen 
Participants: Dr. H. Trotter, Jr., Pres., 

Gen’l Tel. & Elctronics Labs., Dr. E. A. 
Laport, RCA Labs.; Mr. R. P. Gifford, 
Gen’l Electric Co.; Dr. R. Kompilier, 
Bell Telephone Labs. 

Component Parts 

Houston—October 10 

“Characteristics and Trends of Film 
Capacitors,” D. Harris, H & M Research 
Corp., Cleveland, Texas 

A question and answer session was held 
at the conclusion of the paper. 

Electron Devices 

Boston—October 5 

“Microwave Power Varacters for Har¬ 
monic Generation,” K. Gunn and R. 
Fekete, Sylvania Electric Products Inc., 
Woburn, Mass. 

San Francisco—October 18 

“Electron Beam—Plasma Interaction 
for Microwave Amplification,” Dr. M. A. 
Allen, Stanford University, Stanford Calif. 

Washington—September 25 
“Thin Film Active Devices,” J. P. 

Spratt, Philco Co., Blue Bell, Pa. 

Electronic Computers 

Baltimore—October 10 
“Thin Films," Dr. M. Lauriente, 

Westinghouse Electric, P. O. Box 746, 
Baltimore 3, Md. 

Boston—October 18 

“The FX-1 Computer,” J. Mitchell, 
K. Konkle and J. Raffel, Lincoln Lab., 
Lexington, Mass. 

(Continued on page 104A) 
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ELECTRONICS 

HOW TO MEASURE 2V3 INCHES 

IN 186,000 MILES 

The task 
was a tough 

one for electron¬ 
ics engineer Larry 

Mills at Martin in Or¬ 
lando, Florida: come up 

with a more accurate means 
of measuring time lapse between 

pulses in radar, missile, and lab 
devices. A His solution: measure cen-

ters of energy from pulse to pulse rather 
than, conventionally, the leading edges. How ? 

By specially processing the wave forms; then 
comparing against easily measurable calibrated 

standards. Result : accuracies to ± 0.2 millimicrosec¬ 
onds—using off-the-shelf components. A Point to remem¬ 

ber : This outstanding development is a product of individual 
initiative at work in the creative technical environment that 

exists for scientists and engineers at Martin in Orlando, Florida. 

If you have demonstrated similar initiative and ability 
in any of these fields,* write to us now. Outline your 
background and experience so that we can best 
match your interests to our own current or 
future work in advanced programs, in a 
wide variety of technical areas, or on 
one of our six major prime-con¬ 
tract missile or electronic sys¬ 
tems. Tell us about yourself 
today. A Send informa¬ 

tion to : C. H. Lang, 
Martin/Orlando, 

Orlando 63, 
Florida. 

* Immediate technical staff openings include: 
COMMUNICATIONS / INFORMATION THEORY / DIGITAL COMPUTER RESEARCH / OPERATIONS RESEARCH / WEAPONS SYSTEMS ANALYSIS / 

CJ1DANCE * CONTROL SYSTEMS / HIGH RESOLUTION RADAR / FLUID DYNAMICS / AEROSPACE DYNAMICS / HUMAN FACTORS 

¿II qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 



Professional 
Group Meetings 

(Continued from page 102A) 

COMPUTER 
SYSTEMS 
ENGINEERS 
SALARY: TO $20,000 
Several immediate openings exist at 
Hughes-Fullerton for Computer 
Systems Engineers qualified in the 
design and testing of large scale 
digital systems—and in the prep¬ 
aration of proposals for large scale 
digital computers. 

These professional assignments 
• involve such R & D areas as: 

■ Solid state digital circuitry 
involving millimicrosecond logic 
■ Microwave carrier digital circuits 
■ Sub-microsecond core memory 
■ Thin film storage techniques 
■ Functional circuit concepts 
■ Micro-miniaturization concepts 
■ Tunnel diodes ■ Microwave pa¬ 
rametrons ■ Circuit organization 
for maximal-speed computing. 
Located in Southern California's 
Orange County (the nation’s fastest 
growing electronics center), Hughes-
Fullerton offers you: a stimulating 
working environment ; private or semi-
private offices; long-term stability. 
CALL COLLECT TODAY! 
For complete information on these 
challenging assignments, call us col¬ 
lect today! Ask for: 

Mr. B. P. RAMSTACK at: 
TRojan 1-4080, ext. 3741. 
Or, airmail resume to: HUGHES-
FULLERTON R 4 D, P. O. Box 2097, 
Fullerton 1, California. 

At Hughes, all qualified applicants will 

be considered for employment without 

regard to race, creed, color or notional 

origin. 

Long Island—October 24 
“Delay. Lines,” J. Harwood, Ferranti 

Electric, Plainview, N. Y. 
“Magnetic Drums,” B. Slover, Bryant 

Computer Products, Walled Lake, Mich. 
“Cores,” G. Kruschke, Fabri-Tek, 

Amery, Wis. 

Long Island—June 6 

Hi Density Recording,” A. Gabor, 
Potter Instruments. 

Orange County—October 26 

“High Density Magnetic Recording,” 
Dr. A. S. Hoagland, IBM, San Jose. 

Philadelphia—October 10 

“A Hybrid Computer System,” J. P. 
Heid, Mauchly Associates, Inc., Ambler, 
Pa. 

Pittsburgh—September 27 

“Basic Analog Computation (with 
film),” B. Johnson, Electronic Associates, 
Long Branch, N. J. 

San Francisco—September 26 

E. Koenigsberg, C-E-I-R., Inc., San 
Francisco, Calif. 

Dr. Koenigsberg briefly reviewed the 
objectives of Operation Research and 
illustrated the utilization of Digital Com¬ 
puters by means of an example. Methods 
of machine solution utilizing linear pro¬ 
gramming techniques were briefly de¬ 
scribed. 

Santa Ana—September 28 

Panel Discussion: “Advanced High 
Speed Techniques,” K. Uncapher, Rand 
Corp., Santa Monica, Calif. 

Panel Members: M. Rosenberg, EMI; 
R. Brown, Burroughs; J. Rogers, STL; S. 
Nissim, TRW. 

instrumentation 
and 

controls 
engineers 

for 
FLORIDA 

The growing role of Pratt & Whitney 
Aircraft in the national aerospace pro¬ 
gram is apparent in the research and 
development projects and long-range 
product planning being conducted at 
their Florida Research and Development 
Center. 

At present, openings exist at various 
experience levels in the following 
fields: 

DATA PROCESSING ENGINEERS 
(BSEE, Engineering Physics): 

Three to five years experience in set up, 
calibration, operation and data reduc¬ 
tion techniques used in instrumentation 
operations with oscillograph, strip chart, 
and digital data systems. 

CONTROL ENGINEERS (BSEE, BSME): 

Three to five years experience in system 
design, trouble shooting, and calibra¬ 
tion of electro-mechanical, electro-
hydraulic, and electro-pneumatic servo 
control systems. Good mechanical back¬ 
ground is necessary. 

; HUGHES ; 
HUGHES AIRCRAFT COMPANY 

Engineering Management 

Rome-Utica—September 12 

“Problems in System Engineering,” 
R. Chipp, Rodd Chipp Associates, Bloom¬ 
field, N. J. 

San Francisco—October 11 

“Speculative Features of Electronic 
Stock,” J. A. Chartz, Dalmo Victor Com¬ 
pany, Belmont, Calif. 

Syracuse—October 12 

“Engineering: A Training Ground for 
Managers?” Dr. G. L. Haller, Gen’l Elec. 
Co., Syracuse, N. Y. 

(Continued on page 106A) 

VIBRATION ENGINEERS 
(BSEE, BSME): 

Three to five years experience in 1) op¬ 
eration of random control vibration 
equipment, 2) design of mounting fix¬ 
tures for random vibration testing, and 
3) working with accelerometer systems 
for measuring vibrations on rocket and 
jet engines. 

Please submit resume, including 
minimum salary requirements, to: 

MR. J. W. MORTON 
OFFICE 57 

PRATT & WHITNEY 
AIRCRAFT 

WEST PALM BEACH, FLORIDA 

All replies will be handled promptly 
and in complete confidence. 

An equal opportunity employer. 
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Meet One Manager of Engineering 
Who’s Happy About Losing His View! 
As manager of engineering, and a key con¬ 
tributor to successful and far-reaching expan¬ 
sion plans, Dick Gifford feels the loss of one 
set of windows is a small personal price to 
pay for more than 22,000 square feet of new 
space for expanding Engineering operations. 

But this is only about 20% of all the plant 
expansion now underway. A second wing 
will further increase total plant floorspace 
owned and leased from 400,000 to over 500,-
000 square feet by March, 1962. 

In recent years, the Communication Products 
Department has built a healthy mix of in¬ 
dustrial, commercial and military programs. 
Products represent a spectrum of communi¬ 
cation systems—from tiny, personal two-way 
radios, to continent-spanning microwave 
radio relay networks. Now, by continuing to 
grow along virtually this entire front, the 
professional opportunities newly created 
carry a hard-to-find combination of two key 
career factors: rapid growth potential, and 
near-optimum stability. 

High-Priority Programs for Defense; Highly 
Competitive Products for Industry— 

In the military sphere, we recently added a 
new program of great importance to the 
nation’s security—developing the intersite 
communications link for Titan II operational 
bases... a system which must be survivable 
and reliable. 

In our commercial areas, a number of new 
opportunities have been created by expansion 
of such programs as: a 600 channel, fully 
transistorized and miniaturized multiplex 
telephone carrier system; a 600 channel 
microwave radio relay system (also fully 
transistorized) embodying a heterodyne re¬ 
peater, parametric and traveling wave tube 
amplifiers; compact, transistorized two-way 
FM mobile radio; highly miniaturized per¬ 
sonal communication equipment; tropo¬ 
spheric scatter equipment with modulation 
techniques, designed specifically for thin 
route applications. 

GENERAL® ELECTRIC 
An Equal Opportunity Employer 

Immediate Openings In 
These Areas: 
Military Communication Systems 
Engineering 

Military Communication Equipment 
Design 
Telephone Carrier Circuit Design 

RF and Video Circuit Design 

Communication Equipment 
Advance Development 

Solid State Receiver Design 

2-Way Mobile Transmitter Design 

2-Way Mobile Systems & Reliability 
Engineering 
2-Way Radio Mechanical Design 

■ Your letter or resume will re¬ 
ceive careful attention and a 
prompt, personal reply. Write in 
confidence to Mr. W. J. Kelly, 
Div. 53— MA, Communication 
Products Department, General 
Electric, Mountain View Road, 
Lynchburg, Virginia. 

• Lynchburg offers the advantages 
of a modern, progressive community 
located in the beautiful Blue Ridge 
area of Virginia, only four easy driv¬ 
ing hours from Washington, D. C. 
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career 
opportunities 

ACF 
ELECTRONICS 

Professional 
Group Meetings ' 

(Continued from page 104/1) 

a company on the move! 
ACF Electronics is expand¬ 
ing dynamically. We invite 
qualified Electronic Engi¬ 
neers to check a career ap¬ 
pointment in the following 
areas: 

Engineering Writing 
and Speech 

Philadelphia—October 11 

“Learning Machines,” J. S. Bryan, 
Philco Research Div., Blue Bell, Pa. 

San Francisco—October 21 
“Description of the Language-Trans¬ 

lating Machine AN/GSQ-16,” Dr. H. G. 
Kolsky, IBM Research Laboratory, San 
Jose, Calif. 

ADVANCED 
DIGITAL 
SYSTEMS 
Advanced development of 
digital computer techniques 
and solid state devices on 
navigational, tactical and 
training projects for aircraft, 
missile and aerospace simu¬ 
lator systems. 

WORLDWIDE 
FIELD 
OPERATIONS 
Installation, maintenance, 
operation and instruction on 
company and competitor 
electronic equipments, in¬ 
cluding communications, 
computers, radar and simu¬ 
lator systems. Assignments 
in this country and abroad. 
Our modern facilities are 
located in residential sub¬ 
urbs of Washington, D. C. 
and New York City, afford¬ 
ing you a choice of city, 
suburban or country living. 
Advanced study under tui¬ 
tion refund may be con¬ 
ducted at several nearby 
universities. 
For details, contact: Mr. A. 
C. Sugalski, Manager, Pro¬ 
fessionalstaffing, Dept. A-16 
at our Riverdale facility. 

Human Factors in Electronics 

Los Angeles—October 10 

“Logic and Language: Human Factors 
at Inception,” T. Steel, Systems Develop¬ 
ment Corp., Santa Monica 

“Circuits and Maintenance: Design 
for Future Trouble." W. King, Kamo-
Wooldridge Corp. 

“The Computer Center: Human Fact¬ 
ors in User Organization,” R. W. Rector, 
Space Technology Labs. 

Industrial Electronics 

Omaha-Lincoln—October 25 

“Standardization and Programming of 
Automatic Test Sets," P. P. Povilus, West¬ 
ern Elec. Co., Millard Plant, Xeb. 

Tour of Western Electric Test Set 
Room and Assembly Floor. 

Schenectady—October 10 
“Digital Applications of Thermoplastic 

Recording,” R. G. Reeses, General Elec¬ 
tric Co., Schenectady, N. Y. 
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ACF ELECTRONICS 
DIVISION 

ACF INDUSTRIES 

Riverdale, Md. • Paramus, N.J. 

an equal opportunity employer 

Information Theory 

Boston—October 23 

“Is an Analytical Auditory Theory 
Possible,” Prof. W. Siebert, M.I.T. 

San Francisco—October 18 

“Networks of Noisy Channels,” Prof. 
P. Elias, MIT, Cambridge, Mass. 

Microwave Theory and 
Techniques 

Long Island—September 19 

“Information Theory in Antenna De¬ 
sign,” W. D. White, Airborne Instruments 
Lab., Deer Park, N. Y. 

San Francisco—November 8 

“Optical Masers,” Dr. A. L. Schawlow, 
Stanford University, Stanford, Calif. 

(Continued on page 108A) 

I ELECTRONIC 
I ENGINEERS 
I Research and 
I Development 
ft Armour Research Foundation, one of 
■ the largest independent research or-
I ganizations, offers exceptional oppor-
■ tunities in Chicago for qualified Elec-
fl tronics research engineers to work on 
■ a variety of industrial and military 

research projects in the fields of 

I RADAR 

* ANTENNAS 

I CIRCUIT DEVELOPMENT 

£ MICROWAVES 

5 GUIDANCE & CONTROL 

$ PROPAGATION 

I COMMUNICATION 

I SIGNAL PROCESSING 

I SEMICONDUCTOR DEVICES 

g MEASUREMENT TECHNIQUES 

I COMPUTER SYSTEMS 

I RELIABILITY ANALYSIS 

COMPONENT DEVELOPMENT 

Minimum requirements include a 
B.S. degree in Electrical Engineering 
with above average academic grades. 
Research experience in one of the 
above fields is highly desirable, 
though not absolutely necessary. 

Our environment combines the better 
features of academic and industrial 
research and offers you the oppor-

■ tunity to work on advanced research 
programs. 

Staff members receive attractive sal-
£ aries, up to 4 weeks vacation, gener¬ 

ous insurance and retirement benefits, 
and tuition paid graduate study. Our 
Chicago location offers excellent cul¬ 
tural and recreational advantages. 
All qualified applicants will receive 
consideration for employment with-
out regard to race, creed, color, or 

’ national origin. Please reply in con-
yi fidence to Mr. Ron C. Seipp. 

ARMOUR 
RESEARCH 
FOUNDATION 
OF ILLINOIS INSTITUTE OF TECHNOLOGY 

TECHNOLOGY CENTER. CHICAGO 16. ILL. 
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How many of his dreams do you share? 

This man gets paid for dreaming. He seeks out new questions to ask, new goals to aim at. His insights shape the 

course of tomorrow's technology. 
Do you, too, look beyond tomorrow? Then come to Northrop. Work in such uncluttered areas as space guidance and 

astro-inertial navigation systems, aerospace deceleration and landing systems, man-machine and life-support systems 

for space, laminar flow control techniques, automatic test equipment or world wide communications systems. Or come 

and set your own goals where the challenge is greatest. You'll find more than 70 advanced projects already on the 

boards, and all the creative freedom you could ask for. 

Write to Northrop Corporation, P.O. Box 1525, Beverly Hills, California, 

and mention your area of special interest. You will receive a prompt reply. 
NORTHROP 

AN EQUAL OPPORTUNITY EMPLOYER 



Westinghouse 
announces 

immediate openings for 

TUBE 
ENGINEERS 

Professional 

Group Meetings — 

(Continued from pdfle 106A) 

The expansion of our Electronic 
Tube Division to meet the grow¬ 
ing demands of the commercial, 
industrial and military markets 
has created several outstanding 
opportunities for experienced 
ENGINEERS. Salaries are open, 
depending on experience and 
qualifications. The plant is lo¬ 
cated in Elmira, N.Y. ... a de¬ 
lightful community for work and 
recreation in the Finger Lakes 
region of upstate New York. 

Experience in any of 
the following areas 
is desirable: 

• MICROWAVE TUBES 
& DEVICES 
Senior Engineers with experi¬ 
ence in design or manufacture 
of MAGNETRONS, KLYS¬ 
TRONS, TRAVELING WAVE 
TUBES and other microwave 
tubes and devices. 

. IMAGE TUBES 
Design or manufacture of 
STORAGE TUBES, CAMERA 
TUBES and other imaging de¬ 
vices. 

• CATHODE RAY TUBES 
Design or manufacture of 
black and white PICTURE 
TUBES, and INDUSTRIAL 
and MILITARY TUBES. 

U rite or send resume to: 

William Kacala, 
Technical Recruiting. 
P.O. Box 284. Elmira, N.Y. 

or phone collect 
Elmira, REgent 9-3611 

Washington—October 10 

“The Relative Microwave Absorption 
Cross-Section of Mankind," O. M. Salati, 
Moore School of E. E. 

