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New from Sprague; 

N030 MONOLYTHIC Ceramic Capacitors 
offer unparalleled size and circuit stability 

Here is a new kind of capacitor .... with a com-
bination of stability, weight, and size advantages 
never before achieved in a "compact" capacitor! 

111 Layer- built by a unique automated process, 
MONOLXTHIC Ceramic Capacitors exhibit ex-
tremely low capacitance change with temperature 

(about one-fourth that of comparable capacitors using 
other dielectrics). Their special construction also per-
mits a new order of compactness — MONOLYTHICS pack 

more capacitance per unit volume, resulting in sub-
stantial reductions in size and weight. 

ri
In addition to single-section capacitors, MONO-
Lyruics can also be obtained as multiple-section 
units, allowing, circuit designers to replace several 

conventional capacitors with a single compact device. 

The availability of these tiny yet highly stable units with 
either axial or radial leads offers further flexibility to 
the circuit design engineer. 

r
Cumulative test data prov e the low failure rate of 
these epoxy or phenolic coated capacitors in serv-
ice—established by thousands of life, moisture re-

sistance, shock, and vibration tests. 

For application engineering assistance without obligation, write to 
Commercial Engineering Section. For complete technical data, 
write for Engineering Bulletins to Technical Literature Section. 

Sprague Electric Company, 235 Marshall Street, North Adams, Mass. 

SPRAGUE COMPONENTS 

CAPACITORS 
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MAGNETIC COMPONENTS 

RESISTORS 
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4S-314R 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 
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HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED PETWOR KS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIOt.AL D.GITAL CIRCUITS 

ELECTRIC WAVE FILTERS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and® are registered trademarks al time Sprague Electric Co. 
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As the state-of-the-art generally grows more complex, the complexity of 

antenna problems appears to be keeping pace. It used to be that a radar 

antenna was required to produce only a single beam which could be moved 

about to scan the coverage volume. Now, many applications require that the 

antenna form several beams simultaneously. This month and next month 

Warren White discusses a problem unique to the multiple beam antenna. 

Orthogonality in Multiple Beam Antennas 
PART I 

Despite several attacks on the valid-
ity of Einstein's relativity theories, no 
one has ever come up with a method 
of transmitting energy at velocities 
faster than the speed of light. Conse-
quently. as the requirements on radar 
systems in terms of data rate and range 
performance grow ever more demand-
ing, a point is reached in which the old 
sequential probing of space beamwidth-
by-beamwidth must be abandoned and 
systems devised in which several beams 
are investigated in parallel. 
A variety of techniques have been 

developed for providing multiple simul-
taneous beams from a common aper-
ture. One of the earliest of these in-
volved simply placing multiple feed 
horns in the focal plane of a paraboloid 
reflector. In other cases, more complex 
systems have been used, such as casse-
grain two-reflector optics and various 
types of lens antennas, including the 
Luneberg lens. More recently, tech-
niques have been developed in which 
a matrix network is used to feed an 
array antenna. 

Regardless of the method used, de-
signers have been plagued with prob-
lems of obtaining suitable crossovers 
and at the same time achieving satis-
factory side lobe levels. In the case of 
the multiple feeds feeding a simple 
paraboloid, if the individual feeds are 
large enough to provide proper illum-
ination control, there is physical inter-
ference before they can be placed close 
enough to provide satisfactory cross-
over levels. On the other hand, if the 
feeds are positioned to provide the de-
sired crossover levels, the largest struc-
ture that will fit is inadequate to pro-
vide suitable illumination control, and 
considerable spillover results. 

At one time, it was thought that the 
problem could be solved by increasing 
the effective focal length, thereby in-
creasing the distance between feed 
centers. It was soon found, however, 
that the size of the required feed also 
increased in proportion, and the cross-
over problem was not alleviated. The 
realization gradually spread that some 
fundamental principle was at work. 

VOLTAGE PATTI-RA/5 

CROSS PROCLICr 

FIGURE I 

However, not until a recent paper by 
Allen* had any definitive writing on the 
problem appeared in the generally 
available literature. 

Allen showed, by using certain theo-
rems concerning lossless networks, that 
in an array antenna fed by a lossless 
reciprocal matrix, the beams can be 
decoupled only if the array factor is 
orthogonal in space. This means that if 
we multiply one pattern by the other 
and integrate the product over all 
space, the result should he zero. Actu-
ally, this principle of orthogonality is 
of much greater application, and can be 
established for any lossless passive an-
tenna regardless of the beam-forming 
mechanism and regardless of any pos-
sible use of nonreciprocal elements. 
Simple conservation of energy relations 
show that for any two antenna beams 
to be decoupled in a lossless passive 
system, the radiation patterns must be 
orthogonal in space. 

With uniformly illuminated rectan-
gular aperatures, the pattern is, of 
course, of the sin x/x shape. Patterns 

VOLTAGE PATTERNS 

CROSS PRODuCT 

FIGURE 2 

of this type, spaced so as to be orthog-
onal, cross over at about 4 db down 
and have about 13.2 db side lobes. If 
we taper the illumination to provide 
better side lobe control, the crossover 
level deteriorates. For example, with a 
cosine taper, if the beams are orthog-
onal, the crossover level becomes 
about 9.5 db. Figure I shos,% s the indi-
vidual radiation patterns and the cross 
product of two cosine tapered beams 
spaced for orthogonality, and Figure 2 
shows similar plots when the beams 
are spaced for good crossover (about 
2 db). As can readily be seen. the latter 
case is far from orthogonal. 

At first glance, it would appear that 
the problem of obtaining satisfactory 
operation of a multiple beam antenna is 
unsolvable, since the conservation of 
energy principle on which our conclu-
sions are based is rather basic. Actually, 
the picture is not quite so dark. There 
are several methods by which accept-
able solutions can be achieved in a ma-
jority of cases. We will discuss these 
more fully next month. 

• J. I.. Allen, "A Theoretical Limitation on the 
Formation of Lossless Multiple Ream, in Linear 
Arrays... IRE Tians. on Antennas and Propaga-
tion, Vol. AP-9. No. •I, p. 35O-3.2. Jul, 1961. 

AIRBORNE INSTRUMENTS LABORATORY 

DEER PARK, LONG ISLAND, NEW YORK 

4A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1962 



Ringing response of a 2151. crestel 
filter 200 cycles wide. Note 

the will overshoot and 
low ringing. 

Those non-conformists at Burnell's engineefing laboratory 
aren't satisfied with just producing the broadest range of 
crystal filters, toroids and communication networks: through 
their constant efforts to satisfy tomorrow's space age elec-
tronics problems, they have developed a whole new family 
of sophisticated crystal filters, with exceptional and unusual 
characteristics, contributing to increased circuit flexibility as 
graphically demonstrated above. 

Those same non-con formrsts have also made considerable 

e.ese,s. 
PIONEERS IN microminiaturization OF TDROIDS, 

FILTERS AND RELATED NETWORKS 

Sengle Side Sand filler at 500 tc (Then ly 

hat pass band Slope less than 15 db per 

509 cycles 

Comb Ti ter at Illene. Too h w dth at Ide 
—200. Five in one case, anl I cubic 

inch to al, 

progress solving other electronics/space age problems. A 
typical example of this has been their work with the applica-
tion of Time Domain Synthesis; producing an unlimited 
inventory of wave forms for new applications, and resulting 
in substantial reductions of size and weight, eliminating the 
need for complex active circuitry for its support. 

*Join the non-conformists—write today for your free Non-
Conformist paper weight and Crystal Filter Catalog XT-455. 
Yes! Your circuits can profit today from tomorrow's research. 

EXECUTIVE OFFICE 
AND PLANT 

DEPT. PI-9 

PELHAM, NEW YORK 

PELHAM 8-5000 
TELETYPE PELHAM 3633 

DIVISIONS: Groy & Kuhn, Inc., Pelham, New York • GLP Electronics, Inc., Bristol, Conn. • G.,;11,,,;,* 

PACIFIC DIVISION 

SOUTH PASADENA, CAL. 
MFD. IN CANADA 
BY EDO (CANADA) LTD. 
CORNWALL, ONT. 
WELLINGTON 2-6774 

Research Laboratory, Cambridge, Mass. 
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Te'ephone craftsman uses special pneumatic tool to flatten connector onto insulated wires. 

Metal tangs pierce insulation and produce a splice that is equivalent to a soldered joint. 

BELL LABORATORIES' NEW CONNECTOR 
STREAMLINES CABLE SPLICING 

Along the cable routes of the Bell System, wires 
are spliced at a rate of 250,000,000 a year. Conven-

tionally, connections are made by "skinning" the 

insulation, twisting the bare wires together, and 

slipping on an insulating sleeve. Now, with a new 

connector initiated at Bell Telephone Laboratories, 

(diagram at lower right) splices can be made faster, 
yet are even more reliable. 

The craftsman slips the Iwo wire ends—with in-
sulation intact— into the connector, then flattens the 

connector with a pneumatic tool. Springy phosphor 
bronze tangs inside the connector bite through the 

insulation to contact the copper wire. The stable, 

low-resistance splice established is maintained for 

many years, even under conditions of high humidity, 
corrosive atmospheres and vibration. 

Ultrasensitive measuring techniques devised by 

our engineers demonstrate that the new connector 

provides the equivalent of a soldered connection, 

even with voltages as low as 25 millionths of a volt. 

Working with our manufacturing partners at 

Western Electric, our engineers developed this con-

nector into a design capable of being mass-produced 

at low cost. It is being introduced in the Bell System. 

NEW WIRE CONNECTOR HAS THREE PARTS: 

inner tanged lire 

BELL TELEPHONE LABORATORIES 
World center of ccrnmunicahons research and de\,elopment 
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BMEWS ... the Ballistic Missile 

Early Warning System is the free 

world's first warning of enemy 

ECBM attack. 

Powerful radars with an accurate 

range of thousands of miles can 

detect incoming ICBMs minutes 

after launching. The transmitters 

for this defense system are being 

built by Continental Electronics 

...specialists in super power 

transmitting equipment. 

Provided under sub-contract to 

General Electric and R.C.A., these 

transmitters from Continental 

Electronics are another contribu-

tion to our country's defense. 
(7) 

MANUFACTURING COMPANY • MAILING ADDRESS: BOX 17040 • DALLAS 17, TEXAS 

4212 S. BUCKNER BLVD. • EV 1-7161 • (L.c.e• SUBSIDIARYOF LING-TEMCO-VOUGHT, INC. 

Designers and Builders of the World's Most Powerful Radio Transmitters 

ENGINEERS... FOR STIMULATING WORK ON 1HE ELECTRONICS FRONTIERS OF TOMORROW WITH A DYNAMIC, CREATIVE ORGANIZATION, SEND RESUME TO DIR. OF PERSONNEL 



lOWER FOOTING 
INSULATORS FOR 
SELF-SUPPORTING 

RADIATORS 
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LAPP 

ANTENNA TOWER 

INSULATORS 

MAST BASE 
INSULATORS RADIO GUY 

INSULATOR 

We at Lapp are mighty 

proud of our record in the 

field of tower insulators. 

Over 30 years ago, the first 

insulated broadcasting tower 

was erected—on Lapp insu-

lators. Since then, most of the 

large radio towers in the 

world have been insulated 

and supported by Lapp insulators. Single base 

insulator units for structures of this type have 

been design-tested to over 3,500,000 pounds. 

A thorough knowledge of the properties of por-

celain, of insulator mechanics and electrical qual-

ities has been responsible for Lapp's success in 

becoming such an important source of radio in-

sulators. Write for description and specification 

data on units for any antenna structure insulating 

requirement. Lapp Insulator Co., Inc., Radio Spe-

cialties Division, 236 Sumner Street, LeRoy, N. Y. 

Lapp 

<c> Meetings RePE  
with Exhibits 

11111111.,11 .111.1111.11111H1 ,111illli111111111;1111111 ,11nifill1.11iil tIllit1111111.1111,,..1111111111111111111ili 

• 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. 

August 21-24, 1962 
Western Eleetr • 
ference ( WESC( 
Hotel & Mcni•.ri:11 
Angeles, Calif. 

Exhibits: Mr. Don 
1435 S. La Cienrga 
Calif. 

s Show atol Con-
IN), Stu 
Snorts Arella. 

Larson, 
Blvd., Los Angeles. 

August 29-September 1, 1962 

See I Internat • al Conference on 
Information Processing., 'Munich. 
Germany 

Exhibits: Dr. Heinz Billing, Max Planck 
Insiitute, 'Munich, Cennany 

September 3-7, 1962 
National Advanced Technology Man-
agement Conference, Opera House. 
Seattle World's Fair Grounds, Seattle. 
Wash. 

Exhibits: Mr. Ilugh Fairclough, 1624 
22nd Avenue East, Seattle 2, Wash. 

September 21-22, 1962 

Conference on Con llllll nications, 
Roosevelt Hotel, Cedar Rapids, Iowa 

Exhibits: Mr. Richard L. Jaycox, P.O. 
Box 948, Cedar Rapids, Iowa 

October 1-3, 1962 

Eighth National Communications 
Sympos. , lintel litica & Ut ica 
Municipal Auditorium, Iltica, N.Y. 

Exhibits: Mr. Charles Glaviano, 45 
Meadow Dr., Rome, N.Y. 

October 2-4, 1962 

Seventh National Sympo  on 
Space Electronics & Telemetry, 
Fontainebleau Ilotel, Miami Beach, 
Fla. 

Exhibits: Mr. Charles H. Doersam, Jr., 
Instruments for lodusrry. 101 New 
South Road, Hicksiille. 1..1., N.Y. 

October 8-10, 1962 

National Electronics Conference, Mc-
Cormick Place, Chicago, Ill. 

Exhibits: Mr. Rudy Napolitan, National 
Electronics Conference, 228 N. LaSalle 
St., Chicago, 111. 

October 15-18, 1962 

Symposium on Space Phenomena Zir 
Measurement, Stotler-Hilton Hotel, 
Detroit, Mich. 

Exhibits: Mr. J. 13. Bullock. University 
of Michigan, Ann Arbor, Mich. 
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A NEW SUBMINIATURE VARACTOR DIODE 

Bomac Laboratories' new ThermoBond* silicon varactor diode provides the microwave designer with a 
subminiature silicon component offering great reiiability, uniformity, packaging simplicity, and size advantages. 

Reliability is achieved through matching metal-to- ceramic seals and welded construction. There is no C-spring 
to work loose from environmental shock, and extreme temperature; an important noise source is eliminated. 
Uniformity is assured throgh heat bonding and batch process manufacturing techniques. Packaging 
simplicity is evident in the extremely small size of the ThermoBond diode. It easily withstands normal soldering 
temperatures. In addition, hermetically- sealed case construction prov'cles long- life stability, independent of 
environmental conditions. Retrofit packaging is available. A single case dimension covers 252 electrical values. 

Bomac ThermoBold silicon varactor diodes are designed for use in microwave limiters, sideband 
modulators, harmonic generators, low- noise parametric amplifiers, as tuning elements in voltage control 
oscillators, and in solid state duplexers. 

Write for technical data on the ways in which ThermoBond diodes by Bomac can aid 
your microwave system design problems. 

'àU 

4.0>I1 

I---4 I 

AC711< 

*Trademark 

BOIMAC laboratories, inc. 
BEVERLY 2. MASSACHUSETTS 

A Varian Sobsidiarg 

OthrrSneb.idirer-rfrorVaraen Asemeirefref S-F-D LABORATORIES, INC. • VARIAN ASSOC1ArES OF CANADA, LTD. 

SEM1CON ASSOCIATES, INC, • SENIICON OF CALIFORNIA. INC. • VARIAN A. G. ( SWITZERLAND) 
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NEW BALLANTINE VTVM 
MEASURES SIGNALS AS 
LOW AS 30 MICROVOLTS 

Model 300 H S/2 Price: $235. 

One logarithmic voltage scale, individually cali-

brated for the same high accuracy over the entire 

5 inches of mirror-backed scale 

* * * 

Over 5,000 hours of life within specifications be-

tween calibrations 

* * 

Indicated voltage 

changes less than 4% 

for line voltage change 

of 10% from nominal 

of 115 volts. 

SPECIFICATIONS 

Voltage Range   30 itV to 300 V 

Frequency Range   10 cps to 1 Mc 

Accuracy   300 V to 300 V 

2%, 10 cps - 700 kc 
3%, 700 kc — 1 Mc 

30 ..V to 300 

5%, 100 cps to 100 kc 

Write for brochure 

AC. VOUS 
R 

Di, Ili(15 

LANTINE LABORATORIESENC, 

Model 300-H 

Price: $ 230. 

Since 1932 

trà BALLANTINE LABORATORIES INC. 
Boonton, New Jersey 

CHUN WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TuRE VOLTMETERS. REGARDLESS or YOUR REQUIREMENTS FOR 
AMPLITUDE. FREQUENCY. OR WAVEFORM WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR ALSO AC DC AND DC AC 
INVERTERS. CALIBRATORS, CAI IBRATED WIDE BAND AF AMPLIFIER. DIRECT READING CAPACITANCE METER. OTHER ACCESSORIES. 

4Dp Meetings R£ 

with Exhibits 
111111 

Id ol ill Ill 

Norember 1-2, 1962 

Sixth National Conference on Prod-
uct Engineering and Produetion, 
Jack Tar 11064, San Francisco, Calif. 

E‘hibits: Mr. W. Dale Fuller, Locklu•ed 
Missiles & Space Div., P.O. Box 504, 
Sunnyvale, Calif. 

November 4-7, / 962 

Fifteenth Annual I:oil l'i•ErlIce 
llerIPOLLie Techniques ill Medicine 
iK Biology. I...mad Hilton Motel. cla-
rag.. Ill. 

Exhibits: Profc›sional Inc., 
6520 Clayton Bd., Saint Lion, 17. 

November 5-7, 1962 

NEREM (Northeast Research En-
gineering Meeting). Cominiamealth 
Armory & Somerset Ihitel, Boston, 

Exhibits: Mr. S. K. Gibson. Instruments 
of New England H oll Ln.  108 CI ilWo ae, 
Waltham 5.. \ Id—. 

,V o rent Inv 12-15. 111(2 

Eighth .1 al Conference on Mae-
Ortisna Nlagnetic Materials. Penn-
Sheraton 111111•1. 

Exhibits: Mr. I. Whitlock. John Les-
lie Whitlock Associates, 253 Waples 
Mill Rd., Oaktim, A'a. 

November M-17. 1962 

C lllll 111111lical• s S‘1111111sill ILL Q1114.11 
Elitahrth I loft!. \ ion! I cal. Can-
ada 

Exhibits: Mr. Arthur H. Grego! 
ern Electric Co., Lid., 1600 Dorchester 
Blvd. W., Montreal, P.O., Canada 

1'ocernber 19-20. 1962 
MiF,C()N ( Mid- t nicrica 1,leetronics 

1:oriferceice), Continental llotel. Kan-
sas 

Exhibits: Dr. Arthur Cold-inith. ilcox 
Electric Co., 1400 thestriut. Kansas 
City 27, Mo. 

December 4-6, / 962 

Fall J  • Computer Conference, 
Sheraton 1106•1, Philadelphia. Pa. 

Exhibits: Mr. R. A. C. Lane. RCA Build-
ing 204-1. Camden 8. N.J. 

December 6-7. 1962 

13th National Conferi•ni•e on Vehic-
ular I:  at s. Ma,. fair Ho-
tel, Los Angt.1.-. I:alif  

Exhibits: Mr. Leslie M. Walker, Los An-
geles County Dept. of Communications, 
500 West Temple St., Los Angeles 12, 
Calif. 

Note on Professional Group Meetings: 
Some of the Professional Croups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked tii si•nd advance data 
to this column for poldicit information. 
You nia address thesi• notices to the 
Advertising Depat [ went and of course 
listings ; Ire free to IRE PlY,ft•--I.01:11 
Groups. 
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AMPLIFICATION DISPLAY 
of TRANSDUCER SIGNALS 
Compact portable unit includes oscillator for transducer ac 
excitation, high- gain carrier- type amplifier, phase- sensitive 
demodulator, power supply and large, multi- scale meter. 
Model 311, $375. Battery-operated 2- pound version, Model 312, 
$300. Wide range of Sanborn transducers also available for 
linear displacement, velocity, low force, pressure; prices on 
request. 

100th Sec. X-Y RECORDING 
Optical recording speeds to 2500 in/sec., frequency response to 
130 cps within 3 db. Direct readout 8" x 8" daylight-loading 
charts; 1% linearity; interchangeable "850" preamps for each 
axis. Model 670A X-Y Recorder including case, $2,335 (with-
out preamps). 

EVENT RECORDING 
Up to 120 channels of on/off 
events as short as 1.3 ms, on 16" 
wide, dry-process electrically-
sensitive chart; complete system 
with blowers in 191/4" panel space. 
9 standard speeds, 9 more op-
tional. Model 360 Event Recorder, 
$3900; Model 360-2100 Writing 
Control, $975. Rack mounted 30-
channel Model 361 also available, 
price on request. 

DATA AMPLIFIERS 

46 Miniaturized (2" x 7" 
panel), versatile ampli-
fiers. DC- 10 KC "FIFO" 
(Floating Input, Floating 
Output), completely tran-
sistorized; gain 1000, 
particularly useful for ex-
tracting low level signals 
in the presence of high 
common mode. 1 ms 
recovery from 20 V over-

load, high common mode rejection. 
Other models with DC-50 KC and 
DC-100 cps bandwidths. Model 860-
4000 FlF0, $825. Prices of others 
on request. 

: pi  
  :1 

881111111811811111 

. 21111 

Sanborn 
RECORDING, READOUT AND 

DATA HANDLING 

IN 

. I.: us !iflE 

juin 

UI 
• • • 

sk your nearby Sanborn- Industrial Sales- Engineer-
ing Representative for a complete Industrial Catalog 
and experienced application help. Representatives in 
principal cities throughout the U.S., Canada and 
foreign countries. 

SAN • • 
INDUSTRIAL OIVISIO 

o N COMPANY 
WALTHAM SI, MASSACHUSET 

A Subsidiary of Howlett- Packard Corn 

7-CHANNEL FM or DIRECT RECORD 
DATA RECORDING 
Economical 4-speed (31/4" 
to 30"/sec) magnetic data 
recording system, with 
interchangeable FM and 
direct record/reproduce 
electronics in 7" panel 
space. Compatible with 
Sanborn preamplifiers 
and systems, meets IRIG 
telemetry standards. Se-
ries 2000 with FM elec-
tronics, $7200. Compati-
ble Model 769 17" Multi-
Trace scope, for visual 
readout or input monitor-
ing, $ 1145 (not including 
Gating Amplifiers). 

0 12 • • ' 

• g 

e 

3 3 0 0 

0 e 0 0 

DC-5 KC 
DIRECT-READOUT 
RECORDING 
Up to 24 citannels of 
direct-readoj1 optical 
oscillograph.c record-
ing; response to 3 KC 
over full scale, DO to 
5 KC over 4" amplitudes 
with single set of gal-
vanometers; 7" high 
medium-gain amplifier 
in 8-channel modules. 
Model 650 system with 
8-channel galvanometer 
block but without in-
serts or amplifier, $3200. 

DIRECT WRITING OSCILLOGRAPHIC RECORDING — 

1 to 16 Channels 

Clear, rectangular coordinate recording by heated stylus. Wide choice of basic 
systems for I, 2, 4, 6, 8, 12, 14 and 16 channels; most have plug-in interchange-
able preamplifiers or 8-channel amplifier modules. Bas.c assembly prices (without 
amplifiers) range from $3300 for 8-channel "950" style to $6270 tor 8-cbannel 

"350" style. Typical 2-channel mobile basic assembly. $ 1575. 
Single channel portables from $700-$750. Prices of wide 
variety of amplifiers on request. 

ALL PRICES F.O.B. WALTHAM, MASS., U.S.A. AND SUELJECT" TO CHANGE 

WITHOUT NOTICE. STATE AND LOCAL TAXES ADDED WHERE APPLICABLE. 



500 MEGACYCLE LOGIC SYSTEM, 
the first to take full advantage 
of the ultra high speed capabilities 
of the tunnel- diode, operates 50 
times faster than present circuitry. 
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1VEWS OF DEFENSE TECHNOLOGIES 

CRYOGENIC ASSOCIATIVE MEMORY 
enables computers to function like 
a human brain by instantaneously 
comparing and associating a new 
fact with all data in its memory. 

DATA 

THREE-DIMENSIONAL DISPLAY pro-
vides a realistic presentation of all 
spatial achy ty within its radar's 
range, in true perspective with scale 
references in all three dimensions. 

To perform effectively, modern defense systems must con-
tinuously evaluate every dynamic influence within their 
environments. Data must be speedily collected, rapidly com-
pared with voluminous memories, and be presented in an or-
ganized, accurate and lucid display — in real time. All this 
to assist human judgment, that unassailable prime factor of 
military strategy. 
General Electric has played a major role in advancing the 
technologies of data utilization and display far beyond their 
early forms where manual computations of range and track 
data were accomplished at the plot board. In 1955, for exam-
ple, General Electric introduced the AN/GPA-37 Radar 
Course Directing Group, the first mass produced equipment 
to perform semi-automatic tracking and automatic computa-
tion of the intercept problem. Later developments included 
the AN/FSA-12 Detector Tracking Group—the first equip-
ment to demonstrate automatic detection and tracking of 
radar targets in all three dimensions—and the new Air 
Weapons Control System 412L, which provides the U. S. Air 
Force with the most modern aerospace management system 
available. 

Today's accelerating progress in data technologies is evolv-
ing from leap-frog advances in logic and memory circuits 
and display techniques, and from an expanding scope of re-
sponsibility for the data processing and display functions. 
General Electric continues to make significant contributions 
to these technologies. 

CONTACT ANALOG DISPLAY for 
blind flying or flight simulation uses 
a digital computer to "paint" a mov-
ing TV picture of the ground analo-
gous to the obscured real ground. 

TDS-90 DATA SYSTEM transmits up 
to 62,500 characters a second via 
coaxial cable or microwave radio 
to link central processing equipment 
with remotely located computers 

Progress Is Our Most Impar/ant Prodvct 

GENERAL ELECTRIC 
DEFENSE ELECTRONICS DIVISION 
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IRE News and Radio Notes  

THREE APPOINTMENTS MADE TO 

IRE-Al EE M ERGER COMMITTEE 

The final three appointments to a 14-
wan committee that will arrange details of 
the forthcoming merger of the Institute of 
Radio Engineers and the American Insti-
tute of Electrical Engineers were announced 
on July 10, 1962 by IRE President Patrick 
E. Haggerty. The committee, composed of 
seven representatives of each society, is to 
begin work immediately. It will go out of 
existence on January 1, 1963, the date on 
which the two societies are scheduled to 
merge to form the Institute of Electrical 
and Electronic Engineers. 

The three IRE appointments to the com-
mittee, announced after IRE members had 
approved the proposed merger by seven to 
one at a special meeting are: John T. 
Hendtrson, Principal Research Officer of the 
National Research Council, Ottawa, On-
tario, Ca aula, and former IRE l'resident; 
Walter E. Peterson, President of Automation 
Development Corporation, Culver City, 
Calif., and former Chairman of the IRE Los 
Angeles Section; and John I). Ryder, Dean 
of Engineering id NI ichigan Stale University, 
East Lansing, NI ¡ch., and former IRE Presi-
dent and Editor. 

Four others previously selected as IRE 
representatives on the committee are: 
Patrick E. Haggerty, President of Texas 
Instruments Inc., Dallas, Tex.; Secretary 
!leaden Pratt, Pompano Beach, Fla.; Past 
President Lloyd V. Berkner, President of the 
Graduate Research Center, Dallas, Tex.; 
and Past l'resident Ronald L. McFarlan, 
Consultant, Chest init Hill, Mass. 

Among the dillies of the merger com-
mittee are the nomination of candidates for 
the 1963 Board of Directors, including a 
President and Vice President, the selection of 

a General Nla ' lager, and the preparation of 
Bylaws, all of which action must be sub-
mitted to the Boards of Directors of the 
present two societies for approval. The pro-
posed slate of officers and directors must 
then be ratified by the voting members of 
both societies. 
A I EE representatives previously ap-

pointed to the merger committee are: Presi-
dent Warren IL Chase, Vice President of 
Ohio Bell Telephone Co., Cleveland, Ohio; 
President- Elect B. R. Teare, Dean of Sci-
ence and Engineering, Carnegie Institute of 

Technology, Pittsburgh, Pa.; Past President 
C. II. Linder, Vice President, General Elec-
tric Co., Scarsdale, N. Y.; Past President 
Elgin B. Robertson, President of Elgin B. 
Robertson, Inc., Dallas, Tex. 

Also appointed are: Treasurer W. R. 
Clark, Assistant Chief Engineer, Leeds and 
Northrup Co., Philadelphia, Pa.; Ilendley 
Blacknum, Engineering Manager, Westing-
house Electric Corp., Pitt-burgh, l'a.; and 
L. M. Robertson, Manager of Engineering, 
Public Service Company of Colorado, 
Denver, Colo. 

IRE President Patrick E. Ilaggerty (right) presents a specially bound copy of the Anniversary 
Issue of the PROCEEDINGS OF THE IRE to AIEE President Warren H. Chase. 

Members of the IRE-AIEE Merger Committee (left to right): Front Row: John D. Ryder, Haraden Pratt, Patrick E. Haggerty. \Varren il. FlIa>e, I.. M. 
Robertson, and B. R. Teare: Back Row: Walter E. Peterson, John T. Henderson, Ilendley Blackmon, W. R. Clark, Ronald L. McFarlan, Elgin B. Robert ,on, 
C. II. Linder, and Lloyd V. Berkner. 
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Current IRE Statistics 

(As of April 30, 1962) 

Membership-100,075 
Sect ions* — 111 
Subsections-33 
Professional Groups* —29 
Professional Group Chapters-299 
Student Branchesf —229 

*See July, 1962 issue for a list. 
f See Julie. 1962 for a list. 

Calendar of Coming Events 

and Author's Deadlines* 

1962 

Aug. 13-16: 7th Synurosittin on Ballistic 

Missile and Space Technology, 

United States Air Force Academy, 

Colorado Springs, Colo. 
Aug. 14-17: Internat'l. Conf. on Pre-

cision Electromagnetic Measure-
ments (former title: Conf. on Stand-
ards and Electronic Measurements), 
Nat'l. Bur. Standards, Boulder, Colo. 

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

Aug. 29-Sept. 1: 2nd Internat'l. Conf. 
on Information Processing, Munich, 
Germany. 

Sept. 3-7: Internat'l. Symp. on Informa-
tion Theory, Brussels, Belgium. 

Sept. 3-7: Nat'l. Advanced Technology, 
Management Conf., World Fair 
Grounds, Opera House, Seattle, 
Wash. 

Sept. 3 7: 45th Internat .!. Congress on 

Microwave Tubes, Kurhatts Hotel, 

Scheveningen, Netherlands. 

Sept. 4-7: ACM Natl. Conf., Hotel 
Syracuse, Syracuse, N. Y. 

Sept. 13-14: 10th Annual Engineering 
Management Conf., Hotel Roose-
velt, New Orleans, La. 

Sept. 13-14: Nat'l. Symp. on Engineer-
ing Writing and Speech, Mayflower 
Hotel, Washington, D. C. 

Sept. 19-20: 11th Annual Industrial 
Electronics Symp., Hotel Sheraton, 
Chicago, Ill. 

Sept. 28-29: 12th Annual Broadcast 
Symp., Willard Hotel, Washington, 
D. C. 

Oct. 1-3: 8th Nat'l. Communications 
Symp., Hotel Utica, Utica, N. Y. 

Oct. 2-4: Nat';. Symp. on Space Elec. 
and Telemetry, Fontainebleau Ho-
tel, Miami Beach, Fla. 

Oct. 7 12: Al EE 1962 Fall General 

Meeting--3rd Ann. Symp. on 

Switching, Circuit Theory and Log-

ical Design, Chicago, Ill. 

Oct. 8-10: Nat'l. Elec. Conf., Mc-
Cormick PI., Chicago, Ill. 

Oct. 12-13: 7th Annual North Carolina 
Section Symp., Greensboro Coli-
seum, Greensboro, S. C. 

Oct. 15-17: URSI-IRE Fall Meeting, 
Ottawa, canada. 

Oct. 15-18: Symp. on Space Phenomena 
and Measurement, Statler-Hilton, 
Detroit, Mich. 

Oct. 22-24: ECCANE (East Coast Conf. 
on Aerospace and Navigational 
Elec.), Emerson Hotel, Baltimore, 
Md. 

* DL= Deadline for submitting ab-

stracts. 

tiooed ri, par 16,11 

(left) Chairman cd the Benelux Section, presentMg the Makkum plate to Dr. Bruce B. Barrow 
(tight, Behind them stand (from left lo right): W. Metzelaar, G. J. Siezen. Prof. B. D. It Tellegen, C. B. 
Broersnni, and Dr. II. P. Williams. 

BENELUX SECTION HONORS 

BRUCE B. BARROW 

hi recognition of his services for the IRE 
in Europe, the Benelux Section recently 
honored its former Secretary-Treasurer-, 
Bruce B. Barrow, at a dinner given by the 

Il ive Committee. The Section Chair-
ma:, Il. Rinia, presented hint with a large 
pla:e designed for the ut cash; and made in 
Mal:Lunt, in the I bitch province of Fries-
kind. 

[he plate shows along its border all in-
tricate, traditional design in iii a colors. 
In the center is the IRE emblem. tired in 
gokl to commemorate the IR E's Golden 
Anniversary. Above are seen the coats of 
arras of the three countries of the Benelux 
Sect ion--Belgium, the Netherlands, and 
Luxembourg--while below is the inscription 
"To Dr. B. B. Barrow, from his friends in 
the Benelux Section of the IR E, 1959-1962." 
In making the presonation, Mr. Rinia 
praised the recipient for his contributions to 
the development of the IRE in Europe, in 
particular, his efforts as one of the founders 
of the Benelux Section, as its first Secretar - 
Treasurer, as one of the organizers of inter-
national IRE symposia, and as one of those 
who worked for the establishment of IRE 
Rep ion 9. 

CONFERENCE ON M AGNET1SM 

AN1) M AGNETIC M ATERIALS 

SOLICITS PAPERS 

The Eighth Annual Conference on Mag-
netism and Magnetic Materials will be held 
on November 12-15, 1962, at the Penn 
Sheraton Hotel, Pittsburgh, l'a. The Con-
ference is being sponsored by the American 
Institute of Electrical Engineers and the 
American Institute of Physics, in coopera-
tion with the IRE, the Office of Naval Re-
search, the Metallurgical Society of AIME, 
and the American Society for Testing and 
Materials. It will continue to emphasize the 
value of bringing together those interested 
in both basic and applied work front the 
many disciplines of tnagnetistn. 

Contributed papers are solicited on 
basic theoretical ami experimental invest iga-

tions, potenaial engineering appliuttions 
and apparatus and techniques which utilize 
recent advance- in magnetism. Invited 
papers will be presented by eminent sci-
entists and engineers, both from America 
and abroad. In addition to the usual topics, 
the committee is encouraging papers in II igh 
Fields, Superaioductivity and :Magnetism, 
and Biological Magnetism. Programs mn-
Wining abstracts of all papers will be dis-
tributed before the Conference. 

Prospective authors should submit two 
ciipies of a 200-500- word abstract in the 
format of the American Institute of Phys-
ics. indicating title. author and 
Abstracts must be sent no later than Au-
gust 18, 1962. to: G. \V. Wiener, Westing-
house Electri( Corp., Research Labs., 
Churchill Borough, Pittsluirgh 35, Pa. The 
:MP style 'mutual may be obtained without 
charge front 11. C. \Volk, AIP„i35 E. 45 
St.. New York 17, N. Y. Time allotted for 
presentati,n will be ten - fifteen minutes, 
liutal selectioa of papers ¡did time schedules 
will be made by the Program Committee. 

selection will be based on new technical 
information contained in the abstract. Con-
sequently. the principal results ut be pre-
sented should be clearly stated. 

The Proceedings of- the Conference will 
ipe published in the Ma7-ch or April, 1963 
supplemetit to the Jvurnat of Applied 
Physics. Nlannscript instructions, including 
submission deadlines, will be sent to authors 
whose papers are accepted for presentation. 
The seleetiint of papers for publication will 
be determine( i by their signitn-ant scien-
tific or engineering contribittion to the pres-
ent fields of magnetism. 

IRE TEsT CHARTs 
Now AVAILABLE 

The Technical Committee on Facsimile 
of the IRE has released a new printing of the 
Fat-simile Test Charts to the Electronic 
Industries Association. The tirst printing 
has been out of stock for some time, awl 
there have been many inquiries for these 
test charts. Information about prices may 
be obtained from El A, 11 \\ est 42 Street, 
New York. N. Y. 
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Call for Papers 

1963 IRE INTERNATIONAL CONVENTION 

March 25-28, 1963 

Waldorf-Astoria Hotel and the New York Coliseum, New York, N. Y. 

Prospective authors are requested to submit all of the following information by the 

Deadline Date of October 19, 1962 

1. 100-word abstract in triplicate, title of paper, name and address 
2. 500-word summary in triplicate, title of paper, name and address 
3. Indicate the techn-ical field in which your paper should be classified: 

Aerospace & Navigational Electronics 
Antennas & Propaga tion 
Audio 
Automatic CAmitrol 
Bi,,-,l cdical Electronics 
Broadcast & Television Receivers 
Broadcasting 
Circuit Theory 
Comm it n ica t ions Systems 
Component l'arts 
Education 
Electron I ivy ices 
Electronic Computers 
Engineering 'ALI nagement 
Engineering Writing & Speech 

Geoscience Electronics 
I Inman Factors in Electronics 
Industrial Electronics 
Information Theory 
Instrumentation 
Microwave Theory & Techniques 
Military Electronics 
Nuclear- Science 
Product Engineering 8r Production 
Radio Frequency Interference 
Reliability & Quality Control 
Space Electronics & Telemetry 
Ultrasonics Engineering 
Vehicular Communications 

Note: Only original papers, not published or presented prior to the 1962 IRE Inter-
national L'onvention, will be considered. Any necessary in or company clearance 
of papers must be granted prior to submission. 

Address all material to: Dr. Donald 13. Sinclair, Chairman 
1963 Tech deal Program Cominittee 
The Institute of Radio Engineers, Inc. 
1 East 79 Street, New York 21, N. Y. 

PARIS SVNIPOSIDM 

Scil EDI I ED 

The Third International Ill 15)511111) on 
Quantum Electronics will be held at the 
UNESCO Palace ill l'anis on February 
11-15, 1963. It is being sponsored by the 
Office of Naval Research, IRE and Société 
Française des Electroniciens et ( les Radio-
électriciens. It is also receiving support from 
the Féderation Nationale (les Industries 
Electroniques, which will hold an exposition 
of apparatus pertaining to quantum elec-
tronics during the sanie week. Professor 
Louis de Broglie, Nobel Laureate and Secre-
tary of the French Academy, is the Honor-
ary President of the Symposium. Professor 
1'. Grivet, of the University of Paris, is 
Chairman of the Organizing Committee, 
and Professor N. Bloembergen, of Harvard 
University, is Chairman of the Program 
Committee. 

The lirst two Symposia on Quantum 
Electronics were sponsored by the Office of 
Naval Research and were held at High View, 
N. Y. in 1959 and at Berkeley, Calif. in 1961. 
As in the previous case, this Symposium 
will deal with such topics in Quantum Elec-
tronics as lasers, lasers, coherence, optical 
pumping, atomic clocks, and applications to 
spectroscopy, magnetism and relativity. 
Emphasis will be on basic physical principles 
rather than on engineering. Scientists de-
siring to present papers should submit ab-
stracts in triplicate before October I, 1962 to: 
The Third In Symposium on 
Quantum Electronics, 7 Rue de Madrid, 
Paris 8, France. 

Papers may be presented in either French 
or English. There will be simultaneous trans-
lation of each paper into the other language 
for the benefit of the audience. A registra-
tion fee of $ 12.00 will be required of all par-
ticipants. Further information can be ob-
tained from the address above. 

PGMTT CALL FOR PAPERS 

The 1963 pcmrr National Symposium, 
sponsored by the IRE Professional Group on 
Microwave Theory and Techniques, will be 
held on May 20-22, 1963, at the Miramar 
llotel, Santa Monica, Calif. 

Original papers in the field of microwave 
theory and techniques are being sought. Any 
approval necessary from cognizant authority 
must be granted prior to submission. Pros-
pective authors are requested to submit a 
100-word abstract and a 1000-word stun-
mary, in duplicate, with title, name, and 
address, in English, by January 5, 1963. 
Address all material to: Dr. I. Kaufman, 
Chairman, Technical Program Committee, 
Space Technology Labs., Inc., 1 Space Park, 
Redondo Beach, Calif. 

Authors accepted will be requested to 
provide 1000-word summaries accompanied 
by up to six ligures suitable for reproduction 
in a Symposium digest. Publication will 
not prejudice later consideration of the 
complete paper for publication in the IRE 
TRANSACTIONS ON MICROWAVE THEORY 
AND TECHNIQUES. 

Calendar of Coming Events 

and Author's Deadlines* 

11 onlinued Icon, pare /5.4 ) 

Oct. 25-27: Electron Devices Meeting, 
Sheraton Park Hotel, Wash., D. C. 

Oct. 30-31: Conf. on Spaceborne Com-
puter Engineering, Disneyland Ho-
tel, Anaheim, Calif. 

Nov. 1-2: 6th Nat'l. Conf. on Product 
Engr. and Production, Jack Tar 
Hotel, San Francisco, Calif. 

Nov. 4-7: 15th Annual Conf. on Engi-
neering in Medicine and Biology, 
Conrad Hilton Hotel, Chicago, Ill. 

Nov. 5-7: NEREM (Northeast Res. and 
Engr. Meeting, Commonwealth Ar-
mory, Somerset Hotel, Boston, Mass. 

Nov. 12-14: Radio Fall Meeting, King 
Edward Hotel, Toronto, Ont., Can-
ada. 

Nov. 12-15: 8th Annual Conf. on Mag-
netism and Magnetic Mat, Penn-
Sheraton, Pittsburgh, Pa. 

Nov. 16-17: 2nd Canadian IRE Com-
munications Symposium, Queen 
Eliz. Hotel, Montreal, P.Q., Canada. 

Nov. 19-20: MAECON (Mid-America 
Electronic Conf.), Continental Ho-
tel, Kansas City, Mo. 

Nov. 28-30: 1962 Ultrasonics Symp., 
Columbia Univ., New York, N. Y. 
(DL*: August 13, 1962, for 200-
word abstracts.) 

Dec. 4-6: FJCC (Fall Joint Computer 
Conf.), Sheraton Hotel, Philadel-
phia, Pa. 

Dec. 6-7: 13th Nat'l. Conf. on Vehicular 
Communications, Disneyland Hotel, 
Anaheim, Calif. (DL*: Aug. 15, 
1962, W. J. Weisz, Motorola, Inc., 
4545 W. Augusta Blvd., Chicago 51, 
Ill.) 

1963 

Jan. 8-10: Millimeter and Submillimeter 
Conf., Cherry Plaza Hotel, Orlando, 
Fla. (DL*: Sept. 15, 1962, J. J. 
Gallagher, MP-172-Box 5837, The 
Martin Co., Orlando, Fla.) 

Jan. 21-24: 9th Nat'l. Symp. on Re-
liability and Quality Control, Shera-
ton Palace Hotel, San Francisco, 
Calif. 

Jan. 30-Feb. 1: 4th Winter Convention 
on Military Electronics, Ambassador 
Hotel, Los Angeles, Calif. 

Feb. 11-15: 3rd Internat'l. Symp. on 
Quantum Electronics, UNESCO 
Bldg., Paris, France. (DL*: Oct. 1, 
1962, Madame Cauchy, Secretaire 
3ème Congrès d'Electronique 
Quantique, 7 Rue de Madrid, Paris 
Etème, France.) 

Feb. 20-22: Interne'. Solid State Cir-
cuits Conf., Sheraton Hotel and 
Univ. of Pa., Phila., Pa. (DL*: Nov. 
I, 1962, S. K. Ghandi, Philco Scien-
tific Lab., Blue Bell, Pa.) 

Mar. 25-28: IRE International Conven-
tion, Coliseum and Waldorf-Astoria 
Hotel, New York, N. Y. (DL*: Oct. 
19, 1962, Dr. Donald B. Sinclair, 
IRE, 1 E. 79 St., New York 21, N. Y.) 

Apr. 17-19: Southwestern IRE Conf. 
and Elec. Show, Dallas Memorial 
Auditorium, Dallas, Tez, 

Apr. 17-19: Internat'l, Special Tech. 
Conf. on Non-Linear Magnetics, 
Shoreham Hotel, Washington, D. C. 
(DL*: Nov. 5, 1962, J. J. Suozzi, 
BTL Labs., Whippany, N. J.) 

Apr. 24-26: 7th Region Tech. Conf., 
San Diego, Calif. 

* DL = Deadline for submitting ab-
stracts. 
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SENSITIVE RESEARCH 

10 PPM ACCURAC 
5-YEAR RELIABILITY WARRANTY 

The Dauphinee Potentiometer is a 6 figure instrument with a 6  year history 

of stability to a few parts per million. Ranges of —10 µv to + 2.101010 y (X1) 
and —1 /Iv to + 0.2101010 y (X0.1) read out directly on only 4 dials in cali-

brated steps of 1 µv and 0.1 ¡iv (no slidewire). Thermal emfs are less than 
0.1 µV. Contains 2 saturated standard cells in an internally thermostatted 

enclosure. Separate galvanometer circuits permit continuous monitoring of 

both the measuring and standardizing functions. Instrument is completely 
"Self Checking". 

The Type 9144 is the only precision DC potentiometer that can be employed 

equally well as a 2 ppm resistance comparator, a standard cell comparator 

and a precision 4 terminal 21 SI standard resistor (variable in steps of 10 ps». 

In the near future an accessory instrument will be made available that will 
enable this potentiometer to be used in conjunction with a platinum resis-

tance thermometer for the measurement of temperature. 

Design is by Dr. T. M. Dauphinee of Canada's National Research Council. 
All rights are protected by a United States patent application. 

15 PPM ACCURACY 
5-YEAR RELIABILITY WARRANTY 

The Type 9120 i•; a new 4 dial, 7 figure precision DC potentiometer with 

single window readout and a resolution of 1 part in 20 million. Total measur-
ing range of 2.099,S99,9 y in steps of 0.1 ins is achieved without the necessity 

of switching ranges. Instrument is completely "Self Checking". All positions 

on the measuring dials are individually calibrated steps (no slidewire). Meas. 

uring circuit switches are potential contacts and do not carry current. Switch 

contact resistance is, therefore, of no importance. Thermal emfs are less 
than 0.1 pv. 

The design of the Type 9120 places 
special emphasis on simplicity of op- SINGLE 

eration and readability. This potenti- WINDOW 

ometer has particular value when volt-
ages requiring usage of the first dial READOUT 

are to be compared to a fraction of a 

microvolt. 

20 PPM ACCURACqh if/ 

5-YEAR RELIABILITY WARRANTY 
The Type 9180 a 3 dial, 5 figure version of the Dauphinee Potentiometer 

described above. Particular attention has been paid in construction to the 
elimination of thermal emfs (less than 0.05 µv). Instrument is completely 

"Self Checking". Every switch position is an individually calibrated step 
(no slidewire). 

The design of the Type 9180 combines all the advantages of high and low 

range potentiometers in an economically priced general purpose instrument. 

Range Factor Measuring Range Resolution 

X1.0 

X0.1 
X0.01 

X0.001 

— 10 gy to + 2.10100 v 

—1 µv to + 0.210100 v 

—0.1 ¡iv to + 0.0210100 v 

—0.01 gv to + 0.00210100 v 

'Optional range 

COMMANDER instruments are meticulously 

manufactured for Sensitive Research by Guildline 

Instruments Ltd. of Smiths Falls, Canada, whose en-

gineering heritage in the production of fine standards 

dates back to 1895. The "new" potentiometers de-

scribed above have many years of "facts and figures" 

to substantiate their specifications for accuracy and reliability. They 

are "new" only in the sense that their design concept is so much 

further advanced than similar instrumentation presently in the field. 

COMMANDER potentiometers can be furnished with either NBS 

or NRC certification. Copies of past performance data are available 

upon request. 

For the most important standard in the world — yours — specify 

a Sensitive Rasearch COMMANDER Potentiometer. In 1960 and 

1961 over 200 other standards people did! 

10 /iv 

1 gv 

0.1 or 

0.01 Itv 

PROCEEDINGS Cf THE IRE August, 1962 17A 



1962 ACN1 CoNFERENCE 

The 17th Annual National Conference 
of the Associa loti for Computing Machinery 
%%ill be held it the \Var 'Memorial Auditori-
um and the Syracuse Hotel, Syracuse, N. Y. 
on September 1 7, 1962. Eleven significant 
fields of interest will be surveyed by over 100 
computer authorities from the 1. tined States 
and abroad, covering information retrieval, 
artificial intelligence, education and train-
ing, numerical analysis, and applications in 
the physical sciences. Engineering applica-
tions, automatic programming and com-
pilers, artificial languages, and business and 
management data processing, as well as 
real time information processing, and com-
puter design will also be included. 

The program will be highlighted by 
eight invited talks, accenting such vital top-
ics is information processing in military 
commands, programming languages, and the 
legal implications of the computer revolu-
tion. Also scheduled are panel discussions 
on ALGOL in use today and the social re-
sponsibilities of computer people. The Halls 
of Discussion periods will be continued at 
AC1\1'62, with live topical areas on the 
agenda: marketing, installation manage-
ment, business data processing, information 
retrieval and programmer training. Illus-
trated condensations of all of the talks will 
be published in a Digest of Technical Papers. 
Copies will be available on the opening day 
and distributed free to all conference regis-
trants, except students. 

General Chairman of the Syracuse Con-
ference is R. S. Jones, Sylvania Electric 
Products Inc., Camillus, N. Y. 

FLoRIDA CoNFERENCE 

CALL FUR PAPERS 

The 1\ lillimeter and Submillimeter Con-
ference, sponsored by the IRE Orlando 
Section and PGM TT, will be held in Or-
lando, l'In., January 8-10, 1963. There will 
be eleven informative sessions on the follow-
ing topics: 

Millimeter and Submillimeter Transmis-
sion Lilies 

Quasi-Optical Techniques 
Millimeter Sources and Stability Con-

siderations 
Millimeter and Submillimeter Resonant 

Structure,. 
Millimeter Components and Power 

Measurements 
\I illimeter Receivers, Radiometry, and 

Propaga Gott 
I larmonic Generation and I )etect ion 

Techniques 
illimeter Spectroscopy—Resonance 

Phenomenon 
Millimeter Masers—Optical Pumping 

with Millimeter Outputs, and NIultiple 
Quant um Transitions 

Nlillimeter Pulse Work, Plasmas, Meas-
urements and Instrumentation, and Phase 
Lis-king and Frequency Control 

Survey of Control Millimeter and Sub-
millimeter Work, and Millimeter and Sub-
millimeter Techniques—Future Trends. 

Several iiivited papers will be presented 
by authorities in the field. Original papers 
on any of the above topics will be considered 
for presentation. Speakers should plan on 20 
minutes for presentation, and 5 minutes for 

discussion. The deadline for three copies of 
a 500-word abstract is September 15, 1962. 
Abstracts, should be mailed to: J. J. Galla-
gher, The Martin Co., MP- 172, Box 5837, 
Orlando, Fla. 

Authors whose papers cannot be included 
in the regular sessions will be encouraged 
to give a brief restitue of their papers in the 
open sessions. Suitable conference papers 
will be published in the IRE TRANSACTIONS 
ON MICROWAVE THEORY' AN» TECHNIQUES. 

1962 ULTRASONICS SVMPOSIUM 

The 1962 Ultrasonics Symposium, spon-
sored by the IRE Professional Group on 
Ultrasonics Engineering, will be held at 
Columbia University, New York, N. Y. on 
November 28 30, 1962. In planning the 
program, the Symposium Committee has 
invited a number of papers intended to cover 
both current developments and future trends 
in the field. The list of authors and papers 
includes: E. A. Hiedemann, "Optical Effects 
of l'Itrasonic Waves"; A. Kiis, F. G. Hahne-
man, D. Hornbostel, and B. Small, "A 
High-Frequency Ultrasonic Spectrum Ana-
lyzer"; S. \V. Tehon, " Development and 
Application of Dispersive Ultrasonic Delay 
Lines"; H. E. Rommel, " Microwave Ultra-
sonic Absorption in Solids I ( Metals and 
Vitreous Silica )" ; K. Dransfeld, "Microwave 
Ultrasonic Absorption in Solids 11 ( Dielec-
tric Crystals and Ferromagnetic Materi-
als)" R. C. I.eCraw, " Iligh-Frequency 
Acoustic Losses in Ferromagnetic Insu-
lators"; II. Matthews and R. C. LeCraw, 
"Acoustic Wave Rotation and Magneto-
elastic Coupling"; R. T. Denton and E. G. 
Spencer, "Microwave Acoustic Measure-
ments in Garnets"; M. H. Scavey, Jr., 
"Microwave Phonon Generation by Thin 
Magnetic Films"; N. S. Shiren, " Detection 
of Microwave Ultrasonics by Phonon-
Photon Double Quantum Transitions"; 
E. H. Jacobsen, "Anomalous Dispersion of 
Ultrasonic Waves by Electron Spins"; E. B. 
Tucker, " Interact ions Between Microwave 
Phonons and Electron Spins in Solids"; A. R. 
Hutson, "Prospects for Active l'Itrasonic 
Devices"; and I). L. White, " Ultrasonic 
Traveling-Wave Amplifier." 

In addition to contributed papers related 
to topics covered by the invited papers, 
papers are sought on any topic in the general 
field of ultrasonics. Three copies of a 200-
word abstract should be sumbitted before 
August 13, 1962 to: R. N. Thurston, Techni-
cal Program Chairman, Bell Telephone 
Laboratories, Murray I till, N. J. 

The Symposium Committee includes: 
General Chairman: J. E. May, Jr.; Vice 
Chairman: A. II. Meitzler; Arrangements: 
\V. F. Konig; Program: R. N. Thurston, 
S. E. Jacke, \V. F. Konig, J. E. May, Jr., 
A. 11. Meitzler; Publicity and Finance: 

Rothbart. 

OBITUARIES 

Martin V. Kiebert Jr. (A.31 N1'38-
51\1'43-F'59). Notification of his death was 
received. He was former Head of the Elec-
tronics Unit of the Advanced Development 
Division of The Martin Co., Denver, Colo. 

Born on November 27, 1908, in Wallace, 
Idaho, he attended the University of Idaho 
front 1928 to 1931, and Reed College, Port-

land, Ore., in 1933 and 1934, majoring in 
electrical engineering and physics. In 1929 
he received the Idaho Edison Scholarship 

Award, Front 1934 
to 1937, he was chief 
engineer at KIRO, 
Seattle, Wash, lui 
1937, he became 
radio inspector for 
the Federal Com-
munications Com-
mission at Scuttle, 
and in 1938, he was 
transferred to Wash-

ington, D. C., where he was associate engi-
neer in the broadcast division. During 1939, 
he became affiliated with Jansky and Bailey, 
Washington, D. C., as a consulting radio 
engineer, and in 1941, as a consultant with 
McNary and Chambers, Washington, D. C. 

Before joining The Martin Co., Mr. 
Kiebert was also proposals coordinator for 
Datalab, a division of Consolidated Electro-
dynamics Corp.; director of electronics for 
the Miami Shipbuilding Corp.; director of 
research and development for Tele-Dynant-
ics, Inc.; director, Special Products Re-
search Lab., Bench\ AviatioA Corp.; chief 
engineer, Tuner Division of P. R. NIallory 
Co.; assistant to the chief engineer, Convair 
Guided Missiles Division, General Dynam-
ics Corp.; and director of research and elec-
tronics, Applied Research, 111c. A former 
Navy Commander, he was hetd of the 
Special Weapons Branch of the govern-
ment's Bureau of Aeronautics during World 
War II. In this capacity, he was responsible 
for all of the bureati's electronic activities 
in guided missiles. 

Mr. Kiebert was Chairman of the IRE 
Orange Belt Subsection and of the Radio 
Telemetry :old Remote Control Administra-
tive Committee. He received awards from 
the American Chemical Society (1928), and 
front the Royal Aeronautical Society ( 19471. 

John I. Bohnert 
1'46-'3\1'49-V60f 

Superintendent of 
the Electronics 
vision of the U. S. 
Naval Research Lab-
oratory. Washington, 
D. C., died on May 
11, 1962. As Labora-
tory Division Super-
intende.it, he was in 

charge of a complex of programs devoted to 
research in solid-state electronics, energy 
conversion, electron tubes, an identi-
fication systems and wave propagation. 

He was born in Pittsburgh, l'a., in Au-
gust, 1910. He received the 13.5. degree in 
mathematics from the Carnegie Institute 
of Technology in 1932, and the M.A. de-
grees from the University of Pittsburgh in 
1935. He was a wirded the Ph. I). degree 
from the latter insti• talon in 1940. 

During World \\. ir II, he was engaged in 
antenna and propagation studies for the 
Radiation Laboratory of the Massachusetts 
Institute of Technology. I: poi. dissolution 
of the Radiation Laboratory in 1945, he 
joined the Naval Research Laboratory's 
Boston field station as a no'io engineer, 
but transferred to the Nui .11 Research 
Laboratory in Washington in 1946, as a 
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Be sure to see us at WESCON: 

Booth #3354-5. • 

now see this 
2cPs 

20 10 0 10 20 

CPS 

30+ 

Bandpass response 
for 2 cps l-F 
bandwidth 

2 cps resolution from 5 cps through 20 kc 

with Panoramic's SY-1 
SONIC ANALYSIS SYSTEM 

LP-la SONIC SPECTRUM ANALYZER 
C-2 AUXILIARY FUNCTION UNIT 
RC-3b CHART RECORDER 

Panoramic's new low cost system, consist-

ing of the famed Model LP-la Sonic 

Analyzer, new C-2 Auxiliary Function 

Unit and RC-3b Recorder, is designed to 

solve an extremely wide range of noise, 

vibration and other waveform analysis 

problems. 

The system is designed for simplicity in 

use. Its operating parameters are readily 

adjustable to fit widely varying analysis 

requirements. For quick spectrum ap-
praisal . . . 1 sec. log scan from 40 cps to 
20 kc. For precise detailed analysis . . . 30 
preset linear scan widths of 20 to 5000 cps, 

centerable between C and 20 kc; 1 sec. to 

16 hrs. scan intervals; 2 cps to 200 cps 

steep skirted selectivity range. 

Direct frequency and amplitude readouts 

of discrete and random waveform con-

tents are fast and accurate ... simplifying 

use at production test stations or in the 

laboratory. 

Indeed, whether your need is to analyze 

random or line spectra either with com-

ponents deep in noise or widely apart in 

level but close in frequency, this new 

Panoramic system is your assurance of 

faster, easier solutions. 

.:ÇCO 

522 South Fulton Avenue, Mount Vernon. N.Y. • Phone: 

Narrow l- F bandwidths 
with steep skirts enable: 

a) analysis of CW signal 
deep in noise 

b) amplitude measurement 
of weak signal close 
to very strong signal. 

AMONG THE SYSTEM'S OUTSTANDING CAPABILITIES: 

Overall frequency range: 5 cps to 22,500 cps. 

Scan provisions: Precalibrated "quick look" log scan 
40 cps to 20 kc in only one second. For precise de-
tailed analysis 30 selecable pre-set linear scans 20 
to 5000 cps wide, centerabie anywhere between 0 
and 20 kc. Scan times: 1 and 10 sec. with C-2 and 30 
sec. to 16 hrs. w.th RC-3b Recorder. Latter permits 
unattended analysis, provides longer sampling times 
required for best selectivity and quantitative random 
signal analysis. 

Selectivity characteristics: Automatic optimum reso-
lution ( 1 second scan) plus adjustable l-F bandwidths 
from 2 cps to 200 cps with extremely steep skirts— 
see graph above—closely approaches idealized fil-
ter desired in random signal analysis. 

Readout: 5" CRT and 12" x 41/2" inked chart ( with 
RC-3b Recorder). 

Calibrated amplitude scales: Linear and 40 db log. 

Residual distortion: Dynamic range better than 60 db. 

Analyzer stability: Less than 5 cps/HOUR drift ( after 
warm-up) insures meaningful analysis with 2 cps 
resolution 

Sensitivity compensation, random and discrete: Sen-
sitivity remains constant for all l-F bandwidth settings 
for either random or discrete input signals. 

Adjustable smoothing time constant: Smooths ran-
dom fluctuations, clearly displays average noise level 
at each frequency for faster more easily appreciated 
analysis. 

Manual scan control: CRT beam and analyzer tuning 
positioned anywhere within sweep width range for 
extended time vs. amplituoe studies. Amplitude vs. 
time analysis also provided with RC-3b Recorder. 

For detailed information on the SY-1 

and other sonic systems, CALL, WRITE on 

WIRE: 

Area Code 9141 OWens 9-4600 • TWX: MT-V-N.Y.-5229 • Cables: Panoramic, Mount Vernon. New York State 

dependable 

CERTIFIED 
SPECIFICATIONS 
I., ....al, 

data 



member of the staff of the newly constituted 
NI icniwave Antennas and Components 
Branch. Assuming positions of increasing 
importance at the Laboratory, he became 
Division Superintendent in 1955. 

Dr. Bohnert was the author of several 
papers and reports, and held patents in the 
antenna field. He was a member of the In-
ternational Scientific Radio Union, and 
principal founder of the Inter-Service (Army 
Navy. Air It Antenna Group. 

John M. Miller (A'17-F'20) (L), former 
Navy electronics expert, died on Mav 18, 
1962 in Pompano Beach, Fla. Fle was m:idely 
known for the Miller effect in electronics— 
the change in the input admittance of a 
triode value caused by variation of the im-
petlance in the anode circuit. 

Born on June 22, 1882 in Ilanover. Pa.. 

he at tended Yale 
University, where he 
received the B.A. de-
gree in 1904, the M.A. 
degree in 1907, and 
the Ph.D. degree in 
physics in 1915. Front 
1907 to 1919, he was 
ie ph sicist with the 
National Bureau of 
Standards. I hiring the 

period front 1925 to 1936, he was in charge of 
radio receiver research at the Atwater Kent 
Nlanufacturing Co., Philadelphia, l'a., and 
front 1936 to 1940, he was assistant head of 
the research laboratory for the RCA Radio-
tron Co. 

Front 1923 to 1925, Dr. Miller was asso-
ciated with the original group at the U. S. 
Naval Research Laboratory, Washington, 
D. C. He returned in 19110 as associate 

superintendent of the Radio Division, and 
WitS promoted to the position of Superin-
tendent of Radio Division I in 1945, where 
he served until his retirement in 1952. Dur-
ing this service, he received several awards 
for his scientific contributiors, among which 
was the Navy Distinguished Civilian Service 
Award ( 1945) for the development of a new 
flexible frequency cable neeOed in radio and 
radar equipment. 

1)r. Miller was presented the IRE Medal 
of Honor in 1953, in recognition of his 
pioneering contributions to ( air basic 
knowledge of electron tube theory, of radio 
instruments and measurements, and of 
crystal controlled oscillators. He was a mem-
ber of several professional groups and was 
the author of many articles on electronics 
for scientific journals and Navy publica-
t ions. 

Sixth National Symposium on Engineering 

Writing and Speech 

M AYFLOWER II OTEI., \GP ix, D. C., SEPTEMBER 13-14, 1962 

TIn.• Sixth National Symposium on En-
gineering Writing and Speech, sponsored by 
the IRE Professional Group on Engineering 
Writing and Speech will be held on Septem-
ber 13-14, 1962 at the Mayflower Hotel, 
Washington, D. C. 

The theme of the Symposium is: " EWS— 
an Art or a Science?" Sixteen papers have 
been selected and are scheduled for presen-
tation in four consecutive sessions during 
the two-day meeting. Texts of the technical 
papers will be published in a Symposium 
Proceedings which will be distributed free 
to all registrants. 

Members of the Symposium Committee 
include: Chairman: I'. J. Martin, Office of 
the Chief of Naval Operations; Program: 
J. E. Durkovic, Aeronautical Radio, Inc.; 
Registration: R. H. Schaaf, Dept. of De-
fense: Arrangements: T. R. Davis, Tech-
nical Scriveners Co.; Publications: J. Carter, 
RCA; Public Relations: C. De Vore, CREI 
Atomics; and Finance: J. E. Voyles, Ramo 
Wooldridge Co. 

Advance registration fees ( to September 
1, 1962) for the Symposium are: $7.00 for 
IRE and PGEWS members and PGEWS 
affiliates; $8.00 for advance registration of 
non- IRE members. Registration at the Sym-
posium will add one dollar to each of the 
above fees. Further information on registra-
tion may be obtained front: R. H. Schaaf, 
Washing-ton IRE Section, 2029 K St., 
NW., Washington 6, D. C. 

The program is as follows: 

Thursday Morning, September 13 

Session I—EWS is an Art 

Nloderator: C. Ports. 
"The Sound of Good Writing, - G. M. 

Arnold, Sperry Rand Corp., St. Paul, Minn. 
"Case Against Writer vs Engineer," 

E. H. Galinskv, IBM Corp., Owego, N. Y. 
"The New Art, - S. G. Smith, Applied 

Physics Labs., Johns Hopkins Unimrsity, 
Silver Spring, Md. 

"A Moving Finger in the Sand, - G. L. 
Seielstad, Applied Physics Labs., Johns 
Hopkins University, Silver Spring, Aid. 

Thursday Afternoon 

Session II—EWS is a Science 

Moderator: Gladys Montgomery. 
"The Clinical -Approach to Creative 

Speech," J. C. Connelly, IBM Corp., Owego, 
N. Y. 

"Technical Writer, the Myth vs the 
Man," R. M. D'Aprix, General Electric Co., 
Utica, N. Y. 

"Economics of EWS Service, - H. N. 
Hubbs, Glenn L. Martin Co., Denver, Colo. 

"Cost Effectiveness of Several Page For-
mats," P. E. T. Jensen, Sylvania Electric 
Products, Inc., Mountain View, Calif. 

Thursday Evening 

Reception and Banquet 

Speaker: Henry Loomis, Director, Voice 
of America, U. S. Information Agency. 

Friday Morning, September 14 

Session III—EWS is Both Art and Science 

Moderator: Phil Klass. 
"Effective Presentation, - R. S. Blieq, 

Canadian Aviation Electronics Ltd., ! Until-
peg„Ilanitoba, Can. 

"EWS—Techniques or Fundamentals? -
A. E. Javitz, Electro-Technology, New York, 
N. 1. 

"Guide to Winning Proposals, - A. T. 
Koch, General Electric Co., Syracuse, N. Y. 

"\Vrite It and Read It Right," II'. A. 
Ternent, General Electric Co., Syracuse, N. Y. 

Friday Afternoon 

Session IV—EWS for the Engineer, 
Writer, Speaker . 

Moderator: Paul Martin. 
"How to Not Write a Science Film," 

B. E. Strasser, Bell Telephone Labs., New 
York, N. 1'. 
"PERT—A Tool for Subcontract Ad-

ministration," A. McHugh, General Electric 
Co., Syracuse, N. Y. 

"Put the Cart Before the Horse," 
H. Gettings, Dynatronics, Inc., Orlando, Ha. 

"A New Recipe for Old Chestnuts," Dr. 
Elise Gilmore, Sylvania Electric Products. 
Inc., Buffalo, N. 1'. 

Summary and Adjournment: Syntposium 
Chairman. 
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Tenth Annual Engineering Management Conference 
ROOSEVELT HOTEL, NEW ORLEANS, LA., SEPTEMBER 

The program for the 1962 Engineering 
Nlanagement Conference to be held Sep-
tember 13-14, 1962 at the Roosevelt Hotel, 
N e w Orleans, La., has been announced. 
Sponsoring organizatioils include the IRE 
Professional Group on Engineering Manage-
ment, Al EE, and ASNI E. The program is as 
follows: 

Thursday, September 13 

Session I—The Challenge of the Future 

Chairman: Lloyd Smiley 
"Engineering as a Goiwing Source of 

Permanent Wealth," D. W. Oakley, l'ice 
President, Metal and Therein Corp., New 
York, X. Y. 

"The Engineer and the Challenge of 
Economic Dex-clopment ," Samuel Lurie, 
Director, Division of Industrial Development, 
Department of Economic and Social Affairs, 
United Nations Headquarters, New York, 

"Partners in Progress," G. C. Rawls, 
President, Louisiana Power ami Light Co., 
New Orleans, La. 

"The Engineer's Changing Role in In-
dustry," Morley II. Mathewson, President 
Elect, MEE, and Director of Corporate 
Industrial Engineering and Operations Re-
search, International Minerals and Chemical 
Corp., Skokie. Ill. 

Thursday Afternoon 

1.uncheon Speaker: "A l'hilosophy for 
NIanagement," C. H. Shumaker, Southern 
Methodist University, Dallas, Tex.; Presi-
dent Elect, .1 SME. 

Session II— Engineering Education 

Chairman: O. J. Size/ave 
"Education for the Complex of Profes-

sional Objectives in Engineering," Newman 
Hall, Chairman, Dept. of Mechanical Engi-
neering, 1'ale .Vew Haven, 
Conn. 

"A Forward Look at the Education of 
Engineers," 11'. 11'. Gagerty, Dean, College of 
Engineering, University of Texas, Austin, 
Tex. 

"Objectives and Design of Company 
Programs For Graduate Education," D. L. 
Polenz, Manager, Advanced Systems Den'!-
opinent Division Education, IBM, lark-
town Heights, N. 1'. 

Friday, September 14 

Session III—Managerial Contribution to 
Engineering Work 

Chairman: Ilugh Estes 
"The Nlotives of Nlen at Work," 0/av 

13-14, 1962 

Sorensen, Manager, Personnel Register and 
Placement, Engineering Person ml .Service, 
General Electric Co., New York, N. Y. 

"Salary Evaluation of Engineering Posi-
tions," Herbert Ilubben, McKinsey and Co., 
Washington, D. C. 

"Engineering Organization in Transi-
tion," E. J. Tangernmn, McGraw Juil 
Publishing Co., New York, N. Y. 

Friday Afternoon 

Luncheon Speaker: " Latin America --
Key to the Future," Ambassador de Lesseps 
S. _Morrison, U. S. Representative on the 
Council, Organization of American Slates. 

Session IV—Contributions by Engineers to 
Managerial Work 

Chairman—Gardner Reynolds 
"Examples of Computer Usage in Tech-

nical \Vork," R. R. Johnson, «Manager of En-
gineering, Computer Dept., General Electric 
Co., Phoenix, Ariz. 

"The Nlanagement of a Product Assur-
ance Program," Landis S. Gephart, Director, 
Product Assn r a nce, Space Systems Div., 
Lockheed Missiles and Space Corp., Sunny-
vale, Calif. 

Eleventh Annual Joint Industrial Electronics 
Symposium 

Su ToN-1'11 RAG() 

The Eleventh Annual Joint Industrial 
Electronics Symposium, sponsored by the 
IRE, A 1 EE, and Instrument Society of 
America, will be held at the Sheraton-
Chicago Hotel, Chicago, Ill. on September 
19-20, 1962. The program of the Symposium 
is as follows: 

Wednesday September 19 

Session I— Electro-Mechanical Techniques 

Chairman: Edward A. Roberts, l'ictor 
Electronic Systems Co., Chicago, 

Vol tug Percussion Welding," 
John Gellatly, Western Electric Co., Chicago, 

"Versatile Automation," Harold John-
son, American Machine and Foundry Co., 
Elk Grove U'illage, 

"Future of Numerical Control in Indus-
try," Dr. Shizuo ¡lori , Armour Research 
Foundatitm, Chicago, Ill. 

"Recent Advances in TWN Nlechaniza-
tion," Robert E. Stoe.ffels, Automatic Electric 
Labs., Inc., Norndake, 111. 

Wednesday Afternoon 

!I* Luncheon Speaker: " Investment Aspects 
of the Electronics Industry," Dudley !leer, 
Vice President, Television Shares Manage-
ment Corp., Chicago, 111. 

Session II— Electro-Optical Techniques 

Chairnian: Benjamin Griffith, Chairman, 

HOTEL, CHI( \Go, ILI-, SEPTEMBER 19-20, 1962 

Chicago Sri-lion IRE; Teletype Corp., Skokie, 

"Magneto-Optic Positioning," Dr. Robert 
Meltzer, Bausch and Lomb, Inc., Rochester, 
N. Y. 

"Fully Integrated Digital Graphic Proc-
essor," Norman Taylor, Itek Labs., Lexing-
ton, Mass. 

"Fiber Optics- -A New Tool for I nuits-
try," T. J. Gallagher, Chicago Aerial Indus-
tries, Barrington, Ill. 

"Industrial Applications of Lasers," D. 
Monteith, Trion Instruments, Inc., ne 
A rbor, Mich. 

"Digital Applications of Thermoplastic 
Recording," R. G. Reeves, General Electric 
Co., Schenectady, N. Y. 

Thursday September 20 

Session HI— Electro-Magnetic Techniques 

Chairman: Joseph Encubad:, Chairman, 
Chicago Section, A IEE; Illinois Bell Tele-
phone Co., Chicago, Ill. 

"Industrial Applications of Hall Effect 
1)evices," David Silverman and Kermit 
Hi-id, Helipot Division, Beckman Instru-
ments, Fullerton, Calif. 

"Metal Forming with Pulsed-Magnetic 
Field," David Brower, General Atomics 
Division, General Dynamics Corp., San 
Diego, Calif. 

"Doppler Radar for Cellophane Mill 
Rolls," F. Alexander, .4 merican Viscose 
Corp., Marcus-Hook, l'a. 

"Potential Industrial Applications of 
Nla g net oh vil rod ynam ics," Don Marquis, 
Grimm( Electric Co.. Schenectady, N. 1'. 

Thursday Afternoon 

Luncheon Speaker: "Management De-
cisions ill Selecting New Products and En-
tering New Technical Areas," Dr. Albert 11. 
Rubenstein, Assoc. l'rofessor, Dept. of Indus-
trial Engineering, Northwestern l'niver-
sity. 

Session IV— Electro-Chemical Techniques 

Chairman: John Anagnosl, Chairimin, 
Chicago Section, ISA ; De Vry Technical Insti-
tute, Chicago Ill. 

"Solions, Their Characteristics and Com-
mercial Applications," Nelson Estes, Tracor, 
Inc., Austin, l'ex. 

"Improved Analytical Technique for 
Moisture Determination in Non-Newtonian 
Materials," John Shaeffer, Consolidated Elec-
trodynamics Corp., Pasadena, Calif. 

"Preliminary Observations on the Effect 
of Super-Atmospheric Electrolyte Pressures 
in Electrolytic Metalworking," Lynn Wil-
liams, Anocut Engineering Co., Chicago, 111. 

"An Energy System for the Future," 
H. Jack .411ison, Dr. William Hughes, and 
C. M. Slimmers, Oklahoma State University, 
St illwater, Okla. 

"112-02 Capillary Fuel Cell System," 
H. J. Welch, Allis Chalmers Manufacturing 
Co., Milwaukee, I l'is. 
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new! 

AC/DC 
digital 

voltmeter/ratiometer 
-the first 

to bring you 
5 readings-per-second 

speed with 
mercury-wetted 

relays! 

For complete technical information, 
or a demonstration without obliga-
tion on KIN TEL'S Model 551 volt-
meter/ratiometer, write direct. Price 
(without optional visual readout) for 
the basic 5-digit instrument with 
buffer register and auto/manual/com-
mand range: $4150. F.O.B. San Diego. 
(50-cps operation at additional cost. 
The accessories include projection 
readout, BCD mercury-relay output, 
10-line mercury-relay output, and 
AC converter.) 

Representatives in all major cities. 

EL-EC -r cm rqic 

KIN TL CJIN./1510r,1 

5725 Kearny Villa Road, San Diego 12, California 

Phone 277.6700 (Area Code 714) 

Industrial 
Engineering Notes 

ELECTRONIC SALES HIT 

$13.85 BILLION 

Factory sales of the electronics indus-
try in 1962 are expected to reach a new 
peak of $13.85 billion, of which almost 60 
per cent will go to the U. S. Government, 
retiring President L. Berkley Davis told 
EIA members at the annual membership 
luncheon at the Pick Congress Hotel. Fie 
foresaw a substantial rise ill Government 
business this year, due largely to rising 
sales for space exploration and airport 
safety controls, and modest gains in con-
sumer and industrial markets. Concluding 
his second term as FAA President, Mr. 
Davis said that the electronics industry's 
"technological advances have continued 
unalmated" with "many promising discov-
eries in both basic and applied research." 
Discussing the outlook for the industry, 
Mr. Davis reported "all signs point to a 
continuing growth in dollar volume and 
further penetration into the economy of 
our country and perhaps the world. Yet 
the industry of the seventies may well be 
greatly different from the electronics in-
dustry of today," he added. "'Due elec-
tronics manufacturer who keeps abreast 
of technological progress and adapts to 
changing markets will not only survive but 
prosper. Those who stick stubbornly to 
outworn patterns may well disappear like 
the buggy whip manufacturer of our 
grandfather's day." The electronics indus-
try today ranks fifth, or possibly fourth, 
among manufacturing groups in the 
United States, the FAA President said. 

THE W AVE OF THE FUTURE 

"The wave of the future" in commer-
cial broadcasting is FM stereo radio and 
ultra high frequency television, Edward R. 
Taylor, Chairman of the EIA Consumer 
Products Division, reported to the annual 
Convention. "FM stereo radio will provide 
the entertainment electronics industry 
with its best business opportunity since 
television," Mr. Taylor declared. "The 
future course for UHF-TV is up also," he 
added, "and the rise over the next 10 years 
could be significant for the receiver indus-
try. EIA Consumer Products Division 
members anticipate what can be described 
as an orderly boom in FM for the next 
few years. Influencing the course of devel-
opments are a number of factors. A very 
important one, of course, is the high qual-
ity of FM stereo sound. Another is the 
recent move of the FCC partially to freeze 
AM broadcasting at its present level. The 
FCC has made it clear that it intends to 
slow down AM and promote FM. But 

*The data on which these NOTES are based were 
selected by permission from Weekly Reports, issues 
of May 21, 28 and June 18, 1962, published by the 
Electronic Industries Association, whose helpfulness 
is gratefully acknowledged. 

prior to the Commission freeze announce-
ment, FM had been showing healthy signs 
of growth. The number of FM stations, for 
instance, had increased from several 
hundred a few years ago to about 1100 
today. That many Division members an-
ticipate greater demand for UHF equip-
ment than the industry has experienced 
in many years is indicated in FAA Market-
ing Services Department figures showing 
a rise of more than 100 per cent in UHF re-
ceiver production in the first quarter of 
1962 compared with the same period of 
last year. \Vhile the controversy over all-
channel legislation considerably awakened 
public interest in Ul IF, other factors in-
fluenced UHF receiver output. Not the 
least of these was eulticational TV which 
this month was given its biggest boost mit 

years by enactment of legislation author-
izing $22 million in Federal grinds. It 

seems to us that 1:111: television loday is 
in very much the SallIC posit inn as FM 

radio Was some years ago --at die bottom 

develpment. We believe the future 
course for till.' is up. The rise over the 
next 10 years could be very significant for 
the television receiver industry." 