Panel to stimulate discussion and 
bring out points of interest: Dr. D. E. 
Goldman, R. A. Sparka, W. Carley, C. 
Arsem. 

Microwave Theory and 
Techniques 
Antennas and Propagation 

Baltimore—October 11 
“Criteria for Conical Scan Tracking 

Antennas,” T. Cheston, Applied Physics 
Lab., Johns Hopkins Univ., Silver Spring, 
Md. 

Military Electronics 

Boston—October 11 

“NIKE-AJAX and Missilemaster in 
Air Defense,” Lt. M. L. Brady, NIKE-
AJAX Site, Reading, Mass. 

“Missilemaster in Air Defense,” C. L. 
Weichert, Martin Co., Ft. Heath, Mass. 

Fort Huachuca—October 12 
“Engineering Aspects of the Electro¬ 

magnetic Environmental Test Facility 
(EMETF) Interference Prediction Model” 
Dr. A. J. Hoehn. Bell Aerosystems Co., 
Tucson, Ariz. 

Long Island—October 17 

“Atlantic Missile Range Instrumenta¬ 
tion,” J. Halks, Pan American WA, Cape 
Canaveral, Fla. 

Los Angeles—October 20 

“DOD Plans to MEET the Scarcity of 
Future Engineering Talent,” Honorable 
J. M. Bridges, DODRE Office of Secretary 
of Defense, Wash., D. C. 

San Diego—October 11 

“Atmospheric Probe for Planet Venus,” 
R. W. Clapp, Hughes Aircraft Company, 
Los Angeles, Calif. 

An Equal Opportunity Employer 

Nuclear Science 

Chicago—October 13 

“Neutron Activation Analysis,” Dr. 
J. Haffner, Armour Res. Foundation, 
Chicago, Ill. 

Los Angeles—October 17 

“Radiological Defense Programs in 
California,” J. W. Davis, State of Calif. 
Disaster Office, Pasadena 

Two Films: “Mission Fallout” and 
“Bomb Burns and Blast.” 

(Continued on faffc 110A) 
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WHERE ARE 
YOU GOING? 

ew York suburb—Prine, staff 
scientists PhD 
ast. div. comm. corp, wants 
ret. USAF officer 
estern opp. for Proj. Eng., 
others 
outhern loc. for syst. des. eng., 
others 

ALL EXPENSES PAID 
send resume to 

Personnel Service 
management consultants 

Equitable Building 
Baltimore 2, Maryland 

MUIberry 5-4340 

MICROWAVE COMMUNICATIONS 
ENGINEERS 

Ankara — Teheran — Karachi 
Bangkok — U.S 

Work involves engineering, super¬ 
vision of installation, operation and 
maintenance of microwave communi¬ 
cations systems. 

College Degree Mandatory 

MICROWAVE COMMUNICATIONS 
TECHNICIANS 

Must be qualified by education and 
experience to inspect installation, 
operate and maintain microwave com¬ 
munications systems to insure qual¬ 
ity and performance standards. 

Technical or trade school training 
mandatory. 

Families May Accompany 

Usual Overseas Benefits 

Send detailed resumes to 

Box 2066, c/o The Institute 

of Radio Engineers, Inc., 

1 East 79th Street, 

New York 21, N.Y. 
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ADVANCED AIR DEFENSE SYSTEMS WITH FIRST-DAY CAPABILITY 

The needs of today’s air defense 
i> stems pose a problem that would 
have seemed insoluble ten short 
years ago. The problem of furnish-
tog mixed-weapons command and 
ccntrol, with first-day capability, in 
a system that is portable to any 
p’ ace in the world. 

Here is how that problem has been 
solved through creative engineering 
utilizing a decade of industry prog¬ 
ress in tactical data systems. 

Systems already delivered by Litton 
to the military, or in the advanced 
state of development and produc-
t>m, include: Airborne Tactical 
Dita Systems (AN/ASQ-54, AN/ 
aSA-27) for the U.S. Navy, the 
Marine Corps Tactical Data System 
(AN/TYQ-LAN/TYQ-2) for the 
U S. Marine Corps, and the AN/ 
F5G-1 Retrofit Improvement Sys¬ 
tem (OA-3063/FSG-1 (V) ) for the 
US. Army. 

ASQ-54, installed in a land-based 
AEW & C aircraft, and the AN/ 
ASA-27, installed in a carrier-based 
AEW & C aircraft, furnish early 
warning data on enemy raids to 
surface elements of an air defense 
network and provide airborne con¬ 
trol of interceptors. 

Missile Master System deployed 
within the Continental United 

ILe first of these, the Airborne 
Tactical Data Systems, provides a 
capability for the mission of Air-
borne Early Warning and Control 
( AEW & C ) in defense of large land 
nti-sses, attack carrier task groups 
and other naval units. Both the AN/ 

D^TA handling 

The second of these systems, the 
Marine Corps Tactical Data System 
(MTDS), features capabilities for 
continuous and effective control of 
Combat Air Operations during an 
amphibious assault. Facilities are 
available for control of aircraft on 
missions such as close air support, 
reconnaissance, and interdiction 
and for air defense with mixed 
weapons, both ship-based and 
shore-based surface-to-air missiles 
and interceptors. An integral air 
traffic control system assists in initial 
and continuous identification of 
friendly aircraft. 

The third, the AN/FSG-1 Retrofit 
Improvement System, significantly 
increases the counter-countermeas¬ 
ures capability of the AN/FSG-1 

4 DISPLAY SYSTEMS COMPUTER SYSTEMS 

States to furnish surface-to-air mis¬ 
sile battery coordination in the de¬ 
fense of large cities and industrial 
areas. 

Through the successful design, de¬ 
velopment and manufacture of sys¬ 
tems for air defense missions, Litton 
has demonstrated its capability to 
proceed with even further advanced 
data systems. Such systems are now 
under conception and development 
at Litton. 

Air defense systems that not only 
fulfill today’s defense requirements 
but also defy obsolescence for years 
to come require engineering that is 
versatile, inventive, aggressive, and 
adaptable. This is the kind of en¬ 
gineering Litton expects from its 
people. If you are qualified to per¬ 
form engineering at this level, you 
are invited to write to H. Laur, 
Litton Systems, Inc., Data Systems 
Division, 6700 Eton Avenue, Can-
oga Park, California; or telephone 
Diamond 6-4040. 

An Equal Opportunity Employer 

DATA SYSTEMS DIVISION 
LITTON SYSTEMS, INC. 

A DIVISION OF LITTON INDUSTRIES 
MODULAR DISPERSED CONTROL SYSTEMS 
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Professional 

Group Meetings 

ELECTRONICS 
ENGINEERS 

• 
PHYSICISTS 

(Continued from page 108A) 

Theoretical/ 
Experimental 
Research 
on new 

GYROSCOPE 
PROGRAM 

Product Engineering and 
Production 

Philadelphia—October 11 
“Development, Design and Applica¬ 

tion of Structural W elded Wire in Product 
Engineering,” T. W. Whipple, E. H. 
Titchener & Co., Binghamton, N. Y. 

Radio Frequency 
Interference 

Philadelphia—October 17 

“The International Special Commit¬ 
tee for Radio Interference—Its Organiza¬ 
tion and Program,” R. M. Showers, Uni¬ 
versity of Pennsylvania, Phila., Pa. 

San Francisco—September 19 
The Chairman reported on the Na¬ 

tional IRE Professional Group meeting 
held August 23, 1961. 

Members discussed the forthcoming 
National PGRFI Symposium (1962). 
There was no speaker. 

An opportunity to join the Sci-
entific Research Staff of Repub¬ 
lic’s new Paul Moore R & D 
Center, performing basic and 
applied research in the sciences 
related to aerospace flight. Ini¬ 
tial assignment will be theoret¬ 
ical and experimental research 
on new gyroscope program em¬ 
ploying principles of paramag¬ 
netic resonance. 

Applicants should have, or be 
working towards, PhD degree in 
Physics or Electrical Engineer¬ 
ing; 7-14 years research/devel-
opment experience (or equiva¬ 
lent graduate study) ; and broad 
circuit analysis and synthesis 
capability. Experience in mag¬ 
netics, gyroscopics, or magnetic 
resonance techniques desirable. 

Write in confidence to 
Mr. George l{. Hickman 
Technical Employment 

Manager 
Dept. 14 A 

A REPUBLIC 
AVIATION CORPORATION 
FARMINGDALE. LONG ISLAND. NEW YORK 

An Equal Opportunity Employer 

Reliability and Quality 
Control 

Columbus—October 12 
“Modern Quality Control Techniques,” 

R. Corwin, Kimball Glass Co., Columbus, 
Ohio 

Los Angeles—October 16 
“Technical Justification,” J. Orme, 

Aerojet-General, Azusa. 
“Company Standards Lab Require¬ 

ments,” E. A. Anderson, Nayv-BtiWeps, 
Pomona. 

“Standards Problems of Customers,” 
W. Hogan, Leeds & Northrop, Monterey 
Park. 

Philadelphia—October 17 

“User Approaches to Higher Reliabil¬ 
ity Specifications for Component Parts,” 
Panel Discussion. 

Panel Moderator: W. T. Sumerlin, 
Philco Corp., Phila., Pa. 

Panel Speakers: M. Chamow, G. E., 
Phila., Pa.; W. Garner, W’estinghouse, 
Baltimore, Md.; A. Schwartz, RCA, 
Camden, N. J.; P. Cook, Corning Glass, 
Bradford, Pa.; L. Jacobson, IRC, Phila., 
Pa.; Dr. D. Van Winkle, Continental De¬ 
vices Corp., Hawthorne, Calif. 

Space Electronics and 
Telemetry 

Los Angeles—September 19 

“Physiological Telemeter Systems,” A. 
D. Bredon, Spacelabs, Inc., Van Nuvs, 
Calif. 

RELIABILITY 
ENGINEERS and 
QUALITY 
ASSURANCE 
ENGINEERS 

Symposium Interviews 
Washington, D.C. 
January 9-11, 1962 

STL’s expanding Reliability and 
Quality Assurance Program has 
created positions with responsibility 
for the developing, implementing and 
auditing of these programs for 
advanced weapons systems and space 
programs. Responsibility extends 
through all phases, including: 

• Proposal Preparation 
• Program Planning 
• Hardware Development 
• Procurement 
• Manufacturing & Test 
• Field Support 

Requirements: 
Reliability Engineers—BS in Engineer¬ 
ing or Physical Sciences with 5 or 
more years experience in aerospace 
or related industries in reliability 
programs, preferably including 
hardware design experience. 

Quality Assurance Engineers—Positions 
range from BS in Engineering or 
Physical Sciences with 2 or more years 
experience in aerospace or related 
industries in quality assurance pro¬ 
grams—to BS in Engineering with 10 
or more years experience, including 
5 years in quality assurance planning, 
and 3 years design engineering 
experience. 

Symposium interviews arranged at head¬ 
quarters hotel by calling Mr. H. R. Stev¬ 
ens, Executive 3-5030, Tues., Jan. 9 thru 
Thurs. Jan. 11, or send resumes to Mr. 
H. R. Stevens at STL, an equal opportu¬ 
nity employer. 

SPACE TECHNOLOGY 
LABORATORIES, INC. 

P.O. Box 950051 
Los Angeles 45, California 

a subsidiary of Thompson Ramo Wooldridge Inc. 
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“Signal Attenuation During Missile 
Staging,” E. L. Tarca, Seigler Corpora-
ion, Inglewood, Calif. 

San Francisco—October 17 
“Recent Developments in Optical 

Pumping,” Dr. A. Bloom, Physics Corp., 
^alo Alto, Calif. 

Washington, D. C.—October 24 

“Techniques of Bandwidth Compres-
■ion for Telemetry,” Dr. H. Blasbalg, Sig-
tal Analysis Group, IBM, Rockville, Md. 

. la NEWS A 
: i New Products 

mlllllllllllllllllllllllllllllllllllllllllllllllllHIIHIIIIIIIIIIIIIIIIIIIIIItllllllllllllllllllllllllllllllllllllllll 

These manufacturers have invited PROCEEDINGS 
eaders to write for literature and further technical 
nformation. Please mention your IRE affiliation. 

(Continued from page 45A) 

AC-DC Power Supplies 
Based on the acceptance of their exist-

ng line of DC Power Modules, Techni-
)Ower, Inc., 18 Marshall St., So. Norwalk, 
Conn., has now introduced a wide line of 
ligh temperature de power modules. 

Using all silicon semiconductors and 
tantalum capacitors, these modules have a 
temperature rating of —40 to -f-100°C. 
Over 90 models are available ranging from 
2.8 to 52 volts at powers of 1.0 to 20 watts. 
Other specifications are as follows: input 
voltage range —105 to 125 volts, 50-400 
CPS. 

Regulation, both 0.05% and 0.5% 
models available. 

Ripple is Imv RMS for 0.05% regula¬ 
tion and 5mv RMS for 0.5% regulation. 

An 8-page brochure is available with 
complete data. 

One day in the future, man will set foot on the moon. 
Of all the factors that will contribute to this success, communi¬ 
cations will have played a vital role. Through wires, through 
space, through atmosphere, transmitted signals will launch, 
guide and land the space craft, will allow moon to earth com¬ 
munications, will perform thousands of functions necessary for 
success. Research at Amherst Laboratories in wave propagation 
and microwave and millimeter wave technology is playing an 
important role in present achievements and will continue to do 
so in the future. 

Metal Film Resistors 
The Vamistor® line of precision metal 

film resistors by Weston Instruments Div., 
Daystrom, Inc., 614 Frelinghuysen Ave., 
Newark 14, N. J., has been expanded to 
include new commercial Weston Class C 
units with a temperature coefficient of 
O±25 ppm/°C over a range of +165°C to 
+25°C and 0+35 ppm/°C over a range of 
+25°C to —55°C. This class of unit is 
suited to precision test equipment applica 
tions at room temperature and above, but 
where low temperatures are seldom en¬ 
countered. 

(Continued on page 112A) 

PROFESSIONAL STAFF AND MANAGEMENT OPPOR¬ 
TUNITIES await Physicists, Mathematicians and Electronic 
Engineers with advanced degrees and leadership qualities. Send in¬ 
quiries in confidence to Mr. H. L. Ackerman, Professional Employment, 

AMHERST LABORATORIES • 1181 wehrle drive • Williamsville, new york 
AN EQUAL OPPORTUNITY EMPLOYER 

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 

for GENERAL TELEPHONE & ELECTRONICS 

GEMEBAL 

"Shrinking the Universe ... through Communications" 
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NEWS A 
New Products^! 

ENGINEERS 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from pape 111A) 

NOW—CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $9,000 to $20,000 

We can offer you a large selection of diversified 

positions with America’s foremost electronic or¬ 

ganizations WITH NO COST TO YOU. 

SOME POSITIONS FOR RESIDENT NON-CITIZENS AND CANADIANS 

WHAT WE DO FOR YOU-
Take all the work from you—no need for you to write to 
five or six companies, fill out applications for each one, 
only to find there is no job that interests you. We do all 
that for you, find the job that you want—in the location 
you want—we work with over 250 companies—all over 
the country. 

ALL WE ASK YOU TO DO-
Send us 3 complete resumes, telling us your present and 
desired salary; the kind of work you want and where you 
would like to live. That is all you have to do! 

THEN YOU— 
Wait to hear from us or our clients. There is no need to 
write directly to any companies, as we do all that for you 
and at absolutely NO COST TO YOU! 

Engineering managers, systems, projects, and 
engineers: 

INDICATE YOUR AREAS OF 

design and development 

INTEREST 

□ 
□ 

□ 

Transmitters 

Servos 

Displays 

Satellite Tracking 

Weapon Systems 
Analysis 

□ 

□ 
□ 
□ 

Antennas 

Receivers 

Analog and Digital 
Devices 

Radar Techniques 

Logic Design 

IF Devices 

□ 
□ 
□ 
□ 
□ 

Reliability 

Microwave 

Engineering 
Reports 

Structures 

Precision 
Mechanisms 

A National Electronic Placement Service Established in 1937. You 
are assured of prompt and completely confidential service by for¬ 
warding three resumes to HARRY L. BRISK (Member IRE) 

ervice 

iLy Employment Counselors Since 1937 

T Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

The range presently available includes 
a military J watt model and both military 
and missile (gas-filled) models in 125°C 
ratings of 0, j, 1, and 2 watts. The missile 
j watt type is the size of a J watt unit and 
the 1 watt unit the same size as a j watt 
unit. Both these units are available in the 
“F” designation under MIL-R-10509D. 

The component is virtually impervious 
to weather, humidity, and salt spray condi¬ 
tions and combines good high frequency 
performance, long range stability, good 
shelf life, and freedom from noise. 

Construction features include use of a 
low temperature coefficient alloy inter¬ 
nally deposited on a steatite tube and 
spiralled to resistance value. Conducting 
bonds are fire-bonded silver, and encapsu¬ 
lation is of epoxy resin. 

For more information on the line and a 
complete list of new prices, write to the 
firm. 

SPST Diode Switch 
Consolidated Microwave Corp., 850 

Shepherd Ave., Brooklyn 8, N. Y., an¬ 
nounces the addition of CMC Model XI 10 
to its new line of solid state microwave 
switching devices. The unit contains a 
semiconductor diode which allows high 
speed switching with low control power re¬ 
quirements. Compact, lightweight, and 
ruggedized construction lends to its re¬ 
liability for military applications. 

CMC Model XI 10 operates in the fre¬ 
quency range of 8.2 to 12.4 Gc with typical 
isolation of 20 db at 9 Gc and insertion 
loss of 1.3 db. Its switching speed is less 
than 10 nanoseconds. RF power handling 
capacity is 4 watts CW and 150 watts 

(Continued on page 114A) 
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purposeful imagination .... in space 

TLe men of Aerospace probe all disciplines of the space sciences. Chartered exclusively to serve the United States 

Government, Aerospace Corporation applies the full resources of modern science and technology to advanced space and 

ba listic missile systems. □ As part of the Air Force-science-industry team, the men of Aerospace evaluate and stimulate 

the free flow of information that results in the imaginative concepts required for national leadership in space. From concept 

to countdown and beyond, Aerospace provides advanced systems analysis and planning; theoretical and experimental research; 

g-taeral systems engineering and corresponding technical direction of programs. □ Aerospace Corporation, an equal opportunity 

ençloyer, now needs more men to meet these responsibilities. Highly skilled engineers and scientists with advanced degrees, 

k lowledgeable in interdisciplinary problem solving, are urged to contact Mr. George Herndon, Room 109, Aerospace Corpora-

^AEROSPACE 
^/CORPORATION 

and application of science and technology for the United States Government, hoo east el secundo blvd., el secundo, calitoknia 

tien, P. O. Box 95081, Los Angeles 45, California. □ Organized in the public 

interest and dedicated to providing objective leadership in the advancement 
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ELECTRONICS ENGINEERS 

YOU can Contribute Now 

to Many Advanced Projects 

in SSB Communications 

Over the past several years, most of the military HF, 
SSB development contracts have gone to General 
Dynamics/Electronics. This response to the Company’s 
broad technical competence has resulted in steady, solid 
growth, creating important positions for talented 
engineers in advanced design, development and produc¬ 
tion of mobile communications equipment. The current 
press of recently accelerated military procurements has 
further increased staff requirements in the following areas. 

SYNTHESIZERS 
Working knowledge of SSB techniques is preferred, but FM and 
AM experience with sufficient background in synthesizer oscil¬ 
lators will be considered. Must be capable of leading work in 
advanced development and sophisticated frequency standard 
designs and able to conceive and develop novel and unconven¬ 
tional ideas. 

RECEIVERS 

Requires strong background in transistor circuit design and in 
arrangement of circuits into complete communications sys¬ 
tems. Will be responsible for the design of advanced SSB 
receivers. 

POWER AMPLIFIERS 
6 to 10 years electronics experience required with emphasis on 
high power vacuum tube amplifier design. Experience in SSB 
linear amplifier techniques is desirable. 

RELIABILITY 
To make reliability analyses of circuits and components for 
military electronic equipment. Requires BSEE with 4 years 
experience in engineering design plus 4 years in reliability. 

■ If you would like to know how contributions to 
General Dynamics/Electronics’ unique capabilities can 
advance your future, submit a detailed resume to 

Mr. M. J. Downey. 

GIIIIIÜID 
GENERAL DYNAMICS ' ELECTRONICS 

1476 N. Goodman St., Rochester 3, New York 

An Equal Opportunity Employer 

11 4 A 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 112A) 

I peak. The temperature range is —50 to 
I +80°C. An insertion length of only 1| 

inches makes this unit extremely compact. 
Among many other applications, this 
device can also be used as an RF modu¬ 
lator and a voltage controlled attenuator. 

Flutter Meter 
This sensitive measuring instrument 

was engineered by Amplifier Corp, of 
I America, 398 Broadway, Xew York 19, 
N. Y., to comply with the standards set by 
the 1 RE for flutter and wow. It is designed 
to give a visual indication of wow and 
flutter content of all types of tape recorders 
and playback equipment including 33J, 45, 
and 78 rpm discs, and 16 and 35 mm sound 
fdm mechanisms. A built-in preamplifier 
and high impedance (1 megohm) input 
attenuator will accept voltages ranging 
from 1 millivolt to 300 volts. Connection 
may be made directly across magnetic tape 
playback heads, or across high level circuits 
delivering up to 300 volts. 

Flutter (the high frequency compo¬ 
nents) is measured through a high-pass 
filter while wow (or low frequency com¬ 
ponents) is measured with a low-pass 
filter in the circuit. 

A built-in 3,000 cps oscillator is incor¬ 
porated for recording purposes. This per¬ 
mits the Flutter Meter to be used as a 
complete instrument in itself and elimi-

1 nates the necessity of calibrating and using 
external oscillators. A three-range filter is 
included to study and isolate flutter and 
wow components. These ranges are 0.5 to 
6 cps for wow, 5 to 250 cps for flutter, and 
the combined flutter and wow of 0.5 to 
250 cps. 

A frequency discriminator is used to 
demodulate the flutter signals which are 
then read on a calibrated meter as RMS 
value of sine-wave flutter components. The 
built-in limiting preamplifier prevents 
erroneous readings from amplitude modu¬ 
lation components. 

Hum, noise, switching surges, and 
other extraneous transients have no effect 
upon the reading or stability of the instru¬ 
ment. Three scales: 0.3%; 1.0%; and 3.0% 
are calibrated for flutter and wow. Signifi¬ 
cant readings of flutter or wow can be 
made down to 0.01% with reliability. Em¬ 
ploys a 7-inch meter with two 5j-inch 
scales for three ranges. 

(Continued un page 116A) 
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you find it 

at Lockheed 

.□ng experience and proven capability give Lockheed a great 
advantage: perspective on space. This results in programs 
tat cover the broad spectrum of aerospace dynamics; that 
> esent the most far-reaching technological problems; that 
•xfer endless creative challenge to Scientists and Engineers; 
tat give them new concepts to explore— new goals to reach. 
This far-ahead program in the concepts and vehicles of 

space creates a cl'mate most favorable to advancement in the 
state of the art as well as in professional status. 
Scientists and Engineers with an eye to a secure and 

rewarding future will find these openings at Lockheed worthy 
of serious consideration: Aerodynamics; thermodynamics; 
dynamics; electronic research; servosystems; electronic sys¬ 
tems; physics (theoretical, infrared, plasma, high energy, solid 
state, optics); electrical and electronic design; structural 
design (wing, empennage, fuselage); human engineering: 
reliability; wind tunnel design. Write today to Mr. E. W. Des 
Lauriers, Manager Professional Placement Staff, Dept. 1801, 
2402 N. Hollywood Way, Burbank, California. An equal oppor¬ 
tunity employer. 

LOCKHEED CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED CORPORATION 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 114A) 

In the “calibrate” position, the meter 
will also measure variations in amplitude of 
any rate from 0 to 40 cps. Controls on the 
panel consist of an input voltage selector, 
a vernier calibration adjustment, a ca¬ 
pacity balancing control to compensate for 
differences in linear speeds of tape mecha¬ 
nisms, turntables and film mechanisms, a 
filter selector and a scale selector switch. 

Assembled on a standard rack panel, 
dimensions are 8, inches high, 19 inches 
wide, 8 inches deep. Net weight is 18 lbs. 
Complete technical specifications and 

I prices may be obtained by writing to the 
firm. 

11 6 A 

Maintaining the Lead 

in Infrared Reconnaissance 

Leadership in the field of research requires a constant supply 
of new talent and fresh ideas. Engineers and physicists have 
maintained HRB’s lead in airborne infrared reconnaissance by 
developing outstanding new IR systems and making improve¬ 
ments and modifications in current systems. 

Evidence of HRB’s superiority in the IR field is the famous 
Manhattan strip photo. Taken with HRB’s RECONOFAX®* 
camera under conditions of complete darkness, the photo was 
accurate enough to reveal undeveloped areas in Central Park 
and residential, commercial and industrial areas throughout 
New York City. 

Extensive facilities provide top scientific talent with the best 
conditions possible for advanced research and development 
work in infrared, but new talent is constantly required to 
maintain and expand this leadership role. 

In addition to the many challenging technical programs, 
HRB offers unusual employee benefits. These include company-
paid graduate study at The Pennsylvania State University, 
generous hospitalization, life insurance and vacation programs, 
as well as a company-paid retirement program. 

If you are interested in learning more about career oppor¬ 
tunities at HRB-Singer, write George H. Rimbach, Supervisor 
of Personnel, Dept. R-l. 

*for technical data write Dept. I. 

Printed Circuit 
Card Tester 

This Printed Circuit Card Tester has 
been developed by Ess Gee, Inc., 15 
Havens St., Elmsford, N. Y., to simulate 
environments found under normal or ex¬ 
tremely adverse operating conditions while 
testing or trouble shooting printed circuit 
cards. 

Er0 HRB-SINGER, INC. 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 

P.O. Box 60, Science Park, State College, Pa. 

The electrical outputs of any card may 
be analyzed using simulated inputs while 
the card is subjected to temperatures 
ranging from —50 to -f-185°F, and ac¬ 
celeration loads of 2g and 5g. Minor modi¬ 
fication will allow this unit to simulate the 
pressure and humidity environments as 
required by card application. Input and 
output voltages may be monitored and 
variable input-output loading conditions 
may be accomplished at the control panel. 

The Printed Circuit Card Tester is 
designed for desk, or bench-mounted 
operations. It is small enough and light 
enough to be readily movable. 

Temperature control is accomplished 
through the means of a vernier thermostat 
which is continuously variable. A vibration 
switch selects the acceleration modes. 
Marginal voltage test switch is incor¬ 
porated to vary the operating voltages 
+ 10%. Input and output loading is ac¬ 
complished through switch banks ranging 
from 0-100,000 ohms in ten-ohm steps. 
The environmental chamber has a re-

(Continued on page 118A) 
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The Calibre of An Aerospace Organization is Evidenced by the Calibre of the Problems 
Put To It by its Customers — and by the Company to its Engineers 

Engineers, Scientists 

what’s your opinion: 

ON HOW TO 

CREATE 

A REALISTIC 

SPACE SIMULATOR? 

This is a question put to Bell Aero¬ 
systems last year by the Air Force. If 
you had been a member of Bell’s 
technical staff then, you might have 
been one of those who developed the 
space environment simulation concept 
now being engineered into actuality 
here. It is based upon a high-resolu-
tion, closed-loop television system 
superimposing images generated by 3 
studios. Many stimulating problems, 
however, remain to be solved in: de¬ 
velopment of an electronic planetar¬ 
ium, real time digital Hight dynamics, 
television image insetting techniques, 
TV noise alleviation techniques. 

ON HOW TO 

PROVIDE OPTIMUM 

VEHICLE TOUCHDOWN 

DISPERSIONS WITH A 

FULLY AUTOMATIC. 

ALL-WEATHER 

LANDING SYSTEM? 

ON HOW TO 

PROVIDE AN ASTRONAUT 

WITH POSITIVE, 

FLEXIBLE STEERING CONTROL 

IN SPACE? 

Your informed opinions on any as¬ 
pect regarding landing of boosters or 
space vehicles will receive thorough 
consideration. Bell engineers have al¬ 
ready created a system in landing 
conventional aircraft providing a 30% 
improvement in this area, as demon¬ 
strated by 4000 landing tests made 
by U.S. Navy and Air Force planes. 
Vehicle landing systems and special¬ 
ized equipments are advanced con¬ 
cepts now under study. 

Your answer will certainly contain 
the statement that much depends upon 
the particular space mission but that 
reaction controls will be the founda¬ 
tion of the system. 
This revolutionary concept was 

originated by Bell engineers for Bell's 
own X-1B high altitude research 
plane. More refined Bell Systems were 
developed for the X-15, Mercury cap¬ 
sule, Agena booster/satellite and 
Centaur program. Bell's Reaction 
Controls are applicable to missiles, 
satellites, re-entry vehicles — indeed, 
any object requiring a continuous/ 
intermittent or variable thrust vector. 
One unique recent application is the 
Bell rocket belt for the infantry man. 

The three problems high-lighted above arc representative of the wide range of unusual 
challenges offered engineers at Bell. Others concern such diverse projects as advanced 
Agena* rocket engines for NASA’s Ranger and Marine vehicles; Hydroskimmer (air 
cushion) amphibians for the U.S. Navy; battlefield surveillance systems; automatic check¬ 
out equipment; missile & drone recovery systems. Another important field at Bell is Inertial 
Guidance and Navigation Systems, many of which employ an appropriate member of Bell’s 
family of Hipernas** inertial platforms. If you would like to pit your talents against tough¬ 
calibre problems, look into current openings with Bell. 
•Bell’s Agena — most reliable rocket engine yet designed. Already used in Discoverer program. Midas, other satellites. 

••Hipernas (High I’ERformance NAvigational System) — the most accurate, pure-inertial, self-compensating navigation and 
guidance system known. 

INERTIAL GUIDANCE ELECTRONIC SYSTEMS 

Various degree levels with 2 to 8 years specific 
experience in one of the following areas: logic 
design and magnetic memory development; low 
frequency design and development involving 
servos; systems and component testing, re¬ 
solver chains, gyros, accelerometer integrators; 
inertial instrument development. 

RADAR 
MS with 5 to 10 years research and develop¬ 
ment experience on radar equipment, pulse cir¬ 
cuitry, feed-back circuits, CW covering full 
frequency. Openings also in Tucson, Arizona. 

MS preferred, with minimum 5 years experience 
for synthesis and analysis of advanced systems 
such as air traffic control, target locators, vis¬ 
ual simulators and feed-back controls. Openings 
also in Tucson, Arizona. 

SYSTEMS ENGINEERING 

BS in ME, Applied Math, AE or Physics. Experi¬ 
enced in the dynamics of closed-loop systems, 
guidance, mechanics of vehicle flight, space 
mechanics, analog and digital computing 
systems. 

Please address resumes to Mr. George Klock 

BELl AEROSYSTEMS CO. 
DIVISION OF BELL AEROSPACE CORPORATION -A feXtrOnl COMPANY 

An Equal Opportunity Employer P.O. Box *1, Buffalo 5, New York 
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Can a Computer Recognize 

MOON GEOGRAPHY? 

C New Products^^ 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 116A) 

I movable cover to permit easy card instal-
I lation, provide maximum protection to the 

operator, permit visual inspection of the 
card while under test, and stabilize the 
temperatures in the immediate card en¬ 
vironment. Outputs are analyzed by means 
of a voltmeter or oscilloscope. 

Fuzed Quartz 
The General Electric Co., Xela Park, 

Cleveland 12, Ohio, has developed a new 
“ultra-pure’’ fused quartz, the first to be 
made in the United States from domestic 
raw materials, it was announced by Ernest 
A, Howard, general manager of the com¬ 
pany’s Lamp Glass Department. Fabri¬ 
cation of the new quartz into tubing and 
rod is now underway by the department. 

The advantages of a domestic source of 
supply and of a high degree of purity will 
be of major significance to the defense, 
space, electronics, lamp and other indus¬ 
tries which rely on fused quartz for critical 

I applications, the firm stated. • Cornell Aeronautical Laboratory’s engineers and scientists 
are investigating concepts for computers which can be "taught" to recog¬ 
nize patterns, whether those patterns be airfields, missile sites — or even 
significant topographic features of the moon. In related areas, CAL is 
developing special purpose computers surprisingly small in size, yet faster 
for the task than the speediest general purpose computers in use today. 
These computers use novel delay line storage techniques to perform com¬ 
putations in real time. 

As a research tool in our cognitive systems program, a special input 
facility for the IBM 704 digital computer has been developed, allowing 
photographic data to be inserted directly into the computer. This facility 
allows CAL engineers to implement and evaluate pattern recognition 
concepts at an early stage in the research program. 

Other computer related science activities include analytical and experi¬ 
mental research in data processing techniques, adaptive control systems, 
and trajectory tracking techniques. Our scientists engaged in this research 
have education and experience in areas such as information theory, statis¬ 
tics, control systems, advanced programming, theory of automata and 
intelligent machines. 

If you are qualified in any of these areas, there is an opportunity for you 
as a cognitive system scientist in our computer research department. 

For full information, mail the coupon today. 

_L CORNELL AERONAUTICAL LABORATORY, INC. 
@ of Cornell University 

J. P. Rentschler 
CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 

Send me a copy of your factual, illustrated employment prospectus, 
“A Community of Science.” 

Name ... „. _ 

Street . . .. 

City - ..- ..- - - Zone ..  State. 

□ Please include employment information. An Equal Opportunity Employer 

Flame from torch causes tube of im¬ 
ported materials to sag sharply. Domestic 
tube is affected considerably less. 

Eight years of research and develop¬ 
ment were applied to perfecting the new 
process of purifying the raw material, sili¬ 
con dioxide, which is available domes¬ 
tically. Previously all silicon dioxide used 
for fused quartz production had to be im¬ 
ported, the only known sources of reliable 
quality being in Brazil and Madagascar. 

The quartz will be particularly bene¬ 
ficial to the nation’s research and devel¬ 
opment laboratories where, in many cases, 
even the smallest trace of impurities pre¬ 
sents a problem. The semiconductor in¬ 
dustry will also benefit from a much lower 
content of alumina and boron, previously 
a major problem in the manufacture of 
transistors. 

Because of its high purity, the new 
quartz has higher thermal resistance, en-

(Continued on page 120A) 
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HIGH STANDARDS 

'«a»* 
The creative work of research personnel is the basic product of the Electro-Physics Laboratories. 
Therefore, men willing to devote their full talents and energy to achieve rapid and economical 
scientific progress are essential. THE PROBLEM The useful applications of long range 
propagation of electromagnetic radiation in the VLF to VHF portion of the spectrum. These 
applications are concerned with communications and the measurements of natural and man-made 
disturbances of the geophysical environment. THE MAIM He is imaginative in the application 
of classical theory to today's problems. He accepts challenging technical problems with the 
characteristically positive approach of the successful investigator. He is enthusiastic about the 
pursuit of useful knowledge along uncharted pathways. If he detests 
mediocrity and gadgeteering ... if he seeks the best possible solution to 
the fundamental problems regardless of the approach . . . then this is our 
man. Staff appointments are now available for personnel having, or 
eligible for, security clearances. For additional details, please write to: 

Mr. William T. Whelan, Director of Research and Development 

This 100-foot high, 
HF helical antenna, 
designed and built by lhe 
Electro-Physics 
Laboratories, is one of 
the many unusual 
antennas used to increase 
our capabilities in 
experimental investigation 
of ionospheric phenomena. 