GAIN IN ELECTRONIC IMPORTS 
ANI) EXPORTS 

U. S. exports of electronic equipment 
and parts during 1961 were valued at more 
than $635.4 million or nearly 32 per cent 
above the $483.4 the industry shipped 
overseas in 1960, Thomas P. Collier, Di-
rector of EIA International Department, 
reported at the annual Convention. 
is a very enviable record for an industry 
which is faced with substantial conipeti-
tion abroad as well as high tariff and 
freight rates and a number of other formi-
dable obstacles to its export business," Mr. 
Collier said. Noting a rise of $50 million in 
electronic imports into the United States, 
Mr. Collier commented: "Although ex-
ports still are more than three times as 
large as imports, we are we;1 aware of 
problems which have been created for 
some segments of the domestic electronics 
industry by gains in imports of their prod-
ucts. For instance, 12.4 million radios 
were imported last year compared with 7.6 
million in 1960. Imports of radio tumbes 
went up from 27.6 million in 1960 to 36.6 
million in 1961. There also was a substan-
tial gain in the importation of radar equip-
ment, television apparatus and parts, 
sound equipment, and business dictating 
machines using a magnetic medium." He 
pointed out, however, that while imports 
are a growing problem for certain U. S. 
electronics manufacturers, many produc-
ers are experiencing new exports gains this 
year. During the first quarter of 1962, he 
said, exports were $ 161.9 million, or $ 15.2 

(Confining on page 24.4) 
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HUBLOC ANTENNAS 

28 Foot Dish Set Up 
in 12 Man Hours 

Andrew HUBLOC antennas are setting new standards 
in performance, cost and ease of assembly. Based on a 
unique patented structural connection, savings up to 
30% are achieved. The model shown is a 28 foot, 1 Ge 
version. 30, 40 and 60 foot models are currently in pro-
duction for advanced new communication systems. 

Bamc HUBLOC joint 

CHICAGO: 

F. O. Box 807 

Chicago az, Illinois 
Fleldbrook 9-3300 

LOS ANGELES: 

941 E. Marylind 

Claremont, Calif. 

NAtional 6-3505 

TORONTO: 

606 Beech Street 

Whitby, Ontario 

MOhawk 8-3348 

NEW OR X: 

P. O. Box 4 1 6 

Ridgewood, N. J. 

GlIber. 5-2500 

28 Foot, 
1 Gc Antenna 

Rely on Andrew for all your antenna equipment needs. 
In addition to the antennas shown and described, 
Andrew is also the leading producer of Coaxial Cables, 
Waveguides and accessory items, as well as Micro-
wave, Telemetry and other antennas. Write for cata-
logs, or call your nearest Andrew office. 

Complete 
antenna 

SPECIFICATIONS 
Type Number 26045 

Diamete-, feet 28 

Focal length, feet 10.5 

Surface tolerance 

Windload rating, psf 100 

Thrust due to rated 
wincfload 44,350 

Net weight, pounds 1,250 

WASH., D. C.: BOSTON: 

P. 0. Box 5697 P. 0. Box 296 

Wash. 14, D.C. Westwood, Mass. 

Olive 4-2540 DAvi s 6-6 500 

ANTENNAS • ANTENNA EQUIPMENT • TRANSMISSION LINES 
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NEW, 
EXOTIC 

WAVEGUIDE 
DIRECTIONAL 
COUPLERS 

As MicroMatchu' has identified a complete line of high-quality coaxial directional 

couplers for the pas 1Zt years, so MicroGuide now identifies a new line of waveguide 

directional coupler's. And you can now specify MicroGuide with equal confidence 

whenever you have a requirement for S, C, X or L band directional couplers. 

The model WL271, illustrated, is an example of a standard model modified to meet 

a specific customer requirement: L Band; 1100-1700 MCs.; 2RF sampling probes 

30 and 72 db below main line Incident Power, and 1 probe 53 db below main line 

Reflected Power; directivity 35 db minimum; 150 KW average; 30 megawatts peak 

power. All this in a package 1/10th the size of a conventional waveguide coupler. 

Find out how readily and inexpensively your most exacting S, C, X, and L Band coupler 

requirements can be satisfied. Write us at 185 N. Main St., Bristol, Connecticut, 

outlining your specifications in terms of frequency range, power level, coupling 

attenuation and type of waveguide. 

M. C. Jones Electronics Co.., Inc. 

SUBSIDIARY C 

CORPORATION 

  Industrial  • t 
Engineering Notes 

(Continued front paye 224) 

million ahead of the like 1961 period. "The 
American electronics company which gives 
the overseas customer wha i Ile Wa 

when he wants it, how he wat.ts it and with 
realistic pricing and credit terms will find 
the export market to be highly re‘‘arding," 
Mr. Collier said. "The export record of the 
industry for 1961 attests to the fact that 
we are not a too- little and too-late in-
dustry." 

G IVERNNIENTAI. ANI; 

GISLATIVE 

President Kennedy last week ordered 
administrative measures aimed at improv-
ing the prestige and environment of scien-
tific and engineering professionals working 
in federal research and development lab-
oratories in order to meet the competition 
from industry for their services. The di-
rective tu heads of all departments and 
agencies is part of a White lloose drive to 
retain the scientists and engineers the 
government now has and lure others into 
federal service through salary increases 
and pay-raise benefits and improved work-
ing conditions. Guidelines for implement-
ing the administrative measures are con-
tained in a special report called "The Com-
petition for Quality" prepared by the Fed-
eral Council for Science and Technology, 
a group of heads of the government's sci-
ence-oriented agencies. The report recom-
mends that scientists and engineers be 
given greater participation in decision-
making and that government laboratory 
directors be granted more technical re-
sponsibility and administrative authority. 
Actions are also suggested for improving 
public information on the "opportunities 
and challenges" offered by science and 
technology in government and for devel-
oping short and long-term opportunities 
for scientists and engineers. Other recom-
mendations deal with increasing the flexi-
bility of work schedules, the need for more 
relocation assistance for transferred em-
ployees, and the requirement for govern-
ment-wide guidelines for official travel and 
attendance at scientific meetings. The 
report also recommends sharp increases 
in government salaries and pay benefits 
to meet industry levels. The President's 
legislation to estaliiih t he l toosts is already 
before Congress. . . The rule prohibiting 
use of portable FM radios on all United 
States commercial airplanes and restrict-
ing their use on other U. S. civil aircraft 
has been extended by the Federal Avia-
tion Agency for an additional year to May 
25, 1963. Ile rule originally was put into 
effect for a one-year period on May 25, 
1961, after tests conducted by the FAA 
revealed that \ I radios adversely affected 
the operation of very high frequency radio 
navigation equiptnent in aircraft. The re-
striction was issued as a temporary rule 
pending completion of extended FAA 
tests. The terniiititt ion data of the rule has 
been advanced because final evaluation of 
the tests has not been completed. 
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push 

A N* 
War 

"rtar el% 

— 91011111, 

wait 
100 

milliseconds 

Harp cathode in new Amperex SSB twin tetrode per-

mits full talk-power in 100 milliseconds! 

Now the AMPEREX harp cathode— fastest- heating 

cathode ever produced—has been incorporated in a twin 

tetrode specially designed to provide excellent linearity 

in parallel for PEP outputs up to 158 watts ICAS, with 

third order IM distortion better than 30 db down! 

With the AMPEREX Type 8300 RF linear amplifier 

tube— instant- heating version of the 8117—fast warm-

up, excellent linearity and high efficiency are provided 

for mobile and portable SSB systems in the VHF range 

up to 175 Mc. When operated under intermittent con-

ditions, the 8300 has a plate dissipation rating of 34 

watts per anode. Either forced air or heat sink cooling may be 

used when operating the 8300 at or near the maximum ratings. 

talk 

Typical operation— A131 linear RF amplifier, both units 

in parallel 
Frequency  30 30 Mc. 
D. C. Plate Voltage   1000. . 800 volts 
D. C. Grid -,-" 2 Voltage  250. . 250 volts 
D. C. Grid . 1 Voltage   —34. — 34 volts 
Zero Signal D. C. Plate Current 50 5C ma 
Effective RF Load Resistance   3100 230C ohms 
Average D. C. Plate Current*   131 . 130 ma 
Peak RF Grid Voltage   34 34 volts 
Average Plate Power Output*   70.5 56 watts 
Peak Envelope Plate Power Output.   141 .. 112 watts 
3rd Order IM Distortion  30 30 db 

Conditions under two tone modulaton. 

Also available: Indirectly- heated-cathode Types 8116 and 8117 
with 26.5 V and 6.3 V heaters. respectively. 

For detailed data on Type 8300 and other SSB tubes, 

write: Amperex Electronic Corporation, 230 Duffy Ave-
nue, Hicksville, Long Island, New York. In Canada: Philips Elec-

tron Devices Ltd., 116 Vanderhoof Avenue, Toronto 17, Ontario. 

Ask (Awl ite) 



BUILT FOR 

o 

Model 
693 

WER 

This attenuator handles input rowers of 
at least 20 watts CW or 10 KW peak 
applied to either terminal. Available in 
attenuation values from 1 dl to 20 dh 
and covering the frequency range from 
DC to 1300 mc, the Model 693 has these 
other 

Weinschel Features: 

• Black anodi/ed aluminum body with 
cooling fin, di-sipates heat efficiently, 
pres(•r‘e-: stability. 

• "Type N.' stainless steel connectors 
giving long service life and excellent 
corrosion resistance. 

• Critical dimension of inner contact 
depth held to :L-. 0.005 inches, closer 
than that required by government 
specifications. 

• Certificate of calibration showing in-
sertion loss test ( lata with guaranteed 
accuracy explicitly stated. 

WEINSCHEL 
ENGINEERING 

41» 
10503 METROPOLITAN AVENUE 

KENSINGTON, MARYLAND 
Tel.: 949-0141 (Area Code 301) 

TWX: KENS 446 
In California: 631 Wilshire Blvd. 

Santa Monica 
TWX: SMON 1185 

IRE People 
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Dr. Morton A. 
Astrahan (S'45-
A'50-M'51--SM'57) 
of International 
Business Nlachines 
Corp., San Jose, has 
joined the IBM 
World Trade Corp. 

I'aris. Il is new 
,--Ignment is as 
-eitior technical ad-
\ iser to the manager of U-rc Laboratories. 
I le has been with I I1M since 1949, and at 
's.in Jose since 19.56. Front 1956 to 1958 
he was manager of systems research in the 
•:in Jose Research Laboratory. 

He received the B.S.E.E. degree from 
Northwestern University, the M.S.E.E. 
logree front the California Institute of 
Technology, and the Ph.D. degree from 
\ orthwestern. 

He was the first chairman of the IRE 
Professional Group on Electronic Com-
puters in 1952-1953, chairman of the 
National Joint Computer Committee front 
1956 to 1958, and chairman of the NJCC 
delegation to Russia in 1959 to observe 
computer development. He is now chair-
man of the finance committee of the Ameri-
can Federation of Information Processing 
Societies. 

John W. Ballard 
(M'60) of Granger 
Associates, Palo Al-
to, Calif., has been 
advanced to the 
position of director 
of marketing. He 
was previously 
manager of appli-
cations engineering. 
Ile joined Granger 
Associates after four years service in the 
U. S. Navy, as a pilot and as an electrintics 
officer specializing in electronic counter-
measures. In the latter specialty lie was 
responsible for ECM system development, 
modification, testing and operations. Dur-
ing 1959 he developed a complete special-
purpose airborne ECM system. 

Mr. Ballard received the A.B. and M.S. 
degrees in electrical engineering from 
Dartmouth College. He is a member of the 
Dartmouth Society of Engineers. 

The appointment of Max Krawitz 
(A'48-SM .50) as manager of color tube 
manufacturing for the Electronic Tube Di-
vision of Sylvania Electric Products Inc. 
has been announced. He joined Sylvania in 
1947 as a senior engineer assigned to 
cathode ray and microwave tube develop-
ment at the company's research labora-

tories iii Bayside, N. Y. In 1950, he was 
appointed section head in charge of the 
color tube program. Ile was transferred to 
Seneca Falls in 1953 as an engineering 
manager in the Picture Tube Operations 
and was in charge of color and mono-
chrome tube design. He was promoted to 
assistant chief engineer in 1957. Iii this 
position, his responsibilities included the 
engineering, merchandising and manufac-
turing of electroluminestent devices. Prii>r 
to joining Sylvania, he was associated with 
the Amperex Electronic Corporatioli, 
Brooklyn, N. Y., and the Ajax X- Ray 
Tube Corporation, Staten Island, N. Y. 

Mr. Krawitz graduated from the City 
College of New York with a Bachelor of 
Science Degree in physics. Ile also at-
tended Brooklyn Polytechnic Institute. 
He has published articles on electron op-
tics, cathode ray tubes and electro-
luminescent devices. He holds several 
patents on cathode ray tumbe and electro-
luminescent device developments. 

E. Eugene Ecklund 
(A'51 -SM '53), a 
marketing execu-
tive with wide ex-
perience in the de-
velopment of new 
products and new 
product lines, has 
been named Presi-
dent of '3homas 
Electronics, Inc., 
Passaic, N. J. Ele brings to Thomas more 
than 20 years' experience in business ad-
ministration with electronic firms, with 
special emphasis on the initiation and di-
rection of new product development. His 
background also includes engi.wering, 
sales and manufacturing management. 

:\ lost recently associated with ITT 
Fe(leral Labs. in Clifton, N. J.. as a busi-
ness planning executi% e, he served as Pro-
gram :\ tanager of several communications 
pr((jects, including one of the world's 
longest tropospheric scatter links. Earlier, 
in his capacity as sales manager for Allen 
B. DuMont Labs., Clifton, N. I., he ini-
tiated and directed that tirm's A:Itcanotive 
Test Equipment program, in which he 
pioneered the successful acceptance of the 
oscilloscope as a prime tool in testing inter-
nal-combustion engines. While he was 
managing the Special Instrument Design 
section for Du Mont, the company was 
awarded a letter of commendation by the 
Navy for his group's work on an airborne 
countermeasure analyzer utilizing a spe-
cially developed multi-gun cathode ray 
tube display. 

Mr. Ecklund holds a B.E.E. degree 

(Continued on Page .M4) 



RUGGED END-CAP 

( -NOW 
AVAILABLE 

WITH WELDABLE 

LEADS 

SURPASS MIL-R-10509 

PERFORMANCE 

REQUIREMENTS 

EXCEPTIONAL RESISTANCE 

TO MOISTURE 

AND MECHANICAL 

DAMAGE 

CONSTRUCTION FOR 

LONG TERM STABILITY 

(;;AILABLE IN 

REEL PACKING 

FOR AUTOMATED 

PWB INSERTION 

® 

- FIZIMIIWTWit 

e METAL FILM RESISTORS 
OFFER 5 DISTINCT 

TEMPERATURE 

COEFFICIENTS TO 

MEET ALL CIRCUIT 

REQUIREMENTS 

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 characteristics include minimum 
inherent noise level, negligible voltage coefficient of resist-
ance 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 
characteristic of molded-case Filmistor Metal Film Resis-
tors. This is especially important where they are used to 
make highly accurate ratio dividers. 

Filmistor Metal Film Resistors, in 1/2 , 1/4 , 1/2  and 1 watt 
ratings, surpass stringent performance requirements of MIL-
R-10509D, Characteristics C and E. Write for Engineering 
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. 

SPRAGUE COMPONENTS 

RESISTORS 

CAPACITORS 

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 '0' are registered trademarks of the Sprague Electric Co. 
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CHOPPERS 
You relax when Airpax is 

your source for the very best 

in "quality-proven" choppers. 

RELIABILITY 

UNIFORMITY 

VERSATILITY 

STABILITY 

ftedimipmfAl 

'AIRPAX 300 

DURABILITY 

CB4 

"The Smallest Chopper in the 

World." The Model 30, a diminu-

tive electro-mechanical chopper, is 

a natural for low noise require-

ments. Weight is 9 grams. Dimen-

sions are 21/64" x 21/32" x 

The design of the Model 33 electro-

mechanical chopper is such that 

the noise level has been brought 

to an irreducible minimum. Even 

at high impedances, the noise is 

down in the random noise level. 

Type 6020-3, a molded transistor 

chopper for printed circuit use, 

operates over a DC to 100 KC chop-

ping range. Drive voltage may be 

2 to 20 volts peak square wave 

or 5 to 20 volts peak sine wave. 

Series 175 choppers, industry 

standards for 60 CPS operation, 

provide highly reliable, trouble-

free performance. 5,000 hours of 

continuous rated operation will 

not alter characteristics. 

These 400 CPS miniature choppers, 

Series 300, are widely used as 

modulators and demodulators in 

stabilized DC amplifiers for analog 

computers and in servo- mechan-

isms for automatic controls. 

AIRPA)( 
ELECTRONICS 

CAMBRIDGE DIVISION • CAMBRIDGE, MARYLAND 
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IRE People 

(C,,nt et ti(V fr,,m Nile  

froto the University of Minnesota atol an 
M.E.E. from Polytechnic Institute of 
Brooklyn. He is a senior member of the 
American Rocket Society, and the author 
of a number of technical papers as well as 
three books dealing with electroni,• serv-
icing. 

The appoint-
ment of Dr. Con-
stantine D. J. 
Generales (SM'59) 
as a consultant for 
RCA, David Sar-
noff Research Lab-
oratories, Prince-
ton, N. .1., was 
recent ly ititiounced. 
I In \\ formerly an 
dssIstant professor of space medicine and 
coon lit of the Space Medicine Pro-
gram at New York Medical College, 
letropolitan New York Medical Center. 
He graduated from Harvard College. 

and received his medical &Iliac-idiot] at the 
Universities of Athens, Heidelberg, l'aris. 
Zurich, tail Berlin. Ile holds the degrees oi-
1 toctor of Medicine and Doctor of Philoso-
phy, the latter received at the Uni‘e,-sit‘ 
of Berlin. Ile has served as a tlight surgeon 
in the Air Force, and has been aftiliattcd 
with numerous hospitals. ! ti 1960, he 
traveled with the Spat-e Sciciice group on 
its visits to Leningrad and Moscow after 
the International Aeronautical Congres-
hel(l in Stockholm. 

Recently, 1)r. Generales was the re-

cipient of an honorary certiiirate from the 
Greek government for original research in 
space science and space medicine. Ile is a 
tellow (if the New York Academy ti Sci-
ences, and a member of many medical iind 
-cieutitie societies, including ¡Jac American 
Astronautical Society, Aineri•_•an Rocket 
Society, British Interplanetary Society. 
:ind American Medical Assot :ation. 

Dr. Lawrence J. 
Giacoletto (S'37 - 
A'42-1W4-4-SNI'48--
("58) was recently 
elected to the Board 
of Directors of 
Thomas and Skin-
ner, Inc., Indiana-
polis, Ind. 

An internation-
ally known expert 
in the area of semiconductors, be is Pro-
fessor in the Departments a Electrical 
I-:ngineering and Engineering Research at 
Michigan State University, East Lansing, 
Mich.; he is also President of CoRes In-
stitute. He has formerly been associated 
with Ford Motor Scientific Lab., R.C.A. 
Princeton Labs.. and the U. S. Army 
Signal Corps Engineering Labs. In addi-
tion to a B.S. in electrical engineering from 

(G ,Ili1,111ed rage Se1A 
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Brand new Subminae 

coaxial connector series, 

plus standard crimpin9 tool, 

cuts costs—fast! 

FXR's new Subminax Series 5116 
quick-crimp micro-miniatures make 
faster, more reliable, less costly cable 

assemblies. And you don't have to re-
design your product to use them, be-
cause Series 5116 micro-miniatures are 
interchangeable with competitive 
counterparts. In fact, the addition of 
this new Series to the Subminax line 
means that you can now specify a 
Subminax connector that mates with or 
is interchangeable with any known 

sub-miniature or micro-miniature co-
axial connector on the market today. 
The new Subminax Series 5116 has 

at least three major advantages over 
other micro-miniatures: 
D Faster Assembly—Quick-crimping 

feature, plus standard crimping tool, 

makes child's play of cable assembly. 
For example, Series 5116 plugs and 
jacks have only three parts, including 
body assembly. Easier, less critical 
cable stripping. No braid soldering. 
0 Dependable Delivery—new FXR 
micro-miniatures are immediately 

FXF1' 
FR IS THE RF Ir+RODuCrS AND MICROWAVE DIVISION OF AMPmENOL-BORG ELECTRONICS CORPORATION 

available from factory stocks or your 
Amphenol distributor. 
C Lower Price—Series 5116 coaxial 
connectors are priced substantially be-

low current prices for competitive 
"equivalents." 

13 Technical Facts: 500 VRMS; imped-
ance: 50, 75 or 95 ohms; gold-plated 

captivated contacts (solder type); 
Teflon* insulation; silver-plated body; 
screw-on or push-on coupling; color 

coding boots—optional. For use with 
coaxial cables in the .075 to . 115 OD 
range. Write, call for more information. 

"Registered trademark of DuPont 

33 EAST FRANKLIN STREET, DANBURY, CONNECTICUT 
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°'e-flight testing 
of TIROS at RCA's 
Astro Electronics 
Division, Princeton 
N. J. TV camera 
focuses on a test 
pattern. Transpar-
ent domes cover 
satellite TV tape 
recorders for stor-
ing cloud images. 

RELIABLE 

ir 

cLEAN BLOWERS 
Help NASA "Get Wind" 

of Hurricanes 
RCA engineering selected reliable McLEAN Blowers to cool the 
complex electronic ground system for the National Aeronautics 
& Space Administration's TIROS weather satellite. TIROS is 
shedding new light on the world's weather conditions by sending 
TV images to global ground stations. McLEAN cooling equipment 
contributes importantly to the sensitivity and reliability of the 
RCA system. McLEAN has a full line of MIL-SPEC blowers as 
well as commercial models. They are smart, compact and easy to in-
stall. Over 100 models in various panel heights and CFM's available. 

McLEAN BLOWERS . . . Tops in Reliability and Performance 

for over Twenty Years 

111Ç1n1 
WRITE TODAY 

New I6-Page 

Coocle ,7sed Catalog 

McLEAN ENGINEERING 
LABORATORIES 

World Leader in Packaged Cooling 

P.O. Box 228, Princeton, New Jersey 

McLEAN Phone Area Code 609 WAInut 4-4440 
MODEL 2EB512A 

TWX PRN NJ 636U 

See us at the WESCON Show Booth No. 3423 

IRE People 
1 

((«nntinifed tr,ni P.nre 2 -1) 

Rose Polytechnic Institute, he hold, grad-
uate degrees in physics and electric.il en-
gintering froto State University Of Iowa 

and the t niversity of i\1 ichigan, respec-

tively. Ile is a member of several learned 
societies and a Fellow of die American 

Association for the Advancement t if 

Science. 

Edward S. 
Hensperger (.ti'52 - 
.V53 N1'56 -til\l'n1 , 
has joined Airtron, 
a division of Litton 
ndu,tries, as engi-

neering ici lager iiI 
the company', sub-

sterns ,ection. Ile 
joined .\ irtron ; titer 

ten years of micro-
witve engineering and sales experience, 
most recently holding the position of sales 
manager for the Narda Nlii.Towace Corp. 
IIi, engineering background includes: 
principal engineer in the :\ licriwave itid 

issile Guidance luit. of the \V. 1.. 

Nlaxson Corp.; chief engineer for Wave-
line, Inc., atol engineering section head ill 
charge of waveguide and antenna projects 
with Airtron, Inc., prior to it, acquisition 
by Litton Industries. 

NIr. I lensperger Nra, graduated from 
Rutgers I ersity in 1952 with a B.S. 
degree in electrical engineering. Ile has 
written several technical paper, on the 
de:sign ni ,nch 1,0111.111(.111S 

band-pass idlers in witvegi;ide, : mil multi-
hole coupling arras. I le has I 'eit secretary 
of the Northern New lerse Chapter of the 

IRE, and is a charier member of Elec-

tronic Sale, Managers Associates. 

Professor C. H. Hoffman '54 NI ' 57— 

SNI'59) has accepted :in appointment 

Associate Professor of Electrical Etigi-

'leering at the Illinois Institute of Tech-

nology, Chicago, where he will continue 

educational atol research activitie-; in com-

puting ;old control systems. In addition to 
his duties t t 1.I.T., he will serve a, a con-
sultant to the Armour Research Founda-
tion of the Institute on problems arising in 
control systems employed in missile and 
space systems ;and out problems in indus-

trial control systems. 

Ile was formerly with the Electrical 

Engineering Department of the l;niversity 

of Notre Dame where he introdw.ed, de-

veloped, and taught courses in computers 

and controls, promoted the acquisition of 

computing equipment, and recently re-

ceived a $ 10,000 National Science Founda-

tion grant for control laboratory e(luip-

ment. While at Notre f)ame, he carried on 

research wt irk in cininection with sub-

marine, missile, awl industrial control sys-

tems. 

Dr. Hoffman has been :tctive in : area 

and national professional s, niel as. I eing 
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another first from Electronic Measurements 

NEW "PV" Series Power Supplies 
el, 

UPI a 

1W OUTPUT 

AMPERES 

DIMENSIONS IN 

PANEL 
WIDTH 

INCHES 

DEPTH 
BEHIND 
PANEL 

BASIC 
MODEL 
NO. VOLTS 

PANEL 
HEIGHT 

PV32-5 0-32 0-5 3% 19 17% 

PV32-10 0-32 0-10 5% 19 16% 

PV32-15 0-32 0-15 7 19 15%6 

PV32-30 0-32 0-30 8% 19 16% 

PV36-5 0-36 0-5 3% 19 17% 

PV36-10 0-36 0-10 5% 19. 16% 

PV36-15 0-36 0-15 7 19 157, íc 

PV36-30 0-36 0-30 8% 19 16% 

PV60-2.5 0-60 0-2.5 3% 19 17% 

— 16% PV60-5 0-60 0-5 5% 19 

151/16 PV60-7.5 0-60 0-7.5 7 19 

PV60-15 0-60 0-15 8% 19 16% 

• 0.01% or 2 millivolts regulation 

• All solid-state with SCR input 

• Programmable over the entire voltage and 
current range 

• Long- line remote sensing 

• Continuously variable current limiting 

• Slaved series or parallel operation 

• Up to 44% reduction in panel height 

SEE THEM AT WESCON 

BOOTHS 3419-3420 

request specification sheet 2020 

IE I_ E ClrIRCIINIC 

MEASUREMENTS 
COMPANY OF RED BANK 

EATONTOWN • NEW JERSEY 
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IRE People KEARFOTT 

Kearfott MN-60 Brand 

Both Micrographs Taken at 1067X Magnification 

FERRITE APPROACHES 
SINGLE- CRYSTAL STRUCTURE 
UNIFORMITY, DENSITY GIVE HIGH PERMEABILITY 
Kearfott's MN-60 Ferrite is specially formulated for optimum 
performance in recording heads and other applications. Uniform 
crystal structure, sharp crystal boundaries, and careful control 
of voids produce its excellent characteristics. Initial minimum 
permeability is 5000, with an average of 6000 in production 
quantities. It is easily machined into small difficult shapes with 
typical tolerances of 0.0001 inch. Surfaces are finished by ma-
chining to 16 microinches and by lapping to 8 microinches. 

OTHER FEATURES OF MN-60 

Negligible Eddy Current Losses Low-Core Loss Characteristics 
High DC Resistivity Low Electrical Losses 
High Curie Temperature Highest Uniform Quality 

Ei-reLLI_Jaintl_Le*) 
Typical Kearfott head configurations (actual size). 

TYPICAL CHARACTERISTICS OF MN-60 
Initial Permeability (at 21C, 800 cps) 
Maximum Permeability Range (at 3000 gauss) 
Flux Density ( Bmax) (at 2 oersteds) 
Loss Factors (at 10 kc) 

(at 50 kc) 
(at 200 kc) 

Curie Temperature 
DC Resistivity 

5000 minimum 
9000-10,000 gauss 
4800 gauss 
3 x 10-6 
4.5 x 10-6 
45 x 10 -6 
190'C 
300 ohm-cm 

For complete data write Kearfott Division, General Precision, Inc., 
Little Falls, New Jersey. 

(Continued front tag,. SlIA 

past Chairman of the IRE South Bend-
'Mishawaka Section, faculty advisor to the 
student branch of the society at Notre 
Dame, a member of the national Education 
Committee and chairman of the Region V 
Education Committee in 1960 and 1961. 
In addition to other society memberships, 
he has been active in the management, of 
he National Electrtmics Conference, the 
leading national symposium on the latest 
advancements in the electronic art and 
science, held each ye ;ir in Chicag;,. Ile 
served as editor of the PaPeeedine in 1958 
and 1959 and presently is a member of 
several committees of the Board of Di-
rectors. Ile will retain his seat • in the Board 
of Directors of the conference through tlw 
board action voting him as representilt 
of 1.1.T. at the lone 9, 1962 meeting of 
t he I3oard held a.t NIcCorinick Rlace, the 
situ of the 1962 Conference in October. 

David G. DeHaas 
(N1'57) was pro-
moted to the posi-
tion of Field Engi-
neer by Neely En-
terprises. In this 
position he will rep-
resent the products 
of Neely's princi-
pals. Ile joined the 
company in De-
cember, 1961. 

In 1959, he formed the David G. De-
ll:cis Company, an electronic manufac-
turers' representatives lirio covering Sall 

Diego and Imperial Counties. The com-
pany was maintained unt:1 la. became 
associated with Neely. 

\Ir. Del litas received the B.S. degree 
iii ipplie(I physics from the Universit V Ill 
California, Los Angeles, in 1948. Ile has 
served on the Executive Committee of the 
Aerospace Electrical Stwiety of Sail I ) icgt,, 
and has been Chairman (( 19611 and Vice 
Chairman ( 1960) of the San I ) iego Sect ion 
of the IRE, and Business Nlanager of the 
San nii• go IRE Bulletin .- nct, ; 957. 

Abraham I. 
Dranetz ( S'4.t A'48 - 
1\1'5-11, former vice 
president of Gillum 
Industries, I nc., has 
established an in-
dependent consult-
ing service in the 
fields of electrome-
chanical instru-
mentation, under-
water sound and electroacoustic technol-
ogy. Based in Scotch Plains, N. J., the 
organitation will provide technical, mar-
keting and management services for indus-
trial, financial and government groups. 

Ile had been associated with Gulton 
Industries, Inc., situe 1948 and has re-
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TYP 1 

For precise stepping 
aw tches tamo is for long life, 
high capacly and freedom 

e cat n e 
ore levels 

per switch 
ore levels in 

less space 
more simplified 
ircuitry 
O synchronization 

problem 

Type for type, CLARE Stepping Switches 
provide more levels per switch ... more levels 
per inch of height. The 12- level, 52- point, 
switch shown (CLARE Type 26), for instance, 
is 4' 1/16 in. high. It has four more 52- point levels 

than comparable 52-point switches, yet it is 
but 1Y16 in. higher than a comparable 8- level, 
52-poin: switch. The smaller (Type 211), five-
level, 33-point switch provides twice the levels 
of any comparable 33-point switch. 

This greater working capa,.-...ity per switch ... 
and per inch...of CLARE Stepping Switches 
permits riore simplified circuitry and avoids 

synchronization problems which arise when 
multiple stepoing swi:ches are necessary to 
do what is often a one-switch job with these 
high-capacity CLARE units. 

CLARE Stepping Switches include a full lire 
of spring-driven cam-operw:ed or direct-drive 

switches .with capacities from 10 to 52 points. 
CLARE engineering will cooperate with 
designers to develop special switches to meet 
unique requirements. 

C. P. 2.1a-e CO., 3101 W. Pratt Blvi., Chicagc 45, Illinois. 
Cable Adiress: CLARELAY Ir Canada: C. P. Cla -e Canada 
Ltd., 840 Caledonia Road, Toronto 19, Ontario, In Europe: 
Europlec, les Clayes-sous-Bo-s (S. et O.), France 

C. F'. CLARE & CO. 

Relays and related control components 



From a Need a Product 
IBM 

NEEDED 

WOLLENSAK 

PRODUCED 

optics for an optical reader under development. 
Wollensak was selected as the source, because of 
their optical "know-how" gained through years of 
manufacturing telescopes, lenses, boresights, 
missile periscopes and other instruments 
with optical components. 

the optical requirements. While working closely 
with IBM engineers on prototypes, Wollensak 
personnel demonstrated engineering and 
manufacturing capabilities IBM production 
people were glad to use. These optical, electro-
mechanical skills were subsequently employed in 
building the complete head for IBM optical reader. 
Wollensak has worked in similar fashion with 

other companies—GE, Philco, RCA, Xerox— 
developing and manufacturing optical electro-
mechanical assemblies to specification. 

LET WOLLENSAK CAPABILITIES AND FACILITIES BE OF 
SERVICE TO YOU. Call or write us about your problems. No ob-
ligation, of course. 

3m Wollensak Division 
::+:: REVERE CAMERA COMPANY 

ROCHESTER 21, N. Y. • A SUBSIDIARY OF 3M COMPANY 

IAVAILABLL NOW! BRITISH MINIATURE AND SUBMINIATURE VALVES 
DATA ANNUAL, 1962-63 
Editors: G. W. A. Duinmer and J. MacKenzie Robertson, Royal Radar Establishment, 

Great Malvern 

Of utmost practical value to electronics engineers, designers and users of electronic com-
ponents, the British Miniature and Subminiature Valves Data Annual 1962-63 covers a wide 
selection of miniature and subminiature valves up to and including types with B9A bases. 
Cold cathode tubes, voltage stabilizers, tuning indicators and many other special types are 
included, with comprehensive 'equivalents' information for all types of valves. 

11M) pp., illurtrated Available on approval for W days. $25.00 

PERGAMON PRESS, INC. 

Dept. 625, 122 E. 55th Street, New York 22, N. Y. 

IRE People 

(Continued from taa, ..) 

ceived a number of patents in these fields. 
Front 1944 to 1946 he served with the 
U. S. Army Signal Corps as a fixed-radio 
station officer in the Philippine Islands and 
Japan. 

Mr. Dranetz received the B.S. degree 
in electrical engineering in 1944 from Tufts 
College and the M.S. degree in electrical 
engineering in 1948 front the Massa-
chusetts Institute of Technology. Ile is a 
member of the Acoustical Society of 
America, Instrument Society of America, 
Tau Beta Pi, and American Association 
for the Advancement of Science. 

The appoint-
ment of Marwin R. 
Johnson (SM '46) 
as general manager 
of the newly formed 
Military Co lllll mni-
cations Depart-
ment within Gen-
eral Electric Com-
pany's Defense 
Electronics Divi-
sion, was announced recently. Ile previ-
ously was general manager of the Light 
Military Electronics Department's Arma-

(Continued on page SSA) 

BE SURE TO SEE 

COMINCO 
— Indium Antimonide 

— Fabrications 

— High Purity Metals 

— Dot Materials 

—Thermoelectric 

Cooling Materials 

BOOTH 3523 

WESCON 

Memorial Sports Arena 

,os Angeles, Calif. 

Aug. 21-24, 1962 

COMINCO PRODUCTS, INC. 

Electronic Materials Dept. 

SPOKANE, WASHINGTON 
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PHE CI SION- WITH SIMPLICITY 
FROM DELCO RADIO 

That's the big feature in Delco Radio's new 175 VA and 250 VA static inverter power supplies. 

These all-transistor units offer increased reliability through simplified circuits. Both static inverters 

are designed for either airborne or ground applications and will withstand overload and output 

short circuit conditions indefinitely, delivering at least 110% of rated output before going into 

overload protection. Units automatically recover to full output upon removal of overload and 

short circuit. Units are designed to meet the environmental requirements of MIL-E-5272C. For 

further information on military electronics write Delco Radio's Military Sales Department. 

ELECTRICAL 

SPECIFICATIONS 

175 VA STATIC INVERTER 

Input  
Voltage: 27.5 'DC ± 10% per MIL-STD-704 

Output 
Power: 175 VA single phase 0.5 lag to 1.0 power 

factor 

Voltage: 115 V adjustable from 110 to 120 volts 

Regulation: 

Frequency: 

I- volt change for any variation of load be-
tween zero and 110% of full load, and input 
voltage between 25 VDC and 30 VDC 

100 -± I cps. 
Frequency changes less than 1.0 cps. for all 
environment, load and input voltage vari-
ation 

Distortion: Less than 5% total harmonic 

Efficiency: 80% at full load 

250 VA STATIC INVERTER 

Input  
Voltage: 27.5 VDC:t- 10% per MIL-STD-704 

Output 
Power: 250 VA single phase 0.6 lag to 1.0 power 

factor 

Voltage: 115 V adjustable from 110 to 120 volts 

Regulation: 0.7 volt for any variation of load between zero 
and 110% of full load, and input voltage be-
tween 25 'DC and 30 'DC 

Frequency: 400 ±- .5 cps. 
Frequency changes less than 1.0 cps. for all 
environment, load and input voltage vari-
ation 

Distortion: Less than 5% total harmonic 

Efficiency: 80% at full load 

DELCO 

RADIO 

PROCEEDINGS ar THE IRE August, 1962 
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Now from LANIBD new LE SERIES Transistorized Regulated 
TEMPERATURE 

DESIGNED 

TO PERFORM 

TO MILITARY 

(.121 

ENVIRONMENT 

SPECIFICATIONS 

PATENTS 

PEND., 

LE 101-FM 

LE 105-FM s' 

LE 109-FM , 
 mama» t. 

;11111MOIFIMM. «mom i, 

;11tilemlnr « fin.. amiffri/oi ' 

4441; Am.. alLà," 
à 

ir Jo ea t411 1 

SHOCK 

nvironment-engineered..« 

ALTITUDE 

...at mass-production prices 

LE 102-FM  , 

LABORATORY INDUSTRIAL 

LE 104- FM 

AIIENINTAMANNANPAINITANT 

MILITARY 
APPLICATIONS 

LAMBDA ELECTRONICS CORP. 
515 BROAD HOLLOW ROAD • HUNTINGTON, L. I., NEW YORK • 516 MYRTLE 4-4200 

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 

Southeastern Region: W. A. Brown & Associates, Inc., Engineering Representatives 

Orlando, Fla. • Fort Lauderdale, Fla. • Huntsville. Ala. • Alexandria, Va. • Winston-Salem, N. C. 



Power Supplies 
CONVECTION COOLED 

No blowers or filters; ma ,ntenance free. 

CONSTANT VOLTAGE 

CONSTANT CURRENT 

by automatic switchover. 

6 MODELS 

AVAILABLE 

PATENTS PENDING 

COMPLETELY 

PROTECTED 

against—short circuit and 
electrical overload; input line 
voltage transients; excessive 
ambient temperatures. No 
voltage spikes due to"turn-on, 
turn-off" or power failure. 

WIDE INPUT 

RANGE 

Wide input voltage 

and frequency range 

—105-135 VAC, 

45-66 CPS and 

320-480 CPS in two 
bands selected 

by switch. 

REMOTELY PROGRAMMABLE AND 

CONTINUOUSLY VARIABLE 

Voltage continuously variable over enti-e range 

Programmable over voltage and current range. 

OTHER FEATURES 

• Adjustable autcmatic current limiting. 

• 0°C to + 50°C ambient. 

• Grey ripple finish. 

• Ruggedized voltmeters and ammeters per MIL- M-
1 0304B on metered models. 

5-YEAR GUARANTEE 

covers all Lambda Power Supplies 

including LE Series models 

Every Lambda power supply sold since 1953 has been 

backed by Lambda's 5-year guarantee, which covers 

workmanship and materials (except for tubes and 

fuses). 

Visit 

LAMBDA 
at the Wescon Show 

Booths 3421-3422. 

LE SERIES 

CONDENSED TENTATIVE DATA 

DC OUTPUT (VOLTAGE REGULATED FOR LINE AND LOAD) (1) 
Model Current Range Voltage Range Price 2) 

1.1101 
LEM 
11103 
1E104 

11105 

11109 

0-36 VDC 
0-36 VDC 
0-36 VDC 
0-36 VDC 
0-18 VDC 
0- 9 VDC 

0- 5 Amp 
0-10 Amp 
0-15 Amp 
0-25 Amp 
0- 8 Amp 
0-10 Amp 

$420 

525 

595 

775 

425 

430 

(1 )Current rating applies over entire voltage range. 
(2)Prices are for nonmetered models. For models with ruggedized MIL 

meters add suffix "M" to model number and add $40 to the non-
metered price. For metered models and front panel control add suffix 
"FM" and add $50 to the nonmetered price. 

REGULATED VOLTAGE: 

Regulation ( line)  Less than .05 per cent or 8 milli-
volts ( whichever is greater). For 
input variations from 105-135 
VAC. 

Regulation ( load)  Less than .05 per cent or 8 milli-
volts ( whichever is greater). For 
load variations from 0 to full load. 

Transient Response 
(line) .... Output voltage is constant within 

regulation specifications for any 
15 volt line voltage change within 
105-135 VAC. 

(load) . Output voltage is constant within 
25 MV for load change from 0 to 
full load or full load to 0 within 
50 microseconds of application. 

Remote Programming ... 50 ohms/volt constant over entire 
voltage range. 

Ripple and Noise   Less than 0:5 millivolt rms either 
positive or negative terminal 
grounded. 

Temperature Coefficient .. Less than 0.015%/°C. 

DC OUTPUT (CURRENT REGULATED FOR LINE AND LOAD) (3) 
Current range 10% to 100% rated load for entire voltage 
range. Full specifications upon request. 

AC INPUT  105-135 VAC; 45-66 CPS and 320-480 
CPS in two bands selected by switch. 

OPERATING AMBIENT 
TEMPERATURE AND 
DUTY CYCLE . . Continuous duty at full load 0°C 

to +50°C ( 122°F) ambient. 

OVERLOAD PROTECTION: 
Therm Thermostat, reset by power switch, 

thermal overload indicator light 
front panel. 

Electrical: 
External Overload 

Protection  Adjustable, automatic electronic 
current limiting circuit limits 
the output current to the preset 
value upon external overloads, in-
cluding direct short, thereby pro-
viding protection for load as well 
as power supply. Current limiting 
settable from 10% to 110% of 
load. 

METERS: Ruggedized voltmeter and am-
meter to Mil-M- 10304B specifi-
cations on metered models. 

CONTROLS: 
DC Output Controls .. Coarse and fine voltage adjust and 

current adjust on front panel for 
models with suffix "FM", all other 
models same controls are mounted 
in rear. 

PHYSICAL DATA: 
Mounting  Standard 19" rack mounting. 

Size  LE101, LE105, LE109 31/2 " H x 19" W x 16" D 
LE102, 51/4" H x 19" W x 16" D 
LE103, 7" H x 19" W x 161/2 "D 
LE104, 101/2 " H x 19" W x 161/2 "D 

WRITE FOR COMPLETE CATALOG 
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Demonstrating and 
dios 

Testing Auto Ra 
Os 

TRA1,1515i OR OR \Weal  OPEOCED 
Volt or 12 D.C. 

'4e,ed Models ... Designed for testing  
Electrical Apparatus on Regular A.C. tines. 

Equipped w1th full•Wave Dry Disc lype 
Rectifier, Assuring Noiseless, Interierence-

ree Operation and Extreme 1.011$ 

Life and Reliability. 

TYPE 
INPUT 

A.C. Volts 
60 Cycles 

D.C. OUTPUT 

stocEur 110 

620C WI 110 
... 

VOLTS AMPERES 
Cont. Int. 

I6 10 201 
•Clf. 

12 6 121  ̀

i6  20 401 
•Or• 

12 10 20( 

SNIP 
WT. 

USER 
PRICE 

22 

33 

$49.95 

66.95 

SEE YOUR JOBBER OR WRITE FACTORY 
'/NEW MODELS NEW DESIGNS N, NEW LITERATURE 

• "A" Battery Eliminators • DC•AC Inverters • Auto Radio Vibratory 

ATR ELECTRONICS, INC. Formerly American Television IL Radio Co icriz Quality Products Since 1931 
ST. PAUL 1, MINNESOTA—U.S.A. 

IRE People 
4:14-

fltillileul to,In tog, .34.4) 

ment ut WI Control Product Section, .11 Ii 
City, N. Y. 
He joined General Electric's formur 

Radio Transmitter Department, Schene, 
tatI N. Y. in 1932. During his stay there • 
until 1944, he made important contribu-
tions in the transmitter field and received 
several patents. Ile joineel what then was 
known :es the Electronics Division in 1944, 
specializing in electronics engineering, par-
ticularly in airborne equipment. Ile be-
came manager of engineering in the 1.ight 
Military Elect rotors Department, Utica, 
\ 1.. in 1952. During his five years in that 
position, he fostered a number of new en-
gineering concepts and techniques. He was 
named manager of the Armament and 
Control Section of the I,ight 
Electronics Department, Johnson City, 
N. Y. in 1957. 

\1r. Johnson received the B.S.E.E. de-
gree from the t niversity of Utah. He is a 
licensed professional engineer of New York 
State, a member of the American Society 
of Naval Engineers, Scientific Research 
Society of America. Society of Advance-
ment of Management, and the Armed 
Forces Communications and Electronics 
Association. In 1939 he received the 
Charles A. Coffin Award, General Elec-
tric's highest honor, for work on the first 
directly calibrated airborne transmitter. 

s:• 

Robert Kent ( M '59) 
has recently been 
appointed to the 
Technical Staff of 
Damon Engineer-
ing, Inc. Ile was 
previously !ona-
ger of the Electron-
ic Systems Engi-
neering Depart-
ment of ltek 
Electro-Product s where he developed mini-
ature FM communication devices and 
in spectrographic systems. 

From June 1952 to December 1960, he 
was a member of the Research Staff of the 

Research Laboratory of F.lec-
tronie-s. II is w' irk there included circuit 
development in missile guidance and elec-
tronically scanned radar systems. He par-
ticipated in ARI'A sponsored study pro- , 
grains concerned with communication 
satellites and ballistic missile defense. 
From 1959 to 1960 he led a group hives-
tigating satellite techniques for measuring1 
the gravitational red shift postulatet1 by 
the General Theory of Relativity. 

Mr. Kent received the 13.5. degree in 
electrical engineering from the I7niversity 
of Pennsylvania in 1950 and the M.S. 
degree from M.I.T. in 1952. Ile is a mem-
ber of Eta Kappa Nu, ' Fan Beta Pi, and an 
Associate of Sigma Ni. Ile is a co-author 
of papers on satellite techniques for meas-
urement of the gravit a tiotiai red shift and 
closed- loop phase clintrol for electronic 
scanning. 

C• 

el He,/ •,,• 

VHF HF 
Communication 

Engineers 
with design and development 

experience in 

IONOSPHERE SOUNDERS 

RECEIVERS 

TRANSMITTERS 

FREQUENCY 
SYNTHESIZERS 

TIMING SYSTEMS 

VIDEO DISPLAYS 

Here is a unique opportunity to join 
a dynamic young company ‘vith 
proved accomplishments and an ex-
citing future. The reason — empha-
sis on proprietary equipment hacked 
by a true understanding of h-f 
communications requirements. 
Some of the other reasons for join-

ing G.A. are: Great opportunities 
for advancement and accomplish-
ment; Excellent stock purchase plan; 
Sound technical management; Liv-
ing at its best in the San Francisco 
Bay Area; Proximity to Stanford Uni-
versity and other excellent educa-
tional facilities. 
For additional information please 

contact Jerry Franks, Personnel Man-
ager, Dept. No. E-7. Send for com-
plete capabilities brochure. Possibil-
ity of local interview by members 
of engineering staff. 

974 Commercial Street, Palo Alto, Calif. 
DAvenport 1-4175 ( Area Code 415) 

an equal opportundy employer 
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For h-f communications: sensible solutions to practical problems 

4‘ 4443e . it tliti Alr 9'  

If you are involved in practical problems of h-f communications, you may want to save 
this ad. It's a reminder of sensible, proven hardware to increase the efficiency, flexibility 
and economy of your operations. For example, in the typical installation shown above, our 
Model 726 vertically-polarized log-periodic antenna provides 10.5 db gain from 2.5 to 32 
Mc for long-haul transmission — on a minimum of real estate; the Model 529 balun trans-
former lets you take maximum advantage of both open wire and coaxial transmission 
lines — with efficiency greater than 97% ; the Model 519B transmitting multicoupler 
couples up to four transmitters to one broad-band antenna — saving real estate, instal-
lation, and antennas; and the Model 536 impedance transformer mates 50-ohm and 
75-ohm components or lines at power levels up to 50 kw peak rating — with greater than 
99% efficiency. Come to think of it, don't save the ad. Write your name and address at 
the top and mail it to us. We'll respond with details. 

VISIT US AT WESCON BOOTH 2106-2107 

Model 536 impedance transfo-mer Model 519B nurtocouple, M5del 579 belun transfOrme, Model 726 aotenna a, equal uoporluml, emoluyor 

Granger A ssoc tes / 974 Commercial Street, Palo Alto, Cal i f ornia 

PROCEEDINGS OF THE IRE August, 1962 
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NOW! RECTANGULAR 

CERAMIC CRT 

ILLUMINATED 

INTERNAL 

GRATICULE 

NEW DUAL-TRACE AND 

NEW DELAYED SWEEP 

PLUG-INS 

with the Tektronix Type 561A Oscilloscope 

The Type 561A employs a unique 5- inch rectangular "ceramic en-
velope" cathode-ray tube with the following features: 

1. Illuminated " no parallax" internal graticule on a high- quality 
parallel- ground plate- glass face. 

2. Controllable graticule lighting, permitting trace photography 
with the sanie convenience as provided by external graticules. 

Other features of this compact new oscilloscope include: Improved 
regulated power supplies • Regulated dc heater supply • Z-axis 
input • 3.5-KV accelerating potential • Amplitude calibrator with 
18 steps from 0.2 my to 100 y- Operation from 105 y to 125 y or 
210 y to 250 v, 50 to 400 cps. 

A wide range of performance characteristics is provided by avail-
able plug-in units— from the simple single- channel 2A60 to the dual-
channel 0.4 nsec-risetime 3S76. For example, the two latest additions 
lo this ever-growing family of plug- ins, the 3A1 and 3B3, provide 
high- sensitivity wide- band dual- trace operation combined with cali-
brated sweep delay. 

Type 3A1 Dual- Trace Amplifier Unit 
Passband—dc to 10 Mc at 3-db down. 

Displays — single trace, dual trace, or algebraic addition. 
6-cm linear scan. 

Sensitivity-10 mv/cm to 10 v/cm in 10 calibrated steps, 1-2-5 sequence. 
Variable sensitivity between steps. 

No Signal delay. 

Type 383 Time-Base Unit 
Normal and Delayed Sweeps — 0.5 µsec/cm to 1 sec/cm in 20 calibrated steps, 

1-2-5 sequence. Variable adjustment between steps. 5X Magnifier extends 
calibrated range to 0.1 µsec/cm. 

Precision Delay Interval-0.5 microseconds to 10 seconds. 

Triggering — Flexible Tektronix triggering, plus single- sweep operation for 
normal sweep. Triggered operation to above 10 Mc. 

Type 381 Same as 3B3 except has uncalibrated delay and does not have 
'ingle sweep feature. 

TYPE 561A OSCILLOSCOPE (without plug- ins) . 

TYPE 3A1 DUAL-TRACE AMPLIFIER UNIT . . 

TYPE 3B1 TIME- BASE UNIT   

TYPE 3B3 TIME- BASE UNIT 
Un, nai. Price,-, I e h. Peas. Her r 

$470 

$410 

$475 

$525 

For more information on a Type 561A Oscillo-
scope and plug-in combinations, please call your 
Tektronix Field Engineer. 

OTHER 2-SERIES AND 3 - SERIES PLUG- INS AVAILABLE 

AMPLIFIER UNITS 
TYPE 

PASSBAND 

(3-db down) SENSITIVITY PRICE 

TIME-BASE UNITS 

TYPE SWEEP FEATURES TRIGGERING PRICE 

2A60 dc-1 Mc. 50 mu/ern-50 v/cm 
4 decade steps 

with variable control. 

$105 

2B67 I pseckm to 5 sec/cm 
1-2-5 sequence. 

variable between rates. 

5X Magnifier. 

Single Sweep, 

Internal, External. Line: 

Amplitude-Level 

Selection: AC or DC-

Coupling: Automatic 
Or Free- Run: + Slope. 

$175 

2A63—Difterential 
(501 rejection ratio) 

dc-300 be. 1 mu/cm-20 v/crn 

1-2-5 sequence 

with variable control. 

$130 

3A72— Dual Trace 

(Identical Channels) 

dc-650 lic. 

(each channel). 

10 mu/cm-20 ulcer, 

1-2-5 sequence, 

with variable control. 

$250 

3A74— Four Trace dc-2 Mc 

(each channel). 

20 invicm-10 vim, 

1-2-5 sequence, 

with variable control. 

$550 

3777 

Sampling Sweet:. 

(for use with 3576) 

Equivalent to 

0.2 nsec/crn to 10 

pseckm. 1-2-5 

sequence, variable 

between rates. 

1CX Magnifier. 

internal External, 

± Slope. 

5650 
3A75—Wide Band dc-4 Mc. 50 mv/cm-20 vim, 

1-2-5 sequence, 

with variable control. 

5175 

3S76— Dual Trace 

Sampling 
(tor use with 3T77) 

equivalent 
de-to-875 Mc. 

(0.4-nser 
ersetirnel 

2 mv/cm-200 mv/cm, 

1-2-5 sequence, 

with variable control. 

$1100 

Tektronix, Inc. P. O. BOX 500 • BEAVERTON, OREGON Mitchell 4-0161 • TWX—BEAV 311 • Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES .. ems real orb, throughout the United ttAiti t Please ronsirll your, tetelitiocte DitcAtuttl• 

TEKTRONIX CANADA LTD: rl Lrueliec • loronto (Wdlowdale) Ontario. 

ENGINEERING REPRESENTATIVES: Kentron Hawan lid, Honolulu, Hawate. Tektrono• r, po. rii twenty oyeo.rias countrees by qualltred •:n jrnecoret sArtringation,. 

European and Atrocan countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switrerland, for the name of your local enguteering representabve. 

Other Overseas areas, please write or cable directly to Tektronix, Inc., International Markefing Department, P 0 Box 500, Beavedun. Oregon. U.S A. Cable: TEKTRONIX. 

SEE THIS TEKTRONIX OSCILLOSCOPE AT WESCON -- BOOTHS 751-75 2 - 7 5 3 - 7 5 4. 



STYROFLEX® coaxial cable 

PD HELICAL MEMBRANE coaxiial cable 

SPIRAFIL coaxial cable 

FOAMFLEX® coaxial cable 

I 

4 top reasons for Phelps Dodge leadership in high frequency cable! 

These semi-flexible, air dielectric coaxial ca-
bles have demonstrated their superiority as 
electronic transmission links in a number of 
advanced communications projects in space 
research, national defense and industry. 

D No radiation D Low attenuation II Excellent frequency response 

IJ Uniform electrical properties over wide temperature variations 

CI Unlimited operating life El Continuous 1000-foot lengths 

Complete cable systems including attachments and connectors are 
available. These cables are fabricated by Phelps Dodge Copper 

Froducts Corporation at Yonkers, N. Y. 

PHELPS DODGE ELECTRONIC PRODUCTS 
PARK AVENUE. NEW YORK 22. N.Y. CORPORATION • 300 
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ON THE SHELF 
ARNOLD CORES Qr2ii'D 
IN WAREHOUSE STOCK 
FOR IMMEDIATE DELIVERY 

Let us handle your inventory problems 
and save you time and money on your 
magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu-
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re-
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from 
the other. 

Arnold core products covered 
by this warehouse stock program 

WESCON 

IRON POWDER 
CORES 

MO-PERMALLOY 
POWDER CORES 

61 TAPE CORES: 
DELTAMAX,SQUARE 
PERMALLOY and 
SUPERMALLOY 

SILECTRON 
C, E and 0 CORES 

include: 1) Silectron C, E and 0 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo-Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging. 
down to 0.260" diameter. 4) Iron 
powder toroids, threaded cores 
and insert cores. 

All four products are available 
in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quanti-
ties. • Stock lists and technical ma-
terial are available—write for data. 

ADDRESS DEPT. P-8. 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

2998 6,21 

.i8A) 

Dr. Peter D. 
Kennedy (S'48-
A'51-M'56-SM'59) 
has been appointed 
project engineer on 
research activity in 
the Antenna De-
partment of Gran-
ger Associates. 

Ile cante front 
Lockheed Missiles 
and Space Co., where, as a section head, he 
worked on propagatignt thet Ty, communi-
cation and tracking systems and antenna 
feasibility studies. Earlier he was a super-
visor in the Antenna Lab. ,)f Ohio State 
University Research Foundation and an 
electrical engineer with the U. S. Army 
Frankfort Arsenal at l'hila(lelphia and 

with Westinghouse Electric Co. at Balti-
more. 

Dr. Kennedy received the B.S. degree 
front Newark College of Engineering, the 
M.S. degree front Purdue University and 
the Ph. I). degree from Ohio State- Uni-
versity. Ile is a member of Tan Beta 
Eta Kappa Nu and Sigma Xi. 

(COntlIlliell 46.-1) 

Engineers who know 

-SPECIFY 

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 wirdings is 
practically negligible. 

• Q-max applies easily by dipping or brush-
ing, dries quickly, adheres well; meets most 
temperature requirements. Q-max Ts indus-
try's standard RF lacquer. Engineers who 
know specify Q- max! Write for new catalog. 

•Reg.ster ,d Deena', 

Q-max Corporation 
MARLBORO • NEW JERSEv 

Telephone: HOpkins 2-3636 
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Some engineers now design high-
frequency switching circuits by: 

1. Estimating transistor electrical characteristics at the design 
operating points rather than at points specified on the manu-
facturer's data sheet. 

2. Allowing for variation in specification limits of devices due to 
changes in current and voltage. 

3. Allowing for parameter variations resulting from changes in 
temperature. 

4. Throwing in a safety factor based upon aducated estimates. 

5. Breadboarding circuits with limit transistors and checking 
operation at temperature extremes. Then, when necessary, due 
to unsatisfactory performance of breadboarded circuits by: 

• Trimming safety margins 

• Refining circuit design 

• Writing specs for special devices 

• Selecting specials at Incoming Inspection, 

Making these estimates and calculations and doing expensive 
breadboard testing and analysis wastes valuable time and 

frequently results in marginal or over-designed circuits ... 

MOTOROLA 

or s' min 
But not YOU if you use Motorola's 
new 2N964A Designer's Data Sheet 

1. It contains limit curves that fully define "on" conditions from 

2 to 100 mAdc (hFE., VCE[SAT), VBE(SAT)); "off" conditions ( leakage, 
latchup); and "transient" conditions (total charge, rise and 
fall time constants). 

2. Sufficient curves are given on important design parameters 
to permit easy construction of any other curve desired. 

3. Curves define necessary min-max limits. 

4. Curves are given for various junction temperatures. 

5. Safety factors are included in the curves. 

6. Breadboard is used merely to check circuit analysis. 

7. The 8-page Motorola " Designer's Data Sheet" contains typical 
calculations showing step-by-step how you use this complete 
design information for switching circuits. 

In fifteen minutes you'll learn more about this transistor from the 
Designer's Data Sheet than you could in days of testing. Tightly 
specified in characteristics, but designed for a broad range of 
application, the Motorola 2N964A transistor is the ideal high fre-
quency switch for most of your requirements. 

For a copy of the Motorola 2N964A Designer's Data Sheet, or for 
more information, write or call your local Motorola Semiconductor 
Engineering Representative. 

Semiconductor Products Inc. 
VOICWOL•1 

5005 EAST McDOWELL ROAD • PHOENIX 8, ARIZONA 

For further information visit WESCON Booth 302-303. 

1986 



EXCLUSIVE! ege 
No one can produce P/2 inch meters better . . . or faster 

than Honeywell! You see, Honeywell alone has the special 

capabilities to turn out such small meters in quantity, 

with uniform quality and with contemporary medalist 

styling. Fact is, we make more 1%2 inch meters than any 

other manufacturer. • For catalog. write Honeywell 

Precision Meter Division, Manchester, New Hampshire. 
Medahst meters are avaolable In all pracfical ranges and in 2Vt inch ( MM2) and 31/2 Inch ( MM3) mcdels. 

Honeywell 
H 

CAPACITANCE VALUES 
from 10 mmf to .047 Mf. 
Voltage ratings 200 WVDC 
& 500 VVVDC 

CERAMIC 

CAPACITORS CAPACITORS 

!11111111 

NARROW- CAPS 

TJTTTTII HTJTT TI 
Fit 1/10" Modular Spacing 

29 STOCK VALUES 

.095" maximum wide x 1 4" maximum 
long x .095" maximum thick through 
750 pf. 1000 pf through 10,000 pf 
5/16" maximum long. 

AND ALSO: 

u 
rim slam, 

MOLDED BOX 
CAPACITORS ra 

IN 5 BOX SIZES j 

Write for Bulletin M-1 which describes these 
capacitors as well as Mucon's entire line of 
sub-miniature ceramic capacitors made with 
any one of 13 ceramic bodies. Tailored 
capacitors to fit your special space and elec-
trical requirements are readily produced in 
any quantity. 

MUCON 
CORPORATION 

7 ST. FRANCIS ST., NEWARK 5, N. J. 
201 Mitchell 2-1476-7-8 

See Us at the WESCON Show—Booth 3133 
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Specify proven stability 
CLEVITE 

with CLEV I T E Ceramic Filters 

Does your i-f filter maintain center frequency under vibration and shock? It does ^f it's a Clevite ceramic 
ladder filter. Center frequency shift is negligible after MIL 202B shock and vibration tests*. • Stability 
like this is worth considering whether your next receiver is ground or airborne. Clevite now stocks 455 
kc and 500 kc ladder filters in 12 bandwidths from 2 kc to 50 kc. Stand-

, ard models pack 80 db stopband rejection into a 0.1 Cu. in. package. CL_ E E 
• Write or phone the nearest Clevite office for immediate infor ELECTRONIC 
mation, prices and delivery on Clevite ceramic ladder filters. 

COMPONENTS I Booth 821-824 WESCON Aug. 21-24 I • actual test plots on request. DIVISION OF CL_EviTE CORPORATION 

Field Sales offices: New York. New York/Chicago. Illinois/Denver, Colorado/ Inglewood, California. 232 FORBES ROAD, BEDFORD, OHIO 
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Ferrite Isolators 
Microwave 
Subsystems 

I. X- BAND MONO PULSE ANTENNA utilizes the principle of multiple 
modes in waveguide. It features extremely deep mulls (50 DB) and 
a very compact configuration. 

2. PARABOLIC ANTENNAS of conventional design for X-Band and Ku 
Band are also available in the M- R-I line. 

3. RADAR PENCIL ANTENNA will operate at temperatures over 1000'F 
while under extreme vibration and with a 50% frequency band width. 

4. X- BAND PLANAR ARRAY ANTENNA consists of a phased array of 
waveguide slot radiators. The pattern consists of two conical beams 
at a carefully controlled angle with respect to vertical. 

5. Ka BAND CONICAL SCANNING ANTENNA achieves a high rate of 
electrical scanning through use of a tri-slot device that gives 3 
electrical scans for each mechanical scan. Compactly designed, it 
provides very close control ( less than . 1 DB) over the cross over. 

3- Port Circulators 
and Switches Radar Test Sels 

111-11-I experience is available to solve YOUR antenna design requirement. 

)1WHIL4 Formerly Kearfott Microwave Division 
14844 OXNARD STREET, VAN NUYS, CALIFORNIA 

STate 6.1760 TWX: VNYS 5451 

M ICRO-RADIONICS. INC. 

IRE People 

((,,tit r nun! tpqn hip, 12., 

Commander Paul 
H. Lee, I SNIZ 
(A'42- M'48 SNI'52) 
has been appointed 
by the Director of 
Naval Communica-
tions as Officer- in-
Charge of the 
National Naval 
Reserve Network. 
This position in-
volves supervision of on-the-air training 
of naval communications personnel for 
service in tune of mobilization. 

In June of this year he resigned front 
the position of Manager of Research and 
Development for Communications in the 
Bureau of Ships, to join the consulting 
engineering staff of Booz-Allen Applied 
Research, Bethesda, Md. Ile had previ-
ously served as Deputy Chief, Technical 
Division, at the " Voice of America," and 
has been a member of that agency's Sci-
ence Advisory Board since 1959, concerned 
with the planning and installation of high-
power transmitter plants and receiving 
facilities. From 1954 to 1956 he was Assist-
ant Chief Engineer of INTELEC, Ca-
racas, Venezuela, where he supervised the 
planning and construction of communi('a-
tions facilities for the Venezuelan govern-
ment. Ilis civilian work also included posi-
tions as Chief Engineer of WN I ) R, Syra-
cuse; WI I0M, New York; and WWNY, 
Watertown, N. Y. 

In active naval service during World 
War II, he was Radio I )esign Officer in the 
Bureau of Ships; Electronics Inspection 
Officer at Inspector of Naval Materiel, 
New York; and had special dut' involving 
test and evaluation of emu-um:cations 
equipment aboard the l'SS New lark. 
From 1948 to 1954 he held communications 
and electronics engineering billets at C. S. 
Naval Operating Base, Trinidad, BWI; 
Charleston Naval Shipyard; and the 
Office of Director of Naval Commun 
tions. For three years he was Instructor in 
Naval Electroitics and Advanced Guidetl 
Missiles at Naval Reserve Officers' 
School 5-6, Washington, I). C. With over 
24 years' Naval Reserve service, his service 
carrer began as a Radioman 3rd ( lass, and 
he has been an ;Rik radio amateur since 
1931, having written over 20 technical ar-
ticles for amateur radio journals. His pres-
ent call letters are \V3j H R, known the 
world over. 

Commander Lee received the B.S.E.E. 
degree (rum laude) from Syracuse Uni-
versity. Ile is a member of the American 
Society of Naval Engineers, the National 
Society of l'rofessional Engineers, the 
Veteran Wireless Operators' Association, 
and the Armed Forces Communications 
and Electronics Association. Ile has been 
a Registered Professional Engineer in the 
District of Columbia since 1954, and as 
such has served as crmsultant for several 
radio and tiles isii ,ii Si:111011S and in 

presentatioo , to the Federal Communica-
tion, Ciminos,ion. 

n rage 121A) 
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better tube performance looks like this 

The directional distribution of getter 
material on the glass envelope is a sure 
sign of reliable performance of Raytheon 
tubes. Effective initial tube degassing, 
directional flash and greater subsequent 
gas absorption by the efficient Raytheon 
pressed-pellet getter reduce contamina-
tion of tube components for longer, more 
reliable operation. 
The Raytheon pressed-pellet getter is 

impervious to moisture prior to its use 

and is therefore more effective at the time 
of firing and throughout the life of the 
tube. Compared to conventional getters, 
the Raytheon pressed-pellet open cup 
getter design eliminates spurious metal 
particles which endanger tube life and 
performance. For complete details on 
Raytheon's line of quality industrial tubes, 
please write to Raytheon, Industrial 

Components Division, 55 Chapel Street, 
Newton 58, Massachusetts. 

For small order and prototype requirements of reliable Raytheon 
contact your franchised Raytheon distributor 

RAYTH EON COM PANY 

tubes 

RAYTHEON 
INDUSTRIAL COMPONENTS DIVISION 



.em••••1, 

For Instrumentation 
In these digital voltmeters, designed to satisfy 
critical standards for missile work, Non- Linear 
Systems, Inc., uses about 1,000 A- B hot molded 
resistors in each instrument. 

For Research 
In experiments at Bell Telephone Laboratories, 
A-B hot molded resistors are used in artificial 
electronic nerve cells, designed to study infor-
mation processing in nervous systems. 

e radley 

are a "Must" for 
Type TR 1/10 Watt 

Type CB 1/4 Watt 

Type EB 1/2 Watt 

pe GB 1 Watt 

c -
Type HB 2 Watt 

Shown Actual Size 

For Ground Exploration 
At Schlumberger's Research Center, hundreds 
of thousands of A-B hot molded resistors are 
assembled into interchangeable grids. These 
grids are used in a variety of networks to sim-
ulate ground formation characteristics. 

t 

•••••e--

1 • • e 

Iwo 

e  keiLe 

MIL Type RC 06 

MIL Type RC 07 

MIL Type RC 20 

MIL, Type RC 32 

MIL Type PC 42 

For Product Improvement 
To miniaturize the circuitry in their new elec-
tronic timepiece, without sacrificing reliability, 
Accutron designers chose the smallest of A- B 
standard hot molded resistors—which are ex-
actly as reliable as the higher rated resistors. 

DRAWING OF ACCUTRON 

SHOWS BASIC MECHANISM 

DRIVE COIL 
AND PHASE 
SENSING 
COIL 

TUNING 
FORK 

MAGNETIC CUP 

CONICAL MAGNET 

DRIVE COIL 

A-B Type TR 
Fixed Resistor 

TRANSISTOR 



For Space Exploration 
Allen-Bradley hot molded resistors have proved 
their complete reliability in the environmental 
extremes of shock and vibration so common in 
missile work. 

US AT THE WESCON SHOW 

• r• 

For Data Recording 
For meeting the critical requirements of the 
highly sophisticated circuits in their advanced 
recorder/reproducer. Ampex engineers could 
take no chances—they used Allen-Bradley hot 
molded resistors. 

teloicled is 

Critical Applications 

Allen-Bradley hot molded resistors— for more than 

30 years— have proved their complete reliability 

and superior performance in all types of circuits 

All over the world you'll find Allen-Bradley fixed 
resistors bringing reliability and superior perform-
ance to all types of critical circuits. The exclusive 
hot molding process— developed and perfected by 
A-B —assures such consistent uniformity from re-
sistcr to resistor that performance can be accu-
rately predicted over long periods of time. Where 
Allen-Bradley hot molded resistors are used, "cata-

strophic resistor failure" is unknown. With their 
conservative ratings and stable characteristics, 
Allen-Bradley hot molded resistors will assure 
resistor dependability in your equipment—and 
they cost no more than ordinary resistors. 

For complete details please write for Publication 
6024—it also includes information about other 
A-B quality electronic components. 

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, \Vis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 

ALLEN - BRADLEY 
Quality Electronic Components 



ADVERTISEMENT 

Precision Batch Control— 
The Secret of Stable 
Ferroxcube Ferrites 

The most critical phase of ferrite pro-
duction is the " firing" cycle . . . it is here 
that the success of material preparation is 
determined. Industrial ferrites, unlike en-
tertainment types, require greater stability 
and higher quality factors. Ferroxcube 
controls these parameters by use of custom 
design Batch Kilns for complete control of 
both temperature and atmosphere. 

Small temperature gradients and precise 
introduction of atmosphere are manually 
actuated and closely scrutinized on pen 
chart recorders. Only Batch Kilns enable 
precise simultaneous control over the six 
characteristics of ferrite.* 

Commensurate with the precision firing, 
is Ferroxcube's method of carefully segre-
gating families of powder. Complete iso-
lation of new sophisticated materials is 
made possible in a new, specially designed 
manufacturing facility. Preparation of 
each powder family is isolated and pro-
tected from any possible contamination. 

Procedures such as these enable Ferrox-
cube to also control uniformity of ferrite 
cores from one lot to another. This pain-
staking care over every step of production 
phis extensive research and development 
on every chemical phase, has enabled 
Ferroxcube to serve the ever increasing 
demands of the inductive component 
designer. 

* Permeability, temperature coefficient, 
disaccommodation, resistivity, hysteresis 
factor, µQ product. 

Ferroxcube Corp. of America 
Saugerties, N. Y. 

NEWS 
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. 

Microwave Diplexer 
A new line of microwave diplexers has 

been announced by the Special Products 
Div., I-T-E Circuit Breaker Co., 1900 
lantilton St., Philadelphia 30, Pa. 

Available over the standard waveguide 
range \VR 430 through WR 2300, the 
diplexers are fixed tuned at the factory. 

Shown here is a WIt. 975 diplexer which 
is operable in the 0.750 to 1.120 gc fre-
quency band. Nlinimum separation be-
tween receive and transmit frequencies is 
eight percent of the higher frequency and 
each pass band is 8 mc wide. A minimum 
of 120 (lb isolation is guaranteed and the 
VSWIZ is less than 1.1:1. Diplexers to 
these specifications can be delivered imme-
diately. 

Very prompt delivery is also available 
on similar units, to varying specifications 
to meet customers' requirements. 

Additional information is available on 
request to the finis. 

Frequency Meter X Band 
Budd-Stanley Co., Inc., 175 Eileen 

Way, Syosset, N. Y., announces the avail-
ability of its Model X1301A Precision 
Direct Reading Frequency Meter cover-
ing the range from 8.2 to 12.4 gc. 

This meter uses a TEm  resonant cavity 
coupled to WR-90 waveguide with a dip 
of approximately 1 db in the transmitted 
power at resonance. The frequency can be 
read directly from the scale with an over-
all accuracy of .08%. 

The high Q cavity is tuned by means 
of a choke plunger and no sliding contacts 

are used. A precision lead screw spring 
loaded to prevent backlash provides a 
resetability of 0.01%. The instrument is 
finished ils line wrinkle baked grey enamel 
with standard X Band cover flanges. 

The price of this unit is $ 157.50 and 
delivery is immediate from stock. 

Storage Register 
ARA, Inc., 4130 Kensington Ave., 

Kensington, Md., announces a new low 
Cost 10 line input Decimal Storage Reg-
ister, Model No. 234, which includes the 
write and read gating. It is used with elec-
tronic counters in applications that require 
a buffer storage to read mit from, while the 
counter system continues to operate with-
out interruption during the readout period. 

Each storage register contains the mem-
ory cells and their associated write and 
read gating mounted on a 4"X5" printed 
circuit card. The card layout is such that it 
may employ Elco pins and connectors. 

It employs a specially processed gas 
diode in each of the ten memory cells and 
in operation only one cell can be "On" to 
the exclusion of the other nine. The use of 
gas diodes also provides a visual indication 
of the number stored. 

The input is typically from a test posi-
tion device such as a glow transfer gas 
counter tube, beans switching vacuum 
counter tube or Nixie display tube. In the 
writing operation no "memory clear" func-
tion is required. 

The readout operation is high speed, 
non-destructive and can be furnished in a 
number of codes to meet the user's re-
quirements. It reads out to IBM or other 
typical types of sequential entry equip-
ment. 

The Storage Register cards can be 
simply interconnected by back board wir-
ing to form storage banks for several hun-
dred decimal digits. A Sequential Mag-
netic Core Switch with Driver for scanning 
a bank of Model 234 Storage Registers is 
available as optional equipmeat. 

Available from stock. Price approxi-
mately $30.00 each, FOB Kensington, Md. 

v. 
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2N996 
SILICON PLANAR 
EPITAXIAL PNP for 
HIGH SPEED, 
HIGH CURRENT LOGIC 

FAN OUT MAXIMUM 5; TYPICAL PROPAGATION DELAY= 15 nSec. 

Di through Da : All FD6002. 

VF 

IR 

irr 

FD-60O2* 
@ IF 100 mA 

• VR= 25V 

@ IF = IR recover to 10% of IF for all 

IF from 10 mA to 200 mA 

WESCON BOOTHS 
2129-2131 

1 V Max. 

100 mpA Max. 

4 nSec Max. 

• 60 mA High Current Operation 

• 15 nSec Typical Propagation Delay 

• 200 - C Maximum Junction 
Tern peratu re 

• Direct Replacement for Many 
Germanium Transistors 

The advantages of the Silicon Planar 
construction are now available in a wide 
variety of direct replacements for germa-
nium. In addition, the diode gate now is 
available in a single package TO-5 type 
can (special product FSP-463) for min-
iaturized packaging. 

SVC BO 
hfe 
VcE (sat) 

2N996* 
@ lc 10 pA 

@ f = 100 mc, lc = 10 mA 

@ lc = 60 mA, I g = 2 mA 

15.0 V Min. 

2.3 typical 

0.3 V Max. 

YOFF•THE-SHELF FROM DISTRIBUTORS 

FAIRCHIL-CI 

SEMICONDUCTOR 
545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF • YORKSHIRE 8 8161 • 1WX: MN VW CAL 853 

A 0,ISILN OF FAIRCHILD CAMERA AND INSTRUMENT ÇORPORAIION 
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Large production gives you low prices! 

IMPERITI 
Thermostatic DELAY RELAYS 

2 to 180 Seconds 
Actuated by a heater, they operate on 
A.C., D.C., or Pulsating Current. 

Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 

SPST only—normally open or closed. 

Compensated for ambient temperature 
changes from —55 ° to + 80 ° C. Heat-
ers 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 Re-
lays: Used for automatic overload, un-
der-voltage or under-current protection. 

PROBLEM? Send for 
Bulletin No. TR-8I 

BALLAST REGULATORS 
Amperite Regulators are designed to keep the 
current in a circuit automatically regulated 
at a definite value ( for example, 0.5 amp ) 
.. For currents of 60 mn. to 5 amps. Operate 

on A.C., D.C., or Pulsating Current. 

0 

•-• 

o 

io 
VOLTAGE or 21V WITH ANIPIRIT€ 

BATTERY 6 CHARGER VOLTAGE VARIE, 
VARIES APPROX. ONLY 

:40.4A4s411 

50% 2 o 
Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (-50 ° to + 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 

r' Membership 

The following transfers and admissions 
have been approved and are now effec-
tive: 

Transfer to Senior Member 

Ackley. E. H.. Syracuse, N. V. 
Anderson. C. 'I'.. Syracuse. N. V. 

Anthony. I. 11— Oradell. N. J. 
Bloom, (. M.. Plainview. I.. L. N. V. 

Brown, 1). J.. Dover. N. J. 

Cased. E. S., Jr.. Brooklyn. N. V. 

Ceccanti, I.. l'., St. Albans, N. Y. 

Chomet, M.. East Northport, L. I., 

Craddock, G. Montgomery, Ala. 

(«reusere, M. C., China Lake. Calif. 
Dickson, F. II., Fair Haven, N. J. 

Dutton, F. L., Sr., Greenwich, Conn. 

Fortin. R. J.. Newport, R. I. 

Henry. \V. E.. Albuquerque  M  

Holmes. \V. It.. Coronado. Calif. 
Holub, A. J.. Santa Ana, Calif. 

Houseman. E. O., Jr., Orlando, Fla. 
Jansen. .1. J.. Topsfield, 
Lanford. W. E.. Winston-Salem, N. C. 

Marshall. F. \I., San Rafael. Calif. 
Mc Farland. R. T.. Winsoin-Salem. 

XI , ta. S.. T,,hpi. Japan 

Parrott. J. F... Seattle. 1Vasli. 
l'ereda, E. F...111iiittiprque  N NI  

Pognst. I ty,ter . I.. I.. 

Roake, \\. (.. Great Neck. 

Ittibinson. It. I... Keiv Gardens. I.. I.. 

Rose. W.. Los Angeles. 
Ryesky. A., Plymouth :Meeting. Pa. 

Sehreitinueller. R. F.. Garden City 

l'ark, L. I., N. V. 

Tre,,a, F. J., Deer Park, L. I.. N. V. 
Unger, I). NI., Winchester, Mass. 

Wade, ( 1.. San Diego. ('alif. 
Weber. I). C., Jacksonville, Fla. 

Wilson. W. II_ lawust Valley. N. V. 

Yonker. F. IL. State College, l'a. 