ELECTRO-PHYSICS LABORATORIES 
3355 52nd Avenue, Hyattsville, Maryland (A residential suburb of Washington, D. C.) 

An equal opportunity employer 

ACF ELECTRONICS 
DIVISION 

ACF INDUSTRIES 
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MISSILE 
ELECTRONIC 
ENGINEERS 

thinking... 

i New Products^ 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 118A) 

abling it to withstand high temperatures 
for longer periods of time. Tests show, for 
example, that the new material will de¬ 
form at less than one-half the rate of the 
former quartz when subjected to tempera¬ 
tures of 1200°C and higher. In addition, 
tubing and rod produced from the domes¬ 
tic source will devitrify much more slowly, 
and remain more transparent, at these 
high temperatures. 

Although changeover of all production 
processes will not be completed for several 
months, the new ultra-pure fused quartz is 
now available for immediate shipment in 
all sizes. Special shapes can be manufac¬ 
tured to customer specifications. Price of 
the improved new material, designated 
Type 204-A, is the same as that of the 
previous standard line. 

DC to DC Airborne 
Power Supplies 

Solid state DC to DC airborne power 
supplies have been developed by Computer 
Engineering Associates, an affiliate of 
Susquehanna Sciences, Inc., 350 N. Hal¬ 
stead, Pasadena, Calif., to power tele¬ 

metering transmitters or in any application 
requiring reliable and efficient conversion 
of low-voltage DC to high-voltage DC. 
Power supplies are completely encapsu¬ 
lated in a semi-flexible epoxy to provide 
protection against shock, vibration and 
environmental conditions and to meet the 
following tests. 

High and low temperature operation 
from +185 to —40°F. Ten second sus¬ 
tained acceleration at 60 g, one shock at 
50 g average acceleration, 6 shocks at 30 g 
average acceleration. Six minute vibration 
of 10.0 g (peak) from 10 to 1,000 cps 6 hour 
vibration of 3.75 g (peak) at 25 cps. Tem¬ 
perature cycling from —65 to — 160°F for 
72 hours, with a sweep frequency vibration 
at 3.0 g (peak) while at temperature ex¬ 
tremes. Twelve minute exposure to white 
noise at 150 db above 2X10-4 dynes per 
square cm. High altitude operation. 100-
hour life test at + 150°F with unit cycled 

(Continued on page 122A) 

... about professional growth, 
advancement and improved 
technical proficiency? They can 
be yours at ... 

BENDIX 
YORK 

Immediate Openings At 
ALL LEVELS 

Challenging design opportunities in 

MICROWAVE 
COMPONENTS 
AND SYSTEMS 

RADAR PULSE MODULA¬ 
TORS & VIDEO CIRCUITS 

RADAR TEST EQUIPMENT 

R.F. & I.F. AMPLIFIERS 

TRANSISTOR CIRCUITS 

I.R. SYSTEMS 

WRITE—giving brief outline of your 
education A experience to; 

PROFESSIONAL EMPLOYMENT, DEPT. P 

YORK DIVISION • YORK, PENNSYLVANIA 
on equal opportunity employer 

SYSTEMS ELECTRONICS 
ENGINEERS I Wÿ ENGINEERS 

FUNDAMENTAL AND APPLIED RESEARCH 
Acoustics Noise Reduction 
Electronics Network Theory 

Information Theory 
★ ★ ★ 

DESIGN OF ELECTRONIC INSTRUMENTATION 
★ ★ ★ 

APPLICATION AND DESIGN OF ANALOGUE AND 
DIGITAL COMPUTERS 

★ ★ ★ 
Opportunities for Graduate Study 

Faculty Appointments for Qualified Applicants 
Excellent Working and Living Conditions 

Send Resume to 
Arnold Addison, Personnel Director 

ORDNANCE RESEARCH LABORATORY 
THE PENNSYLVANIA STATE UNIVERSITY 

Box 30 
University Park, Pennsylvania 

All qualified applicants considered regardless of race, creed, color, or national origin. 
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VITAL: command and control systems which collect, transmit, process 
and display information to military commanders responsible for 
compressed-time decisions. 

MITRE 
C O R P O R A T I O N 

is now engaged in designing and developing 
computer-based command and control systems 
which collect, sort, transmit, and display infor¬ 
mation vital to those who make command de¬ 
cisions. SAC’s Command and Control System, 
SAGE, BMEWS, NORAD, MIDAS and other 
urgent military programs are all within the scope 
of Mitre’s system integration work. 
Formed in 1958, Mitre is an independent 

nonprofit corporation with a growing technical 

staff engaged in systems planning, engineering 
and management for the Air Force Electronic 
Systems Division. 
You are invited to join this scientific com¬ 

munity and participate in important work which 
is performed in an atmosphere of objectivity 
and free inquiry. 

Engineers and scientists interested in the 
vital field of command and control technology 
may inquire about openings in: 

• Operations Research • 
• Communications 
• Human Factors • 
• System Cost Analysis • 
• Econometrics • 

Radar Systems and 
Techniques 
System Analysis 
Advanced System Design 
Computer Technology 

• Mathematics 
• Air Traffic Control 
System Development 

• Antenna Design 
Microwave Components 

Write in confidence to: Vice President — Technical Operations, The Mitre Corporation, 
Post Office Box 208, Dept. MA4, Bedford, Massachusetts 

An equal opportunity employer 
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Melpa.r’s 
•••." new ' 

AEROSPACE 
PROGRAMS J 

Have Created ’ 
Additional Positions 

for SCIENTISTS 
and ENGINEERS 

in the 
AEROSPACE DIVISION 
RESEARCH DIVISION 
ENGINEERING DIVISION 
APPLIED SCIENCE DIVISION . 

The work assignments re¬ 
quire advanced training and 
experience in: .. 
• Radiation Field Theory • E.H.F. 
• Systems Analysis • Bionics 
„• Space Communications System^ * 
• Information Theory • Acoustics *. 
• Thermodynamics • Aeronautics . 
• Horizontal Path Atmospheric • 

Scintillation • Antenna Systems ’ 
• Advanced Detection Principles 
and Systems • Infrared Homing 

• Multilayer Interference Filters 
• Differential Gas Absorption 
Spectroscopy • Radar Signal . 
Processing»TransistorCircuitry 

• Electro Optical Information 
Collection • Microelectronics 

YOUR PROGRESS is spurred in a 
company where creativity thrives! 

FOR FURTHER DETAILS WRITE TO 
PROFESSIONAL EMPLOYMENT 

MANAGER 

', JOHN HAVERFIELD 
OR CALL * ' 

JEFFERSON 4 6000 ‘ 
*• • . 

■ ■ W' ■■ 7. 

v MELPARVinc 
' ' A SUBSIOIARV or WCSTINOHOUBC AM* «•*« COMBANV 

, 3000 Arlington Blvd. . . 
Falls Church, Va. 

I ■ • ■ • • • • 

* • An equal opportunity employer. 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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on-off. Units can also be designed operable 
to temperatures up to +260°F to various 
other required specifications. Delivery: 8 
weeks. For further information, write to 
Max Polling at the firm. 

Polonium Alpha Sources 

Electro-Magnetic 
Pulse-Counter 

The Semiconductor Dept., Interna¬ 
tional Teiphone and Telegraph Corp., 
Components Div., has announced the 
availability of the type ZM-53 electro¬ 
magnetic pulse counter. This relay-like 
device has 10 armatures operating se¬ 
quentially on application of a pulse series. 
Precious-metal contacts are closed by the 
armatures. 

122A WHEN WRITING 

Hazleton Nuclear Science Corp., 4062 
Fabian Way, Palo Alto, Calif., has avail¬ 
able a catalog sheet which describes 
the polonium alpha sources which they 
have recently placed on the market. Uses 
are: effective ionization, dissipation of 
electrostatic changes, and instrument cali¬ 
bration. The mica window permits 70% 
of alpha transmission. Range is 1 micro¬ 
curie to 50 millicuries. 

The nominal minimum pulse duration 
for operation of the device is 20 millisec¬ 
onds and the minimum interval between 
pulses is also nominally 20 milliseconds. 
The actuating winding of the counter is 
available in both 24- and 60-volt designs 
with corresponding current ratings of 650 
and 324 milliamperes. At the conclusion 
of each counting sequence, the device is 
returned to zero by application of a 40-
millisecond pulse to a release winding. 

(Continued on page 124A) 

GOODYEAR 
AIRCRAFT 

CORPORATION 

Arizona Division 

is expanding its Electronic facilities and has long 
range positions that will challenge your talent in 
the technical areas listed below: 

SR. DEV. ENG’R. 
Develop wideband i-f amplifiers, i-f oscillators, 
i-f isolation amplifiers, de related circuits. 

SR. DEV. ENG’R. 

Develop X-band radar circuits & equipment in¬ 
cluding wave guide assemblies, & related circuits. 

SR. DEV. ENG’R. 
Servomechanisms, design close loop control system. 

SR. DEV. ENG’R. 

Develop radar transmitters & modulators including 
pulse forming networks, transformers, protection 
circuits, X-band amplifiers & related circuits. 

SR. PACKAGING ENG’RS. 

Layout packaging & detailing layout of electronic 
sub- assemblies including i-f and r-f units. 

All qualified applicants will receive consideration 
for employment without regard to race, creed, color, 
or national origin. 

Request Application or Send Resume To: 

B. A. Watts, Engineering Personnel 
Goodyear Aircraft Corporation 

Litchfield Park, Arizona 

Similar Positions at Goodyear Aircraft Corpora¬ 
tion, Akron, Ohio. 

ENGINEERING MANAGER 
Continued expansion by the Automatic 
Equipment Division has created an out¬ 
standing opening for a graduate elec¬ 
trical or mechanical engineer prefer¬ 
ably with a master degree to be re¬ 
sponsible for all engineering activity 
including development, design and ap¬ 
plication engineering for a newly or¬ 
ganized product department; auto¬ 
mated electro-mechanical industrial 
machinery. Must have at least 10 years 
management experience with overall 
project level responsibility for the de¬ 
sign and development of highly engi¬ 
neered systems. Should have a strong 
background in several of the following 
areas: logic circuitry, servo networks, 
hydraulic servo controls, tape recorders. 
Must also be experienced in the de¬ 
sign of practical hardware for such 
systems, and should have demonstrated 
leadership and managerial capabilities. 
This division is located in a Chicago 
suburb and is a major new industrial 
machinery division. A.M.F., a leader in 
the manufacture of automated machin¬ 
ery, offers an exceptional opportunity 
for personal and professional growth. 
These positions offer many excellent 
employee benefits and a salary com¬ 
mensurate with experience. Please reply 
in confidence to: 

MR. R. B. MARTIN 
Personnel Manager 

AMERICAN MACHINE 
& FOUNDRY COMPANY 

Automatic Equipment Division 
2100 East Lunt Avenue 

Elk Grove Village, Illinois 
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pioneer and leading manufacturer 
of rotary wing aircraft 

SIKORSKY 
electronic engineers 

can broaden their 

professional horizons 

in the field of 

h e H t ro n i c s 
Today, as Sikorsky Aircraft’s activities expand in significance and scope, 
particular emphasis is being directed to a sphere of activity which we term 
“helitronics". This area embraces a blending of two major technologies: heli¬ 
copters and electronics. Specifically, helitronics means the integration of guidance 
and navigation systems, specialized electronic search and detection equipment to 
enhance the mission capability of the helicopter; specialized sensors and auto¬ 
matic controls to increase its versatility as an optimum military weapon system 
and a commercial carrier. 

The need for more sophisticated electronic systems offers exceptional 
opportunities to competent electronic engineers with particular skills in: 
design • instrumentation • test • development • air-borne systems 
• production and service support equipment • trainers and simulators. 

Unusually interesting openings as Avionics Instructors also exist for men 
with aircraft electronics experience and a desire to teach. 

_ If you are interested in these career opportunities, please submit your resume, 
—- including minimum salary requirements, to L. J. Shalvoy, Personnel Department. 

SIKORSKY AIRCRAFT ̂ ':, 
DIVISION OF UNITED AIRCRAFT CORPORATION 

•- - - -

All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 
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GEL Advances the Art of 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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Clutched Synchro 

Integral clutch, spring return mech¬ 
anism and synchro has been developed 
by Astrodyne Inc., 121 Clinton Rd., Cald¬ 
well, N. J. The size 10 package contains 
an electromagnetic clutch, spring return 
mechanisim and synchro for computer ap¬ 
plications. The return mechanisim is set 
to ± 1 minute of electrical zero of the syn¬ 
chro and repeats synchro position to with¬ 
in ± 1 minute. The synchro can be rotated 

I through 360°. Units are also available in 
size 8 or 11 or with potentiometer and 
commutator switches. 

Sophisticated research and development programs in Microwave Telemetry 
in the 1500 to 2200 me region are now underway at General Electronics. 
Now, increasing workloads demand additional highly qualified, experienced 
engineers for junior and senior positions in this, and other fields. This is 
an opportunity to advance the art, and yourself, in a company guided 
and managed by engineers. Openings are in suburban city locations at 
GEL facilities in Cambridge, Mass., and Silver Spring, Md. Many excel¬ 
lent benefits include profit sharing, insurance, tuition refund programs, 
and the opportunity to join a company with an average 50% annual 
growth rate over the past six years. 

Miniature Trimmer 
Delay Line 

ESC Electronics Corp., 534 Bergen 
Blvd., Palisades Park, N. J., has an¬ 
nounced a new trimmer delay line with 
wide applications where miniaturization 
is a factor. 

MICROWAVE SYSTEMS AND ANTENNA ENGINEERS — Experienced in design 
and development of microwave antennas, receivers and components such as 
multipliers, mixers, filters and cavities. 

TRANSMITTER DESIGN ENGINEERS — Experienced in design and development 
of high-powered HF and VHF Transmitters with some experience in FM Trans¬ 
mitters desirable. 

RECEIVER ENGINEERS — Experienced in design and development of VHF and/ 
or UHF Receivers. Solid-state experience using devices such as varactors, 
transistors and diodes desirable. 

AUDIO ENGINEERS - Experienced in design of audio and tape transport sys¬ 

With a delay time of 0.05 gsec mini¬ 
mum at maximum position, the unit is 
2.25" in length, 0.35" wide, and 0.75’ deep 
(not including leads). It has a terminating 
resistance of 1000+10%. Its output rise 
time is 0.05 ^sec maximum with input rise 
time a step function. The dielectric 
strength is 500 VDC. 

For further information write to the 
I firm. 

tems. Solid-state and printed circuit experience helpful. 

PARAMETRIC MULTIPLIER DESIGN ENGINEERS — Experienced in development 
of solid-state devices associated with varactor frequency multipliers. 

Write or call: Mr. B. T. Newman, UNiversity 4-8500 

GENERAL ELECTRONIC LABORATORIES, INC. 
195 Massachusetts Avenue, Cambridge 39, Mass. 

An Equal Opportunity Employer. 

Miniaturized Power Packs 
Electronic Research Associates, Inc., 

I Cedar Grove, N. J., announces the avail¬ 
ability of a new two-page bulletin which 

I contains detailed mechanical data covering 
their complete line of Transpac miniatur-

I ized power packs. 
Included are case size data, tolerances, 

• (Continued on page 126A) 
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ELECTRICAL 
ENGINEERS 

B.S. DEGREE 
Electrical engineer with experience in electronic test 

equipment, DC amplifiers, FM equipment, magnetic 

tape recorders, pulse circuitry, and electrical control 
system. 

Work would include part or all of the 
following jobs: 

1. Maintaining and trouble shooting a data acqui¬ 
sition system used in rocket testing. 

2. Modifying and improving existing instrumenta¬ 
tion, which includes analyzing individual prob¬ 

lems, recommending possible solutions, obtaining 

equipment for prototype fabrication, checking 

and modifying and turning completed project 

over to operations. 

3. Setting up and operating special instrumentation 
tests such as hydraulic testing, dynamic balanc¬ 

ing, vibration equipment, and frequency analysis. 

HERCULES has 

immediate openings 
at the nation’s foremost 

rocket research and 

development facility 

at Rocket Center, 

West Virginia — 

Allegany Ballistics 

Laboratory. 

All inquiries will be acknowledged promptly. Write to 

DR. W. R. LOWSTUTER, Technical Personnel Dept. H. 

HERCULES POWDER COMPANY 
INCORPORATED 

Cumberland, Maryland 

All qualified applicants will receive consideration for employment without 
regard to race, creed, or national origin. 

U.S. CITIZENSHIP REQUIRED. 
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New Products 
llllllllllllllllllllllllllllllltllllll 

Increased technical re¬ 
sponsibilities in the field 
of range measurements 
have required the crea¬ 
tion of new positions at 
the Lincoln Laboratory. 
We invite inquiries from 
senior members of the 
scientific community in¬ 
terested in participating 
with us in solving prob¬ 
lems of the greatest ur¬ 
gency in the defense of 
the nation. 
RADIO PHYSICS 
and ASTRONOMY 

RE-ENTRY PHYSICS 

PENETRATION AIDS 
DEVELOPMENT 

TARGET 
IDENTIFICATION 
RESEARCH 

SYSTEMS: 
Space Surveillance 
Strategic Communications 
Integrated Data Networks 

NEW RADAR 
TECHNIQUES 

SYSTEM ANALYSIS 

COMMUNICATIONS; 
Techniques 
Psychology 
Theory 

INFORMATION 
PROCESSING 

SOLID STATE 
Physics, Chemistry, 
and Metallurgy 

•A more complete descrip¬ 
tion of the Laboratory’s 
work will be sent to you 
upon request. 