Admission to Senior Member 
Akers, S. B., Jr., Syracuse, N. X. 
Bryant. M. 0., Harlow. Essex, Eng-

land 

Carlsggi, NI. \V.. Davenport. Iowa 
Evans. R. O.. Salt Lake City, 1.7011 

Flint. C. \V., Fort Monmouth. N..1. 
Gillanders, II. W., Sacramento, Calif. 

Hall, B. C., Fort \Vortli. Tex. 

Hanson, 0. \V., Bountiful, 
Hart. S. V., San Francisco. Calif. 

Ilauri, E. R.. Bern, Switzerland 

Hecker. K..1.. Riverside. Calif. 

Hill, W. .1., Framingham, Mass. 
Inniss, C. F.. («amarillo, Calif. 

Kaye. R. Waltham, Mass. 

Kramer. II. A., North Caldwell. N. J. 
LeVine, B. A., (trlando, Fla. 
Longton, A. C.. North Andover, \ lass. 

Lunt:holm, J. G., Jr.. Lynntield. Mass. 

Ma. J.. Algonquin, Ill. 
Newby. N. D., Leonia. N. J. 

Odle, J. W., Lexington. Mass. 

Olivier, R. I'., Versailles, France 

Russell, J. E., Tulsa. Okla. 
Seidl. NI. G.. Bellevue, Wash. 

Sekimoto. Kawasaki, Japan 

Shuffler, B. It., Fort Worth, Tex. 

Smith. F. B., Williamsburg, Va. 
Sponsler, G. C., Ill, Bethesda, NItl. 

Sucher, M., I.evittown. I.. I., N. 

Sisensen, N. E., North Hollywood. 

Calif. 

Tabor. N. E.. Sunnyvale, Calif. 
Tillwiek, II., Alarlion, N. J. 

Touger, \I. 1... Caaplesi N. J. 

Van Blerkom. R., Arlington. Va. 
\Valker. N. C.. San Diego, ('all f. 

\Veatherspoon. G., Culver City. Calit. 
\Veber, II. E., Mei'esi. Switzerland 

\\:eldi. A. Y., Fr:tiling:lam, Mas,. 
1V heeler. J. \V.. tireenshoro, N. C. 
\Villiains, K..1., Marslifield,Ma'.. 

Young. J. M.. At.stin, Tex. 

Zink. II. D.. Jr.. Silver Spring, Md. 

Transfer to Member 

Alexander, L. D., Xortla Palm Ileach. 

Ilargliausen, A. F.. Boulder. Colo. 

Barrows. J. IL. :Faunna, \Vasil. 
Rouse. G. It.. Los Angeles. Calif. 

Bush, A.. I.os Angeles, Calif. 
Caruana, P. .\.. K.,:ionic. 

Case. E. E., Fort IV dtli. Tex. 

(«ornett. V., Kansas (« ity, Nlo. 
England, S. J. NI., Ohio 
Fricke, C. A., Philadelphia. Pa. 

Ilananel, NI. D.. Istanbul. 

Turkey 
Honert. I:. B.. Fort tVashingion. Pa. 

Jones. R. T., El Paso, Tex. 
Laughlin, J. I.., Downers Grove. Ill. 
Lim, R. S.. Seattle. t1'ash. 

MacMillan, A. Vancouver. Is, '.. 

Canada 

Pestel, L., Ogallala. Neb. 

Taylor, S. L., Trenton. Ont.. («anada 
Tinsler, II. C., Biloxi. \Hsi.. 

Todd, Il. c., Seattle, ‘Vasili. 
Trullinger, I.., El l'auto. Tex. 

Weibley, J. E.. North Chicago. Ill. 
\Veiner, E. G.. lurk, l'a. 

1Volf, I'. I., Mini,v.,pt 

Admission to Member 
Adler. J. J., China Lake. Calif. 
Ahmed. M. I., London, Englamf 

Akers. A. E., San Diet.o, Calif. 

Archer, J. E., Bel Air, \Itl. 

Arnow, S., Great Neck. L. L. N. V. 
Badr, H. A.. Zurich, S4vitzerlanil 

Baker. J. I.., Bethesda. \Id 

Barber, M. R., NIurrii( Hill, N. J. 
Bartlett. R. E., Ralcigb, N. C. 

Bartz, A. T., Jr.. Oswv..itt, N. V. 

Beck, I'. E.. Emil], Viii,, 

Becker, G. \I., Santa Barbara. Calif. 
Bell. A., Long Island City, I., 

Betz. R. J., Ferndale, Mil. 

Mai, C. A.. Rome. N. 1'. 
Bloom. l'ikesville. Md. 
Blount. (:. A.. Jr.. Raleigh. N. C. 
Borges. I.. E., St. l'eterdoir2.. Fla. 

Bottorff, I'. S., Gainesvdle. Fla. 
Brant, R. F., Owego, N. V. 

Browder, L. II.. Arcadia, (:alif. 

Bruner, J. J.. Okla. 

Bryans, L. G.. Fremont. ('alif. 

Bush, J., Syr:tense, N. 1. 
Callahan, R. M., Jr., Fredericksburg, 

Va. 

Campbell, E. S., Fairfax. 1'a. 
Carroll, C. L.. Fort Huachuca, Ariz. 

Carroll, S. H.. Sunnyvale, Calif. 
C'eglowski, F. E., Madison, N. J. 

Cianeiola, M.. Vista, Calif. 

C011i eit'da,t pas, 5 IA) 
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TARZIAN 

DESIGN 

IDEAS 
Reliability at low cost in power supplies..„: 
• Many circuit refinements and improvements 

are made practical by the availability of (a) small size silicon 
rectifiers rated up to 800 volts at 500 to 750 milliamperes, and 
(b) compact high ‘ oltage silicon rectifier stacks with peak 

1A. Half Wave Power Supply 
for Television Stereo Electronic Use 

Output 
Volts 
DC 
290 
280 
270 

MA 
DC 
250 
500 
750 

150 Mid 
200 Mid 
200 Mid 

RS- Saikes Tarvan S-5521 

inverse ratings to 10,000 volts. A dozen units of the first group 
and four of the latter are listed below. All are available at real-
istic cost and will increase reliability over tube supplies. 

1B. Half Wave 1,000 Volt Power Supply 

Output: 
Volts 
DC MA 

1,000 120 ma e 25 degrees C 
1,000 60 ma c. 100 degrees C 

1'17 

Each RS Se, es Taevan F-8, STI8 or 801-I 

2A. Full Wave Power Supply 
for Color Television Stereo Electronic Use 

Output 
Volts 
DC 
310 
290 
280 

MA 
DC 
500 

1,000 
1,500 

50 Mid 
50 M/d 
50 611d 

1 
117 
VAC 

Eac h PS S,' no Tarr.u,, S5531 

2B. Full Wave 5,000 Volt Power Supply 

RS 
Output: 

5000 VDC 150 Ta 
N' 25 degrees C 

5000 VDC 50 Ma 
III 100 degrees C 

3A. Full Wave Voltage Doubler 
for Television, Stereo Electronic Use 

e+ 

e— 
R5 

Each RS=Sarkes larzian 10H. F-4 or 5114 

Output: 
Volts MA 
DC DC 
290 300 
280 500 
270 750 

Each C 
100 Mid 
100 M1d 
100 Mid 

Three general circuits are shown for each of the two groups 
mentioned above to suggest some of the possibilities. For ex-

ample: 1-A, a simple half-wave circuit operating off a 230 volt 
line or with a 1 to 2 step-up transformer, delivers between 270 

and 290 volts with a capacitive input; 2-A, with two rectifiers 

J 

313. Three Phase 7,500 Volt Power Supply 
RS 

RS 

Each RS Sarkes 
Tarvan S-5531 

Input: 
5100 Volts AC Per 

Output: 
7500 VDC 200 ma 
S. 25 degrees C 
7500 VDC 65 ma 
(s) 100 degrees C 

in a full wave circuit with a center tap transformer, delivers 

approximately 300 volts across a wide range of current ratings; 
and so on. Similiarly the high voltage rectifiers let you design 

compact half wave and full wave supplies at moderate cost. 

SARKES TARZIAN LOW CURRENT RECTIFIERS 

lARZIAN 
TYPE 

MAX. 
PRV 

MAX. R MS 
VOLTS 

MAX. DC MA 
55° C 

MAX SURGE 
AMPS 

DIMENSIONS 

20H 
40H 

60H 
80H 

200 
400 
600 
800 

140 
280 
420 
560 

750 
750 
750 
750 

75 
75 
75 
75 

032 DIA WIRE 210. -1•4 1.1/— 070' 
(BOTH ENDS: J. 4 

> ...,...... ==. 375 

END it 1...:7 t 1 1:4-7/16. ,, _el 

MAX I I- MIN 

F-2 
F-4 
F 
F-8 

200 
400 
600 

800 

140 
280 
420 
560 

750 
750 
750 

750 

75 

75-6 75 

75 

032' DIA WIRE ) BOTH ENDS) 

41-} 

'" 1'4' MIN  1M -4 4— MIN f 

12 
14 
16 

18 

200 
400 
600 
800 

140 
280 
420 
560 

750 
750 
750 
750 

75 
75 
75 
75 

250' 352' 

T 
1'/•' MIN. 234• 1.1*- .81. 193' 1..- 

S-5518 
S-5521 
S-5529 
S-5531 

1,000 
3,000 
4,000 
10,000 

700 
2,100 
2,800 
7,000 

200 
150 
50 
25 

20 
15 
5 
5 

.=_H —1.01- 1-I =II % to ,/,• 0 

 _.4.,_, 10_0,1 4, 

Whatever your application, let Tarzian 
engineers consider it for practical 
recommendation. Catalog available on 
request. 

SARKES TARZIAN, Inc. 
World's Leading Manufacturers of TV and FM Tuners . Closed Circuit TV Systems • Broadcast 
Equipment • Air Trimmers • FM Radios • Magnetic Recording Tape • Semiconductor Devices 

SEMICONDUCTOR DIVISION • BLOOMINGTON. INDIANA 

In Canada: 700 Weston Rd., Toronto 9 • Export: Ad Auriema, Inc., New York 
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18 nee LEL 
Mixer-Preamplifier 

MODELS OPERATE 

in C and X Bands. 

MODEL CCO-8 

They feature the same rugged 
reliability and performance efficiency 
which are characteristic of 1000 other 

Mixer-Preamplifier Models—many 
now being specified or already operating 
under the exacting conditions typi-
cal of missile and satellite systems require-
ments. They are small and ...draw very 
little power...and they're ready NOW. 

MODEL NO. FREQUENCY RANGE SIG. PORT L.O. PORT 

CB0 3.95-4.50Gc UG407/U I Type N 
CCO 4.50-5.15Gc UG407/U Type N 

I 
COO 5.15-5.85Gc UG407/U 1 Type N 
CEO 5.85-6.50Gc UG441/U Type N 
CFO 5.85-7.13Gc UG441/U Type N 
CGO 6.5-7.6Gc UG441/U Type N 
XAO 7.12-8.5Gc UG138/U I UG137A/U 
XBO 8.5-9.6Gc UG135/U UG136A/U 
XCO 9.6-10.5Gc UG135/U UG136A/U 

`Nuvistor Models Designated (-8); Transistor Models (-6). 

Specifications 
—8 MODELS 

Gain  20 db 
IF 30, 60 or 70 mcs 
Bandwith 8 me 
Noise Figure 9 db max. (XBOS) 

8 db max. (CBO-8) 
Isolation 

(LO. Port- Sig. Port)... 15 db (Typ.) 15 db (Typ.) 
Power* +40 VDC @ 15 ma max. -±20 VDD @ 10 ma max. 

6.3 VAC @ 0.3 amp max. 
Size Vie" x 11/4" x 4" (X60-8, XBO-6) 

Pe" x 3 Ve" x Vie" (CB0-8, CB0-6) 
Weight 10.oz. (X60-8, XBO 6) 

17 oz. (CBO-8, CB0 6) 
Material  Aluminum, Silver Plate, Rhodium Flash 

L.O. Power Required (all models) 2mw (Typ.) 

Send for New LEL Catalog 

—6 MODELS 

20 db 
30, 60 or 70 mcs 

12 or 20 mc 
11 db max. (XBO-6) 
10 db max. (C130-6) 

 /. 75 Akron  St.Copiague, L.I., N.Y. 

AMityvi:le 4-2200 

IVE  
Membership 

(Continued fr,ni page 52A) 

I Clark. R. W.. Centerville, Ohio 
Ckary, L. J.. Framingham, Ma:s. 

(oates. W. J.. Fullerton, Calif. 
Cohen, I). It., Akron, 

E'ohen. M. E.. NI:mina. N. J. 
('ome, R. G., Denver, Colo. 

Cone. I'. F.. Wakefield, Mass. 
Conger. C. R., State College. l'a. 

Cornish, A. F., Camden, N. J. 
Courts, H. R., Austin, Tex. 

Cox. E. S., Canonsburg, l'a. 
Cowlishaw, J. D., Baltimore, Md. 

Cummins. C. C., Melbourne, Fla. 

Czecha, S. J., Glen Rock, N. J. 

Davis, 1). It.. Mountain View. Calif. 
Davis. J. R., Jr.. Lexington. Ky. 

Delloice. W. F., Long Beach, Calif. 

DeVera, E.. Succasunna. N. J. 
Dierking. D. I.., Orlando, Fla. 
Di Stefano, R. G. V., Orlando, Fla. 

Dodds. B. State College. l'a. 
Donovan. R. I'., Bowie, NItl. 
Dosick, L. Owings Mills, Md. 
Dunn, W. T., Mobile, Ala. 

Earl. J. L., Santa Clara. Calif. 
Edel.ohn, H., Hollis, I.. I., N. Y. 
Ennis, N. F.. Cedar Rapids. Iowa 
Everett. I'. G., Chicago. Ill. 

Farouo, R. NI.. St. Ann. Mo. 

Fellows. R. A.. Newbury l'ark. Calif. 
Fischer. W. C., Jr.. Fairfield. Conn. 

Fitzgerald. R. W.. Norwalk. Conn. 
Francesconi. ;.. Poughkeepsie. 

Frank. y. II.. Rhinebeck. N. Y. 

1:razier. M. J., t len Ellyn, Ill. 

Freeland. K. Penfiel(l, N. Y. 
Freeman. I). G., Rockville, Md. 
Freeman. W. S., Witi.tott Salem. 

Frisch, A., Brooklyn. N. Y. 

Fry. I. 1.. Prairie Village. Kan. 

Ft:refiner. C. J., Anaheim, Calif. 
Gabany. V., Jr., Media. Pa. 

Gartland, J. P., Washington, D. C. 

Gerding. E. Y.. Torrance. Calif. 
Gilbert, R.. Bournemouth, linos. 

England 

(*die. W.. Mountain View. Calif. 

Glaze, It. It., Woodland 1 lilt-. Calif. 

Glover. J. F.. Vienna. Va. 

Goldstein, R.. Highland Park. N. J. 

Grant, W. V.. Fall- Church, Va. 
Greer, C. II., Watertown, Mas.. 

Gupta, K. It. C.. Bangalore. India 
Haas, P., New York. N. Y. 

Hall, J. A.. Lynclmurg. Va. 
Hammon. It. L., Las Vegas. Ncs. 

Hampton, I. II., Winston-Salem. N. C. 
Hanes. I.. F., Dayton, Ohio 

Harstad. A. J.. Cocoa Beach. Ela. 

Hennes:. J. NI.. Davenport. Iowa 

Henoeli. It. T.. .Nlvsjo. Sac len 
Hinuali. It. D., Davenport. Iona 

Hjelle, I). G.. Dayton. Ohio 
Holley. O. M., Fullerton. Calif. 

Houston, R. NV.. Torrance. Calif. 

Hsieh. I'.. PoughkerPsIe• N. V. 
Hughes. W. F.. , fuir. 

•Iltill 1,4,1 rilth• 50 1 , 

AUTOMATIC 
SitiNAI TRACKING 
BANDPASS FILTER 

SERIES 450 VARIES ITS CENTER FREQUENCY 
AS SIGNAL CHANGES 
With bandpass continuously adjust-
able from 2.5 to 100 cps via a panel 
knob, this electronic signal chaser 
improves signal/noise ratio of analog 
signals that either drift or change 
frequency as a function of time 
Signal frequency can vary from 100 
cps to 120 he — the Series 450 Filter 
tracks it, automatically, with S/N 
improvement up to 38 db. Lost signal 
momentarily? No problem. The 450 has a memory — searches to re-acquire 
the signal. 

Output is the frequency itself, multiplied times 1, 10 or 100. Optional acces-
sories include a tic analog of the input signal frequency, wide-band detector 
to extract intelligence from the tracked signal, and a pilot acquisition con-
trol to permit phase- locking to an external pilot frequency until the signal 
itself reaches that frequency. 

WRITE TO: 0  itie24/4149 fLECIROMCS CORPORRTIOR 

arrr' 
-71-ri•7 kr1 

Amu*. iitege.7 

— 
o g 7-0 to • • r 

707 East Vermont Ave • Anaheim. California • Phone 714-772-2222 

(A subsidiary of Interstate Engineering Corporation) 
NATIONWIDE REPRESENTATIVES 

ANOTHER eleidale SOLID- ee- INSTRUMENT 
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Rohr precision a natural plus in large antenna hardware 

Our successful performance in the manufacture of massive antenna struc-
tures results from a unique blending of engireering and manufacturing 
experience in the field of large and precise metal components. From the 
beginning, our antenna philosophy called for a new degree of precision to 
meet new levels of antenna performance. This led to a long and continuing 
Rohr antenna research program . .. research in design, fabrication and 
erection problems with consideration of environmental requirements. The 
result is that today Rohr is producing under contract some of the largest 
and most advanced antenna structures in the world. For more information, 
write for our brochure titled, " Large Antenna Structures." Address 
Marketing Manager, Dept. 130, Rohr Corporation Chula Vista, California. 

Main Plant and Headquarters. Chula 
Vista, Calif./Plant: Riverside, Calif./ 
Assembly Plants: Winder, Ga.; Auburn, 
Wash. 

Offices Washington, D. C. and 
Huntsville, Ala. 
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ELEcrRomcs 
progress in semiconductors 

I The Schizoid Switch 

Two separate and distinct personalities 

is pretty unusual, in people that is. 

Three is almost unheard of. But in 

electronics, a new G-E device is a real 

hip schizoid character with eight sepa-

rate and distinct personalities; ( 1) 

extremely sensitive NPNP controlled 

switch ( complement of SCR); ( 2) 

extremely sensitive PNPN controlled 

switch (SCR configuration); (3) NPN 

silicon transistor; (4) PNP silicon 

transistor; (5) N type negative resist-

ance (trigistor, transwitch) ; (6) S type 

negative resistance (binistor); (7) four 

layer diode; (8) zener diode. (As you 

can see, the schizoid switch doesn't 

create problems, it solves 'em.) 

ANODE 

Gc 

GATE TO 
CATHODE 

GATE TO 
ANODE 

CATHODE 

We call this versatile new 8-headed 

beauty the Silicon Controlled Switch. 

As the pictured symbol illustrates, it's 

a four layer (PNPN) device with all 

four layers accessible, and therein lies 

the secret of its versatility. We can't 

divulge the secret of its amazingly low 

cost and its military-type reliability, 

but we can sure talk about it. And we 

can also talk about the wide range of 

jobs it can perform in industrial and 

military digital computer and control 

applications. To name a few: time 

delay generator, SCR trigger pulse gen-

erator, tone generator, telemetry oscil-

lator, sensitive voltage level detector, 

bistable memory element, binary 

counter, shift register, indicator lamp 

driver. And there are more . . . many 

more. 

To complete the schizoid switch story, 

the SCS is available in three types, 

3N58, 3N59 and 3N60 ... all furnished 

in a TO-5 case. And they're available 
now in production quantities. Call your 

District Sales Manager, or write to us 

at Section 23H133. We have several 

psychiatrists with engineering degrees 

who have done extensive analysis of 

the schizoid switch. They know how to 

handle 'em, and they'll be glad to 

answer your questions. 

MIL types galore! Newest ap-

proved types include JAN 2N696 

and 697 silicon planars, and JAN 

2N497, 8, 2N656, 7 silicon double-

diffused NPN amplifiers — giving 

you a broad selection from among 

34 JEDEC types. (One of our uni-

junctions is used in the Mercury 

capsule.) For a complete list see 

your District Sales Manager, or 

write to Section 23H133 and ask 

for the latest Semiconductor Prod-

ucts Full Line Catalog. 

IImproving the Breed 
. wins horse races and dog shows. It 

also makes for better semiconductor 

devices (although we're not looking for 

laurel wreaths or blue ribbons). Our 

"PEP" line of silicon computer diodes 
now features new high temperature 

Anode and Cathode contacts so good 

that we now bake our "PEP" units at 

300 °C for a solid week ( 168 hours) 

before we test 'em. Talk about stability! 

But please, no complimentary letters. 

Just buy some! 

Any questions? Write us at Section 

23H133, General Electric Company, 

Semiconductor Products Department, 

Electronics Park, Syracuse, New York. 

In Canada: Canadian General Electric, 

189 Dufferin St., Toronto, Ont. Export: 

International General Electric, 159 

Madison Avenue, New York 16, N. Y. 

GENERAL 
ELECTRIC 

with the NEW 

AM SIGNAL GENERATOR 
Model 144H $1190 

WIDER FREQUENCY RANGE 
10 kc to 72 mc 

GREATER STABILITY 
0.002% 

ELECTRONIC FINE ' UNING 
0.01% 

HIGHER OUTPUT 
2 y to 0.1µV, • 0.5 db 

AND . . . AT LOWER COST 

WESCON Booth = 2043-44 

MARCONI 
INSTRUMENTS 

DIVISION OF ENGLISH ELECTRIC CORPORATION 

III CEDAR LANE • ENGLEWOOD. NEW JERSEY 

,Vain Plant: St. Albonf, England 
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revolutionary new 
resistance MICROWELDER 

WELDS 4- MIL WIRE ON 3- MIL CENTERS 

• Metal- to- glass bonds • Metal-to-ceramic bonds 

• Metal-to- semiconductor substrates • Bonds to angstrom-thick 

thin-films • Portable- 110-115 V, ac, 60- cycle operation 

Provides reliable bonds... from printed circuitry 

to molecular electronic functional blocks. 

For further information write Aerojet-General e Corporation 

Astrionics Division, Dept. 505, Azusa, California 

See the 

MICROWELDER 

at Wescon Booth 

No. 3817, 3818 

AEROJET 
GENERALTIRE 

GENERAL 

WELDED 

WINDOW- FRAME 

MICROELECTRONICS 

ASTRIONICS DIVISION/AzusA,cAuFoRNIA 
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Membership 

Wanted ft, in Page 31.-1 ) 

Ilutisicker. F. Washington. D. C. 

Iluppert. \\'. \\".. Rock Island. Ill. 
Ilynd, •, Hamilton, Ont., ("amid. 
Ignagni. NI. II.. Detroit. Mich. 

Ingham, II. J., Dallas. 

Irvine. J. J., Ottawa. Ont., Canada 
Jackson, J. 11., Salt Lake City, Utah 

Jaffe, J. C.. Norwalk, Conn. 
jelen, ( ;. F.. Jr., Silver Spring. Mil. 

Johnson, L. ()., Inglewood. Calif. 
Jonas. J. C., Grand Rapid, Mick. 

Juliano. C. V.. Los Angeles. Calif. 

Kastanas. I,. E., .1illens. Greece 

KasteIla. K. G...\11itiquerque. N. NI. 

Keegan, J. P., Nashua. N. II. 
Kelly. E. J.. Lexington. Nlass. 

Khan, M. A., Karachi. %Vest Pakistan 

Konmovski, S. ( l.. Jr.. New Hyde Park, 

N. Y. 
Kostelec. ,I.. Stamford. Conn, 

Krupans/ky. S., New York, N. Y. 

Kulle, T. East Northport, L. I., N. 
Lail:Luca, F. A.. Bronx, N. Y. 

LaGalante, J. K.. Elmwood Park. Ill. 
Latourette, C. D.. I.os Angeles. Calif. 

Laulischer, P. R., Bath, N. 1". 

Lawrence, J. I.., Jr., Pasadena, Calif. 
Leland. R. F., Tempe. Ariz. 

1-entley, V. F.. San Marcos, Calif. 
Lenhart, \\'.. Syracuse. N. 1'. 

Leonard, '1'. C., \Villiamsville, N. 1'. 

Helder, K. A.. South Beloit. Ill. 

PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS 

over 260,000 logged hours— voltage-regulated, 
frequency-controlled, for missile, telemeter, ground-

support, 1350C all-silicon units available now— 

VOLT 
TERP''" TEO coodLA 

AGifivolEFI 
iNi _ „upptY 

—_ 

interelectronics all-silicon thyratron-like gating elements and cubic. 

grain toroidal magnetic components convert DC to any desired number 

of AC or DC outputs from 1 to 10,000 watts. 

Ultra- reliable in operation (over 260,000 logged hours), no moving 

parts, unharmed by shorting output or reversing input polarity. Wide 

input range ( 18 to 32 volts DC), high conversion efficiency ( to 92%, 

including voltage regulation by Interelectronics patented reflex high-

efficiency magnetic amplifier circuitry). 

Light weight (to 6 watts/oz.), compact (to 8 watts/cu. in.), low 

ripple ( to 0.01 mv. p-p), excellent voltage regulation ( to 0.1%), precise 

frequency control ( to 0.2% with Interelectronics extreme environment 

magnetostrictive standards or to 0.0001% with fork or piezoelectric 

standards). 

Complies with MIL specs. for shock ( 100G 11 misc.), acceleration 

(100G 15 min.), vibration ( 100G 5 to 5,000 cps.), temperature (to 150 

degrees C), RF noise ( 1-26600). 

AC single and polyphase units supply sine waveform output (to 2% 

harmonics), will deliver up to ten times rated line current into a short 

circuit or actuate MIL type magnetic circuit breakers or fuses, will start 

gyros and motors with starting current surges up to ten times normal 

operating line current. 

Now in use in major missiles, powering telemeter transmitters, radar 

beacons, electronic equipment. Single and polyphase units now power 

airborne and marine missile gyros, synchros, servos, magnetic amplifiers. 

Interelectronics—first and most experienced in the solid-state power 

supply field produces its own all-silicon solid-state gating elements, all 

high flux density magnetic components, high temperature ultra-reliable 

film capacitors and components, has complete facilities and know how 

—has designed and delivered more working KVA than any other firm! 

For complete engineering data, write Interelectronics today, or call 

LUdlow 4-6200 in New York. 

INTERELECTRONICS CORPORATION 
2432 Grand Concourse, New York 58, N. Y. 

London, E. l'., l'al... Verde, E,tates. Calif. 
Lukinan, F. J., Palmerton. l'a. 

Luniltivist, A. I.., Jakolisherg. Sweden 
!Ann, V. I.., Stidlntry, Mass. 

NIandra, S. A., New York, N. Y 

Mann. O. S., Emporium. Pa. 

NI:minim, J. J., Santa :\lottica, Calif. 
NIapother, '1'. C.. Liverpool. N. Y. 

Martin. J. I... Summit. N. J. 

\laze. I... Bellwood, III. 

I.. R.. Great Falls. Mont. 

NIcElroy, R. E.. Roswell  X NI" 
NIcKenny, It. " I'.. \Vinooski, VI. 

\IcNlillati, T. T., Resella. 
Mear., K. E., Port Hueneme. Calif_ 

Nledendorp. I.. E.. Hamilton. 
\lyric. R. T., Calif. 

\  , Chicago. I II. 

Miller. K., It, Boston. Mass, 
Miller. J. Dayton. Ohio 

Miller. \I. \\".. Dayton, t hio 

Vliller. T. A.. \Vooilland Calif. 
'ti ' t'', S  Nlinneapolis. Minn. 
Nliichell. P. A.. Paso Itoble,. Calif. 

Nlolthen. E. II ., Chicago, III. 
Nlioers. \V. Amityville. I.. I N. 1". 

Mundl. \\'. I. Duverday East. One.. Canad, 

\luridly. J. II Nledford Lakes. N. J. 
Nlurtliy. S. V., Bangalore, Snail, India 

Nath. I'. N.. Philadelphia. l'a. 
Newman. P. A., Ihtklitir5t. N. J. 
Nunnally. C. II_ 01.1 Bethpage. I.. I.. N. 1". 

(r\leara. \\". M.. "foronto. Ont.. Canada 

Paiewon.ky. Il. II.. Princemn, N. J. 
Palma. IA. C.. Nledway. Ohio 

Panzieri. A.. Ilioema. Colombia 

Pariii, F. S.. 

I ater-, V. 
l'atter.on. E. E.. San Franci5eo, 

11ome, Italy 
Pe/ari,. S. It.. Le‘ington. Mas, 

'tt II.. Ponglikeep.ie. N. 1'. 

(C.rontinited rage (AA) 

can provide the exact precious 
potentiometer winding alloy for 

from 37 to over 

600 ohms per cmf 

Secon 
metal 
your requirements . . . 

• Low temperature coefficient 
of resistance. 

• High tensile strength. 

• Low noise. 

• Supplied bare or enameled. 

R Long life. 

For more information please write today 
to Secon Metals Corporation, 7 Intervale 
Street, White Plains, N. Y. (WHite Plains 
9-4757). 

SECON  
METALS 
CORPORATION 

RELIABLE WIRE FOR THE HEART 
OF YOUR COMPONENT 
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You'll save time, trouble... 
by turning FIRST to BUSS 

for fuses of unquestioned high quality 

By relying on BUSS as your source for fuses, you 
can quickly and easily find the type and size fuse you 
need. The complete BUSS line of fuses includes: dual-
element "slow-blowing", single-element "quick-acting" 
and signal or visual indicating types ... in sizes from 
1/500 amp. up -- plus a companion line of fuse dips, 
blocks and holders. 

BUSS fuses are made to protect— 
not to blow needlessly 

When you specify BUSS fuses users of your equip-
ment receive maximum protection against damage due 
to electrical faults. And just as important, users are 
safeguarded against irritating, useless shutdowns caused 
by faulty fuses blowing needlessly. 

A component part that operates as intended helps 
to maintain the reputation of your equipment for quality 
and service. That's why it pays to rely on dependable 
BUSS fuses. 

If you should have a special problem in elec-
trical protection . . . the world's largest fuse research 
laboratory and its staff of engineers are at your service — 
backed by over half a century of experience. Whenever 
possible, the fuse selected will be available in local whole-
salers' stocks, so that your device can be easily serviced. 

For more information on BUSS and FUSETRON 
Small Dimension Fuses and Fuseholders ... Write for 
bulletin SFB. 

BUSS: The complete line of fuses and 
fuse mountings of unquestioned high quality. 

BUSSMANN MEG. DIVISION 
McGraw-Edison Co. 
St. Louis 7, Mo. 
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INSTRUMENTATION OSCILLOSCOPE 

One Inch 
Miniaturized basic packaged panel mounting 
Cathode Ray Oscilloscope for instrumentation use 
replacing " Pointer Type" meters. Panel bezel 
matches 2" square meter. No. 90901 uses 1CP1 
tube. No. 90911 uses lEP1 tube. Power supply No. 
90202 available where application requires. 

PLUG-IN STABILITY 

PACKAGED 
CRYSTAL 

OSCILLATORS 

 I JAMES MILLEN MFG. CO., INC. 
MAIDEN 

MASSACHUSETTS 

For frequency range 60 kc to 15 mc 
These compact modules contain glass-

sealed crystal units, transistorized cir-

cuitry and constant temperature ovens. 

For precision frequency or time base ref-

erence in counters, signal generators and 

master oscillator systems. 

TYPE 

STAND- 
ARD 
FRE- 

QU (NC IES 

SPECIAL 
ERE- 

QUENCIES 

STABILITY - 24 HRS. OUT-
PUT 
VOLTS 
RKIS 

OVEN 
HEATER 

VOLTAGES Ambient 
25"C 

Ambient 
0"C- 60`C 

CCO-7R 100 kc 60-198 kc 2 s 10 ' 4 .c 10-, 1.5 27 VAC 

CC0.7RA 100 kc 60-198 kc 2 x 10 -7 • 4 x 10 -7 1.5 115 VAC 

CCO-7R0 100 kc 60.198 kc 2 x 10-7 -.=. 4 x 10.7 1.5 27 VDC 

CCO-7R-2 200 kc 198.300 kc 1 x 10-7 ±1.5 x 10-7 1.0 27 VAC 

CCO-7RA.2 200 Mc 198-300 kc 1 x 10-7 -±-1.5 x 10 -7 1.0 115 VAC 

CCO-7RD.2 200 kc 198-300 kc 1 x 10-7 -171.5 x 10-7 1.0 27 VDC 

CC0.7M 1 mc .95-3.0 me 1 x 10.. ut. 3 r 10. 1.0 27 VAC 

CC0.7kIA 1 mc .95-3.0 me 1 x 10. rt.- 3 x 10. 1.0 115 VAC 

CCO1MD 1 me .95-3.0 mc I x 10. rt 3 x 10. 1.0 27 VDC 

CCO-7L 5 mc 3.0-8.0 mc 1 x 10-. rt. 3 x 10. .5 27 VAC 

CC0.7LA 5 mc 3.0.8.0 mc 1 x 10. rt.. 3 x 10. .5 115 VAC 

CCO-71D 5 mc 3.0-8.0 mc 1 x 10. r.t. 3 x 10. .5 27 ROC 

CC0.7N 10 mc 8.0-15.0 mc 1 x 10-7 -±- 3 x 10.7 1.5 27 VAC 

CCO-7NA 10 mc 8.0-15.0 me 1 x 10-7 :L..- 3 x 10-7 1.5 115 VAC 

CCO-7N0 
- 

10 mc 8.0.15.0 mc 1 x 10-7 :_.--- 3 x 10-7 1.5 27 VOC 

...if otit Im) qualit,s 
BLILEY ELECTRIC COMPANY • ERIE, PENNSYLVANIA 

Booth 2026 Wescon 

zwaeMembership 

I( tar. 

Ptstor, ti. If.. Na,11.1.1. N. II. 
Platt. A ! I. PounIti,eep-zie. N. V. 
Portz!. II. \V.. Vita na. Att-lria 
Pool. E. T.. f kndak.. Cant". 
Psutka. M. E.. Ottawa, ont., Canada 

Pusogel, R. J., Szint;ago, Chile 
tjuintiliant, D. A., Newton. \lass. 

Radcliff, R. E., Doscr, N. J 

Radosavijevir. S. NI., Chicago. Ill. 

Rea. I.. T., Camillus, N. Y. 
Reardon, J. E.. Glenside. 

Reegan, J. E., Iletlfi)rd, 
Rehberg, C. A.. Little Falls, N. J. 

Richard, C. Nlontreal. Ozw., Canada 
Riedler, W. W., Vienna, Austria 

Rimini, A., Milano. Italy 

Roberts, S. M., nica. N. Y. 

Itogness. D. F... Davenport, Iowa 
RosenInt, In. .1. NI.. Rani:core. Mil. 
Itasson, R. Ness Vitrk. N. Y. 
Ruck,tulil. R. E.. Norristown. l'a. 

Salmon, T. F.. West End. N J. 

Salzer, W. F... Somers:ale, N. J. 
Samuels, S. k , I.. I., N. Y. 

Sarkar, il.. Roorkee. !mini 
Schmager, N. F., AK), San Francisco, Calif. 
Schramm, L. P., Princeton, N. J. 

Schultz, D. O.. North Springfield, Va. 
Schwartz, L.., Torrance, Calif. 

Schwartz, L., Dayton, Ohio 
Shaw, C. W., Vestal, N. V. 

Shoemaker, R. L., liarrisintrg. Pa. 

Shube, E. E., Ehri.mt, N. Y. 
Shunisky, j., Ilinghainton, N. Y. 

Sikaitis, P. E., Detroit, Mich. 

Silverstein, M.. NIglbourne. Eta. 

(Co.iheith .di tog- . 6,1..1) 
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4 GOOD REASONS TO SPECIFY PACKARD 

FEP TEFLON*-INSULATED CABLE 

O BUILT-IN UNIFORMITY! FEP Teflon-insulated cable can be extruded in 
continuous lengths (measuring thousands of feet) without splices. This high 
temperature insulation is uniformly dense the entire length of the cable. 

O 400°F. TO — 100°F. ENVIRONMENTAL RANGE! Its extreme temperature 
range makes Packard FEP-insulated cable especially suited for aircraft, missiles, 

electronics and spacecraft. It maintains its effectiveness at prolonged operating 
temperatures up to 400°F. Yet it flexes without cracking or crazing at — 100°F. 

O HIGH DIELECTRIC STRENGTH! The high dielectric strength of FEP insula-
tion makes it possible to produce cables with unusually small diameters. And it's 
not affected by any of the fuels, chemicals or solvents used in aerospace applica-
tions. FEP insulation gives this sanie protection when it's used as a jacket over 
shielded or multiple conductor cables. 

O MEETS MILITARY SPECS! Packard FEP-insulated cable is made to meet the 
requirements of the latest revised military specification MIL-W-16878. And it's 
available in colors or with color-coded tracers. ''DuPont Trademark 

For complete information on Packard's wide 
line of aeroipace cabte, contact the Packard 
home office in Warren, Ohio, or either of the 
branch offices—Detroit or Los Angeles. 

F'a,cU_a_rdll Electric 

Warren, Ohio 
"Live Wire" Division of Oenertil Motors 
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tliNED when you need 

o 
for production, tests, 
labs, look to: 
Motor Generator Corporation 

Your guide to new uses of Motor Generators for-
• revising out-dated methods • new applications 

FREQUENCY CHANGERS AND 
LINE ISOLATION 

• 50 to 60 c.p.s. Induction or synchronous 
• 60 to 50 c.p.s. Induction or synchronous 
• 60 to 400 c.p.s. Induction, synchronous 

belted, or van-speed to supply power 
to aircraft and missiles 

ELECTROLYTIC SYSTEMS 
• Disinfection 
• Deionization 
• Water treatment 
• Saline water conversion 
• Hypochlorinating 

PURPOSE: f 

To test solar cells for life under the sun's 
intensity in outer space. Also for brilliant 
light generation for photography and mili-
tary applications. 

INDUCTION PRE-HEATING & 
STRESS RELIEF UNITS 
• on a precise temperature and time 

cycle basis 

CONVERTERS 

• 60 or 50 cycle a.c. to 28.5 volt d.c. 
for piston- engine, turboprop or tur-
bojet aircraft starting and checkout, 
also missile launching 

• 60 or 50 cycle a.c. to 112 volt d.c. 
or other d.c. voltages (6-250) 

BATTERY CHARGING 

• Industrial electric truck 
• Starting-lighting- ignition 
• Car lighting 8i Diesel locomotive 

AIRCRAFT ENERGIZERS 
• Engine driven 28.5 volt d.c. and 112 

volt d.c. and 400 cycle for support of 
piston- engine, turboprop, ano turbo-
jet aircraft while on the growl(' 

• 60 to 400 c.p.s. frequency changers 
for airport gate, ramp, hangar or 
shop use 

ELECTRIC STARTER ENERGIZER 
• used in lieu of battery power for 

engines 

ARC LAMP 

• and other light simulator applications 

Over fifty years experience in manufacturing electrical 

equipment qualifies us to offer you the guarantee of 
satisfaction in any service we may perform for you. 

Without reservation, we fully guarantee Hobart Motor-
Generators to meet rigid quality standards incorporat-
ing the latest developments in materials and methods. 

jThe picture at the left shows a 
3- phase, a. c., 71/2 HP, 220/ 
440 volt, 60 cycle motor direct 
connected to a single-phase, 
110/220 volt, 60 cycle, 6.25 
KVA alternator. It is used where 
close control over the output 
voltage and complete isolation 
from the main power source is 
essential. 

MGC's NEW DESIGNS CAN DO YOUR JOB FASTER WITH MORE RELIABILITY TO SAVE COSTS — INCREASE PROFITS 

The above list gives a few typical applications for Hobart Motor Generators. If you have a specific power conversion problem why not let Hobart help you? 
There are many other applications calling for special power requirements. Write to address below for literature and quotation—all witheat obligation! 

MOTOR GENERATOR CORPORATION, Box RE-82, TROY, OHIO, U.S.A. Phone 332-1223 
(Hobart Brothers Affiliate) CABLE- MOGEN 
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Sorry, 
but your resistor specs 
just went out of date 

Now Corning supplies total A R 
less than 3% with no derating 
Start a design with known limits of resistance deviation as 
tight as that and you can specify other components with 
more certainty and more freedom. 

Drop an amplifier stage? Use broader tolerance, cheaper 
tubes or transistors? 

That's what our new Corning Design Tolerances are all 

Model Resistance (ohms) Corning Design Tolerance 

NF 60 100 to 100K 
(Meets Mil-R-105090) 65 100 to 348K 3% 

N . 60 10 to 133K 
(Meets Mil-R-10509D) 65 10 to 499K 3% 

70 10 to 1 meg. 

C 20 51 to 150K 5% (plus purchase 
(Meets Mil-R-22684) 32 51 to 470K tolerance of either 

42S 10 to 1.3 meg. 2% or 5%) 

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. They're 
available fast, and at factory prices, from your local Corning 
distributor. 
A new folder, "Design Tolerances for Tin Oxide Resis-

tors," gives you full information. Write for a copy to Corning 
Glass Works, 3902 Electronics Drive, Raleigh, N.C. . . . 
and sharpen your pencil. 

CORNING 
Electronic Components 
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Surpass Failure-Rate Requirement 
of 0.001% per 1000 Hours 

Failure-free performance of RCA 10 l Germanimn-
alloy switching transistors in final-phase tests sur-
passed the established failure rate goal of 0.001% per 
1000 hours at a 60% contldenee level. 

In achieving these outstanding results, on the 
MINUTEMAN program, RCA accumulated test data 
covering over 13,000,000 transistor hours. Each 404M 

is tested to tight limits in the following tests: 

• 250 hours of power stress ( 150mw at 25°C) 
• 750 hours of 100 C storage 
e Helium bomb and detergent bomb leak test 
• S hours of temperature cycling 

(from —65° to 100 'C) 

• 100 G tap tests while energized 
• High-temperature leakage 

Also, the Environmental and Mechanical require-
ments of MIL-S-19500B are met. 

The ultra-high reliabiiity of the RCA 404M again 
demonstrates RCA capability to design, develop, and 
manufacture transistors to meet the strictest require-
ments of industrial and military applications. 

The RCA 101M is non available in quantity. For 
technical data and delivery information on the RCA 
404M or any other transistor in RCA's broad line, 
call your local field office. 

THE MOST TRUSTED NAME IN ELECTRONICS 

Visit the RCA Exhibit of WESCON—Booths 1043-1050. 

. • 
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Here's your close up tour showing how RCA IA Ids 
quality and reliabglity into all its transistor types. 
RCA's lffinin Color Sound Film ....•45:3 Steps to Elearan.e 
Progress through Tsaasistor Quality" will show you and > our 
organization how RCA achieves outstanding quality and relia-
bility. Contact your RCA field office for a date to see this out-
standing film. 

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES ... EAST: Newark, N 1., 744 Broad St., Hid 5-3900 . (Camden-Philade.phia Area) triton, N.1., 605 Marlton Pike, 
HA 8-4802 • Syracuse, N.Y., 7.51 lames St., Rm. 402, GR 4-5591 • Baltimo,e, Md., EN 9-1850 • NORTHEAST: Needham Heights 94. Mass., 64 "A" St., HI 4-7200 • SOUTHEAST: 
Orlando, Fla., 1520 Edgewater Dr., Suite = 1, GA 4.4768 • EAST CENTRAL: Detroit 2, Mich., 714 New Center Bldg., TR 5-5600 • CENTRAL: Ch.cago, Ill., Suite 1154, Merchandise Mart 
Plaza, WH 4-2900 • Indianapolis 5, Ind., 2132 East 52nd St., CL 1-1405 • Minneapolis 16, Minn., 5805 Excelsior Blvd., WE 9.0676 • D.nver 11, Colorado, Continental Tenace lilldg.. 
Suite 301, 2785 N. Speer Blvd., 477-1688 • WEST: Los Angeles 22, Calif, 6801 E. Washington Blvd., RA 3-8361 • ( San Francisco Area) Burlingame, Calif., 1838 El Camino 
OX 7-1620 • Seattle 4, Wash., 2250 Fi- st Ave. S., MA 2-8816 • SOUTHWEST. Dallas 7, Texas, 7905 Carpenter Freeway, ME 1-9720 . GOVT, Dayton, Ohio, 224 N. Wilkinson St., 
BA 6-2366 • Washington, D. C., 1725 "K" St., NW., FE 7-8500 • RCA INTERNATIONAL DIVISION, 30 Rockefeller Plaza, New York 20, N. Y Cable Address: RADIOINTER, N. Y. 
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Poles and Zeros 

Merger Approved. IRE 
members approved plans to 
merge with the AIEE by a 
61- to-1 margin at the special 

membership meeting on July 10. A full report on this im-
portant meeting appears on the following page. 

Students, Attention! The IRE Board of Directors has 
decided that the IRE Sit • DENT QUARTERLY will be expanded 
to provide a greater amount of material of direct interest and 
value to students. The resulting increase in cost will make it 
impossible to provide both the student publication and the 
PROCEEDINGS to Student Members for the present annual 
dues of S5.00. 

Student Nlembers joining or renewing their membership 
after September 15, 1962, will have the option of receiving 
only the expanded student publication by paying annual dues 
of S5.00, or of receiving both the student publication and the 
PROCEEDINGS by paying annual dues of S9.00. The second 
plan is equivalent to obtaining the PROCEEDINGS for a modest 
portion of the cost of printing and postage. 

Interdisciplinary. As engineers and scientists pursue with 
enthusiasm their task of gleaning knowledge from this earth 
(and the universe!), and of exploiting this knowledge for man's 
benefit, they are continually discovering (or becoming aware 
of) unifying concepts, principles, and techniques which shat-
ter traditional boundaries between disciplines and demand 
new alliances and team efforts. Early ii the history of our 
profession we found common interests and fellowship with 
physicists in such areas as electromagnetic theory, theoretical 
mechanics, and acoustics. For a time the infatuation of physi-
cists with atomic and nuclear phenomena looked like a parting 
of the ways. But developments such as nuclear power, nuclear 
propulsion, and the phenomenal applications of the solid 
state have brought about new and stronger relationships. The 
tie with mathematics—and mathematicians—has been sim-
ilarly close through the years. A few years ago engineers 
sought applied mathematics, and the caeagueship of applied 
mathematicians. Today engineers working on the mathe-
matical forefronts of our profession speak of "applicable 
mathematics" and draw upon esoteric mathematical topics 
such as measure theory, group theory, and topology. 

Interdisciplinary ties have been so effective in the im-
mediate past that significant efforts are being made by local 
and national gr. nips. including government bureaus, to foster 
interdisciplinary- team attacks on forefront technical areas. 

Biomedical Engineering. Engineering advances of the last 
two decades in communication, information, and control 

gr theory; in artificial intelligence; in computers; and in energy 

conversion have been found to have broad applicability to 
the fields of biology and medicine. These mutual interests 
were strong among the factors which led the IRE in January. 
1957 to adopt the Professional Group Affiliate plan whereby 
members of other professional societies might function as 
affiliate members of IRE Professional Groups without them-
selves being IRE members. The Canadian Medical Associa-
tion is the latest society approved for affiliation of its members 
with the IRE Professional Group on Bio-Aledical Elec-
tronics. Over the last several years biomedical research has 
been greatly stimulated by grants from the National Institute 
of Health and other sources within and without the Govern-
ment. On almost every campus electronic researchers are 
joining with colleagues in biology and medicine to pursue 
mutual interests. In anticipation of continued and rapid 
growth of activity in this "interdiscipline." President 
Haggerty, in consultation with members of the Executive 
Committee, has appointed the following to the IRE Ad Floc 
Committee on Bio-Medical Electronics: F. K. Willenbrock 
(Chairman), E. Finley Carter  A N Goldsmith, R. L. Mc-
Farlan, Otto Schmitt. J. H. U. Brown, and A. K. Solomon. 
They are charged to study and make recommendations to the 
Executive Committee on: 1) the appropriate scope of IRE 
activities in the broad field of applications of electronics and 
electrical engineering to biology and medicine; 2) the service 
that IRE might be expected to render in these areas; and 
3) feasible ways of implementation of these recommendations. 

"The Engineer and the Life Sciences." On page 1758 of 
this issue is a very timely article by Dr. J. H. U. Brown which 
delineates the field of Biomedical Engineering and which out-
lines explicit scientific interest of the Government. 

Census of Engineers. The Bureau of Census is mailing a 
questionnaire to a sample group of 20,000 engineers. About 
one in fifty of our members thereby ; II ; W... given an oppor-
tunity to serve his profession. If you should be so honored, 
please complete the questionnaire with care and return it 
promptly as directed. The result of this preliminary survey 
will be very useful to IRE and to the profession. 

Historic Papers. The Editorial Board of IRE recently 
adopted the suggestion of Managing Editor E. K. Gannett 
to continue our celebration of I RE's 50th Anniversary Year 
by republishing a series of historical PROCEEDINGS papers. 
The first paper, Marconi's " Radio Telegraphy," was published 
in the August, 1922 issue. Of today's I00,000- plus members, 
less than one-half of one per cent ( 503) saw the article when 
it first arrived in the mail to the 1922 membership of 2896. 
\\*e beg forebearance of our 503 venerable members while 
99.600 of us newcomers enjoy the rich past of I RE!—T.F. J. 
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IRE Members Approve Merger with AIEE 

AT A SPECIAL NI EETING of the membership, held 
at IRE Headquarters at 9 A.M., July 10, 1962, 
IRE members approved, by a 64-to-1 margin, 

plans to merge with the American Institute of Electrical 
Engineers to form the Institute of Electrical and Elec-

tronic Engineers on January 1, 1963. 
Voting by proxy and in person, 36,221 members, or 

86.8 per cent of those voting, expressed themselves in 

favor of merger, with 5,489, or 13.2 per cent, opposed. 
Of the 66,152 members eligible to vote, 63.1 per cent 
voted, an unusually high percentage. 

ALEE members previously approved the proposed 
merger, by a virtually identical vote, on June 18, at 

their annual meeting in Denver, Colo., with 87.1 per 
cent in favor, 12.9 per cent opposed, and 61.4 per cent 
of the eligible members voting. 
IRE members also approved a resolution modifying 

the nomination and election procedures provided in the 
Constitution while the proposed merger is pending. The 
vote was 36,622 for and 5,090 against. 
IRE President Patrick E. Haggerty presided over the 

meeting, and Haraden Pratt, Secretary of the IRE, 
acted as proxy for those who voted by mail, both for 
and against. At the conclusion of the meeting, President 
Haggerty introduced Warren H. Chase, President of the 
AIEE, B. Richard Teare, ALEE President- Elect, who 
takes office August 1, 1962, and L. M. Robertson, 

Hendley Blackmon, and W. R. Clark, AIEE representa-
tives on the AIEE-I RE Merger Committee. On behalf 
of the IRE Board of Directors and IRE members of 
the Merger Committee, President Haggerty presented 
AI EE President Chase a specially bound volume of the 
May Anniversary Issue of the PROCEEDINGS. 

President Haggerty closed the meeting by stating, on 

behalf of the Committee, that any deficiencies which 
may exist in their documentation, procedures, or ac-
tions are the deficiencies of human beings. For in all 
cases the Committee has been endeavoring to act in a 
constructive and positive fashion for the welfare of both 
societies, ever conscious of the fact that no matter what 

point is brought up there are always those who, for good 
reason, feel otherwise. He pointed out that all of these 
points have been discussed and labored over by the 
Committee, in many instances as long as a year ago. 
No matter how these points have been resolved, 

President Haggerty noted, they have apparently been 
resolved in such fashion that the heavy and almost 
identical majority in each society was in concurrence. 
He expressed the regret of the Committee members 
concerning their inability to so express themselves and 

to so state the measures to be taken as to satisfy all of 
the membership, especially those who have such a 
strong and sincere interest ill the society. To all of them 
he expressed, for the members of the Fourteen-Man 
Committee, and for the IRE Board, their desire, and 

their full confidence, that the IEEE on its formation 
will be a far superior society to either of those which now 

exist. He pointed out that since it is a human institu-
tion, the IEEE, too, will bear the marks of human 
frailty and that hence it will urgently need the advice, 
support, and action, of all of the members of the new 
society. 

As a result of the favorable vote by members of both 
societies, a 14-man merger committee, seven from each 
society, is proceeding with plans to prepare for and 
implement the merger (see page 14A of this issue). 
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Scanning the Issue  

Radio Telegraphy ( Marconi, p. 1748)— Of the 2896 mem-
bers who saw the IRE celebrate its tenth birthday, a sur-
prisingly large proportion, 503, have seen it reach its fiftieth. 
These individuals had the privilege to be present during a 
period when the early giants of radio were doing their most 
important work—and to read first-hand accounts of it in the 
PROCEEDINGS. It is a privilege which has not been shared. 
however, by the other 99,500 " newcomers" who make up the 
IRE of today. It is planned, therefore, to reprint during this 
Golden Anniversary year a few early PROCEEDINGS papers 
which it is believed will be of outstanding historical interest 
to the 99 per cent of the membership who have never read 
them before. The first paper in this series takes the reader 
back to 1922. Marconi had traveled to the United States that 
year, and on June 20th was presented the IRE Medal of 
Honor before a joint meeting of the IRE and AI EE. In re-
sponse, he stepped to the lectern and delivered a discourse 
that electrified his audience and made radio history. He began 
with a remarkable, wide-ranging discussion of recent develop-
ments in radio communication which, even after 40 years, will 
strike many a familiar note in the mind of today's engineer. 
For example, his comments on the possible enhancement of 
radio waves as they converge on the opposite side of the earth 
will remind many readers of the phenomenon reported in the 
March, 1958 PROCEEDINGS where 40 Mc signals from Sput-
nik I created a virtual radio image of the satellite on the 
opposite of the earth. But the main force of his remarks was 
directed toward the important possibilities he foresaw in the 
future for the then unused VHF and UHF portion of the 
spectrum, and the novel experiments he was undertaking with 

• short waves and reflectors to develop a point-to-point com-
munication system and a rotating-beam radio beacon as a 
navigation aid for ships. The climax of his lecture came when 
he demonstrated on the stage the directional properties of 
1- meter waves and then went on to make one of the famous 
prognostications of radio history—that these waves might be 
used to detect the presence and directions of distant ships. 
It was a virtuoso performance which remains as one of the 
high moments in I RE's 50-year past. 

The Engineer and the Life Sciences ( Brow n, p. 1758)— It 
has been generally recognized for a number of years that the 
field of engineering can contribute much to the fields of 
medicine and biology, and vice versa. During the past 
decade, research organizations, professional societies and 
others have made a notable start toward fostering activities 
which permit and encourage a greater collaboration among 
professionals in these diverse fields. The IRE, for example, 
has contributed importantly in this through its Professional 
Groups of Bio-Medical Electronics. It has become increas-
ingly evident, however, that the fruits of the marriage be-
tween engineering and the life sciences will not fully ripen by 
dealing with this area in piecemeal fashion, that is, as branches 
within each of several existing disciplines. What is needed, 
and what indeed is arising, is a new science which is a dis-
cipline in its own right, known to many as biomedical en-
gineering. To flourish, it must be populated by a new type 
of professional who has a new kind of training. This timely 
article discusses the kind of professionals needed, the work 
they will do. and the training they require. Equally impor-
tant, it calls attention to the role of the National Institutes of 
Health in nurturing a new discipline which is currently 
doubling in size every 24 years. 

Group Theory and the Energy Band Structure of Semi-
conductors (Nussbaum, p. 1762)—This paper is the comple-

, ment of one which appeared in the special issue on solid-state 
electronics seven years ago. The earlier paper dealt also with 

the energy band structure of semiconductors, with the em-
phasis on how to apply the results of energy band calcula-
tions to the interpretation of experimental data. In the 
present paper the author devotes himself to the principles 
involved in making the calculations, showing how quantum 
mechanics and the crystal structure lead to the various kinds 
of bands. The result is an excellent tutorial paper aimed pri-
marily at workers in the solid-state field, who will find it 
broadly helpful in reading and interpreting the literature 
as well as directly useful in energy band calculations. 

Injection Currents in Insulators ( La m per t. p. 1781)—The 
subject of this paper—conduction phenomena in insulators— 
is one which is of growing current interest and of major 
potential importance. Indeed, it is felt that this area will 
become as important to electronics engineers during the next 
ten years as conduction processes in semiconductors did 
during the last decade. Already there are two amplifying 
devices which utilize conduction in insulators. Moreover, the 
basic processes involved are also applicable to photocon-
ductive and electroluminescent materials. This paper can be 
described quite simply. It is a review and tutorial paper which 
sets forth in a manner intelligible to a wide range of readers. 
the fundamental principles of a phenomena that is destined 
to become of widespread importance in the near future. 

Theoretical Considerations on Millimeter Wave Genera-
tion by Optical Frequency Mixing (Fontana and Pantell, p. 
1796)—The development of optical and near-infrared masers 
has not only opened up the optical portion of the spectrum 
to the communications engineer but, it appears, has filially 
provided him the means for closing the microwave-infrared 
gap. In principle it should now be possible to mix two optical 
signals to produce an output at a difference frequency which 
lies in the 1 to 0.01- millimeter band. To achieve this result, 
an appropriate nonlinear element must be found. The analysis 
presented here shows that, contrary to the situation in har-
monic generation, lossless nonlinear elements have very low 
conversion efficiencies, but that nonlinear resistive elements 
can give efficiencies up to 25 per cent. 

Electron Guns for Forming Solid Beams of High Perve-
ance and High Convergence (Frost, et al.. p. 1800)—A new 
method of designing solid-beam electron guns has been de-
veloped which results in an impressive advance in the art of 
producing high-density electron beams. Because of the press-
ing need for higher density beams for high-power klystrons 
and traveling-wave tubes in the microwave and millimeter 
wave range, the substantial improvement reported here will 
be of general interest to systems people. 

Thermal Noise in Field-Effect Transistors (van der Ziel. 
p. 1808)—This paper describes the limiting noise mechanism 
in a device which is becoming more and more important 1w-
cause of improvements in semiconductor device technology. 
Hence, the results are likely to interest those who work in 
fields other than semiconductor devices and who will be 
using field-effect transistors in the future. It is not unlikely 
that this paper will become a classic in the field, similar to 
the author's earlier papers on noise in transistors and diodes. 

Higher-Order Temperature Coefficients of the Elastic 
Stiffness and Compliances of Alpha-Quartz ( Bech man n 
et al., p. 1812)—The authors present the results of precise 
work on the elastic data of quartz as a function of tempera-
ture, with application to numerous cuts of special interest. 
These new data have a range and show a degree of complete-
ness markedly exceeding previous determinations. The results 
will be of considerable importance to all readers interested 
in frequency control. 

Scanning the Transactions appears on page 1862. 
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Xa,dio Telegraphy* 
SENATORE GUGLIELMO MARCONI 

G.C.V.O., D.SC., LL.D., ETC. 

During the first decade of its existence, the PROCEEDINGS published a number of impor- eP 
tant papers by foremost pioneers of the infant radio engineering art which today are of 
major historical interest. Since less than one per cent of the present generation of IRE t. 

1 members were PROCEEDINGS readers at that time, it is planned to republish a few of 
these early papers during the coming months in commemoration of IRE's Golden Anni-
versary year. Pp 

g  tThe following paper is the first of the series. It was first presented before a joint meeting 
of he IRE  and the American Institute of Electrical Engineers on June 20, 1922, on the 

1 occasion when the IRE presented Marconi with the Medal of Honor. His response, which 
included a live demonstration, added a memorable and historically important chapter to Pp 

d the extension of the radio art into the UHF region of the spectrum.—The Editor 

lel[i LIE FIRST OCCASION on which I had the honor of speaking before the members of the American 
Institute of Electrical Engineers was of a very 

festive nature. 

It is over twenty years ago, to be exact on January 
13, 1902; (there was not then any Radio Institute in 
existence) and on that date, memorable for me, I was 
entertained by over 300 members of your Institute at a 
dinner at the Waldorf-Astoria in this City. I was of-
fered that dinner following my announcement of the 

fact that I had succeeded in getting the first radio signal 
across the Atlantic Ocean. 

Many men, whose names are household words in 
electrical science, were present, men such as Dr. Alex-
ander Graham Bell, Professor Elihu Thompson, Dr. 

Steinmetz, Dr. Pupin, Mr. Frank Sprague, and many 
others. 

The function was one I shall never forget, and dis-
played to the full American resource and originality, as 
only forty-eight hours' notice of the dinner had been 
given, but what has left the greatest impression on my 
mind during all the long twenty years that have passed 
is the fact that you believed in me and in what I told 

you about having got the simple letter "S" for the first 
time across the ocean from England to Newfoundland 
without the aid of cables or conductors. 

It gives me now the greatest possible satisfaction to 
say that, in some measure, perhaps, your confidence in 
my statement was not misplaced, for those first feeble 
signals which I received at St. John's, Newfoundland, 

* Reprinted from PROC. I RE, vol. 10, pp. 215-238: August, 1922. 

on the 12th of December, 1901, liad proved once and 
for all that electric waves could be transmitted and 
received across the ocean, and that long-distance radio-
telegraphy, about which so many doubts were then 
entertained, was really going to become an established 
fact. 
You will easily understand my feelings and how very 

happy I am to have the honor of addressing you again 
tonight, and when I say that I will always treasure the 
recollection of the generous encouragement and valid 
support so heartily extended to me practically at the 

commencement of my career, when perhaps I most 
needed it, by such a distinguished and authoritative 
body as the American Institute of Electrical Engineers. 
The subject of my lecture, " Radiotelegraphy," has 

become so vast and so complex that you will readily 
understand my difficulty as to where I shall begin and 
as to when I ought to stop. It would be quite impossible 
for me to descant at any length on present achieve-
ments in a country which in a very short time has made 
gigantic strides in the scientific development and prac-
tical application of the science and art of radioteleg-
raphy. Moreover, time will not allow me to do more 
than skim over only a very few of the many problems 
which have lately been solved, or which there is a good 

prospect of solving in the near future. 
Although we have, or believe we have, all the neces-

sary data for the generation, transmission, and reception 
of electrical waves, as at present utilized for radio-

telegraphy, we are still far from possessing exact knowl-
edge concerning the conditions governing the transmis-
sion, or rather the propagation, of these waves through 
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space, especially across long distances. 
1 propose now to bring to your notice some of the 

recent results attained in Europe and elsewhere and to 
call your attention particularly to what I consider a 
somewhat neglected branch of the art; and which is the 
study of the characteristics and properties of very short 
electrical waves. \I v belief is always that, only by the 
careful study and analysis of the greatest possible num-
ber of well-authenticated facts and results, will it be 
possible to overcome the difficulties that still lie in the 
way of the practical application of radio in the broadest 

possible sense. 
A very great impulse has been given to radioteleg-

raphy and telephony by the discovery and utilization 
of the oscillating electron tube or triode valve based on 
the observations and discoveries of Edision and Flem-

ing, of those of De Forest and of those of Meissner in 
Germany, Langmuir and Armstrong in America, and 

\\.. Round in England, who have also brought it to 

a practical form as a most reliable generator of continu-
ous electric waves. 

As the electron tube, or triode valve, or valve, as it 
is now generally called in England, is able, not only to 

act as a detector, but also to generate oscillations, it has 
supplied us with an arrangement which is fundamentally 
similar for both transmitter and receiver, providing us 
also by a simple and practical method with the means 
for obtaining beat reception and an almost unlimited 

magnification of the strength of signals. 
A result of the introduction of the triode valve has 

been that the basic inventions which made long-distance 

radiotelegraphy possible have become more and more 
valuable. 

It may perhaps be of interest if I give some informa-
tion as to the progress made by the Marconi Company 
in England, with the practical application of the triode 

valve. 
It has been so far our practice to use a plurality of 

tubes in parallel at our long distance stations. High 
power has been obtained in practice up to 100 kilowatts 
in the antenna by means of a number of glass tubes in 

parallel, and for the present we are standardizing units 
capable of supplying 4 kilowatts to the antenna, in the 
numbers required and sufficient for each particular case. 
Some difficulty was at first experienced in paralleling 

large tubes in considerable numbers, but no difficulties 
now occur with groups of 60 bulbs working on voltages 
of 12,000 on the plate. 
I am told that no insurmountable difficulty would be 

encountered if it were desired to supply 500 kilowatts 
to the antenna from a number of these bulbs ( Fig. 1). 
The life of the bulbs has been very materially increased 
and the 4-kilowatt units are expected to have a life, 
which, based on a great number of tests carried out 
both in the laboratory and at our Clifden station, should 
be well in excess of 5000 hours. 
The development of single unit tubes of considerable 

power is also progressing. We have lately concentrated 

Fig. 1—Tube panel at Carnarvon_ 

on the production of high power tubes made of quartz, 
and two sizes of each bulb are now being made, one for 

25 kilowatts to the antenna, and another for 75 kilo-
watts, but it is not expected that the efficiency of the 
high power single units will be as good as that of the 
multiple units, and the work on the large tubes is being 
considered so far as experimental. 

In transmission work a large amocnt of investigation 
has been carried out during the last two years on the 

efficiency of the circuits and in regard to the best way 

of utilizing the available energy. 
Considerable increases in efficiency have been ob-

tained in the aerial or antenna circuits and also in min-
imizing the losses in the attendant loading coils, and the 
latest results indicate that it is possible to obtain 
efficiency of radiation into space as high as 50 per cent 

on wavelengths as long as 20,000 meters, when, in this 
particular case, towers of a height of 250 meters would, 
of course, have to be used, owing to the length of the 

wave. 
Very careful investigations have been carried out by 

Mr. II. \V. Round, of all the losses in the loading coils 
and other parts of the tube circuits, and actual measure-

ments on considerable power have shown that an over-
all efficiency front the input power on the plates of the 
tubes to the aerial of 70 per cent is possible with a com-

plete avoidance of harmonics, that is, an efficiency front 
the power input to the plates of the tubes to actual 
radiation into space of about 35 per cent. 
On shorter wave stations it is quite practicable still 

further to increase this efficiency, although possibly it 
is hardly worth the extra expense involved. We have at 

present one station in England working on a 3000- meter 
wavelength with a height of mast of 100 meters which 
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has an efficiency from plates to radiation into space of 
40 per cent. 

Aside from the question of efficiency, great attention 
has been paid to maintaining an extremely constant 

frequency, and this can now be guaranteed to an ex-
traordinary degree of constancy. Simple and reliable 

methods of high speed keying have been developed 
which on the shorter waves can be used up to over 200 
words per minute, and on the longer waves to whatever 
speed the aerial constants will permit. 

In high speed transmission, we are maintaining public 
services at 100 words per minute to two places in Europe, 

namely, Paris and Berne, using a single aerial trans-
mitter with 2 wavelengths on the same aerial, and 
although the operation of utilizing a single aerial for 2 
wavelengths is not an advisable one for high power work, 
it has certain points to recommend it in medium power 
work, where the consequent loss of efficiency can be 
made up for by a slight increase of power. 
These 2 waves are working duplex to both Paris and 

Berne and practically all traffic is taken on printing 
machinery, although there are occasions when, because 

of static, reception has to be done on undulator tape, and 
in some rare cases, on the telephones, by sound. 

The reception at these shorter distance stations is car-
ried out by means of a cascade arrangement of high- and 
low-frequency tuned amplifier circuits attached to the 
directional aerial system of the Bellini type, arranged for 
unidirectional reception when necessary. Very great 
care is taken in the receiving circuits to shield them so 

that the tuned circuits come well into action and to 
prevent any direct effect or influence of the aerial on 
circuits other than those intended to be acted upon. The 
characteristics of all these circuits have been very ac-
curately measured so as to give filter curves suitable to 
the required speeds of working, and the adjustments are 
easily performed by the operators. Aside from the pro-
tection from interference given by directional reception, 
a close filtering, and an element of saturation, no par-

ticularly sensational methods or ideas in regard to static 
elimination have been so far introduced into practice. 
The careful measurement and study of the constants 

of all circuits in use and the design of more efficient 
circuits from the result of those measurements is being 
systematically carried out, but as a result of these in-
vestigations considerable improvements have suggested 
themselves, which will be applied in the future if certain 

appropriate means can be devised. 
The protection of receivers against the troubles of 

atmospherics or static can only be, and is likely to con-
tinue to be, a relative matter, as it is quite obvious that 
a static eliminator under certain conditions will cease to 
be effect ive, where the static arrives with much greater 
intensity than had been anticipated, and will also fre-

quently fail when, in consequence of the weakness of the 
received signals, amplification has to be increased to any 
considerable extent. 

It would be really interesting to know how much the 

increase in CW transmitters, the development in direc-
tional reception, and the improvements in tuning that 

have taken place during the last few years have really 

increased our speed of readability and reliability over 
given distances. 

As the development has been gradual, the tendency 
is towards pessimism, but I think we are now able at 
the same expense to work at about 8 to 10 times the 
effective speed that we were able to work at in 1912 

under the same atmospheric conditions. 
Interference from other stations has, of course, 

enormously increased and this has perhaps somewhat 
checked the increase of speed, but fortunately preven-
tion of interference from other radio stations is a very 
much easier problem than the prevention of the dis-
turbances caused by natural electric waves, or static. 
Amongst the different types of tube amplifiers used in 

modern radio receiving stations, the tuned high- fre-

quency and audio-frequency amplifier is probably the 
one which excites the greatest technical interest. In fact, 
its selective qualities, combined with the comparatively 

better ratio of signal strength to interference which it 
secures, justifies such interest. 

These advantages were fully realized by most radio 
workers during the war, and I do not think that at the 
time the Armistice was signed there remained many 

radio laboratories where some time had not been utilized 
in experimenting on that type of receiver. 

If those researches were generally not quite successful 

in regard to preparing or fixing the design of practical 
apparatus, they however indicated that the main diffi-
culty to be overcome was to combine considerable ampli-
fication with stability and that the solution of the prob-

lem became rapidly more difficult with the increase of 
the number of tubes used in cascade. 

By stability, in this case, I mean the freedom from any 
sudden generation of oscillations in any part of the 
circuits of the amplifier. 

In 1920, however, an important step was made by Mr. 
G. Mathieu, as to the path to be followed out in order to 
obtain a practical solution of the problem. This con-
sisted in the design of a new type of air-core tuned inter-
valve transformer arranged in such a manner as to 
possess only an extremely small electrostatic capacity 

between the windings, and having its effective primary 
impedance about equal to the effective internal plate to 
filament resistance of the tube in use when the secondary 

circuit was brought into resonance with the frequency of 
the oscillations to be amplified. 
The results achieved during the first tests of these new 

transformers appeared to be quite amazing, the amplifi-
cation factor for one tube having passed suddenly from 5 
to about 15 for the particular tube tested, whilst the 
stability proved incomparably better than what had 
been obtained previously, even when the grid of the tube 
was kept to a negative potential of 1 or 2 volts. 
The same principle has proved quite as successful 

when applied to the design of iron-core low-frequency 
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transformers. In this case, however, it was found neces-
sary to adopt an iron magnetic shunt between the wind-
ings so as to provide a sufficiently loose coupling between 
the primary and secondary circuits of the transformer. 
Recently, N Ir. I athieu has further improved the design 
of his high-frequency transformer by making it astatic. 
One of these new appliances including high-frequency 

and low-frequency tuned transformers has been used 
daily on my yacht during my trip from England to 
America and the results of the tests carried out on 
board fully confirm the reliability of the apparatus and 
its marked superiority over the ordinary type of ampli-
fier. 

It has been clearly realized by most radio workers for 
some years that the science of radiotelegraphy had 
reached a stage of development where mere guesswork 
had done nearly all that could be expected from it, and 
that the improvement and development of commercial 
telegraphic services over what we once considered ex-
ceedingly long distances necessitated some very definite 
knowledge on the following points: 

First: The strength of signals that can be relied upon 
with given arrangements over these distances, and 

Second: The all-important question of the ratio of the 
strength of signals to that of the natural disturbances 
and interferences acting on the receiving station in vari-
ous parts of the world. 

First of all, suitable and reliable apparatus for the 
purpose of obtaining the necessary data on both these 
points had to be developed. This apparatus is now in 
systematic daily use in a good many far distant places, 
with the result that a vast amount of most valuable 
information is being collected, and is now coming to 
hand. 
At these observation points, the signals from distant 

stations are measured at all times of the day and night, 
together with te strength of the interference of static, 
and also the direction or bearing from which the static 
appears to be coming. 
The measurements are done in such a way that the 

power that would be required at the transmitting station 
to give readability is used as a measure of the static, as 
this is the actual thing a radio engineer requires for the 
proper calculation of his transmitting station. 

It is a method which gives a very satisfactory and 
reliable result in practice, and which I think could well 
be used universally. 

In short, this method consists in inducing in the aerial 
CW signals from the measuring apparatus, which signals 
are made equal to those received from the distant trans-
mitting station. The voltage applied to the aerial can 
then be directly read off. An aerial of a standard size is 
used for the purpose, and from this the strength of the 
signals in microvolts per meter can be calculated. If the 
signals are then unreadable, due to static, the measuring 
apparatus is used to send to an operator at a standard 
rate of 20 words per minute, 5-letter code, and the volt-
age applied to the aerial from the local sender is increased 

until complete readability is obtained, thus the ratio of 
the new voltage applied to the aerial to that of the old 
voltage equal to that of the signals received gives at once 
a very correct estimate of how much the power of the 
transmitting station would have to be increased in order 
to insure readability. As this variation can be carried out 
on aerial systems giving direction diagrams the method 
is obviously of great practical utility. 
The question as to whether it would or would not be 

possible to transmit radio signals right round the world 
as far as the Antipodes is one which has always fas-
cinated me. In fact the distance to the Antipodes is the 
greatest possible useful distance that can be covered by 
radio on this little earth of ours, and from this point of 
view the question was also important as such a dis-
tance included all minor distances between all other 
places on earth. 

Sixteen years ago at a lecture l delivered on the 3rd of 
March, 1905, before the Royal Institution in London I 
expressed the belief that if it were proved that trans-
mission to the Antipodes were possible, the waves ought 
to go over and travel round different parts of the globe 
from one station to the other, and perhaps all converge 
and concentrate at the Antipodes, and in this way I 

thought it might be possible to send messages to such 
distant places by utilizing only a moderate amount of 
electrical energy; and at that lecture I also showed a 
model globe and tried to explain how I thought the waves 
would help each other if arriving in proper phase, or in 
other words, concentrate at places at or near the Antip-
odes of the sending station. 
The results recently obtained and which go to show 

the relative facility with which radio signals can now be 
sent from England to Austrialia seems to indicate that 
there is something in the idea of the wireless waves 
traveling round the earth by various ways and reuniting 
at places near the Antipodes. 

But still more interesting and precise data has been 
obtained during other more recent tests. 
Two expeditions, one to Brazil, and the other to New 

Zealand, have carried out a number of most interesting 
and instructive observations, and although complete 
reports have not yet been received, I think it will never-
theless be of interest if h give you the results of sonic of 
their important tests. 
The expedition to Brazil of which Mr. II. FE Beverage, 

of the Radio Corporation of America, Mr. N. W. Rust, 
of Marconi's Wireless Telegraph Company of England, 
and Mr. W. Eichkoff and Dr. A. Esau of the Gesellschaft 
für Drahtlose Telegraphic (Telefunken) of Berlin 
formed part, has just completed a series of observations 
at various points on the Atlantic Coast of South 
America, where the intensity of the signals from Euro-
pean and other stations has been observed and measured 
at all times of the day and night, and where also the di-
rection and intensity of atmospherics or static has been 
equally observed and recorded over considerable periods 
of time. 
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not lier expedition under the direction of Mr. E. 
Tremellen, of the English Marconi Company, has just 

completed its work in measuring signals from all Euro-
pean and American high power stations, on a journey 

between England and New Zealand via the Panama 
Canal, and from the mass of information obtained on 

both day and night signals it should be possible, among 
other things, to reconstruct the attenuation formula. 

Incidentally, I may say that the signals exceed greatly in 
strength what should be expected according to the 
Austin-Cohen formula, otherwise super-long-distance 
working would not be a practical proposition. 

Complete measurements from England to the Antip-
odes have been made on the Carnarvon, Nauen, 
Bordeaux, and Hanover signals; and also in Brazil on 
the American high power stations and on the U. S. 
Naval station, N. P.O. at Cavite ( Philippine Islands). 

In both these expeditions to Brazil and New Zealand 
the fact has been noted definitely and independently, 

and I think for the first time, that signals from stations at 
very great distances do not always retain their direction 
along one great circle, but reach the receiver from either 
way or various ways round the earth. 
These important observations were made by means of 

loop aerial direction finders arranged so as to give the 
well-known heart-shape diagram and the very interesting 
fact has been recorded independently by both expedi-
tions, that on many occasions during what might be 
called a transition period, when the wave is changing 
from one way round the earth to another way round, the 
two or more sets of waves when received on a simple ver-
tical aerial produced fairly slow beats resembling Morse 
signals, caused by the mutual interference or addition of 
the two sets of waves, whereas on the direction-finder 
heart-shape diagram arrangement, the signals were 
quite steady and normal when it was turned so as to 
receive only from one way or the other. 
Of course it should be noted that when one is very near 

to the Antipodes there is only such a slight difference 
between any of the great circles leading from the sending 
station that the constancy of direction is not maintained, 
but this direction seemed to keep definitely true at 
distances of about 2000 miles from the Antipodes. 

The observers noted American signals from Radio 
Central and from Tuckerton coming from a direction 
which indicated that they preferred to travel a distance 
of three quarters of the way round the earth, rather than 

come by the shortest way round. Also, according to the 
reports received from the observers on other occasions 
at or near the Antipodes of the English or German sta-
tions, the direction finder often indicated the signals as 
coming from directions all round. 

Another interesting and rather extraordinary result 

was noted on several occasions, according to the report 
of Mr. Tremellen Iront Rocky Point, New Zealand, 
where during last March the signals from Nauen ap-
peared to travel to him via the South Pole, whilst those 
from Hanover, also situated in Germany, and not very 

far from .Nauen, appeared to prefer to travel via the 
North Pole. 

A much more complete and exhaustive series of ob-

servations at fixed stations in Australia is now being 
made so as to obtain if possible all the variations from 
one period of the year to the other. 

It seems to have been definitely ascertained in a gen-
eral way that the sources of bad atmospheric disturb-
ances, or static, are situated chiefly over land, but ob-

servations in Brazil indicate that a type of static known 
as "grinder" is a disturbance originating a long way off 

and coming from a direction which indicates the African 
Coast and at a time of the day when static there would 

be at a maximum, whereas a very violent "click" type of 

static came from a direction indicating its source as 
being nearby in South America. 

During my present journey across the Atlantic, on 

board the Yacht Elettra, we noticed that up to about 
halfway across (apart from the effects of local storms) 
static interference appeared to be coming mainly from 
the European and African continents, while at more 
than halfway across they were coming from Westerly 
directions, that is, from the American continent. 

The changing over of the direction of origin of these 
disturbances has also been noted under similar circum-
stances by Mr. Tremellen in crossing the Pacific. 

It is very fortunate for the North Atlantic transatlan-
tic radio service, carried out at stations in North America 

and Europe, particularly for those in Western Europe, 

that this strong nearby type of static comes from direc-
tions which greatly differ front those from which one has 
to receive, and that the continents which lie in the direc-
tion of the sending stations are so far distant and suffi-
ciently temperate as not to project troublesome static 
to the receiving stations on the other side of the ocean. 

Another fact which can be fairly well deduced from 

these tests over very great distances is that transmission 
from West to East is apparently easier thau from East 
to \Vest, and shows the necessity for qualifying or modi-
fying the transmission formula for great distances. 
A scientific paper giving the results of measurements 

and of all the work carried out and observations made in 

these two expeditions will shortly be published. 
I shall now deal with another and most important 

branch of the science of radiotelegraphy; a branch which 

1 might say has been for a long time most sadly neglected. 
It concerns the use that can be made of very short 
waves, especially in regard to their application to direc-
tional radiotelegraphy and radiotelephony. 
Some years ago, during the war, I could not help feel-

ing that we had perhaps got rather into a rut by confin-
ing practically all our researches and tests to what I may 

term long waves, or waves of some thousands of feet in 
length, especially as I remembered that during my very 
early experiments, as far back as 1895 and 1896, I had 
obtained some promising results with waves not more 
than a few inches long. 

The study of short waves dates from the time of the 
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discovery of electric waves themselves, that is, from the 
time of the classical experiments of Hertz and his con-
temporaries, for Hertz used short electric waves in all 
his experiments, and also made use of reflectors to prove 

their characteristics and to show among many other 
things that the v‘aves, which he had discovered, obeyed 
the ordinary optical laws of reflection. 
As I have already stated, short electric waves were 

also the fiut with which I experimented in the very early 
stages of wireless history, and I might perhaps recall the 

fact that when, over twenty-six years ago, I first went to 
England, I was able to show to the late Sir William 
Preece, then Engineer in Chief of the British Post Office, 
the transmission and reception of intelligible signals 
over a distance of 1 tuiles by means of short waves and 

reflectors ( Figs. 2 and 3), whilst, curiously enough, by 
means of the antenna or elevated wire system, I could 

only get, at that time, signals over a distance of half a 
mile. 
The progress made with the long-wave or antenna 

system was so rapid, so comparatively easy, and so 
spectacular, that it distracted practically all attention 
and research from the short waves, and this I think was 
regrettable, for there are very many problems that can 
be solved, and numerous most useful results to be ob-
tained by, and only by, the use of the short-wave system. 

Sir William Preece described my early tests at a meet-

ing of the British Association for the Advancement of 
Science, in September, 1896, and also at a lecture he 
delivered before the Royal Institution in London on the 

4th of June, 1897. 
On the 3rd of \ larch, 1899, I went into the matter 

more fully in a paper I read before the Institution of 
Electrical Engineers in London, to which paper I would 
recall our attention as being of some historical interest. 

At that lectLre I showed how it was possible, by means 
of short waves and reflectors, to project the rays in a 

beam in one direction only, instead of allowing them to 
spread all around, in such a way that they could not 
affect any receiver which happened to be out of the angle 
of propagatioil of the beam. 
I also described tests carried out in transmitting a 

beam of reflected waves across country over Salisbury 
Plain in England, and pointed out the possible utility of 
such a system if applied to lighthouses and lightships, so 
as to enable vessels in foggy weather to locate dangerous 
points around the coasts. 
I also showed results obtained by a reflected beam of 

waves projected across the lecture room, and how a re-
ceiver could be actuated and a bell rung only when the 
aperture of the sending reflector was directed towards 

the receiver. 
Since these early tests of over twenty years ago prac-

tically no research work was carried out or published in 
regard to short waves, so far as I can ascertain, for a very 

long period of years. 
Research along these littes did not appear easy or 

promising; the use of reflectors of reasonable dimensions 

Fig. 2—Early short-wave directional receiver. 
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Fig. 3—Early short-wave directional transmitter. 

implied the use of waves of only a few meters in length, 
which were difficult to produce, and, up to a compara-
tively recent date, the power that could be utilized by 
them was small. This and the fact of the very high at-
tenuation of such waves, over any distance of land or 
sea, gave results which appeared to be very disappointing. 
The investigation of the subject was again taken up by 

me in I tal y early in 1916 wit h the idea of utilizing very 
short waves combined with reflectors for certain war 
purposes, and at subsequent tests during that year, and 
afterwards, I was most valuably assisted by Mr. C. S. 
Franklin, of the British NI arconi Company. 

Ir. Franklin has since then followed up the subject 
with great thoroughness and the results obtained have 
been described by hint in a paper read before the Institu-
tion of Electrical Engineers in London on the 3rd of 
April, 1922. 
\ lost of the facts and results which I propose to bring 

to your notice are taken from \ Ir. Franklin's paper. 
The work carried out in experimenting with these 

waves in 1916 was most interesting, as it was like going 
back to the early clays of wireless, when one liad a per-
fectly clear field. 
The waves used had a length of 2 meters and 3 meters. 

With these waves, disturbances caused by static can be 

said to be almost nonexistent, and the only interference 
experienced cante from the ignition apparatus of auto-
mobiles and motor boats. These machines apparently 
emit electric waves from near 0 to about 40 meters in 
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lengt It, and t he day may come when they will perhaps 
have to have their ignition systems screened, or carry a 
Government license for transmitting. 

Incidentally I might mention that one of these short-
wave receivers will act as an excellent device for testing, 
even from a distance, whether or not one's ignition is 
working all right. Some motorists would have a shock if 
t hey realized how often their magnetos and sparking 
plugs are working in a deplorably irregular manner. 

During my tests in 1916, I used a coupled spark trans-
mitter, the primary having an air condenser and spark in 
compressed air. By these means the amount of energy 
was increased and the small spark gap in compressed 
air appeared to have a very low resistance. 
The receiver at first used was a crystal receiver, whilst 

the reflectors employed were made of a number of strips 
or wires tuned to t he wave used, arranged on a cylindri-
cal parabolic curve with the aerial in the local line. 

The transmitting reflector was arranged so that it 
could be revolved and the effects studied at a distance on 
the receiver. 

Mr. Franklin has calculated the polar curve of radia-
tion into space ( Fig. 4), in the horizontal plane, which 

should be obtained from reflectors of various apertures, 
by assuming that the waves leave the reflector as plane 
waves of uniform intensity, having a width equal to the 
aperture of the reflector. The calculated curves agree 
very well with the observed results. In Fig. 4 are shown 
the calculated curves for reflectors having apertures 
equal to 1, 2, 3, and 5 wavelengths. 

Reflectors with apertures up to 31 wavelengths were 
tested, and the measured polar curves agreed very well 
indeed with the calculated values. 
The Italian experiments showed that good directional 

working could always be obtained with reflectors 
properly proportioned in respect to the wavelength 
employed, and wit h the apparatus then available the 

APERTURE 1 WAVE LENGTH - -- 3 WAVE LENGTHS 5 WAVE LENGTHS 

2 WAVE LENGTHS -••• 

Fig. 4—Calculated polar curves of reflectors. 

range obtained was 6 miles. 
The tests were continued in England at Carnarvon 

during 1917. With an improved compressed air spark 
gap transmitter, a 3-meter wave, and a reflector having 
an aperture of 2 wavelengths and a height of 1.5 wave-

lengths, a range of over 20 miles was readily obtained 
with a receiver used without a reflector. 

In 1919 further experiments were commenced by Mr. 
Franklin at Carnarvon for which elect-on tubes or 

valves were used to generate these very short waves, the 
object being to evolve a directional radiotelephonic 
system. 

A 15-meter wave was chosen, which conkl quite easily 

be generated by the type of electron tube employed. 
After overcoming a few practical difficulties, very 

strong and clear speech was received in Holyhead 20 
miles away. Longer distance tests were next undertaken 

and a receiving set of apparatus was installed on one of 

the niait boats running between England and Ireland. 
During these tests clear speech was received all the 

way over to the Irish coast and into Kingstown Harbour 
at a distance of 78 miles from Carnarvon. The important 
fact was also noticed that there was no rapid diminution 
of the strength of signals after the ship had passed the 
horizon line from Carnarvon. 

As a result of the success of these experiments it was 
decided to carry out further tests over land across a 
distance of 97 miles between Hendon (London) and 
Birmingham. 

It was proved at once that, with reflectors at both 
ends, good and clear speech could be exchanged at all 
times between the two places. 
The following are some particulars of the arrange-

ments employed at Hendon and at Birmingham ( Figs. 5 
and 6). 

The power supplied to the tubes employed is usually 
700 watts. The aerial is rather longer than half a wave-
length and has a radiation resistance which is exceed-

ingly high. The efficiency input to the tubes to aerial 
power is between 50 and 60 per cent, and about 300 
watts are actually radiated into space. 

With the reflectors in use at both ends speech is strong 
and of very good quality. It is usually strong enough to 

be just audible with al- to 1-ohm shunt across a 60-ohm 
telephone. 

With both reflectors down and out of use, speech is 

only just audible with no shunt. Average measurements 
made by Mr. Franklin indicate that the value of the 

energy received when both reflectors are used is about 
200 times that of the energy received without any re-
flectors. 

These figures have been lately confirmed by local 
measurements taken round the stations. 

Fig. 7 shows a measured polar curve of the field of 

Hendon station taken in the vicinity of the reflector. It 
is rather unsymmetrical in consequence perhaps of the 

ground being on a slope, and owing to local reflection 
from trees and wires. 
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Fig. 5—Directional transmitter ( Hendon). 

Fig. 6—Experimental short-wave transmitter 
and receiver at Hendon. 

POLAR CURVE HENDON REFLECTOR  

28 METRE APERTURE 14-8 METRE WAVE  

MEASURED ON CIRCLE 31 METRE RADIUS 

Fig. 7 Polar curve of ilendon reflector. 

It has occurred to some of my assistants that a polar 

curve taken locally round the station may not be the 
same as a curve taken at a distance, and that at a dis-

tance the directional effect may be lost. I am, however, 
in agreement with Mr. Franklin that such is not the case. 

Experiments carried out with revolving reflectors, 
which make it easy to read measurements at any dis-
tance, prove that the polar diagram for a given reflector 
and wavelength is practically constant at all ranges. 
By means of suitable electron tubes or valves, it is 

now quite practicable to produce waves from about 12 
meters and upwards utilizing a power of several kilo-

watts, and it is also practicable to utilize valves in 
parallel. 

During the CW tests at Carnarvon, it was found that 
reception was quite possible on the transmitting aerial 
whilst the transmitter was operating. 
This system is being used successfully for duplexing 

between Hendon and Birmingham, as it avoids all 

switching. 
Reflectors besides giving directional working, and 

economizing power, are showing another unexpected 
advantage, which is probably common to all sharply 
directional systems. It has been noted that practically 

no distortion of speech takes place, such as is often 
noticed with nondirectional transmitters and receivers, 

even when using short waves. 
The results between Hendon and Birmingham easily 

constitute a record for radiotelephony in respect to the 

ratio of distance to wavelength, as Birmingham, it may 

be interesting to note, is 10,400 wavelengths from 
Hendon. 
We consider, however, that these results represent 

only what could be obtained from a first attempt, and 

not what could now be done after the experience gained. 
It has thus been shown for the first time that electric 

waves of the order of 15 to 20 meters in length are quite 
capable of providing a good and reliable point-to-point 
directional service over quite considerable ranges. 

In these days of broadcasting, it may still be very 

useful to have a practically new system which will be to 
a very large degree secret, when compared to the usual 

kind of radio. 
The results obtained by reflectors appeared to be so 

good that I was tempted to try out my old idea of 
twenty-six years ago, and test the system as a position 
finder for ships near dangerous points. This is now being 
done in Scotland through the courtesy of Messrs. D. and 
C. Stevenson and of the Commissioners of Northern 
Lights. Trials are being carried out under the supervision 
of Mr. Franklin with a revolving reflector erected at 
lnchkeith Island in the Firth of Forth near Edinburgh. 

The transmitter and reflector, revolving, act as a kind of 
wireless lighthouse or beacon, and, by means of the re-
volving beam of electrical radiation, it is possible for 

ships, when within a certain distance, to ascertain in 
thick weather the bearing and position of the light-

house. 
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Fig. 8—Short-wave receiver on Steamship Pharos. 

Fig. 9----Short-ute receiver. 

The experimental revolving reflector was erected and 

the first tests were carried out with the S. S. Pharos 
during the autumn of 1920 ( Fig. 8). 

With a 4-meter wave spark transmitter, a reflector, 
and a single tube receiver, suitably tuned, on the ship, a 
working range of 7 miles was obtained. 
The reflector was caused to make a complete revolu-

tion every two minutes, and a distinctive signal was sent 
every half-point of t he compass. It was ascertained on 
the steamer that this enabled the bearing of the trans-
mitter to be accurately determined within a quarter-
point of t he compass, or within 2.8 degrees. At a later 
date a new reflector was designed and erected and is now 
being tested ( Fig. 12). 

Fig. 10 shows measured polar curves taken recently 
with the new reflector. The curves were measured at a 
distance of 4 miles. 

With the revolving beam the exact times of maximum 

signals are not easy to judge, by ear, but the times of 
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Fig. 10—Polar curves of 1nchkeith reflector. 

starting and vanishing are easy to determine, as the rate 
of rise and fall of the signals is extremely rapid. The 
time halfway between these two times gives, with great 
exactness, the moment when the beam is pointing to the 
ship ( Fig. 11). 

By means of a clockwork arrangement a distinctive 
letter is sent out every two points, and short signs mark 
intermediate points and half-points; and this is done in 
practice by contact segments arranged on the base of the 
revolving reflector, so that a definite and distinctive 
signal is transmitted at every half- or quarter-point of 
the compass ( Fig. 12). 
I will now try to show you the working of a roughly 

constructed 1-meter wave transmitter and reflector.' 
The attenuation of these short waves over sea is so 

surprisingly regular that a little experience enables dis-
tance to be judged by the strength of signals, and this 
can be measured by means of a potentiometer. 

Before I conclude I should like to refer to another pos-
sible application of these waves which, if successful, 
would be of great value to navigators. 
As was first shown by Hertz, electric waves can be 

completely reflected by conducting bodies. In some of 
my tests I have noticed the effects of reflection and de-
flection of these waves by metallic objects miles away. 

It seems to me that it should be possible to design ap-
paratus by means of which a ship could radiate or pro-
ject a divergent beam of these rays in any desired direc-
tion, which rays, if coming across a metallic object, such 
as another steamer or ship, would be reflected back to a 
receiver screened from the local transmitter on the send-
ing ship, and thereby immediately reveal the presence 
and bearing of the other ship in fog or thick weather. 

' At this point, Senatore Marconi demonstrated the transmission 
of 1-meter continuous waves from a parabolic reflector of the type 
shown in Fig. 3, and composed of parallel wires, over a distance of 
approximately 15 meters to a tube receiver with reflector similar to 
that of Fig. 2. Absorption of the waves by a tuned resonator was 
also shown—EDITOR. 
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Fig. 11—Compass bearings with letter designations 
for radio direction finding. 

Fig. 12—Rotating short-wave directional transmitter, Inchkeith. 

One further great advantage of such an arrangement 
would be that it would be able to give warning of the 
presence and bearing of ships, even should these ships be 
unprovided with any kind of radio. 
I have brought these results and ideas to your notice 

as E feel—and perhaps you will agree with me—that the 
study of short electric waves, although sadly neglected 

practically all through the history of wireless, is still 
likely to develop in many unexpected directions, and 
open up new fields of profitable research. 

Having referred so lengthily to what is essentially a 
directional system, that is, a system that does not spread 
its waves all round, you will perhaps expect a few words 

from me before I bring this rather lengthy discourse to a 
close, on the subject of " Broadcasting." 
No remarks from me or from anyone else are required 

to tell you what has already been done with radio in 
America, as a means of broadcasting human speech, and 

other kinds of sound which may also be entertaining if 

not always instructive. 

In thousands of homes in this country there are radio-
telephonic receivers, and intelligent people, young and 
old, well able to use them—often able to make them 

and in many instances contributing valuable informa-
tion to the general body of knowledge concerning the 
problems great and small of radiotelegraphy and radio-

telephony. 
But I think I am safe in saying that if radio has al-

ready done so much for the safety of life at sea, for com-
merce, and for commercial and military communications 
it is also destined to bring new and, until recently, un-
foreseen opportunities for healthy recreation and in-
struction into the lives of millions of human beings. 

ABSTRACT 

The lecture first deals briefly with the early history of 
long distance radio communication. 
The work carried out by the engineers and experts of 

the :Marconi Company in England with electron tubes 
or triode valves shows that, according to their experi-
ence, greater efficiency can be obtained at present by a 
number of bulbs used in parallel than by the employ-
ment of large single unit tubes. 

Information is given in a general way in regard to 

recent practice in the design and construction of re-
ceivers with the object especially of improving selec-

tivity, reducing interference, and concerning the possible 
speed of working. 
The lecture also deals briefly with results obtained at 

receiving observation stations situated in various far 
distant parts of the world, where it has been ascertained 
that radio signals arriving from high power stations 
situated at or near the antipodes of the observation sta-
tions, reach the receivers by various ways around the 
earth, not always following the shortest great circle 
route, and also that at such places the electric waves 
coining round by different ways do in certain cases in-
crease this effect on the receivers whilst in others inter-
fere with each other. 

It has also been noticed that apparently transmission 
is easier from west to east than from east to west, and 
that it may be necessary to modify somewhat the trans-
mission formula for long distances. 

It has also been ascertained that the most troublesome 
atmospheric disturbances or static usually come from 
the continents and not from the oceans. 
The lecture further deals with a study of short elec-

trical waves and the results which have been obtained 
with such waves of a length from 1 meter to 20 meters, 
and describes tests which show for the first time that 
electric waves of under 20 meters in length, used in con-

nection with suitable reflectors, are quite capable of 
providing a good and reliable point-to-point, unidirec-
tional system of radio over quite considerable distances. 
The application of this system as a direction finder in 

aid of navigation, and as a method for preventing colli-
sions at sea, is also dealt with. 
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The Engineer and the Life Sciences* 

J. H. U. BROWN t, SENIOR MEMBER, IRE 

Summary—Within recent years the life sciences have realized 
the significance of the contributions which can be made by the engi-
neer, and the engineering sciences are beginning to realize the value 
of the contributions which can be made by the life sciences in bionics. 
A new field has developed which may be called bio-medical engi-
neering. The National Institutes of Health is now engaged in a pro-
gram designed to provide support in research, training, and facilities 
for this broad area. Support will be largely in the field of the applica-
tion of engineering theory to the biological sciences, and may not 
include some of the aspects of applied engineering or instrumentation 
except as they arise as a result of theoretical development. 

W ITI I I N TI IE LAST few years a new science has 
arisen which is bridging the gap between the 
engineer and the life sciences. This area has 

been called life science engineering, bio-medical engineer-
ing, biosciences engineering, bioengineering, and a 
variety of other names. It includes widely divergent 
areas embracing cybernetics, bionics, and medical elec-
tronics. It may be included as portion of the area known 
as biophysics. 

This area is not composed of a homogeneous group of 
laboratories or individuals. Research interests can and 
do range through all forms of engineering (mechanical, 
electrical, chemical), all forms of life science (clinical 
medicine to pure biology), and many phases of physics 
and mathematics. By the same token, researchers in the 
area can represent several different levels of training 

and capability. It is apparent that the top level should 
be composed of individuals holding the doctoral degree 
in engineering or a life science with adequate training 
in the corollary disciplines and who will be capable of 

initiating research, developing basic theory and training 
the upcoming generation of bio-medical engineers. Be-
low this will be a competent group of scientists at the 
Master's level who can develop sophisticated instru-
mentation for a particular research project and assist in 
carrying out the programs of a senior investigator. At a 

still lower level will be the Bachelor of Science in en-
gineering with perhaps some training in the biological 
sciences who will serve as a very high grade technical 
associate. Still lower may be the usual electronics 
technician. 

It should also be emphasized at the outset that the 
word "engineering" does not here refer to construc-
tion, design, or architectural applications of design, but 

to the abstract engineering theory which is founded in 
mathematics and in physical concepts. 

This new engineering includes a previously unmen-
tioned aspect—that of data collection. As finer tech-

* Received April 27, 1962. 
t Division of General Medical Sciences, National Institutes of 

hlealth, Bethesda, Md. 

niques are developed for the recognition of variables in 
biological systems, mountains of data will accumulate 
requiring reduction, analysis, evaluation, and statistical 
correlation. This type of problem can be solved only by 
computers—and computer theory and design is another 
form of engineering. The importance of the field is shown 

by the establishment of computer centers at many uni-
versities about the country. As biological data become 
more complex, engineering will be needed to produce 
the right type of computer to handle the information. 

The computer engineer will need to know a great deal 
of biology in order to understand the type of information 
wanted and the correct method to obtain that informa-
tion. 

Over and above theoretical applications of engineer-
ing to the biological sciences mentioned above, a more 
practical joint endeavor has now developed. The in-
struments used by the medical scientist have become 
more and more complex. The extension of investigations 
into the micro, submicro, and atomic realms has led to 
greater requirements of sensitivity, accuracy, and 

compactness. The simultaneous measurement of many 
variables in this region, the study of transient phenom-

ena, the recording of rate processes, and many other 
experimental problems require transducers which have 
not yet been designed or built. 
Too often the biological scientist has envisioned a 

method of approach to a specific problem through 
engineering, has read on the subject, partially designed 
an apparatus and had it constructed by an electronics 
technician only to find that the engineering lack has 

produced a less than satisfactory instrument. The re-
verse is also true. Engineers called in consultation on a 
particular problem will produce designs perfectly sat-

isfactory from an engineering viewpoint only to find that 
the peculiar properties of biological systems make the 

design inoperable. Examples of both cases are legion. 
The engineering and basic life sciences can carry out a 

mutually advantageous cooperative program in at 
least three major areas of science: 

1) Design of experiments, their instrumentation, and 
the processing of data. 

2) Development of new experimental methods com-
bining the best features of both fields. 

3) Design of physical models of many complex bio-
logical systems which will aid in understanding 
and analysis. 

Ideally, the solution would be to have a single in-
dividual competent in both fields, i.e., a man with an 
advanced degree in engineering and a similar degree in 
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one of the medical sciences. This presupposes an in-

dividual with tinte to take 8 years of graduate study be-
fore entering into the field. In practice, a collaborative 

oid approach is the present solution. In this arrangement, 
both men trained in engineering with a good back-

ground in medical science and men trained in the basic 

medical sciences but with a good background in en-
gineering could be brought together for cooperative 
training and research. As the area of bio-medical engi-
neering develops it is anticipated that undergraduate 

programs will emerge. This will provide the foundations 

for graduate programs in the field and a broadly trained 
individual will filially be produced. The retraining of 

biologists or engineers in the ancillary field is at best a 
stop gap measure. 
The addition of simple biological knowledge to an 

engineer or of simple engineering concepts to a biologist 
is not sufficient even for those engaged in such co-
operative effort. The person so trained is still a tech-
nician, unable to think in conceptual terms in the field 
in which he is not primarily trained. This is demon-
strated by the fact that many engineers could design 
an apparatus if given a clear statement of its require-

ments. However, the biologist cannot formulate his 
needs in engineering terms, and the engineer cannot 
understand the design in biological terms. The problem 
becomes more acute when it is realized that a major 

task of individuals and groups in this new field will 
be to develop and organize basic knowledge in the engi-
neering principles for biological systems. 

The forego;ng exposition has been presented to 
illustrate the need for bio-medical engineers as dis-
tinguished from the instrument engineers, and to dis-
tinguish engineering from instrumentation. There is 
ample evidence that the number of individuals in either 
of the above groups is small. In order to secure a con-
tinuing supply in sufficient number, training programs 

must be expanded. As training programs can only be 
conducted on a satisfactory level by the Ph.D. bio-

medical engineer, it is apparent that the number of such 
people must be increased. At the present, the time re-
quired for training a Ph.D. in bio-medical engineering 
after high school is about 9 years. On this time scale, it is 
obvious that any plans made now will reach fruition in 
the year 1970 when the present entering group will 
finally enter active work in the area. All plans must be 
based on numbers to be expected approximately 10 
years in the future rather than on present demand. At 
the present lime and for the last 10-15 years, the size 

of the bio-medical engineering area has been doubling 
every 24 years. On this basis, about three generations 
of doubling will occur by 1970. At the moment, about 

820,000,000 per year is spent on research in this area 
which suggests a budget of $ 150,000,000 per year by 
1970. 

In order to provide the best training, special courses 
in bio-medical engineering must be arranged at both 
the graduate and undergraduate level with the closest 

possible cooperation between the life science and engi-
neering faculties. Programs of this type are under de-

velopment (Table I). 

TABLE I 

PARTIAL LIST OF PROGRAMS IN BIO-MEDICAL ENGINEERING Now is 
Ol'ERATION OR IN DEVELOPMENT IN THE UNITED STATES 

Operating Programs Programs Under Development 

University of California ( L.A.) 
Drexel Institute 
University of Illinois 
Iowa State University 
Johns Hopkins University 

assachusetts Institute id 
Technology 

University of Minnesota 
Northwestern University 
Universit y of Pennsylvania 
l.niversity of Rochester 
Stanford -University 
University of Washington 

(Seattle) 

Bowman Gray School of Medicine 
University of California 

(Berkeley) 
Case Institute of Technology 
Duke University 
University of Kentucky 
Nlarquette University 
l*niyersity of Michigan 
Uniyersit y of issouri 
Universit y of Nebraska 
New York University 
University of North «Carolina 
University of Wyoming 

It is generally agreed that in order to do competent 
work at a given location in this field in both research and 
training, a nucleus of several individuals is necessary. 
The minimum size is generally presumed to be about 
that of a small basic-science department (4 or 5 people). 
This presupposes that with the present programs, about 
100 individuals at the Ph.D. level could be comfortably 
used in the departments or groups now in operation. 

In addition to the nucleus of trained individuals in 

the departments directly interested in engineering, 
there is a steady demand for such people in many other 

departments of the medical school and in the basic 
biological and physical sciences. These range from 
the technician who can devise or repair a minor in-
strument to the highly trained engineer who can pro-
duce mathematical models of biological systems. De-
mands exist toda). in departments of surgery, medicine, 
physiology, biophysics, physics, and radiology, with 
current estimates indicating that 100 Ph.D. engineers 
could be placed immediately. Various industrial groups 
are also on a constant lookout for the trained bioengi-
neer. Most of the companies making biological instru-
ments desire such individuals. Demand also exists for 
such engineers in aviation, computer facilities, and 
telephone laboratories. The current estimate is for about 
200 men this year. Present estimates of NASA indicate 
that the space program in the Government will absorb 
100 engineers and that these demands will increase. Con-
tractors of NASA will need many more as the space 
program expands (3.5 billion in 1962). The NASA pro-
grams are 5 per cent " in house" and 95 per cent by grant 
and contract. Conservative estimates indicate that 500 
bio-medical engineers could be utilized in 1962. With 
current plans for expansion the number may be 1500 or 

many more by 1970. By the most conservative estimates 
training programs should accommodate approximately 
20 times as many graduates as at present in order to 
meet the current demand. This does not take into ac-
count the sudden spurt which may occur (as happened 
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in biophysics) when trained individuals begin to enter 
the field and influence the future development of the 
science. 
A critical evaluation cannot be made at this time of 

factors which may affect markedly the demand within 
the next few years. The newer work in cybernetics and 
bionics, dealing with the interaction of man and 
machine, may lead to a technical revolution and a 
greater demand for workers in the borderland between 
the two areas. We have now reached the stage where 
physical devices are necessary to provide extension of 
sensory manipulative capability in order to observe 
new phenomena. Only the researcher conversant with 

the coupling of man and machine can make significant 
contributions in this new field. 

Not oilly must the increased production of bio-
medical engineers be considered, but the type of research 
which is carried out must be considered. There are sev-
eral methods of approach to research in this general 
area: 

1) An instrument may be built without a clear under-
standing of what it is supposed to accomplish. An 

electronics technician can build a " black box" and build 
it build better than an engineer, once he has specifica-
tions. 

2) The biologist may formulate an idea such as "I 
want to measure blood flow" and the engineer pro-

duces an instrument for him to do the precise measure-
ment desired. This is one step higher than the function 

of the technician and obviously is necessary. 
3) The engineer and the biologist may work together 

to develop a new transducer to measure a parameter in a 
biological system. This is applied engineering. 

4) The bio-medical engineer may develop the con-
cepts of a new physical system, formulate the necessary 
mathematics or models, design the apparatus for the 
research, and carry out an independent investigation. 
This is the highest form of engineering science. 

Each of these is necessary and each performs a vital 
function. If the field is to advance as a whole and not 
become an ancillary science to medicine operating in 
much the manner as the clinical laboratory, it must have 
many of the engineers engaged in true conceptual 
processes. 

The mechanics of organization for such an engineer-
ing group are not difficult to imagine. Several types of 
organization can operate and be successful depending 
upon the location of the unit. Examples might be: 

1) A division within a department in which the 
group performs a function of bio-medical nature within 
an electrical engineering, a physiology, or some other 
department. 

2) A department of bio-medical engineering in which 
an independent department with all rights and privi-
leges within a university is created. 

3) An institute for bio-medical engineering where all 
members of this discipline are brought together for a 
common purpose in a separate installation. 

4) A center where the members of the group are mem-
bers of independent departments (physiology, engineer-
ing, etc.) and come together with a common aim for 
research and training. 
The National Institutes of Health supports about 40 

per cent of the health-related research in this country, 
and it will also support bio-medical engineering. Such 
support may assume a variety of forms depending upon 
the needs of the individual and the project: 

1) The Research Grant consists of a grant to an insti-

tution on behalf of an individual and is designed to 
supply the equipment, technical assistance, supplies, 
and any other necessities for carrying out a given re-
search aim. Such grants usually are awarded for projects 

with definite aims and with some indication of past 
performance on the part of the individual. 

2) The Program Project Grant is an award made to an 
institution on behalf of several individuals engaged in a 
single area of research. Such a grant presupposes the 
existence of several individuals competent in the gen-
eral area of research, and further presupposes active re-
search in progress. Such a grant would supply major 
items for use by an entire group such as an electronics 

shop, a tube making facility, a machine shop, a com-
puter, and other items necessary for carrying out the 
research aims of the group. 

3) The Special Resource Grant will supply a facility for 
general support of research in an area such as bio-

medical engineering to an institution or to a region of 
the country encompassing several institutions. 

4) The Fellowships Program. Many fellowships are 
available for support of individuals engaged in training 

or in research. Regular Research Fellowships are 
awarded for the full-time research training of scientists 

in the fundamental biological and health-related 
sciences. They are available at the predoctoral and post-
doctoral levels and at the special level. These awards 
are made for periods of from 1 year to 3 or 4 years in 

the recognized preclinical sciences and also in other 
rapidly developing fields, such as genetics and develop-
mental sciences, basic endocrinology, biophysical sci-
ences, bio-medical engineering, experimental pathology, 
immunology and immunochemistry. 

Predoctoral Fellowships provide opportunities for 
full-time training at an early age. This level of train-
ing has proven to be a source of stimulation to quali-
fied students interested in a career in research in the 
health sciences. 

Postdoctoral Fellowships are awarded to selected, 
promising holders of the Ph.D., D.Sc., M.D., 
D. V. M., D.D.S., and D.P. H. degrees who are inter-

ested in undertaking advanced research training in 
the basic health sciences. 

Special Fellowships are awarded to accomplished 
researchers for from six months to a year who require 
further specialized training or knowledge of new 
techniques or disciplines in order to increase their re-
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search productivity and to broaden their fields of 
scientific interest. 
The Career Development Award is made to young 

faculty members to allow greater freedom in the 
development of a career of research. 
The Career Research Award is made to senior fac-

ulty to increase research time. 
Each of these has different requirements in that some 
can be applied for by the individual and others must be 
directly requested by the institution. 

5) The Training Grant Program is a grant made to the 
institution on behalf of a program director to support a 
program in graduate research training usually leading to 
an advanced degree. Such programs are usually awarded 
on the basis of an operating program with several in-
dividuals representing various skills within the training 
area. Such grants will supply funds for stipends, tui-
tion, supplies, modest equipment, faculty for teaching 
and other items necessary to the program. 
Any or all of these sources of support may be utilized 

by a group interested in the development of biomedical 
engineering. Further information can be secured from 
the Division of General Medical Sciences or the Division 

of Research Grants, National Institutes of Health. 
Each grant application from the National Institutes of 

Health, whether for training or research, is given two 

independent reviews. The application, submitted on 
standard forms, first is reviewed for scientific merit by a 
Study Section or Training Committee composed of a 
group of individuals capable of judging the scientific 
merit of the project. These groups recommend the grant 
application for approval, disapproval, or deferral for 

further study. If recommended for approval, it is as-
signed a priority score in accordance with its merit 
compared to similar grants in the field. The appli-
cation with its recommendation is then subjected to 
a second review by the appropriate National Advisory 
Council which also recommends the application for 
approval, disapproval, or deferral. Approval at this 
stage results in a recommendation to the Surgeon Gen-

TABLE I I 

1110-MEDICAL ENGINEERING PROGRAMS IN EXISTENCE AT THE PRESENT TIME 

Location Director Degree 

Phi). 

L. L. Geddes M.A. 
Ph.D. 

James Dow M.S. 

Victor Bolie M.S. 
l'h. D. 

S. A. Talbot l'h. D. 

K. O. Lange M.S. 

Saul Larks 

Otto Schmitt Ph. D. 
M.S. 

J. L Hirsch Ph.D. 

A. R. Eckels Ph.D. 

J. E. Jacobs Ph.D. 

Herman Schwan Ph.D. 
None* 

Daniel Healy Ph.D. 
(E.E.) 

R. Rushmer Ph.D. 
M.S. 
None* 

University of California 
(L.A.) 

Baylor University 

Drexel Institute 

Iowa State Universizy 

Johns Hopkins UniNersity 

University of Kentocky 

Marquette University 

University of Minnesota 

New York University 

North Carolina State College 

Northwestern University 

University of Pennsylvania 

University of Rochester 

University of Washington 
(Seattle) 

jolin Lyman 

Curriculum Students Number of 
Students 

Engineering 
Psychology 
Husnan Factors 

Largely experimental physiology 

biology, anatomy at Drexel, joint 
courses in control systems, computers, etc. 

Special courses in basic sciences and bio-
medical engineering taught by group 

Work in engineering but take special 
courses in physiology, biochemistry 

Largely mechanical engineering. Little 
physiology. Aeromedical in content 

Electrical engineering 
Fetal physiology 

Biophysics and bio-medical engineering 

Not formalized 

Routine engineering with biology taken 
at North Carolina Medical School 

Engineering and medical basic science 
courses 

Math 11 hrs. Bio-Medical Engineering 
as joint course. Organic Chemistry, Phys-
iology, Biochemistry 

Seminar in Bio-Medical Engineering. 15 
hrs. Chemistry and Biology, 33 hrs. En-
gineering 

Graduate students in physiology take 
regular courses. Summer courses in bio-
medical engineering are short term offer-
ings 

Engineers 
Psychologists 
Basic Scientists 

Any eligible graduate 
student 

Engineers, Life scien-
tists ( M.D.) 

Any eligible graduate 
student 

Engineers ( Electrical, 
Mechanical, Chemical) 

Engineering students 

Electrical Engineers 

Engineers, Physicists, 
Biologists, M.D.'s 

M.D. 

Engineers ( E.E.) 

Mostly E.E. May be 
biology majors or M.D. 

Engineers ( Electrical, 
Mechanical, Chemical) 

E.E.'s 

Any eligible student 
may include M.D., 
Ph.D., Engineers, 
Graduate students 

20 

3 

20 

12 

6 

10 

4 

8 

1 

2 

1.5 

13 

6 

25 

• A nondegree course is also offered. 
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eral to award the grant. The Surgeon General or his 

designated official may then decide on the basis of avail-
able funds how many of the approved applications can 

be paid. 
It is apparent that most of the programs in the area of 

bio-medical engineering will be centered largely in uni-
versities regardless of the financial arrangements. How-
ever, most universities object strongly to instrumenta-
tion as a topic for research. The primary function of a 
university is teaching and research, and most engi-
neering departments consider instrumentation as the 
straightforward application of known principles, and 
therefore unsuitable for a doctoral dissertation topic. 
Such attitudes should be maintained. 
From the above discussion, it is apparent that the 

unit for bio-medical engineering will have to be above a 
certain size in order to be effective. Rather elaborate 

equipment and shop facilities are usually required. This 
presupposes that the operating expenses of such a group 

will not be small. A countrywide consensus of opinion 
makes several important points in this regard: 

1) Money should not be dissipated on many small 
projects which are not capable of a direct unified 

approach to a problem. 

2) Money should not be expended primarily on a very 
few extremely large projects which are less pro(luc-
tive in ternis of unit cost. 

3) Money should be spent on a number of projects 
which may vary widely in scope but where rea-

sonable return for outlay can be expecte(l. 
4) Money should be available to those groups de-

veloping a conceptual approach to bio-medical 
engineering, but should not be given to those inter-
ested in instrumentation alone. Too often such 
instrumentation is of value only to the individual 
producing it. 

Several training programs in bio-medical engineering 
are now in operation and others are in the planning 
stage. Table II summarizes information about the cur-
rent programs which have actually graduated students 
in the general area. It will be apparent that most of the 

programs are centered in engineering schools and offer 
the advanced degree in this framework. The few pro-
grams which are not in this framework ( Baylor Uni-

versity, University of Washington, and Iowa State Uni-
versity) are centered in departments of physiology. 
There is no reason why such programs could not be in 
other engineering departments or in biological frame-
works other than those mentioned. 

In summary, bio-medical engineering is emerging as a 
new science in the area between the life sc.ences and 
engineering. The National Institutes of Health is pre-
pared to provide support for both research and graduate 
training to worthy programs in this area. The responsi-
bility for the quality of the research and training rests 
as squarely upon the shoulders of the engineer as it does 
upon the doctor. Together they must meet the chal-
lenge. 

Group Theory and the Energy Band Structure 

of Semiconductors* 

ALLEN NUSSBALTNIt, ASSOCIATE, IRE 

Summary—The purpose of this paper is to present the principles 
involved in calculating the energy band structures of semiconductors. 
These calculations can be simplified by the use of group theory, which 
is a branch of analysis that permits expressing the symmetry prop-
erties of crystals in a quantitative manner. Some of the simpler 

concepts of group theory are explained and then applied to band 
structure determinations. 

* Received September 13, 1961; revised manuscript received 
March 15, 1962. This work %vas supported in part by the U. S. Air 
Force Office of Scientific Research. 
t Department of Electrical Engineering, University of Minne-

sota, Minneapolis, Minn. 

I. iNT.,„)..T.o. 
F

OR A SPECIAL issue of the PRocEEDINGs de-
voted to solid-state physics, Dr. F. Herman' of 
the RCA Laboratories contributed a paper dis-

cussing the electronic band structure of silicon and ger-
manium. In the present paper, we should like to show 
how these structures are determined and how they are 
related to the crystal structure of semiconductors. The 

' F. Herman, "The electronic energy band structure of silicon and 
germanium," ['Roc. IRE, vol. 43, pp. 1703-1732; December, 1955. 
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methods employed for energy band calculations involve 
taking advantage of the symmetry of the crystal to re-

(luce the quantity of tedious calculations necessary; 
the branch of mathematics which enables us to express 
symmetry properties in a quantitative way is called 
group theory. Hence, our first step will be to examine the 

basic concepts of this subject. 

II . ALGEBRA OF GROUPS 

A group is defined' as a collection of elements .1, B, 
C, • • • which obey the following combinatory laws: 

1) The product of any two elements in the collection 
is also a member of the collection. 

2) The collection contains an identity or unit opera-
tion E (from the German einheit, unity) such that 
EA -= A E= A for every element. 

3) l'he associative law of multiplication holds: 
(A B)C = . 1 (BC). 

4) Every element .4 has a unique inverse which 
is a member of the collection. That is, A.4 -' 

= A --JA = E. 

Example: Consider the equilateral triangle of Fig. 1. 
The operations which leave this triangle congruent to 

its original position are: 

1) E, the identity. 
2) A, a reflection in line .1a. 
3) B, a reflection in line Bb. 
4) C, a reflection in line Cc. 
5) D, a 120° clockwise rotation. 
6) F, a 120° counterclockwise (or a 240° clockwise) 

rotation. 

It is easily seen that 

AD = B (1) 

where the convention is used that operation D is fol-
lowed by operation A and that the lines Aa, Bb, and Cc 
remain fixed in the plane. We note that 

DA = C # B. 

All such products are summarized in Table I, the group 
multiplication table. The total number of elements g is 
called the order of the group, so that g = 6. 
A subgroup is a portion of a group which obeys the 

combinatory laws. Table I shows that some subgroups 
of the group E, :1, B, C, D, F are a) E, b) E, A, and 

c) E, D, F. Note that the order of the subgroups is a 
factor of the order of the group. 
Groups can also be divided into classes, which are 

collections of related operations. Two elements P and Q 

2 Eyring, J. Walter, and G. E. Kimball, "Quantum Chemis-
try," John Wiley and Sons, Inc., New York, N. Y.; 1944. 

Y 

Fig. 1—The symmetry axes of the equilateral triangle. 

belong to the same class if 

Q = X-'PX, (2) 

TABLE I 

ULTIPLICATION (OR CAYLEY) TABLE FOR SYNIMErRY 
OPERATIONS OF AN EQUILATERAL TRIANGLE 

  _ 

First Operation 

Se
co

nd
 O
pe
ra
ti
on
 

E A B 

B 

C D F 

E E A C D 

B 

C 

A 

F 

C 

A 

B 

A A E D F 

D B B F E 

C C D 

C 

F E 

D D A B 

A 

F 

E 

E 

D F F B C 

where X is any member of the group. For example 

A-'DA = A-1C = AC = F, 

.4-WA = AB = D, 

so that D and F constitute a class. Similarly, so does E 
and also A, B, C. Hence, the group is broken down into 
three classes: reflections, rotations, and the identity. 
For this group, we can separate the operations into 
classes from physical considerations. However, this does 
not always work, and it is safer to go through the labor 

involved in applying definition ( 2). 

1T T. THE REPRESENTATIONS OF A GROUP 

A representation of a group is any collection of ele-
ments which obey the group multiplication table. For 
example, a representation can be obtained by consider-
ing the matrices associated with rotations and reflections 
in a plane. Fig. 2(a) shows the rotation of a vector r 
through an angle 0, and the two sets of coordinates of 
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Y 

(a) 

Y 

(1) 

Fig. 2—(a) A rotation. ( b) A reflection. 

1 X21 = [cos 20 sin 241i .r, 

y L5in 24) —cos 24)] 1 yit 
(4) 

Using the matrices given in (3) and (4), we can obtain 
the representation denoted by in Table II ( it is 
customary to use the symbol I' to denote some repre-

sentations). It is left to the reader to verify that the six 
matrices of F2 multiply as required by Table I. Note 
that the matrices belonging to F2 are based on the axes 
XOY being oriented as shown in Fig. 1. 

The representation F is two-dimensional; that is, it 
consists of 2X2 matrices. Every group also has a one-
dimensional representation of the form E= A =13=C 
=D= F=1, denoted by r, in Table It. This representa-
tion is said to be unfaitifid; it leads to all the entries of 

Table I, plus many others which violate the table. An-
other one-dimensional representation, denoted F2 in 

Table II, is also unfaithful. We shall show later a sys-

tematic method for obtaining these representations, and 
also explain the notation. 

It is also possible to find representations of higher 
dimensions. Suppose we specify the position of the cor-
ners of the equilateral triangle by a pair of coordinates r 
and a, as shown in Fig. 3. The symmetry operations of 
Section II can then be represented as 6X6 matrices. 

TABLE II 

I mmoticint.i.: REPRESENTATIONS FOR THE GROUP OF TABLE 

A 

1 

—1 —1 

the vector are related by" 

é —V3/2\ 

\—%/3/2 — à) 

{ X21 [COS 0 — sin 0] xlt 

Y2 Sill COS ylf 

Fig. 2(b) shows the reflection of a point (xl, yi) in a line 
making an angle 4e, with the x axis to produce a point 
(x2, y2). The two sets of coordinates are related by 

—1 

N/3/2 — 4) 

x2 = x1 -I- 2d sin <6, 

y2 = yi — 2d cos 4), 

from which 

(3) 

3 An excellent discussion of matrix algebra is given in ch. 6 of 
R. S. Burington and C. C. Torrance, " Higher Mathematics," Mc-
Graw-Iiill Book Co., Inc., New York, N. Y.; 1939. The concepts used 
in this paper are covered more briefly in Appendix A4 of Nussbaum, 
(reference 4). 

—4 0/2\ — N/3/2\ 

N/3/2 — 4/ \ /;/2 — 1; 

For example, the effect of C (a reflection in the line OC) 
can be denoted by 

o 

1 
0 
0 
L 

0 

o 

0 

0 

(1 0 

0 0 

0 0 

0 1 

--

0 

0 

0 1 

_ 

r2 

rz 

r1 

az 

(5) 

A similar 6X6 matrix can be obtained for the other 

five operations of the group and it will be found that 
these six matrices obey the group multiplication table 
and hence form a representation F4. We shall denote the 
matrices in F. by No, etc. 
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Y 

Fig. 3—The coordinates used to establish the reducible representation 
for the equilateral triangle symmetry group. 

Now consider the matrix 

S = 

1/0 0 —N/2/V3 0 0 0 _ 

1/0- 1/V2 1/-V6 0 0 0 

1/0 — 1/N/2 11-‘,/6 0 0 0 

0 0 0 1/0 0 — N/i/V-3-

0 0 0 1/0 1/N/2 1/-Vé. 

0 0 0 1/0 — 1/-0 1/N/6 _ 

Let us define a new matrix F4'(C) obtained from 
1'4(C) as follows: 

This is of the form 

r4'(C) = 

= s-inms = 
-1 0 0 0 0 

0 1/2 0/2 0 0 

0 -0/2 — 1/2 0 0 0 

0 0 0 1 0 

0 0 0 0 1/2 -Vi,/2 

_0 0 0 0 0/2 — 1/2 

I'3(C) 

 r 

L  g (8) 

(7) 

(6) 



1766 PROCEEDINGS OF THE IRE August 

and the matrix F4(C) is said to be reduced. The matrix 
F4' (C) is said to contain the representations Ti and F3 

twice each. It will be found that the same matrix S 
and its inverse reduces all the 6X6 matrices in P4 to 

the form of (8). It is not possible to find any other 
matrix which will further reduce the six matrices in 

nor further reduce 13 to 1 X1 matrices lying on the 

main diagonal. Hence ri, r2, and P3 are irreducible 
representations, whereas F4 is a reducible representation 
containing F1 and F3. 

IV. THE CHARACTER SYSTEM OF A REPRESENTATION 

In applying group theory, it is seldom necessary to 
know the matrices which form a representation. Gen-
erally, all that is needed is the trace of each matrix (the 
trace is defined as the sum of the elements on the main 
(liagonal); the set of traces of the matrices in a repre-

sentation is called the character of the representation. 
Table Ill is the character table for the four representa-

TABLE Ill 

CIIARACTERS OF Tin.: REPRESENTATIONS FOR 
rum GROUP OF 1 

E A B C D F 

I 1 i i I 

—1 —1 —1 1 I 

2 0 0 0 —1 —1 

6 2 2 2 0 0 

tions we have been considering. The double lines sepa-
rate the three classes, and we see that all elements in the 
same class of a given representation have the same char-
acter, thus explaining in part the origin of the term. The 
table illustrates the following very important relation 
between the characters of reducible and irreducible 
representations 

nk = [ E x(R)xk(R)] k, (9) 
ii 

where 

nk= number of times the kth irreducible represen-
tation is contained in the reducible one, 

x(R)= character of the matrix R for the reducible 
representation, 

x(R) = character of kth irreducible representation, 
k =dimension of reducible representation. 

(\Ve shall not give a proof of theorems like this one, but 
simply verify them by examples. This will considerably 
simplify the discussion and allow us to concentrate on 
physical applications.) 

For our example, k= 6, so that for F1, (9) becomes 

= [6(1) -F 2(1) -I- 2(1) -F 2(1) -I- 0(1) 0(1)P6 

= 2. 

Similarly 

112 = 0, it3 = 2 

which means that ri and F3 are each contained ill LI 
twice, whereas F2 is not contained at all. This agrees 
with (8) and shows that (9) eliminates the necessity for 
finding the matrix which reduces a representation. 

It can also be seen that 

E = g, (10) 
h 

where 

ik =dimension of kth irreducible representation, 
g =order of group. 

In our example, g = 6, so that ( 10) is verified as follows: 

12 -F 1' 2' = 6. 

This theorem then shows that a group with six elements 
can have only two one-dimensional and one two-dimen-

sional irreducible representation, so that F4, F2, and I', 
are the only possible irreducible representations for our 
example. 

V. THE FREE ELECTRON APPROXIMATION 

In present-day physics, the electron is considered to 
be a dual entity, showing characteristics associated with 

both a wave and a particle. The motion or propagation 
of the electron is governed by the Schroedinger or wave 
equation,4 which is 

[(— h2/2m) 172 V(r)4(r) = Ee(r), (II) 

where 

h = Planck's constant divided by 2r, 

m = mass of the electron, 
E = total energy of the electron, 
17= potential energy of the electron, 

and the solution 1,1, is called a wave function. 
Referring to Herman's paper,' the solution to this 

equation in a perfectly periodic crystal is 

# k(r) = eik. `11(r), (12) 

where k is called the propagation constant. The aim of 

energy band calculations is to determine E as a func-
tion of k in a given range of k values. Along the cubic 

axes of silicon and germanium, for example, the range is 

—27r/a k ≤ 2r/a. 

Substituting ( 12) into ( 11) gives 

V2u 2ik • Vu ± ( 2m / h2)[E — (h2k2 / 2m) — Vi 

u = 0. (13) 

An introductory discussion of the Schroedinger equation will be 
found in R. L. Spioull, "Modern Physics," John Wiley and Sons, 
Inc., New York, N. Y.; 1956. A more extended treatment, at an ele-
mentary level, is given in A. Nussbaum, "Semiconductor Device 
Physics," Prentice- Hall, Inc., Englewood Cliffs, N. J.; 1962. 



1962 Nussbaum: Group Theory and Energy Band Structure 1767 

This form of the Schroedinger equation is particularly 
suited for discussing crystals. 

A crystal is a regular arrangement of atoms and the 
translational pattern of the crystal is called the direct 

lattice. If al, a., a3, are three noncoplanar vectors con-
necting lattice points, and if n1, n2, n3 are an arbitrary 
set of integers (positive, negative, or zero), then the 

direct lattice is mapped out by the points (nial-Fn2a2 
±n3a3). As Jones5 has pointed out, if the nine com-
ponents of the three vectors ai, a2r a3 are considered as 
a matrix A, then the lattice points are determined by 
the relation 

An = [thy 

alz 

a.x a3z n1 

a”„ a3„ n2 

a2 aJ n3 

(14) 

The reciprocal lattice is determined by a set of vectors 
b1, b2, b3 defined by 

ac t', = 2irö ij [i, j = 1, 2, 3], (15) 

where & is the Kronecker delta. The planes which act 

as perpendicular bisectors of the nearest-neighbor dis-
tances in the reciprocal lattice form the first Brillouin 

zone, which is illustrated in Fig. 4 for the case of germa-
nium and silicon. This zone is also referred to as the re-
duced zone in k space, and the figure shows that along 
the coordinate axes, for example, the boundaries of the 
zone are determined by 

— 2/r/a ≤ k 2r/a, (15a) 

where a is the lattice constant ( for a cubic crystal al =a2 
=a3=a). 

The reciprocal lattice can be specified by a matrix 
B, analogous to A, such that 

rbiz 

1B = (11, 12, 13) 2s b2,, b2s (16) 

b3x b3„ b3, 

where the /i are integers. Then it follows from ( 15) that 

BA = 2r1 (17) 

where I is the unit matrix. 

We now introduce the free electron approximation by 
letting V=0 in ( 13). The solution in this case is 

u =- exp [— i(/B)•/], (18) 

and by substituting ( 18) into ( 13) for V 0, the energy 
values become 

E = (h2/2m)(k — /B)2. 

Combining ( 12) and ( 18), the wave functions are 

= exp [i(k — 1B)•r]. 

(19) 

(20) 

o H. Jones, "The Theory of Brillouin Zones and Electronic States 
in Crystals," North-Holland Publishing Co., Amsterdam, The Neth-
erlands; 1960. 

Fig. 4—The Brillouin zone for silicon and germanium. 

VI. THE APPLICATION TO TELLURIUM 

Tellurium is a semiconducting element lying in Col-
umn Via of the Periodic Table. The other members of 
this column are the insulators oxygen and sulfur, the 
semiconductor selenium, and polonium, a metal. Al-
though tellurium is not of much commercial importance 

at the moment, it has been studied extensively" and 
provides a reasonably simple example of the applica-
tion of group theory. 

The crystal structure and symmetry of tellurium are 
illustrated in Fig. 5. The atoms are arranged in spiral 

chains, with three atoms to each turn, so that the fourth 
atom in Fig. 5 lies directly over the first, the fifth is 
directly over the second, and so on. The chains are ar-
ranged to form hexagons, but the symmetry of the crys-
tal is trigonal because of the threefold nature of the 
chains. The spiral arrangements are called screw axes, 
since they are generated by combining a 120° rotation 

with a displacement of c/3 along the rotation axis. 
The symmetry operations of the tellurium lattice are 

very similar to the simple example of Section II. They 
are: 

1) E, the identity. 
2) C3, a 120° rotation about the z axis, followed by a 

translation c/3 along the axis. 
3) C32. 

4) C2('), a 180° rotation about the axis X(') of Fig. 

5(b), followed by a translation c/3. 
5) C2(2), a 180° rotation about X (2), followed by a 

translation 0. 

J. S. Blakemore, D. Long, K. C. Nomura, and A. Nussbaum, 
"Tellurium," in " Progress in Semiconductors," A. F. Gibson, Ed., 
Heywood and Co., London, England, vol. 6; 1962. 

7 A. Nussbaum and R. J. Hager, "Galvanomagnetic coefficients 
of single-crystal tellurium," Phys. Rev., N'ol. 123, pp. 1958-1964; 
September 15,1961. 
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(1) 
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• First atom in chain 

® Second atom n choin 

0 Third atom in chcin 

I - First nearest neighbor 

to 0 atom 
2 - Second nearest 

neighbor to 0 atom 
3 - Third neorest 

neighbor to 0 atom 

(b) 

Fig. 5—The crystal lattice of tellurium, showing (a) the lattice 
in perspective view and ( I)) an end view. 

6) C20), a 180° rotation about X (3 ), followed by a 

translation 2c/3. 

These six operations do not form a group, however, 
because of the screw axes. For example, C3C32 (or 
C32C3) is equivalent to a pure translation c, which is not 
listed above. We shall show shortly that group theory 

may nevertheless be applied. 
Using a and c to denote the lattice constants, as 

shown in Fig. 5, the matrices specifying the direct and 
reciprocal lattice are 

A = [a —a/2 0] 0 N'a/2 0 

0 0 e 

1., a 1/N/3a 0 

B = 22- 2/0a 0 (21) 

0 0 1/c 
[0  

and the Brillouin zone s illustrated in Fig. 6. The center 
of the zone is customi rily labelled P, and some other 
points and axes of symmetry are also labelled. The co-
ordinates of the symmetry points shown are F(0, 0, 0), 
:1(0, 0, r/c), and M(0, 2r,Y:i a, 0). Using B as given 
by (21), the wave functions and energies become 

ek= e(2,,ii<nuE-to. n-m+2/2)/sity+0/..)(t-iozi (22) 

Ria = (h2/2nta2)[(E — 11)2 ± In — (li ± 212)»%/31 2 

-I- (a /02(i" — 13)P, (23) 

where 

k = (21d a, 2771., a, 2r/c). 

Eq. (23) permits us to plot the E vs k curves for the free 
electron approximation. For example, along the à axis 

of Fig. 6, E = =0 and (23) reduces to 

E = (h2/2ma2)[42 + (11+ 2/2)2; 3 (a/c) 2(e — 12)1. ( 24) 

For tellurium, the value of (a/c is 0.75, and we can plot 

E vs E for various combinations of (II, /2, /3), as shown 
in the lower half of Fig. 7. Note that the curve for 
which E = 4/3 at = 0 has six possible sets of 1-values, 
the notation (01.0) being used for I = 0, /2= — 1, 12=0, 
and this energy curve is therefore sixfold degenerate. 
The valence electrons of tellurium have the configura-
tion 5s25p4, and since there are three nonequivalent 

atoms in a single turn of the spiral chain, this corre-
sponds to eighteen valence electrons. (These three 
atoms comprise what is known as a unit cell; by 
placing such an arrangement at each lattice point, we 
generate the tellurium crystal.) Considering spin al-
lows two electrons per energy level so that the ninth 
level from the bottom represents the valence band, thus 
determining the position of the forbidden gap which has 
been shaded in. A similar calculation gives the E vs k 
curves along the PM direction, shown in the upper half 
of the figure. The significance of the symbols along the 
edges will be explained shortly. 
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Fig. 6—The Brillouin zone for tellurium. 

I 2 .3 .4 5 I/1i 

F k ( IN UNITS OF 2 TT/0) 

(b) 

Fig. 7—The free electron energy bands for tellurium. 

.1 .2 .3 4 

(IN UNITS OF 211/c) A 

5 

VII . THE TIGHT-BINDING M ETHOD 

One of the earliest methods to be devised for calcu-
lating energy bands is the tight-binding or Bloch method, 

and group theory has been very useful in simplifying 
the associated analysis. To briefly explain this proce-
dure, following Dekker,8 we assume that the atoms in 
a lattice are so far apart that the behavior of an electron 
in the vicinity of any one of them is only slightly in-
fluenced by the nearest- neighbor atoms. Let a particular 
atom have a position-vector 12i, so that an electron at r 
will then have a position (r—R;) with respect to this 
atom. 

It is shown in standard texts" that the solutions to 
the Schroedinger equation ( 11) for a hydrogen atom 
have the form 

0, 41) = R„ i(r)I 1..(0, 4,), 
where r, 60, and ct> are spherical coordinates. For multi-
electron atoms, the assumption that the potential 

energy V is a function of r only leads to solutions like 
these, with the angular part being identical to that of 
hydrogen. Such solutions are called atomic orbitals, and 
the angular parts of the first few are expressed as 
follows: 

s = const 

p,— sin Oe'0 

Po cos 

sin (25) 

It is convenient at times to replace these p functions by 
normalized linear combinations, denoted by 

Px = (pi + p_o/N/2— sin 0 cos ct, 
Py = — i(pi — p_,)/-‘/— sin 0 sin y 

pz po— cos e z. (26) 

The five d functions can also be expressed as the linear 
combinations 01,5, dy„ d,x, (P, where the subscripts 
indicate the symmetries in the same way as they do for 
the p functions. These nine atomic orbitals are illus-
trated in Fig. 8. 

Denoting the atomic orbitals by 0(r —R;), we try a 
general solution 

= E exp ci5(r — R;), (27) 

where the sum is taken over all the atoms in the crystal. 
The form of (27) leads to the alternate name for the 
method: linear combination of atomic orbitals (LCAO). 

Multiplying ( 11) by the complex conjugate #: and 
integrating over all space gives 

f1Pk* [(— ii2/2m)\72 -1-1111,kdr E f 11,k*tincdr = 0. (28) 

8 A. J. Dekker, "Solid State Physics," Prentice-Hall, Inc., New 
York, N. Y.; 1957. 
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Fig. 8—Tlw s, p, and d :manic orbitals. 

\Ve separate F into two terms 

F(r) = 1/„(r — Ri) r(r — R1), (29) 

where is the potential energy which an electron 
would have in a single, isolated atom and 17' is the addi-
tional potential energy it acquires when the atom is 

incorporated into the crystal. The second integral on the 
left side of ( 28) involves the sum of products of atomic 
orbitals. [ sing the assumption that the atoms are 
widely spaced, the integrals involving functions cen-
tered around two different atoms will vanish. On the 
other hand, integrals in a single atom will re-
duce to unity if the orbitals are normalized, and since 

there are N such integrals, where N is the number of 
atoms, this term becomes EN. Similarly, substituting 

(29) into ( 28) gives a term NE„. This leaves only the 
integral involving 1- to be considered, and here we shall 
neglect all terms in the summation except those involv-

ing nearest neighbors, an inherent feature of the tight-
binding method. Define 

a = — xf 4,*(r — Ri)rt(r — Ri)dr 

= — N f — R„,) 1,"4/(r — Ri)dr, 

where j and m are neighbors and where the negative 
signs are used to make a and positive. If we assume 
for the moment that 4) is spherically symmetric, corre-

sponding to the s function of Fig. 8, then the e integrals 
are the same for all nearest neighbors. Using ( 29) and 
(30), (28) becomes 

E = E„ — a—aEexpl ik • (R., — R„,)1, (31) 

where the sum is over the nearest neighbors of atom j. 
As a simple example of the application of this result, 

consider a square lattice with lattice constant a. The 
nearest neighbors are then the four points (+ a, 0). 

(0, +a), and ( 29) reduces to 

E = E„ — a — 2e(cos ka ± cos ka). 

Since the constants do not affect the form of the relation 
between E and k, we can introduce a reduced energy 
E,, given by 

E, = ( E — E„ ± a) /2f) = - (cos kz.v ± cos kyy). 
Curves of le, vs ky for various values of Er are shown in 

Fig. 9. These curves are traces in the x, y plane of three-
dimensional energy surfaces, and we see that the sur-
faces close to the origin are spheres. 
The tight-binding method has been applied to tellu-

rium by Reitz,9 who took the p functions as those pri-
marily involved in the valence and conduction bands. 
For convenience, denote the functions 4) by 44=pr, 

02= PI), =p,. Then there are three expressions of the 
form 

E exp ik • RilcP,,(r — Ri) [n = 1, 2, 3], 

and the solution to the Schroedinger equation is taken as 

4.,k(r) = E B„ exp ik • Ri„10,,(r — (32) 
ri .s 

where the B„„ are constants to be determined, and the 

subscript s refers to a summation over the three non-
equivalent lattice sites in the unit cell. Again writing 
l'as 1'0+1", introducing 11/k above into the Schroedinger 
equation, and multiplying it in turn by 01*, 4)2*, and 
4)3* followed by an integration, we obtain nine homoge-
neous equations in the unknowns B„,. The condition 
for a solution to exist is that the determinant of the 

coefficients vanish, leading to what is known as the 
secular equation. As a first approximation towards solv-

ing this 9X9 determinant, Reitz made the simplifying 
assumption that the interbond angles between ajacent 
atoms in a chain were 90° instead of the true value 
102.6°. Referring to Fig. 10, we label the three atoms 
in a unit cell as A, B, and C and let Rx, 12,, and R,, de-

note the three nearest- neighbor directions, so that the 
lattice constant along the trigonal axis can be expressed 

C = — Rx R„ R,.. 

(30) 9 J. R. Reitz, " Electronic band structure of selenium and telluri-
um," Phys. Rev., vol. 105, pp. 1233-1240; February 15,1957. 
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0 0.5 1.0 1.5 2.0 2.5 3.0e 

Fig. 9—The constant-energy contours for the tight-binding 
method applied to the square lattice. 

-Rx + Rv 

Fig. 10—The tellurium chain assuming 90° bonds. 

We then orient the p functions so that they lie along the 
X, µ, and y axes. Because there are so many integrals of 
the form a and a, above, we use the special symbol 

VII ca„,) = fci)„* V'cldr. (33) 

Considering only nearest-neighbor integrals and denot-

ing the location of a function by a subscript , B, or C, 
the following are the integrals involving px functions: 

(NA I IP I pxA) = (pxc I," I 14C) 
(Pxnl V' I Pxn) 

(PxA I V' Pxn) = (Pall v'I PxA) 
= V'I Pte) = (Pxc vi I pxB) 

(PXCI pxA) = (NA I I"! px(,)• 

(34a) 

(34b) 

(34c) 

(34d) 

The relations among these integrals come from the fact 
that their values depend upon the relative orientation 
of the two p functions in each integrand. Since two 
different p functions are orthogonal, all terms of the 
form (P,,A VI pmA) vanish in this approximation, and 
the 9X9 determinant reduces to the form 

o 

O o 

0 10 

= 0, (35) 

where X denotes a 3X3 block involving px functions only 
and 0 denotes a 3X3 block composed entirely of zeros. 

Equating the X block separately to zero gives a cubic 
equation for E, which can be solved by making some 
further approximations. It is estimated that integrals of 
the form (pxn pxn) are about one third the magni-
tude of those like (pxAI VI pxc) and we assume that the 
integrals in (34a) and (34b) are the same. Introducing 
a relative energy ER by 

ER = E — E — (PxA I V' I 

and the abbreviation 

= (Px:t V' I Pxc), 

the secular equation becomes 

+ ( 11/9)ER cr2 (2/%3 cos kzc = 0. (36) 

The clotted curves of Fig. 11 show the three roots of 
this equation as a function of k„ The same set of curves 
will also come from the µ and y equations and the bands 
are said to be triply degenerate. This degeneracy can be 
removed by stretching the bond angles to their true 
value of 102.6°, which results in the introduction of 
additional integrals of the form (pxA I rlp mR) into the 
secular equation. Reitz has solved this 9X9 equation by 
making further approximations and obtained the solid 
curves of Fig. 11. In this diagram, we have added the s 

bands based on the free electron approximation of Sec-
tion V, and the forbidden gap is located as previously 

described. 
This 9X9 determinant can also be broken down into 

smaller ones by the methods of group theory, and this 
has been done by Asendorf,'° who obtained essentially 
the same results as Reitz. The method for doing this 
will be described in Section VIII, using an example 

which is much easier to handle than tellurium. 

'° R. N. Asendorf, "A Group Theoretical Approach to the Band 
Structure of Tellurium," Ph.D. dissertation, University of Pennsyl-
vania, Philadelphia, Pa.; 1956. 
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o 
kz 

Fig. 11—The energy bands for tellurium based on 
the tight-binding a pproNiinat ion. 

• cu 
o Zn 

Fig. I2—The beta-brass simple cubic lattice. 

Vi 1 l. SIMPLIFICATION OF TIIE 

SECULAR DETERMINANT 

Group theory has been applied to the secular deter-
minant arising in a tight- binding calculation for beta-
brass by Amsterdam." This alloy in its ideal form con-

sists of equal numbers of copper and zinc atoms, with a 
o- } p unit cell as shown in Fig. 12. Although this particular 

example is a metal, the method is essentially the same 
as for semiconductors, and we shall use it because of its 

simplicity. The unit cell contains one zinc atom and the 
} 5P equivalent of one copper atom, and the lattice is simple 

cubic, with one atom of each kind assigned to every lat-
tice point. 

Consider a cube with its center located at the origin 
of a set of coordinates OXYZ and its edges parallel to 
the axes. If we label the eight corners . 1 through H, we 

can see that the group of symmetry operations has 48 
elements, as follows: 

r/c 

} 5 p 
Operation! :Multiplicity: I)escript ion 

E 1 The identity 

C4 6 90° rotation about a coordinate axis 

C4' 3 

6 

180° rotation about a coordinate axis 

180° rotation about an axis of the type 
x=-y. z=0 

8 

6 

./C42 3 

6 

8 

120° rotation about a cube diagonal 

Inversion through the center 

Combination 
of J :.111(1 the 
rotations 
above. 

\Ve can set up a multiplication table for these 48 

operations like that of Table I and it will be found that 

each of the ten types listed above constitutes a class. 
To find the representations and the character table as 
we did in Section IV is a tedious process, but fortunately 

it is possible to determine the character system for the 
irreducible representations without explicitly knowing 

the matrices in these representations. The method is 
given by Nlargenau and Murphy!' and can be explained 
by referring to Table I. If we denote the three classes in 
this group by 

Kt= E; K2 = B, C; D, 

then we see, for example, that 

u M. F. Amsterdam, "The Band Structure of Beta-Brass," Ph. D. 
dissertation, Temple University, Philadelphia, Pa.; 1958.. 

12 H. Margenau and G. M. Murphy, "The Mathematics of Physics 
and Chemistry," D. Van Nostrand Co., Inc., New York, N. Y., 1-943: 
a proof will be found in M. Hamermesh, "Group Theory and Its 
Applications, - Addison-Wesley Publishing Co., Reading, Mass., 
1962. 
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TABLE IV 

CHARACTER SYSTEM FOR THE CUBIC GROUP 

E 3C42 6C4 6C2 8C3 

r, 

1'2 —1 

ri2 2 

3 

2 o o —1 

3 —1 

12' 

2 

3 

3 

— 

—1 

2 o o 

o 

o 

—1 

—t —1 

—1 —1 

o 

o 

1 

1 

2 

3 

3 

—1 

—1 

3.1C42 6JC4 6JC2 8JC3 
Associated 
Functions 

.s 

—1 

2 

—1 

o 

—1 

— 

—1 

—1 

o (1,2, d,2_ 

o 

—2 —2 

—3 

o 

o 

—1 

d„, d,, d,, 

—1 

o 

—1 

—3 —1 

o 

o 

p. pu. 

K2K3 = (A, B, C)(D, F) 

= ( B, C, A, C, A, B) = 2K2. 

Similarly 

or, in general 

K22 = 3K, ± 3K3 

K32 = 2K1 + K3 

etc., 

KiKk = K,K, = E (37) 

Now let xk be a character associated with class k and let 

rk be the number of elements in this class. Then it can 
be seen from Table III that 

so that 

rirkx,xk = xi E hikeix; (38) 

3.3x22 = xl[3- 1.xt ± 3. 2.x3] 

4)(32 = xi[2xi 1x3] 

6x2x3 = 6x1x3• (39) 

The characters xi are 1, 1, and 2. Substituting these 
values in turn into (37), we find that x2 and x3 are as 
given in Table III, thus verifying (38). 

\Ve can work in the opposite direction and determine 
the character system by realizing that the operation E 
will always be in a class by itself and the characters asso-
ciated with any matrix representing E will equal the 
dimensionality !?; of that representation, since E has the 
form [Sii ], where Si.; is the Kronecker delta. Hence, 
from ( 10), the sum of the squares of the characters xi 
must equal the order of the group, and the values can 
be found by trial and error. For example, for the cube, 
we have ten classes and 48 operations, so that the char-

TABLE V 

SYMMETRY OPERATIONS OF TliE CUBIC GROUP 

E xyz. 

3C32 .f9z, x5t, 4J. 

6C4 5,x2, yft, 

6C2 yx±, 

8C3 sxy, yz.v, 

xey, f:yx. 

.ezy, sî , î, Sfy. 

z.fy, yzx, f.fy, .9zf, zxy, yie. 

acters xi for E are determined by 

12 + 12 + 12 + 12 + 22 + + 32 + 32 + 32 + 32 = 48 

and this is the only combination of 10 integers whose 
squares add up to 48. Substituting these in turn into 
(38) gives the characters of Table IV, as taken from 
Bouckaert, Smoluchowski, and Wigner.n (The peculiar 
notation for designating the representations will be ex-
plained shortly.) An interesting feature of character 
tables involving the inversion operator is that, if it is 
divided into four blocks as shown by the dotted lines, 
three are identical and the fourth one is the negative of 
the others. This considerably simplifies the computa-
tion of the characters. 
Some of these representations can have atomic orbi-

tals associated with them. To see how this comes about, 
we use a line of reasoning given by Jones,5 and consider 
the effect of the cubic symmetry operations on an arbi-
trary point with coordinates x, y, z. For C4, for example, 
a 90° rotation about the OZ axis will convert x, y, z into 
either — y, cc, z (which we will denote by yxz) or into ytz, 
and the inversion J on xyz gives y, The results of 
all 48 operations are summarized in Table V, where the 
entries for the processes involving J are obtained by 
simply reversing all three signs. 

13 L. P. Bouckaert, R. Smoluchowski, and E. Wigner, "Theory of 
Brillouin zones and symmetry properties of wave functions in crys-
tals," Phys. Rev., vol: 50, pp. 58-67; July 1, 1936. 
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A reducible representation can be generated in terms 

of xyz, as was done in connection with (5). For example, 
the matrix E must have a character of 3 and any one 
of the twee matrices for Ci2 will have a character of — 1, 

since two of the coordinates are converted into their 
negatives and the third one stays the sa ille, so that the 
matrix must have the form 

1 0 01 

0-1 0 

10 0 — 1, 

X 

Y 

The full set of reducible characters is then 3, — 1, 1, — 
0, — 3, I, — 1, 1, 0, which we see is identical to the repre-
sentation of Table IV. Since the orbitals pz, py, p: are 
proportional to .v, y, z, respectively, we say that the set 
of triply-degenerate p functions belongs to the represen-
tation Pu. Using the same arguments, the completely 
symmetric s orbital belongs to F1, and by considering 
the behavior of the products, we can show that d„, d„,, 

belong to F25, and d,2, d.,2_„2 belong to F. This infor-
maticm is summarized in Table IV. The d functions 
bring up another interesting point: in the free atom they 
correspond to a fivefold degenerate level, but in a cubic 
crystal, the d state has been split into a twofold and a 

threefold state. This phenomenon is known as crystal 
field splitting. 
So far, we have been considering the symmetry of the 

direct lattice. Let us turn now to the Brillouin zone, as 
shown in Fig. 13, which is also simple cubic. The points 
and axes of high symmetry are labelled and we shall be 
interested in the character tables corresponding to the 
1. axis. Along this axis, for which k,=k„ and k:=0, there 
are only four symmetry operations in the group, and the 
associated coordinate transformations are 

xyz 

C2 ysE 

./C42 xyf 

JC9 yxz. 

The character table (Table VI) can then be determined 
by the method described above. For the point P on the 
axis, the character table is Table IV, as determined for 
the cubic group in direct space. The point if at the 
other end of the axis is of lower symmetry than r but 
higher than the axis; we shall not give its character table 
since it is not needed here. 

Returning now to beta-brass, Amsterdam" bases his 
tight-binding calculation on the use of d functions since 
both Cu and Zn have ten 3d valence electrons. He also 
neglects Zit — Zn nearest- neighbor interaction, since 
the distance between these two atoms in the alloy is 

smaller than between two Cu atoms or between Cu-Zn 
neighbors. The integrals of the form (OM 11 4)„,) are 
more complicated than those in (34), since the lines 

Fig. 13—The Brillouin zone for the simple cubic crystal. 

r, 

E 

1 

TABLE VI 

C2 C42 fC2 
Associated 
d Function 

—1 —1 

—1 —1 1 
—1 1 —1 %.2 

joining two nearest-neighbor atoms do not lie parallel 
tci the coordinate axes. It has been shown by Slater and 
Koster" that some of these integrals vanish for geometric 
reasons. Applying (27) as we did for the square lattice, 
it is found that (xy I V' yz), for example, is converted 
into an expression involving sin k,a. Since k.= 0 along the 
axis kx=k„, this integral vanishes. (\Ve remind the read-
er that this example refers to the r, axis.) Using letters to 
denote the integrals, the nonvanishing elements in the 

secular equation are 

(xyc 1,"'I s)'r) = G 

(yze i'l yz(') = Cue V' xs,c) = /I 

(x9 y e 2 I r I x2 yc2) = K 

(ze2 = L 

(xyz ,xyz) = (yzz I " I )'zz) = (z.rz I V' I zsz) 
= (x2 3 9) I r I x2 yz2) (zz2 I r I zz2) 

(Aye r lys) = cryz I " I :rya = (yz e I I" I yzz) 
= zxe I 1'1 za.z) = 

x" — yc2 I I" I — yz') = z I "I zz') = N 
(yze I " z.vz) = P 

(lye l r I zz2) = Q. 

D 

(40) 

" J. C. Slater and G. F. Koster, "Simplified LCAO method for the 
periodic potential problem," Phys. Rev., vol. 94, pp. 1498-1524; 
June 15, 1954. 
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We then set up the secular 10 X10 equation as fol-

lows: 

xy 

yz 

Zn < zx 

x2 —y2 

z 2 

xy yz 

Cu 

zx x2— y2 z 2 

Zn 

xy yz ZX x 2 _ y 2 22 

G—E M 

M P 

Q 

H —E 

H —E P M 

K— E N 

N L —E 

Q 

Q 

M D — E 

M P D — E 

P M D — E 

N D —E 

Q N D — E 

where the initial order of the rows and columns is arbi-
trary, E is the energy with respect to some convenient 
origin, and all elements not shown are zero. Rearranging 
rows and columns, this equation becomes 

Xyc Xyz zc2 2z 2 
. 

X - — Ye- I 2 — YZ2 YZC YZz XZe X2z 

G — E M Q 

M D—EQ 

Q L—E 

N 

N 
i 

Q D— E 

K — E N 

N D— E 

H —E 

M 

M 

D — E 

P 

P H—EM 

P M D — E 

=0, (41) 

=0. (42) 
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TABLE VI I 

SYMMETRY OPERATIONS FOR THE /: Axis OF THE 
SIMPLE CUBIC BRILLOUIN ZONE 

xyz 

yx2 

yyf 

yxz. 

TABLE VIII 
THE QUANTITIES RO FOR THE SIMPLE CUBIC BRILLO! IN ZONE 

Xy 

yz 

E C2 

Xy 

-yz 

./C,2 JC, 

Xy 

x2 _ y2 x2 - y 2 -(x2 _ y2) I x2 _ y2 

z2 
1 z2 

The 4X4 subdeterminant in the lower right-hand corner 
of this determinant can be further simplified by the use 
of group theory. To understand the technique, let us 
return to the arguments leading to the last column of 
Table IV. It is possible to obtain the same results by 
using a theorem from group theory which states that 
the function (Pi' associated with the ith irreducible rep-
resentation can be obtained from the atomic orbitals 4) 
by the relation 

C E x(R)R, (43) 

where x,(R) is the character associated with the oper-
ator R and C is a constant. For example, for p.„ Table V 
shows 

E 

ri: = 1(pz) + 1(- pi) + 1(p.,) + 1(- + etc. = 

1'25: = 3(/).,) — 1(- px) - 1(pr) — 1(—ps.)— etc. = 

F15 : (i51 = 3(ps) — 1(—ps.) — 1(ps) — 1(—ps.)+ etc. = 8ps. 

All representations except 1'i give 0(p,.), and similar re-
sults are obtained with p„ and p„ verifying Table VI. 

Turning 110W to the operations of Table VI and the 

five d functions, Table VII gives the results correspond-
ing to Table V, and from this information, we obtain 
the quantities RO of Table VIII. From Tables V and 
VIII we see that (43) gives for the representation II 

xy: 1(xy) 1(yx) ± 1 (xy) 1(yx) = 4xy 

yz: 1 (yz) ± 1( — sz) ± 1( — yz) 1(x,z; = 0 

.vz: 1(xz) ± 1( — yz) ± 1( — xz) 1(vz,i = 

x2 — y2: 1(.0 — y2) + 1(y2 — x2) + 1 (x2 — y2) 

1( ..y2 — x2) = 0 

z2: 1(z2) 1(z2) 1(z2) 1(z2) = 4z2. 

Hence, xy and z' belong to ri, but this representation is 
no! degenerate (this point w... be clarified  at the end of 
this section). Similarly, we find the other results in the 
last column of Table VI, and we note that group theory 
has converted our five individual d functions into five 
linear combinations. Further, the functions belonging 
to different irreducible representations do not produce 

any elements in the secular determinant: that is, they 
are said not to mix. To see this, consider for example the 
integral (yz -- xzel V' yz -1-xzc). Then 

(yz — xze I V' yz xze) = (yze V' j yzc) — ( xze V'jxze) 

(yze V' — (xzc r j Yzc) 

and by (40), this expression vanishes. On the other hand, 

by similarly expanding, we see that 

(yz xsc I V' yz, = 211 

and 

(yz + xzeIV'I,vz + xzz) = 2M + 21'. 