All qualified applicants will receive con¬ 
sideration for employment without regard 
to race, creed, color or national origin. 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 124A) 

terminal connections, mounting informa¬ 
tion, and related data. Drawings covering 
case sizes and terminal orientations are also 
included. 

The catalog sheet has been given the 
designation of Bulletin #102—Mechanical 
Data sheet. 

Size 11 Synchros 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Institute of Technology 

BOX 16 

LEXINGTON 73. MASSACHUSETTS 

Kearfott Div., General Precision, Inc., 
I 1150 McBride Ave., Little Falls, N. Y„ 

has announced the production of a line of 
Size 11 Bu/Ord synchro specification 
MIL-S-20708A. These transmitters, con¬ 
trol transformers, control differential 
transmitters, and torque receivers are em¬ 
ployed in systems used for fire control, 
radar, navigation, missile functions, and 
other applications requiring a high level 
of precision, endurance, and reliability. 
Each of these units operates in an ambi¬ 
ent temperature range of — 55°C to 
+80°C and each weighs 4.7 ounces. 
Other mechanical data includes: rotor 
moment of inertia of 2 gm cm1, friction at 
25°C of 0.05 in./oz. (maximum), friction 
at — 55°C of 0.07 in./oz. (maximum). Elec¬ 
trical characteristics differ with specific 
units, and synchros having accuracies of 
five or seven minutes are available. 

Measurements of VSWR 
In Coaxial Systems 

PRD Electronics, Inc., subsidiary of 
Harris-Intertype Corp., 202 Tillary St., 
Brooklyn, N. Y., manufacturer of micro¬ 
wave and electronic test instruments, has 
released a new 8 page PRD Report en¬ 
titled “Measurement of VSWR in Coaxial 
Systems” by Leonard Sweet and R. A. 
Lebowitz. 

The paper describes in detail the cur¬ 
rent methods used in obtaining standing 
wave measurements of microwave compo¬ 
nents, with emphasis on coaxial systems. 
By informative diagrams, graphs, and 
photographs of coaxial test equipment, 
this report describes the common types of 
coaxial lines used in systems, such as 
rigid air lines and solid dielectric cables. 
Numerous coaxial connectors, including 
Types N, C, BNC, HN, LC, LT, UHF, 
miniature and others, are also described. 
In various sections of this publication, the 

(Continued on page 12ftA) 

ENGINEERING 
PHYSICIST 

Challenging position offered by dy¬ 

namic young organization, located 

in Central New Jersey. 

Successful applicant would partici¬ 

pate in amply funded operation of 

exceptionally well equipped R & D 

Laboratory, concerned with mechani¬ 

cal movement or displacement pro¬ 

duced by the interaction of electrical, 

magnetic or electrostatic fields in 

microminature sizes. Experience or 

knowledge of fundamental design 

aspects with similar problems (for ex¬ 

ample miniature relays, choppers, 

switches, etc.) an asset. 

For interview please send brief 

resume to Personnel Department, P.O. 

Box 483, Princeton, New Jersey or 

call collect WAlnut 4-5990. 

ENGINEERS for 
MINUTEMAN 
MISSILE SITE 
in Montana 
Space Technology Laboratories, Inc., responsi¬ 
ble to the Air Force for the systems engineer¬ 
ing and technical direction of ICBM weapon 
systems programs, has immediate opportunities 
for qualified engineers to serve as systems test 
advisors in the system test and integration of 
the Minuteman missile system at Malmström 
AFB. Great Falls, Montana. 

Requirements include BSEE or BS in Physics, 
or equivalent, with 5 or more years experience 
in the design, development and installation of 
communication, control, computer, or data 
processing systems. 

To investigate these vital, challenging oppor¬ 
tunities, please write Dr. R. C. Potter, Manager 
of Professional Placement and Development. 
STL is an equal opportunity employer. 

SPACE TECHNOLOGY 
LABORATORIES, INC. 
P.O. Box 950051 
Los Angeles 45, California 
a subsidiary of 
Thompson Ramo Wooldridge Inc. 
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F ANTENNA & PROPAGATION 1 

lu 

ENGINEERS: To carry on theo-
retica) & experimental studies 
of advanced nature for all radio 
frequency bands. EE’s. (Ad-
vanced degree preferred.) Mini- ÿ 
mum of 6 years experience Q 

© 

Ground Support 
Electronic Systems 

Engineer 
© 
© 

Senior Staff Consultant 
for all System Level Experimentation 

in Electronics for all MSVD programs 

System problems include: stabi¬ 
lization and attitude control of 
satellites and re-entry vehicles; 
space/ground communications ; 
orbit navigation and control; 
mid-course and terminal space¬ 
craft navigation and guidance. 

9 
9 
e 
9 

Design and development of 

through the HF spectrum for 
application in the support sys-

An advanced degree is essential for this 
outstanding opportunity for high level, 
original work; also a substantial back¬ 
ground in systems design. Experience in 
radar & communications helpful, q 

9 
,9 

A Significant Opportunity for 
an Engineer with a Record of 
Achievement. An advanced degree 
— MS or PhD and a minimum of 10 
years applicable experience is manda¬ 
tory for the highly competent and crea¬ 
tive man required for this position. He 
will guide an organization responsible 
for the development of very advanced 
components for missile & satellite 

„ applications. These include ju¬ 
z’ coders, command circuitry, > 

vehicles. A technical specialist 
position requiring a USEE, 6 
years experience and a back-
¡round in such fields as com-
nunications, telemetry or radar. 

0 

ENGINEERS & SCIENTISTS 

IMMEDIATE OPENINGS AT 
THE MISSILE & SPACE VEHICLE DEPARTMENT 

PHILADELPHIA, PENNSYLVANIA 

Diversified Assignments 
for Design Engineers 

Your inquiry is invited regarding any of the 
positions —encompassing many areas of 
space science and engineering — listed on 
this page. Please use the INQUIRY CARD 
provided for your convenience. A prompt 
answer is guaranteed; your confidence will 
be respected. 

Analog Computer 
Specialists 

To plan sequence of computer oper¬ 
ations and determine circuitry for 
engineering problems connected 
with research, development and de¬ 
sign of advanced satellite, space¬ 
craft and missile systems. Set up 
and operate computer programs in 
a growing analog facility equipped 
with Electronic Associates and 
Reeves Analog Equipment, a com¬ 
bined Analog-Digital facility, and 
passive element analog computer. 

<D 

Logic Circuit Design 
Provide high level technical evaluation 
of digital techniques as applied to auto¬ 
matic programming systems for check¬ 
out equipment and airborne instrumen¬ 
tation. Requires EE with broad digital 
background from systems philosophy to 
final design. © 

Diversified Assignments in Systems Engineering 

Digital Components 
& Circuits 

Design and evaluate A/D and D/A con¬ 
verters, multiplexers, parity check gene-
•otors, digital storage devices, binary 
zounters, etc., for both airborne and 
ground digital equipment. EE with 2-5 
rears experience. 

SYSTEMS DESIGN 
Navigation & Control 

Challenging opportunity for engi¬ 
neer capable of assuming responsi¬ 
bility for integration, coordination 
and project engineering of special 
navigation and control systems. 
These include satellite attitude con¬ 
trol. orbit control, space power. 
Work requires a broad background 
in controls; 5 or more years engi¬ 
neering experience; EE or ME. 

SYSTEMS ANALYSIS 
Varied Space Systems 

Conduct preliminary studies to op¬ 
timize space systems through sub¬ 
system trade-offs, in order to 
provide a balanced systems synthe¬ 
sis effort. Define performance 
requirements and specific interface 
relationships between sub-systems. 
Degree plus 4 or more years experi -
ence in systems analysis required. 

© 

RADAR SYSTEMS 
Re-Entry Guidance & 
Space Navigation 

Apply radar systems principles to 
problems of re-entry-guidance and 
space navigation; define parameters 
of the technical concept and main¬ 
tain project control over full engi¬ 
neering effort. Requires strong 
background in radar systems with EE. 

© 

7^^. y^v. 

PROFESSIONAL EXPERIENCE (Two most recent or most applicable jobs) *11 qvolifitd applicsnlt «ill <»nlinu« i« recti*« cemiderafien 1er »mpleymtnt «ilhevl regard Ie race, creed, celer, ar netienol erigia. 

Coirp ny_ Position_ 

Yeai set experience (from)._ (to)_ Salary_ Assigned Duties_ 
I am interested in the following position(s) 

Como; «y_ Position_ 
Yeats tf experience (from)_ (to)_ Salary_ Assigned Duties_ 

Navigation & Control . E, F, H 
Instrumentation & Communication . C, E, Q, S, T 
Advanced Systems . F, G, H 
Ground & Space Support .   Y 
Analog & Digital Techniques . Q, S, T 
Applied Mathematics . 0 
Systems Analysis . G 

PERSONAL DETAILS Name_ 

Homa Address _ City_ 

Stab _ Telephone._ U.S. Citizen Yeso Non 

Ed jeation . Undergraduate _ __ 
College Degree Year of Graduation 

Grade ade _ __ _ 
College Degree Year of Graduation 

Positio Objective (primary job preference, level of responsibility, salary expectations)_ 

464A 

“ Simply circle the appropriate let¬ 
ters of those positions that meet your 
professional interests and qualifica¬ 
tions, fill in the questions to the left 
— attach a resume if you have one 
handy —and airmail to: 
Mr. Frank Wendt 
Missile & Space Vehicle Department 
General Electric Company 
3198 Chestnut Street 
Philadelphia 4, Pennsylvania 

GENERAL«^ ELECTRIC 



Scientists • Engineers 

BASIC STUDIES IN 

COMMUNICATIONS 
TECHNIQUES^ 
...at Sylvania’s 
APPLIED RESEARCH LABORATORY 

. .   iimiii. iiimi. niiniiiiiiiiiiiii. . 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 126A) 

At ARL, basic research in applications of 
statistical communication theory offers lib¬ 
eral opportunities for original work. As 
the central research facility for Sylvania 
Electronic Systems, ARL’s multi-disci¬ 
plined staff covers an unusual range of 
short and long range studies in commercial 
and military areas. 

Pictured above is the new laboratory facil¬ 
ity, located in Waltham, Massachusetts, 
convenient to the academic environment 
of the Boston area, and the suburban resi¬ 
dential areas. 

Current active research projects in Com¬ 
munications Techniques include: 

• Secure Communications Techniques 
• Controlled Data Rate, Communications 
Feedback Systems 

• Adaptable Communications 
Techniques 

• Modulation Techniques for Satellite 
Relay Systems 

• Communication Reconnaissance 
Systems 

□ Laboratory research programs are 
carried out under both Government 
contracts and, to a very substantial 
extent, under internally-directed re¬ 
search funds. 

□ The Laboratory’s staffing reflects a 
high degree of experience and/or aca¬ 
demic training. Of the 80 scientific 
personnel presently employed in the 
Laboratory, over one-third have PhD 
degrees. 

□ If you hold a graduate degree or 
have equivalent experience in an ap¬ 
plicable technical field, the advantages 
of a position with the Applied Re¬ 
search Laboratory merit your serious 
consideration ... 

• Problems of Major Magnitude in Ad¬ 
vanced Areas • Informal Professional 
Atmosphere and Extensive Opportu¬ 
nity for Creative Research • Ample 
Opportunity and Encouragement to 
Publish • Liberal Opportunities for 
Advanced Education. 

□ Communication scientists and 
engineers at ARL enjoy important 
inter-disciplinary relationships with 
other research groups which include 
Mathematics, Radio Physics, Informa¬ 
tion Processing, and Engineering 
Research. 

philosophy, definition and measurement 
of VSWR are compared and discussed. A 
section on applications covers the funda¬ 
mental uses of equipment commonly em¬ 
ployed in standing wave measurements. 

The report also covers the latest prog¬ 
ress made in VSWR measurement. It de¬ 
fines the terms used and discusses new 
techniques for making standing wave 
measurements. The errors inherent in the 
use of a slotted section, such as residual 
VSWR, slope, and irregularities, are also 
described. A bibliography is included. 

Copies of this latest issue of “PRD 
Reports,” Vol. 7, No. 3, entitled “Meas¬ 
urement of VSWR in Coaxial Systems” is 
available free from the firm. 

APPLIED RESEARCH LABORATORY 
Please direct your inquiry 
to Dr. Seymour Stein, 
Manager, Communications 
Research Department SYLVANIA ELECTRONIC SYSTEMS 

Government Systems Management 
for GENERAL TELEPHONE & ELECTRONICS 

Gl MISÛI 

Kerr Cell Applications 
Electro-Optical Instruments, Inc., 2612 

E. Foothill Blvd., Pasadena, Calif., has 
available several data sheets on their 
standard Kerr cell instruments. The firm 
has information available about the new 
uses of Kerr cell instrumentation in such 
experimental research as: Electrical dis¬ 
charges in gases; Electrically exploded 
wire phenomena; High-speed ballistic 
range photography; Hypervelocity par¬ 
ticle photograph ; Light sources for optical 
doppler systems; Lightning stroke studies; 
Optical modulators for Lasers; semicon¬ 
ductor carrier lifetime test sets; Single 
crystal explosive detonation phenomena; 
Thermonuclear plasma studies; Ultra-
high-speed shock tube photography; and 
Visual physiological testing and research. 

Self-Tuned 
Ultrasonic Cleaner 

The 3-gallon multisonic Model MSS 
1500 series produced by Sonic Systems, 
Inc., 1250 Shames Drive, Westbury, N. Y., 
combines self tuning, automatic operation, 
high reliability and ruggedness at the cost 
of some one gallon systems. 

An Equal Opportunity Employer 40 Sylvan Road — Waltham 54, Massachusetts 

ENGINEERS 
for 

CAPITRON DIVISION 
Elizabethtown, Penna. 

Send complete resume 
to T. J. Sullivan 

INCORPORATED 
Harrisburg, 
Pennsylvania 

An Equal Opportunity Employer 

128A 

ELECTRICAL ENGINEER 
(Power Supplies) 

Will develop and design Solid State Hi 
Voltage power supplies to 30 KV. B.S. in 
E. E. or equivalent. Experience with power 
supplies, magnetic amplifiers and transistor 
circuitry helpful. 

DEVELOPMENT ENGINEER 
B.S. in E. E. or Physics, with experience in 
field of design and development of new prod¬ 
ucts. Capable of doing creative work in the 
electronics field. 

CAPACITOR DESIGN ENG’R 
B.S. in E. E. or Physics preferred, for design 
in product engineering of rolled paper. Milar 
and Teflon capacitors, Isamica and Bentonite 
clay film capacitors. 

The generator has 150W average power 
and 600W peak. High efficiency, half 
wave self rectifying circuit scans trans¬ 
ducer producing even cavitation through¬ 
out complete cleaning tank. Generator 
dimensions are 13"X10’X8J'. 

Transducer tank MST 1501 with ID 
of 19 j‘'X12J-’X6'' deep can operate at 
temperatures of 230° F permitting use of 
boiling aqueous solutions. The price of the 
system is $449. 

(Continued on page 130A) 
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Putting outer space in Pasadena 
How will sub-zero cold and intense heat and light from 
he Sun effect planet-bound spacecraft moving through 
he void of outer space? The scientists and engineers at 
Cal Tech’s Jet Propulsion Laboratory think they know. 

But they’re building this giant space simulator at 
¿ PL’s Pasadena facility just to make sure. 

The 80-foot high simulator will soon begin environ¬ 
mental tests on the Mariner — first spacecraft scheduled 
ö fly-by Venus. In a 25-foot-in-diameter chamber, the 
Mariner may be exposed to a vacuum of 5xl0-6 milli¬ 
meters of mercury, a wall temperature of -320°F, and a 
radiant flux of sun light and heat found as near to the 

Ml qualified applicants will receive consideration for employment without regard to 

Sun as Venus and as far away as Mars. 
Next-to-the-real-thing testing is part of any R & D 

work. But in JPL’s job — exploration of our Moon and 
planets — the stakes were never higher. 

The odds for JPL’s (and the nation’s) success in 
space are only as good as our scientists and engineers are 
good. JPL is looking for good people. The best people. 
Why not write to us and find out if you can improve the 
odds. 

JET PROPULSION LABORATORY fl 11 
4804 OAK GROVE DRIVE, PASADENA, CALIFORNIA 
Operated byCalifornia InstituteofTechnologyforthe National Aeronautics&SpaceAdministration 

t, creed or national origin / U. S. citizenship or current security clearance required. 
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Why don't youTclIIC with 
Westinghouse 

NEWS 
New Products 

lllllllllllllllllllllllllllllllllllllllllllllllftlllllllllllllllllllllllllllllM 

where the door is open to 
Your Professional Growth 

(Continued from page 128A) 

Function Generator 
t he newly developed Type 250 function generator introduced 

recently by Exact Electronics, Inc., I’. O. Box 234, Hillsboro, 
Oregon, makes available five different waveforms-square, tri¬ 
angular, sine, cosine, and ramp-with independent or simul¬ 
taneous output of all five over a frequency range of from 0.001 to 
10,000 cps. 

The unit features external triggering in addition to manual 
triggering and continuous operation; delivers 30 v at 25 ma at the 
main output, or 30 v at 5 ma at auxiliary outputs. Reference level 
is variable for above and below-ground waveforms. Amplitude 
variation over the instrument’s 10-million-to-one timing range is 
said to be under 5%. 

Flexibility of the Exact Type 250 suits it for use as a general 
research laboratory tool as well as in such fields as servo work, 
analog computer function generation, medical applications, and 
mechanics. 

The Type 250, complete with operating accessories and in¬ 
struction manual, is priced at S600. 

Detailed specificationscan be obtained from the manufacturer. 