Dropping the factors of 2, the secular equation now 

becomes 
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.Vye Xyz z c2 zz2 x2— yc- X — yz- xz+yze xz+yzz xz—yzc xz—yzz 

1777 

G—E M 

D—E Q 

Q N 

11 — E .11+P 

.11+1' D—E 

H—E 

M — P 

M — P 

D—E 

 —› 4--- E 4 —+  --> I 4--  —+ 

The application of group theory has thus reduced one 
of the 4X4 subdeterminants into a pair of 2 X2 de-
terminants, and this is as far as the theory takes us in 

this direction. 
We note that this example is in accord with (9). The 

five d functions form a reducible representation, with 
characters as follows: 

so that 

and 

E C2 JC42 JC2 

x 5 1 1 1 

nk = [ E  xxk./4] 

ni = 2, n2 = 1, = 1, n4 = 1, 

so that the irreducible representation II is contained 
twice in the reducible representation and the other three 
are contained once. We note that the character for E in 

any irreducible representation automatically gives the 
degeneracy, and in the case of we must therefore 
have two nonclegenerate states, rather than a single 

doubly-degenerate one. 

IX. Tin.: N E RIX-FREE ELECTRON APPROXIMATION 

As we pointed out in the previous section, the presence 

of a cubic crystalline field splits the fivefold d function 
level into a t °fold and a threefold leve l. si m ilarly, if 

we consider the energies we have determined for the 

free electron approximation and examine what happens 
when a crystal field of a given symmetry is applied, we 

=0. (44) 

would again expect the removal of some of the degener-

acies and perturbations of the original energies. Group 
theory can tell us what the resultant degeneracies will 
be and we will return to tellurium as an example. 

In our introductory discussion on symmetry, we con-
sidered the effect of various operations on the atoms 
which lie in direct space. In reciprocal space, however, 
what we are concerned with is the effect of the sym-
metry operations on the wave functions as well as the 
atoms. At the top of the 13rillouin zone, point . 1 (0, 0, 

ir/c) of Fig. 6, a wave function of the form ( 12) will be 

ek(z) = el"uk(z). (45) 

If we now perform the operation C3 on this function 
three times, z becomes z+c, and 

elo'+')uk(z) = — 

since uk is periodic with period r and 
= 

A second such operation returns 11/k to its original value, 
and hence at this point in the Brillouin zone, we have 
an additional symmetry element 7, a displacement of c 
along the z axis, such that 

T2 = E. (46) 

The operations and classes associated with this special 
point are then indicated on the top and side of Table 
IX, which is the multiplication table for this group of 
twelve elements and six classes. To see how this table is 
established, consider the two operations T and C20 . In 
Fig. 14(a) there is shown a single turn of a chain with 
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the three levels in the c direction labelled 0, 1, and 2. 
This denotes their height above the xy plane as 0, T/3 
and 2T/3, respectively. The corresponding atoms are 
labelled A, B, and C. Now consider the effect of the two 
operations T and C2(') on the lattice. The result of T is 
shown in Fig. 14(b), where the new levels are denoted 
3, 4, and 5 to indicate that each atom has moved a dis-
tance 31/3 along the z axis. Applying G2(1) to this ar-
rangement gives the result shown in Fig. 14(c). Now, 
going in reverse order, C2(1) produces Fig. 14(b') and the 
inverse T-' of T once again gives Fig. 14(c) so that 

C2 (1)T = T-iC20). 

From this we may easily show that 

TC20)T = T-1C2 (1)T-'. 

This result, however, can also be obtained from the as-
sumption that 

or 

T2 = E 

T = T-'. 

This, then, verifies (46). 
From the Cayley table we can determine the char-

acter table just as we have done before, and this is given 
by Table X. Before discussing this, consider the func-
tion (45) at the origin r. Then we have simply 

eo(z) = uo(z) 

TABLE IX 

MULTIPLICATION TABLE FOR THE SPACE GROUP OF TELLURIUM 

First Operation 

K1 K2 K3 K4 K3 li, 

E  T 

T 

C3 

C3 

TC32 

T C32 

('32 TC3 C2(1) TC2 (2) TC2 (3) TC2 (') 

TC2(1) 

C2 (2) 

C2(2) 

C2' 3) 

oe 
..„..,,., 

g. 
CD 

1:1 

eC  

Ki E E  C32 TC3 

C3 

C2'> 

T C2 (1) 

TC2 (2) 

C2 (2) 

TC2 (3) C2 (2) 

K3 T T  E  TC3 C32 T C32 

T 

C2 (3) ('.(') TC2(2) T C2(2) 

T C2 (2) 

C.2") 

TC2 (') 

K3 

C3 C3 

TC3 2 

T C3 (32 E  TC32 C2 (3) T('3(1) C2 (2) T C2(3) 

TC2 (2) 

C2 (2) 

C2 M  

TC32 C32 E  TC3 C3 T C3(2  C2 (3) TC2 (1) TC213) 

C2 (2) 
K4 

C32 C32 TC, 2 T C3 TC3 E  TC2 (2) TC2 (3) 

C2 (I) 

TC3 

C3(') 

TC3 TC3 C3 TC32 T  E  C32 TC2 (3) 

E  

TC2 (2) 

C32 

C2 (3) 

T 

TC32 

TC2 .1) 

C3 

T 

C2 (2) 

T C32 

C3 
K3 

C2") C2 (1) TC20) 

C2(2) 

C2 (2) C2 (3) TC2(3) TC2 (2) 

T C2(2) T C2(2) ('2 (3) TC2(1) 

C2 32) 

TC2 (3> 

C2(1) T '.2" C3 2 E  

C32 

C3 

TC3 

TC2 ( 2) TC2 42) C2 M  TC2 ( I) T C2(2) 

C2 (3) 

TC2(1) 

C2 (1 ' 

C2 (2) 

T C3 

T 

E  C3 T C32 T 

K, 

TC3 ('' TC2 (1) C2(') TC2 (2) TC32 

C3 

E  TC3 ('32 

C3 (2) C2(2) TC2 (2) TC2 (3) C3" ) C2(3) TC32 T C32 E  

C1 2 

TC3 

E 
( 333) n,s, TC: (2) C231) T C2 (2) (2 (2) rC2(" C.3 TC32 T TC3 

e-* 

ê ( b') 

Fig. 14—The geometrical proof that T 2 = E. 

12 

TABLE X 

CHARACTER TABLE FOR THE POINTS A AND Ì  

(For the point 1', the operation T is deleted) 

C. 

E TC22 

C20) 

TC2(2) 

TC20) 

TC2 (1) 

TC3 C2( 2) 

T ca2 c2(3) 

1 1 1 

1 1 -1 

, -1 o 

1 

1 

2 

-1 

o 

1 1 

1 1 —1 

2 —1 0 

—1 1 -1 

—1 1 1 

—2 —1 



1962 Nussbaum: Group Theory and Energy Band Structure 1779 

and the operation 1 is equivalent to E. Therefore, the 
character table for the point 1' is the upper left-hand 

corner of the table for the point . 1 and we notice that it 
has the same structure as Table Ill. Thus, at the origin 

of the Brillouin zone, the screw axis does not enter the 
analysis, whereas at the top, it doubles the size of the 

group. 
Next, let us examine the situation along the à axis, 

excluding the end-points I' and . 1. Suppose for the mo-

ment that the only symmetry associated with an arbi-
trary point along this axis is the translational symmetry 
of the lattice. We can find the characters for the trans-

lational operation by considering a one-dimensional 
chain of N atoms bent into a circle to insure that the 
lattice is completely periodic. The only symmetry opera-
tion is the translation T from one atom to its neighbor, 

so that the group consists of E, 7', 7'2, • , TN-1, and 
Tx = E. This group is commutative or abelian; that is, 

= T"T" for every m and n. It is simple to show 
that for such a group, every element is in a class by it-

self. Hence, all the representations are one-dimensional 
and there are N of them. If D(T) denotes the determi-

nants in the representations, they must obey 

(T) = 1 

and the solutions to this equation are 

D(T) = "N = ewhIN 

where 

/ = 0, 1, 2, • • • , X — 1. 

Hence the representations are 

E T T2 • 

ro 
FI 

F1 e(N-OrilIN 

(47) 

(48) 

and this is also the character table, since all the repre-

sentations are oile-dimensional. 
The above result shows that all the representations 

can be expressed in the form exp [27ri/'N]. This can be 

rewritten as 

exp [2.7ria(1' Na)] = exp (ikR) 

where a is the lattice constant and 

k = 271/ Na, R = la. 

(49) 

(50) 

To see the origin of (50), we apply the condition that 

the wave function ( 12) must also obey the cyclic bound-
ary conditions, so that 

e'nr+Neu(t• Na) = eik•ru(x) 

or 

or 

eikNn = 

k = 211-1/ X a 

Using the definition ( 15) of the reciprocal lattice, ab = 2r, 

and defining R=la as a typical displacement, verifies 
(49). 
Along the à axis of tellurium, we have both transla-

tional and rotational symmetry. Considering first the ro-
tational part, the symmetry operations are a 120° rota-
tion, a 240° rotation, and a 360° rotation (equivalent to 
the unity operation). These three operations form a com-

mutative group and, by the procedure outlined above. 

we call determine the characters to be the cube roots of 
unity, which are 1, co, and co', where co -= exp ( 27ri/3). The 
translational characters, from (49), have the form 1, 6, 
and 62, where ô = exp (ikR). It is shown in group theory 
that the characters for the two types of operations 

can be combined by direct multiplication, leading to 
Table XI. 

TABLE XI 

CHARACTER TABLE FOR THE Axis 

=  o = ,, ikft) 

E 

a 02 

LV. 

cob 

,20 ,202 

In applying this table, we must introduce the addi-

tional concept of compatibility, which has the following 
meaning. The symmetry of the wave functions at F and 
at some adjacent point on the axis must bear some 

relation to one another, since it is necessary that the 
functions be continuous in the Brillouin zone. The sym-

metry along the axis should be similar to, but of lower 
order than, that at the center. The connection between 

the functions at and along the axis is given by the rule 
(which we shall not prove) that the sum of the char-
acters of the compatible representations along the axis 

be equal to the corresponding characters at the center. 
For example, Tables IV and V show that the characters 
of rq, 2, and ro3 add up to equal the characters of l'25' 
for the four operations E, C2, JC42, and JC2. This means 

that the triply-degenerate energy level at I' is split into 
three nondegenerate levels as soon as we move out onto 
the axis. The basis of this rule, as given by Jones," is 
that a 3 X3 irreducible representation at I' mav become 

reducible along the axis, which is of lower symmetry. 
However, even though the associated 3X3 matrix can 
be transformed into three 1 X1 matrices, the trace or 
character is invariant, so that the sum of the new char-
acters must equal the original. 
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The compatibility relations for tellurium are some-
what complicated to obtain because of the dual nature 
of the characters. At r, the quantity ô in Table XI is 
unity, so that co co+ 2 = co2 + co = _ 1. It is then seen that 

A21-A3 corresponds to r3, which we designate by 

1'3—> A2 + A3. 

At A, we have k=7/c and the translation R corresponds 
to c/3, so that 

=  e i(.1 ,)( e/3) = ei2r16. 

The character table for this particular point is then 

E C3 C32 

Z12 

A3 

1 

1 

1 

eril6 

e 2ril2 

e5ri/6 

e2' j/3 

34ri/3 

4ri 

It is then easy to verify the compatibility relations of 
Table XII. 

TABLE X I I 

COMPATIBILITY RELATIONS FOR â AND AXES 

The functions we shall use for tellurium are those of 
(22). As an example, consider the functions at r for 
!= (001) or (001), which are then 

= e2rizic. 

In applying formula (43) at this point, we need consider 
only the six symmetry operations of Table I and can 
ignore the screw displacements, as we have already 
shown. 

However, the twofold degeneracy of r3 makes it nec-
essary to use the complete representations in Table II 
rather than the characters (this is about the only in-
stance where it is necessary to know the matrices ex-
plicitly). Let 

= e2'i'i" = 0, 

cep = e2'i( '+' 13) ic = 4)2 = (41 
(co = e2ri/3) 

C324/ = 433 = 40201 

C2("IP = 04 = 

C2 (2)11, = 05 = 0/04 

c2 (3)e = 06 = W204) 

e 2ri(-z-f-r13) 

then 

(61' = 14,1 + 102 + 103 ± 14)4 105 — 456 = 

so that no function goes with PI. Similarly, nothing goes 
with r2, and for F3 we find the two linear combinations 

= i0I: 02/2 — 03/2 + — 05. 2 — 06/2 

+ 43i — 44 + 44). 

It is interesting to note that, although Table X is ob-
tained from Table IX in the usual fashion (the six 
classes producing a 6X6 character table), only the last 
three representations AI, A2, A3 will be found to have 
associated functions at the point A, and only the first 
three will have functions at P. Hence, the character 
table for the point r is automatically generated when 
we find the larger one for the point A. 

In Fig. 15 we show that the two curves labelled (001) 
and (001) of the free electron approximation (Fig. 7) 
retain their twofold degeneracy when we apply the 
crystalline field of tellurium to produce the nearly-free 
approximation. Note, however, that the crystal field 
removes the degeneracy at the intersection of the (001) 
and (002) curve for the point J. The higher-energy 
curves in Fig. 15 are sketches based on the curves of 
Fig. 7 plus the use of the compatibility relations. For our 
example, Table XII shows that F3 2+3 and A3—s1 

so that the curve joining F3 and A3 can only be-
long to ,à3. 

The energy bands for tellurium given in this figure 
are seen to differ considerably from those of Reitz ( Fig. 
11). For example, we show the maxima in both the 
valence and conduction bands as lying about halfway 
along the à axis, rather than at the top. This means, as 

r. 

r2 

r3 

F3 

A •r 

M2 

M2 

/2 M 
_1À 

M I 

M I 
M2 

II 

Fig. I5—The band structure of tellurium for the 
nearly-free electron approximation. 

M, 

M2 
 - M I 
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shown by Hernian, that the energy surfaces are ellip-
soidal and the symmetry of the crystal requires the 

presence of six ellipsoids per band. The connection be-
tween this structure and the electrical and optical prop-
erties of tellurium is discussed in detail by Nussbaum 
and Hager,7 and similarly, Herman' has discussed ger-

manium and silicon. 
Finally, we should mention that the band structures 

calculated by Herman were obtained by a method which 

is more accurate than those discussed here. In place of 

using atomic orbitals, the solution which is tried is of 
the form 

k E exp { i(h k) • r:, 
h 

where 

h = 11.26.. -I- 1:3133, 

and the b, are the primitive vectors of the reciprocal 
lattice. These functions have the form of plane waves 

and the procedure is called the method of orthogonalized 
plane waves (OM). Once again, group theory is used to 
determine the linear combinations of proper symmetry 
and also to simplify the secular determinant. An exam-
ple of a calculation for the point I' in the diamond lat-

tice is given by Mariot." 

1,. Nlariot, "Groupes Finis se Symétrie et Recherche de Solu-
tions de L' Equation de Schriklinger. 4 Dunod, Paris, France; 1959. 

X. CoNci.t-sioN 

In this paper, we have shown how group theory can 

be applied to energy band calculations in two different 
ways: 

1) To simplify the evaluation of secular (leterminants, 
2) -ro determine the degeneracies of energy bands. 
On looking back at our discussion, it will be seen that 

group theory does not give quantitative answers; it 
merely assists in their determinati(m. For the simple 
example of a secular determinant we have given here, 
group theory has made only a small contribution to-
wards reducing the labor involved in the calculation. 
However, in the case of silicon and germanium and for 
materials still under study, it plays an important role 
in the band structure determination. Further, for the 

element tellurium, it has been possible to determine 
some of the general features of the bands without com-

plex calculations. 
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Injection Currents in Insulators* 

MURRAY A. LAMPERTt 

Summary—The basic principles of one- and two-carrier, volume-
controlled injection currents are reviewed. One-carrier injected 
currents are necessarily space-charge-limited and are strongly 
affected by the presence of traps which usually capture and im-

mobilize most of the injected carriers. The trapped carriers are in an 
effective thermal equilibrium with the free injected carriers. The 
concepts of " shallow" and "deep" traps are defined and their 
effects on injected currents studied. It is shown that the presence of 
"deep" traps leads to a very steep rise of current with voltage, re-
sembling a breakdown curve, at an appropriate voltage. Under double 
injection, that is, the simultaneous injection into the insulator of elec-
trons from a cathode and holes from an anode, space-charge limita-

* Received March 27, 1962; revised manuscript received May 11. 
1962. This paper is an expanded version of a talk given at the 1961 
Solid State Devices Research Conference, Stanford University, Palo 
Alto, Calif. 
t RCA Laboratories, Princeton, N. .1. 

lions are at least partially overcome but recombination of injected 
carriers presents a new limitation on the current flow. In any insu-
lator at sufficiently high injection levels both recombination and space 
charge contribute to limitation of the current, leading to a dependence 
of current on the cube of the voltage, for monomolecular recombi-
nation processes. For double injection into a semiconductor, the 
presence of thermally generated free carriers leads to charge neu-
trality (the so-called ohmic relaxation process) and recombination 
alone limits the current. In a semiconductor long compared to a 
diffusion length this leads to a dependence of current on the square 
of the voltage. In the general case of double injection into an insu-
lator the localized defect states (traps and recombination centers) 
outnumber the injected free carriers, leading to electron and hole 
lifetimes which differ greatly and also vary strongly with injection 
levels. A simple model of an insulator is analyzed in which the hole 
lifetime increases strongly with injection level. It is shown that this 
leads to a marked negative resistance. 
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I. INTRODUCTION 

/NSULATORS have the vital and pervasive role in electronics of furnishing electrical insulation, that 
is, of not conducting current under an applied 

voltage. Under the circumstances they would not appear 
to be promising candidates for the active component in 
electronic devices.' Nonetheless when the modern, or 
energy-band, theory of the electronic structure of solids 
emerged from the application of quantum mechanics to 
solid-state physics, it became clear that, in principle, it 
should be possible to obtain injection of electrons from 
a suitable contact into an insulator in a manner closely 
analogous to their injection from a thermionic cathode 
into vacuum. One would then expect to observe SCL 
(space-charge-limited) flow of the injected electrons in 
the insulator, and, indeed, over the past decade there 
have been many observations of SCL current flow in 
many different insulators. Moreover, because of the 
inevitable presence of chemical impurities and struc-
tural defects in materials, the observed behavior of the 
SCL currents in insulators is much richer in complexity 
than that of SCL currents flowing out of a thermionic 
cathode into the "structure-less" vacuum. 

In an insulator or semiconductor the positively 
charged holes are also available as current carriers. 
With a suitable contact, hole injection into an insula-
tor is possible with concomitant SCL flow of the in-
jected holes. The one-carrier SCL hole currents in an 
insulator exhibit the same range of behavior as the 
corresponding one-carrier SCL electron currents. 

Current flow in insulators need not be limited to 
carriers of only one sign of charge. Indeed, suitable con-
tacts to an insulator may be available which favor elec-
tron injection into the conduction band at the cathode 
and, simultaneously, hole injection into the valence band 
at the anode. In the resulting two-carrier current flow, 
a major limitation on one-carrier current flow, namely 
space charge, is to some degree circumvented; the in-
jected electrons and holes can largely neutralize each 
other.' On the other hand an entirely new kind of limita-
tion is introduced loss of current carriers. The injected 

Of course it has been known for many decades that the con-
ductivity of insulators can be drastically increased by illuminating 
them with light of sufficiently high frequency. We are not contœrned 
here with this photoconductive behavior of materials. 

2 For the vacuum diode, it was shown by I. Langmuir ("The 
Interaction of Electron and Positive Ion Space Charges in Cathode 
Sheaths," vol. 33, pp. 954-989; June, 1929) that the simultaneous 
emission of electrons from the cathode and positive ions from the 
anode does not lead to a total current I substantially larger than the 
one-carrier, electron SCL current I, as given by Child's law. Indeed 
the maximum possible value of ///., for a planar diode, is 3.7. The 
reason why only limited space-charge neutralization, and therefore 
limited current enhancement, are achieved in this case is that in the 
vacuum diode the carrier drift velocity depends on the potential dif-
ference the carrier has traversed. Thus, where carriers of one sign are 
drifting slowly and therefore have high density, near their emitting 
electrode, the carriers of opposite sign are drifting at high velocity 
and have low density. In a solid, on the other hand, carrier drift 
velocity is proportional to the local electric field intensit V. Thus, both 
electrons and holes drift slowly in regions of low field intensity and 
there is maximum opportunity for mutual neutralization. Corre-
spondingly there can be much greater current enhancement from the 
presence of carriers of both signs of charge. 

electrons and holes can mutually recombine before they 

complete their respective transits between cathode and 
anode. Because of these new features, the resultant be-
havior of two-carrier, or double-injection, currents in 
insulators is substantially more complex and richer in 

diversity than the behavior of one-carrier SCL currents. 
It is the purpose of this article to review the physical 

principles underlying the behavior of one- and two-
carrier injection currents in insulators. Both the theoret-
ical and the practical state of the insulator have reached 
the point where we can now be optimistic about the 
fabrication of active insulator devices based on current 
injection [ 11— [6 ]. It is the growing interest in insulator 
devices which, we feel, makes this review of basic prin-
ciples timely. 
The scheme of the paper is as follows: In Section II 

we review the domain of one-carrier SCL currents. We 

first discuss the insulator analog to the vacuum diode, 
namely the trap-free insulator. Next we consider the 
effect of thermally generated free carriers on the current 

flow. Then we show how the presence of traps affects the 
injected current, first for the case of shallow trapping 
and then for deep trapping. In Section Ill we consider 
double-injection currents under conditions where both 
recombination and space charge limit the current. Such 
would be the base in any insulator at sufficiently high 
injection levels. In Section IV we study double injection 
under semiconductor-like conditions in which the 
density of free carriers present initially is sufficiently 
high to permit charge neutralization of the injected 
carriers (ohmic relaxation). These currents are therefore 
purely recombination-limited. The discussion in Sec-
tions III and IV is confined to those situations in which 

the injected free carriers exceed the number of defect 
states in the insulator (the injected plasma case) and in 
which the free-carrier lifetime is a constant, independent 
of (or slowly varying with) injection level. Next, in 

Section V we proceed to the more general double-injec-
tion case where the defect states outnumber the injected 
free carriers and therefore in which the electron and 
hole lifetimes can differ greatly and also vary strongly 
with injection level. A simple model of an insulator is 

analyzed to illustrate this behavior. A particularly in-
teresting result, from the standpoint of device applica-
tions, is the presence of a marked negative resistance in 
the current-voltage characteristic originating in a carrier 
lifetime which increases with injection level. 

The discussion throughout is confined to volume-
controlled currents, that is, to currents which are in no 
way constrained at the contacts. Concomitantly we 
neglect diffusion currents, assuming rather that purely 
field-driven currents provide an adequate description of 
the current flow. Since diffusion currents are normally 

relatively large near the injecting contacts, our analysis 
presupposes a sufficiently large separation between 

cathode and anode; just how large is discussed briefly 
in the text at the appropriate places. 

\Ve shall assume on the reader's part at least some 
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familiarity with those concepts of modern solid-state 
theory which have become working tools of the trade 
for those engaged in solid-state device work. These con-

" cepts include energy bands, localized defect states, 
trapping, recombination, mobility, Fermi level, etc. We 

shall not assume any familiarity with the characteristic 
electronic properties and behavior of insulators. For the 
purpose of this paper an insulator is distinguished from 
a semiconductor by virtue of having a relatively small 
ii tituber of free carriers, in thermal equilibrimn, coin-
pared to its number of localized defect states. 
Throughout we shall use mks units, unless otherwise 

specified. Further we shall confine our discussion to 
configurations supporting one-dimensional current flow. 
Finally we shall discuss only steady, de current flow. 
Although ac and transient conditions bring in further 
complications, they do not change the underlying phys-
cal mechanisms which are simpler to think about for 
steady-state dc currents. 
The discussion throughout will employ a minimum 

of mathematics. Where in a few instances it has seemed 
convenient to write down the differential equations 
appropriate to the injection problem, these equations 
will be solved only in an approximate manner by simple 
dimensional analysis. That is, derivatives like (In 

dn dx2 will be replaced by fi/L, fi, L2 respectively, 
where ei is a suitable average of n and L is the cathode-
anode spacing. Where this procedure has been used, be-

. low, the results so obtained have, in each case, been 
confirmed by rigorous mathematical solution of the 
differential equations. 

IL ONE-CARRIER SCL CURRENTS 

For the sake of definiteness we discuss electron cur-
rents. 
The conceptual basis for carrier injection in solids is 

easily established by inspection of simple energy-band 
diagrams. Fig. 1(a) shows a metal-vacuum contact and 

1(b) an electron-injecting, metal-insulator contact, 
both contacts being in thermal equilibrium ( no applied 
voltage). 77 is the Fermi level, EVA(' the lowest vacuum 
level, and E,. the lowest conduction-band level. Around 
1940, I\ lott and Gurney 171 made the important ob-
servation that t-ie metal- vacuum and injecting metal-
insulator contact are really very similar, as we see com-

paring the two figures. Electrons will ' boil off" from the 
metal into the conduction band of the insulator just as 
they do from the heated cathode into vacuum. Further, 
the activation energy step 4) at the metal-insulator con-
tact can be substantially smaller than the corresponding 
work function IV for the metal-vacuum contact. As a 
result, even at room temperature or lower there may be 

a sufficient number of electrons available at the contact 
to support SCL current flow in the insulator. Fig. 1(b) 
depicts a highly idealized model of an insulator, namely 
one free of electron traps. In 1955 Rose [8] made the 
important observation that the localized defect states 
inevitably present in the forbidden gap of any real 
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Fig. 1--tiehematie energy-band diagrams for injecting I ontacts: (a) 
metal-vacuum, ( h) metal-insulator ( free of traps), ( e) Metal-
insulator ( containing trapsh (d) metal-insulator under :applied 
voltage. Diagrams (a)-(c correspond to thermal equilibrium ( no 
ttpplie(I voltage). 

insulator, for example at levels Et and E., in Fig. 1(c), 
may strongly affect the SC1, current flow. Those local-

ized states which are initially empty ' states at Em in 
Fig. 1(c)j, if sufficiently numerous, will capture most of 
the injected electrons and thereby drast wally reduce the 
current from its trap-free value. Fig 1(d) shows the 
contact of Fig. 1(c) under an applied voltage, the con-
tact being negative. just in the thermioic vacuum 
tube under SCL current- flow conditions, there is a 
potential minimum, or energy maximum (at position 
.v t,), near the contact in In hot h cases this poten-

tial minimum is the hallmark of complete space-charge 
limitation of a one-carrier current. 

The Perfect Insulator 

We first derive the current-voltage characteristic for 
the simplest possible situation, namely the perfect in-
sulator, free of traps and with no (or negligible) free 

carriers in thermal equilibrium. This is the closest solid-
state analog to the thermionic vacuum diode. All in-
jected electrons remain free and all contribute to space 

charge, as in the vacuum case. The current density J, 
which is constant wit h position, may be written as 

-/ = p(x)r(x) e (1) 

with p(x) the charge density at x, 13 the average charge 
density, v(x) the free-carrier drift velocity at x, and i the 
average drift velocity. As mentioned earlier, diffusion-
current flow is neglected. 

Total charge Q (per unit area) and applied voltage V 

are related, in the usual fashion,' via the capacitance C 

3 The reader might well question our use of the geometric value 
e /I. for the capacitance C, since the injected space charge is smoothly 
distributed between cathode and anode rather than concentrated 
near the cathode. Nonetheless, it has been shown by the author 191 
that, under very general conditions including electron trapping, field-
dependence of the mobility, etc., an error of at most a factor of two is 
made through this approximation, for one-dimensional problems. 
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(per unit area): 

Q =  = CV E — V (2) 

where L is the cathode-anode spacing and we have taken 
for C its geometric value e/L, E being the static dielec-
tric constant. Combining ( 2) and ( 1), we obtain 

J c_•••2• — • 
L2 

(3) 

The free-carrier drift velocity, dominated by frequent 
collisions, is given by the product of the free-carrier 
mobility M and the electric field intensity g: 

v(x) = 
V 

g=  -É" = g— • (4) 

Combining (3) and (4) we obtain the desired current-
voltage characteristic: 

V 2 

012 — • 

L3 
(5) 

The more rigorous result, first obtained by Mott and 
Gurney [7], differs from (5) only through the presence of 
the multiplicative, numerical factor 9/8. Note that the 
result (3) is still useful even at high fields where (4) 
no longer holds, that is, where the mobility is field-
dependent. One need only know the functional form 
of the dependence of t on V to obtain, from (3), the 
J- V characteristic. 

Eqs. ( 1), ( 2) and (3) are clearly not restricted to cur-
rent flow in solids. It is instructive to apply these ap-
proximate arguments to the thermionic vacuum diode. 
In this case electrons move freely, without collisions, and 
their drift velocity at x is related to the potential differ-
ence V(x) they have fallen through rather than to the 
local field at x, as in (4): 

4/ -2eV(x) 
v(x) •••••••• 4/- 

e 
(6) 

where e and m are the charge and mass respectively of 
the electron, and V = V(L). 

Substituting for t from (6) into (3), we obtain 

V e V" 
j o 

m L2 
(7) 

where e has been replaced by eo, the dielectric constant 
of vacuum. 
The correct result, the famous Child's law, differs 

from ( 7) only through the presence of the multiplicative, 
numerical factor 4-V2/9-0.63. 

The above results, (5) and ( 7), show the power and 
usefulness of the simple, approximate arguments intro-
duced by Rose [8], if one is willing to sacrifice some 
accuracy in a numerical coefficient. The error incurred 
usually does not exceed a factor of two. In the current 
state of insulator technology greater accuracy in 
theoretical results is generally not required. 
A further point to be noted is that a theory based 

on purely field-driven currents, ( 1), cannot furnish a 
sensible description of the physical situation near the 
injecting cathode. For, at the potential minimum (en-
ergy maximum), xm in Fig. 1(d), the field vanishes and 
the current must therefore be a pure diffusion current. 
To the left of xm the actual current J is the differ-
ence between opposing diffusion and field-driven cur-
rents, the former being dominant. To the right of xm the 
two currents add to give J; however the diffusion con-
tribution is negligible beyond x=2xm. Therefore all of 
the results of this section are valid only for those situa-
tions in which the cathode-anode spacing L sub-
stantially exceeds the width w.----12xm of the contact 
region. In the current state of insulator technology w 
will generally not exceed 1 II, its value for a rather pure 
insulator (impurity state density of about 10'5 cm-3). 
The higher the impurity content, the smaller will w be. 
This limitation on the range of validity of a simple 
current-flow theory for solids has its analog in vacuum-
tube theory. The simple Child's law, ( 7), for the 
thermionic diode breaks down when the anode is close 
to the potential minimum and a more refined treatment 
taking account of the velocity distribution of the elec-
trons is needed. 

B. The Trap- Free Insulator with Free Carriers Present 
in Thermal Equilibrium 

The next step in complexity is the inclusion of the 
thermally generated free carriers, density no, in the 
problem. Here experience tells us that Ohm's law 

V 
= enog—, (8) 

will be observed at low voltages. This is quite plausible 
in the light of the injection theory presented above. For 
although at any voltage V, however small, there will be 
excess charge injected into the insulator, given by (2), 
there cannot be significant departures from Ohm's law 
until the injected, excess, free-carrier density n becomes 
comparable to the thermally generated, hence neutral-
ized, carrier density no. Thus the transition from Ohm's 
law (8) to the Mott-Gurney law (5) will take place, 
roughly, at the voltage Vir determined by 

enoL = Qi„; = CV tr =- — Vtr• (9) 

Simple algebraic manipulation of (9) gives the sig-
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nificant relation elite = L2/ i.1 Fir. Thus the transition is 

characterized by 

en01,2 

e 
tir = lu (10) 

where tu =El/elite is the well-known ohmic (or dielectric) 
relaxation time and tl,=1,2/µ171, is the carrier transit 
time between cathode and anode at voltage Vb.. 

(L2/µ17,,=L/i,,, with V,,/L). Thus the injected 

excess carriers dominate the thermally generated ones 
when the transit time for the excess carriers is too short 
for their charge to be relaxed by the thermal carriers. 

It is easily checked that the relation ( 10), derived on 
the physical basis (9), also corresponds simply to the 
voltage where Ohm's law (8) crosses the Mott-Gurney 
law (5). 

C. The Insulator with Traps 

As pointed out earlier, the presence of traps will 

generally result in a greatly reduced current since 
those traps initially empty will capture, and thereby 
immobilize, most of the injected carriers. This capture 
of carriers by the traps in the steady state is conven-

iently analyzed via the concept of the steady-state 
Fermi level. In thermal equilibrium the free electron 
densit y no is given by the familiar expression 

77 
no = exp - (11) 

kT 

with Ar, the effective density of states in the conduction 
band, T' the thermodynamic Fermi level, E,. the bottom 
conduction-band level, and kT thermal energy. Here 

we are assuming nondegenerate statistics for the elec-
trons in the conduction band, which is, of course, ap-
propriate for insulators. The occupancy nco of the elec-
tron traps at level Et, Fig. 2(a), is given by the familiar 
Fermi-Dirac expression 

.V, 
I1 e =   

1 E, — 17 
1 + - - exp   

kl' 

(12) 

where N, is the density of traps and g the degeneracy 
factor for the traps (g is generally a small integer, e.g., 
g= 2 in the simplest case). Clearly this equilibrium trap 
occupancy results from a balance between capture of 

electrons into the traps, the downward arrow, and their 
thermal re-emission into the conduction band, the up-
ward arrow. Now, a very important point for the devel-
opment of the theory is the fact that the presence of a 

moderate electric field will not affect these elementary 
microscopic processes of electron capture and thermal 
re-emission. Therefore, in the presence of the applied 
field, if it is not too strong, the balance between free 
and trapped electrons is altered only through the change 
in free-electron density n accompanying injection, as in-

dicated schematically in Fig. 2(b). Therefore, at each 

position x, the balance between free and trapped electrons 
is reached as if the crystal were in thermal equilibrium, 
only with a free-carrier density n(x) instead of no. The 
corresponding Fermi level F„(x) us called the electron 

steady-state Fermi level, abbreviated ESSFL, and is 
related to n(x), by definition, exactly as T' is related to 
no in ( 11) namely 

n(x) = .V. ex!) 
— Ec 

kT 
(13) 

F„(x) now appears in the Fermi-Dirac expression de-
termining trap occupancy ni(x): 

n ( x) = 
1 F, — 1,'„(x) 

1  
g kT 

X, 

1 X ; 
1+ --

g n(x) 

— E, 
= .V, exp  

kT 
(14) 

and the traps are said to be in quasi-thermal equilibrium 

with the free carriers. The second expression for ni(x) in 

(14) is obtained by simple alegbraic manipulation using 
(13), the quantity N being introduced as a matter of 
con venience. 

• Ec 

— — Et 

F 

• 

— Et 

- En 

(a) (h) 

Fig. 2 —Fermi levels: ( a) thermodynamic equilibrium; the true Fermi 
level P, ( b) carrier injection under an applied voltage; the 
ESSFI. F„. Solid circles denote electrons. 

Some pertinent elementary properties of the Fermi-

Dirac occupation function follow simply upon inspec-
tion of ( 14). First, so long as F„ lies below E, by more 
than kT, 1+ N gn (x) N/gn(x), the traps are said to be 

"shallow," and the ratio of free to trapped electron 
densities is a constant O independent of n(x): 

— F„(x) n(x) X 
  > 1; = - = O. (15) 
kT ni(x) gX, 

Those shallow traps are important for which 0«1, 
for many more injected electrons are immobilized in 

such traps than are free. The dominant set of shallow 
traps is that for which O is the smallest, 0=0s. Of the 

total injected charge Q=CV, only the small portion 
OsQ is free to carry current. It is now easily verified, re-

peating the simplified arguments of Section I I-A under 
this new condition, that the same square-law dependence 
of current on voltage is obtained as for the trap-free 
case, (5), only reduced by the constant Os: 
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shallow trapping: 

V2 
J Beg— • 

L3 
(16) 

If there are free carriers, density no, in thermal equi-

librium, then Ohm's law, ( 8) will be followed at low 
voltages. The transition voltage Vt, to the square law 

(16) will now be 1/0s times the transition voltage for 
the trap-free case ( 10), since in doubling the free-carrier 
density through injection, the shallow-trapped, excess, 

injected-electron density must be no/Os: 

shallow trapping: 

enoL2 
V tr (17) 

OsE 

If F„ lies above Et by more than lei', 1+N/gn(x)-, 1, 
the traps are said to be "deep," and they are filled with 
electrons: 

deep trapping: 

F„(x) — 
  > 1; nt(x)r>2 X. (18) 
kT 

"Shallow" and "deep" are relative designations which 
depend on the injection level. As the injection level in-
creases, F„ moves up in the forbidden gap towards the 
conduction band. When it moves through a trap level, 
the trap, which had been shallow, becomes deep. 
The current-voltage characteristic is profoundly 

affected by the crossing of a trap level by the SSFL, 
that is, by the filling of a set of traps. In order to see 
this, consider, for example, the situation illustrated in 
Fig. 2(a) where there is a single set of traps at level Et. 
Further, assume that the thermodynamic Fermi level 
7% lies just below Et: Et—F<kT. The onset of injection 
occurs, as always, when the applied voltage is sufficient 
to double the density of free carriers, that is, when 
ll•-.2-2no. From ( 13), this corresponds to upward motion 
of F„ by about kT. Thus F„ has moved through the 
trap level Et, and the traps are now full. The correspond-
ing voltage VTFL, determined, as usual, from QTFL 

=eNtL=CVm., is given by 

traps-filled-limit voltage: 

tL2 
VTFL   

o 
(19) 

In the present case, VTFL coincides with the voltage at 
which the transition from Ohm's law to SCL current 
flow takes place, If now the applied voltage is doubled, 
V= 21'T FL, the injected charge must likewise be doubled, 

Q(2 VTFL) = 2Q-flu. Since the traps were already filled 
at the voltage VTFL, the additional injected charge, 
Q(2 VTFL ) Q( VTFL) = Q(17TFLeN,L must all appear 
in the conduction band. We have then for the ratio of 
the currents at the two voltages 

J(2VTFL) 211(2VTF1.) Nt 

J(VTFL) u(VTFL) no 

where n(V) denotes the total free-electron density, in-
jected plus thermal, at voltage V. Because Et—F<kr, 
n(VTFL)-->22no (coincidence here of VTFL and Vtr). The 
additional factor of two appears in the numerator of the 
middle expression in (20) because the applied field is 
doubled when the voltage is doubled. The ratio Nt/no 
may easily be many powers of ten in insulators. \Ve see 
then that a factor of two change in voltage, following 
the filling of a set of traps, many produce an enormous 
change in current. 
The complete current-voltage characteristic for this 

case is shown schematically, curve labelled I, in the 
log-log plot of Fig. 3. The very steep ( near-vertical) 
portion of the characteristic is called the TFL (traps-
filled-limit) law. At voltages V> 2 VTFL, the total num-
ber of injected electrons exceeds the total number of 
traps and so the J- V curve merges with the trap-free 
square-law curve as shown. 

If, in Fig. 2(a), T' lies well below Et, Et—F>>kT, then 
in the earlier stages of injection the traps are shallow 
and the modified square law ( 16) is followed, as indi-
cated schematically by the curve labelled II in Fig. 3. 
The transition voltage 17t,,n for the Ohm's-law/square-
law transition for this case is given by (17). At the 
voltage VTFL the ESSFL crosses Et, the traps are filled, 
and curve II merges with the TFL law. 

(20) 

TRAP- FREE 
— SQUARE LAW 

L- OG J 

TFL 
LAW 

OHM'S 
LAW 

I ti  

LOG V VTFL 

Fig. 3—Prototype current density-voltage characteristics for one-
carrier SCI. currents. 

If the traps are effectively absent in Fig. 2(a), 
Nt<no, then there are only the two branches: Ohm's law 
and the Trap-Free square law. The transition voltage 

for this case is given by ( 10). 
For purposes of illustration we have confined our 

discussion to the specific case of a single, discrete set of 
traps. A more detailed treatment of this problem, in-
cluding the complete analytical solution, is given in a 
paper by the author [9]. In insulators which are not 
highly purified it is likely that there will be trap dis-
tributions spread out in energy over certain regions of 
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the forbidden gap. The current-voltage characteristics 
for some typical distributions are derived in the pioneer-
ing paper of Rose [8]. One-carrier SCL current flow in 
depletion regions of semiconductors has been studied, 
both theoretically [ 10] and experimentally [ lit some-

what earlier. Since our interest is focused on insulators 
we have not discussed this work here. 

Observations of steady-state, one-carrier SCI, cur-
rents have been made on single crystals [ 12] and evap-
orated layers [ 13] of CdS, single crystals of 7,11S [ 14] 
and high resistivity GaAs [ 15], and on amorphous 
Se [ 16], [ 11 wit h similar results as illustrated in Fig. 3. 

Recently transient one-carrier SC1, currents have been 
reported in molecular crystals, namely ant hracene [ 17] 
and iodine [ 18] and other organic crystals [ 17b ]. A 

theory for these transient SC1, currents has also been 
presented [ 17b ]. [ 18a ] and [ 19]. Experimental devices 
based on one-carrier SCI. current how have been re-

ported by several authors [3], [ 13], [ 161)1, [It [201. 

Ill. Dot•tu.E-INJEcTi()N CuRRENTs LuurrED 
BY REcomiuNATu)N .\ Nu SPAcE CHARGE 

The first double-injection problem we shall study is 
the relatively simple one illustrated schematically in 
Fig. 4. The thermally generated free electron and hole 

densities, no and Po respectively, are assumed small 
enough to be negligible. On the other hand the injected 
electron and hole densities, n and p respectively, are 
assumed to exceed greatly the total density of traps and 
recombination centers, that is of all localized defect 

(chemical and structural) states Ard.d in the forbidden 
gap. Under these conditions the injected electrons and 
holes approximately neutralize each other: nr-,, p, and ill 

effect a plasma of mobile electrons and holes is injected 
into the insulator. Although the carriers immobilized in 
the defect states are too few to affect directly the cur-
rent-voltage characteristic, the defect states at least 
the recombination centers still play a vital role to the 
extent that they control the recombination of the in-

jected electrons and holes. 

Fig. 4 . 1)ouble injection into an insulator. Ndef denotes the total 
density of localized defect states ( chemical arid structural) in the 
forbidden gap. 

We proceed to the solution of the problem. For the 

current density J we llave, in place of ( 1), the contribu-
tions of both electrons and holes: 

.1 = e(nr„ pv„) efi(i,„ (21) 

where a bar over a quantity denotes the value of that 
quantity evaluated at the mid-plane of the solid, 

x = L/2. This is a representative, or average, value for 
the quantity. Here and throughout, subscripts n and p 
refer to electrons and holes respectively. In taking 
à =p we are taking cognizance of the approximate 
neutrality of the injected plasma. 
The drift velocities i)„, are directly related to the 

applied voltage; thus at low or moderate fields, it. 
F L, and correspondingly for It remains to 

relate ft to F. The key to this latter relationship lies in 

the relatively small departure from charge neutrality 
over the body of the plasma. The departure must be 

small when the plasma density n is large compared with 
the space-charge density CV/eL that can be supported 
by the applied voltage 1". Our discussion is restricted to 
this situation. A reasonable estimate of the fraction f of 
the total number efiL of injected carriers which is un-
neutralized is f--“I„-Fip)/i-, where is the common, 
average lifetime for the injected electrons and holes, and 
7„, ip are their respective, average transit times. That is, 
the total space charge Q distributed over the volume of 

the plasma is Q-,-eilL(i„-1-4,)/i, as the electrons and 
holes, injected at opposite electrodes, must trasverse a 

finite distance to reach and neutralize each other. The 
smaller the lifetime, the greater is the attrition of carriers 

through mutual recombination, hence the greater will 
be the departure from neutrality. Conversely, the 
smaller the transit times, the more carriers can survive 
in the face of recombination to achieve neutralization. 

The simplest measure of these opposing, competitive 
tendencies is just the ratio: transit time/lifetime. 
Additivity of the ratios and i/i corresponds to the 

fact that the electrons and holes are injected at opposite 
electrodes and drift in opposing senses. This entire 
picture of an approximately neutral, injected plasma is 
self-consistent only if i„./i-«1 and 
The above argument can be sharpened up a bit by 

making the reasonable approximation that the attrition 
of carriers due to recombination can be represented by 

.i; — x 
n(x) exp   

L - - 

— 
p(x) P exp - 

VpT 

— .t1 
1 — 

L 

L i„ 
•i„i• 

L 

(2 9 ) 

where Î = L '2. The linear variations of n and p with x 
in ( 22) are represented by the two dashed straight lines 

in Fig. 5(a). These straight lines are approximations to 
presumed variations of n and p represented by the solid 
lines. From the opposite signs of the slopes of the two 
lines, it is obvious that where the electrons are in excess, 
n> fi, the holes are deficient, p < fi, and conversely. For 
this reason the space charge Q i„/H-ip/i- as suggested 

above. From ( 22) it follows that the uncompensated 
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Fig. 5—Injected free-carrier distributions for double injection into 
an insulator, in the limit of high injection levels: (a) naive ap-
proximation, ( b) actual distributions (schemati('). 

charge density over the body of the plasma is given by 

— 
e(it — p) efI( „ T.„)   (23) 

The total uncompensated charge of one sign is the in-
tegral of ( 23): 

I Q = e f ._  (n — p)dx eti(T•„ T•p) — 
o 8 

e 
= CV = — V. (24) 

The quantity Q_1/e is just the triangular area, from 
x=0 to x = = L/2, between the two clashed straight 
lines in Fig. 5(a). Over-all neutrality of the solid, neces-
sitated by a theory of purely field-driven, double-injec-

tion currents if both contacts are idealized, injecting 
ones (i; = 0 at both contacts) requires that I =Q+ 

=eLL(p—n)dx. That is, the left-hand triangular area 
in Fig. 5(a) must equal the right-hand triangular area. 
Clearly this requires = L/2, as we have chosen above. 

Eq. (24) gives the sought-after relation between n and 
V: 

8EiVi L,5, ) 
ft e,- •     I. (25) 

eL3 \ti.d- 

Combining (21) and (25) we obtain the current-voltage 
characteristic: 

V V3 
J 8eif,„fp 48€.41,4ip —L5 • 

L' 
(26) 

The second expression in ( 26) is the "low-field" approxi-
mation: ii=12V/L. A special case (equal mobilities) was 
earlier derived by Rose [21] using similar arguments. 
A more complete discussion of the problem, along the 
above lines, has been given by the author [22]. The 
"low-field" case has been solved rigorously 1231, the 
same result as (26) being obtained except that the 

numerical coefficient 8 is replaced by 125/18=6.94. As 
in the one-carrier SCL current problem, the approxi-

mate result obtained by simple, " physical" reasoning is 

in excellent agreement with the exact solution. 
If the average common lifetime is a constant, in-

dependent of injection level, the solution is complete. If 
varies with injection level, =i(ti), (26) is still useful, 

that is, approximately correct. However, it still remains 

to eliminate the density-dependent from the solution. 
As an interesting illustration, consider the case of bi-
molecular recombination: i=1/api, a = trreip with irr 
thermal velocity and (TB the bimolecular recombination 
cross section. The lifetime can now be eliminated from 
(26) using ( 25), the final result being 

2t (L,!3,,(5,, + "711/2 V1/2 

L 3/2 

{11,4402. ± el 112 V 2 

L' 
(27) 

withgo= ea/2e. The second expression in ( 27), to which we 
restrict the further discussion, is the "low-field" approxi-
mation, the mobilities and bp„ being constant and equal 
to their low-field values. 

The quantity ipo was first introduced by Parmenter 
and Ruppel [24] and called by them the "recombination 
mobility." The conditions -”<< 1, T'„«1 which must be 

satisfied if the above treatment is to be valid, are easily 

shown to be equivalent to the conditions 04/14 1/2>>1 
and (1.1,/µ0)">>1. Since these latter conditions are in-
dependent of applied voltage, so likewise must be the 
transit time-to-lifetime ratios T'„ and Under these 

saine conditions, Parameter and Ruppel [24] have 
solved the " low-field" bimolecular-recombination, dou-
ble-injection problem rigorously, obtaining the same 
result as ( 27), only with the numerical factor 2 replaced 

by 3N/2T/4=1.89. The close agreement of (27) with 
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the exact result is particularly significant because it 
shows that even in a problem where the lifetime varies 
explicitly with free-carrier density, hence with position, 
the use of just the average lifetime gives excellent re-
sults. This is, of course, not fortuitous; rather it is a 

reflection of the fact that when a plasma is injected into 
a solid the electric field intensity and therefore other 
local characteristics and properties of the plasma do not 
vary strongly with position over the volume of the solid, 
that is, away from the immediate vicinity of the con-

tacts. When one of the carriers is largely captured by 
recombination centers, this need no longer be true, as 
we shall see in Section V. 
Assuming for the sake of definiteness that bi„≥µ,, 

then ( 27), for the " low-field" case, can be rewritten as 

J 2„ 'l I/2 V2 

--_-• Eja --1- — • (28) 
Ile/ L3 

Comparing ( 28) to (5) we see that the double-injection 
current-voltage characteristic differs from that for one-

carrier SCE, current flow (traps being negligible in both 
cases) only through the enhancement factor 2(/µ0) 112. 

For a reasonable value of o-R, namely cr is ez--10-" cm2, 1.40 is 
very small, namely ye-40-5 cm 2/volt sec. [This very 
small value for 1.40 ensures the validity of ( 27)1 In this 

case, charge neutralization produces a current enhance-
ment on the order of 103 to 104 over that allowed under 
the complete space-charge limitation of a one-carrier 

current. 
Having shown that the simplified " physical" argu-

ments give remarkably good results for the currents, it 
behooves us now to point out that the carrier density 

distributions given by (22) and the simplified picture of 
Fig. 5(a) based on them, are not quite correct! The 
correct free-carrier density distributions are illustrated 
in Fig. 5(b). The combined requirements of (approxi-

mate) charge neutrality and particle conservation do 
not permit the simple monotonic variations of n and p 
implied by (22) and shown in Fig. 5(a). The reason that 
the " physical" argument gives the correct answer is that 
the separate equations in (22) are nowhere used in the 

derivation! Only the difference between these equations, 
which gives the space-charge density, namely ( 23), is 

used, and this latter equation is indeed a good approxi-
mation. The triangular areas in Fig. 5(a) quite closely 

approximate the semilunate areas between the correct 
n and p curves in Fig. 5(b)! It is easily seen that the 
approximately correct space-charge distribution in Fig. 

5(a) actually implies the separate free-carrier distribu-

tions as given in Fig. 5(b). From this space-charge 
distribution it follows that the electric field intensity is a 

maximum in the center, being zero at both ends. From 
approximate conservation of the separate electron and 
hole currents, the recombination current being relatively 
small, the free-carrier densities necessarily follow the 

inverse of the field intensity and therefore have the 
distribution pattern of Fig. 5(b). 

A final word is in order on the domain of injection 
levels over which (26) is valid. Since the theory is based 
on the assumption of an injected plasma, n. p, it is 
clearly a high-injection-level theory n>>Nder, as pointed 
out earlier in this section. Actually, the important role 
that space charge plays in the derivation, ( 24), enables 
us to state more precisely the validity condition, 
namely Q=CIT-•e17,1L>eNdefL. Thus the onset voltage 
17,high for this high-injection-level regime is given by 

Vt. r igh ="-

eXdoiL2 

E 
(29) 

where Ndor is the total density of electronically active 
defect states, including shallow donors and acceptors, 
deeper-lying traps and recombination centers. In using 
(26) in this high-injection-level regime, it is of course 
desirable, where the lifetime depends on injection 
level, to eliminate from the equation. To do this it is 
obviously necessary to know the specific functional 
dependence of i on ii, as for example, in the bimolecu-
lar case discussed above, 

\Ve next study the effect of a " large" density of 
thermally generated free carriers on current flow, under 
double injection. 

IV. DOUBLE-INJECTION CURRENTS LIMITED ONLY BY 
RECOMBINATIoN; SPACE CHARGE RELAXED THROUGH 

THE PRESEN( k OF THERMAL FREE CARRIERS (DOUBLE 
INJECTION INT() A SEmicoNoucToR) 

Although our primary interest in this article is in-
sulators, it is not only instructive, but also directly 

useful to study- the problem of double injection into a. 
semiconductor. For there are situations in which a 

high-resistance insulator will be converted into an 
extrinsic- like semiconductor under double injection. 
Such is the case, for example, in the insulator problem 
studied in the following Section V. 
The problem we shall study in this section is that il-

lustrated in Fig. 6, namely double injection into an 
n-type semiconductor. This problem represents the 
next step in complexity beyond that treated in Section 
Ill and differs from die latter problem only through 

the presence of a large density of thermaay generated 
free carriers. In both problems the free-carrier lifetimes 
are assumed to be constant, independent of position. 
In Fig. 6 the contacts shown are an n+-n junction for 
the electron-injecting contact and a p-n junction for 
the hole-injecting contact, as opposed to the metal-

insulator contacts in Fig. 4. These differences are in-
consequential for a theory of purely field-driven current 
flow which, in any case, idealizes the contacts. 

At very high injection levels, that is, at voltages 
V> Vt,.. higi, defined by (29), the thermal free carriers 
can be neglected, and the previous result, ( 26), cor-
rectly describes the dependence of current on voltage. 
At lower voltages, V< Vtr.bigh, the main physical effect 
of the thermal free carriers is that of producing neu-
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Fig. 6—Double injection into an n-tvpe semiconductor from n+-n 
and p-n junction cont:u•ts. Nb, NA, Nu denote donor, acceptor 
and recombination centers respectively. F is the Fermi level. 

tralization of injected charge. Consequently space 
charge plays no role in determining the current-voltage 

characteristic; the current is purely recombination-
limited. Clearly then the effects of recombination on 
the current must be studied very carefully. Unfor-

tunately, the author has found these effects to be rather 
subtle and, to date, not amenable to quite so simple, 
approximate, physical analyses as have worked for the 
simpler problems discussed up to this point. Indeed it 
appears to be necessary to write down the differential 
equations governing the current How in order to proceed 
with a sensible discussion. A saving grace, perhaps, is 

that at least it is not necessary to obtain rigorous solu-
tions of the equations to obtain the desired results; 

approximate solutions obtained by inspection, using 
simple dimensional analysis, suffice. The complete 
equations, including diffusion, which define the problem 
are: the electron and hole current-flow equations, 

1 
— J„ = ¿i,, (n no)F, — D„— 
e dx 

1 dp 
e - = ,.,,( p + po)e, + D, 

dx, 

= J„ .1„; 

(30a) 

(30b) 

the Poisson equation ( neglecting changes in occupancy 
of localized, e.g., recombination, centers), 

e de, 
— — = n — p; 
e dx 

and the particle conservation equations, 

1 (1-1„ _ 
e dx 

= r 

1 dJ„ 
—_ 

e dx 

r = — = — • 
rer 

(31) 

(32a) 

(32b) 

Multiplying (32b) by b =14/ µ„, and adding (32a) to the 
result using (30a) and (30b) gives 

dC kT d' 
—d [(p — n)g1— (no — po) d—x+ —e —dx' + 
dx 

(b 1)r = (b 1)n =  (b + 1)p 

etprp 
(33) 

In the above equations, J„J, are the electron and hole 
current densities respectively; n and p are the injected, 
excess electrons and holes respectively, no and po the 
corresponding thermally generated densities; g is the 
electric field intensity; /2„ and Pp are the electron and 

hole mobilities respectively, D„ and D, the correspond-
ing diffusion constants, e.g., D„ = krg„/e with k Boltz-
mann's constant, T the temperature in degrees Kelvin, 
e the electronic charge; x is the position coordinate; r 

is the recombination rate density; r„ and rp are the 
electron and hole lifetimes respectively. 

Eq. (33) is particularly useful for comparison of the 
different current-flow regimes. Earlier theories of 

double injection into semiconductors [251—[281 treated 
short n-i-p structures in which the current flow is con-
trolled by one or both junctions (contacts) as well as 
by volume recombination. Of the three terms on the 
left-hand side of (33) these theories ignore the first 
two, take n= p in the third term (hence r„ = r =r), and 
thereby obtain the well-known diffusion solution, with 
an effective diffusion length L,.ff = (2D „r / (b + 1)) 112. 

Note that in obtaining this diffusion solution the field 
terms are neglected only in ( 33). The field terms are 
retained in (30a) and (30b), and indeed these terms are 
used, in conjunction with the diffusion solution to ob-
tain the field intensity distribution. The diffusion 
solution, which yields an exponential dependence of 
current on voltage at low voltages, gives a square-law 

dependence at higher voltages [27]. This square law 
is unrelated to that characterizing the semiconductor 
regime, (38) below. 

Although the diffusion term in ( 33) will generally be 
dominant near the contacts, in a sample which is many 
diffusion lengths long the magnitude of this term drops 

off exponentially, with a characteristic fall-off distance 
equal to a diffusion length, going away from a contact. 

Therefore in such a long sample the field terms in (33) 
will be dominant over most of the sample. Here we 

simplify the situation somewhat and neglect the dif-
fusion term altogether. Likewise we neglect the diffu-
sion contributions to the separate currents, (30a) and 
(3013). 

In the field-dominated problem defined by the sim-
pler equations neglecting diffusion there will be three 

separate regimes in the current-voltage characteristic. 
First, it is obvious that until relatively high injection 
levels are reached, that is, until n p> no, Po, the cur-
rent-voltage characteristic is simply Ohm's law: 

V 
e(g„no iinP0)— 

L 
(34) 

At higher injection levels, with n p> no, po, it is per-

missible to neglect the thermal free-carrier densities 
no, po in the current expressions (30a) and (30b). The 
total current density J can then be written 

V 
J e(b 1)µ„ii— 

L 
(35) 
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where à is the average value of n, hence p, over the 
volume. I lere we have taken cognizance of the fact 
that any departure from local neutrality, measured by 

(n— p), will be small compared to n or p. 
Comparing the two field terms on the left-hand side 

of ( 33) it is evident that until a high enough injection 
level is reached that I I no—po!, the second term 
will be dominant. Here we must keep in mind that 
even in an intrinsic semiconductor, with n0  

1110— Poi =IND— N 10'2/cm for the most highly 
purified semiconductor in the current state of tech-
nology. ND, N., denote the donor and acceptor im-
purity densities respectively. Keeping only the second 
field term on the left-hand side of ( 33), this equation 
becomes 

di; (b 1)n 
—(no — Po) =   

dx bi„r 
(36) 

Using simple dimensional zinalysis we replace 
—(e/dx) by VIE' and n by n, thereby obtaining 

no> po: (b+ 1)à ria„(no — p.)— (37) 
L2 

Substitution of (37) into (35) gives the final result 

no > Po: 

V2 

'12•s2 erj£4,4,(ii 0 PO —L3 • (38) 

We designate this square-law regime of the current-
voltage characteristic the "semiconductor regime" be-

cause of the decisive role played by the thermal free-
carrier densities. The more rigorous, analytically de-
rived result [23] differs from (38) only through the 
presence of the multiplicative, numerical factor 9/8. 

Eq. (38) would predict that J—>0 as po—>no, which is 
obviously a spurious effect. lf p. is sufficiently close to 
no the second field term in (33) is always small com-
pared to the first field term and the correct solution is 
given by (43) below or ( 26) above. 
The somewhat unexpected dependence of current on 

the difference of the thermal free-carrier densities is a 
direct consequence of the requirements of particle con-
servation, that is, of the recombination kinetics. We can 
see this also by a somewhat different: manipulation of 
the basic equations. For the sake of simplicity consider 
the case of equal mobilities: µ„=12„=µ. From (30a) and 

(30b), neglecting diffusion, g=K/(no+poi-n+p) with 
K=J/eµ=constant. Putting this result into (32a), we 
obtain 

d r  „ no  
— = • (39) 

dx L2(n ± no) — (n — — (no — Kis 

Assuming neutrality, n= p, we see that it is the presence 
of the terni no — Po in the denominator which makes 
possible a nonvanishing divergence, as required if r is 
not to vanish. Further, expanding the left-hand side of 
(39) in powers of (no—p()/2(n+no), taking p—n =0, 

the lowest-order nonvanishing term is proportional to 
(no — po); thus the recombination rate and hence the 
current are proportional to (no— po as in (38). This 
dependence of current on (no—po) has been verified 
experimentally in studies using Ge [29 j. On the other 
hand in insulators, where no and po are negligible, it is 
seen from (39) that at least a small departure from 

neutrality, is required if double-injection cur-

rents are to be observed. This departure from neutrality 
is used in obtaining the current-voltage dependence, 
(23) of Section III and (43) below or (26) above. 
An important property of the semiconductor regime 

as defined by (36), is the monotonic increase of field 
intensity g from 6=0 at the hole injecting contact, 
x = L (for double injection into an n-type semiconduc-
tor, no> po) to a maximum E„,;„ at the cathode, x=0. 

Correspondingly, the injected hole density p, hence 
also n, decrease monotonically from anode to cathode. 
A final point of interest is the voltage at 

which the transition from Ohm's law to the square law 

takes place. This voltage is determined from the in-
tersection of the corresponding curves as given by 
(34) and (38): 

T p 

110 r.(!- S 

— I. 

po 1.2 
1 — 

„ n 0 

(1():) 

Taking pe/no«1, µ,,P0 /µ„no«1, ( 40a) can be rewritten 
as 

po«no: p,SZ—S = 

L2 
= • (401) 

elpiIr.P - S 

Thus, the onset of double injection occurs at that volt-
age at which the hole transit time becomes equal to 
the injected pair lifetime. Note that this same result is 
obtained from (37) taking ti = no, if b>1. 

At sufficiently high voltage the first field term on the 
left-hand side of (33) dominates the second field term. 
Keeping only this first term and replacing p—n by the 
corresponding expression in (31), (33) can be rewritten 
as 

t dl d8 11 

--- , --(6 -- ) = (b + 1) — (41) 
e dx dx 

Again a simple dimensional analysis, replacing 

—(d/dx)[g dg/dx] by 1'2/L4 and n by its average value 
it, gives 

erg„ F2 
(b 1)fi =   (42) 

e L4 

Substituting this result into (35) gives the final result 

V3 
(43) 



1792 PROCEEDINGS OF THE IRE August 

This result is seen to be identical to (26) except for 

the numerical factor 8. The numerical coefficient in 
(26), being obtained by a somewhat more refined argu-
ment, is closer to the correct value of 125/18=6.94. 

Since the thermal free carriers have dropped out of the 
picture, we refer to this cube-law regime as the " insula-
tor regime." 

A final point of interest is the voltage 17,-„s_i at 
which the transition from the semiconductor regime to 
the insulator regime takes place. This voltage is de-

termined from the intersection of the corresponding 
curves as given by (38) and ( 26): 

8€ Vt. r ,S-1" 

e(no — po) 1.2 
= 1. (44) 

Taking po«no, (44) can be rewritten as 

po « no: In,S—I = 81 1bi ; 

L2 e 
,S—I = 

tiV 

112t, = 

eno,te. 
(45) 

Thus, in an n-type semiconductor the transition from 

the semiconductor regime to the insulator regime takes 
place at that voltage at which the electron transit time 
becomes equal to (approximately) eight times the di-
electric (ohmic) relaxation time. Except for the nu-
merical factor, this is the same criterion that determines 

the onset of one-carrier SCI. injection currents in an 
insulator without traps. Finally, we note that (44), for 
Po«no, gives s-I = enoL2/ 8E'eNDL2/ 8E since noc-----•ND 
— NAJVD. Identifying ND with the defect state 
density Nd,f we see that IT,,s_r is to be identified with 
Vtr,high as given in ( 29). The factor of eight in (44a) 
comes from the more refined analysis. If (43) were used, 
instead of ( 26), in obtaining (44) there would have been 
no numerical discrepancy. 

A more complete treatment of the problem discussed 
in this section has been given by A. Rose and the 
author [23]. 

V. DOUBLE INFECTION WITFI UNEQUAL LIFETIMES 

The double-injection problems analyzed in Sections 
111 and IV are relatively simple in that the injected 
free electrons and holes exceed the number of defect 

states and are therefore approximately equal in density 
and have a common lifetime. True, for any insulator at 

sufficiently' high injection levels these conditions will 
be realized. However, we have not yet said anything 

about the double-injection characteristic over the 
large range of currents for which the injected free-

carrier densities n and p are less than the defect density 
Ndef. In this case generally np and accordingly the 

corresponding lifetimes r,, and 7-9 are also unequal. 
Further one would expect the double-injection be-
havior in this realm to depend strongly on the number 

of defect states and their detailed electronic properties. 

In the most general case, illustrated in Fig. 7, there are 
three classes of defect centers. Some, labelled 1V,„ are 
electron traps, i.e., the electrons in them are in quasi-
thermal equilibrium with the free electrons. The oc-

cupancy of these traps is determined by the position of 
the ESSFL as described in Section II. The important 
trap parameters are the density and energy location in 

the forbidden gap. Other defect centers, labelled Nr„, 
are hole traps whose occupancies are determined by the 
II (hole) SSFL. Finally there are the recombination 

centers, labelled N R. So long as these centers are deep-
lying with respect to both the conduction and valence 

bands their important properties are their density and 
their electron and hole capture cross sections.4 Although 

the general case is, surprisingly enough, analytically 
tractable [30 ],5 the procedure for obtaining the analytic 
solution is too unwieldy to be considered here. 

N.tp 

• • h 

Fig. 7—Double injection into an insulator; general case. N,„, Nit 
denote electron traps, hole traps, and recombination centers re-
spectively. F is the Fermi level. 

In order to illustrate possible double-injection be-
havior under conditions of unequal electron and hole 

lifetimes where, further, lifetimes change drastically 
with injection level, we consider a highly simplified 
model of an insulator which has these features built into 

it; this is an insulator without traps and with a single 
set of recombination centers which are initially filled 
with electrons, illustrated in Fig. 8. In this model the 
most interesting case is that for which crp>>cr„ where 
cr,,(cr„) is the cross section for capture of a hole (electron) 

by a filled (empty) center. This would be the case if 
the states NR were acceptor-like, that is, negatively 

charged when occupied by an electron. We could then 
imagine charge neutrality maintained through the 
presence in the insulator of an equal density of shallow 

donors ND =.  N R. These donors play no further role in 
the electronic behavior of the insulator and so we have 
not shown them in Fig. 8. 

The double-injection problem for this model has been 
solved analytically [30] under the assumption that the 

insulator is everywhere neutral. The resulting double-

4 For a more precise treatment of defect-state occupancies under 
steady-state excitation see discussion of " Demarcation Levels" by A. 
Rose, in " Progress in Semiconductors," vol. 2, Heywood and Co., 
Ltd., London, Eng., 1957. 
6 The analytic tractability rests on a necessary simplification of 

the treatment of trapping. This simplification introduces negligible 
error. See 130]. 
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injection current-voltage characteristic is shown as the 
solid curve on the log-log plot of Fig. 9. Where the neu-
trality assumption is in serious error, i.e., where space 
charge plays an important role, this curve is modified 

as indicated by the dashed curve. The new and out-
standing features of the neutrality-based solution 
(solid curve) are the voltage threshold for two-carrier 
current flow and the negative-resistance region in the 
characteristic. 
The voltage threshold has its origin in the "recom-

bination barrier" presented by the filled centers to the 
passage of holes; that is, the filled recombination centers 
act as a sink for he injected holes, preventing their free 
transit across the insulator. Thus, a plasma of injected 
carriers cannot be built up in the volume until the hole 
transit time 1,.= L2/µ„ V becomes comparable to the low-
level hole lifetime, ri„„, —1/ivr„NR. (Generally, the 
lifetime r of a free carrier of mean thermal velocity 

against capture by centers of density Neapt, with cap-
ture cross section cfcap,, is given by r =1/04 aPt- a capt• At 
low injection levels the thermal-equilibrium occupancy 
of the centers NR by electrons is not much disturbed so 
that the density of hole-capturing centers is Ncart = Nu.) 
The existence of the voltage threshold Vth deter-

mined by L2/µ, Vo,.----,r„.k „, can be convincingly demon-
strated by the following simple argument. Assume that 
two-carrier currents can flow at a substantially lower 
voltage V, V« Vth. Define a drift length d as the dis-

tance a hole moves in one lifetime p. low. Thus d=Vdrift 
ip ,1„„ ¡Upgfp, low where g is the average field intensity 
over the drift length. Essentially we have assumed that 
there is more than one drift length between cathode and 
anode. We now measure off successive drift lengths 
d1, d2, etc. starting from the anode, as illustrated in 
Fig. 10. At the end of each drift length the free-hole 
density p decreases by a factor of approximately two. 
Because of neutrality requirements, the free-electron 
density n, which everywhere exceeds p, does likewise. 
In order that the total current remain constant, the 
field intensity g must increase by the same factor of 
roughly two over each drift length. (Variations of p, 
n and g with distance are illustrated in Fig. 10.) Thus 
each drift length is roughly twice as long as the preced-

ing one: d2-2di, de>22d2-2-.,,ldi, etc. It is readily seen 
that the final drift length df equals approximately one 
half of the total cathode-anode spacing L. It is clear 
from the plot of g in Fig. 10 that almost the full applied 
voltage V appears across the final drift length df, so 
that (L/2)2/1.4V.--i-„ Jow, and V ez Vth as determined by 
L2/µ„Vth ,-----rpdow in contradiction with our starting 
assumption that V« 17 th. We have therefore verified 
our assertion. The precise result, given by the analytical 
solution [30] is 1,,th = L2/1.4 Vth 
The negative-resistance regime in Fig. 9 derives from 

a hole lifetime which increases with injection level. We 
have already noted that at low injection levels the hole 
lifetime is r„,k,„=1/ivr„NR. At high injection levels, 
where n and p both greatly exceed NR, charge neutrality 

Fig. 8—A theoretician's insulator, free of traps and containing only a 
single set of recombination centers NR initially filled with elec-
trons. 
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Fig. 9—Current-density-voltage characteristic, on a log-log plot, 
for the simplified insulator model of Fig. 8. The solid curve repre-
sents the solution obtained assuming charge neutrality. The 
dashed curves, at low and high current densities, are modifications 
enforced by space charge. 
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Fig. 10—Diagrammatic proof (see text) of voltage threshold for 
double injection for the simplified insulator model of Fig. 8. 
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requires that n p. with cr„>>cr„, the electron and hole 
recombination rates can only be balanced if the re-
combination centers are largely empty. Thus the 

density of electron-capturing centers to be used in the 
lifetime formula to obtain the high-level electron life-

time is =NH: T„ .hi gh = 1/i.,„0"Yitt. Since n p, this 
is also the high-level hole lifetime: ritigh=1/i,,,0",,NR. 
Comparing the high- and low-level hole lifetimes, 

r„,t, igt,/Tp. ia., = ii,,a,,/i.,„0„=cr.cr„ taking e„ eo. Since 
u„/tr„ is a large number, exceeding 102 when the states 

Nll are acceptor-like, we see that r„,itiot¡r,,,tow>>1. This 
drastic increase of hole lifetime with injection level 
between low and high levels means that, in this region 

of currents, the more holes injected the easier it is for 
them to get across the insulator. In fact it is so much 
easier that the voltage required actually decreases as the 
current increases. This is the negative-resistance regime 

in Fig. 9. 

The high- voltage end of this negative-resistance 
regime is given by the threshold voltage, that is, by-
t„,0,=L2/µ„I'ih=2r,.ittw. It remains to determine the 
low-voltage limit V. This calculation is facilitated by 
noting that at the high injection levels, where n p>>N, 
the electrons which were initially in the recombination 

centers NI,. have been transferred to the conduction 
band. As a result, at high injection levels the insulator 
behaves exactly like a semiconductor with an equivalent 
thermal free-carrier density NR. The insulator has, in a 
manner of speaking, been electronically converted, 

through double injection, into a semiconductor. Conse-
quently, in this regime the current-voltage charac-
teristic is identical with that for a semiconductor, (38), 
except that (nit—po) must be replaced by N,,. and r by 
rp, high :frer,,, hicid.i„µ„NRP/L3. This is the square-law 
regime of Fig. 9. 

In the case of the semiconductor problem we saw 
that the low-voltage limit of the square-law regime, 
(38), was determined by the relation 1„=r, (40b), where 
1„=1)/µ„1", this marking the transition to Ohm's law. 
In the present insulator regime, the low-voltage end 

of the square-law regime is determined by the identical 
criterion: t„, m = L2///2„1",m-r,A,;„1„ only here the voltage 
I'm marks the transition to the negative-resistance 
regime. \Ve have now found the low-voltage end of the 

negatiye-resistance regime. Comparing the two voltage 
limits of the negative-resistance regime, we have 
-tit I 'I/ e•-•-• rp,h igh /Tp low r o',,/a.n I a large voltage swing. A 

final point of interest about the negative resistance is 
the relatively small variation of current with voltage 
over almost the entire regime: the current increases 
front 0.2 ./m to JM between the voltage V = 0.65 Vo, 

and Irm." 

The entire lower branch of the neutrality-based solution ( solid-
line) in Fig. 9, between Va, and Vm is given, to a high degree of ac-
curacy, by the simple quadratic voltage-current dependence: 
V= Vm(f/./m)2+ Va,(11—J/./m)2. The derivation of this result will 
be presented elsewhere. 

The discussion up to this point has dealt only with 

the neutrality-based solution, the solid line in Fig. 9. 
We now consider the limits of validity of this solution. 

Uirst, it is clear that the neutrality-based solution 
cannot be valid down to arbitrarily low currents. For, 
associated with the threshold voltage 17th is a total 
space charge 12th = CI7th---s-'617th/L, which is distributed 
throughout the insulator. Obviously the assumption of 
charge neutrality cannot be a good approximation until 

the total number of injected free electrons ent, exceeds 
Q0, ,1c. Corresponding to this injection level there is a 
lower limiting current at which the neutrality-based 

current becomes valid. At lower currents the actual 
current will be the one-carrier, SCL electron current for 

a trap-free insulator, (5), shown as the lower dashed 
curve in Fig. 9. (The recombination centers Nu, being 
filled at the outset, cannot trap the injected electrons.) 
The transition to the neutrality-based solution ob-

viously takes place where this curve intersects the 
solid curve.' 

At sufficiently high voltage the neutrality-based solu-
tion is once more not correct due to the role of space 
charge, and the square-law regime (solid curve) gives 

way to a cube-law regime (dashed curve). This situa-
tion is precisely the sanie as that discussed in Section 
IV, (41)-(43), the dashed curve representing the plot 

of (43) with r replaced by rp.h Wk. 
Experimentally. a current-voltage characteristic such 

as that of Fig. 9, exhibiting a current-controlled nega-
tive resistance, might be exhibited through either of two 
striking effects: spontaneous oscillations under applica-
tion of an appropriate dc voltage, or an apparent break-
down at some critical voltage followed by a marked 
hysteresis in the current going down in voltage after 
the " breakdown." The oscillations would be due to the 
dominance of the negative resistance over the external 
circuit resistance. If the oscillations are suppressed by 
the external circuit, then the " breakdown" would likely 
be observed when, at some critical voltage, the current 
jumps from the lower branch of the characteristic in 
Fig. 2 to some point on the upper branch as voltage is 
lowered down to some other critical voltage, where the 

current will drop sharply down to the lower branch, 
extinguishing the "breakdown." 

Both types of phenomena have been observed in 
high-resistivity germanium at liquid nitrogen tempera-

ture, spontaneous oscillations in gold-doped samples 

[311, [2813], and "breakdown" and hysteresis in iron-
doped samples [32]. In neither case is sufficient data 

furnished by the authors to make a quantitative com-
parison of the observations with our theory. However, 
in both cases [3113], [32] the authors attribute the ob-
served phenomena to double injection with hole capture 

7 It is important to note that this intersection way occur at a 
voltage Va,' which is substantially smaller than ra,. In this case the 
observed "threshold" for the negative resistance will be Va!, not Va.. 
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by the deep-lying acceptors. In the studies with the 
iron-doped samples this interpretation is further sup-
ported by optical experiments. 

Hysteresis in the dc current-voltage characteristic is 
a common observation in insulator studies. The effect 
has been seen in CdSe powders [33a] and attributed 
[33b] to double injection accompanied by changing 
carrier lifetime; however for this material the model 
is necessarily more complicated than the simple one of 
Fig. 9. In single crystals of CdS, frequent observations 
[34] have been made of a hysteresis associated with 
steeply rising and falling double-injection currents. In 
these experiments the double injection is verified di-
rectly by observation of the green bandgap light 
emitted through the radiative recombination of elec-
trons and holes. 

VI. CONCLUDING REMARKS 

The field of injection currents in insulators is rela-
tively new, particularly the study of double-injection 
currents. Undoubtedly far more of interest remains to 
be discovered than is known at present. The author and 
his colleagues at RCA have concerned themselves to 
date almost exclusively with steady-state, dc injection 
currents; on the theoretical side our investigations have 
been mainly restricted to one-dimensional configura-
tions. The usefulness of transient, namely pulsed dc, 
measurements has recently been demonstrated in the 
study of molecular crystals [ 17], [ 18], and we may 
anticipate a considerable expansion of activity along 
this line. ( In this connection the transient behavior of 
the injecting contact [35] must certainly be taken into 
account.) The field of ac injection currents is largely 
unexplored. 

This brief review has been confined to discussion of 
the underlying physical principles of injection current 
flow. Although rigorous solutions have been obtained 
for a number of single- and double-injection problems, 
under the assumption that the current flow is field-
controlled, rather than diffusion-controlled, in every 
case the formal solution is too unwieldy to lend, by 
itself, much insight into the phenomena. On the other 
hand, in each instance, with a relatively small sacrifice 

in accuracy, the main results can be obtained by the 
simple methods outlined in this review. 
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Theoretical Considerations on Millimeter Wave 
Generation by Optical Frequency Mixing* 

J. R. FONTANAL MEMBER, IRE, AND R. H. PANTELLt MEMBER, IRE 

Summary—The generation of radiation by mixing optical maser 
signals is one possible method for closing the gap between micro-
waves and infrared. The conversion efficiency attainable with dif-
ferent types of nonlinear media is considered. It is shown that loss-
less nonlinear media, such as dielectrics, have very low conversion 
efficiency properties, regardless of the way they are used. Nonlinear 
resistive media, on the other hand, have efficiencies up to 25 per cent, 
independently of the frequency conversion ratio. Consequently, in 
order to generate wavelengths in the millimeter range by mixing 
optical maser outputs, the materials used should involve nonlinear 
dissipative processes. 

INTRODUCTION 

IERE ARE as yet no practical oscillators avail-

jj between wavelengths of 1 to 0.01 millimeter. 
At somewhat longer wavelengths, microwave tube 

techniques can be used to design tubes similar to those 

* Received Februitry 9, 1962; revised manuscript received May 
9, 1962. The re,:earch in this document was supported jointly by the 
U. S. Army Signal Corps, the U. S. Air Force, and the U. S. Navy 
(Office of Naval Research). 

Microwave Laboratory of Physics, Stanford University, Stan-
ford, Calif. 

for centimeter waves, and in the optical and near in-
frared region, maser devices can now provide consider-
able power, but the region between them is devoid of 
sources of energy. 

One approach for generating signals in this range 
would consist of starting from other frequencies and 
using nonlinear elements to synthesize the out 

desired. Until now, this has meant harmonic generation 
using the large microwave powers available at centi-
meter and subcentimeter wavelengths. The efficiencies 
obtainable in this way, however, are acceptable only 
for frequency doubling or tripling and become small for 
higher harmonics. 

The alternative solution of mixing two signals of 
shorter wavelengths can now be considered, due to the 
advance of optical and near infrared masers. These 
oscillators are capable of pulsed outputs of many kilo-

watts, and their frequency stability is quite sufficient 
to produce monochromatic beats at wavelengths thou-
sands of tintes larger. 
The problem considered in this paper is the mixing 
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of two strong signals relatively close in frequency to 
produce an output at the difference frequency. To 
achieve this result, a nonlinear element or medium 
must be used, and the question is to determine its 
desirable properties and the best way of using them. 
Lossless elements (reactors) are considered first. It is 
seen that, contrary to the situation in harmonic genera-
tors, they can only give low efficiencies. Nonlinear 
resistors are studied next, and the results of the analysis 
indicate that efficiencies up to 25 per cent are possible if 
elements with appropriate current-voltage characteris-
tics are used. 
The discussion is centered around the problem of 

generating signals near 1 mm from optical maser out-
puts, but all the considerations also apply to the mixing 
of signals in other frequency ranges, both for power 
generation and for detection. 
The general method followed consists in expanding 

the voltage v(t) and the current i(t) of the nonlinear 
element in series involving all linear combinations of 
two applied frequencies col and co2: 

E 

00 
E 
floe 

mmej(nu-i-ny) , 

where x = colt and y=w2t. 
Since i and t' are real, we have 

= /„,,„* and = 

(1) 

(2) 

where asterisks indicate complex conjugates. This is the 
same approach used by Manley and Rowe' and by 
Pantell 2 to derive general power relations for the loss-
less and for the resistive cases, respectively. In the case 
of the mixing of the frequencies col and co2 to produce an 
output col —(42 only, all the series terms are zero except 
those involving the exponentials + x, ± y, and + (x—y). 
The situation may be described by means of the equiv-
alent circuit of Fig. 1, in which the boxes associated 
with the two sources and the load are open circuits at 
the frequencies shown and are short circuits otherwise. 
The validity of using a lumped equivalent for a distrib-
uted nonlinear system has been considered by Hans,' 
and his results indicate that the power relationships 
obtained from the lumped equivalent are the sanie as 
those obtained from a solution of the field problem. 
The average input powers contributed by the sources, 

and the average output power flowing into the load 

J. M. Manley and H. E. Rowe, "Sonic general properties of non-
linear elements, l'art 1. General energy relations," ¡'soc. IRE, vol. 
44, pp. 904-913; I uly, 1956. 

2 R. H. Paniell, "General power relationship for positive and 
negative nonlinear resistive elements," ¡'soc. IRE, vol. 46, pp. 1910-
1913; December, 1958. 
a H. A. Haus, " Power-flow relations in lossless nonlinear media," 

IRE TRANS. ON MICROWAVE THEORY AND TECHNIQUES, VOL mrr-6, 
pp. 317-324; July, 1958. 

+ v ( — 

i ( t ) 

Fig. 1—The nonlinear element circuit, with resonant tanks at the 
two drive frequencies and the difference frequency. 

GL, are given by 

Pin -= 1171,0 + 1170,1 = ( V1,01*1.0 V*1,0I1,0) 
+ (V0,II*0,1 + I*0.1/0,0 

and 

Pout = IV = VI,- tel.— I V*1,-1/1,-1)• 

(3) 

(4) 

NONLINEAR REACTORS 

The powers W„,„ into any reactor without hystereris, 

regardless of the specific form of the nonlinear char-
acteristic, must fit the Manley-Rowe' relations: 

and 

mw„„„  
E E = o 
ne=f) n=-00nuoi+ tuo2 

itlir„„„ 
E E  _ 0. „_„ m., nco2 

(5) 

(6) 

in the case only involving powers at col, uh, and the 
difference frequency, these equations reduce to 

I171,0 + ¡Fo,, + = 0 (7) 

(8) 

and 

W ho W0.1 IV 

W2 (.01 — W2 

Eq. ( 7) restates the lossless character of the non-
linear reactor by equating input and output power. The 
conversion efficiency is 100 per cent: 

p„„t, 
27 =   = 1. (9) 

Eq. (8), however, shows that, in order to have posi-

tive output power at col — co2, the lower frequency source 
at co., must absorb positive power radier than produce it. 
As the three powers are proportional in magnitude to 
their respective frequencies, if col — co2 is very much 
smaller than col, most of the power supplied by the 
source at col is extracted by the source at co2, and so only 
a small remnant reaches the load. Fig. 2 is a diagram 
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o 

w ip 

Fig. 2—The energy diagram for the nonlinear reactive elemeni . 

showing the frequencies col, co2, and wi—co2. Symbolizing 

positive power by upward and negative powers by 

downward arrows, respectively, it can be seen how most 
of the power generated is at the useless frequency (02, 
rather than at col — co2. 

This result shows that nonlinear reactors operated ill 
this fashion are, in fact. parameteric oscillators pumped 

at cot and producing frequencies co2 and col —(42, rather 
than mixers with two inputs and a single output. The 
significant efficiency is the one defined in terms of the 
output at the difference frequency rather than total 

output : 

— Ct.t2 

77' = 
11 1,0 WI 

(10) 

It thus becomes apparent that if millimeter waves are 

to be produced from optical signals in lossless 
very poor efficiencies are to be expected, since the fre-

quency ratio given by ( 10) is small. 

Noxii NEAR RESISTORS 

For a nonlinear resistor without hysteresis, that is to 

say, for an element entirely specified by a characteristic 
1(v) which is single-valued, the relationship between 

powers is given by the Pan tell 2 equations. 

told 

1 2r 2r di a.z. 2 
m211.'„,,„ = f dv f  ds —(--) , (11) 

47r2 dv 

2r 2r av 
E E,,,11'„,.„ = 1 f dy —di (--) . ( 12) 

?Pi = - tc. re = I 47r2 (i 0 di' ay 

A significant difference between these expressions 
and the :Manley- Rowe relations for the reactive case is 
that they involve the nonlinear element characteristic. 
Consequently, the conversion efficiency will be de-

pendent on the type of resistor used. 
Another important distinction is that ( 11) and ( 12) do 

not involve frequency if the nonlinear characteristic of 
the resistor is frequency- independent. In the latter 

case, efficiency will not depend upon the frequency ratio 
of input to output. 
To calculate conversion efficiency, it is necessary to 

obtain expressions for input and output powers from 
(11) and ( 12). By adding ( 11) and ( 12), we find that 

11'1m + -E 211 .1,-1 = Pi,, — 2I'oot 

  r 2r f  2r av, a, 2 

271.2 o dxdy (h. (-1--.)]• (13) dx (9.Y 

The output power is the average value of the product 
of the load voltage and the current. From Fig. 2, the 
total voltage is 

y = V1,0e 1-' -F V_I,De-". 1.1,_ leicr-Y) It_t,le-icr-m) 

V(Liej" Vo,_ e''. 

Therefore the load voltage, which is 

=  — 

Call be written as 

ah, 
ayax 

I lence, we have 

Pout — 

1 2r 2r 

1. 
E 4 2 fo 0 

d.rdy(ivL) 

(14) 

o 

= — 1 2r 2r a 2V 

d.rdv[i (15) 
421.2 f 0 f o ayax 

Upon integrating ( 15) by parts, the output power is 

1 (.2' f 2' di av ar 
Pout = -1;r2io o d.rdy — — — . dv dy (16) 

Combining ( 13) and ( 16) results in 

I v 2r 2r di ( al. ay 
P(„ = --f f d.rdy — . (17) 

4.2 o ax ay 

The ratio of ( 16) and ( 17) gives 

I 

f  2/r di (ar av) 
edy — — 

0  dv ax ay 
71 = 

Pin r 2r 2rd.rdv —di (-az: av)2 
J o dv as ay 

(18) 

To determine the maximum value for n, ( 18) can be re-

written as 

I 

2r di (av az 
d.rdy  — — — 

1 1 o (Iv ax ay 

4 4 f 2r f 2r di av ay 2 

drily ± 
0 dv ax ay 
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EXAMPLES WITH NONLINEAR RESISTORS 

A. The Diode 

Fig. 3 shows a diode characteristic with a voltage 
cutoff at 7., = V. This diode will have 25 per cent 
efficiency mixing if the source voltages are chosen to be 

V, 
V1,0 = V*1,0= V0,1= V*0, 1= — (20) 

3 

and the load conductance, GL, is adjusted so that the 
load voltage is 

Vi,_1 = V*1.-1 = — • 
6 

(21) 

For these values of voltages, the total voltage applied 

to the diode is 

= V, cos x î V, cos y — 1V, cos (x — y). 

Only at t =0 the voltage y reaches the value Ve and 
produces current flow, and at any other time of the 
cycle there is no current. The efficiency can be cal-
culated from ( 18). For this case, we have that dv/dv = 0 

except in the vicinity of x =y=0, at which point 

av 2 
— — — V, sin x 
ax 3 

2 
— — — ve sin y. 
ay 3 

Since sin xsin y near t = 0, the efficiency is 25 per cent. 

B. The Square-Law Resistor 

Fig. 4 illustrates a resistor characteristic given by 

i = ± v2. (22) 

It is assumed that the resistor is passive (di dv >0), so 
that the voltage is constrained by 

(23) 
2 

thereby satisfying the requirement for having a passive 
element. The relationship between/ load current and 
load voltage is specified by the load conductance: 

= — GLV1.-1. (24) 

From ( 18), ( 22), and ( 24) the efficiency is 

Ve 

Fig. 3—A diode characteristic with cutoff at y= 

— o/2 

— o/4 

Fig. 4—A nonlinear resistor -haracteristic given by i=e+ar. 

Substituting this expression for 171,_1 into ( 25) and 
neglecting terms in in the denominator of (25) 
gives 

n 
a(a G 1)2[1 1/1,01 2 + I V0,1 12] 

4GL 1 V1,02121 V0,11 2 

To maximize 77, 

1 Vi,01 2 = 1 170.11 2 

Thus, the result is 

and GL = a. 

1 V1,012 
1/max = 

2a2 

(27) 

(28) 

The maximum value for 1 Vi ,o1 2a2 is given by ( 23): 

1 V101 2 1 
  <   

2a2 — 128 

so that 

1 
nme. = — • 

128 

To include a correction for having neglected the 
terms in the denominator of ( 25), we write 

Vi.012 

2a2 1 

I V10 
1-4   

2a2 

2 — 124 

(29) 

GL 1 V1,-11 2 
n =   

a[l V1,01 2 + I V0,1 III 2171.-117-1,0170,1 2V-1,1171.0V0,-1 
(25) 

The voltage V1,_1 is determined from ( 22) and ( 24) to be Therefore, the maximum conversion efficiency for a 
2V1 0I70 passive, nonlinear resistor that can be represented by ,,-1  

= (26) (22) over the region of operation is 0.81 per cent. 
(a G1,) 
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CONCLUSION 

The problem of generating wavelengths of the order 

of 1 mm by mixing optical or near infrared signals in-

volves the quest for a type of material and a mode of 

operation capable of yielding good efficiencies. By apply-

ing the general relations of passive nonlinear element 

theory, it is shown that lossless media, such as non-

linear (lielectrics, are necessarily poor because their 

maximum efficiency is given by the ratio of output to 
input frequency. Nonlinear passive resistive elements, 
on the other hand, may be up to 25 per cent efficient 
regardless of the frequency ratio. ('onsequently, efficient 

mixing will require the use of materials involving non-
linear power absorption processes. The type of non-
linearity of the resistive element is of importance, and 
maximum efficiency can be obtained with the use of a 
diode. 

Electron Guns for Forming Solid Beams of High 

Perveance and High Convergence* 

R. D. FROSTt, MEMBER, IRE, O. T. PURLt, SENIOR 
AND H. R. JOHNSON t, FELLOW, IRE 

Summary—A new method has been employed for the design of 
solid-beam electron guns of high perveance and area convergence. 
This has resulted in designs with perveance 2.2 X10 -6 a/v" and 
convergence ratio 300; and perveance 5X10-6 a/v3/2 and area con-
vergence 6. Using conventional methods, a design with per-
veance 0.1 X10 -6a /v" and area convergence ratio 1000 has been 
obtained. Each of these guns has yielded over 95 per cent transmis-
sion through a drift tube, in most cases with less than 1.5 times theo-
retical Brillouin focusing magnetic field. The design method consists 
of 1) paper design following earlier workers; 2) construction of a 
model using the design cathode and anode, but with the focus elec-
trode replaced by a series of annular disk electrodes; 3) measure-
ment, in pulsed bell-jar beam tester, of the beam leaving this gun, 
by means of a pinhole aperture followed by a split collector, yielding 
data on current density and trajectory angle as a function of radius 
and axial position; 4) modifications of annular disk potentials and 
cathode surface shape to improve beam quality; 5) electrolytic tank 
determination of the shape of a single electrode to replace the annu-
lar disks; and 6) test of the final design in a sealed-off, shielded-
cathode, pulsed beam tester in which the beam flows through a drift 
tube in a uniform magnetic field. These methods are relatively exact 
and rapid. Drawings are presented for some specific designs. 

INTRODUCTION 

K
LYSTRONS, traveling-wave tubes and back-
ward-wave oscillators are generally based upon 
interaction between a long cylindrical beam of 

e ectrons and a slow-wave circuit. Efficiency and band-
m idt h of these devices generally increases with the cur-
rent density and with the perveance, or ratio of current 

" Received January 22, 1962; revised manuscript received, April 
30, 1962. This work was supported in part by the USAF, Aeronauti-
cal Systems Division, Electronic Technology Laboratory, under 
Contiact No. AF 33(616)-6441. 
t Watkins-Johnson Company, Palo Alto, Calif. 

MEMBER, IRE, 

in the beam to the 3/2 power of the potential of the 
beam relative to the cathode. Total power input in-
creases with the product of this potential and total beam 

current. But the life of the device decreases as the cur-
rent density at the cathode increases, and also is limited 
by heating of the circuit by intercepted electrons and 

by arcing between elements of the electron gun. When 
an attempt is made to make these devices work at 
shorter and shorter wavelengths, there finally arrives a 
‘vavelength so short that the device is no longer feasible 
with available electron beams. The subject of this 
paper is the electron gun, the arrangement for converg-
ing and focusing the electrons emitted from the cathode 
into a cylindrical beam in which all electron trajectories 

are as parallel as possible to the beam axis. The electron 
emission is space-charge limited in all gun designs dis-
cussed. This paper is further limited to consideration of 
solid beams. 

Inch work has been done on this subject in the past. 
A definitive work is Pierce's book. Pierce is the in-

ventor of the " Pierce gun," a convergent gun based upon 
the known analytical solution of the problem of electron 
flow between coaxial spheres. The analysis of an actual 
gun is contplicated by the fact that the electrons are 
emitted front the cathode with rand(mi thermal veloci-
ties, as discussed by Pierce' and by Cutler and l lines ;2 it 
is further extremely complicated by the presence of the 

J. R. Pierce, " Theory and Design of Electron Beams," D. Van 
Nostrand Co., Inc., New York, N. Y.; 1949. 

C. C. Cutler and M. E. Hines, "Thermal effects in electron 
guns," PROC. IRE, vol. 43, pp. 307-315; March, 1955. 
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TABLE I 

Results of pulsed tests of guns designed by the methods of this paper. Tests were made in sealed-off shielded-cathode beam testers with drift 
tube diameter (Lira, and length /drif,. Magnetic focusing field was B, and Brillouin field Bb, was calculated using measured beam diameter 

The gridded gun 2 DG2 was operated at three different ratios of anode voltage V. to grid voltage V,. 

Quail' 

Gun 

Perveance 
X 106 

Area 
Cony. 

Transm. 
(ii) 

B/B b, 
Spacing* 

Va/Vg 
On 

Va/Vg 
Off 

dbrana /drift 

direarn ddrift ddr:ft 

5B 

9 

2.2 

0.1 

300 99.9 1.4 2.0 -- 0.44 44.4 

14.3 1000 95.5 3.5t 16.0 -- 0.57 

7 5.1 6 97.7 1.0 0.2 -- 

140 

-- 

140 

0.64 

0.47 

6.4 

23.5 

22.2 

19.2 

211132 1.0 60 95.5 1.5 2.6 

4A 1.9 29 

52 

99.5 1.3 1.21 -2501 - 0.64 

0.55 2D I.2 98.2 1.24 1.44 - - 

* Ratio of minimum interelectrode spacing to beam diameter. 
t Preliminary result. It is believed that this will be reduced substantially by better magnetic shielding of the cathode. In addition, this gun 

was designed by rt he method of Pierce-it did not require the methods of this paper. 
A negative potential of 1/250 of the anode voltage was applied to the foetus electrode. 

anode hole 3-6 in cases in which both high perveance and 
high area convergence are desired simultaneously. 

Approximations are not sufficiently accurate to pro-
duce guns of optimum design with perveances greater 
than about 1 X10-6. The analog computer methods so 
far used have been expensive, cumbersome, and may 
have insufficient accuracy. The design method to be pre-
sented here utilizes the actual electron beam and is rela-
tively rapid and effective. 

In this paper some specific beam-tester results are 

given first. It is believed that these represent a signifi-
cant step forward in the achievement of perveances in 
the region 0.1-6 X10-6 and area convergences up to 
1000:1. These results are presented because they (in 
some cases) illustrate the power of the design method 
described later, and because they may prove useful in 

themselves, especially since they can be scaled linearly 
by any desired factor and still show good performance 
over a range of voltages limited by thermal velocities on 
the low side and by cathode current density or arcing 
on the high side. Next, the method by which these de-

signs were evolved is presented, followed by experi-
mental details and recommendations for future work. 

M. Müller, " New points of view in the design of electron guns 
for cylindrical helms of high space charge," J. Brit. IRE, vol. 16, pp. 
83-04; February. 1956. 

\V. E. Danielson, J. L. Rosenfeld, and J. A. Saloom, "A detailed 
analysis of beam formation with electron guns of the Pierce type," 
BellSys. Tech. J., vol. 35, pp. 375-420; March, 1956. 
5 G. R. Brewer, "Formation of high-density electron beams," 

J. Ape Phys., vol. 28, pp. 7-15; June, 1957. 
6 L. E. S. Mathias and P. G. R. King, "On the performance of 

high perveance electron guns," IRE TRANS. ON ELECTRON DEVICES, 
vol. ED-4, pp. 280-287; July, 1957. 

7 R. Flechtel, " Elektronenkanonen hoher Perveanz," Arch. der 
Elektrischen Übertragung, vol. 10, pp. 535-540; December, 1956. 

8 M. R. Barber and K. F. Sander, "The calculation of electrostatic 
electron gun performance," J. Electronics and control, vol. 7, pp. 
465-481; December, 1959. 

9 J. E. PiquEndar, O. Cahen, and P. Lapostelle, " Les effets de la 
charge d'éspace dans les canons à électrons," Compagnie Française 
de Thomson-Houston, Paris, France; 1956. 

RESULTS 

Following completion of the design of a new gun us-
ing the method to be described in the next section, a 
test of the gun is performed in a sealed-off beam tester 
consisting of the gun under test (with its cathode 
shielded from magnetic field), followed by a magnetic 
iron pole piece, followed by a copper drift tube, followed 

by a pole piece and collector operated at a potential 

slightly higher than that of the drift tube in order to 
collect most of the secondary electrons. Measurements 
on this beam tester are conducted on a pulsed basis with 

pulses of approximately 2 µsec duration with pressure 
less than 10-6 mm Hg so that ions will not be a factor in 

focusing, and at a voltage high enough so there is little 

effect due to thermal velocities. Results of such tests on 
six representative guns are presented in Table 1. 

DESIGN TECHNIQUE 

A basic problem in the synthesis of an electron gun 
through the use of an analog computer is that the com-
puter is a tool for analysis of a given design. Following 

completion of the analysis of an interim design, the de-
sign must be modified and the new design analyzed. 

Past work using analog computers has involved a great 
deal of time to accomplish this feedback cycle. Another 

problem is that the analog computer must be of ex-
treme accuracy for use with very high convergence guns. 

As a result of these considerations, the following plan 
was evolved for the design of electron guns: 

1) Make a paper design of the gun based upon the 
references cited. 

2) Construct an actual working model of the gun, 
including cathode and anode as actually designed, 

but replacing the focus electrode by a series of 

about five annular disk electrodes between cathode 
and anode (see Fig. 1). 
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ANODE 
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Fig. 1—Schematic drawing of bell-jar test setup which includes a 
multielectrode electron gun and beam analyzer. 

3) Test this actual working model with short pulses 
(for negligible ion formation) in a bell jar-test 

setup. Probe the beam with a pinhole-camera col-
lector to measure the beam current density as a 

function of radius. At each point, measure the 
transverse velocity of the beam through the use 
of a split collector following the pinhole. 

4) Experimentally adjust the potentials of the elec-
trodes between cathode and anode to produce a 
beam of uniform current density and minimum 
transverse velocities at the beam minimum. 

5) Realizing that all electrostatic lenses have spheri-
cal aberrations of the same sign, try different cath-
ode shapes, starting at 2) above and repeating the 

work. First, try spherical cathodes of different 
radii. Then try nonspherical cathodes.'" (All 

of the guns listed in Table 1 have spherical cath-
o(Ies.) 

6) Make an analog experiment in an electrolytic 
tank to determine the shape of a single focus elec-
trode which will be equivalent to the best multi-
electrode potential distribution determined in 
step 5) above. 

7) Construct a working model of the single focus 
electrode version and test it in the bell jar with 

pulsed voltage to verify that it is equivalent to 
the multi-electrode version. 

O. Heil iind J. J. Ebers, "A new wide-range, high-frequency os-
cillator," Paoc. IRE, vol. 38, pp. 645-650; June, 1950. 

E. D. Reed, "A mm-wave reflex klystron," Bell. Sys. Tech. 
.1., vol. 34, pp. 563-599; May, 1955. 

8) Construct a working sealed-off model of the single-
focus-electrode gun, shielded against magnetic 

field, followed by a magnetic pole piece, drift tube, 
another magnetic pole piece, and collector. Meas-
ure per cent beam transmission of this device as a 
function of magnetic field with pulsed cathode 

voltage as parameter. 

Ex PERIM ENT.(. -N C IN IV( • E 

The first innovation which has been used is to deter-
mine the beam edge potential distribution which ac-
tually does optimize the beam formation without mak-
ing any assumption in regard to space charge or anode 
aperture geometry. This is accomplished by setting up 
a simulated gun with the desired anode and cathode 
design to give the desired perveance and arŒi conver-
gence. The focus electrode is simulated by a series of insu-
lated disk electrodes placed along the beam boundary 
between the cathode and anode. This configuration is 
shown in Fig. 1 (section view). The remainder of the 
equipment shown is to analyze the resulting beam to 
provide information on current density and radial veloc-
ity as a function of radial position across the beam cross 
section and axial position along the beam path. A 
photograph of the actual experimental setup is shown 
in Fig. 2. 
The voltage on each electrocle can be altered to ally 

arbitrary value to obtain a wide range of potential dis-
tributions. Initially, however, the potentials on each 
electrode are adjusted to obtain the theoretical beam 

boundary potential calculated as described by Brewer.' 
Then the potentials of these electrodes are adjusted, 
while observing the beam in the analyzer, to the values 
which produce the most laminar beam. Even for high-
convergence guns of perveances between 1 X 10-" and 
3 X 10-", the beam boundary potential near the cathode 
can usually be maintained near the theoretical value, 
thus preserving rectilinear flow in that region. 
Once the desired beam is obtained, the geometry and 

potentials are transferred to an electrolytic tank where 
the optimum beam edge potential distribution (ob-
tained in the beam analyzer) is measured. A dielectric 
strip which is perpendicular to the cathode and which 
extends approximately half the distance to the anode 
along the beam edge is used during the measurements. 
Once the beam-edge potential is known, a single elec-
trode can be designed to replace the multielectrode 
stack for simplicity of construction and operation. 
The above procedure is justified because the flow 

near the cathode is rectilinear. A further justification is 
that a gun designed using these procedures produced a 
beam of perveance 2.2 X10-0 and area convergence 
300:1. Both of these numbers are quite close to the re-
sults obtained from its multielectrode equivalent. 
These guns are described later. 

The demountable beam analyzer in which the essen-
tial characteristics of a beam can be analyzed rapidly 
is shown schematically in Fig. I. The device used con-
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Fig. 2—Photograph of the actual bell-far test setup. 

sists of a demountable bell-jar type vacuum system, a 
gun mount, a main collector plate with sampling pin-
hole capable of both radial and axial motion, a split 
Faraday cage mounted directly behind the main col-
lector sampling hole, and the various measuring equip-
ment necessary for observing and recording data. 
One feature of the vacuum equipment is the ion pump 

used which eliminates the need for oil (-Effusion pumps 
and liquid nitrogen traps. The capacity of the pump is 
140 liters per second; it can bring the system from air to 
operating conditions in a few hours. Considerable care 
is required in the seals with a demountable system of 
this kind. Ordinary "0-rings" are not suitable; a special 
vacuum neoprene, nIC-57, is used which has been 
vacuum baked prior to usage. The siding seal around 
the movable shaft is made of a teflon-steel sandwich and, 
as all other seals in the system, is operated dry, free from 
any lubricant. With the cathode hot, the pressure at the 
ion gauge on the bell jar is less than 1.0 X 10-' mm 
The main collector consists of a copper plate with a 

pinhole of diameter 0.006 inch which is insulated from 
all other electrodes. The split Faraday cage collects the 
beam sample that passes through the hole. When the 
two halves of the cage are electrically connected, the 
total current to them is a measure of the current density 
at the position of the pinhole. When the two halves are 
insulated from each other, the radial velocity content 
of the beam can be determined. Fig. 3 is a photograph 
of the Faraday cage mounted on the main collector. As 
shown in Fig. 4(a), when no radial velocities are present 
in the beam segment, the beam sample will distribute 
equally between the two collector halves. lf, on the 
other hand, a radial velocity component is present, as 

3 • 

NNN 

Fig. 3—Photograph of split collector. 

FARADAY 

CAGE 
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COLLECTOR 

I • it- • , 
GUN 

CONVERGING 

BEAM ' 
I • .  
‹\\\\\\\\\\NN 

(a) (b) 

Fig. 4— -Schematic illustrating the operation of a radial velocity 
measuring system. (a: At a point in the beam where radial 
velocity is zero, currtnt distributes equally between the two 
halves. (b) At a point where radial velocity is not zero, current 
distributes unequally. 

shown in Fig. 4(b), the current to the two halves will 
be unequal. Secondary electrons inside the collector are 
suppressed by means of carbon on the inside surface of 
the split collector bucket. 
Carbon has also been used on the main collector plate 

to reduce secondaries from this electrode. No significant 
difference was observed in the beam profiles due to the 
presence or absence of these secondaries, so long as the 

outside of the Faraday cage and the leads to the cage 
are shielded from the secondaries. 

In Fig. 5(a)-(c) the upper curves are current density 
as a function of radial position for an ideal beam. The 
two lower traces below the total current density pro-
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(c) 

TOTAL 

LEFT HALF 

TOTAL 
LEFT HALF 
RIGHT HALF 

CURRENT 

ICURRENT (CONVERGING BEAM) NEAR ANODE 

BEAM MINIMUM 

PAST MINIMUM (DIVERGING BEAM) 
Fig. 5- - Current density vs radial distance r of sampling pinhole from 

the gun axis for various axial positions ( a )-( c) along an ideal 
beam. Position (a) is near the anode, where the beam is converg-
ing; position (b) is that at which the beam has a minimum 
diameter and is parallel to the axis; position (c) is past the mini-
mum, where the beam is diverging. For each position the upper 
solid curve is the sum of the currents collected on both halves of 
the split collector; the solid lower curve is the portion of the cur-
rent collected on the left half of the split collector; and the 
dashed lower curve is the portion collected on the right half. 
Superposition of the lower curves, as in axial position ( b), indi-
cates no radial velocities at any radial position. Note that radial 
velocities at a given radius are ill opposite directions at axial 
positions (a) and (c). 

files are currents to each half of the split Faraday cage. 
When there are no radial velocities, the two smaller 
traces superimpose. This null gives a precise determina-
tion of ideal parallel flow at the beam minimum. Where 
the beam is converging (radial velocity component 
toward axis) near the gun, the solid trace is greater than 
the dashed traces to right of the centerline. Where the 
beam is diverging, far out from the gun, the dashed 
trace will be greater than the solid trace to right of the 
centerline. These latter figures are somewhat qualita-
tive since the spread of the beam sample in the Faraday 
cage, due to space charge and thermal velocities, must 
be known in order to compute the radial velocity corn-
poilent at any point in the beam. 

The data can be taken manually with an x-y recorder 
or presented in visual form in a swept display on an 

oscilloscope. In either case a potentiometer is driven 
by the radial motion of the collector assembly and the 
resulting voltage is used to drive the X axis. The cur-

rent collected in the Faraday cage is anti lified arul used 
to drive the l' axis. 

The cathode is driven with 2-µsec pulses at a duty 
cycle of about 0.001, hence minimizing the effect of ions. 

Another powerful method for reducing nonlaminarity 
in beams from high perveance guns, caused by anode 
lens aberrations, is to alter the cathode shape. For ex-
ample, to obtain a perveance 2 X10 -6 gun, having only a 
moderate convergence, one would use the methods de-
scribed by Brewers or Nlüller" to obtain the desired per-
veance and to compensate partially for the distortion 
of the anode hole. The beam from such a gun would 

normally llave a very nonuniform current density dis-
tribution and be too nonlaminar to focus well. 

This beam is improved by reducing the spherical 

radius of the cathode to the value which optimizes 
beam laminarity. Any slight aberration remaining in 
the beam can be reduced to an insignificant magnitude 
by slight adjustments in the focus electrode as will be 
illustrated later. ln addition to reducing the aberra-
tions in the beam, the technique of reducing the cathode 
spherical radius also results in a beam with increased 

area convergence and a nearly uniform current density 
distribution outside the acceleration region. 

Decreasing the spherical radius of the cathode does 
not materially affect the uniformity of the cathode emis-
sion density. This statement has been verified by plac-

ing a grid very near the cathode which was concentric 
with the cathode of the perveance 1.2 X10-6 gun de-

scribed later. The beam shape changed very little, indi-
cating that the cathode loading of the ,mgridded gun 
was substantially uniform. 
These two techniques have been used to design a 

series of guns from perveance 1.0 X10-6 to 6 X10-6 and 
area convergence of 5 to over 300:1. The remainder of 
this paper will describe these results in some detail. 

DEL\ I I. ED RESULTS 

High-convergence, perreance 2.2 X10-6 gun, type 58 

A gun of area convergence 300:1 and perveance 
2.2 X10-6 was obtained using a combination of the two 

techniques described above. Using a cathode curvature 
which would normally be used with a typical modified 
Pierce design, a laminar beam could be obtained using 
a multielectrode simulator but the area convergence 
was limited to 85 to 1 with perveance of 1.6 X10-6. By 
decreasing the radius of curvature of the cathode and 
reoptimizing the beam edge potential, laminar flow 
could be obtained at markedly higher values of area con-
vergence and perveance. The design thus obtained was 
reproduced in the electrolytic tank and a single elec-
trode focus electrode was thereby obtained to replace 

the multielectrode structure. This design yielded the 
300:1 convergence" and 2.2 X10-6 perveance values 

'2 The beam diameter is arbitrarily defined as the diameter of the 
cylinder enclosing 95 per cent of the beam current. 
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Fig. 6—Configuration of the Jerveance 2.2 X10-6 (convergence 
300:1) gun ( type 5B). This gun was developed using multielec-
trodes to optimize the beam boundary potential after the cathode 
was reshaped. Midtielectrodes were then replaced by single ekc-
trode shown. 
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Fig. 7—Beam current density profiles taken at various axial posi-
tions for the perveance 2.2 X10-0 gun (area convergence over 
300:1) ( type 5B). The number under each figure indicates the 
distance between the anode outer face and the position where the 
profile was taken. The amplitude difference of the two radial 
velocity profiles is a measurement error and not a property of the 
beam. 

quoted above. The gun configuration is shown in Fig. 6 
and the beam profiles are shown in Fig. 7. A 10 to 15 
per cent change in convergence and perveance was noted 
in translating from the multielectrode to single elec-
trode geometry but an error in scaling was later de-
tected which accounted for approximately half of this 
discrepancy. 
The measured current density profile at beam mini-

mum and one computed for this gun using the method 
described by Cutler and Hines2 are quite similar. The 
ideal shape and degree of laminarity in this beam indi-
cate that it should focus well. This is shown to be the 
case in Fig. 8. At a magnetic field of 1.4 Brillouin, 99 
per cent transmission is obtained. 

Perveance 1.9 X 10-6 gun designed using cathode shaping, 
type -Li 

The gun shown in Fig. 9 (next page) was designed 

using the method described by Brewer partially com-
pensate for the effect of the large anode hole.' As shown 

100 

90 

80 

cr 
o 

70 
o 

o 

2 60 

r.n 

Cc 
50 

uà ca 
Ai 
rc 
o. 

40 

30 

' 8 a a 

e// 

D
L
T
A
G
E
 
O
F
 
2
0
0
0
 
V
O
L
T
S
 

 
 

o
 t

> 

1
 1
 

8
8
 

 
0
0
 

--
--

-

)
L
T
A
G
E
 
O
F
 

V
O
L
T
S
 

1
 

 

L
.
_
.
 
_
 I
 

A
 B
E
A
M
 

Nh
 

I
-
 
-
.
 
-
-
I
 

A
 B
E
A
M
 
V(

 

E___....
.._, 

B
R
I
L
L
O
U
I
N
 
F
I
E
L
D
 
A
T
 

B
R
I
L
L
O
U
I
N
 
F
I
E
L
D
 
A
T
 

400 600 800 1000 1200 

MAGNETIC FIELD IN GAUSS 

Fig. 8—Per cent transmissicn of the beam from the perveance 
2.2 X10 -6 ( area convergence 300:1) ( type 5B) gun, through a 
drift tube 0.090 inch in diameter, as a function of magnetic field. 
An anode interception of 4 per cent was measured during this test 
because the anode was placed 0.010 inch too close to the cathode. 
In later tests with the anode in the proper position, focusing was 
not degraded and anode interception was less than 0.5 per cent. 

1400 

in Fig. 10, the beam from this gun has a nonuniform 
current density distribution. Furthermore, the beam is 
quite non-laminar since the radial velocity content of 

the beam is high even at the beam minimum, where 
radial velocity content would be zero in a laminar beam. 

In Fig. 9, shown in dashed lines, is a cathode having a 
reduced spherical radius. The beam resulting from this 
gun (type 4A) is shown in Fig. 11. Note that n contrast 
to the beam shown in Fig. 10, this beam has a nearly 
uniform current density distribution which is well 
maintained at every axial position, and this beam has 
nearly zero radial velocity content at beam minimum. 
Also the diameter of the beam at the minimum point 
is now much smaller than in the original beam. The 
slight aberration remaining in this beam can be elim-
inated by a slight adjustment of the focus electrode. 

This is demonstrated by Fig. 12, which was obtained 
from the gun shown in Fig. 9 by placing- 8 volts (with 

respect to the cathode) on the focus electrode when the 
anode was operated at 2000 volts. This information can 
be used in the electrolytic tank to reform the focus 
electrode such that it can be operated at cathode po-
tential. 
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Fig. 9 -Perveance 1.9 X10-6 gun designed using the method of 
Brewer and Müller to compensate partially for the anode aper-
ture. Shown as a dashed line is the reshaped cathode used to ob-
tain complete anode hole compensation ( type 4A) and an area 
convergence of 27: I at 1 kv. 
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Fig. 10-Beam current density profiles taken at various axial posi-
tions for the perveance 1.9 X10-6 gun ( Fig. 9, cathode spherical 
radius 0.632 inch). The number under each figure indicates the 
distance between the anode outer face and the position where the 
profile was taken. 
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Fig. 11-Beam current density profiles taken at various axial posi-
tions for the perveance 1.9 X10 -6 gun ( type 4A) ( Fig. 9, cathode 
spherical radius 0.496 inch). The numbe-r under each figure indi-
cates the distance between the anode outer face and the position 
where the profile was obtained. 
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Fig. 12--Comparison of the current density distribution at beam 
minimum of the ideal and experimental beam obtained from the 
(type 4A) gun shown in Fig. 9. The anode was at 2000 volt, and 
the focus electrode was at -8 volts with respect to the cathode. 

Also shown in Fig. 12 is the current density distribu-

tion of an ideal laminar beam having the sanie perve-

ance and convergence as the above gun operated at the 

same beam voltage. The ideal beam shape was com-

puted from (32) and Fig. 6 in the paper by Cutler and 

I lines 2 which predicts the effect of thermal velocities on 

the beam current density distribution of ideal beams. 

The most conclusive test for the quality of a beam is 

a focusing test wherein the beam is injected into a Bril-

louin type magnetic field. This was done by enclosing 

the gun in a vacuum envelope containing a drift tube 

of length 4 inches and inside diameter 0.180 inch. The 

per cent current transmission through the drift tube as 

a function of magnetic field is shown in Fig. 13. Data 

are included for the beams in Figs. 11 and 12. 
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Fig. 13—Per cent transmission of the beam from the perveance 
1.9 X10 -6 gun ( type 4:\), through a drift tube 0.180 inch in 
diameter, as a function of magnetic field. 

Perveance 1.2X1O-6 gun designed using cathode shaping, 
type 2D 

A perveance 1.2 X10-6 gun having a cone half angle 

of 30° and a cathode spherical radius of 0.623 inch was 
also designed, first by using the Brewer techniques, fol-
lowed by shortening the cathode spherical radius to 
0.535 inch. The result was again an improvement in 
beam laminarity and current density distribution, and 
an increase in convergence. The area convergence was 
over 50:1 at a beam voltage of 2000 volts. Transmission 
through a drift tube having an inside diameter 1.5 times 
the beam diameter was 98.2 per cent at a magnetic field 
of 1.24 Brillouin. 

Range of effectiveness 

The two new techniques described herein have pro-
vided the best results in the range between perveance 

1.0 X10-6 and about perveance 3 X10-6. The use of 
these two methods resulted in the three designs which 
have been described. Other guns have been designed at 
this laboratory ranging from a perveance 6 X10-6 gun 
having an area convergence of 6:1 to a perveance 
0.1 X10-6 gun having an area convergence of 1000:1 
and higher. At a perveance as high as 6X10-6, the 
anode aperture compensation problem becomes so 
severe that lamifiarity was extremely difficult to obtain. 
With the two new techniques described, it has been 
possible to design a perveance 6 X10-6 gun which has a 

beam that can be focused with a magnetic field reason-
ably near the Brillouin field. However, the beam from 

this gun is not truly laminar, but is relatively easily 
focused because of its low convergence. 

On the other hand, guns having extremely high area 
convergence, but low perveance, can be designed which 
are quite laminar at high operating voltages (where the 

effect of thermal velocities is small) without the use of 
the new techniques described. For example, the per-
veance 0.1 X10-6 gun having a 1000:1 area convergence 
mentioned above was designed using the theory de-
scribed by Pierce.' The primary difficulty with this gun, 
as with all highly convergent guns, is in obtaining 
proper entrance conditions into the focusing field and 
is not in matching internal beam boundary potentials. 

CoNcLustoNs 

Two new methods useful in the design of high-per-
veance, high-convergence guns have been described. One 
of these consists of using a multielectrode focus electrode 

for finding the optimum beam boundary potential in a 
gull. The other is based on experimentally adjusting the 

cathode shape. Three guns developed using these tech-
niques have also been described. One of these has a 
300:1 area convergence at a perveance of 2.2 X10-6. 
Proper shaping of the cathode and the use of a multi-
electrode structure, in place of the usual focus electrode, 

to optimize the beam edge potential were necessary to 
obtain this novel gun design. Cathode shaping was the 
most important method used for designing the mod-
erately convergent guns described. 

All of the guns shown have been thoroughly analyzed 
and have been successfully focused (greater than 98 per 

cent beam transmission with near Brillouin fields on 
most guns) in sealed-off drift tube beam testers. Al-
though extreme care must be exercised in the focusing 
of very highly convergent beams, the practicality of 
these new guns has been demonstrated. 

REcommENDATIoNs FOR FUTURE V1/47ORK 

It is believed that the methods presented here can be 

used to design a family of solid-beam guns of conver-
gence ratios in the range 2-2000 and perveances in the 
range 0.1-7.0 X10-6 a/v3/2. Little or no change in 
Pierce's design method is necessary below perveance 
1 X10-6. Use of a nonspherical cathode should allow 
these limits to be increased greatly. Furthermore, the 
technique could easily be applied to hollow electron 
beams as produced by the several versions of hollow-
beam guns which llave been suggested in the literature. 
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Thermal Noise in Field-Effect Transistors* 

A. VAN DER ZIELt, FELLOW, IRE 

Summary—The limiting noise mechanism in field-effect tran-
sistors is thermal noise of the conducting channel. The noise can be 
represented by a current generator -VP in parallel to the output. The 

value of i) is calculated; for zero drain voltage the noise corresponds 
to thermal noise of the drain conductance, and for other bias condi-
tions the noise at a given gate voltage depends only slightly upon the 
drain voltage. Because of modulation effects in the channel, e is 
somewhat larger than the thermal noise of the dc drain conductance, 
except for zero drain bias and beyond saturation. The noise resistance 
of the device is approximately equal to g„„./g„,2, where g„, is the 
transconductance of the transistor and g„,„„ its maximum value. The 

approximation becomes even closer if feedback due to the series 
resistances of the channel must be taken into account. 

¡NT RoDUCTIoN 

SIIOCKLEY' has given a theory of the field-effect 
transistor. This paper aims at applying his model 
for calculating the noise of the device, caused by 

thermal noise generated in the conducting channel. 
Let the field-effect transistor be a planar transistor 

made on p-type material and let it be provided with two 
gate contacts G, a source contact S and a drain contact 
D (Fig. 1). Let the transistor have unit width, let 2a be 

the distance between the gate contacts and L the length 
of the conducting channel. Let, for a given bias IV be-
tween the gate and the channel, the width of the chan-

nel be 2b, and let W oo be the bias needed for cutoff 
(b=0). Then, according to Shockley, 

= ir..0(1 — b, a)2; or b a = [ 1 — 11 .00)"2]. ( 1) 

Fig. 1—Cross section of a planar field-effect transistor showing the 
source S, the gate G, the drain D. the conducting channel of width 
2b and the space-charge regions of width (b — a). 11'(x) is the bias 
between the conducting channel and the gate. 

I lere IV and b are slow functions of the distance x to the 
source. If V„ is the potential of the gate with respect to 

the source, I'd the potential of the drain and n u the dif-
fusion potential, then Ir= W„=( „± jf) at the 
source and Ir = I r, = V„± I 'di( .d) at the drain. 

* Received February 26, 1962; revised manuscript received, April 
20, 1962. This work was supported by a U. S. Signal Corps Contract. 
t Electrical Engineering Department, University of Minnesota, 

Minneapoliii, Minn. 
' W. Shockley, "A unipolar field-effect transistor," Paoc. IRE, 

vol. 40, pp. 1365.-1376; November, 1952. 

For a given gate voltage the field strength com-
ponent Er in the X direction is 

(RV 
E.„ = — • (2) 

ds 

If tro is the conductivity of the p-type channel, then 
the dc current is 

dli dir 
= 20.ob = g(IV) 

dx 

where 

g(W) = 20-0b 

=g0[1-(Woow)11 
Consequently, the current is 

1 
/ = — f 

L Ws 

(3) 

and go = 2«oa. (3a) 

= go[ 2 ( IV,,3'''2' —J.  
It'd Ir, 

3 Woo" 

The transconductance g,„ of the device is 

(4) 

O!  gori  = Inv ( 
= 1199VV,,,,11 .0 '. 10 )0) Woo/ j, (5) 

and the output conductance gd of the device is 

_ = ( 
aVd LL 

(6) 

At I'd = 0, = = ( jf), which is the smallest 
value Wd can take for given V. In that case / = 0 and 

g„, =0 and 

g, 
= = ( hil 

11'00 j• 
(6a) 

For Wd—.1roo, gd-4), the (I, I') characteristic becomes 

saturated and 

go 11/2 
g„, —› g„,„„ = -[1 — = gdo 

Woo 
(5a) 

attains its maximum value. Adding (5) and (6) one ob-
tains the general relationship 

g,,, = = gdo. (5b) 

If the drain voltage is more negative than is needed 
for saturation, the current / is practicall) independent 
of voltage and Shockley's solution does not hold. 
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CALCULATION OF THE NOISE IN 

FIELD-EFFECT TRANSISTORS 

Let it now be assumed that the dc current is kept 

constant at the value I. A thermal noise voltage de-
veloped between x and (x+Ax) will then modulate the 

width of the channel between x and the drain and give 

an amplified noise voltage at the drain. By integrating 

over all sections Ax one obtains the total output noise 

voltage. 

To take this into account, one puts I17(x) = 
and b(x)=bo-FAb, where II", and ho are the dc values and 

A W and Ab are the fluctuations induced by the thermal 

noise developed between x and (x -Fax). 

square value is 

-*TWA IF,, 
= 4kTaf  

g( g(11")d",, 'dx 

4k Tàf 
A1170. 

Hence we have 

41eTàf ri _ no)1/12 
MF,,. (12) 

/ 1 — ( It'd ll' ou)"2 

The total mean square open-circuit noise voltage is ob-

tained by integrating over the length of the sample, that 

is, between the limits IV, and W I. This yields 

4 1 
[ord _ Tr.) _ (U,,'2 _ 11-2/2) , IF,,,'''(1F,,2 _ 11-2) wool 

4kTaf 3 2 

Eq. ( 1) thus gives 

b0\2 
WO = WOO(1 ; 

a 

(Wu .111') = 11,,„ [1 (bu 'lb)] 
2. 

Hence, neglecting the terni in Jib', 

(7) 

2 
AB' = — 2 Li.'«I (1 — = — — ( Ircd)W0)"2Ab. ( 7a) 

a al a 

Eq. ( 3) gives 

dB' 
/ = 2a0b0   = 

dx 

dIV0 
= 2o0b0  

dx 

diro dAIV 
2 ) 0-0(bo ± AO(  4- — 

dx dx 

(8) 

since I is kept constant. Neglecting second-order terms 

yields 

dll'e (LAW 
Ab be  = 0. 

dx dx 
(8a) 

Substituting ( 7a) into ( 8a) yields 

d(11',./ Woo) dAll" 1 du 
  (9) 

IF - 2 ( 11"„, If(,„)"2[1 — ( 11 .e/W00) 1/ 2]1 — 

where u = ( 1Vo / 11%(:)' .'2. Integrating between the limits 
x and L. one obtains 

1 — 

3,11, - 1 — 

— [wo(x)/w oopc 

— ( iv„'woo)1" 
(10) 

where ALIT,. is the fluctuation in the section àx and 

Wd is the resulting fluctuation at the drain; In(x) is 

the value of J47 at the point x where the fluctuation oc-

curs. Since IF  is caused by thermal noise, its mean 

— woo)"212 
(13) 

The short-circuit noise current has the mean square 

value 

- — go 
i2 = e2gd2 = 4kT — Ai 

L 

[(t 
4 1 

(r3 y312) ± ( r2 y2) 

3 2 

2 
[0. _ ( r312 y312)] 

3 

(14) 

as is found by substituting for / and gd and putting 

= 117d/ Woo and y = !I'm,. The equation holds for 

≤1V, / W oo ≤ In.11170,≤ 1, but does not hold in the 

saturated region of the characteristic. 

For zero drain bias ( 17,1=0), s =y and the expression 

(14) can be written 

go 
i'= 4kT — Af(1 — y112) = 4kTgdoà.t., (14a) 

as is found by taking the limit x—>y in ( 14). Since gdo is 

the ac output conductance for zero drain bias, ( 14) indi-
cates that the device gives thermal noise for zero bias, 

as expected. 

Since the dc conductance gde = J '( — I'd) approaches 

gdo for Vd- >17„, the device gives also thermal noise of the 

dc conductance for zero drain bias. If I'd 1.7„ this is no 

longer the case, but it is still worth while to compare(14) 

with the thermal noise of the conductance gde. To that 

end one writes 

= 4kTgae.l.fP(x, y). (15) 

Substituting for 2.2 and /, putting ( = ( Wa — In) 

and writing again x = Wd/ Woo and y = Ws/ W oo, one ob-

tains for the factor P(x, y) 
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1 
(x — 31) [(x — y) — 4— 3 (v3" — y2") + —2 (x2 — Y2)] 

P(s, y) =   
2 

[(x — y) — — (x'n — y312)]2 
3 

For O y s≤ 1, the function P(x, y) is a monotonically 
increasing function of x for fixed values of y and a mono-
tonically decreasing function of y for fixed values of x. 

P(x, y) has the value 1.00 for x =y (zero drain voltage), 
the value 3/2 for s = 1, y = 0 and the value 4/3 for x = 1, 
y = 1. 

It can thus be concluded that the noise is nearly equal 
to the thermal noise of the dc conductance g0,, of the 
channel for all values of W„ and Wd, as long as the de-
vice is not operating on the saturated region of the char-
acteristic. 

OTHER EXPRESSIONS FOR TIIE NOISE 

It is convenient to write the expression for i2 in a dif-
ferent form by putting 

i2 = -1kTg„,:,„.àfQ(Ird, Wd) (16) 

where 

Q( 117,4 W.) = Q(x, y) 

[0. _ ± (x312 y3/2) + 

3 2 

2 
(1 — YI/2) [(x — y) — —3 W I' 

(x2 — y2)] 

_ y312.1 

(16a) 

as is found by substituting ( 14) and introducing the ex-
pression (5a) for g„.‘. 

For 0 ≤y≤x≤ 1 the function Q(x, y) is a monotonically 
decreasing function of x for fixed values of y and a mono-
tonically increasing function of y for fixed values of x. 
Q(x, y) has the value 1.00 for x=y (zero drain voltage), 
the value 1/2 for x = 1, y = 0 and the value 2/3 for x = 1, 
y=1. Since W,/ W 00 cannot be smaller than Vdir/ Woo 
for positive gate bias, at least for the type of field-
effect transistor under discussion, the smallest value of 
Q(x, y) is always somewhat larger than 1/2. 

In the saturated condition x=1 and 

i2 = 4kTg„,„„AfQ(1, y). (16b) 

The theory does not hold beyond saturation, but it is 

found experimentally that ( 16b) is nearly correct in the 
saturated part of the characteristic as long as the field 
strength in the cutoff part of the channel is not too large. 
Eq. ( I6b) may thus be applied under saturated condition. 

It is often convenient to introduce the noise resist-
ance, R„ of the device by the equation 

= 4kTR„Afg„.2. (17) 

Substituting for one obtains for R,‘ 

(15a) 

g111:11X 

=   Q(X, y) . 
g m 2 

(18) 

Since Q(x, y) has a value close to unity, R may be ap-
proximated as 

g m 2 

(18a) 

For a more accurate jvaluation of R„ one has to deter-
mine the value of Q(x, y). 
At saturation g„,=g„,„„ and x= 1, hence 

Q(1, 31) 
R„ = 

gn... 
(18b) 

The theory does not hold beyond saturation, but in view 
of what was said about P, (18b) remains valid in good 
approximation in the saturated region of the charac-
teristic, as long as the field strength in the cutoff part 
of the channel is not too large. The value of Q(1, y) 
usually lies between 0.60 and 0.67. 

INFLUENCE OF TIIE SERIES RESISTANCES 
IN THE CHANNEL 

If the gate contacts cover only part of the channel, one 
has to take into account the series resistance r„ at the 
source side of the channel and the resistance rd at the 
drain side of the channel. The corresponding equivalent 
circuit is now as shown in Fig. 2. 

Fig. 2—Equivalent circuit of a field-effect transistor including the 
thermal noise of the two series resistances r, and rd of the chan-
nel. 

It is easily demonstrated that the "apparent" trans-
conductance gm' of the device is given by 

= g„, 

1 + r4,„„x rdgd 
(19) 



1962 van der Ziel: Thermal Noise in Field-Effect Transistors 1811 

• 

and that the "apparent" output conductance gd' of the 
device is 

= 
1 + rdgs 

At saturation gd =0 and the apparent maximum trans-

conductance gm,/ is 

(20) 

eta; .= 

1 + r„gmax 
(19a) 

For zero drain bias gd=g,,,,=g„,„, and gd' has the value 

gdo' 

=   (20a) 
1 ± 

Hence it is now no longer true that gdo' = ; this 
might be used as a means for demonstrating series re-
sistance effects. 
The mean square value i-„2 of the noise current in the 

short-circuited output is found to be 

[gm:ix''', gumxQ(x, y) + gd2r,d 
„2 = -1k7W 

(1 + rda' 

= -1kTgr„.'AfV(s, (21) 

where 

[Q(X1Y) gitIlle8 gel 2 rd/g11110C1 ( 1 + 

Q' Y) = (22) 
(I ragd)2 

Since Q(y, y) = 1 for zero drain bias and gd=g„,„,, in that 
condition, one finds for Q'(y, y) 

1 -I- gmaxr.  
= < 1. 

+ gIllaXrd gilllied) 

(22a) 

Under saturated conditions x=1 and gd = 0, so that 

Q(1, y) -I- gm.x.r. 
Y) = (22b) 

1 -I- gmaxr. 

Since Q(1, y) < 1, ( 22b) indicates that 

Q(1, y) ≤ Q'(1, y) < 1. (22c) 

The effect of the series resistances is thus to make the 
factor Q'(x, y) more nearly independent of the drain volt-
age. If the device is completely cut off, Q(1, y) —>Q(1, 1) 
= 2/3 and g,„,,s--->0. Consequently Q'(1, 1) = Q(1, 1) = 2/3. 

Introducing the total noise resistance R„' of the device, 
by putting 

yields 

i„2 = 4kTR„'Afg,„," 

R.' =  , Q'(x, y) 
g .  2 

(23) 

(24) 

so that the total noise resistance can be approximated 
by (gm,,x7gm'') in good approximation in many applica-

tions. For a more accurate calculation of R„' the factor 
Q'(x, y) must be evaluated. 
The resulting noise resistance is quite low. For ex-

ample, in a field-effect transistor in or near the saturated 

region with attainable values as g„,' = g„,„,,=1000 µmho 

and with Q(1, y) = 0.75, which is a typical value, gives 
R„= 750 ohms. This is about a factor four better than 
the shot noise resistance of a vacuum tube with com-

parable transconductance and considerably better than 
the noise resistance of transistor circuits at high input 
impedance levels. 

OTIIER NOISE SOURCES 

It has been suggested2 that the observed noise can be 
interpreted as suppressed shot noise. There is no physi-
cal basis for such a suggestion. For evidently the field-
effect transistor operates on the principle of true con-
ductance modulation, as Shockley's theory indicates. 
Generally one associates thermal noise with a true con-
ductance and not shot noise. It is hard to see how shot 
noise could ever be generated and, if generated, how it 
could be partly suppressed. As this paper indicates. the 
assumption of thermal noise allows a straightforward 
explanation of the observed noise. 

Even the cutoff portion of the channel behaves as a 
true resistor, though perhaps a nonlinear one, and thus 
should have thermal noise associated with it. This does 
not deny, of course, the possibility of an additional 
noise source. Present experimental evidence does not 
seem to indicate that this noise is important." 

Generation and recombination of carriers in the con-
ducting channel would be another possible source of 
noise. This effect has been observed" in CdS field-effect 
phototransistors, where the carriers in the conducting 

channel are generated by the absorption of light. Noise 
due to deep lying traps would also belong to this cate-
gory. 

Resides the thermal noise of the conducting channel, 
field-effect transistors should also show shot noise of the 
gate current and 1/f noise of the gate and the channel 
currents.2.3 
The shot noise of the gate current can be described as 

follows. Let the gate current /.„ consist of a part — 

due to holes arriving at the gate and electrons leaving 
the gate and a part + I„2 due to holes leaving the gate 
and electrons arriving at the gate, then 

= — + 1y2. (23) 

The noise can then be represented by a current gen-
erator -VT,2 between the gate and the source 

= 2e(1„ 1-1- 1„3).1f. (26) 

2 P. O. Lauritzen, " Field effect transistors as low- noise amplifiers," 
1962 Internat I. Solid-State Circuits Cod., Philadelphia, l'a,, Febru-
ary 14-16, 1962, Digest of Technical Papers, pp. 62-63; February, 
19-62. 

3 E. R. Chenette, to be published. 
\V. C. Bruncke, to be published. 
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For low-noise operation the currents Id and I„2 should 
be kept as small as possible. Because of the location of 

the current generator Vi„2, its effect will be especially 
pronounced for large values of the impedance in the 
gate circuit. 
Some 1/f noise should be present at low frequencies, 

both in the gate current and in the channel current. The 
latter is most pronounced for low impedances in the 
gate circuit whereas the former will show up for large 
impedances in the gate circuit. As is well known, the 
magnitude of these 1/f noises can be substantially re-

duced by appropriate surface treatment, so that it 
need not be bothersome above a few hundred cycles. 

At high frequencies the effect of the thermal noise in 
the conducting channel will also show up in the gate cir-

cuit. This comes about because of the capacitive cou-
pling between the channel and the gate; as a conse-
quence, a capacitive noise current will flow to the gate 
at high frequencies. This noise should be partly corre-
lated with the channel noise and might thus be used to 
eliminate part of the latter.' It can be represented by a 
current generator ve between the gate and the source; 
because of the capacitive coupling, should be propor-
tional to the square of the frequency over a wide fre-
quency range. Though it resembles induced grid noise 
in vacuum tubes in this respect, its interpretation is dif-

ferent, as the above discussion shows. 
The shot noise of the gate current and the 1/f noises 

can be reduced by the choice of the transistor material, 
by improved construction of the device and by proper 

treatment of the finished product. The thermal noise of 
the conducting channel and the capacitive gate current 
resulting from it are always present; however, they de-
termine the lowest noise figure that can be obtained with 
field-effect transistors. 

CONCLUSIONS 

The theoretical discussion shows that the basic limita-
tion of the noise figure of field-effect transistors is the 
thermal noise of the conducting channel. Expressions are 

derived for the equivalent output noise current gen-
erator and for the equivalent noise resistance of the 
device that can be easily checked with experiment. 
The theoretical predictions of this paper have been 

verified experimentally by Dr. E. R. Chenette3 and 
W. C. Bruncke,1 both of the Electrical Engineering De-
partment of the University of Minnesota. The author 

is indebted to these investigators for several stimulating 

discussions about the interpretation of their experi-
mental results, which led to the development of the 
theory presented in this paper. 

Higher-Order Temperature Coefficients of the Elastic 

Stiffnesses and Compliances of Alpha-Quartz* 

R. BECHMANNt, FELLOW, IRE, A. D. BALLAT0t, 
T. J. LUKASZEK t, MEMBER, IRE 

Summary—The first-, second-, and third-order temperature co-
efficients of the elastic stiffnesses and compliances of alpha-quartz 
have been derived from thickness mode resonances of double-
rotated quartz plates employing Christoffel's theory of wave propa-
gation. The temperature dependence of all possible thickness modes 
can be calculated from the values of the elastic stiffnesses and their 
temperature coefficients as derived during this investigation. A curve 
showing the locus of the first-order zero temperature coefficient of 
frequency of thickness-shear modes has been calculated and com-
pared with experiments. The second- and third-order temperature 
coefficients of frequency of the first-order zero quartz cuts are given. 
Applications to AT, BT, CT, and DT cuts are made by comparing 
the calculated with the experimental values which characterize the 
temperature behavior of frequencies and new useful piezoelectric 
cuts of quartz are indicated. 

* Received February 7, 1962; revised manuscript received April 
10, 1962. 
1- U. S. Army Signal Res. and Des-. Lab., Fort .Monmouth, N. J. 

MEMBER, IRE, AND 

INTRoDucTioN 

I
r 1 I IE FREQUENCY-temperature behavior of the 

various quartz cuts and consequently the be-
havior of the elastic constants, i.e., the stiffnesses 

cx, determining the thickness modes and the compliances 
sx„ determining the contour modes, is in general a non-

linear function of temperature. Therefore higher-order 
temperature coefficients have to be taken into consid-
eration for these quantities, e.g., by use of a power 
series. 

The Christoffel theory [ 1j of propagation of plane 
waves governs the thickness modes of piezoelectric 
crystals. The six so-called Christoffel moduli I' ik =Pki 
(i, k = 1, 2, 3) which are combinations of the 21 stiff-
nesses cxm (X, 14.= 1, 2, • • • , 6) and the direction cosines 
of the wave propagation were thereby introduced. 
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Christoffel's equation results in three possible types of 
plane waves for any direction of propagation, each wave 
having a different velocity and the three directions of 
vibration being mutually perpendicular. 
The solution of the three second-order differential 

equations derived by Christoffel leads to three resulting 
stifinesses e,,, (m = 1, 2, 3) which are related to the veloci-

ties of wave propagation and the directions of the dis-
placements which are generally neither parallel nor per-

pendicular to the direction of the wave propagation. 
Assuming infinitely extended plates, Koga [2] derived 
in closed form a solution for the three thickness modes 
corresponding to the three wave velocities, the direction 
of the propagation being parallel to the normal of the 
plate. These three frequency equations form the basis 
for consideration of the influence of temperature on fre-
quency by applying a power series. Satisfactory agree-
ment between measurements and calculations was ob-
tained when the first three orders of the temperature 

coefficients of the frequencies and stiffnesses were ap-
plied. The first-order temperature coeffiicents of the 
stiffnesses and compliances of alpha-quartz were orig-
inally derived by Bechmann [3] using measured values 
for the temperature coefficient of frequency of thick-
ness modes of plates and extensional modes of bars. 
The new determination of the values of the first- to 
third-order temperature coefficients of the elastic con-
stants of quartz is based on measurements of various 
double-rotated thickness modes of plates. 
A modified theory of elasticity was considered by 

Laval [4] in 1951, and later by others, proposing that 
the asymmetrical part of the stress tensor enters into 
the constitutive relations, thereby increasing the num-
ber of elastic constants compared with the classical 
theory. According to Laval's theory of elasticity the 

number of elastic constants for the crystal class D3 is in-
creased by (550c44 and ca. Zubov and Firsova [5] car-
ried out a new determination of the elastic stiffnesses of 
quartz using the increased number of elastic stiffnesses. 

Their values fall within the limits of accuracy of meas-
urements. The experimental values for quartz, which 
have been used for determination of the elastic stiff-
nesses given by Bechmann [6], have been recalculated 
with respect to the new theory. He found that the values 
for c4., and (55, ci4 and co, are so close and so critical that 
from an experimental point of view no support for the 
Laval theory is provided. Recent studies by Mindlin 
[7] show that the principles of conservation of momen-

tum and energy are not fulfilled by Laval's theory. In 
the following, the determination of the temperature co-
efficients of the stiffnesses is based on the classical 

theory of elasticity, which is defined by six independent 
elastic constants for quartz. 

CHRISTOFFEL'S THEORY OF PLANE ELASTIC 
W AVES IN CRYSTALS 

Christoffel's theory of the propagation of plane elastic 
waves in crystals is well known and treated in many 

papers and textbooks [8]. It is therefore unnecessary to 
repeat this theory. 

The differential equation for plane waves in aniso-
tropic media is written considering one dimension, that 
of the propagation s with the direction cosines al. «2, aa 
in the form 

a2E 
p — c— = 0, 

a,2 &.2 (1) 

where E is the direction of the displacement, c is 

c = nip2 + r22q2 + r33r2 + 2,,,qr nurp r,,pq (2) 

and 

3 

rik = E (3) 

the Christ offel stiffnesses, a combination of the stiff-
nesses cd; and the direction cosines for the direction s of 
the propagation. The constants p, q, r, when normalized 
by p2± q2+ r2 = 1, are the direction cosines for the dis-

placement E. To solve (1) for an infinitely extended 
plate, the boundary conditions for the free plate 

aE 
— = o for s = 0 and s = e (e is the thickness of the plate) 
as 

have to be introduced. 
When considering the propagation of elastic waves in 

a piezoelectric material, an additional piezoelectric 
stress clue to the electric field E must be introduced. 
Therefore a slight modification of the elastic stiffnesses 
cx„=c5me occurs, resulting in cxm° where D„ refers to con-
stant normal displacement. For infinite plates, on the 
basis of i\ axwell's equation, = D„) and 
must be continuous and therefore the related coefficients 
cx, and Pik are mixed with D=0 normal to, E = 0 

parallel to, the wave front. Consequently I' ik E be-
comes Fik D , the direction cosines of the displacement 
change, and the resulting stiffnesses C, R becomes c„,". 
The secular equation defining the three resulting stiff-

nesses cm of a piezoelectric material is given by 

ri2D, F22,4_ c D„ 

1' 13 14 cn. 

ri2 " 

rI2 E r22E— Cth 1• 22e 

r 3E 
r23 E 

Z2 

— E. 

= 0. (4) 

The expressions for P, kE and Fik". at constant electric 
field and constant displacement, respectively, in these 
equations are related by 

1 
= rikE + —ea ZiZk. (5) 
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The expressions for Christoffers stiffnesses where 

k = 1, 2, 3), 

the piezoelectric stress constants Zi (1=1, 2, 3), and the 
dielectric constant e, of alpha-quartz belonging to the 
trigonal crystal class D3, as displayed in (4), follow 
from Table 1. 

TABLE I 

EXPRESSIONS FOR THE CHRISTOFFEL STIFFNESSES Pa, THE PIEZO-
ELECTRIC STRESS CONSTANTS 2:7, AND THE DIELECTRIC 

PERMITTIVITY o FOR THE TRIGONAL CRYSTAL 
CLASS 1)3, Al-PHA-QUARTZ 
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Considering the eigenfrequencies w = 27rf of an infi-
nitely extended plate vibrating in thickness modes, 
introducing c=pco2, k2, and taking into account the 
boundary conditions cos ke/2 = 0 having the solution 
ke/ 2 = / 2, the frequency in first approximation is 

— " ' 
— —2e ' (m = 1,2,3) (6) 

where n is an odd integer. Eq. (6) is rigorous for reso-
nators having a large electrode gap or vibrating at high 
overtones. When these conditions are not fulfilled, as in 
the case of plated crystals vibrating at fundamental 
modes, a small correction term has to be considered. The 
frequencyf„.(") for the nth overtone for mode m is deter-
mined by the eigenvalue c„D., the thickness of the plate 
e, and the density p. Generally, three solutions for the 
frequency f„,(m =1, 2, 3) of the thickness vibrations and 
their overtones exist for each individual plate and in the 
following are designated as modes B, and C. Mode . 1 
is essentially the thickness-extensional mode while 
modes 13 and C are essentially thickness-shear modes. 
The frequencies for each plate always follow in the se-

quence fit >f8>fc. 
The equation for the temperature behavior of the fre-

quency can be developed in the power series 

f — fo àf 3 

— — E  Tf(n)(T To)" (7) 
f0 n=.1 Jo 

(aof 
Tf(n) = 

11Y-0 ari) T=To ' 
(8) 

= 1, 2, 3) being designated a, b, and c respec-
tively. T is the variable temperature and To is the ref-
erence temperature. 

The relationships between the first-order tempera-
ture coefficients of frequency Tr" and the first-order 
temperature coefficients of the stiffnesses Tcx,, (0 are 
given by 

2Tri) = Teo) — Tpu) — 2Tem; (9) 

the relations for the second-order temperature coeffi-
cients of frequency and stiffnesses are 

21Tf( 2) — 

= Tc( 2) — Tp(2> — 2Te(2) 

— H(Tc( 0)2 — ( Tp(' ))2 — 2(Te" ))2]; ( 10) 

and for the third order 

2[Tf( 3) — TP 2) Tf(' ) 1/3(Tfm) 3] 

= re') — Tpo) — 2Te (3) 

— [Tc(2)Tc(1) — Tp(2)Tpo) — 2Te(2)Tetol 

1/3[(Tc"))3 — ( Tp" ))3 — 2(Te (1))3], (11) 

where Tp= —(2ax-1-az) and cei and a, are the expansion 
coefficients. Te is the temperature coefficient of the 
thickness of the plate. The essential term in these equa-
tions is the temperature coefficient of the eig,envalue Tc; 
however, the terms resulting from dimensions of the 
plate are also taken into consideration. 

METHODS AND EQUIPMENT FOR MEASUREMENTS 

The measurements carried out included: 1) frequency 

measurements of the three modes of vibration at room 
temperature, and 2) frequency-temperature dependence 
of these three modes in an extended temperature range. 
The frequency range for these three modes of vibra-

tion were approximately 4 to 8 Mc with fA>fn>fc. 
Most of the crystals were excited in a Cl Meter Type 
TS 330/TSM. A Heegner oscillator [9] was used some-
times to excite modes whose activity was too low for 
excitation in the CI Meter. The frequencies were deter-
mined with a Hewlett-Packard Counter, Model 524B. 
The apparatus used for measuring the dependence of 

crystal frequency on temperature included: 1) a small 
aluminum cylinder having two cavities, with a canned 
crystal unit inserted in one of the cavities and a thermo-
couple in the other; 2) a calibrated precision bridge to 
determine the temperature; 3) a wire heating element 
which was wound around the aluminum cylinder; and 
4) a well-insulated Dewar flask containing liquid nitro-
gen. 
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Measurements of the frequency-temperature behavior 
were conducted as follows: in order to obtain a very low 
initial temperature, the cylinder containing the crystal 

and a thermocouple was lowered into the flask contain-
ing liquid nitrogen. After the temperature within the 
two cavities approximated the temperature of liquid 

nitrogen, the liquid nitrogen was removed and the 
flask containing the cylinder was sealed to stabilize the 
temperature within the flask at the desired tempera-
ture. By means of the heating element described above 

and controlled by a variac, the temperature was grad-
ually increased and frequency readings were taken at 

5°C intervals over the temperature range of approxi-
mately — 196°C to + 170°C. 

DETERMINATION OF THE TEM PER:In:RE COEFFICIENTS 

OF THE STIFFNESSES AND COM PLIA NCES 
OF ALPHA-QUARTZ 

A large number of crystals vibrating in the funda-
mental thickness modes, cut at various orientation 
angles,' were investigated with respect to their tem-
perature behavior. The crystals were divided into three 

groups: 

1) Crystals oriented at negative H angles and various 
4> angles. These plates were square and had a 
length and width of 0.5 in, their edges were 
bevelled, and t he plates were mounted in I I('-6 

holders. The plate thicknesses were adjusted so 
that mode B was calibrated at a frequency of 
about 5 Mc. These crystals were fabricated by 
:\lc('oy Electronics Company, Mount liolly 
Springs, Pa. The accuracy of the orientation 

angles was better than 10' for the angle 41 and bet-
ter than 5' for the angle H according to the manu-

facturer. 
2) Some crystals oriented at positive angles of H. 

Plates vibrating in the mode C and oriented at 
about 4) = 20°, H = 34°20', are known as IT-cuts 
and were furnished through the courtesy of Sci-
entific Radio Products, Inc., Loveland, Colo. 

3) Several crystal plates having the orientation angle 
(xy/)(-) in the range H=0° to 60° at 10° intervals 
(rotated X-cuts). These crystals were fabricated 
at the U. S. Army Signal Research and Develop-
ment Laboratory, Fort NIoninouth, N. J. 

The values for the frequency constant N =f • e of the 
three fundamental modes .1, B, and C were calculated 

using (4) and the recently published values for cx, for 

quartz [6]. The elastic stiffnesses used are given in 
Table II which also includes a new determination of the 
stiffnesses by li idlimi and Gazis [ 12]. The values de-
rived by Mindlin agree closely with the values for the 

stiffnesses given by Bechmann [6]. 
The frequencies of the crystals in Group 1 were 

measured having a large electrode separation. The 

The IRE rotational symbol ( 10j is used throughout this paper. 

agreement between the calculated frequency constant 
and the measured frequency constant is then much 
closer, as (6) is rigorous for crystals having a large elec-
trode separation. Results for the measurements of the 

frequency constants N of the three modes together with 
the calculated values are shown in Table III. Agree-
ment between calculated and measured values is better 

than 1 per cent. 
The values for the temperature coefficients of the 

elastic stiffnesses Tex, are dependent on the accuracy of 
the measurements of the temperature coefficients of fre-
quency It is well known that the temperature coeffi-
cients of frequency depend slightly on the state of the 
plate measured, e.g., the form of the plate (circular or 

square), the electrode size (ratio (I),. e where ED,. is the 
diameter of the electrode and e is the thickness of the 
plate), the electrode separation (whether an air gap or 
plated blank is use(l), the order of overtone which 
changes the zero angles for the first-order zero tempera-

ture coefficients Tf", the bevelling of the plate which is 
necessary to avoid coupling with other modes which 
gives rise to errors, and the drive level of the resonator. 

Further, there are slight differences between the tem-
perature coefficients of natural and synthetic quartz. 
Finally, the temperature coefficients of the stiffnesses 

are dependent on the approximation of the solution of 
the equations on which the determination is based. 
Some previous investigations of the frequency-tem-

perature behavior of double-rotated quartz crystals 
were conducted by Saunders and Hammond [ 131 based 
on the earlier calculation by Bechinann [31. 
The frequency-temperature dependence of the quartz 

blanks mentioned was measured in the temperature 
range — 196°C to + 170°C. All blanks used for fre-
quency-temperature measurements were plated. The 
resulting frequency curve was developed in a power 
series with respect to the reference temperature 
To = 25°C up to the third order. The first-, second-, and 

third-order temperature coefficients of frequency a, b, 
and c of a number of these crystals, which were used for 
determination of the temperature coefficients of the 
stiffnesses, are also listed in Table Ill, together with 
values calculated from the newly determined tempera-
ture coefficients. The values for Tex,("'(n = 1, 2, 3) fol-
low from (4) by differentiation with respect to the tem-
perature. 
The newly determined first-order temperat.tre coeffi-

cients of the stiffnesses Tel»), Tc66(", and rt-14") are 
considered very accurate, as the values follow from ro-
tated plates (yx1)H. The behavior of the AT and HT 

cuts, their orientation angles for the zero temperature 
coefficient of frequency and the change of their tem-
perature coefficients with respect to the angle H are 
very well known [ 141 (see Table III). In addition, the 
Y cut (yx) which has a first-order temperature coeffi-
cient of frequency of 92.5 • 10-6 , °C has also been used. 
The values for Tc44“), Tr66(", and Tenw, as shown in 

the left-hand column of Table Iv, are obtained for the 



1816 PROCEEDINGS OF THE IRE August 

TABLE II 

ELASTIC STIFFNESSES 04, IN 109A7M-2 FOR 
ALPHA-QUARTZ AT 20°C 

Xµ StilTnesses of Quartz 
Bechmann [6] 

Stiffnesses of Quartz 
Millen and 
Gazis [ 12] 

11 
33 
12 
13 
44 
66 
14 

cxpEc exp"' 

86.74 
107.2 
6.99 
11.91 
57.94 
39.88 

-17.91 

87.49 
107.2 
6.23 
11.91 
57.98 
40.63 

-18.09 

86.75 
107.2 
5.95 
11.91 
57.8 
40.4 

-17.8 

and using again aa/ao= -5.15.10-6 for the slope of 
the AT cut, the values listed on the right-hand side of 
Table IV are obtained. These latter values occur in the 
case of the AT and BT cuts when high overtones [15] 
are used or large electrode gaps are employed. The dif-
ference A between these values are also listed in Table 
IV, and the accuracy for determination of the tempera-
ture coefficients of the elastic stiffnesses Tc44 (1), Tc660), 
and Tc,40) falls within this order of magnitude. 