Recent engineering graduates, whose job 
expectations have not been fulfilled—should 
consider Westinghouse-Baltimore, 
where engineering careers thrive on 
challenging projects carried out in the 
finest company-owned facilities under an 
engineer-oriented management. The 
Westinghouse Graduate Study Program will 
enable you to combine stimulating 
project work with advanced technical 
studies at The Johns Hopkins University or 
the University of Maryland. You’ll find that 
your career potential is unlimited 
at Westinghouse! 

Current opportunities include: 
Solid State Physics 
Solid State Circuitry 
Weapons Systems Analysis 
Digital Equipment Engineering 
Receiver Development 
Reliability Engineering 
Engineering Writing 
Field Engineering 

Program Analyzer 
Applied Data Research, Inc., 759 State Rd., Princeton, N. J., 

has developed an IBM 709-7090 program “analyzer.’’ The an¬ 
alyzer examines all instructions in an IBM 709-7090 program 
and produces a list, cross referencing each operand address with 
the instruction and location affecting it. 

A program analysis is useful in locating errors during program 
checkout and in making changes to instructions and constants 
during and after debugging. 

Virtually an entire 32,000 word memory can be analyzed at 
one time at output speeds of 640 instructions per minute. The pro¬ 
gram can produce a listing for successive memory locations or for 
only those locations being referenced. 

A binary program deck, operating instructions and sample 
listing can be obtained without charge, from the firm. 

Signal-Conditioning Equipment 
Astra Technical Instrument Corp., 9905 W. Jefferson Blvd., 

Culver City, Calif., has announced a new line of accessories 
specifically for use with signal-conditioning circuitry: the Calibra¬ 
tion Monitor Panel Model CMP-1 and Servo Gun Model SG-1. 
These provide semi-automatic balancing of strain gages; semi¬ 

Send resume to: Mr. W. M. Edgett, Dept. 456 

w Westinghouse I BALTIMORE 
P. O. Box 746 Baltimore 3, Maryland 

AIR ARM • ELECTRONICS • ORDNANCE 

An Equal Opportunity Employer 

automatic biasing of thermocouples; selectable, six-range null 
voltages; and automatic decimal point indication. The CMP-1 
provides a convenient monitor for high- and low-level signals in 
the same instrument at the same time. The easily read and used 
unit has extreme reliability and very great accuracy through 
digital readout switching. The hand-held servo gun consists of a 

(Continued on pone 132A) 
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Philco WDL has immediate 
and challenging engineering 
positions open in Discoverer, 
Midas and Advent programs 
in these categories: 

Data systems engineering 

Technica Staff — communica 
tions and data systems 

Systems test planning 

Systems reliability analysis 

Design Engineering — surface 
and vehicle electronics 

Human factors and operations 
analysis 

Field tracking station activation 

Tracking and control systems 
design 

Logistics and station support 

And others 

U. S. citizenship or current transferable 
Department of Defense clearance re¬ 
quired. 

if your future is for growing... 

People at Philco's Western Development Laboratories are proud 
of their achievements, secure in the steady growth of their 
company, enthusiastic about their future. 

In just four years, Philco WDL has expanded from a staff of 
18 to more than 2,000. At the end of this year WDL will open a 
new 250,000-square-foot facility which will accommodate 
a continually expanding complement of engineers, scientists 
and supporting staff members. 

Philco WDL, the space organization which designed and built 
the Courier satellite, conducts an ever-growing development 
program in tracking, satellite instrumentation, communications, 
data processing and command —moving hand in hand with the 
federal government in space exploration and space age defense. 

Your growth with a growing company, ideal living on the Northern 
California Peninsula, professional and monetary advancement 
commensurate with your own ability—these are some of 
the advantages and satisfactions of working at Philco Western 
Development Laboratories. 

If yours is one of the fields listed at the left, write today to 
Mr. W. E. Daly, in confidence, of course, Department R-l. 

This new 250,000-square-foot addition to Philco Western Development 
Labs is further indicative of your future there. 

PH ILCO 
EQ > TtCuJ ̂ cr Qtuifay (Ar TtcrAV Over 

WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alto. California 
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McLEAN 
BLOWERS 

Cool The 
Electronic World! 

NEWS A 
New Products^ 
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These menufecturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page ISO A) 

housing and balancing servo motor with 
a no-load speed of 144 rpm and stall torque 
of 23 ounce-inches. The SG-1 is always 
used with the CMP-1 and any signal-con¬ 
ditioning equipment with a driven control 
of the proper mechanical configuration. 
Insertion of the gun automatically couples 
the output of the signal-conditioning 
equipment to the CMP-1. The servo mo¬ 
tor will not operate until the pisto-grip 
trigger is pressed. Request further infor¬ 
mation from R. W. Smith, at the firm. 

General Purpose Relay 

E. V. Naybor Laboratories, Inc., Port 
Washington, N. Y., has developed the ‘R’ 
series relays, general purpose subminiature 
types designed and manufactured in ac¬ 
cordance with military specification MIL-
R-5757D. 

A new type of rotary motor, for which 
patent application has been made, actuates 
the multiple contact arrangements. The 
high torque developed by this relay results 
in higher contact pressures, thus providing 
greater reliability. 

Specifications 
Contact Arrangement—Two-four-and 

six-pole, double throw at two amperes 
resistive, or one ampere inductive, or eight 
amperes overload. These ratings are for 
voltages of 26.5 vdc or 115 vac; 60 to 400 
cps. Coil—standard coil resistance for 6 
PDT relay is 200 ohms for 26.5 volt opera¬ 
tion. Other resistance values are available 
from 6 to 14,(XX) ohms. Temperature 
Range—From —65°C to +125°C. Vibra¬ 
tion—15 G's to 2,000 cycles. Shock—50 
G for 11 milliseconds. Altitude—To 
70,000 feet. Dielectric—Test at 1,000 
Volts RMS. Weight—2.6 ounces. 

Epoxy Case Shells 

Know This Man ... ! 

Wide Variety of Widths, 
Depths, Heights, CFM's 

A Full MIL-SPEC line 
as well as commercial models 

WRITE TODAY *^7/ 
New 16-Page 

Condensed Catalog / 

U #|EA|] ENGINEERING 
IVlCLEAIl LABORATORIES 

World Leader In Packaged Cooling 

P.O. Box 228, Princeton, New Jersey 
Phone Area Code 609 WAInut 4-4440 

TWX PRN NJ 6360 
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RIXON'S 
NEW VP* 
HEADS ITS NEW 

ASD Team 
RIXON'S continued and increasing value to 

its customers in the electronic systems field 
is enhanced by its addition of a new Ad¬ 

vance Systems Development Team headed by Law¬ 
rence Lerner. Mr. Lerner's professional background 
includes extensive computer systems development and 
programming. His group is composed entirely of 
experienced professional engineers. They are the 
technical contact with Rixon’s customers. Let the 
Advance Systems Development Team show you how 
Rixon can be of value and service to you. 

‘LAWRENCE LERNER 

BSEE—194). MSEE—1941; grafuM Cm La«4e, City Celles» 
of New Yert; elected Mu Beta Kassa, Masters Degree, N.Y.U., 
Member IRE. member of stber »"festiml poops. 15 years 
srefessieaal eiserieace ia des ga aid devtl«*meat of elec 
treeic eensmeat 

MARVIN FRANK 

Graduated U. 9. Nival academy—1IM last romea tat isas OMi 
ter—Special Electraaic Prajects, U. S. Air Farte; Editer 
Electraaic Fablicatieas aad misais eagiaeer 

WILLIAM A. LINTON 

B.9. (Pbysics-Math)—1951—Emery Uaiversity. Research Physicist. 
College lastrKtor if Physics, ever 19 years prafessieaal er 
perieace ia physics aad electraaic circaitry. 

CHARLES S. KRAKAUER 

BSEE MIT—1999, ever 19 years prMdUiBMl eiperieace ia 
desiga aad develepmeat of electraaic systems, special ad 
vaaced electraaic lastrMeotatiea aad coat re I circaitry. 

Cycle Products Co., Inc., 123 Central 
Ave., Newark 2, N. J., is manufacturing a 
standard line of epoxy shells for electronic 
component packaging. Material is epoxy 
mineral filled non-burn is standard and 
available from stock, other epoxy materials 
and other plastics such as silicone, diallyl 
phthalate and phenolic are available on 
special order. 

Colors are black which is the standard 
striked color, red, green, blue, tan orange 
are available on special order. 

Shapes and sizes. Other shapes, square, 
rectangular, and so forth, and sizes can be 
moulded on special order. 

Standard Stocked Sizes 
OD ID Height 
.562 .492 .750 
.625 .547 .750 
.688 .610 .750 
.750 .672 .750 
.813 .753 .750 
.875 .797 .750 

1.062 .984 .750 
1.188 1.126 .750 
1.250 1.172 .750 
1.312 1.235 .750 

ELECTRONICS. INC. 
2121 Industrial Parkway 

Montgomery Industrio! Pork 
Silver Spring, Md. PhOne 622 2121 

Silicon Diode Catalog 
A new catalog describing a line of sili¬ 

con double diffused alloy diodes for use in 
core driving, clamping, gating and similar 
circuits in high speed digital computers, 
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has just been announced by National I 
Transistor Mfg., Inc., 500 Broadway, Law¬ 
rence, Mass. 

Conductances of the order of 500 ma 
at 1.0 volt, and switching speeds of 500 
ma at 15 millimicroseconds are typical of 
the diodes listed. 

In addition, these diodes will with¬ 
stand 60,000 g’s centrifuge for 3 minutes 
acceleration and 150 pounds per square 
inch for 30 minutes in an aqueous solution. | 
They are encased in a one piece submin¬ 
iature glass envelope. 

The new catalog B-101 can be obtained 
by writing to the firm. 

Incandescent Spotlight 
The Pinlite, “Model Lens,” believed to 

be the world’s smallest incandescent spot- | 
light, has been announced by Kay Elec¬ 
tric Co., Dept. PI, Old Bloomfield Ave., 
Pine Brook, N. J., manufacturers of micro¬ 
miniature lamps and precision electronic 
test instruments. 

SENSITIVE, WIDE RANGE: 
HONEYWELL NULL INDICATORS 
Honeywell Null Indicators have an exclusive core and magnet design 
that gives you precise null determination with high sensitivity over a 
wide range of unbalance. Rugged pivot and jewel construction allows 
them to be used for sensitive null detection where suspension gal¬ 
vanometers cannot. ■ Due to non-linear characteristics, large amounts 
of unbalance can be observed without overloading, and sensitivity at 
the null point is greater than with conventional nullmeters or zero 
center meters. Honeywell Null Indicators are available in both Medal¬ 
ist (16 colors to choose from) and ruggedized models, and come in three 
levels of sensitivity. ■ To learn more about Honeywell Null Indicators 
and other meters, write Minneapolis-Honeywell Regulator Company, 
Precision Meter Division, Grenier Field, Manchester, New Hampshire. 
MM-2 (2^') Model illustrated. Also available in round sealed ruggedized models in 2H' and 3^' sizes. 

Measuring 0.080" long by .030" in di¬ 
meter, the new lamp utilizes new manu-
'acturing techniques that permit a built 
ito lens effect. The directional character-
s ics of the light source intensify the pro-
e ted light to provide a microminiature 

(Continued on page 134A) 

Honeywell 
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- the ultra 
new YOKE! 

NEWS A 
New Products^ 

DcffetW 
By 

k- - Cetec 
MAJOR ADVANCE IN 

THE SCIENCE OF 
ELECTRON BEAM DEFLECTION! 

SPOT RECOVERY 
Fastest! to 1 /xs 

SPOT SIZE 
Smallest- by 25% 

SPOT SWEEP 
Straightest. 

* DEFLECTRONS for DISPLAYS 
Where ordinary precision 
yokes FAIL to meet your 
requirements. 

Write for NEW "DEFLECTRON" 
Data and Standard Yoke 
Catalog. y 

I These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

I information. Please mention your IRE affiliation. 

(Continued from page 133A) 

spot. Up to ten times as much light is con¬ 
centrated in the direction of the beam. 

Total light output is 60 millilumens. 
Aside from its general applications as 

an optical point source, other potential 
areas are in readout devices, medical and 
industrial light probes, transistor indicat¬ 
ors, and pointer and meter scale illumi¬ 
nators. In addition, low thermal time-con¬ 
stant provides a fast light modulating 
capability and thus application to audio 
frequency sound recording. 

Specifications: operating voltage (volts) 
—1.2; operating current (milliamperes)— 
12; diameter (inches)—0.030; length 
(inches) 0.080; and a life expectancy 
(hours)—1000. 

Literature and prices may be obtained 
by writing the manufacturer. 

FM Antenna Catalog 
Andrew Corp., P.O. Box 807, Chicago, 

Ill., manufacturers of antenna systems, 
has published a new catalog on their 
“Multi-V” FM antenna system. The 
Multi-V antenna was introduced by An¬ 
drew 10 years ago and is currently being 
used by many FM stations. When used in 
conjunction with HELIAX, flexible co¬ 
axial cable, the Multi-V provides a 
matched system with mimimum VSWR 
across the entire channel. The system 
offers complete flexibility for multiplexing 

All electrical specifications shown in 
the Andrew Catalog B are based on meas¬ 
ured data. The catalog is available by 
writing to the firm. 

FAIRCHILD 
OSCILLOSCOPE CAMERAS 
WITH POLAROID® BACK 

MAKE PERMANENT 
TRACE RECORDS IN 
2 TO 10 SECONDS 

Celcc 

Quast Appointed 
by E D P Corp. 

The appointment of Harold R. Quast 
j as manager of Systems Engineering for the 
E D P Corporation, 3501 S. Orange Blos-

j som Trail, Orlando, 
Fla., specialists in 
electronics, instru-

I mentation and sys¬ 
tems research, was 
announced recently 
by William Vassar, 
E D P president. 

A graduate of 
Tri-State College 
where he received a 
B.S. degree in radio 
engineering, Quast 
has many years of 

These time tested instruments are 
built for rough lab use. Many have 
been on duty for more than twelve 
years. They’re simple to operate — 
require no extra apparatus. See 
your photo-records, sharp and per¬ 
manent in seconds. Enter evidence 
in reports or data books at once. 

For literature, prices and special 
bulletin on new High Speed films, 
write Dept. 0, Fairchild Camera & 
Instrument Corp. 

Main Plant: MAHWAH, N. J. DAvis 7-1123 

PACIFIC DIV- UPLAND. CALIF. YUkon 2-0215 

CENTRAL DIV- LANESBORO. PA. ULYsses 3-3500 

design experience with missile instrumenta¬ 
tion, tracking and data handling systems. 

Quast's appointment marks E P D 
Corporation’s expansion into the field of 
large electronic instrumentation and data 
handling systems. He will be responsible 
for developing the “Systems Approach” to 
engineering problems, in which facets of a 
task, from initial engineering concept 

F-296 makes full size record of single 
transients or repetitive phenomena. F-286 
records two half size images on each 
print. Both cameras have heavy duty 
Alphax #3 shutter. Speeds; 1 to 1/100 
sec. “T" & "B”. Fixed focus. 
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FAIRCHILD CAMERA 
AND INSTRUMENT 
CORPORATION 
580 MIDLAND AVENUE. YONKERS. N V. 
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through final equipment fabrication and 
installation, are continuously coordinated 
on a management level. 

Spectrofluorometer 
Bulletin Offered 

Farrand Optical Co., Inc., 238th St. and 
Bronx Boulevard, New York 70, N. Y., 
has prepared a new brochure covering the 
features and operation of their improved 
Spectrofluorometer. 

Among the improvements is a new at¬ 
tachment which now permits the measure¬ 
ment of transmission or absorption of the 
sample. 

For a copy of the brochure contact the 
firm. 

Transducer Converters 
A new series of transducer converters 

permits the use of differential transformer¬ 
type transducers with 28 vdc and 115 vac 
power sources. Developed and manufac¬ 
tured by the new Transducer Div., San¬ 
born Co., 175 Wyman St., Waltham 54, 
Mass., these converters produce DC sig¬ 
nals proportional to the input, ready for 
monitoring or recording with a general-
purpose DC amplifier. No carrier ampli¬ 
fication is needed. 

The two models (592-100 and 592-200) 
that accept 28 vdc contain a 5 kc oscil¬ 
lator, demodulator and filter. The first 
produces a DC signal that varies linearly 
with both displacement and input voltage. 
1 he second (592-200), with a voltage regu-
ator, produces an output signal that is in-
lependent of input voltage variations. A | 
hird model, 592-300, accepts 115 V +10%, | 
>0-cps ac and produces an output signal 
hat is independent of input voltage varia-
ions. All converter circuitry is contained 

xi a 9J''X1A*X2*’ aluminum housing 
which has input, output and transducer 
connectors. 

Complete information on these trans-
c ucer converters and transducers for lin¬ 
ear motion, pressure, etc., is available 
f'om the firm. 

Micro-Miniature 
Ceramic Capacitors 

Centralab, The Electronics Div., 
Globe-Union Inc., 900 E. Keefe Ave., Mil¬ 
waukee 1, Wis., announces the availabil¬ 
ity, in production quantities, of a new 
stries of microminiature, 3-v Ultra-Kap® 
ceramic capacitors. Described as being 
hilf the size of a matchhead, these units 
reasure less than ¿V in diameter. They 

(Continued on Page 136A) 

PROTECT 
UNDERWATER CIRCUITRY 
WITH SPECIAL BENDIX 

CABLES AND CONNECTORS 
Based on a concept developed by Portsmouth Naval Shipyard, 
special cable and connector assemblies offering maximum 
protection for underwater circuitry are now available from 
the Scintilla Division of The Bendix Corporation. 