Tcn (I) follows from the X cut (xy) which has a value 
for the first-order temperature coefficient of frequency 
Tfo) =- - 20.5-6/°C. Tc330) was determined using the 

TABLE III 

MEASURED ANo Cm.cm.ATED FREQUENCY CONSTANTS N AN!) FIRST-, SECOND- AND THIRD-ORDER TEMPERATURE COEFFICIENTS 
OF FREQUENCY a, b, e FOR THE THICKNESS MODES A, B, AND C OF SOME SELECTED QUARTZ PLATES 

Cut 

Orientation Angle 

Mode 

N 
kc•nun 
Ob- 

served 

N 
kc•mm 
Calcu- 
lated 

Observed Calculated 

a 
10-6/°C 

b 
10-9/(°C)2 

c 
10-12/(°C)3 

a 
10-6/°C 

b 
10-6/(°C)2 

c 
10-12/(°C)3 

X 30° 0° A 2845 2873 -20.5 - 53.2 - 36.6 -20.5 -52.0 - 36.9 
30° 10° A 2890 2980 -29.3 - 67.0 - 58.3 -29.8 -6-1.3 - 68.6 
30° 20° A 3135 -42.0 - 86.0 - 92.7 -41.4 -80.7 - 95.4 
30° 30° A 3254 -54.8 -105.5 -119.5 -51.7 -96.0 -113.0 

BT 0° -49°13' B 2540 2530 0 - 40 -128 0 -39.6 -128 
5° -47° B 2519 2515 - 0.9 - 41.0 -118.0 1.7 -39.8 -127 
5° -48° B 2521 - 1.5 - 43.0 -123.0 - 0.2 -41.5 -128 
10° -38° B 2347 2388 1.1 - 39.0 - 91.0 6.8 -40.7 -120 
10° -40° B 2410 - 2.4 - 42.0 -115.0 4.3 -42.2 -122 
15° -34°30' B 2264 - 7.4 - 28.1 - 40.0 - 0.67 -47.4 -105 
15° -35° B 2208 2270 - 7.45 - 33.5 - 59 - 0.98 -47.7 -106 
30° 20° B 2220 - 9.3 - 21.8 - 34.4 - 9.3 -20.4 - 37.6 
30° 30° B 2048 2050 -19.1 - 24.5 - 28.9 -18.2 -27.0 - 33.9 

Y 0° 0° C 1946 1957 92.5 92.5 57.5 5.8 
AT 0° 35°15' C 1660 1660 0 0.40 109 0 - 0.6 109 

10° -32° C 2106 2120 0.26 - 9.8 - 32.4 - 1.5 -13 - 29.3 
10° -33° C 2158 2100 - 0.87 - 7.8 - 21.5 - 1.9 -12.5 - 25 
12.5° -33° C 2101 2088 0.8 - 7.6 - 19.6 - 1.62 -12.1 - 20.7 
12.5° -33°30' C 2079 - 0.4 - 7.4 - 14.0 - 2.07 -11.9 - 18.8 

IZT 15° -34°30' C 2040 2047 1.3 - 7.3 - 6.6 - 2.9 -10.6 - 10.5 
15° -35° C 2038 - 0.2 - 7.02 - 2.6 - 3.5 -10.5 - 8.8 

IT 20° 34°20' C 1693 1783 - 0.06 - 8.9 52.0 - 0.5 -10.5 62 
30° 34° C 1911 0.75 - 13.0 17.4 0.26 -14.3 32.0 
30° 36° C 1897 - 4.55 - 14.3 20.6 - 5.4 -14.4 34.4 

TABLE IV 

VALUES FOR TC44 0), TO160), TCHM IN 10-6/°C USING TWO 
DIFFERENT ZERO ANGLES OF THE AT AND HT CUTS 

Zero Angle 

AT: H= 35°15' 
BT: e= -49°13' 

Zero Angle 

AT: e= 35°22' 
BT: e= -49°40' 

Per Cent 

Tc4.0) 
Tc66(1) 
Tc14(1) 

-177.4 
177.6 
101.3 

-175.6 
179.3 
103.9 

1.02 
0.96 
2.55 

first-order zero temperature coefficient of frequency 
when 

= 35°15' for the AT cut, - 49°13' for the BT cut, 

and aa/ae = - 5.15.10-6 for the slope of the AT cut. 
When the zero angle C is shifted to 

e ==, , 
4p OT 

zero angles for the double-rotated plates (yxwi)4)0 
listed in Table III. 
The second- and third-order temperature coefficients 

of the elastic stiffnesses were determined using the ex-
perimental values for the AT and BT cuts [14] and the 
newly observed values for the frequency dependence of 
the double-rotated plates (Group 1). 
Table V enumerates the newly determined values for 

the first-, second-, and third-order temperature coeffi-

cients of the elastic stiffnesses for alpha-quartz. For 
comparison, corresponding values determined by Mason 
[16] are given in Table VI, and the values calculated 
from Koga, et al. [17] using the expressions 

OC 1 a2t 1 &t 
- - , and - - 
2 ar 6 ar 

are given in Table VII. 
H = 35°22' for the AT cut, - 49°40' for the BT cut, In addition to the values listed in Tables VI and 

(12) 
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TABLE V 

NEM' VALUES FOR THE TEMPERATURE COEFFICIENTS OF THE 
STIFFNESSES FOR ALPHA-QUARTZ AT 25°C 

Tc" T(2) Tex„(/) 

Ap 10-6/°C I 10-9/(°C), 10-12/(°C)1 

11 
33 
12 
13 
44 
66 
14 

- 48.5 
- 160 
-3000 
- 550 
- 177 

178 
101 

- 107 
- 975 
-3050 
-1150 
- 216 

118 
-- 48 

- 70 
- 250 
-1260 
- 750 
- / 16 

21 
- 590 

TABLE VI 

VALUES FOR THE TEMPERA .rusE CoEFFICIENTS OF THE 
STIFFNESSES FoR ALPHA-QUARTZ AT 50°C 

AccoHDI NG TO MASON 1161,1951 

10 --6/°C 10-9/(°C)2 10-12/(.C)3 

11 
33 
12 
13 
44 
66 
14 

- 48.5 
- 153 
-2703 
- 383 
- 158 

169 
105 

- 75 - 15 
- 182 410 
-1500 1910 
-2000 600 
_ )1 / - 65 
- 5 - 167 
- 270 - 630 

TAI3LE VII 

VALUES FOR THE TEMPERATURE COEFFICIENTS UF THE 
STIFFNESSES FOR ALPHA-QUARTZ AT 20°C 

AccoRDINt; To Kist:A, el al. 1171,1958 

Ap 

11 
33 
12 
13 
44 
66 
14 

nx„0, 

- 44.3 
- 188 
-2930 
- 492 
- 172 

180 
98 

Te4 (21 To4.01 

I 0- 9/( °C)2 10-'2/(°C)3 

- 407 I 
-1412 
-7245 
- 596 
_ //,5 

201 
- 13 

- 371 
- 243 
4195 

-5559 
- 190 
- 777 
- 625 

VII, the first-order temperature coefficients of the stiff-
nesses were determined by Bechmann [3], NIason [ 18], 
and Atanasoff and I lart [ 19]. The second-order tem-
perature coefficients were also derived by Mason [ 18]. 
Values for the first- and second-order temperature co-

efficients for 14,, Tc66, and Te il have been determined 
by Bechmann and Ayers [20]. 
The compliances sx, and their first-, second-, and 

third-order temperature coefficients Ts),„(") were calcu-
lated from the values of the stiffnesses cx„ and their 
temperature coefficients Iscx„(") using the well-known 
relationships between the stiffnesses and compliances. 
The values for the compliances 4, given by Bechmann 
[6] are listed in Table VIII together with values calcu-

lated from the stiffnesses c),,, given by Mindlin and 
Gazis [ 12]. The newly determined first-, second-, and 
third-order temperature coefficients of the elastic com-
pliances are listed in Table IX. All new values 

for the temperature coefficients of the stiffnesses and 

TABLE VIII 

ELASTIC COMPLIANCES Sxm FOR Al.l'HA-QUARTZ 
AT 20°C IN 10-I'M2N-i 

Compliances of Quartz 
According to Bechmasm 

Cosnpliances 
of Quartz 

Calculated from 
Mindlin and Gazis 
112] Using Their 

Values 0,, 

Xix 

11 
33 
12 
13 
44 
66 
14 

e/wee 

12.77 
9.60 

-1.79 
-1.22 
20.04 
29. 12 
4.50 

12.64 
9.60 

-1.66 
-1,T) 
20.03 
28.58 
4.46 

12.71 
9.60 

- 1.61 
-1./3 
20.017 
28.64 
4.41 

TABLE IX 

N VALuEs Foie THE 'Um rEHATuHE COEFFICIENTS OF 
THE COMPLIANCES FOR ALPHA-QUARTZ AT 25°C 

Ts)„,( 2,  

Xµ 10-6/°C 10 -0/(°C12 10 12/(.c )s 

11 
33 
12 
13 
44 
66 
14 

15.5 85.3 147 
140 247 300 

-1370 - 1385 -2287 
- 166 - 718 - 823 

210 161 162 
- 145 - 85 - 135 

134 93 - 465 

TABLE X 

VALUES FOR TIIE TEMPERATURE COEFFICIENTS OF THE 
COMPLIANCES FOR ALPHA-QUA RI Z AT 50°C 

AccoHniNG Ti) NI . SUN 1161,1951 

Àit 

11 
33 
12 
13 
44 
66 
14 

Ts4," 

10 6/°C 

16.5 
134.5 

-1270 
- 678 

201 
- 138 

139.5 

10 -6/( °C)2 

58.5 
144 

- 575 
-2100 

200 
- 18 

40 

Tsx,“" 

10-'2/(°C)5 

33 
570 

-215 
610 

- 26 

- 54 

compliances refer to 25°C. For comparison, values are 
shown in Table X for the temperature coefficients of the 
compliances Ts,,,,(") by Mason [ 16]. Additional determi-

nations for the first-order temperature coefficients of 
the compliances have been made by Bechmann [3], 

Giebe and Blechschmidt [21], and Mason [ 18]; the 
second-order temperature coefficients were also given 
by Glebe and Blechschmidt [21]. The first- and second-
order temperature coefficient values for su, s66, and 
can also be found in [201. 

All new values for the temperature coefficients of the 
stiffnesses Tc55 ('> obtained from measurements of thick-
ness modes and those of the compliances T ("1 calcu-
lated from the temperature coefficients of the stiff-
nesses Tc" ) are in close proximity to the values at 
constant normal displacement D. The values would 
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Fig. 1—Locus of Tf" , =0 for the thickness modes B and C of quartz 
plates as functiono of the angles H and 4> in a polar coordinate 
system. 

agree exactly with values at constant displacement D. if 
high overtones or large gaps were used. However, as 
mentioned before, plated blanks were used requiring a 
small correction in the frequency equation, (6). This 
correction is not taken into consideration as it would 
have made the calculation unduly complicated. This 
error, which has been neglected, is considered within the 
limits of accuracy of measurements of the temperature 
dependence of the plates. 

APPLICATIONS TO DOUBLE-ROTATED QUARTZ PLATES 
Since the temperature coefficients of the stiffnesses 

are known, the temperature behavior of thickness 

modes of any orientation can be calculated from these 
values. Mode . 1, essentially a longitudinal mode, has a 

negative temperature coefficient of frequency for all 
orientations while shear mode B has a first-order zero 
temperature coefficient of frequency in the range 
= 0° to 13° at two angles of H, both on the negative 

side adjoining the HT cut at 4)=0° and H= — 49°. The 
shear mode C has zero temperature coefficients of fre-
quency for all values of 4)(0° to 30°) at both positive 
and negative angles and adjoining the AT cut at 4)=0° 
and H=35°. 

Fig. 1 represents the locus of the first-order zero 

temperature coefficients of frequency for modes B 
and C in a polar coordinate system illustrating the 

three-fold symmetry of quartz showing that, at an angle 
4) n 120° (n= 0,1,2), the elastic properties of quartz are 
identical with those of the angle 4). 

Fig. 2 shows the calculated locus of the first-order 
zero temperature coefficients of frequency for modes B 

and C in a rectangular coordinate system compared 
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Fig. 2—Locus of rfo)=0 for the thickness ¡ tondes B and C of quartz 
plates as function of the angles H and in a rectangular coor-
dinate system. 
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Fig. 3—Frequency constant N of the thickness modes B and C, for 
alpha-quartz when Tfo) =0, as function of the angles d'and H. 

with some measured results. The values for the mode C 
are indicated by X, those for the mode B by 0. The 
agreement between the calculated and measured zero 
angles is better than 3 per cent and, taking into account 
the uncertainties mentioned above, the agreement is 
considered very satisfactory. 

Fig. 3 shows the frequency constants N=e-f for 
modes B and C when the first-order temperature coeffi-
cient of frequency is zero as function of the angle 4). 
Figs. 4 and 5 give the second- and third-order tempera-
ture coefficients of frequency when the first-order tem-
perature coefficient of frequency is zero for negative 
and positive angles of H, respectively. 

For mode C the second-order temperature coefficient 
of frequency is always negative and reaches for nega-
tive H angles a minimum value of about — 7 • 10-9/(°C)2 

at 4)=15°. The third-order temperature coefficient 
changes its sign as function of the angle cl) at negative 

H angles but the zero angles for the first- and third-order 
temperature coefficients of frequency do not coincide. 
At the angle 4)=15°, H= — 34°30', the C mode shows 

a first-order zero temperature coefficient of frequency, a 
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Fig. 5—Values for the second- and third-order temperature (-o-
efficients of frequency for the thickness mode C, positive angle 
(-) when Tfo'=-0, and the inflection temperature Ti. 

second-order temperature coefficient of frequency of 

—6.5.10-9/(°C)", and a third-order temperature coeffi-

cient of — 2-10—'2/Mr (see Table IV). This cut has 
been proposed for practical applications and desig-
nated the Ri' cut [22]. Other double-rotated cuts may 
be useful for application at low temperatures. For ex-

ample, the C mode of the cut 4)=10', 0= — 33° shows 
a very small frequency change with temperature in the 

range — 160° to 0°C. The first-, second-, and third-order 
temperature coefficients of these cuts over this range 
compensate (see Table IV). An experimental frequency-

temperat tire curve is shown in Fig. 6. The disadvantage of 
the double-rotated cuts is that all three modes are excit-
able, modes B and C being rather close together. The 
separation between these modes is in the order of 7 per 
cent for the RT cut and in the order of 10 per cent for 
the IT cut. The B mode displays a large negative sec-
ond-order temperature coefficient of frequency for all 
zero temperature coefficient cuts, including the BT cut, 
which for practical purposes makes mode B less useful 

than mode C. 
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Fig. 6—Quartz cut (yxul) 10°, — 33° having a small temperature 
dependence in the temperature range — 200°C to 0°C. 

The inflection temperature Ti is defined by 

aTf a2f = 
aT (13) 

The inflection temperature for the double-rotated plates 
of positive angles of (-) when the first-order temperature 
coefficient of frequency is zero is also shown in Fig. 5. 
The inflection temperature for the AT cut is about 25°C 

and is increased by increasing the angle 4), reaching 
about 80°C for IT cut at an angle of 4)=20°. 

APPLICATIONS TO AT- AND BT-CUT QUARTZ CRYSTALS 
IN AN EXTENDED TEMPERATURE RANGE 

The temperature behavior of the so-called rotated V 

cuts (y.v1)0 is shown in Figs. 7 and 8 which give the 
first-, second-, and third-order temperature coefficients, 
respectively, calculated from the values given in Table 
V using (9)—(11). The values for the rotated stiffnesses 
as function of the angle (-) are 

(66' = ( 44 sin' (-) -1- (66 cos' (-) -I- 2( 14 cos (.3 sin H. ( 14) 

The AT cut is described by the angle H=35°15', the 
BT cut by the angle 0= — 49°13'. The AT cut belongs 
to mode C while the BT cut belongs to mode B. The 
jump from mode B to mode C occurs at the angle 
(-)=- — 23°50'. This discontinuity is not apparent in ( 14) 
but follows from (4). 

Considering the AT and BT cuts, a maximum and 
minimum for the frequency-temperature curve exists as 
function of the orientation angle (-) following front ( 7) 
and (8). The behavior of the maximum and minimum 
can be represented by a parabola having the parabola 
constant b, max or min) for the angle considered. 
The calculated and observed values for T„,„x and 
vs the orientation angle (-) for the Al' cut in the range 
H=35° to 41° and for the BT cut in the range (-1= — 46° 
to — 52° are given in Figs. 9 and 10, respectively [ 14], 
[23]. The inflection temperatures for the AT and BT 
cuts, as function of the angle 0, are also shown in Figs. 
9 and 10. 
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APPLICATIONS TO QUARTZ CUTS VIBRATING 
IN CONTOUR MODES 

The frequencies and their temperature behavior are 
determined for contour modes of plates and extensional 
modes of bars by the elastic compliances and their tem-
perature coefficients. Two cuts of interest exist for 
square plates which have one side parallel to and are 

rotated around the X axis at angle (-), i.e., cuts of the 
orientation (yx1)0, where the first-order temperature 

coefficient of frequency is zero, the CT cut with an ori-
entation angle of approximately 0=38°, and the DT 
cut with an angle of approximately H= — 51°. There 

are three types of these cuts: 

1) Square plates with one side parallel to the X axis, 

Ymo° (Yxi) H. 
2) Square plates with the X axis diagonal, 

Ym4o. (yx/e)045°. 
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Fig. 9—Calculated and observed temperature of zero tirst-order tem-
perature coefficient of frequency vs the orientation angle H for 
the AT cut. 
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temperature coefficient of frequency vs the orientation angle H 
for the BE cut. 

Contour-extensional mode I of square plates 
[24]. (e= thickness of the plates.) 

3) Circular plates Yfe. 

The frequencies for these three modes are given by 
he equation 

2h 'V ps 55' 

where h is the length / of square plates or the diameter 
43 of circular plates. The expressions for F for plates 
Yoe° and plates Yts4e° can be found in [24], while for 
circular plates 170° no solution has been derived. I low-
ever, the value obtained experimentally on circular 
quartz plates is F=1.055 +1 per cent. 
The values for the rotated compliances as function of 

the angle 0 are 

seo' = se4' = s44 cos' (7). soo sin' 0 — 45 14 cose sin H. ( 16) 

(15) 
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Fig. 13— Calculated and observed temperature of first-order zero 
temperature coefficient of frequency vs the orientation angle E) 
for the CT cut. 

Fig. 11 shows the frequency constants N in the range 
H= — 90° to + 90° for the three modes l'4.40°, 1"(.445 ., and 

Vw. Fig. 12 gives the first-, second-, and third-order 
temperature coefficients of frequency calculated from 
the new values given in Table IX. 

According to ( 15), the values for the temperature 
coefficients of frequency of the three modes are equal, 

as I: is a constant determined by boundary conditions 
and therefore all three modes should have identicAl 

angles for their first-order zero temperature coefficients 
of frequency. 
The calculated maximum and minimum for the fre-

quency-temperature curve as a function of the orienta-
tion angle H is shown in Fig. 13 for the CT cut. In this 
curve the experimental values for l',„;„, assumed to be 

linear in 125], are also presented by dashed lines. The 
theoretical and experimental values are in very good 
agreement. 

APPENDIX 

In order to determine the values for Tex,'"', 
(n=1, 2, 3), the following values for the material con-
stants of alpha-quartz have been used in the course of 
this invest igat ion : 

1) Elastic stiffnesses cx, of alpha-quartz are given in 
Table II. Elastic compliances 4, of alpha-quartz 
are given in Table VIII. 

2) 

3) 

= 0.171 

C14 = 0.0403 

Piezoelectric stress constants in (' m-2 of alpha-
quartz [61. 

EnT = , 207 = 39.97 

E33T = 41.03 

EH' — = — 0.76 

E338 E33T = 

Dielectric constants in 10-'2F m-4 of alpha-quartz. 

4) an' = a224" = 13.71 10-6/°C 

«33 (1) = 7.48 

= «22'2' = 6.5 10-9/(°C) 2 

ot:18 (2) = 2.9 

an (' = a22"" = — 1.9 10-'2/(°C)3 

ex3a 031 = — 1.5. 

Coefficients of thermal expansion of alpha-quartz. 

5) p -= 2.65 103N m-.1s2 

Tp" ) = — 34.92 10-6/(°C) 

Tp (2' = — 15.9 10 9/(°C)2 

Too) 5.30 10-12/(°C)". 

Density and its temperature coefficients of alpha-
quartz. 
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Correspondence  

Recombination Radiation Emitted 
by Gallium Arsenide* 

When appropriately diffused GaAs di-
odes are biased in the forward direction they 
emit intense line radiation corresponding to 
gap transitions. Absolute measurements of 
the emitted radiation intensity indicate that 
at 77°K these diodes may be as high as 85 
per cent efficient in the conversion of in-
jected holes into photons of the gap energy. 
Data pertaining to the spectral distribution 
and speed of response of the emitted radia-
tion is presented, and also the high con-
version efficiency of the diode and its impli-
cations are discussed. 

The diodes were fabricated from single-
crystal n-type GaAs. A p-type layer was 
formed by diffusing in a sealed evacuated 
quartz tube zinc from a dilute solution of 
zinc in gallium. The wafers were lapped to 
0.003 inch and diced. The die was then 
alloyed to a Au-Sn plated Mo tab [as shown 
in Fig. 1(a )1 to form the base contact after 

*Received May 25, 1062. 

which an InZir sphere was alloyed to the 
p-type layer in a position above the hole 
in the base tab to form the other ohmic con-
tact. The diode was then etched to define a 
junction area of about 7.5 X10-4 cm2. The 
forward current-voltage characteristics of 
this diode at 298°K and 77°K are shown in 
Fig. 1. At 298°K the current varies as exp 
(qV/2kT) up to about 0.1 a. At 77°K the 
current also varies as exp (q V/2kT) be-
tween 10-' and 3 X10-2 a and below 10-'" a 
with an intermediate region in which it 
varies between exp (qV/2kT) and exp 
(qV/8kT). 

Fig. 2 shows the relative intensity of the 
emitted photons as a function of photon 
energy. Two peaks in the radiation distribu-
tion are observed at room temperature. The 
photon energies at which the peaks occur 
agree approximately with those observed 
by Pankove,' but the relative intensities of 
the two peaks are diametrically opposed to 

I J. 1. Pankove and M. Massoulie. " Recombina-
tion Radiation in a Gallium Arsenide P-N Junction," 
The Electrochem. Soc., Electronics Div. (Abstracts), 
vol. 11, pp. 71-75, Spring Meeting, Los Angeles. 
Calif.; May 6-10, 1962. 

those he reported. At room temperature our 
diodes emit an approximately equal number 
of photons in each line while at 77°K about 
90 per cent of the emitted energy appears in 
the 1.44 ev band. From measurements of 
the absolute value of the emitted flux and 
its angular dependence, calculations which 
take into account the photon loss due to 
refraction and internal reflection at the 
GaAs surface indicate that at 300°K ap-
proximately 40 per cent of the hoks injected 
at the p-n junction produce photons in the 
1.33 ev band. A similar calculation based on 
the measurements at 77° would give 5 pho-
tons in the 1.44 ev band produced per in-
jected hole. However, this result is in error 
because when the efficiency of producing 
1.44 ev photons is close to unity, many 
photons which would normally not reach 
the measuring apparatus because of refrac-
tion and internal reflection are absorbed and 
re-emitted until they ultimately emerge 
from the crystal. By completely neglecting 
all refraction and internal reflection losses, a 
lower limit of 0.48 photon in the 1.44 ev 
band produced per injected hole can be 
established. On the other hand, if one as-
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Fig. I Current - vi ltage characteristics for a zinc 
'Effused GaAs diode. Pulse techniques were used 
for measurements above 10 a; all other measure-
ments were dc. Higher current measurements are 
shown in inset (b) ;.nil a cross section of diode 
structure is shown in inset (a). 

PHOTON ENERGY (electron yeltel 

lis. 2- • Relative Rode emission intensity as a func-
tion of photon energy at 298°K and 77°K. The 
emission intensity scale is relative and is not the 
same for both temperature plots. Inset shows the 
high energy tail at 77°K on an expanded scale. 

sumes that the over-all quantum efficien 
(photons per injected hole) is unity, one can 
determine from Fig. 2 that as an upper limit 
0.85 photon in the 1.44 ev band are pro-
duced per injected hole. 

Also shown iii an inset in Fig. 2 is the 
high energy distribution of emitted photons. 
One sees that there is a small but finite tail 
which extends into the visible region of the 
spectrum. This is the source of the "red 
glow" reported by Mayburg and is quite 
visible at low temperatures. It is believed 
that this tail is due to recombination radia-
tion of high energy electrons in the con-
duction band. 

Measurements of emitted radiation at 
various injection currents above 30 a/cm2 
show that the radiation increases linearly 
with current tip to current densities of 2.5 
X10' It/cm> at which point the radiation 

tends to saturate with increased current 
density. When the injection was performed 
with a current pulse with a decay time of 
about 2 µsec it was found that the emitted 
radiation had the same decay time. Meas-
urements of the switching time for similar di-
odes (2 X10-> sec) indicate that the emission 
Ca n be modulated in excess of 100 mc. 

The above results indicate that it may 
be possible to fabricate diodes in which for 
every injected hole a photon of energy close 
to the band-gap is emitted front the diode. 
If sut-h diodes are possible, they will, when 
forward-biased, extract heat front the sur-
roundings. This is because the holes that are 
injected are front the high energy tail of the 
Fermi distribution, and the full band-gap 
energy is not necessary to inject them into 
the n-region. The heat extracted per unit 
time will be 

where V is the applied voltage in volts and 
hv/q is the average photon energy also in 
volts. It is evident from the above equation 
and Fig. 1 that diodes in which each injected 
carrier produces a photon of energy close to 
the band-gap can act as refrigerators. 

The authors express theit thanks to Dr. 
R. II. Rediker for many helpful discussions 
and suggestions, to F. NI. Sullivan for the 
diode fabrication, and to D. H. Bates for 
assistance in taking the measurements. 

R. J. IKEN-Es 
'I'. M. QuisT 

Lincoln L aboratory> 
Mass. Inst. Tech. 
I.exington, Mass. 

Operated with support by the C. S. Army, Navy 
and Air Force. 

Microwave Photomixing of Optical 
Maser Outputs with a 

PIN-Junction Photodiode* 

This paper reports the possibility of us-
ing a PIN-junction photodiode as a mixer 
in an optical superheterodyne system em-
ploying microwave-modulated light. With 
such a diode, we have detected signals from 
UHF through X band produced by photo-
mixing' .2 between axial-mode components 
of ruby lasers. The observations were made 

* Received May 21, 1962; revised manuscript re-
ceived June 11, 1962. This work was supported by the 
Signal Engineering Laboratories of the 1. S. Army 
Signal Corps. 

t A. T. Forrester, " Photoelectric mixing as • spec-
troscopic tool," J. Opt. Sot. Am.. vol. 51, pp. 253-
259; March. 1961. 

2 13. J. McMurtry and A. E. Siegman, " Photo-
mixing experiments with a ruby optical maser and a 
travelling-wave microwave photottibe," A ppi. Optics. 
vol. 1, pp. 51- 53; January, 1962. 

by exposing the laser beam onto a silicon 
PIN photodiode, so that the photocurrent 
included signals corresponding to differences 
between the simultaneous, discrete optical 
frequencies in the laser output. These het-
erodyned signals are then detected with 
high signal-to-noise ratio. 

The experimental setup is like that em-
ployed by McMurtry and Sieginan,' with 
the photodiode replacing the microwave 
phototube. The photodiode is a point-con-
tact PIN-junction type, the 1' region con-
sisting of a GaAti dot- --- 10 mils diameter de-
posited on an epitaxial / region -- 10 1.4 thick 
(fabricated by Prof. J. F. Gibbons of Stan-
ford). Reverse breakdown voltage is > 150 
volts. The ceramic-diode cartridge was 
partly cut away and the diode inserted in 
the center conductor of a coaxial line, with a 
small hole in the outer conductor to admit 
the laser light. One end of the diode holder 
was connected to the receiving system via 
coaxial cables and tuners; the other end was 
connected to a movable short. A break in 
the outer conductor, insulated by a Mylar 
sheet, allowed a dc bias voltage to be applied 
across the diode. Receivers with 10 Nle/set-
IF bandwidth were used in the frequency 
ranges from UHF through X-band. The 
laser light output was pointed directly at 
the junction front approximately one foot 
away, without focusing. Back-bias voltages 
were generally between 50 v and 100 v. 

The top trace of Fig. 1 shows typical 
microwave photo-beats front the diode as 
detected with a superheterodyne receiver 
tuned to the fundamental frequency spacing 
between adjacent axial optical resonances in 

àbiwe  

,Adfreitiobssww,,„__ 
Fig. 1- Linier trace: photocurrent 111111 11 N -junction 

photoiliode with 50 v of back- biased voltage. 
Upper trace: simultaneous microwave output at 
2135 Me see. Sweet, speed; use,' ' div. Sweep 
triggers at start of laser action. 

the laser rod. The bottom trace shows the 
simultaneous spikes of photocurrent from 
the same diode. Observations like Fig. 1 have 
been made with several ruby rods of differ-
ent lengths, at their fundamental frequen-
cies and also at higher mode intervals. With 
a 122-mm long rod, we have detected beats 
at the first through sixteenth mode inter-
vals, front 691 to 11,050 Mc/sec. A 39-mm 
bng sapphire clad rod yielded beats up to 
the fifth mode interval, from 2135 to 
10,675 Mc/sec. No outputs are observed 
except at these discrete frequencies. 

The higher frequency outputs might 
possibly represent not higher mode intervals 
as claimed here, but rather harmonics of the 
fundamental frequency, generated by non-
linearities in the diode or receiver. To elim-
inate this possibility, we measured the har-
monic generation in the photodiode itself, 



1824 PROCEEDINGS OF THE IRE August 

by inserting pulsed signals into the diode at 
the fundamental frequency and looking for 
harmonics. The conversion loss for harmonic 
generation was fotnal to be large enough to 
eliminate this po»tbilit v. 

In principle, the frequency at which the 
l'IN photodiode can give substantial output 
is limited by the transit time through the 
intrinsic region of junction. For our diode, 
the expected value for the transit time is 

sec, consistent with the experimental 
results presented here. 

This method of optical heterodyning be-
tween simultaneous optical modes is a sim-
ple but powerful means for studying optical 
masers. The l'IN photodiode serves as an 
optical-frequency mixer which is compact, 
simple, capable of fairly wide frequency 
range ( when retuned at each frequency), 
and possessed of good infrared response. It 
requires, however, a separate amplifier or 
more sensit it e receiver following it. By con-
trast, the microwave phototube offers the 
advantage of very wide iiistantaneous band-
widths ( > 3:1 in a ›ingle device), together 
with substantial internal amplification of 
the detected signal. For various reasons, the 
phototube may be more promising at higher 
beat frequencies, front 10 kMc/sec upwards. 

These experiments were first stimulated 
by reports of Reisz's work' on similar di-
odes; we have more recently learned of 
similar work at frequencies up to 4200 
Mc/sec by workers at the Philco Scientific 
Laboratories.' 

H. I NABA1' 
A. E. StE(zmAN 

Stanford Electronics Labs. 
Stanford l'itiversity 

Stanford, Calif. 

R. I'. Riesz, " Iligh-Speed Semiconductor Photo-
diodes," to be published. 

G. Lucovsky, M. E. Lasser, and R. B. Emmons, 
"Coherent Light Detection in Solid State Photo-
diodes,' to be published. 

t On leave of absence from Tohoku University, 
Sendai, Japan. 

Silicon Field-Effect Transistor with 

Internal Epitaxial Channel* 

Many techniques have been applied to 
the fabrication of field-effect devices since 
Shockley's detailed presentation of the 
principles.' These have included alloying, 
diffusion, etching, and mechankal cutting, 
for example." But field-effect device chan-
nels must be regions of high sheet resistivity, 
typically about 4000 1//square, and with 
these techniques it is difficult to generate 

* Received May 17, 1962. 
1 W. Shockley, "A unipolar field-effect' tran-

sistor," PRoc. IRE, vol. 40, pp. 1365-1376; Novem-
ber. 1952. 

5 G. C. Dacey and I. M. Ross, "The field-effect 
transistor," Bell Sys. Tech. J., vol. 34, pp. 1149-1189; 
November. 1955. 

5 R. M. Warner, Jr.. W. 11. Jackson, E. I. Doucette. 
and H. A. Stone, Jr.. "A semiconductor current 
limiter," PRoc. IRE. vol. 47, pp. 44 56; January, 
1959. 
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Fig. I—(a) Epitaxial starting material. (b) Structure 
completed by means of single diffusion. 
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Fig. 2—Beveled and stained specimen 
showing final structure. 

vb IN VOLTS 

Fig. 3—Output characteristics of epitaxial field 
effect transistor. 

such layers reproducibly. Epitaxial tech-
niques, however, have been able to meet the 
requirement in a highly satisfactory manner. 

We have employed a p-type silicon sub-
strate having two epitaxial layers. A high 
sheet resistivity n layer which will serve as 
a low pinch-off voltage channel is first de-
posited onto the p-type substrate. A surface 
p layer is then deposited by switching 
dopant during the growing process. Thus a 
pnp structure is grown continuously. All re-
sistivities are made equal, about 0.5 it cm. 
Typical dimensions are given in Fig. 1(a). 
A conventional photoresist procedure is 

used to produce an oxide diffusion mask 
forming a compact, convoluted pattern on 
the surface. A phosphorus diffusion then de-
fines the channel and forms the source and 
drain contact regions, as shown in Fig. 1(6). 
This represents a section through any por-
tion of the pattern mentioned above; note 
that vertical dimensions are exaggerated 
for clarity, just as they are exaggerated in 
the beveled and stained section, Fig. 2. Dif-
fusion depth is very noncritical. The depth 
must merely exceed 3 microns, the thickness 

of the p layer, and make contact with the n 
layer. Overshooting by a few microns has a 
trifling effect on channel length, which is of 
the order of 60 microns. Hence this approach 
to field-effect device fabrication assigns the 
necessary lateral geometry control to the 
diffusion operation, which is easy with con-
ventional masking techniqaes, and it assigns 
sheet resistivity control to the epitaxial 
process, which is well adapted to meeting 
this requirement. 

Excellent devices have been made in a 
passivated planar configteration. ln addi-
tion, unpassivated mesa devices have ex-
hibited good characteristics and a high 
degree of electrical stabil•ty. The present 
devices are being assemb"ed in the TO-5 
package. Fig. 3 shows an example of the 
output characteristics. 

The same structure principles of lateral 
geometry control by oxide nutlike(' diffusion 
and sheet resistivity control by epitaxial 
deposition will of course be applicable to 
field-effect transistors with p- type channels. 

Contacts can be applied to either or both 
of the gates, as desired. By connecting the 
gates electrically to the source, one obtains 
an efficient current lintiter.1 

G. C. ONonEttA 
W. J. CORRIGAN 

R. M. \VARNER, JR. 
:\lotorola 

Semiconductor Products Div. 
Phoenix, Ariz. 

Optical Harmonic Frequency Ratio 

Measurements* 

Generation of optical harmonics with 
high intensity ruby masers has been re-
ported by several workers.'-' Tentative re-
ports' of discrepancies in the expected ratio 
of 2:1 between the harmonic and funda-
mental frequencies as well as the possibility 
of observing phonon effects have led to the 
high resolution study discussed below. 

The harmonics were generated by focus-
sing the output of a cooled pulsed-ruby 
source, estimated at several joules, onto a 
ME)!> crystal, at 45° to X— Y axes and nor-
mal to the Z axis. Since as a result of 
thermal tuning,6 the output wavelength of 
the ruby may be different on consecutive 
pulses, it was essential to make simultaneous 
observations on both the fundamental and 
second harmonic. In order to accomplish 
this, the light in the forward direction was 

* Received May 29, 1962. Work supported in 
part by a grant front the U. S. Air Force, monitored by 
the Air Force Office of Scientific Research. 

I P. A. Franklin, A. E. Hill, C. W. Peters and G. 
Weinreich, "Generation of optical harmonics," 
Phys. Rev. Lett., vol. 7. pp. 118-119; August, 1961. 

J. Giordmaine, "Mixing of light beams in crys-
tals," Phys. Rev. Lett., vol. 8, pp. 19-20; January, 
1962. 

5 P. I). Maker, R. W. Terhune, M. Nisenoff and 
C. M. Savage, " Effects of dispersion and focussing 
on the production of optical harmonics," Phys. Rev. 
Jell.. vol. 8, pp. 21-22; January, 1962. 

.1 il. S. Boyne, private communication. 
5 1. I). Abella and II. Z. Cummins, "Thermal 

tuning of ruby optical maser," J. Appl. Phys., vol. 
32, pp. 1177-1178; June, 1961. 
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passed through a collimating system, in-
cident on a direct-view prism, then refocused 
onto the slit of a 3.4-meter Jarrell-Ash 
Ebert Spectrograph with a resolving power 
of about 250,000 in the eighth-order red. 
The direct-view prism displaces the red and 
ulraviolet images along the length of the 
slit by several millimeters. This serves to 
separate the images on the film, thus pre-
venting superposition and possible confu-
sion. ‘Vith this arrangement it was possible 
to obtain single- flash images on Kodak 
103-0 plates in the eighth-order red and 
sixteenth-order ultra inlet. The separation 
of images was further aided by dispersion of 
air which caused a sensible relative displace-
ment of the ultraviolet image to shorter 
wavelength. The focused spots were care-
fully centered on the entrance slit by photo-
graphing them with a separate camera and 
making the necessary alignment of external 
optics. 

The plates were measured with a 
traveling microscope comparator, and cor-
rections clue to dispersion of air were ap-
plied.' Near threshold the expected 2:1 fre-
quency ratio was foond to hold to within 
the instrumental uncertainty of about 1.5 
ppm (0.043 cm-' at the second harmonic). 
At higher intensities the harmonic line ap-
peared to be displaced toward the blue by as 
much as 10 ppm. This apparent shift is 
consistent with the effects to be expected 
from thermal tuning' during single high-
powc7 pulses. As a result of heating, the 
ruby output shifts toward the red during 
the pulse, producing a smeared image on the 
film. The red power output rises rapidly to a 
maximum, then decays slowly in time. The 
second harmonic output, proportional to 
the square of the input power, is produced 
most efficiently at the early part of the 
pulse before apprec;able tuning occurs. The 
result of this is that the center of gravity of 
the ultraviolet line is displaced from the 
center of gravity of the red line. This effect 
is further complicated by the differential 
response of the 103-0 emulsion to red and 
ultraviolet. One concludes from the thresh-
old observations that to within the experi-
mental uncertainty of 1.5 ppm the expected 
2:1 ratio obtains.7 The apparent shifts ob-
served with high power are believed to be 
purely instrumental for the reasons given. 

Mention should be made of the occa-
sional appearance of fine structure in the 
ultraviolet images, consistent with the 
operation of several longitudinal modes in 
the ruby source.8 The structure was not, 
however, visible in the red image in this ex-
periment. We believe that the apparent 
absence of these lines results from the poor 
red contrast and sensitivity of the emulsion 
used which gives rise instead to a broadened 
image. 

Sonic estimates of linewidths were made 
although the arrangement was not best 
suited for this. In a few clear cases close to 
threshold the width of the second harmonic 

B. Edlen, " Dispersion of standard air," J. ON. 
Soc. Am.. vol. 43, pp 339-344; May, 1953. 

Similar results were found by FL S. Boyne and 
W. C. Martin, J. Opt. Spy. Am. (to be published), and 
J. Giordmaine, private communication. 

I. D. Abella and C. Il. Townes, "Mode charac-
teristics and coherence in optical ruby masers," 
Nature, vol. 192, pp. 957-959; December, 1961. 

line was essentially twice the fundamental 
width of 0.1 clit -1. Phonon effects in the 
ultraviolet generating crystal which could 
cause line broadening are quite weak, and 
none were observed here. 

The author is indebted to Prof. C. H. 
Townes and H. S. Boyne for useful dis-
cussions, and to Prof. R. Novick for his crit-
ical reading of the text. 

I. D. ALIELLA 
Columbia Radiation Lab. 

Columbia University 
New York, N. Y. 

Highly Sensitive Static Magnetic 

Field Detector* 

A simple and high sensitive scheme has 
been developed for the detection and meas-
urement of small static magnetic fields. The 
scheme utilizes the diamagnetic properties 
of superconductors. The detector consists 
of a tin gate lying on top of, and insulated 
from, a lead ground plane. While the de-
vices tested consisted of thin, vapor-de-
posited films, no doubt this device would 
be constructed of foils. The device is cooled 
to a temperature sufficiently low to allow 
the lead and tin to become superconducting. 
The approximate geometry of a simple de-
vice is shown in Fig. 1(a). The cross section 
shown in Fig. 1(b) has been greatly exag-
gerated for clarity. 

The critical current of the tin gate is a 
marked function of the field applied to the 
sample. Fig. 2 shows a typical plot of the 
critical current of the tin as a function of 
angle, when the device is rotated in the 
stray field within a test dewar. The critical 
current varied from 205 ma to 8 ma. In 
some samples the magnification has been 
sufficient to produce an orientation in which 
the gate is held resistive. 

Operation of the detector can be under-
stood by noting that the field in the vicinity 
of the edge of an ellipsoid is approximately 
given by' 

= 11„(1-1- —a) 

where 

II.=H at the edge of the ellipsoid 
II«=H applied normal to the major axis 

of the ellipsoid 
a— length of major axis 
b —length of minor axis. 

This equation is valid for H. < II, the crit-
ical field of the ellipsoid. 

For the sample shown in Fig. 1, a = 1 cm, 
b=5000 A, a/b= 20,000. If, for example, the 
component of earth's field normal to the 
sample is 0.001 oersted, the edge field will 
be about 20 oersted. It is precisely this 

* Received Tune 5, 1962. 
See, for example, D. Shoenberg. "Superconduc-

tivity," Cambridge University Press, London, Eng.; 
pp. 164-171, 1952. 
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Fig. 1—(a) Ge mietry oit sample levice. (b) Cross sec-
tion sh, wing concentratim of flux lines. 

Fig. 2—Critical current of the tin gate vs 
angle in the dewar. 

magnification that caused the orientation 
sensitivity shown in Fig. 2. The symmetry 
is expected since the edge field and the 
field due to current in the tin gate add in 
quadrature. 
A slight orientation sensitivity ob-

served in open field cryotrons has been at-
tributed to this effect.2 Here the control acts 
as the magnifier. The device is also sensitive 
to initial orientation in the dewar. The field 
trapped when the ground plane becomes 
superconducting manifests itself as an edge 
field. 

This device is extremely useful for de-
tection of small static magnetic fields. When 
a "field free" region is produced using 
Helmholtz coils, this detector is superb for 
detecting the null field. The device can also 
be used to accurately detect and map anom-
alies in the earth's magnetic field. In order 
to measure the field, it is only necessary to 
provide a null field and then accurately 
calibrate critical current of the tin gate vs 
applied field. 

DAVID J. DUMIN 
Applied Electronics Labs. 

Stanford University 
Stanford, Calif. 

formerly at 
IBM I.:tbs. 

Yorktown Ileights, N. Y 

2 A. Brenemann, private communication. 
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Light and Gravitation* 

The fru,Im•nc shift experienced by 
photons in MIling through a gravitational 
field, as measured by Pound and Rebka,' 
can be explained in a simple and nonrelativ-
istic ‘vay. lithe effective weight of the photon 
is taken as nz =  E/c2= he, the energy gained 
in falling the distance 1 in the earth's field 
will be mg1 and the momentum gained will 
be ;nee. If ni and c are the mass and veloc-
ity at the higher point, and in' and e' are the 
corresponding quantities t t the lower point, 
then we have, from conservation of mo-
mentum, m'('=iiie + mgi iid from conser-
vation of mass-energy, m'c'2= ine2 -I- mg!. 
Solving these equations, we obtain e' = e and 
• = in(1-1-gl/c2). If X and X' are the wave-
leng t lis at the t wo points, and v and v' are the 
frequencies, we also have X' = X( I —gl/r2) and 
• =  P(1 -1-g//e2). 

If we visualize a photon as consisting of 
a wave packet of length ..\.v containing N 
cycles, then .,à.v =NX. From quantum me-
chanics the spatial extension of a wave 
packet is inversely proportional to its mo-
mentum. Hence = NA' with N, the 
number of cycles, remaining constant. 

\Ve now see rather clearly what happens 
to a photon as it gains energy in falling 
through a gravity field. The wave packet 
shrinks in both total length and wavelength, 
the velocity and number of cycles remaining 
constant. The decrease in wavelength at 
constant velocity accounts for the increase 
in frequency. 
A further crucial test for any theory of 

light and gravitation is to predict the ob-
served deflection of star images close to the 
sun during a solar eclipse.' In this case the 
photon is moving transverse to the direction 
of the gravity field; and if one calculates, 
as for example in Bohm," the deflection of a 
photon, assuming it to be a particle of mass 
in= E/c2 and velocity e, the resulting de-
flection will only be about half the observed 
value. However, the photon will have an ex-
tension in the direction of the field, and, as 
we have seen, the wavelength decreases in 
this direction. Thus the wavefronts of the 
photon will be tilted in the direction of the 
field, and this will cause a further deflection 
of the photon since it will follow the direc-
tion of its wavenormals. If this additional 
deflection is calculated, it turns out to be 
the missing half of the observed value. 

Since we have seen that in the interaction 
of light and gravity the light velocity re-
mains constant, it is tempting to revive an 
old idea, due originally to Faraday, that the 
gravity field is the medium for the propaga-
tion of electromagnetic radiation. Without 
inquiring into the question of how this comes 
about, let us make the assumption that the 
velocity of light is constant relative to the 
structure of a local gravity field and see how 
far this assumption will take us. 

* Received December 28, 1961. 
I R. V. Pound and G. A. Rebka, Jr., "Apparent 

weight of photons," Phys. Rev. Lett., vol. 4, pp. 337-
341; April I, 1960. 

2 II. von Kluber, "The determination of Einstein's 
light-deflection in the gravitational field of the Sun," 
in "Vistas in Astronomy," Pergarnon Press, New York, 
N. Y., vol. 3, pp. 47-77; 1960. 

2 D. Bohm, "Quantum Theory," Prentice-Hall. 
Inc.. New York, N. Y., pp. 517-519; 1951. 

Planets, stars, galaxies, clusters of gal-
axies, all of the ascending hierarchy of as-
semblages of matter in the universe, possess 
local gravity fields. In gravitational terms, 
we may describe the universe in terms of 
relatively moving local gravity fields. We 
should then expect the phenomena of stellar 
aberration and Doppler shift to be explain-
able in terms of these relatively moving 
fields plus the assumption that the velocity 
of light is always equal to e relative to 
whatever local gravity field it is traversing. 

Space in this communication does not 
permit a detailed description of how these 
accommodations take place, but it is possible 
to rough them in briefly. If we consider the 
Doppler shift from a moving stellar source, 
for example, we find the following. The star 
will have a local gravity field which is mov-
ing with respect to the galactic gravity field, 
for instance. Since the velocity of propaga-
tion must be the same in both fields, light 
originating on the star, on crossing the 
transition between the two fields, must have 
its wavelength increased or decreased de-
pending on the relative motion of the two 
fields. If this light is finally observed on the 
earth, and the earth is moving with respect 
to the galactic field, another change in 
wavelength will occur on entering the 
earth's gravity field. The final wavelength 
observed will depend only on the relative 
motion of the star and earth. 

In the case uf stellar aberration we have 
to consider the behavior of a spherical wave 
crossing the boundary between two local 
gravity fields which are moving relative to 
each other in a direction at right angles to 
the direction of propagation. In this case a 
simple Huyghens construction will show 
that the pattern of waves in the second 
gravity field will be distorted in such a 
manner that the waves entering a telescope 
in the second field will be tilted and will 
appear to come front a source which is dis-
placed from its true position by an amount 
depending on the relative motion of the 
two fields. 

More interesting questions present them-
selves when we consider the rotating earth. 
To what extent does the structure of its 
gravity field that determines light velocity 
rotate with the earth? To determine this 
requires the measurement of an "ether drift" 
of 0.3 km/sec or less in temperate latitudes. 
The Michelson-Morley experiment and its 
later refinement by Joos,' in a 360° rotation 
of the apparatus, found no drift greater than 
about 1.0 km/sec, and it is clear that a pre-
cision of at least an order of magnitude bet-
ter than this will be required to reach the 
actual rotational velocity. The Cedarhohn-
Townes ammonia titriser experiment' which 
currently reports no drift greater than 
0.015 km/sec is actually of no value in this 
measurement, because on rotation of the 
apparatus a considerable positive effect was 
observed which was ascribed to an unavoid-
able change in local magnetic conditions. 
The Michelson-Gale experiment' is con-

G. Joos. "Theoretical Physics." Harrier Publish-
ing Co.. New York, N. Y., 2ndi ed., pp. 235-237; 1950. 

J. P. Cedarholm, G. F. Bland, B. L. Havens, and 
C. H. Townes, "New experimental test of special 
relativity," Phys. Rev. Lett.. vol. 1. p. 342; November, 
1958. 

,loos, op. cit.. pp 471-473. 

sistent with the view that the earth rotates 
with respect to the propagation medium but 
since this experiment can be explained, 
though tortuously, by general relativity, a 
verification by a refined Michelson-Morley 
type of experiment is urgently desired. 
Techniques using microwaves and atomic 
frequency standards for the rotational ex-
periment will be the subject of a future 
communication. 

C. W. CARNAHAN 
120 Fawn Lane 

Menlo Park, Calif. 

Modes in Rectangular Guides 

Loaded with Magnetized Ferrite* 

In previous works" the exact investiga-
tion of propagating modes of arty order in a 
rectangular guide partially filled with a 
transversely magnetized lossless ferrite slab 
situated against one side wall has been 
carried mut. The numerical calculations 
showed the existence of structures for which 
the first and second order modes have a uni-
directional character. 

Seidel and Fletcher published a paper" 
on an approximate solution of the same 
problem. They have considered the asymp-
totic case of vanishingly small waveguides. 
They found, besides the zero order ferrite-
dielectric modes, three types of higher order 
modes, which they called FM ( ferrite-metal), 
FAI ( ferrite-air I) and FMI ( ferrite-air I l ). 
The propagation constants of the FM and 
FA I modes are equal and opposite, and 
therefore from the Seidel and Fletcher anal-
ysis it appears that in the asymptotic case 
the structure cannot be unidirectional for 
modes of order higher than Ars-o and for a 
certain range of the ferrite tensor permeabil-
ity components. 

This result seemed to be somehow in 
contrast with our numerical calculations 
since, although for guides of finite cross sec-
tion, we found, for the same range of the 
ferrite tensor permeability components 
considered by Seidel and Fletcher, unidi-
rectional higher order propagating modes. 

We have therefore made the vanishingly 
small waveguide approximation in our char-
acteristic equation 1(11) of the above men-

* Received. February 5, 1962; revised manuscript 
received. February 23. 1962. The research reported 
in this document has been sponsored by the Elec-
tronics Research Directorate, AF Cambridge Res. 
Lab., AFRO (Air Research and Development Com-
mand) through its European Office. under Contract 
AF 61(052)-1(11. 

G. Barzilai and G. Gerosa, "Modes in rectangular 
guides filled with magnetized ferrite."' L'Onde élec-
trique, vol. 38, pp. 612-617, .S'uppUmeni Special. 
Congres International Circuits el Antentres Hyper-
fréquences, Paris; October 21-26,1957. 

2 G. Barzilai and G. Gerosa. "Modes in rectangular 
guides partially filled with transverse:y magnetized 
ferrite," IRE TRANS. ON ANTENNAS AND PROPAGATION, 
vol. AP- 7, special suPPlement. pi,. S47I -S474; De-
cember, 1959. 

H. Seidel and R. C. Fletcher, "Gyramagnetic 
modes in waveguide partially loaded with ferrite." 
Bell Sys. Tech. J.. vol. 35, 00.1427-1456; November. 
1959. 
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honed work'] to see if the bidirectional 
character of the higher order modes was 
peculiar to the asymptotic structure. How-
ever, from our characteristic equation we 
obtained the FM and FMI modes, but we 
did not find the FM set. Therefore the 
asymptotic analysis of our characteristic 
equation was consistent with our previously 
obtained results, since the lack of the FAI 
modes makes possible structures with uni-
directional higher order modes even in the 
asymptotic case. 

We have investigated the reasons for the 
discrepancy between our asymptotic analy-
sis and the one carried out by Seidel and 
Fletcher, and we have found that the Seidel 
and Fletcher FA I modes are trivial solutions 
with zero amplitude. The arguments sup-
porting this conclusion are reported below. 

Apart from the asymptotic approxima-
tion, the method of attacking the problem 
we have used and the one used by Seidel and 
Fletcher differ for the expression of the em. 
field in the vacuum region. \Ve have ex-
pressed such a field as a superposition of a 
TE wave and a TM wave, while Seidel 
and Fletcher used two waves, one of which 
has the tangential electric field parallel at 
the vacuum-ferrite interface to the tangen-
tial electric field of one mode in the ferrite 
region, and the other has the tangential mag-
netic lied parallel to the tangential magnetic 
field of the other mode in the ferrite region. 

If we introduce into Maxwell's equations 
for a vacuum region a wave solution of the 
following form: 

Et = N/7e0/E01 B 
ih 

•exp [j(k.,x k„y k.(;)j (1) 

(time dependence exp jiat is assumed), we 
obtain a system of six linear algebraic homo-
geneous equations in the six components 

e,„ h, 14, of the two constant ,,di-
mensional vectors e and h. By setting equal 
to zero the deternrnant of the coefficients, 
we obtain ( by normalizing the propagation 

constants with respect to coV muEo): 

k,2 k,2 = 1. (2) 

If ( 2) is satisfied, by computing all the 
5-order minors of the 6-order determinant, 
it is found that they are all equal to zero, 
while there are 4-order minors different 
from zero; therefore, the 6-order determinant 
of the coefficients becomes a 4-rank deter-
minant. This means that from Maxwell's 
equations we obtain only four independent 
equations for the six field components. 

\Ve can obtain a solution with only one 
arbitrary amplitude by adding to four of the 
six Maxwell's equations a fifth linear homo-
geneous relation among the six field com-
ponents. This fifth linear relation must of 
course be independent from Maxwell's equa-
tions. 

If we separately pick up two different 
linear homogeneous relations we can obtain 
two different wave solutions having the 
sanie form ( 1). However in order to obtain 
two independent waves it is necessary that 
four of the six Maxwell's equations and the 
two different additional linear homogeneous 
conditions are altogether six independent 
conditions. This is so if the 8X6 matrix, ob-

tained by adding to the six Maxwell's equa-
tions the two additional linear homogeneous 
œnditions for the two waves, is a 6-rank 
matrix, i.e., at least one 6-order minor is 
different from zero. If, on the contrary, the 
rank of the above mentioned 8X6 matrix 
is less than 6, the two waves obtained are 
not independent. 

In our work' we have chosen for the two 
waves used to express the e.m, field in the 
vacuum region the following additional 
linear equations (x axis= longitudinal axis of 
the guide): 

= 0 (TE wave); 

= O (TM wave), 

while Seidel and Fletcher chose 

(3) 

(4) 

e,fie.—e,lie=0 (parallelism between the tan-

gential electric fields); (5) 

h,fuh,—//,/nh.,=0 (parallelism between the tan-

gential magnetic fields) (6) 

where the subscript f refers to the ferrite 
region. 

l'nder conditions ( 3) and (4) the 6-order 
minors of the above mentioned 8X6 matrix 
are all equal to zero if 

1 — = 0, (7) 

while under ( 5) and (6) this happens if: 

keel [(k.,-1/k.,.)h, f kAriii] 

— k :e.rfitk.,1 e — 1 / k 0. (8) 

Eqs. ( 7) and (8) represent, therefore, for the 
two different expressions of the e.m, field in 
the vacuum region, the no-independence 
condition for the two waves. It can be 
verified that if ( 7) is satisfied all com-
ponents of the TE and the TM waves be-
come proportional, reducing the two waves 
to TEM waves, and if ( 8) is satisfied all com-
ponents of the two waves obtained under 
conditions (5) and (6) become proportional. 

Consider now the boundary value prob-
lem considered by Seidel and Fletcher,' i.e., 
a vacuum-ferrite interface. We can express 
the e.m, field in the vacuum and in the fer-
rite region as a superposition of two waves. 
If however we choose for the vacuum region 
two waves having all components propor-
tional, it can be shown that the character-
istic equation obtained from the boundary 
conditions is automatically satisfied, but the 
corresponding eau. field is everywhere equal 
to zero. 

Therefore the no-independence condi-
tion for the two waves used to express the 
ean. field in the vacuum region always cor-
responds to a trivial solution for the bound-
ary value problem considered by Seidel and 
Fletcher.' The same happens in the more 
complicated boundary value problem con-
sidered by us,' and in fact our characteristic 
equation also contains the trivial solution 
(7), which, however, we have neglected. 

Under asymptotic approximation, con-
dition ( 8) becomes: 

or 

keel — keel = 

— k,krin = O. 

(9) 

Eq. (9) is identical to the characteristic 
equation for the FAI modes found by Seidel 
and Fletcher. Therefore the FAI modes are 
modes of zero amplitude and the relative 
characteristic equation is only the expres-
sion for the no-independence condition dis-
cussed above. 

We note that if we compute the eau. field 
corresponding to the characteristic equation 
for the FAI modes by using the asymptotic 
approximation we do not obtain zero, since 
the approximate expressions for the field 
components of the two waves in the vacuum 
region are not exactly proportional. This is 
perhaps the reason why Seidel and Fletcher, 
who started directly with the approximate 
expressions, did not realize that the FM 
modes are solutions of zero amplitude. 

From the preceding analysis it can be 
concluded that the FM modes found by 
Seidel and Fletcher do not exist; therefore, 
even in the asymptotic case they have con-
sidered, undirectional higher order modes 
can be found. 

The author wishes to express his thanks 
to Prof. G. Barzilai for encouragements and 
helpful suggestions and discussions in the 
course of this investigation. 

GtoRGto GERos.-% 
Islitulo di Eletlronica dell' Universilii di Roma 

Rome, Italy 

Single-Sideband Suppressed-
Carrier Modulation of Coherent 

Light Beams* 

A method for producing single-sideband 
suppressed-carrier modulation at optical 
frequencies was recently devised and tested 
in our Laboratories with a coherent carrier 
obtained from a helium-neon gas laser. 
This type of modulation is of interest for 
improving signal-to-noise ratio and con-
serving bandwidth. It is also important in 
that it provides a solution to the problem of 
shifting the inherently fixed frequency of a 
laser beam to another frequency without 
introducing additional frequency com-
ponents, thus making possible a variety of 
new communications and physics applica-
tions of the laser. 

The principle of the modulator is that a 
rotating birefringent plate, or a system that 
simulates the action of such a plate, will act 
upon a circularly polarized light beam to 
produce a separable component shifted in 
frequency. The rotation is accomplished by 
the use of the Pockels electro-optic effect in 
a pair of potassium dihydrogen phosphate 
(KDP) crystals. This rotation can trans-
form a left-circularly polarized light beam to 
produce a right-circularly polarized com-
ponent at one of the modulation sideband 
frequencies. The displacement of this fre-
quency is limited only to the maximum fre-
quency at which the electro-optic_effect can 

(10) *Received May 14, 1962; revised manuscript re-
ceived May 21, 1962. 
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be produced, which has been shown to ex-
tend into the microwave range.' 
A diagram of the single-sideband 

suppressed-carrier optical modulator 
(SSBSCOM), is shown in Fig. I. Incoming 
light is passed through a combination of a 
plane polarizer and a quarter-wave hire-
fringent plate that functions as a left-
handed circular polarizer. This polarized 
light is passed through the two electro-optic 
crystals along their optic axes ( or e 
not's) and then through a right-handed cir-
cular analyzer ( the mirror image of the 
polarizer), which extracts the desired r.h. 
component and blocks the I.h. component. 
A modulating electric field is applied to each 
crystal in the c-axis direction by means of 
transparent electrodes. The effect of a 
rotating birefringent plate is obtained by 
having the b axes of the t t crystals 
oriented 45 degrees apart, as shown, and 
applying the modulation voltages in phase 
quadrature. It can be shown that the out-
put light consists of a I.h. component of one 
fixed amplitude . 1nd a r. h. component of a 
second fixed amplitude. The I. h. component 
rotates in synchronism with the input left-
polarized light. However, the r.h. com-
ponent executes one additional r.h. cycle of 
rotation during each modulation cycle, and 
therefore the frequency of this component is 
the sum of the input light frequency and the 
modulation frequem•y, i.e., the upper side-
band frequency. 

The SSBSCOM has been tested at audio 
frequencies by using it to modulate light 
front a General Telephone & Electronics 
Laboratories gas laser. The et ystals used 
were a pair of potassium dihydrogen phos-
phate bars 7 min long and 10 min square, 
with peak modulating voltages of about 
2000 volts. The occurrence of SSBSC modu-
lation was established by using the two-tone 
test that is employed for this same purpose 
at ordinary radio frequencies. Two modulat-
ing frequencies were applied, and the 
modulated light was detected with an RCA 
7102 multiplier phototube. The modulation 
envelope was then displayed on an oscillo-
scope and examined for beat frequencies. 
Fig. 2 shows oscillograms obtained under 
four different conditions of operation. Tones 
of 1 and 1.5 Ice were used, and the circuitry 
was arranged so that upper sideband out-
put could be obtained for either tone alone 
(Figs. 2(a) and 2(b)I or for both tones to-
gether !Fig. 2(c)I; alternatively, upper 
sideband output could be obtained for one 
tone and lower sideband output for the 
other ¡ Fig. 2(d )I. The upper traces are the 
waveforms of the voltage on the first crystal, 
the middle traces are the modulation en-
velopes, and the lower traces are base lines 
obtaiml with the light turned off. The en-
velopes of Figs. 2(a) and 2(b) are horizontal 
lines with a slight ripple at the modulation 
frequency, indicating extinction of the 
lower sideband and almost complete sup-
pression of the carrier.. The envelope of 
Fig. 2(c) displays the beat frequency of 0.5 
kc between the two upper sideband fre-
quencies. The envelope of Fig. 2(d) displays 
the beat frequency of 2.5 kc between the 

I. P. Kaminow, "Microwave modulation of the 
electro-optic effect in KII,P0i." Phys. Rev. Len., vol. 
6, p. 528; May 15, 1961. 
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Fig. 2 Two-tone test of SSFISCOM. (a) 1-kc upper 
sideband outimt. fb1 1.5-kc upper salt-batid out-
put. (c) 1-kc upper sideland output and 1.5-kc 
upper sideband output. (d) 1-kc upper sideband 
output and 1.5-kc lower sideband output. 

upper and lower sideband frequencies. 
Detailed mathematical analysis of the 

StiBSCONI reveals that the I.h. -component 
at the unit put of the second crystal consists of 
a carrier of freqtlelICVf, and a series of even-
ordered doublt-sidelrand terms at fre-
quenciesf„+nf„. where ji„ is the inodulation 
frequency. The amplitudes of these I.h. fre-
quent-% cttmpom•nts are 

Ln= 
1.1./„ (k l',0 (for n even or zero) 

0 (for n add) 
(11 

where k = 47rn'r/Á n is the index of refrac-
tion, r is the appropriate elet•tro-optic con-
stant, X is the fight wavelength, . 1 is the am-
plitude of the input light, l'„, is the peak 
nexItilation voltage, and J,. are nth order 
Bessel functions ot the first kind. All of these 
terms are eliminated by passing the light 
through the r.h. circular analyzer. The r.h. 
component at the output is a series of odd-
ordered single-sideband terms at frequencies 
f,.-1-1(f,„. The amplitudes of these terms : ire 

R„ {N/2.1.1,,(kr„,) (2) 
(for n = n= + 1, —3, + 5, — 7, • • • ) 

0 ( for all other Va Illeti Of n) 

The modulation transfer chirac)urisli• 
RI, which is nearly linear for rr,„ iji o 
about 7/2 radian. At thi:- value the in( ident 
light power has been di % ided is follm% s: 51 
per cent carrier tsupprt,sed ) 45 per cent 
upper sideband fundamental, 3.9 per cent 
double sideba nil second harmonic ( sup-
pressed ), and 0.1 per cent lower sideband 
third harmonic. 

The writers ackno%%hq:gu with thanks 
the help given by 14. E. M. Conwell in this 
work. 

C. F. 
V. J. 12(nvi.ER 
L. R. Bi.00m 

General Telephone & Electronics Labs., Inc. 
I3ayside, N. Y. 

Inductance from a Field-Effect 
Tetrode* 

In their paper' on the field-effect tetrode 
Stone and Warner show that suitable biasing 
will use this device to display transfer ad-
mittances of opposite sign and thus to be-
have as a gyrator. Of chief interest is the gy-
rator's ability to simulate inductances by 
inverting capacitive admittances. In prac-
tice attempts to lind bias conditions which 
give a useable inductance combined with a 
high Q at a reasonable operating frequent•y 
usually prove abortive. It is suggested here 
that biasing the tetrode to produce negative 
self-adinittance may well result in interest-
ing combinations of these three parameters. 
The model, terminology and basic assump-
tions are similar to those of Stone and 
Warner. 

The following critéria were applied to 
calculated results in order to determine 
which were of practical importance: 

a) Results which invol% e working fre-
quencies outside the range 1 kc to 
100 Mc were rejected. 

b) A range of 1 pf to 0.1 ,uf was imposed 
on both the load capacitance and the 
capacitance which would be needed 
to tune the inductance produced. 
(This is tipproximately the range for 
capacitors realizable by microminia-
ture techniques used in the produ('-
tion of thin film circuits and solid 
cuits.) 

The fact that negative self-admittance 
can be obtained for the field-effect tetrode 
suggests that it should be employed to can-
cel, or nearly cancel, real components of the 
input admittance of the gyrator-capacitor 
combination to yield inductance of very 
high Q. Two possible arrangements present 
themselves for this treatment . 

First Quadrant, Case I where yu <0, 
Third Quadrant, Case II where ye < 0. 

* Received April 24, 1962; revised nianuscript re-
ceived May 7, 1962. 

H. A. Stone and R. M. Warner. "The field-effect 
tetrode," ['Roc. IRE, vol. 40, pp. 1170-1184; july, 
1061. 
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The load capacitor is assumed to be of 
infinite Q to keep the analysis simple, i.e., 
=jwC. 

FIRST QUADRANT, CASE 

The input admittance of the combination 
is given by 

- yi2y21/y22 + y, 

and the condition that the real part of YIN 
is zero, to give an infinite Q emerges as 

0J2C2 = y22(Yre2i - yuy22)• 

The imaginary part of 1i is 
, 

(y222 W 2C 2) 

- 

wCyi2y2i 

As Yi2Y21<0 this quantity is positive and 
equivalent to 1/jcaL, the admittance of an 
inductance L. For the condition imposed by 
(2) the product cdC is constant for any 
chosen G, so that the inductance is com-
pletely defined by 

(2) 

(3) 

- (y222 -I- ce2C2)/w2C2y12y21. (4) 

Choose bias conditions V1=1.2117,„ 173 
W„ and G1=10-2 mho. These quantities 

determine the admittance parameters of the 
tetr(xle and hence fix co2C2 and L/C for the 
combination. In Table 1 Ci is the capaci-
tance needed to tune the inductance pro-
duced. Results for G1=10-' mho are also 
included. 

TABLE I 

C(0) 

{ G1..I0-2 mho 

G1 •• 10 -, mho i 

= fiQ oo) L Ci(PI) 

104 142 Kc 06mb 2100 
103 1.42 Mc 60 ph 210 
102 14.2 Mc 6.0 µh 21 
10 142 Mc 0.6 ph 2.1 

104 1.42 Mc 6.0 ph 2100 
HY 14.2 Mc 0.6 ph 210 
102 142 Mc 60 m511 21 

The stability of the device under these 
bias conditions needs further investigation 
in applications to amplifiers, oscillators and 
inixers. 

THIRD QUADRANT, CASE II 

A similar analysis performed for this case 
with a choice of Vi= - 173 = - 1.2 W„ 
and G1=10-2 mho allows Table II to be 
constructed. 

TABLE II 

C( PI) J02 = co) 

104 
Ils 
102 
10 

1. Cite 

422 Lc 
4.22 Mc 

42.2 Mc 
422 Mc 

0.55 mh 
55 ph 
5.5 ph 
0.55 ph 

260 
26 
2.6 
0.26 

Thus it would seem that there is suffi-
cient theoretical evidence to justify building 
some devices with small initial conductance 
and attempting to measure them while 
biased in this particular manner. 

GYRATOR DESIGN 

The limitations of pinch-off in both 
channels together with the requirements on 

initial conductance suggest the following de-
sign for a silicon gyrator. 
A 5 il cm n-type channel should be com-

bined with a 12 II cm p-type channel having 
a common channel thickness of 3 microns. 
The pinch-off voltage then becomes 14.5 
and the bias voltages suggested become 14.5 
and 17.5 v, respectively. A reverse bias of 
v should not put the junction in danger of 

breakdown. For the n-type channel an ini-
tial conductance G1 = 2.5 X10-3 mho (400 11) 
would be obtained with an aspect ratio of 
0.01 (see Fig. 1). 

ASPECT RATIO • 1. 

Fig. 1- Proposed construction for a gyrator. 

Epitaxial techniques should be ideally 
suited for the fabrication of these otherwise 
delicate structures. The n-type floating sub-
strate imposes no additional frequency limit 
as the capacitance of the junction it forms 
can be made small compared with that be-
tween the epitaxial layers. 

The authors wish to thank the directors 
of the Plessey Company Ltd. for permission 
to publish this note and also the Ministry of 
Aviation for their support. 

P. J. ETTER 
B. L. H. W ILSON 

The Plessey Company Ltd. 
Caswell, Towchester 
Northants, England 

Generation and Radiation of 
Ultramicrowaves by 
Optical Mixing* 

The presence of small nonlinearity in the 
dielectric constant of optically transparent 
materials has recently'.2.3 been used for gen-
eration of harmonics and optical mixing of 
focused pulsed laser beams producing in-
tense electric fields of the order of 102 
volts/cm and above. The wavelength of the 
monochromatic light emitted by two lasers 
operating at different temperatures is sep-
arated a few angstroms apart with the fre-
quency difference on the order of 500 to 
2000 kMc. By using the nonlinearity of the 

* Received June 8, 1962. 
P. A. Franke'', el al., "Generation of optical 

harmonics," Phys. Rev. Lett., vol. 7. pp. 118; August, 
1961. 

2 M. Bass, el al., "Optical mixing," Phys. Rev. 
Lai., vol. 8, pli. 18; January, 1962. 

J. A. Giordmaine, "Mixing of light beams in 
crystals," Phys. Rev. Le.. vol. 8, pp. 19; January, 
1962. 

medium it should be possible to generate 
this ultramicrowave beat frequency. The 
nonlinearity coefficient a in the dielectric 
constant expression e =i(11-aE) is usually 
quite small (-,10-" to 10-'2 cm/volt) for 
optical harmonic mixing, but may be con-
siderably larger for beat frequency genera-
tion, because ionic displacements play a 
larger role due to fi -12 being below the 
infrared absorption band of the material 
(between 3 to 10 teracycles/second for ma-
terials of interest). 

The two input frequencies f, and 12 
(Phase constants St, 52, respectively) beating 
in the nonlinear dielectric medium cause a 
displacement current with phase constant 
01-02 at the submillitneter beat frequency. 
This phase constant is, in general, different 
from the propagation constant 

( 

of waves at frequency fi -f2. Due to the 
fact that the permittivity at ultramicro-
waves is either larger or equal to that 
at optical wavelengths, i.e., et», - 02, radi-
ation at submillimeter wavelengths from 
the displacement current at these frequen-
cies is possible at an angle 4., = sin- (o, 
-02)/0. In fact, the radiation pattern can 
be obtained from the theory of long-wire 
antennas,' and can be shown to have a polar 
coefficient of the form 

s[OLsin-- (sin O - sin el 
2  

sin 0-
sin O - sin 

Since a few centimeter lengths L of the 
medium provide a radiation path several 
hundred wavelengths long, extremely nar-
row radiated beams may be obtained at sub-
millimeter frequencies (angular width of the 
major lobe =( 2X/L)1/cos tk-‘-0.5 to 1°). The 
power level at the maximum of the first 
sidelobe at 11/±(3X/L)1 /cos 1,1, is about 13.5 
db below the principal maximum, inde-
pendently of the actual value of Lilt as long 
as it is large. Since the nonlinear medium 
used is by definition transparent to the 
optical frequencies, use can be made of the 
multiple reflections of the input signals from 
the two end boundaries. In other words, the 
medium can be so dimensioned (01L = nor, 

021- = n2w; where ni and n2 are integers) and 
strongly reflecting end boundaries are pro-
vided to create a high Q resonator at the 
two incoming wavelengths. Under these 
conditions, the electric field strength 
E„0. at optical wavelengths is increased by a 
factor 1/(1-R)", where R is the power re-
flection coefficient of the end boundaries at 
optical wavelengths (assumed equal for the 
two end boundaries, without any loss of 
generality). Since the displacement current 
at submillimeter frequencies is proportional 
to (E„„)2 and the radiated power is 
equal to (displacement current)2Xradiation 
resistance an improvement of 1/(1 - R)2 
may be achieved in the radiated power 
by this means. 

4S. A. Schelkunoff, " Electromagnetic Waves," 
D. Van Nostrand Co., Inc., New York, N. Y. ; 1948. 
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the total radiatell power is given by 

1 'ii 

2-A 2(wi 

• L. /2 G 2(0) sin OdO 

where n is the characteristic impedatice Of 
the medium at frequency fi —f2, é the per-
mittivity of the medium and G(0) the polar 
coefficient of radiation for the above ar-
rangement of multiple reflections. 

(;(0) = sin 

[sin C IL (sine — sin O)) 
2 

sin ik — sin 0 

+  sin 01) ] 2 

sin e + gin 0 

The dimensions of the medium are i s-
so tiled ni ich larger than the wavelength 
X=2 w/Ø to neglect the induction field in the 
field expressit ois. ill order to form an idea 
of the order of magnitude involved, let us 
assume the following parameters: 

fi—f2= 10'2 c/i-, 
=.6 Kw (3 Joule, loser. pulse) 

a = 10 -1" cm/volt 
R = 0.99 
R, = 200 ohms. 

The radiated power Po is calculated to 
be 45 tow. The value of a at these fre-
quencies is not known at present and 
may be somewhat lower than the alue as-
sumed. The above presented scheme of non-
linear mixing provides a simultaneous gen-
erator and highly directional radiator at 
ultramicrowa Yes. The edge boundaries of 
the medium are shaped so as to allow the 
radiation out of the system. 

The author is grateful to Or. S. K. 
Ghandhi for his interest and encouragement 
during the course of this work. 

Om P. GA:Now 
Philco Scientific Laboratory 

Blue Bell, l'a. 

Tunnel Diode Loaded by a Shorted 
Transmission Line* 

Nagumo and Shimura' have inade a 
thorough analysis of t he t unnel diode loaded 
by a shorted transmission line. Unfortu-
nately, some readers may have trouble fol-
lowing this worthy paper in one place due to 
an equation that appears to have suffered a 
misprint and in other places due to apparent 
errors in some of the figures. 

Since AI= T = 21/w, the next to last equa-
tion in column one of page 1287 should read 

* Received September IS, 1961. 
J. Nagurno and M. Sidman-a, Self-oscillation in a 

transmission line with a [ tunnel diode,' Piroc. IRE. vol. 
49, pp. 1281 1201; :\tigrist, 1961. 

Fig. — The equivalent 

Fig. It Determination of the first operation point. 

‘it = 21, LC. 

The following equation is correct as it stands 
indicating that this error is only an unfortu-
nate misprint. 

More serious is the confusion created by 
some of the figures, of which Fig. 21 is a 
good example. In order to see that the path 
indicated is incorrect, let us repeat the 
analysis ill more physical ternis than used 
by Nagumo and Shimura. Consider, as an 

condition, that the transmission line 
in Fig. 1 is completely discharged. Then an 
equivalent circuit is that shown in Fig. A, 
where Z is purely resistive since the line is 
assumed lossless. The resulting operation 
point Pi call be determined by drawing a 
load line corresponding to Z and E on the 
characteristic curve of the tunnel diode as 
shown in Fig. B. ( The problem of bistability 
has been side-stepped for the time being by 
choosing a monostable load line for the first 
example.) 

Operation at Pi is obtained by impress-
ing a negative voltage (vi —E) and a positive 
current (ii) Oil the line. These polarities are 
consistent with a wave traveling away from 
the diode. When this wave reaches the 
shorted end of the line, it is reflected with 
inverted voltage and travels back to the 
diode. Now, in general, there will be a re-
flection at the diode, and a third wave will 
travel down the line toward the short. This 
third wave is determined by the fact that the 
sum of the three waves ut st be consistent in 
voltage and current with the characteristic 
of the diode. Considering at first only the 
first two waves plus E, the combined voltage 
will be E, and the combined current will be 
11+(ii—O)=2ii. In addition to this there 
will be the voltage and current of the third 
wave which have the ratio —Z. The second 
operating point P, can then be found by 
drawing a second load line through point Q, 
as shown in Fig. C. Now, as before, the third 
wave, having a positive voltage (v2— E) and 

Fig. C -Determination of the seeond opetatimi 
point. PI. 

Fig. D—A load line showing bietabilitY• 

a negative current wili be reflected 
at the shorted end of the line, re\ ersing its 
voltage to become a fourth wave, and the 
fourth wave is reflected at the diode creating 
a fifth wave. The third operating point P, 
can be found by drawing a third load line 
through the point whose coordinates are 
v=E, 1=124-( i2- 211)=212-21i. The process 
may be continued indefinitely to trace the 
action of the circuit through as many cycles 
as may be desired. 

Before taking up the question of bista-
bilitv, let us t7ompare the results so far with 
those of Nagumo and Shimura. W'e find that 
we have drawn a set of load lines Q,, I',, 
having slopes — I /Z in the v, j plane and with 
all the points Q„ lying on the line v= E. We 
can also draw in connectives P„Q„.i.i having 
slopes + 1/Z, in which case we find that 
Q„P„Q. +1 always forms a half diamond. If 
we take the tremble to normalize the vari-
ables in the manner of Nagumo and Shi-
mura, we find that in the k, n plane the above 
lines have slopes of ± 1 (45°) and the points 
Q. all lie on the n axis in agreement with 
Nagumo and Shimura. 

Now consider a point Q. and load line as 
shown in Fig. I). Do we take P. or Ps to be 
P.? So far we have considered the tunnel 
diode to be an ideal diode having no) capaci-
tance. Let us be more realistic and consider 
that there is a capacitance but that it is too 
small to make the rise times appreciable. 
Now if Q. lies above the diode characteristic, 
as shown, the sum of the 2n —2 naves con-
sidered thus far have more current flowing 
toward the diode than at that instant ( before 
the reflection) is taken by the diode. The 
difference must flow into the capacitance, 
raising the voltage, and the circuit moves to 
point P„. If Q„ had been below the diode 
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-T). ,9pf(r)) 

ect) 

Fig. 1— The three roots ol the equation G(I>, os, 0) =0 
are 4, = 4.»), and 

et) 

Fig. 2-4'(t + 7') for 0 t T approaches to 0)(1) if 
>00 2). and to .10) if 4,0 

characteristic, the circuit would have had to 
move in the direction of lower voltage 
coming to a point such as Ph. Thus the (geo-
metric) reflection ( of the construction lines) 
at Q is to the right it Q„ lies above the diode 
characteristic and to the left if Q,, is below 
the diode characteri,;tic. Examining Fig. 21 
we find that the reflection is incorrect at the 
next to bottom such point. Similar mistakes 
can be found in several other figures. 

MALcot.m H. STEWARD 
Westwood Division 

Houston Fearless Corp. 
Los Angeles, Calif. 

Authors' Comment2 

The first point which is indicated by 
Steward is apparently our careless mistake. 
The next to last equation in column one of 
page 1287 should read 

T = 21‘ LC 

as pointed out by Steward. 
Concerning the second point, which is 

more serious, Steward's conclusion seems to 
be incorrect. The reason is as follows. 

I.et us consider the differential-difference 
equation (38) in the (-ase where the function 
g is triple valued. Let the three roots of the 
equation of 4, 

G(e, ci/o, 0) = 

Received October 9, 1961. 

1 

Fig. 3--If Steward's conclusion is correct, the oper-
ating points ought to behave as shown in this fig-
ure. 

(a) 

(b) 

(c) (c) 

Fig. 4—The case m = 16, n = 15. Z = 1 Ice, T/2 = 100 
kisec, E =0.14 volt. (a) The V- I characteristic. 
(b) The voltage waveform. 0.05 volt/division 
(vertical), 1.2 nisec/division (horizontal). (c) The 
current waveform. I m amp/division (vertical), 
1.2 msecidivision (horizontal). 

Fig. 5--Fig. 21 must be replaced by this figure. 

(a) 

Fig. 6—The case m = 2. n [( I : 1)72(1 : 2) j Z =220 n, 
T/2 = 450 psec, E =0.28 volt. (a) The V - I 
characteristic. (b) The voltage waveform. 0.1 volt 
/division (vertical). 900 psecidivision (horizontal). 
(c) The current waveform. 2m amp 'division 
(vertical). 9(X) usec division ( horizontal). 
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be 4,=4,0 0 ,(2) and 4,,(3) >.(2) >,$,i13)), 

where 00 is a constant ( see Fig. 1). 
If the initial condition of the differential-

difference equation (38) is assumed as 

,mt) = 00: constant for 0 ≤ ≤ T, 

(38) reduces to a differential equation of the 
first order: 

T) 
C° = G4(1 ± 7.),00,(» 

for 0 ≤ ≤ 7'. (a) 

Since G(01“,, 44, 0)=0 for i=1, 2 and 3, this 
differential equation has three constant 
solutions: 

(et = 4)1'1', 0,( 2,, 0,(3), for 0 I T. 

Front the fact that G(4,, 0)<0 for 
for 

44(">$>002', 4><tti (3 ', we know that the 
solutions 01(" and ciai)(3 are stable, while 
44(2' is unstable. Therefore, we can conclude 
that the solution of ( a), 0(/ T) for 0 ≤I≤ T, 
approaches to oii") if rito>1 2', and to e 3' if 
00<rót (2 '. It is easily seen that this conclu-
sion is equivalent to Steward's (see Fig. 2). 