These watertight assemblies are available in a variety of 
configurations. The specification covering this design stipulates 
that the cable and connector assembly must be capable of 
operation, mated or unmated, at high pressures. Connector 
receptacle shells are fabricated of non-corrosive metal. Con¬ 
nector plugs are sealed to the cables by watertight, pressure-
tight molding. 
Bendix has a wealth of experience in fabricating cables and 

connectors for underwater applications. If you have needs in 
these areas—and want top quality at no premium in price-
write us at Sidney, N.Y., for complete information. 

BENDIX CONNECTORS \ DesignedtogMer
BENDIX CABLES ... p- work best together! 

Scintilla Division 
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SENSITIVE RESEARCH 

POCKET 
NEWS 

New Products, 
four to six weeks. For more detailed infor¬ 
mation on these units write for bulletin 
EP 1350, available without charge from 
the firm. 

0 .05% accurate 
Miniature DC 
Potentiometer! 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 135A) 
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PockctPot 
Precision DC measuring po¬ 
tentiometer with self-con¬ 
tained galvanometer and bat¬ 
tery operated standardiza¬ 
tion circuit. Direct "in line” 
readout. Additional voltage 
and current ranges can be 
obtained by using it in com¬ 
bination with the Model PC-
S, a switch controlled, .05% 
accurate “plug in” unit of 
the same size. 

Additional Specifications 

ACCURACY: ± .05% of read¬ 
ing or ± .5 mv., which¬ 
ever is greater. 

RANGES: 0-5.100 v; when 
used with PC-S, 0-500 v. 
and 0-1 amp. 

RESOLUTION: Continuous. 1 
mv. divisions on slide 
wire. 

SENSITIVITY: Infinite resist¬ 
ance at null. When used 
with PC-S, 2,000 n/v. 

SIZE: 9" X 4^4" X 1%". 
WEIGHT: 3 lbs. 
PRICE: Model PC, $450.00; 

Model PC-S, $175.00. 
•Copyright U.S.A. 
Patent Applied for 

SENSITIVE 
RESEARCH 
INSTRUMENT CORPORATION 
NEW ROCHELLE, N.Y 
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are available in 0.005, 0.01 and 0.02 gf 
capacities. A 0.1 nf unit, approximately 
¿i* in diameter is also available. 

Rectifier 
A new compactron device for high-

voltage rectifier service in television receiv¬ 
ers has been developed by Generla Electric 
Co., Receiving Tube Dept., Owensboro, 
Ky. 

Power factor is a maximum of 10% at 
1 kc, measured at 3 v rms maximum. Leak¬ 
age resistance is in excess of 30K ohms, 
1.4 v de. 

Specifically designed for low voltage 
semiconductor circuits, these high capac¬ 
ity units have excellent temperature sta¬ 
bility from —55°C to +85°C, according 
to the manufacturer. 

Cost ranges from SI 75.00 to $250.00 
per thousand depending on rating and 
quantity. Delivery time is approximately 

Conventional 1G3 Type 2AH2 

Designated type 2AH2, the new 12-pin 
compactron rectifier is designed to supply 
power to the anode of the picture tube. It 
is immediately available in production 
quantities at a suggested user price of 71 
cents. 

Lower seated height and a 2.5 volt 
(Continued on page 138A) 

BARRIER TERMINAL STRIP 
HEAVIER 
BODY 

HIGHER 
BARRIERS 

1 

WIDER 
BARRIERS 

MATERIAL BETWEEN 
BARRIERS AT BASE 

CAN BE IMPRINTED 
HERE 

JONES 500 SERIES 
LONGER —STURDIER 

BOTTOMS 
CLOSED 

KNOCKOUTS FOR 
Y TERMINALS 

Wider and higher barriers for increased creepage distances. Closed 
bottoms for complete insulation. Material between barriers at the base 
adds to the strength and maintains the same creepage distance between 
contact to contact and contact to ground. Can be imprinted here. No 
insulating or marker strip required. Three series—540, 541 and 542 
having the same terminal spacing as our 140, 141 and 142 series. 

Complete listing in the new Jones No. 22 catalog. Write for your 
copy today. 

Howard B. Jones Division 
CINCH MANUFACTURING COMPANY 
CHICAGO 24, ILLINOIS 

DIVISION OF UNITED-CARR FASTENER CORP. 
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Sorry, 
but your resistor specs 
just went out of date 

Now Corning supplies total AR 
less than 3% with no derating 
S art a design with known limits of resistance deviation as 
light as that and you can specify other components with 
rore certainty and more freedom. 
Drop an amplifier stage? Use broader tolerance, cheaper 

ubes or transistors? 

Model Resistance (ohms) Corning Design Tolerance 

IF 60 
rMeets MÍI-R-10509D) 65 

100 to 100K 
100 to 348K 3% 

1 60 
(fleets MÍI-R-10509D) 65 

70 

10 to 133K 
10 to 499K 
10 to 1 meg. 

3% 

C 20 
(Jleets Mil-R-22684) 32 

42S 

51 to 150K 
51 to 470K 
10 to 1.3 meg. 

5% (plus purchase 
tolerance of either 

2% or 5%) 

That's what our new Corning Design Tolerances are all 
about. They give you a percent deviation from nominal that 
includes the purchase tolerance, maximum AR due to TC, 
and maximum load-life drift. They’re based on extended 
performance at full power and 70°C. ambient for over 
30,000 hours. 

We’ve assigned them to resistors that cover the 10 ohm— 1 
meg. range: the fusion-sealed NF, the precision N, and the 
low-cost, high-performance general purpose C. 
A new folder, “Design Tolerances for Tin Oxide Resis¬ 

tors,” gives you full information. Write for a copy to Corning 
Glass Works, 542 High St., Bradford, Pa. . . . and sharpen 
your pencil. 

CORNING 
Electronic Components 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 136/1) 

cathode-type heater are unusual features 
of the new compactron diode as compared 
with conventional-tube type counterparts, 
such as the 3A3, 1B3, 1K3 and 1G3. 

The cathode-type heater used in the 
2AH2 enables it to handle substantially 
higher voltages than other rectifiers with 
filament-type heaters. Maximum peak 
inverse plate voltage rating of the 2AH2 
is 30,000 volts for total DC and peak; 
24,000 volts in the DC component. Maxi¬ 
mum steady-state peak plate current is 80 
ma and maximum DC output current is 
1.5 ma. 

Current Indicator 
and Integrator 

A combined current measuring and 
integrating instrument that is widely ap¬ 
plicable to the fields of chemistry, nuclear 
physics, and radiography has been an¬ 
nounced by its manufacturer, Elcor, Inc., 
1225 W. Broad St., Falls Church, Va. 

The Model A309B can be used in the 
nuclear physics field for measuring and 
integrating beam current in electron or 
positive ion accelerators. Chemical ap¬ 
plications encompass a wide variety of im¬ 
portant uses. For coulombmetric measure¬ 

ments, it will continuously indicate the 
progress and extent to which a reaction has 
progressed by providing a digital reading 
of the accumulated charge. With a cali¬ 
brated ionization chamber the A309B will 
measure X-ray and gamma radiation in¬ 
tensity and measure the accumulated ex¬ 
posure or dossage over a wide range and 
for extended periods of time. 

The A309B can also be used as an auto¬ 
matic control for processes, experiments, 
and monitoring. When a given amount of 
charge (easily and accurately' predeter¬ 
mined by' front panel controls)has been col¬ 
lected, the instrument will stop or continue 
integrating as determined by user, give a 
signal and/or sound an alarm, and shut 
off associated equipment being controlled 
by the A309B. 

Full-scale input current sensitivity' can 
be varied from 1 milliampere to 3 milli¬ 
microcoulombs per second. The integra¬ 
tion period can extend from a fraction of 
a second to 280 hours, and can be term¬ 
inated either upon reaching a preset charge 
or at a preset time by using an external 

COVERS 1 kc to 300 me ... 

. . . with dual measuring circuits and 
plug-in oscillators for flexibility and re¬ 
duced cost. Marconi Model 1245 has sta¬ 
bility, high accuracy and silky smooth 
controls without backlash which make it 
a pleasure to use. Demonstration in your 
plant is easily arranged and can be 
convincing. 

Q Range . 5 to 1000 
Delta-Q . 25-0-25 
Tuning C . 7.5 to 5OOpF 
Price . $600 

(Oscillators extra) 

Ask for 31 -page brochure — 

"Measurements by Q Meter" 

MARCONI 
INSTRUMENTS 

DIVISION OF ENGLISH ELECTRIC CORPORATION 
111 CEDAR LANE, ENGLEWOOD. NEW JERSEY 

MAIN PLANT: ST. ALBANS. ENGLAND 

MEGACYCLES 
5th 

OVERTONE 

138A 

Primarily for Frequency 
Standard Use Under 
Rigorous Environmental 
Conditions. 

Aging: 1 x 10-’/ day. Frequency Change: Less than 1 x 10 * under vibra¬ 
tion of 10 to 200 cps at 10 G, and under 100 G shock when tested per 
MIL-STD 202A Method 202A. Frequency Range: From 4.966 me to 6.133 
me. Write for literature to James Knights Company, Sandwich, Illinois. 
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clock. Current of either polarity can be 
measured and integrated. 

New ISOPLY circuitry is employed to 
obtain a drift of less than 0.01% per hour. 
A mercury-cell current source is provided 
internally for calibration purposes and for 
convenience in checking performance. Ac¬ 
curacy exceeds 1% of full-scale. Other 
features include the ability to operate with 
relatively low signal voltages or signal 
source impedances and provision for driv¬ 
ing either a 1 ma or a 10 mv recorder. 

Additional information and complete 
specifications are given in Elcor Bulletin 
No. 36-1261. The price of the Model A309B 
Current Indicator and Integrator is 
Si 274.00 with delivery three (3) weeks after 
receipt of order. 

IBM Promotes Marcy 
H. Tyler Marcy has been promoted to 

vice president of the General Products 
Div., International Business Machines 
Corp., 112 East 
Post Rd., White 
Plains, N. Y. The 
announcement was 
made by John W. 
Haanstra who was 
recently promoted 
from the post to 
president of the 
division. 

In his new posi¬ 
tion, Mr. Marcy 
will be responsible 
or product devel-
ipment for the division-one of two di¬ 
visions in the company handling product 
levelopment and manufacturing of com-
uercial data processing equipment. De¬ 
velopment laboratories are located in 
îndicott, N. Y., San Jose, Calif., and 
•Rochester, Minn. Marcy will have his 
•dice in White Plains. 

Marcy was formerly manager of the 
BM development laboratory in Pough-

I eepsie, a part of the Data Systems divi-
son. He joined IBM in February, 1951 as 
; technical specialist at the Airborne Com-
I liter Laboratory the company then op 
outed in Vestal, N. Y. 

A graduate of the Massachusetts Insti-
t ite of Technology, Marcy holds a mas-
t t’s degree in electrical engineering. Be¬ 
fore joining IBM, he was associated with 
M. W. Kellogg in Jersey City. 

Delay Lines 
PCA Electronics, 16799 Schoenborn 

S . Sepulveda, Calif., introduces a series 
>1 PCDL lumped constant delay lines 
itckaged in hermetically sealed cases and 
qecifically designed for application on 
printed circuit cards. 

Developed to meet specific height and 
~c lume requirements, the case height of 
sew delay line is 0.400 inch maximum. 
Width: 1.400 inches. Length may be varied 
t s required. Time delay to rise time ratios 
<f 5:1 require a delay line length of 1.6 
iteh, for example. Ratios of 25:1 may be 
< fatained with a length of 5.6 inch. 

Up to 8 terminals are available on a 
sit ndard case, but more may be added as 

(Continued on page 1J0A) 
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PROFESSIONAL CONSULTING SERVICES 

Advertising Rates 

Professional Consulting Service Cards 

I insertion $35.00 
12 insertions $300.00 

50% discount to IRE members on 3 or more 
consecutive insertions. 

In IRE DIRECTORY $35.00 flat rate 

New rate effective January 1963 
I Insertion $40.00 

12 Insertions $420.00 
50% discount to IRE members on 
3 or more consecutive insertions 

In IRE DIRECTORY $40.00 flat rate 

I inch only, no cuts or display type. 

Advertising restricted to professional engineer¬ 
ing and consulting services by individuals only. 
No product may be offered for sale, and firm 
names may not be mentioned in cards. 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereophonic Systems 

Television Systems 

81 South Bergen Place, Freeport, LI., N.Y. 
FReeport 9-8800 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and Staff 

Transistorized Modular Equipment 
Product Design • Test Equipment Design 

III South Oak Street ORegon 8-4847 
Inglewood, California 

Prof. D. S. BUGNOLO, Sc.D. 
Consultant 

Satellite & Space Communication 
Propagation, Antennas, Information Theory 

61 Lillian Place Red Bank, N.J. 
SHadyside 7-1549 

SIDNEY FRANKEL. Ph.D. 
& associates 

Engineering Research • Technical Consultation 
Feasibility Studies 

Communication and Control Systems 
Radio and Radar Techniques 

1165 Saxon Way Menlo Park, Calif. 
DAvenport 6-9166 

Proposals Research Development 
Reports Prototype Units 

DR. A. W. FRIEND, P. E. 
CONSULTING ENGINEER 

AND PHYSICIST 
5903 City Avenue TEnnyson 9-3098 
Philadelphia 31, Pa. MOhawk 4-0275 

EARL GREENBERG & associates 
Solid State Circuits Laboratory 

Transistorized digital/analog calculators 

Special devices and controls 
Design—Development—Prototype Construction 

11-16 154th Street, Whitestone, New York 
Hickory 5-2459 

LEON HILLMAN 
Engineering Staff and Laboratory 

• Instrumentation • Control Systems 
• Electronic Research and Development 

255 County Rd., Tenafly, NJ. LOwell 7-3232 

Engineering • Consulting • Proposal Assistance 

S. HIMMELSTEIN 
and staff 

Magnetic Recording Systems 
Computer Peripheral Equipments 

Transports, Drums, Discs. Photoreaders, Circuitry 

3300 West Peterson, Chicago 45 • IRving 8-9850 

140A 

THIN FILM and other MICROCIRCUITS 
designed & developed 

Distributed Parameter Networks; 
Deposition Tech. 

2414 Reedie Drive, Silver Spring, Md. 

M. A. KARP 
staff and associates 

Phone: 565-2896, Silver Spring, Md. 

LEONARD J. LYONS 
Consulting Mechanical Engineer 

COOLING—HEATING—FLUID FLOW 
Analysis and Testing. 

Heat Transfer & Thermodynamic Problems 
3710 Crestway Dr. AXminster 1-5446 

Los Angeles 43, California 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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required. Terminals are 0.030 inch diame¬ 
ter pins on 0.200 inch, centers. A 6-32 in¬ 
sert on each end of line secures it to the 
board. 

PCDL delay lines have a 500 VDC 
rating, low temperature coefficient, a 
maximum attenuation of 0.7 db/jusec for 
rise times less than 0.15 /¿sec., and 0.35 
db//xsec for rise times greater than 0.15 
lisec. Tolerances can be maintained 
through an environmental temperature 
range from —55° C to 125° C. Delivery 
date for PCDL delay lines is approxi¬ 
mately 30 days. Price: from $20.00 to 
$150.00 per unit, depending on perform¬ 
ance requirements. 

Telecommunications Consulting Engineers 
"Worldwide Experience" 
V. J. Nexon and staff 

WIRE, CARRIER. RADIO. MICROWAVE. 
TROPO SCATTER 

Feasibility Studies. Terrain Surveys, System De¬ 
sign, Job Supervision, Government Proposals, 
Market Research, Product Planning. 
U.S. 46 & Cisco, Denville, N.J. OAkwood 7-7400 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—Microwave—Carrier-
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 
ANDOVER. NEW JERSEY 

Tel: PArkway 9-6635 P.E.N.J. 

NATHAN GRIER PARKE 
and staff 

Consulting Applied Mathematicians 
Research • Analysis • Computation 

Bedford Road • Carlisle, Massachusetts 
Area Code 617 • EMerson 9-3818 

PAUL ROSENBERG 
& associates 
Established 1945 

Consultation, Research & Development 
in Applied Physics 

100 Stevens Ave., Mt. Vernon. New York 
MOunt Vernon 7-8040 Cable: PHYSICIST 

MYRON M. ROSENTHAL 
& staff 

Microwave & Electronic Systems 

19 Brookline Dr., North Massapequa, N.Y. 

PErshing 5-2501 

INDUSTRIAL AND MILITARY ELECTRONICS 

EUGENE H. SHEFTELMAN 
System & Component Analysis & Design 
Radar • Communications • Computers 

Advanced Signal Processing Techniques 

10 BEVERLEE DR. NASHUA. N.H. 
TUXEDO 2-7961 

Analysis—Research—Design 
Electronics and Automation 

GARDNER H. SLOAN 
R & D Consultant 

Electrical Engineer. Physicist 

One Story Street Harvard Square 
Cambridge 38, Mass. Eliot 4-0766 

HAROLD A. WHEELER 
Laboratories and Engineering Staff 

Consultation— Research— Development 
Radar and Communication Antennas 
Microwave Assemblies and Components 

Main office: Great Neck, N Y. HUnter 2-7876 
Antenna Laboratory: Smithtown, N. Y. 
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Time Code Reader 
and Selectors 

The Time Code Reader developed by 
United ElectroDynamics, Inc., 200 Allen¬ 
dale Rd., Pasadena, Calif., decodes serial 
IRIG time code for operation of the Time 
Selectors to provide precise automatic 
programming of instrumentation and con¬ 
trol systems. A typical on-line application 
would be automatic control of a test se¬ 
quence as follows: 

g g gg gS 

SCR 584 RADARS 
AUTOMATIC TRACKING 

RADAR 
Our 584s in like new condition, ready 
to go, ana in stock for immediate 
delivery. Ideal for research and develop¬ 
ment, airway control, GCA, missile track¬ 
ing, balloon tracking, weather forecast¬ 
ing, antiaircraft defense tactical air 
support. Write us. Fully Desc. MIT Rad. 
Lab. Series, Vol. 1, pps. 207-210, 228, 
284-286. 

ANTENNA POSTAL 

scrF 

L BAND RF PKG. 
20 KW peak 990 to 1040 MC. Pulse width 
.7 to 1.2 micro sec. Rep rate 180 to 420 
PI». Input 115 vac. Incl. Receiver $1200. 

MIT MODEL 9 PULSER 
1 MEGAWATT-HARD TUBE 

Output pulse power 25 KV at 40 amp. Max. 
duty ratio: 002. Uses 6C21 pulse tube. 
Pulse duration .25 to 2 microsec. Input 115 
volts 60 cycle AC. Includes power supply 
in separate cabinet and driver. Fully 
guaranteed as new condition. Full Desc. 
MIT. Rad. Lab. Series "Pulse Genera¬ 
tors.” 

2 MEGAWATT PULSER 
Includes Rectifier xfmr 5800/7000 V, 2.2/ 
2.55-KV; Resonant charging choke 150 
cy. 30 H 12 Amp. Ins. 17 KV; Capacitor 
network 17E2-2-300-25P2T; Capacitor. 
04Mfd. 17KVDC; Transformer 4400 V to 
22,000 V; Fil. Xfmr. & Filter choke 5.1 V 
18 Amp. 6 II .21 Amp. DC; 4C35 pulser, 
3B24W (6 each), WL1B41 gap tube. Price 
new type MD-53/AP820C $1125 00. 

1. Start tape recorders, cameras, oscil¬ 
lographs, etc. 

2. Activate system calibration. 
3. Initiate test function (engine run, 

shock tube firing, etc.). 
4. Terminate test function (shut down 

engine, etc.). 
5. Recalibrate. 
6. Stop recorders, cameras, etc. 
When used with played-back tape 

signals, the unit may be used for auto¬ 
matic editing and programming of data-
processing sequences. Time Selectors may 
be pre-set to activate any given function 
with an accuracy of better than one milli¬ 
second. Resolution and range of times se¬ 
lected can be provided to meet specific re¬ 
quirements. 

500 KW PULSER 
5C22 Hydrogen Thyratron Modulator. 22 
KV at 28 amps. W/HV & Fil supplies. 
3 pulse length rep rates: 2.25 nsec 300 
pps. 1.75 usee 55b pps. .4 usee 2500 pps. 
115V 60 cy AC input. 

& 

MIT MODEL 3 PULSER 
Output: 144 kw (12 kv at 12 amp.) Duty 
ratio: 001 max. Pulse duration: .5 1 and 
2 micro sec. Input: 115 v 400 to 2000 cps 
and 24 vdc. $325 ea. Full desc. Vol. 5 
MIT Rad. Lab. series pg. 140. 

AN/TPS-ID RADAR 
500 kw 1220-1359 mes. 160 nautical mile 
search range P.P.I. and A Scopes. MTI. 
thyratron mod. 5J26 magnetron. Like new. 
Complete system incl. spare parts and gas 
generator field supply. 

AN/TPS-1OD HEIGHT FINDER 
250 KW X-Band 60 & 120 mile ranges to 
60,000 feet. Complete. 

General Communications 
Appoints Whittier 

Carl H. Whittier has been named to the 
lew position of manager of Technical De¬ 
velopment for General Communication 
Co., 677 Beacon 
St., Boston, Mass., 
nicrowave engi-
leering firm. 

Mr. Whittier 
tas been associated 
vith the company 
ince 1942, in ad¬ 
vanced engineering 
r nd development 
vork. In his new 
position, he will be 
Ksponsible for the 
< rigination or ini¬ 

Full azimuth and elevation sweeps 360 degrees 
in azimuth. 210 degrees in elevation. Accurate 
to 1 mil. or better over system. Complete for 
full tracking response. Angle acceleration rate: 
AZ, 9 degrees per second squared EL, 4 degrees 
per second squared. Angle slewing rate: AZ 
20 degrees per sec. EL. 10 degrees per sec. 
Can mount up to a 20 ft. dish. Angle tracking 
rate: 10 degrees per sec. Includes pedestal 
drives, selsyns, potentiometers, drive motors, 
control ampildynes. Excellent condition. Quan¬ 
tity in stock for immediate shipment. Ideal for 
missile & satellite tracking, antenna pattern 
ranges, radar system, radio astronomy, any 
project requiring accurate response in elevation 
and azimuth. 
Complete description in McGraw-Hill Radiation 
Laboratory Series, Volume 1, page 284 and 
page 209, and Volume 26. page 233. 

CARCINOTRON 
Type CM 706A Freq. 3000 to 4000 mes. CW. 
Output 200 Watts minimum. New, with full 
guarantee. 

BROAD BAND BAL MIXER using short 
slot -hybrid. Pound type broad band dual bal¬ 
anced crystal holder. 1x5 wg size. $25. New. 

10 CM. WEATHER 
RADAR SYSTEM 

US Navy Raytheon, 275 KW peak output 
S band. Rotating yoke Plan position Indi¬ 
cator. Magnetron supplied for any S band 
frequency specified, incl. Weather Band. 
4. 20 and 80 mile range. 360 degree 
azimuth scan. Sensitive revr using 2K28/ 
707B and 1N21B. Supplied brand new 
complete with instruction books and in¬ 
stallation drawings. Can be supplied to 
operate from 32VDC or 115 volts. Trice 
$975. Ideal for weather work. Has picked 
up clouds at 50 miles. Weight 488 lbs. 

AN/APS-15B 3 CM RADAR 
Airborne radar. 40 kw output using 725A 
magnetron. Model 3 pulser. 30 in. parabola 
stabilized antenna. PPI scope. Complete 
system. $1200 each. New. 

10KW 3 CM. X BAND RADAR 
Complete RF head including transmitter, 
receiver, modulator. Uses 2J42 magnetron. 
Fully described in MIT Rad. Lab. Series 
Vol. I, pps. 616-625 and V’oI. II, pps. 171-
185 $375. Complete X Band Radar System 
also avail, inclu. 360-deg. antenna. PPI. 
syn pwr supply. Similar to $17,000 weather 
radar now in use by airlines. $750 com¬ 
plete. 

WESTINGHOUSE 3CM RADAR 
Complete X band system oper. from 115 v 
60 cy ac with 40 kw ixiwer output 2.155 
magnetron. Ranges 0-1.5, 4, 16, 40 miles. 
Includes installation waveguide. An ideal 
system for lab school, demonstration or 
shipboard. $1800. New with spares. 

tial investigation of technical develop-
I lents applicable to the firm's expanded 
areas of activity, in microwave measure¬ 
ments, instrumentation and application. 
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WESTERN ELECTRIC 
TD-2 MICROWAVE LINK 
4 KMC CRYSTAL OSC. 

Basic crystal oscillator multiplying thru 
2C37 cavities and 416B cavities with crystal 
stability output 3700-4200 MCS. New. 

2C40 LIGHTHOUSE CAVITY 
AN/APW-11A transmitter cavity for 2C40. 
Complete S band coveia-e at max. power. 
Temperature compensated. New $77.50 ea. 

AN/AAS-6 
Infrared Detection System, complete. New 
$5500. 

60 MC I.F. STRIP 
-95 DBM sensitivity. 130 DB gain. 1 MC 
& 5 Me band widths. Mfg. Texas Instru¬ 
ments. $125 each w/tubes. 
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225 KW X-BAND RF 
4J50 Magnetron RF Generator with 
dummy load & Dir. Cpir. Variable rep 
rates. Variable power output 115 V 60-
cycle AC input. New. $2,200 complete. 

VD-2 PPI REPEATER 
Floor standing console with rotating yoke 
PPI. 7BP7CRT. 4, 20, 80, 200 mile ranges. 
Will display or repeat any PPI info locally 
or remote. New & Complete. With inst. 
book $375 ea. 
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S U Bmini 
CE 

CAP 
MIC 

ITORS 

MODULAR SPACING 
NOW in 29 STOCK SIZES 
Part No. 

Capac 
mmf 

Tol. WVDC 

NC-5 5 ±15% 50 
NC-7.5 7.5 ±15% 50 
NC-10 10 ±15% 50 
NC-15 15 ±15% 50 
NC-22 22 ± 15% 50 
NC-33 33 ±15% 50 
NC-47 47 ±15% 50 
NC-68 68 ±15% 50 
NC-82 82 ±15% 50 
NC-100 100 ±20% 50 
NC-150 150 ±20% 50 
NC-220 220 ± 20% 50 
NC-250 250 ±20% 50 
NC-330 330 ± 20% 50 
NC-470 470 ±20% 50 
NC-500 500 ±20% 50 
NC-680 680 ±20% 50 
NC-750 750 ±20% 50 
NC-1000 1000 ±20% 50 

: NC-1S00 1500 ±25% 25 
NC-1500B 1500 ±20% 50 
NC-2000 2000 ±25% 25 
NC-2000B 2000 ±20% 50 
NC-3000 3000 ±30% 25 
NC-3000C 3000 ±25% 25 
NC-4000 4000 ±30% 25 
NC-4000C 4000 ±25% 25 
NC-650P 6500 ±30% 25 
NC-01 10000 ±30% 10 

Write for new NARROW-CAPS 
bulletin and MUCON's custom-
engineered service. 

MUCON 
9 St. Francis Street, Newark 5, N. J.l 

Mitchell 2-1476, 7, 8 
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• 24,000 volt peak flashover at 60 cps 
• 100 ampere current carrying capacity 

• Current carrying members 
heavily silver plated 

MIDI Will 6WIMÏ1H 
• Black anodized die cast 

aluminum support brackets 
• Ball bearings 

MARLBORO, NEW JERSEY 
Telephone: HOpkins 2-6100 

• Each contact and rotor 
equipped with a corona shield 

• Forged copper stator contacts 
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NEW 
ERA'S TRANSFORMER 

SIMULATOR 
Fairchild Camera & Instrument Corp. I34A 
Ferroxcube Corp, of America . 40A 
Frankel, Sidney . I40A 
Freed Transformer Co., Inc. 34A 
Friend, A. W. I40A 

General Dynamics/Electronics, Div. of General 
Dynamics Corp. II4A 
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SIMULATE ALL TYPES OF POWER AND 
CONTROL TRANSFORMERS ON THE LAB BENCH 

HRB—Singer, Inc. 116A 
Heath Company . 68A 
Hewlett-Packard Company . 4IA 
Hillman, Leon . I40A 
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Lyons, Leonard J. MOA 

The new TS-460 Transformer Simulator, designed for laboratory, indus¬ 
trial and test purposes, offers the engineer the convenience and flexi¬ 
bility of simulating all types of single or multi-output transformers on 
the laboratory bench. The equivalent of a wide variety of multi-winding 
transformers, the TS-460 provides four independent plug-in secondaries, 
each of which may be replaced or interchanged supplying individual 
outputs from 5 to 1500 VAC in 11 ranges. All secondaries are inde¬ 
pendently adjustable from zero to any value within the coil rating. They 
may also be interconnected in any desired series or parallel arrangement 
for voltages from zero up to 6000 VAC at up to 250 VA. 
Four secondaries (values: 10, 100, 400, 1500 VAC) are provided with each 
instrument, and other values are available as accessories. Both primary 
and secondary AC voltages may be read with the built-in metering circuit. 
All coils are center-tapped, and maximum rating per coil is 60 VA. Trans¬ 
former input is 50-1000 cps, and provision is also made for square-wave 
or non-sinusoidal primary inputs. 

Price: (Complete with 4 secondaries) $425.00 (F.O.B. plant) 

Marconi Instruments . 138A 
Martin Marietta Corp., Martin Orlando Div. I03A 
Massachusetts Institute of Technology, Lincoln 
Lab. I26A 

Mayberry, Len . MOA 
McDonnell Aircraft Corp. 97A 
McGraw-Hill Book Company, Inc. 39A 
McLean Engineering Laboratories . I32A 
Measurements, McGraw-Edison Div. I44A 
Melpar, Inc. I22A 
Merrimac Research & Development, Inc. I39A 

SPECIFICATIONS 

Input: 115 VAC nominal, 50-1000 cps 
Output Power: 60 VA per secondary, 250 VA total 
Secondary Ranges: 11 total, 0-5 VAC to 0-1500 VAC 
Regulation per Secondary: 10°o for 10-100°o load change 
Metering: Primary and secondary AC voltages 
Meter Range: 0-15 VAC x 1 x 10 x 100 
Size: 10" x 17" x 8" 
Secondaries may be used in parallel or series 
Provision for square wave or non-sinusoidal inputs 
Additional Coil Accessories—$15.00 each 

Write for Catalog #125 

ELECTRONIC RESEARCH ASSOCIATES, INC. 
Laboratories and Factory: 67 Factory Place, Cedar Grove. New Jersey CEnter 9-3000 

Subsidiaries: ERA Electric Co. • ERA Dynamics Corporation • Advanced Acoustics Co. 
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MODEL 760 

STANDARD FREQUENCY 
METER 

National Cash Register Company . 9IA 
Nexon, V. J. I40A 
Northrop Corporation . I07A 

Ordnance Research Laboratory, Pennsylvania 

• Frequency Ranges: 25-50 me 
150-175 me 
450-475 me 

• Crystal: Oven temp, controlled 
• Accuracy: ±100 cps with crystal 

adjusted to WWV 

• Sensitivity: Less than 5 milliwatts 
all ranges 

• Size: 10%" X 17%" X 11%" deep 
• Weight: 41 pounds with cover 

Price: $980.00 F.O.B. 
Boonton, N. J. 

MEASUREMENTS 
A McGraw-Edison Division 

BOONTON. NEW JERSEY 

MEASUREMENTS 
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F.O.B. Boonton, N. J. 

MODEL 560 

STANDARD FM SIGNAL 

GENERATOR 

for Mobile Communications 

• Frequency Ranges: 25-54, 
132-175, 
400-470, 
890-960 me 

• Deviation: ±16 kc read directly 
on meter 

• Output: 0.1 to 100,000 micro¬ 
volts accurate to ±10% 
across 50 ohm termina¬ 
tion 

• Residual FM: less than 100 cps 
at 460 me 
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WORLD’S 
FIRST 
2 kmc 

TRANSISTOR 

PHILCO 
T-2351 
MADT® 

THE AMPLIFIER WITH 6 db POWER GAIN AT 2 kmc. From the world’s first family of high frequency communications transistors, 
Philco "Micro Alloy Diffused-base Transistors, comes the world’s highest frequency commercially available communications tran¬ 
sistor— Philco type T-2351. This new addition to the Philco MADT family serves as an amplifier, oscillator or mixer. At 1 kmc, it 
amplifies with 12 db power gain, delivers over 10 mw of output power, and has a maximum noise figure of 10.5 db. Its coaxial 
package minimizes parasitics and is matched for insertion in 50-ohm coaxial systems. 

For EVERY communications requirement, there's a Philco Communications-Designed Transistor . . . with these advantages ■ More 
db per dollar ■ Industry’s lowest noise figures ■ Industry’s most usable A.G.C. characteristics ■ Only communications transistors 
specified to guarantee performance in practical circuits ■ Only Philco guarantees bandwidth specifications ■ All transistor elements 
are isolated from case in single-ended types ■ Proven MADT reliability. 

For complete information, write Dept. IRE162 

All Philco communications 
transistors are immediately 
available from your Philco 
Industrial Semiconductor 
Distributor. 

PH ILCQ 
[_jjJ far Qtiaâ^ fAe WcM Over 

LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 



A POOR MAN’S “COUNTER”* 

. . . because a frequency meter is a relatively inexpensive device as 
compared with a counter, yet gives you more than enough accuracy for 

most work. At S495, the Type 1142-A Frequency Meter and 
Discriminator sells for $200 less than the lowest-priced 1-Mc counter. 
As its name implies, the 1142-A is also a highly linear pulse-count 

discriminator for incidental-fm and fm-deviation measurements. You can get 

analog data for recording directly from this instrument’s output terminals; 

no need to bother with digital-to-analog converters or other paraphernalia. 

Read on through the following specifications and you'll see that you get 

UNMATCHED VALUE PER DOLLAR IN THIS INSTRUMENT. 

As a Frequency Meter — Logarithmic meter maintains 

constant accuracy; calibrated interpolator effec¬ 

tively expands meter scale by a factor of 10; higher 
frequency measurements can be made by hetero¬ 

dyne techniques — permits drift measurements to 

at least one part in 109 when used with stable fre¬ 
quency standards; readings independent of wave¬ 

form; excellent sensitivity. 

As a Discriminator — Output is 15v, full scale; low 
noise, residual fm down more than 100 db. 

Frequency Range — 3 cps to 1.5 Me in five decade 
ranges 

Accuracy — In the "direct” mode, 1% of reading. In 
the "interpolate” mode, 0.2% of reading. 

Recorder Outputs — Adjustable; up to 5-ma output; 
interpolator output for high-Z recorders — voltage 
proportional to frequency deviation. 

'also, a practical instrument for wise, rich men. 

Write for Complete Information 

GENERAL RADIO COMPANY 
WEST C O N C O R D, M AS S A C H U S ETTS 

NEW YORK, worth 4-2722 
District Office in Ridgefield, N. J 

WHitney 3-3140 

CHICAGO 
Oak Park 

Village 8-9400 

PHILADELPHIA WASHINGTON, D. C. SYRACUSE SAN FRANCISCO LOS ANGELES ORLANDO. FLA. 
Abington Silver Spring Syracuse Los Altos Los Angeles Orlando 

HAncock 4-7419 JUniper 5-1088 GLenview 4-9323 WHitecliff 8-8233 Hollywood 9-6201 GArden 5-4671 

IN CANADA 
Toronto 

CHerry 6-2171 