It must be pointed out, however, that 
this conclusion is based on the assumption 
that "00(/) is constant for 0 ≤/≤ T," which 
is implicitly assumed in Steward's physical 
discussion too. If 0,0) is not constant for 

T, the above-mentioned conclusion 
does not necessarily hold. Even if the initial 
condition is assumed to be constant for the 
first period, we cannot make such an as-
sumption for the next period because of the 
parallel capacitance C*0 of the tunnel diode. 
The effect of the term C0(d0(/)/d/) in ( 38)can-
not easily be estimated as done in Steward's 

-ro make this situation definite, let its 
consider the casc where Z is large. If Stew-
ard's conclusion is assumed to be correct, the 
operating points ought to behave as shown 
in Fig. 3, which is obviously not true, as 
Fig. 4 of our experimental result shows. 
I lowever, Fig. 21 is our mistake by itself 

and we must replace it by Fig. 5 below. An 
experimental result which corresponds to it 
it shown in Fig. 6. 

J. AGr Not 
SIDNIURA 

Dept. of Applied Physics 
Faculty of Engineering 

University of Tokyo 
Tokyo, Japan 

Mr. Steward's Reply" 

In reply to the authors' comment I must 
maintain that my conclusions are not incor-
rect for the case assumed, which was that 
there is no capacitance across the tunnel 
diode. My wording was, " ... there is a 
capacitance but that it is too small to make 
the rise times appreciable." In other words, 
the concept of capacitance was introduced 
only to the point of determining the choice 
between P„ and P),. It was still to be consid-
ered that the voltages atol currents were 
step functions. Nagunto and Shimura seem 

Received December 4. 1461. 

to alternately agree and disagree with my 
conclusions. The reason for that is that they 
are not always clear as to whether capaci-
tance is being neglected or not, and the pres-
ence of capacitance in non-negligible 
amounts can make impressive differences in 
the results. 

In their original paper (4) implicitly 
states that capacitance is to be neglected, 
and nothing in the text changes this assump-
tion until the beginning of Section VI. All 
ligures up to and including Fig. 29 are pre-
sumed by the reader to be based on the as-
sumption of no capacitance, and on the 
basis of this assumption, many of them, in-
cluding the revision shown in Fig. 5 of their 
comment, are incorrect. Toward the end of 
their comment, the authors reveal the cause 
of the confusion. Without ever stating the 
amount of capacitance involved, they have 
been drawing their figures so as to agree as 
far as possible with experimental results. 
The large number of discrepancies obtained 
indicate the strong effects of practical 
amounts of capacitance. 

In Section VI of their original paper the 
authors state the equations governing the 
case in which capacitance is considered, but 
do not explain the effects of this capacitance 
on the results. I must confess I had not 
given this much thought either, until I read 
their comment. In order to get a qualitative 
feel for the importance of practical amounts 
of capacitance, let us study Fig. E below. 

E 

Fig. -.‘ moving loadline as when rise time 
is non-negligible. 

Suppose we have arrived at P„, awl the 
next wave coining toward the diode takes us 
to Q,„1. If the rise time of this wave is 
negligible, the next operation point must be 

However, if, as a result of smoothing 
introduced in previous periods, the rise time 
is appreciable, we may think of the voltage 
and current applied to the diode as moving 
gradually front P„ through Q„, Qb, and Q, to 
Q,, ,_u. During this tinte the diode capacitance 
will be charged by the difference between 
the diode and line currents. If the applied 
voltage and current jumped from P,, to Q„ 
and then stopped, the effect of the charging 
would be to move the operating point front 
Qa along the road line OP. toward P„. It 
can therefore be seen that the actual opera-
tion point will follow some curve from P„ to 
a point on Q„P,„ to a point on (2.,P,,, to a 
point on Q,.P„ to, finally, either P„ +.1 or 
P„.0 '. If the capacitance charges rapidly 
enough. compared to the rise time of the 

applied wave, to keep the operating point 
under the diode characteristic, the end point 
will be P„ 41. If not, the changing current 
will reverse part way through the process, 
and the end point will be The motion 
of the operating point away from 
generates a new wave on the transmission 
line traveling away from the diode to con-
tinue the process of oscillation. The rise time 
of this wave will correspond to the charging 
tinte of the diode capacitance. 

If, as assumed above, the charging tinte is 
similar to the rise time (of the applied wave, 
not the new wave), it appears that the op-
eration point will stay on the same branch 
of the diode characteristic until this is no 
longer possible because of pamiing the peak 
point or the valley point. Since both times 
are determined by the same capacitance, it 
appears that this might be a common condi-
tion and explains most of the figures shown 
by Naginno and Shimura. On the other 
hand, if the inductance in series with the 
diode becomes appreciable, the result could 
be the other way around again. The situa-
tion can obviously get quite complicated. If 
a prediction of circuit performance is re-
quired, the best approach is to add the effect 
of inductance to (34) and ( 35) and then 
solve using the actual circuit values. These 
equations become 

v(1, — —  
at 

ova, ti 

4ti ± 
2 2 

2 2 

— 141' — — —7)) 

7' 
ZC'04,1' — — Zeo4)1' ± 

2 

In conclusion, it appears that the figures 
shown by Nagumo and Shimura are prob-
ably correct in real life, but not for the 
simplified case assumed in most of their 
paper. In spite of this, their paper is very en-
lightening and draws many interesting con-
clusions of practical importance. 

Authors' Reply' 

In case the reactance of the tunnel diode 
is completely neglected, the circuit behavior 
is governed by and only by the difference 
equation ( 18) and the stability condition 
(25). If there exist many solutions which 
satisfy ( 18) and ( 25), therefore, it is impossi-
ble to decide which one of them is actually 
chosen to occur. 

Nevertheless, only one circuit behavior is 
observed in actual fact. To give a theoretical 
explanation of this fact, it is necessary to 
consider the reactance of the tunnel diode. 
As the first step toward the attrmpt, we 
considered the parallel capacitance of the 
tunnel diode. \Ve thus obtained the differen-

Received January 8. 1962. 
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tial-difference equation ( 38) and defined the 
stability condition mentioned in our paper 
(Section VI). To our regret, we can not give 
complete discussion on this problem now. 

Many ligures displayed in our paper are 
drawn to show solutions of the difference 
equation ( 18) satisfying the stability condi-
tion ( 25), which coincide with our experi-
mental results. It is expected, however, that 
the occurrence of these solutions displayed 
in our paper will be theoretically confirmed 
when the full treatment of the differential-
difference equation (38) is accomplished. 

Furthermore, it will be necessary in 
some cases to consider not only the parallel 
capacitance but also the series inductance of 
the tunnel diode, as pointed out by Steward. 

Eventually, Steward's conclusion men-
tioned in his Reply does not seem to be in 
discord with our opinion. We express sincere 
thanks to Steward for his valuable discus-
sions. 

J. NAGUMO 
M. SHIMURA 

A Total-Reflection Solid-State 
Optical-Maser Resonator* 

Various schemes for solid-state optical 
maser oscillators have been proposed and 
are being tested in a number of laborator-
ies." Initially only pulsed operation was 
possible. More recently, attempts to set up 
continuously operating solid-state optical 
masers using special pumping techniques and 
cooling have been successful.'' 

In this communication a novel resonator 
and output coupling configuration for an 
optical maser is described. This configura-
tion differs from others in current use in that 
it uses total internal reflection to reflect the 
light beam and frustrated total reflection for 
output coupling. 

One possible configuration of the total 
reflection resonator is shown in Fig. 1. As 
the figure shows, the adjacent end walls of 
the resonator are at right angles to each 

* Received June 22, 1962. The work reported 
herein was sponsored ny the U. S. Army Signal Re-
search and Development Labs., Office of Naval Re-
search and the Air Force Office of Scientific Research, 
under Contract No. AF- 18 (600)-1505. 
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5, pp. 303-305; Octolier, 1960. 

G. E. Devlin, J. McKenna, A. D. May, and A. L. 
Schawlow, "Composite rod optical masers." Appt. 
Optics, vol. I, pp. 11-15; January, 1962. 

L. F. Johnson, G. D. Boyd. and K. Nassau. 
"Optical maser characteristics of Tne, in CaW04," 
PROC. IRE (Correspondence), vol. 50, pp. 86-87; 
January, 1962 . 

L. F. Johnson, G. D. Boyd, and K. Nassau. 
"Optical maser characteristics of Ho'. in CRW04.. 
PROC. IRE (Correspondence), vol. 50, pp. 87-88; 
January, 1962. 

7 L. F. Johnson, G. I). Boyd, K. Nassau, am! 
R. R. Soden, "Continuous operation of the 
CaW0.:Ne, optical maser," PROC. IRE (Corre-
spondence). vol. 50, p. 213; February, 1962. 

D. F. Nelson and W. S. Boyle, "A continuously 
operating ruby optical maser," Appt. Optics, vol. I. 
pp. 181-183; March, 1962. 

other. If the resonator is placed in an opti-
cally rarer medium such that the ratio 
of the refractive indexes of the reso-
nator medium and the external medium is 
greater than N/2, a light beam in a direction 
parallel to the side walls will be totally 
reflected from the end walls and confined 
within the crystal. This eliminates the need 
for dissipative metallic or multilayer dielec-
tric coatings. Power is abstracted from the 
resonator through frustrated total reflection, 
that is, by coupling to the rapidly decaying 
fields in the optically rarer medium associ-
ated with the phenomenon of internal reflec-
tion. This can be achieved by placing the 
hypotenuse of a right-angle prism parallel 
to and in close proximity of one of the totally 
reflecting end walls. The arrangement is 
shown schematically in Fig. 2. Frustrated 
total reflection will occur if the refractive 
indexes of the coupling prism and the 
coupling medium ( relative to that of the 
resonator medium) are properly chosen. ( It 
is readily found that for frustrated total 
reflection to occur, n2<ni sin a <n3, where 
n2 and n3 are the refractive indexes of the 

resonator, coupling medium and coupling 
prism, respectively, and at is the angle of 

10> 

45* 

Fig. 1— The total reflection optical-maser resonator. 

output 

coupling prism 

---> out put 

d 

re sono tor 

Fig. 2—The total reflection optical- maser resonator 
with coupling prism. 

incidence.) The amount transmitted power 
depends on the angle of incidence ab on the 
ratio of the refractive indices n2 and n3 of the 
couping medium and the coupling prism, 
respectively, to the refractive index ni of the 
resonator, and on the thickness d of the 
coupling layer. It should be clear that the 
medium of the coupling layer need not be 
the same as the medium surrounding the 
other reflecting surfaces of the resonator. 

The threshold requirements for optical-
maser oscillation are determined by the re-
quirement that the amplification by stimu-
lated emission lie sufficient to compensate 
for the losses.9 Thus, both the threshold 
concentration of active atoms in the host 
crystal and the pumping power required to 
maintain the threshold number of excited 
atoms are determined primarily by the 
losses. These consist of the scattering by the 
inhomogeneities in the rod material, the end-
wall absorption, diffraction and scattering 
losses, and the useful output. In the total 
reflection resonator the end-wall losses are 
substantially eliminated. As a result the 
threshold pumping power is reduced and the 
available output is increased. 

Another, perhaps more important, aspect 
of the reduced losses lies in the lower thresh-
old concentration of active atoms. Since the 
light quanta emitted either by spontaneous 
or induced emission are necessarily smaller 
than the input pumping quanta, a substan-
tial fraction of the pumping power is dissi-
pated as heat within the host material. This 
dissipated heat is proportional to the con-
centration of active atoms. A lower concen-
tration will thus result in a lower heat 
dissipation so that continuous operation 
without elaborate cooling and pumping 
techniques becomes feasible. 

The total-reflection resonator exhibits 
another interesting property. All the other 
optical-maser resonator cavities use either 
metallic or multi-layer dielectric coating of 
the end walls to normally reflect the light 
beam. As a result a definite phase relation-
ship exists between the two contradirec-
tionally traveling wave systems. No such 
relationship is established by the boundary 
conditions existing in the total reflection 
resonator. It would therefore appear that 
this configuration can support two mutually 
independent contradirectionally traveling 
resonant wave systems. The only process 
that might couple these two wave systems 
is the emission process. It would therefore be 
of interest to determine if any correlation 
exists between these wave systems. Since 
power from the two contradirectionally 
traveling wave systems can be brought out 
separately from the two different faces of 
the coupling prism such an experiment can 
be readily performed. 

L. BERGSTE1N 
W. KAHN 

Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 

C. SHULMAN 
Polytechnic Institute of Brooklyn, and 

The School of Technology, 
The City University 

New York, N. Y. 

A. L. Schawlow, "Optical and infrared masers," 
Solid State J.. vol. 2, pp. 21-29; June, 1961. 
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Current-Voltage Characteristic 

of Tunnel Junctions* 

Tunneling through thin insulating films, 
discovered some thirty years ago, has been 
studied extensively in connection with tun-
nel diodes.' Recently, it has been pointed 
out' that, in addition to tunneling, there are 
other mocks of electron transport through 
thin films. We have been studying sym-
metrical current-voltage characteristics of 
metal-insulator-metal junctions. of the type 
illustrated in rig. 1, which was made with 
an Al-A120,-( ti junction at room tempera-
ture and atmospheric pre-:sure. The natural 
oxide coating of commercial Al foil was used 
in this case, but similar characteristics are 
observed with thicker oxide films formed by 
anodizing. The slope at the origin is that 
of a 1330-ohm resistor, and an empirical 
lormula I =-.( l"-1-0.625 V")/1330 represents 
the curve, apart from the " hysteresis. -

Fig. 1 I irient-voltage haractil 1-I lc of metal- in-
sulator- metal tunneling. NliMi11111111 current, 1.59 
ma, maximum voltage, 1.15; slope at origin indi-
cates 1330 ohms; frequency, 10 km. 

There is no known theory for the hyster-
esis displayed. It is not attributable to ca-
pacitance in the usual sense, as shown by 
varying the frequency of the applied alter-
nating voltage. We have observed curves 
enclosing more area, and curves with less are 
common. Open loops, with less included 
area, have been observed at 0.05 cps by 
landy," who formed junctions by air oxida-

tion of evaporated Al films, on which various 
other neta Is were subsequent ly deposited 
by evaporation. No theon. has been pro-
posed to account for the hysteresis. 

Our junctions are quite unstable, being 
formed by pressing the oxide-coated foil 
lightly against a flattened wire of Cu, Al or 

By tapping the support, an in open 
junction is brought into the tunneling 
mode; an open or a short circuit may occur 
suddenly by further jarring or apparently 
spontaneously. 

We are attempting to form more stable 

* Received June II, 1962. This work was sup-
ported in part by a grant from the Research Cor-
iration. 

N. Ilolonyak, Jr., and I. A. Lesk, "Gallium 
arsenide tunnel diodes," Pkoc. IRE, vol. 48, pp. 
1405-1409; August, 1960. 

2 P. R. Enitage and W. Tantraporn, "Schottky 
emission through thin insulating films," Phys. Rer. 
Left., vol. 8, pp. 267-268; April 1, 1962. 

Robert M. Handy, "Electrode effects on alumi-
num oxide tunnel junctions," Pin's. Rev., vol. 126, p. 
1968; June, 1962. The authors are also indebted to 
Dr. I Iamb- for a copy of his Pli.1). dissertation, North-
western l'inversity, Evanston, Ill., 1961, unpublished. 

structures, to distinguish between different 
modes of transport, and to investigate the 
observed hysteresis. 

H. 1'. KNAUSS 
R. A. BRESLOW 

Department of Physics 
The t*niversity of Connecticut 

Storrs, Conn. 

A High-Speed Point 
Contact Photodiode* 

Proposed optical communication sys-
tems require photodetectors capable of 
broad-band operation to frequencies ill ex-
cess of 10' cps. \ germanium formed point 
contact photodetector' that responds to the 
beat frequencies of the lie-Ne gas maser up 
to 900 Mc has been constructed. The device 
should lie capable of operation at frequencies 
up to 50 Ge. 

This germanium photodetector was con-
structed using a I" body with an epitaxially 
grown r layer. The r layer is approximately 
8 inierons thick. A 2-mil diameter mesa was 
chemically etched. 0.6-mil arsenic doped 
gold foil was pointed and brought into con-
tact with the 7T region in the center of the 
mesa. A short-current pulse was used to 
alloy the point Material into the w layer. The 
allcuyed region is approximately 4 microns it 
diameter and penetrates the w layer to a 
depth of 4 to 5 microns. The diode structure is 
shown in an expanded scale in Fig. I. 

Light is incident at the side of the 
region as indicated in Fig. 1. The V-I char-
acteristics of a typical diode are indicated in 
Fig. 2. 

The operation of this type of photode-
tector was discussed by Gaertner.' The de-
vice is basically a PIN structure. With re-
verse bias the depletion layer of the junc-
tions (P-I and I-N) spread out to occupy the 
entire I or in our case w region. This w region 
becomes a region of high and nearly con-
stant electric field. Photons of sufficient 
energy to excite hole-electron pairs are inci-
dent on the r region. The generated carriers 
move with terminal velocity across the 
swept Jr region and are collected at the i'' 
and A" regions. Since the carrier lifetimes 
in the 1" and alloyed N region or N' region 
are quite small, typically 10 -1° sec or less, 
these collected charges recombine quickly. 
The terminal velocity in the sr region is ap-
proximately 107 cm/sec under a reverse bias 
condition of 3 volts or more. 

An estimate of the ultimate performance 
can be obtained. The active w region ( Fig. 
1) is about 4 microns thick. With the termi-
nal velocity of 107 cm/see, photon excited 
carriers will transit this region in times less 
than 4X10" sec. The capacity can be esti-
mated by considering the device as a parai-

t Received June IS, 1962. 
R. P. Riesz of the Bell Telephone Labs has sub-

mitted a report for publication to the Journal of 
Applied Physics detailing the construction and opera 
Bons M a P- 1-N junction photodetector. 

W. W. Gaertner, Phys. Rev., vol. 116. no. 84, 
1959. 

lel plate condenser. With il sr layer of 4-
micron thickness and a 4-micron diameter 
point region, the capacity is 4.5 X10 pf 
(e for germanium is 1.42 X10"'" farad/m). 
The measured series resistance of a typical 
diode is about 10 ohms. 'Ile RC cutoff fre-
quency will be on the order of 10' cps. The 
transit time will thus limit the frequency re-
sponse of the detected output to the 25- to 
50-Ge region. 

Tests were conductcx1 wilh this diode 
mounted without encapsulation' across the 
coaxial structure shown in Fig. 3. The out-
put of the I I E-N E gas maser at a wavelength 
of 1.153 microns Wilti focused through the 
small hole in the side of the coaxial structure 
onto the sr region in the vicinity of the point. 
A reverse bias of 3 to 4 volis was used. Both 
short-circuit and open-circuit tuning stubs 

Fig. 1—Point contact photodiode etructure. 
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Fig. 2 -Photodiode /- 11 characteristics. 
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were placed on one coaxial terminal. The 
second terminal was connected to a conven-
tional microwave receiver consisting of a 
tuned preselector and a single diode mixer 
followed by a 30- Mc IF amplifier. 

The several modes present in the maser 
output were mixed in the diode to produce 
RF beat frequencies at 117 Mc. Beat fre-
quencies as high as 930 Mc were detected. 
The output level of the 117-Mc beat fre-
quency with proper adjustment of the RF 
tuning stub was comparable with that ob-
tained from a 7102 photomultiplier. This 
high speed photomultiplier has a cathode 
response peaked near 8500 A. 

The author wishes to express his thanks 
to A. Kuper who supplied the germanium 
and to acknowledge the helpful discussion 
with R. P. Riesz of the Bell Telephone Lab-
oratories. 

L. KIBLER 
Bell Telephone Labs., Inc. 

I I ohmic', N . 

A Method for Calibration of Laser 
Energy Output* 

The development of pulsed high power 
ruby lasers has been hampered by the lack 
of accurate power level measurements. A 
calorimetric method has been reported on.' 
The following is a description of a method 
for calibrating the energy output of a 
laser; this method is especially applicable 
at low energy output, i.e., near threshold. 

The laser energy output is calibrated by 
attenuting the laser beam with neutral 
filters, directing it into a phototube ( with 
S-1 spectral response), and integrating the 
current produced. This charge is directly 
dependent on the number of light quanta, 
and therefore the light energy. 

The filters are calibrated by dividing the 
laser beam in two using a semireflective 
mirror ( Fig. 1). The two beams are directed 
into separate phototube sensors. A dual-
beam oscilloscope displays both signals; the 
display is then photographed, the camera 
shutter being appropriately synchronized 
with the tiring of the laser. A series of photo-
graphs is taken, with various attenuating 
filters in one of the paths of the laser beam. 
The two displays are equalized by adjusting 
the oscilloscope preamplifier gains [ Fig. 
2(a )1. The ratio of these gains is then com-
pared to the ratio obtained with no filters 
in the beams [Fig. 2(b)l. The resultant is 
the attenuation of each neutral filter. The 
filters are thus calibrated with a laser beam 
at the color at which they are to be used. 

The laser beam is allowed to enter one 
phototube with intensity peaks yielding 
more than 200 Act while the reflected beam 

* Received May 11, 1962; revised manuscript re-
ceived, May 21, 1962. 

S. Koozekanan!, P. P. Debye, Krutchkoff and 
M. Cifran, "Measurements of the laser output,' 
Pttoe. IRE (Corresnondeurel, vol. 50, p. 207; Feb-
ruary, 1962. 

Fig. I—Filter calibration. Laser output measurement 
uses only cross-hatched items. 

(a) 

Fig. 2 Retlec)ed and tranAnittt,1 laser beams, 
20 pseciem..(a) Polarized; upper, transinitted, 100 
Inv ,/ cm ; lower, reflected, 51) mv cia. (b) Polzu ized; 
IIU per. transmitted through fi filter, 50 Inv cm; 
lower, reflected, 100 ntvíem. (c) l'npolarized; 
upper, relected, 50 my /cm; lower, transmitted, 
SO mv / cm. 

is attenuated to less than 10 pa. The output 
signals have the same complex shape, in-
dicating linearity of phototube and asso-
ciated circuitry. 

Fig. 2(c) indicates the output of the laser 
beam beyond the mirror. The detailed wave-
forms of each pulse appear different. In-
vestigations indicate that this is due to the 

C 

3.04.0•.,11 

.00 

Fig. 3—Output energy curves. 

fact that each pulse is differently polarized. 
The beam-splitting mirror favors certain 
polarizations for transmission and reflec-
tion. In order to achieve identical signals in 
both channels, it was found necessary to re-
move this polarization effect. By inserting 
a polarizing filter2 after the laser, linearly 
polarized light is available to the mirror. 
The ratio of intensities of the two beams is 
determined by subtracting the signals ill a 
differential amplifier. Ily varying the angle 
of the polawid and mirror, the ratio of in-
tensity of the split signals is adjusted, the 
difference signal being nulled out. Appar-
ently the polarization of the laser beam is 
dependent on the output intensity since the 
nulled-out condition changes with input 
energy. 

The sensor is a RCA 917 phototube 
whose load impedance is 4.0 K ohms. The 
signal is amplified, integrated by a capacitor, 
followed by a peak detector. 

The calibration of the integrator is de-
pendent on the sensitivity of the photo 
cathode surface. The integrator design is 
such that a pulse of 0.60 v amplitude and 
120 msec length is integrated to 4 v. A cur-
rent of 0.15 ma through 4.0 K will yield 
0.60 v. This current for 120X10-8 sec de-
termines a charge flow of 1.8 X10-8 cou-
lombs. The sensitivity of the S-1 cathode is 
approximately 1.5 X10-3 coulombs/joule ;3 
thus 1.2 X10'5 joules yields a 4-v integrated 
output. 

Fig. 3 indicates the results of calibration 
of an early Raytheon laser design, Model 
L11-1, using two different ruby rods. 

AisiN L. GLICK 
Raytheon Company 

Wayland, Mass. 

2 Four " Polaroid' filters in line, No. KN-36. 
2 The sensitivity range for the 917 is 0.90 to 3.0 

jza/w at 7000 A°, a typical value being 1.5 ma/w. 
Correspondence from R. C. Park, RCA Electron 
Tube Div. 

For absolute calibration of pFototube see R. W. 
Engstrom, "Absolute spectral response characteristics 
of photosensitive devices," RCA Rev., vol. 21. P. 
184; June, 1960. 
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On a Random Failure Mechanism* 

When ',miser' was Reliability Coordi-
nator at Redstone Arsenal, he suggested that 
random failures of components were caused 
by random stresses. In the course of an un-
successful search ( unsuccessful in that the 
hypothesis of random stresses was found 
insufficient and unnecessary) for a mathe-
matical connection between random failures 
and random stresses, the following results 
were found which may be of interest. 

Assume that a stress X varies randomly 
with time with unvarying statistics. Then 
the fraction of time the stress spends in a 
stress interval d.v is 

dl 
fx(x)dx =- • 

7' 
(1) 

where 1 is an observation interval and 
./X(x) is the poibability frequency function 
of the stress distribution. 

Assume a simplified linear stress- failure 
meckt nism wherein a parameter p degrades 
as a function of only the applied stress, 

dp 
h(X). 

Ina time T the degradation àp is 

àp = f /i(X)di. (2) 

Substit ut ion of ( 1) into ( 2) yields 

ap= Tf h(x).fx(x)dx = kT (3) 

where k is a constant defined by the integral. 
'1h is result is essentially independent of the 
random nature of the stress contrary to 
Lusser's suggestion. If X is a constant stress 
of value S, 

fx (x) = 13(x - (4) 

where ô is the Dirac delta function. Substi-
tution of ( 4) into (3) yields 

= Th(S) (5) 

which describes the classical stress- failure 
curves which have been published, for 
example. for circuit breakers. Eq. ( 5) enables 
one to determine lit X) experimentally. 

Returning to ( 3), assume that a com-
ponent fails when ap>0 and that k and 4) 
are distributed in a component population 
with frequency functions fdx) and 16(x). We 
have by a change of variable, 

1 ( x 
P(x <kr<x-Fd.x)=—fk 

T T 

If k and c> are independent random variables, 
their joint distribution is given by 

P(.v < kT < x dx, y < de• < y -I- dy) 

1 x 

I lence, 

I f f hn.r.t.(3)dxd).- 
13(.» < 4)) = -y T 

* Received by the IRE. December 20, 1961. 
Robert M. Lasser (22 pamphlets on the re-

liability of missiles). Army Rocket and Guided 
Missile Agency. Redstone Arsenal. Ala. 

Let z=.v -y. Then, 

P(Al, > 

1 fr 
(—T )f.(x - z)dxd.:. (6) 

P in ( 6) can be interpreted as the fraction of 
components in the population that have 
failed at time T. Its derivative is the failure 
rate at that time. 

Let us evaluate ( 6) for the case when T 
is small or when k has a unique value k. 

Then, 

—1   ( x 
= (5(x - kT). 

T 
(7) 

Substitution of ( 7) into ( 6) yields, after in-
tegration, 

ri* 

P(àp > di) f lo(u)du. 

Differentiation yields the failure rate r 
at time T, 

dP 
= -TT ft,(kT). (8) 

The shape of a typical stress-failure dis-
tribution for components produced without 
any kind of testing or screening is shown in 
Fig. I. Such distributions have been seen, 
for example, in the case of germanium diodes 
where the stress was mechanical accelera-
tion. The " tail" extending down to very low 
values of stress seems to be characteristic of 
such distributions. 

1.1M1 

FREQUENCY 
e RE 

Fig. 1 -Typical stress.faliure distribution. 

By ( 8), the failure rate as a function of 
time may be obtained by replacing the 
abscissa x ill Fig. 1 by kT. Such a time his-
tory of failure rates has the characteristics 
of the classical curve wherein there is a 
period 1 in which the failure rate is approxi-
mately constant ("random" failures) fol-
lowed by a rising failure rate period 2 as-
cribed to wear-out failures. 

This suggests the following procedure for 
reducing ( if not eliminating) "random" 
failures: 

1) Determine the stresses that cause 
component failures. 

2) Determine the mechanism by means 
of which the stress causes the com-
ponent failures. 

3) Modify the component manufactur-
ing process and/or the environmental 
conditions in which the component is 
used so that the desired reliability can 
be achieved. 

4) Test ( 100 per cent) to weed out all 
components having excessive degra-
dation rates k and inadequate stress 
margins tp. 

Essentially, such procedures seem to 
have been developed by various people 
(e.g.. Remington Rand2.3) resulting in %.ery 
low random failure rates. These procedures 
appear to have been developed on the basis 
of experience rather than from any mathe-
matical insight. Incidentally, an examina-
tion of Reid and Raymond3 suggests that 
the electronic component failures in the 
Athena computer are a highly probable re-
sult of maintenance procedures rather than 
a fault of the components. 

HARRY J. GRAY 
The Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia, Pa. 

2 N. S. Prywes, H. Imkoff, and J. Schwarz, 
"UNIVAC-LARC high-speed circuitry: case history 
in circuit optimization." IRE TRANS. ON ELECTRONIC 
COMPI T ERS, vol. EC -10, pp. 428-429, 437 -438: 

September, 1961. 
3 1.. W. Reid and G. A. Raymond, "The Athena 

computer, a reliability report," Proc. Eastern Joint 
Corn puier Conf.. Philadelphia. Pa. AIEE Publication 
TI 14, pp. 20-24; December 3-5. 1958; July. 1959. 

WWV and WWVH Standard 
Frequency and Time 
Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVI-1 are kept in agreement with respect 
to each other and have been maintained as 
constant as possible since December 1, 1957, 
with respect to an improved United States 
Frequency Standard ( USFS).' The correc-
tions reported here were arrived at by 
means of improved measurement methods 
based on transmissions from the NBS sta-
tions WWVB (60 kc) and WWI. (20 kc). 
The values given in the table are 5-day 
running averages of the daily 24-hour values 
for the period beginning at 1800 UT of each 
day listed. 

The time signals of \\UV and WWVH 
are also kept in agreement with each other. 
Since these signals are locked to the fre-
quency of the transmissions, a continuous 
departure front UT2 may occur. Corrections 
are determined and published by the U. S. 
Naval Observatory. The time 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. 

Subsequent changes were as follows: 

FREQt ENCV OFFSET, WITH REFERENCE TO THE USES 

January 1. 1960, —150 parts in 101* 
January I. 1962. —130 parts in 100 

TIME ADJUSTMENTS, WITH REFERENCE TO rue 
TIME SCALE UT2 

December 16, 1959, retardation, 20 milliseconds 
January 1. 1961. retardation, 5 milliseconds 
August 1, 1961, advancement, 50 milliseconds 

* Received June 21, 1962. 
Refer to "National Standards of Time and 

Frequency in the United States." PROC. IRE. vol. 48, 
pp. 105-106; January, 1960. 



1962 Correspondence 1837 

Adjustments were made at 0000 UT on 
the foregoing dates; an advancement means 
that the signals were adjusted to occur at an 
earlier time than before. 

WWV FREQI ,ENCY 

W ITH RESPECT TO U. S. FREQUENCY STANDARD 

1962 Parts in 10I°: 

May 1 
2 
3 
4 
5 

7 
8 
9: 
10 
11 
12 
13 
14 
15 
16 
17: 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

-130.1 
-130.0 
-129.9 
-129.8 
-129.7 
- 129.6 
-129.5 
-129.4 
-129.4 
-129.9 
-129.8 
-129.7 
-129.7 
-129.7 
-129.6 
-129.5 
-129.5 
-130.3 
-130.2 
- 130.3 
-130.4 
-130.4 
-130.3 
-130.4 
-130.4 
-130.4 
-130.4 
-130.4 
-130.4 
-130.3 
-130.3 

A minus sign indicates that the broadcast fre-
quency was below nominal. The uncertainty associ-
ated with these values is + 5 X10-II. 

: WWI frequency adjusted or interrupted as 
follows: 

May 9, -0.5 X10 -1, adjustment, 1900 UT 
May 17, -0.7 X I 0-III adjustment, 1900 UT 

NATIONAL BUREAU OF STANDARDS 
Boulder, Colo. 

Electromagnetic Scattering from 

Radially Inhomogeneous Spheres* 

Although the analysis of electromagnetic 
wave propagation through planar media 
having a varying index of refraction along 
the direction of propagation has received 
considerable attention in both the classic 
and more recent literature, comparatively 
little work has been directed at the similar 
problem of propagation through media 
which are spherically symmetric and have 
a varying refractive index in the radial di-
rection. The chief work on this latter prob-
lem is that of Tai,' who derived the equations 
in the radial variable for the TE ( in-type) 
and TNI ( c-type) modes. Using these equa-
tions as a basis, a method of obtaining the 
scattering from radially inhomogeneous 
spheres has been formulated for high-speed 
computer calculation. 

* Received by the IRE. December 11, 1961. The 
research reported here was sponsored in part by 
Aeronautical Systems Div.. AF Systems Command, 
U. S. Air Force. Wright-Patterson AFB. Daytou, 
Ohio, under Contract No. AF 33 (616)-8039. 

I C. T. Tai, "The electromagnetic theory of the 
spherical Luneberg lens," Ape Sci. Res., sec. B. vol. 
7, pp. 113-130; 1959. 

The far electric fields scattered from the 
sphere of Fig. 1 are given by 

Fig. I. 

2n 1 
E.? = ---- cos (1) 2_, ----

kr „ n(n -F 1) 

•[a,," aPni(cos 0)] Pn'(cos 0) 
sin , ( 1) 

iEueikr 2n 1 
=---- sin cn E 

kv „_, n(n -I- 1) 

[ aPn'(cos 0) 
b„' (2) 

Pn'(cos 0) 

sin 

where a„ and b„» are, respectively, the mag-
netic and electric scattering coefficients of 
t he sphere under investigation and k =coN/eceo 
is the wavenumber in the ambient medium. 
The scattering coefficients are calculated 
from 

E‘; 

kajn(ka)-z„'""(ka)lkajn(ka)1' 
=   

kah„)(ka)-z'(ka)[kah„,"(kall', (3) (1 .'"'  

b kaj„(ka)-y„(°)(ka)ikaj„(ka) 
- r „'   (4) 

kah„m(ka)- y„ (e) (ka)fkah,,o )(ka)Y, 

where the symbol (') means d/dkr and the 
quantities r,,,'""(kr) and y„4'(kr) satisfy the 
following Riccali equations: 

dz„'"') n(n 1) 
= r(r) [KO [z.On112 (5) 

dkr (kr)Ir(r) 

dv„(°) n(n + 1) 
= (r) ±[r(r) - 2K [v„'''I2, (6) 

(kr)(r) 

when m(r)=r(r)mo and e(r)=K(r)E0 are the 
constitutive parameters of the sphere. The 
quantity - iz„("" is defined to be the TE 
modal surface impedance at radius r, nor-
malized to the intrinsic impedance of the 
ambient medium, and the quantity - iy,. (°) 

is defined to be the TM modal surface ad-
mittance at radius r, normalized to the in-
trinsic admittance of the ambient medium. 
An 113NI 704 computer has been programmed 
to numerically integrate ( 5) and ( 6) under 
appropriate end conditions for arbitrary 
complex functions x(r) and r(r). As exam-
ples, normalized E- and ¡J-plane scattering 
patterns, given by 

Ee" 102-0° 
op = lim zIrr2 

I Eel' 

Ee," 152-9n. 
= him 47r ,̀  

1.-• 
(7) 

(8) 

have been calcalated using this program 

with two real permittivity distributions, 
known in the literature as the I aineberg lens 
and the Eaton-Lipptnann lens. Ilese dis-
tributions and corresponding patterns ap-
pear ill Figs. 2 and 3. Further details are 
presented in an Antenna Laboratory mem-
orandum.2 

&static Scattering 
Cross-Sections Of 
A Luneberg Lens 

ka t 5 

r < I 

Fig. 2. 

Bistatic Scattering 

Cross- Sections Of An 

Eaton- Lippmann Lens 

T.1 

2 - lov5 
0.5< kr S5 

ca 0.91.905 

Fig. 3. 

The work of D. Call and L. Du in pro-
gramming the I B NI 704 computer is acknowl-
edged with gratitude. 

R. I. GARBACZ 
Alitenna Lab. 

Dept. of Electrical Engineering 
Ohio State University 

Columbus, Ohio 

2 R. J. Garbacz, "Electromagnetic Scattering by 
Radially lnhomogeneous Spheres." Antenna Lab., 
Ohio State University, Columbus, Rept. No. 1223-3 

process). 
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Space-Charge-Layer Width and 

Capacitance of Symmetrical 

Step Junctions* 

The behavior of semiconductor p-n junc-
tion under large forward bias has received 
much attention in the recent years. Due to 
the effect of conductivity modulation and/or 
generation-recombination current in the 
space-charge region, it was found that the 
current varies as exp (qV/2kT) in the high 
forward-bias region, where V is the applied 
voltage less the ohmic drop in the neutral 
regions.' However, an inductive effect, which 
was observed at sotne high voltages, is not 
as yet satisfactorily explained. In junction 
capacitance calculation, it is usually as-
sumed that the difference in quasi- Fermi 
levels across the junction is constant and is 
equal to the applied voltage, leading to a 
capacitance which increases with applied 
voltage, and is in contrast to the observed 
finite maximum capacitance at some high 
forward bias. It is the purpose of this corre-
spondence to show that, for step junctions, 
the inductatwe effect is associated with drop 
of quasi-Fermi levels in the neutral regions 
in which the corresponding carriers are ma-
jority carriers. 

For step junctions at thermal equilibri-
um Adirovich, et al.,2 showed that the Pois-
son equation can always be put into a closed 
integral form. If a transition-laver width is 
defined as the distance between points, be-
tween which the electrostatic potential dif-
ference equals 95 per cent of the built-in 
voltage between p- and n-regions, it was 
found that the transition-layer width thus 
obtained agrees with the result from space-
charge approximation. The agreement is 
within 2 per cent for bulk impurity densities 
ranging from 10'3 to 10'3. Fig. 1 shows the 
normalized potential distribution across a 
symmetrical step junction with various im-
purity doping on both sides of a symmetrical 
junction. 

To calculate the capacitance of the junc-
tion under bias, one has to solve the normal- • 
ized Poisson equation 

d'u 
— = e(.4-"-"2sinh 
dy2 

a 

2 

n,, u„\ 

2 / 

y > 0, (1) 

where y=.v 'La is the distance in units of 
Debye lengt h, u, up, and u„ are, respectively, 
the elect r sta tic potential, quasi- Fermi 
levels for Iniles and dectrons, multiplied by 
q/kT. and a is the doping density divided 
by the intrinsic carrier density. Eq. ( 1) can 
be solved only if the variations in u„ and u„ 
are known. We shall therefore try to find 
an approximate solution by defining a tran-
sition region, bounded by two planes at 

* Received December 22. 191%1: revised manu-
script received January 5.1962. 

C. T. Sah, R. N. Noyce. awl W. Shockley. "Car-
rier generation and recombination in p-n junctions 
and p-n junction characteristics." IRE, vol. 45. 
pp. 1228-1243; September, 1957. 

2 Adirovich. lu. S. Riabinkin. and K. V. Tem-
ko, Equilibrium distribution of potential. field and 
concentration of current carriers in fused junctions." 
Sotie! J. Tech. Phys.. vol. 3. pp. 49-59; January. 
1958. (Translation.) 
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Fig. I — Potential distribution in one side of the space-eh:it ge region. 
ni is the electrostatic potential in the neutral region. 

It', by the following conditions: 

n"(y) = u'(y) = 0, y > ze; u(0) = 0. (2) 

We shall assume that the quasi- Fermi levels 
remain approximately constant through-
out the trail -il ion region and, therefore, 
that u' and n" are identical with u,,' and uo" 
in the transition region, where u0=u —( ur 
+u,, )/2. This approximation is evidently 
valid under a forward-bias condition and a 
moderate reverse-bias condition.' Inasmuch 
as the ohmic drops are negligible, up— u,, 
across the junction is equal to the applied 
voltage. As the forward bias is increased, 
however, the ohmic drops are no larger 
negligible; as a result, only a fraction of the 
applied voltage appears across the junction 
and u,,— u„ becomes less than v, where 
v=qV/kT. Assuming predominance of 
minority-diffusion current, these drops can 
be approximately expressed as i1u,,=aerf2 
with similar expression for Here a is a 
parameter characteristic of a particular 
junction device and is a measure of the effec-
tive resistivity of, and effective diffusion 
length of minority carriers in, the respective 
neutral regions. An approximate form of 
(u u,,) across the junction at high forward 
bias is, therefore, 

up — u„ = 2ac'' (3) 

It is seen that a is usually small, of the order 
of e-- '1), there Yu is the built-in voltage. 
Clearly ( 3) is not valid in the extreme case 
in which y is much higher than the built-in 
voltage so that the electrostatic potential 
across the junction diminishes to zero and 
the current varies linearly with the applied 
voltage. With the Alive. ( 11 can be in-
tegrated once to riNicl 

duo 
— = Nr.). er 12-"'[u1sinh u, — cosh u, 
dy 

cosh u — u sinh ¡hi", (4) 

where u, is the value of 11,, evaluated at edge 
of the transition layer. 

Introducing a normalizing capacitance 
Cii=q2n/LolkI( = 256 adlcm9 for Si), the 
normalized capacitance 

d +1 
— f . pd v. 
dz 

aPf. LI. a volts.. 

.o 

Fig. 2 -(a) Capacitance of a symmetrical step junc-
tion. (b) Drop of quasi- Fermi levels across a sym-
metrical step junction. 

can be written as the sum of three capaci-
tances: 1) diffusion capacitance cd.; 2) space-
charge capacitance 3) transition-region-
carrier capacitance e,, where 

-"' dtt 
f — dv f dr, 

dv 

duo'(()) dp 
c, = — 2 • e, = 2f — dv. 

dv 0 dv 

The diffusion capacitance can be obtained bv 
assuming that minority-carrier densities de-
cay exponentially in the neutral regions with 
appropriate diffusion lengths. whereas the 
other two can be put into closed integral 
form using ( 4). A numerical evaluation of the 
capacitances was obtained and the result is 
shown in Fig. 2, together with tile variations 
of n„ — n„ across the junction. Observe that 
the capacitance increases to a maximum at 
some voltage bey(nid vb; at still higher volt-
age, the capacitance decreases and would 
tend to zero in the limit as the junction de-
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vice under consideration becomes a resistive 
element. Note also that the deviation of 
u „— u„ from y is small even at very high 
bias, whereas the resulting decrease in ca-
pacitance is large. This perhaps explains why 
the usual assumption of u,,—u„=v across 
the junction has not been able to detect the 
obvious inductance effect in p-n junctions. 
Since the impedance associated with ma-
jority-current flow increases with frequency 
and bulk resistivity, it appears that the 
voltage at which the inductive effect occurs 
is lowered with increase in either bulk re-
sistivity or the frequency of the applied 
voltage, in general agreement with the result 
of Sah for linearly graded junctions.3 

The author wishes to acknowledge the 
help of H. Golde in programming for nu-
merical solution. 

C. C. WANG 
Dept. of Electrical Engineering 

Uni‘ersity of Washington 
Seattle, Wash. 

3 C. T. Sah, " Effects of electrons and holes on 
the transition layer characteristics of linearly graded 
p-n junctions," PROC. IRE, vol. 49, pp. 603-618; 
March, 1961. 

Power Carried by the Helitron 
Waves on an E-Type Filamentary 
Electron Beam* 

Waves on an E-type filamentary electron 
beam in a transverse-field circuit have been 
pointed out by Parnell,' who found the exist-
ence of the fast ard slow space charge 
waves, but did not analyze the kinetic 
power flow of each wave. It is the purpose 
of this paper to show that the kinetic power 
flow on the E-type filamentary electron 
beam can be expressed in a normal mode 
form as well. These waves are named "fast 
helitron waves" and "slow helitron waves," 
respectively. It is found that similar ex-
pressions for the power of each wave com-
ponent to those of 0- and .1/-type electron 
beams can be obtained by this analysis. 

In a drift space of the E-type beam as 
shown in Fig. 1, the following equations are 
obtained from the force equation for elec-
trons which are traveling to the z-direction 
with de velocity it., under the conditions of 
electrostatic focusing. It is assumed that the 
electron traces the path of a helix and all 
electrons form a right circular hollow cylin-
der which is thin in the radial dimension. 

ex 
= 7):o   dI2 x2 ± y2 

d2y 
—dt2 = ni lo   x2 + y2 

dz 
dl = -Vnvo tan 0 

y 

(1) 

* Received by the IRE, December 11,1961. 
I R. It. Patna, Electrostatic electron beam 

coupler," IRE TRANS. ON ELECTRON DEVICES, VOL 
ED-8, pp. 39-43; January, 1961. 

where the definitions of quantities are given 
as follows: 

1.759 X10" c/kg, 

Vo=( Vc— 17„)/1n(s/c), V,> 17,„ 

V.= voltage between outer cylinder and 
ground, 

= voltage between inner cylinder and 
ground, 

=electron pitch angle. 

Fig. I — Electrons form a right circular hollow beam 
that is thin in the radical il rection and the electron 
traces the path of a helix between coaxial cylin-
ders. 

Under a small signal theory, the motion 
of the electron is given as a sum of a dc quan-
tity and an BF disturbance. 

= xo 

Y = Yo Y1, 

z zo. (2) 

The subscript 0 refers to the dc quantity 
and the subscript 1 refers to the RE motion. 

Using ( 2), ( 1) becomes 

's — zwexi = u, 

dvi„ 
dl -F 2(ah'y ,= 0, 

—   di = 

dyi  

dl 
(3) 

where coc is named "helitron angular fre-
quency," 

CO h -011'i,/(1-02 + yi,2)• 

Now, we introduce the effective trans-
verse current' K, as well as Chu's kinetic 
voltage U. 

2U = U.,. -1- jU„, 

2K = K + jK„, 

= — ((ovu./71, 

Uy = 1107..1y/Ti, 

KY = i,"r0Yir (4) 

where ao is the total charge of the electron 
beam per transverse unit area. The subscript 
x denotes an x component and the subscript 

2 S. Saito, " Power carried by the cyclotron waves 
and the synchronous waves on a filamentary electron 
beam," PROC. IRE, vol. 49, pp. 969-970; May, 1961. 

y denotes a y component. From ( 3) and (4), 
the following space charge wave equations 
are obtained: 

f_d + iet)u j_21.02 K. 

‘clz we, 

(—d Fitt) K = — U. (5) 
dz 

These expressions are very similar to 
those for the longitudinal beam3 ( one dimen-
sional). 

Next, we define the helitron normal 
mode a+ using U and K: 

a± — 1 — (U ± ZoK) 
4N/Zo 

where zo is the characteristic beam imped-
ance for the small-signal quantities of the 
helitron waves, 

2170 N/2/1h 

(6) 

(7) 

where /0 is the dc beam current ( I/01 =-
-croun), On= wi,./u, and Ø,. = 

Using ( 6) and ( 7), ( 5) then becomes 

N/213h)) a+ = 0. (8) 
‘itz 

These are the normal mode forms of the 
helicon waves. Accordingly, for an arbi-
trary excitation in terms of the mode am-
plitudes at the input plane z = 0, the solution 
of ( 8) are, 

a±,z> = a, (0,,-,a3eT- (9) 

It is easy to see that from ( 9) the tt 

mode, the fast helitron wave, travels with 
a phase velocity slightly greater than the dc 
velocity, whereas the a_ mode, the slow heli-
tron wave, travels with a phase velocity 
slightly less than ii,. Ily co= V2wc, it is pos-
sible to have an infinite phase velocity asso-
ciated with fast helitron Nvaves. 

From ( 9), K and u may be expressed as 
follows: 

U = 2 Re VZH[a+,,,) , 

1 
K = 2 Re 1— =u a_ (,)jee'l (10) 

%fl 

The power carried b hunt ron waves can 
be given by the generalized Chu's power 
theorem as follows: 

P= 4Re (UK9) = 2(1(.41 2 — a_ 12). ( 11) 

In order to show that P is independent z, 
we differentiate ( 10) with z and ( 8) and their 
complex conjugate substitute into this ex-
pression. It then follows immediately that 
dP/dz= 0. 

In conclusion, the power flaw on the E-
type filamentary electron beam in the drift 
space discussed here is given as ( 10) and it 
is seen that the fast helitron wave carries 
positive power, whereas the slow helitron 
wave carries negative power. 

Icnoro SA I; I • RABA 
Faculty of Engineering 
Hokkaido University 

Hokkaido, Japan 

3 W. H. Louisell, "Coupled Mode and Parametric 
Electronics," John Wiley and Sons, Inc., New York, 
N. V.; 1960. 
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A Technique for Equalizing 
Parabolic Group Delay* 

It can be shown' that the phase shift in a 
band-pass filter that is a minimum phase-
shift network is 

e - tan-' 
b-I Xbr 

when X = normalized frequency variable, 
X0,„ and X(., are real and imaginary com-
ponents of the pole posit ions ( i.e., poles of 
filter transfer function n = number of 
resonant circuits. 

If group delay is defined as t he derivative 
of the phase shift with respect to frequency 

(2) 
1 -I- (.4b Bi,X12 

where 

= — and Br, = - - - 
Xo, Xo, 

and (I = absolute group delay of the filter, 
4=3-db bandwidth of the filter. :\t the 
band center 

then 

1 " 
do = E ---- • (3) 

Letting ..1d= the differential group delay at 
any normalized frequency X. then 

...1d •=  d -do. (4) 

Parabolic group delay which occurs in 
the pass band centers of maximally flat 
band-pass filters can be equalized using the 
conventional all-pass network which pro-
vides compensating group delay and no 
amplitude discrimination. All-pass equal-
izers usually are lattice or bridged- T net-
works which are often difficult to physically 
realize. This paper considers a technique for 
equalization that does not use all-pass net-
works as equalizers. 

For a maximally flat band-pass filter 
with two or more resonant circuits it can be 
shown that 

C X 12 

adf 

f 
(0 < Xf < 0.4), (5) 

where 

..idf = differential group delay of filter 
Xf = normalized frequency variable of 

filter 
f = frequency 
fo=center (i.e., resonant) frequency of 

filter 
—3-clb bandwidth of tiller. 

loir narrow bandwidth filters 

(1-11L s 2%) 

21./ - ./.01 
Xf 

.1.ff 
(6) 

* Received Ikcember 12,1061. 
M. Dishal, " Dissipative band-pass filters," PROC. 

IRE. vol. 37. pp. 1058-1060; September, 1949. 

then 

4C j f - 
• (7) 

r(3b)3 

This is a parabolic differential group-
delay function that is concave upward. For 
a single-tuned circuit (i.e., maximally fiat 
filter with one resonator) 

- X,' 
(8) 

Irà1 e 

where 

..1d, = differential group delay of equalizer 

X, = normalized frequency variable of 
equalizer 

1= frequency 

fo = center (i.e., resonant) frequency of 
equalizer 

= 3-db bandwidth of equalizer. 

l'or narrow bandwidth equalizers 

then 

w(Al«,13 

This is a parabolic differential group-
delay function that is concave downward. 
For equalization 

16) 

+ = 0 and ad/ - Ad. 

4Cif - M 2 4 1./. -1012 

Ir(Affr = r(41',13 

1 
= -c (Aff)' 

(10) 

(11) 

= (12) 

For maximally flat band-pass filters, ( 2) 
becomes 

where 

and 

1 B, 
d= 7r.à.fz (13) 

2r - 1 
= csc (---) (r 

2n 

2r -
B, = - ctn( 1---)7r 

2n 

1 " B, 
do = — Z 

7.àf n-1 

1). 

irAf 
(14) 

Using a parabolic approximation for differ-
ential group delay 

CX2 
d - do. 

Ing 
(15) 

The constant C is selected at a value of 
X =0.2. A table of values of C and Do for 
n from two to eight resonators follows: 

ei 

2 

3 

4 

7 

8 

1.414 

1 

1.083 

1.236 

1.414 

1.604 

1.799 

1.414 

2.000 

2.613 

3.236 

3.864 

4.494 

5.126 

This technique shoukl be applicable to 
RF and IF amplifier chains in which single-
tuned and double-tuned circuits can be 
readily used in alternate coupling networks. 

R. M. KISZROK 
RCA Surface Commun. Sys. Lab. 

New York. N. Y. 

A Useful Technique for Treatment 
of Certain Statistical Sampled-Data 
Control Systems* 

In any statistical treatment of control 
systems the first- or second-order statistic. 
namely the average value and mean-square 
value, has special significance. Two theorems 
appeared in Ku and Wolf, and ‘Volf,2 which 
are given below. 

Theorem 1: Given a random process g(t) 
with known statistical quantities and a de-
terministic operator L such that if G(q) is 
the resulting transform-random process ac-
cording to the relation G(q)= L g(I) : where 
q is the transform-random variable corre-
sponding to the original random I, then 
(G(q))G=L[(g(t))„1 where ( )e is the en-
semble average with respect to G and ( 
the ensemble average with respect to g and 
these are commutative with respect to each 
other and the deterministic operator L. 

Theorem 2: Given a random process g(1) 
and its transform G(q), the mean nth en-
semble average of the given process is 
(ei», L-q(C"-'1G(q)l)el where 01 I 
is the convolution transform of the kth order. 

Second-order statistic is specifically ob-
tained for a continuous case using Laplace 
transform.' This seems to be quite useful. 
This technique can now be developed for 
sampled-data case using z transforms. 
Closed-form solution can be immediately 
obtained. 

In this short note we will use above theo-
rems to obtain specific results for the 
sampled-data case. Let the system consist 

* Received by the IRE. December 28. 1961; re-
vise(' manuscript received. January 15,1962. 

Kit, V. II. and Wolf, A. A., "Transform ensemble 
method for the analysis of linear and non-linear sys-
tems with random inputs," Proc. Natl. Electronics 
Conj., Chicago, Ill., 1960, Natl. Electronics Cont.. 
Inc., Chicago, Ill., vol. IS. pp. 44/-455; 1960. 

Wolf, A. A., "On poles and zeros of a random 
process in linear and nonlinear systems," Proc. Noll. 
Electronics Conj., Chicago, Ill.. Natl. Electronic., 
Conf. Inc., Chicago. Ill., vol. 15; I'M. 
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or 

of a sampler, hold circuit f/(s) and linear 
element G(s). Let the input he x(t) and the 
output be y(t) ( sampled output y(nT)). For 
this system we can write using z transform 
Y(z)=GH(r..)X(z) which gives 

y(nT) ....-.-1¡G11(z)X(s)1 

or using Theorem 1, we get 

(y(nT)) = z-l:G11(z)• (X(z))xl. 

Hence, this gives us a way of getting the 
mean value of the output at sampling in-
stants, knowing the mcan value of the input 
using z transforms. 

In statistical work we are usually con-
cerned with the mean-square values; then let 
us try to find mean-square value of output 
first at sampling instants. 

Using Theorem 2 we can write 

(3.2(nn)y = z-1 [(CI 

where CI 1.(r)I is the convolution of Y(z) 
i.e..3 

(1 1.(7) I = r(z)* 1.(z) 

= 1f p-1 3.(p) dp. 

In our case Y(z)=GII(z)X(z) 

••• lc i'(,)1 

= ij f p-IGIltm X(p.GII (1 ) X (1 )dp 
2r r P P 

= —1— f r !m G p)Gll (:P a*--) x(p)x (-I.-) dp 

(0 1,1,,- - -I- f p-iGH(p)Gu (1 ) 
1. P 2.7tj  

•(.1;(p)X (-1 )\ dp 
P .l.s • 

I lence, we can write th it 

1 
(.0(n [--- f p-,G11(p)G 11 (-1) 

27rj 

• (X ( p X (1p )) vd . (1) 

Now we must define what we mean by 
(X(p)X(z/p))y. Consider í.v(1).v(t-Fr)),.. It 
can be easily shown 

/.,00/. (r) (k,[x(Ox(i r)I = X(k)X(s — k), 

where 

L,000 is defined as t6e Laplace transform 
w.r.t.t with ir2w variable s. 

and 

L.,,,(5) is defined as the 1.aplace transform 
w.r.t.r with new variable k. 

Now 

— k)I = X(P)X (L ) 

where 

E. I. jury, Chi", Nor,- in "Applications of 
Transform Theory," titi vit y of California, Berke-
ley, Fall, 1961 ( to be pubh, bed L 

z(k) (P, is defined as the z transform w.r.t.k 
with new variable p, 

and 

z-,M) is defined as the z transform w.r.t.s 
with new variable z. 

By Theorem 1 we can write 

z(P)z(")1(x(t).r(t = (X(p)X (--
)) 

Hence we can fund (X(p)X(z/p))y as 
follows: 

1) Find (x(t)x(t-l-r))„, which by defini-
tion is 0„(r), the autocorrelation 
function of the input. 

2) Then find 

Lin("Liri'(1(I).170 

which will be of the form 
(X(k).V(s — k ))x. 

3) Then find 

z(k)(i"zi„)(')(X(k)X(s — k) )x, 

which will give 

(N(P)‘ (Lp')) 
Substituting in integral ( 1), we have the 

complex integral which can be easily evalu-
ated by complex integration,' giving us the 
mean-square value at sampling instants in a 
closed form. Closed-loop system causes no 
more difficulty. 

If we are interested in obtaining the 
mean-square value in general and not only 
at sampling instants, we consider the 
modified z-transform approach. 

For the system considered above, we can 
write Y(z, un)=G11(z, m)X(r.) which can be 
written by Theorem I as 

(y(nT, un),„ = Z„, -1 [GII(r,, m)(X(z)).v1 

where 

Now 

O < un G 1. 

y(1) = f 1 (y(nt, nt))„dtn. 

.1: order to get the mean-square value at the 
output we again apply Theorem 2. Applying 
the same reasoning as above, we can write 
(y2(nT, m))„ 

= 1 f p- ,G11(p,m)GII U. in) 
2rj r 

/ pl X \.d p] (2) 
P  

where acpay. p has already been de-
fined above. The integral can be evaluated 
by usual techniques." Now 

• I 

= T y2 (p,7' nt1)dm. 

Then ( 1) and (2) give us the closed-form 
mean-square values at the output for sam-
pling instants and in general, respectively, 
when the in function is 
known. Other methods to get these results 
are known and are equivalent to this,' but 

it seems that for the study of sampled-data 
systems this point of view proves to be quite 
handy. The major advantage of this tech-
nique is that we can apply Theorem 2 con-
tinuously to get higher moments without 
any greater difficulty and this helps us to 
construct the probability distribution at the 
output because this probability density 
function can be expressed in terms of 
moments of the output. 

S. C. GurrA 
Dept. of Electrical Engineering 

University of California 
Berkeley, Calif. 

Duration and Spacing 
of Sferic Pulses* 

Distributions of durations and the spac-
ing between sferic pulses were obtained from 
a limited sample of sferics recorded simul-
taneously at two stations. About 90()(1 sferic 
waveforms from the 35-nun film records 
were analyzed to provide preliminary infor-
mation for a receiver development project. 
The duration of a sferic was arbitrarily de-
fined as the length of time (after the sweep 
was triggered) that the amplitude exceeded 
10 my/m. A total oscilloscope sweep of 500 
¡sec was used for these recordings, and when 
the amplitude still exceeded 10 In\ . at the 
end of the trace, the duration uas tabulated 
as > 500 psec. The frequency respinse of the 
recording equipment was approximately 1 
to 150 kc. The triggering circuits had a 60 
per cent bandwidth centered at 10 la- and 
were calibrated to the peak-to-peak ampli-
tude of an equivalent CW signal which 
would just produce a trigger. The triggering 
sensitivity was set at various levels during 
the recording periods. 

Fig. 1 shows the duration distributions 
for a period on May 27, 1960 when a large 
thunderstorm was located (roil' 10 to 30 
miles from the omnidirectional station at 
Goodland, Kansas.' The Brighton, Colorado 
station ( near I )enver) employed an Ephi di-
rectional system' which permitted the selec-
tion of sferics from pre-selected azimuths, 
in this case a 6° sector centered over Good-
land ( 102° azimuth). During the recording 
interval the storm near Goodland was also 
the storm nearest Brighton ( distance 16°-
180 miles), alt hi nigh there were clouds be-
yond Goodland which could also have pro-
duced sonic sterns. The Goodland station 
was operated at a high triggering level ( 324 
mv/m) to avoid saturation or o‘erlapping 
of u-aveforms on the film resulting from the 
sferics of the nearby storm. 

Observations at Leoti, Kailsits and 
Brighton, Colorado on May 19, : 960 hull-

* Received December 29, 1961; revised manu-
script received. January 29, 1962. 

Time references are in Mountain Standard Time 
(105th meridian). 

2G. Ileney, R. F. ',infield and T. L. Davis. "The 
Ephi system for %q.t.' direction finding," J. Res. N RN, 
vol. 65C. pp. 42-49: january-March, 1961. 
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Fig. 2-- Percentage of sample interval occupied by 
sferics-1.eoti, Kansas, May 19, 1960. 

cated a considerable shift in the duration 
peak as weather and propagation factors 
varied during the course of the day. Sferic 
durations were longer at night or when the 
source was at a great distance, and there 
were indications of a shift toward shorter 
durations coincident with tornado occur-
rences.' 

The percentage of the sample interval 
occupied by sferics was calculated for a 
series of observations made at Leoti with 
the saine omnidirectional equipment later 
used at Goodland. Sferics tabulated as 
" > 500 msec" were arbitrarily assigned a 
duration of 750 msec for this part of the 
study. The total time occupancy is shown 
as a function of sferic rate in Fig. 2 for both 
day and night conditions. An extension of 
the two curves to higher sferic rates would 
indicate sferic time occupancy of about 4 to 
5 per cent at 100 sferics/sec, and 12 to 15 
per cent at a rate of 300 sferics/sec. How-
ever, this assumption of a linear relationship 
between rate and time occupancy may not 
be justified, and direct observation at the 
higher rates is needed. A change in the gating 
sensitivity ( triggering level) will of course 
change the relative time occupancy. 

Observations of the rate-vs-triggering 
level relationship were made at Brighton 

a C. A. Samson and R. F. Linfield, "Sferic observa-
tions of the severe weather on May 19. 1961," J. 
Geophys. Res., February, 1962. 
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over a period of about 9 hours on May 19, 
1960, using an omnidirectional antenna. The 
average curve for this relationship is shown 
in Fig. 3. There was widespread storm activ-
ity ill the midwest on this date, but no 
storms within several hundred miles of 
Brighton. Observations of this type indicate 
that some limiting value of sferic rate is 
approached as the sensitivity of the receiver 
is increased. The highest rate actually ob-
served on May 19 was at about 2200 MST, 
when 12,880 sferics were recorded in one 
minute at a triggering level of 20 inv/m. The 
average rate during this interval was 215 
sferics/sec, at a time when the major storm 
activity was 500-700 miles distant. 

Fig. 4 shows the distribution of the time 
interval between sferics for the data used in 
Fig. 1. Other data indicate that the interval 
distribution varies as the sferic rate changes, 
regardless of variations in storm location. 

R. F. LINFIELD 
DECO Electronics, Inc. 

Boulder, Colo. 
C. A. SAMSON 

Central Radio Propagation Lab. 
National Bureau of Standards 

Boulder, Colo. 

RMS Currents in Variable-Width 
Pulse (VWP) Power 

Supply Circuits* 

The use of "chopping techniques" em-
ploying variable-width pulse ( VWP) meth-
ods for controlling and regulating dc power 
is becoming increasingly common in elec-
tronic applications. An important param-
eter in a VWP circuit is the rms current flow-
ing. Herein is described a simple method for 
determining rms currents by means of meas-
uring certain dc currents only. 

In Fig. 1 is shown a common embodi-
ment of the basic VWP circuit, employing a 
variable-width pulse for output-voltage con-
trol and regulation. The dc input El is 
greater than the required dc output E2. 
Power transistor Qi is turned on and off at a 
fixed frequency corresponding to a period T. 
The time I that the transistor is turned on is 
varied to give pulses of variable widths. Sim-
ilar action may be obtained with SCR's, but 
turn-on turn-off circuits are more compli-
cated than with transistors. 

Fig. 1—Basic VWP circuit. 

10FILTER 
CIRCUIT 

msA 
MOMENT 

MMRENT 

I 560E 

Fig. 2—Voltage and current wave-
forms of VWP circuit. 

Fig. 2 shows major voltage waveforms 
and the corresponding current waveforms. 
It is assumed that L1 of Fig. 1 is large, the 
load current ripple is small, and essentially 
constant current flows through Li. Accord-
ingly, 

i2 = /2 = /2 av = /speak. (1) 

Under these conditions, the average dc 
value of the voltage wave es appears across 
the output capacitor ci. Therefore, the out-
put voltage is equal to the average of the 
variable-width rectangular wave shown in 
Fig. 2. Hence, 

E2 = E2 av = kE1, (2) 

where 

k = I/T. (3) 

By varying k, the output voltage can be con-
trolled and regulated. 

* Received January 8, 1962; revised manuscript 
received March 2, 1962. 
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Normally, instrumentation is not read-
ily available for accurate rins measurements 
over wide ranges of pulsed currents, operat-
ing frequencies, etc; further, when the in-
struments are available, they are usually of 
the thermocouple type, and sensitive to 
damage if overloaded. 

For rectangular pulses of current, as 
shown in Fig. 2, rois measurements need 
NOT be made; dc average current measure-
ments will suffice. The runs current in Qe is 
given by 

la = vii av X—t2av, (4) 

i.e., the value of the duty cycle also need 
NOT be measured. 

This is proved as follows: 

From Fig. 2 it is apparent that 

/lay = k12. (5) 

However, the rois vidue of a rectangular 
wave is given 1) 

Inns = I = N/k I peak. (6) 

But from ( 8) it is determined that 

/1 av 
k = -- • (7) 

Using ( 1), and substituting ( 7) into (6) 
gives: 

/lay 
/1 = 

av 

= -‘,// 1 av X /2 av, Q.E.D. (8) 

'I'he average value of the current in CR1 
is given by 

av = /2(1 — k). (9) 

This average value is determined from 
KirchhotT's Law, that the algebraic sum of 
all currents at a point must be equal to O. 

The rms current is similarly determined, 
and is given by, using ( 1) and ( 8), 

x//22 — / 12 -= x//22 — /lay X /2 av 

= .V12(12 — I. av). (10) 

In higher power circuits, and in circuits 
requiring isolation between the output and 
input and/or a higher output voltage than 
input voltage, a trairsformer must be em-
ployed, as shown in Fig. 3. If N is the ratio 
of secondary voltage to primary voltage, 
then the following relationships can be 
shown to exist : 

laav=kNI,. 

V\VP circuit ‘vith output transformer. 

For the mis current from the dc source 

Ii = %/hay X /2 X N. (12) 

For the rms switching devices' currents, as-
sinning bala need conditions, 

14 = 
av X /2 X N 

2 
(13) 

V. W OUK 
E. Poss 

Electronic Energy Conversion Corp. 
New York, N. Y. 

Gain of Multisampler Systems* 

Two recent notes' .2 ha ve presented meth-
ods for obtaining the output of multi-
sampler systems. I believe the method pre-
sente(l here is simpler than the preceding 
two since it consists of only one step— 
writing the answer. 

Given the system block diagram, first 
imagine that all samplers are closed (or that 
the system is continuous). Since block dia-
grams are only trivially different from signal 
flow graphs, Mason's technique may be ap-
plied directly to the block diagram. Each 
path is traversed in the normal manner set 
down by Mason. The multisampled charac-
ter of the system is accounted for by writing 
an asterisk each time a sampler is traversed. 
If desired, a viniculum can be placed above 
all ternis between this asterisk and the one 
preceding it to indicate that the sampler 
operates on the product of these terms. In 
writing a loop gain, the starting point must 
be the output of a sampler. 

This simple technique is applicable under 
the following conditions. If interest is cen-
tered on the system's loop subgraph, two 
conditions are of interest in evaluating the 
gain of these isolated "subsystems. - 1) The 
"subsystem" contains no loops which possess 
continuous ( unsampled) paths from the out-
put of a sampler in a feedback path to the 
output node of the "subsystem. - 2) There 
exist such paths, but the samplers in ques-
tion operate on the output of the "sub-
system." 

If condition I) applies, the discrete and 
continuous output of the system can be 
written as explained above. The last example 
given by Lendaris2 satisfies this requirement 
and can therefore be solved by inspection. 
If condition 2) applies, only the discrete 
system output can be found in this manner. 
However the continuous itutput can still be 
determined by inspectieal using Ton's results 
as follows: 

First open all samplers which violate 
condition 1). Apply :Mason's rules to deter-
mine the output response due to input sig-
nals. To this result add a terni of the form 

A* where G is the sum of the continu-

* Received February 20,1962. 
.1. T. Toil, "A simplified technique or the de-

termination of output transforms of multiloop. multi--
sampler. variable-rate discrete , lata systems," l'aoc_ 
IRE (Correspondence). vol. 49, pi,. 646-647; March, 
1961. 

G. C. Lendaris, " Input-output relationships for 
multisampled loop systems," l'soc. IRE (( 'orrespond-
ence). vol. 40. r). 1709: November ,. 1961. 

ons gains from the output of each opened 
sampler to the "subsystem" output, B* is 
the sum of the Z-transforms of the signals 
appearing at these open samplers due to the 
various inputs, and A* is the sampled de-
terminant found from the loop gains involv-
ing the open samplers. ( It is assumed that all 
samplers in the feedback path have a com-
mon node.) 

For a system having many loops with all 
of the above conditions violated, the tech-
nique proposed in this note would provide a 
graph reduction process for arriving at a 
solution. 

GEORGE C. REIS 
Dept. of Electrical Engineering 
Drexel Institute of Technology 

Philadelphia, l'a. 

A Theorem for the Construction of 
Root Loci* 

Theorem: Given any two polynomials in 
s with real coefficients: D(s) and N(s) and a 
constant K. Let za:2 • • • z„ denote all the 
roots of N(s), and pip, • • • p„, denote all the 
roots of D(s)+KN(s). The degree of D(s) is 
higher than that of N(s), ni>n. Then 

( - pi) = c, = 1, 2 • • • n (1) 

where Cite...! • • • C,, are constants independ-
ent of K. 

Proof: Let A 0 denote the coefficient of 
s". in D(s). Then 

;- 
1)(s) KN(s) = Au 11 - (2) 

Substituting z, for s in the above equa-
tion gives 

I)(zi) KN(..2i) = A 0 11 ( si — h). (3) 
i-s 

Because N(z.,•)=0 by definition of zi, ( 3) is 
reduced to ( 1) with C, = 

The practical significance of the above 
theorem is that using ( 1) and other known 
rules of root- loci plot, a complete set of poles 
for a given gain can usually be determined 
directly from the root loci without making 
extensive algebraic calculations. 
A special ( ase of application is to evalu-

ate the vector separation of a closed-loop 
pole-zero pair. Coot nil systems usually have 
zeros closer to the origin than the "control 
poles,- and invariably these zeros draw 
closed- loop poles to their vicinity to form 
pole-zero pairs. As the latter poles are in the 
near zone of origin, they are liable to intro-
duce long error tails in the transient response 
of the closed-loop system. The magnitude of 
an error tail is directly proportional to the 
separation of the zero from the pole which 
gives risc to it. 

Another special iipplicat ion is in the syn-
thesis of optimum s teins t isfying a quad-
ratic criterion ( least mean-square error with 
limited mean-square control effort, etc.). It 

* Received by the IRE, January IS. 1962. 
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has been shown that the optimum closed-
loop system function is related to the trans-
fer function of the controlled plant by a root-
square locus plot ( root-locus plot in the 0,2 
plane).' The above theorem helps to reduce 
the most difficult part of the synthesis pro-
cedure ( finding the optimum close(l-loop 
system function) to a completely graphical 
basis. 

S. S. L. CHANG 
New York University 

New York, N. Y. 

S. S. L. Chang, "Synthesis of Optimum Control 
Systems," McGraw-Hill Book Co., Inc., New York, 
N. Y.; ch. 2; 1961. 

Noise Figure of Moody and Wacker's 
Broad-Band Tunnel Diode Amplifier* 

It is the aim of this note to determine the 
noise figure of Moody and Wacker's broad-
band tunnel diode amplifier.' An n-stage 
amplifier is shown in Fig. I. A tunnel diode 
of negative resistance — R„ is connected be-
tween each two adjacent filter sections. The 
characteristic impedance of the ith filter 
section is chosen such that2 

1 1 (i — 1) 
— = — (i = 1 • • • n + 1). ( 1) 
Rai Rol R„ 

wave is partially reflected at all the inter-
connections between the ith diode and the 
source. 

The reflection coefficient at the ith inter-
connection is 

(1 / R0.41) — (1/R0.1 — 1 / R,,) — Ro1 
(4) 

(1/R0.4 ,) ± ( 1 /Ru.1 — 1/R,,) R. 

and hence a wave -FiRoi generated at the ith 
interconnection gives rise to a reflected wave 
FiRoi(Ro.i_1/K„) at the previous intercon-
nection and to a wave IiiRoi(l+Ro.i-i/Ro) 
continuing to the left. The total wave com-
ing back to the load, if of, is the phase angle 
due to the travel back and forth along one 
filter section, is therefore 

1 1 
— -- ) cos 4) 
2 2 

± I ¡ix,/ R. Ro.1-ay Ro.i-2) 
cos 20 + • 

2 A R. 

1 

• ( 1 + cos (i — 1)0 
R. R. 

Ro, R0, RO.i-1i1Rs cos o 
2 L 
Ro,;_t 
. COS 20 • • • 
R R. 

RO2 ROI 

± CC S(i 1)e] 
since (1-1-Roi/R„)=RodR0,41. 

Fig. 1. 

The mean-square noise output due to the 
source is 

k Tdj Rob (2) 

Let the noise of the diodes be represented by 
current generators • • • i„. If all diodes 
are identical, have a current 1,4 and show 
full shot noise, then 

= • • • = 2 = 2elddf. (3) 

The ith diode looks into an impedance con-
sisting of the resistances Roi, — R„ and 
Ro.i. 1 connected in parallel and hence it sees 
the total resistance 1Roi(i= 1, • • • , n). 
Each diode gives instantaneously a voltage 

at its location in the filter chain and 
hence a voltage wave i ;RD; flows from the 
left to the right. There is also a voltage wave 
flowing from the right to the left and that 

* Received by the IRE. December 22, 1962; re-
vised manuscript received. January 8, 1962. 

N. F. Moody and A. G. Wacker, "Broad-band 
tunnel diode anuditier," PROC. IRE. vol. 49, p. 835; 
April. 1961. 

2 This means that the line is matched at all inter-
connections for waves going from the left to the right. 

Hence the noise figure F is: 

1 + IdR,,(-1?”\ri R..\2 
2kT Rol I R„ 

Ro, R011 ROI 
ley + • • . 

(Ro„ Ro,, Ro.„-, 
— cos cl) 

RO2 ROI 
COS (n — 1)0)2] R„ R„ 

(5) 

(6) 

If the noise contribution of the load resist-
ance Ro.„.0 is taken into account, one ob-
tains a noise figure 

TL R„2 
FL = F — ----

T RO.eé+IROI 

.[.y1±oo + Roo Rom _1 
cos gt• ± • • • 

+ -- R cos (n + 1)0] 2 
„ R„ 

where TL is the noise temperature of 
load. 

RO2 ROI 
(7) 

the 

At low frequencies 0=0, and FL may be 
written 

FL = (1; 

TL Rol 
(7a) 

R„ T 

where .11 = el dR „/ (2kT) is the noise measure 
of the tunnel diode. 

The low-frequency noise figure thus in-
creases linearly with n and is quite large. 
The high-frequency noise figure is some-
what better, because of the destructive in-
terference of waves coming from the same 
noise source. 

A. VAN DER Z1EL 
Elec. Engrg. Dept. 

University of Minnesota 
Minneapolis, Minn. 

Parametric Machines* 

It seems that Stockman has rediscovered 
the reluctance motor' and its dual, the 
electrostatic motor.2 These elementary ma-
chine types are used to introduce the subject 
of electromechanical energy conversion in at 
least one modern text book? 

Insofar as an electromechanical machine 
or transducer can be viewed from its elec-
trical terminals as composed of circuit 
parameters R, L, and C, every case of elec-
tromechanical energy conversion may be 
explained by the time variation of L or C. 
(Though in the case of the homopolar ma-
chine, a stretch of the imagination is 
necessary.) Variation of the particular 
parameter is due to motion of one portion 
of the device with respect to another. Varia-
tion of a reactive (energy storage) element is 
required because the mechanical and elec-
trical systems are coupled by an electric or 
magnetic field, the energy of which is the 
medium of exchange. Thus, all electro-
mechanical machinery may be termed 
"parametric." This circuit viewpoint is not 
the most fundamental, but it is most con-
venient for the sake of analysis. 

D. I. HANRAHAN 
Energy Conversion Branch 

U. S. Naval Res. Lab. 
Washington, D. C. 

Author's Comment* 

As will be evident from the following, I 
have not " rediscovered" the reluctance and 
electrostatic motors, and I shall be glad to 
explain the difference between my para-
metric time-constant motors and the motor 
types described in the Fitzgerald and Kings-
ley textbook.3 Actually, my motors have 

* Received January 8. 1962. 
E. Stockman, "Parametric oscillatory and 

rotary motion," Pkoc. IRE <Correspondent-eh vol. 
48, pp. 1157-1158; June, 1960. 

2 II. E. Stockman. "Parametric variable-capacitor 
motor," ibid., vol. 49, in,. 970-971; May, 1961. 

A. E. Fitzgerald and C. Kingsley, Jr.. " Electric 
Machinery," McGraw-Hill Book Co., Inc., Nev 
York, N. V.; 1952. 

Received January 19, 1962. 
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very little in common with the old motor 
types as far as basic theory goes. This be-
comes apparent from a study of the instan-
taneous torque equation for the old motor, 

d(R 
T — const. — (1) 

da 

where gi is the instantaneous flux, R the re-
luctance, and a associated with rotor angular 
deviation. T switches sign with the deriva-
tive, so that synchronous operation with 

is the oily possibility in the 
basic case. No average torque is produced 
at any other speed ( except for harmonic 
effects). Eq. ( 1) also shows that the old 
motor lacks dc torque and therefore is not 
self-starting. The maximum average torque 
expression 

= const. — (i4) (2) 

spells mit the unfortunate limitation of the 
old motor that if Tm is exceeded by the 
torque requirement of the mechanical load-
ing, loss of motor action and shutdown 
results. My time-constant motor behaves 
quite differently since it is an AS 1.N-
CHRONOUS motor, not intended for op-
eration in a synchronous state. Accordingly, 
the reluctance rate of change is largely in-
dependent of wit0, and if the lines frequency 
were to be suddenly increased front 60 to 
70 cps, as an experiment of thought, the old 
motor would fall out of synch, while my 
motor merely would slow down, and then 
continue at constant speed. Similarly, 
mechanical overload makes my motor slow 
down, while in accordance with (2 ), it 
makes the old motor fall out of synch. 
Further, my motor is self-starting, except 
for one peculiar position of the rotor; a 
defect that can be remedied. These striking 
differences are logical in view of the fact 
that the quoted textbook, on page 89, 
claims that it is discussing a synchronous 
machine of reluctance type, while my motor 
is an asynchronous machine of time-con-
stant type. In essence, the time-constant 
motor is a brushless dc motor, using an ac 
carrier supply as dc substitute in about the 
same fashion as a magnetic amplifier. It 
extracts its driving torque front the double-
valued force-function established by the 
time constant; a phenomena totally differ-
ent front that causing the torque in the old 
motor. Any suspicion that my motor is a 
rediscovery of an old motor is unfounded, 
at least as far as a comparison with the old 
reluctance motor goes. The same is true in a 
comparison of my electric field version asyn-
chronous motor with the electric field syn-
chronous motor described in the quoted 
textbook, which correctly claims that the 
analysis of its electrostatic machine paral-
lels that of its electromagnetic machine. 

Within the ramifications of his note, 
Hanrithan states without any verification 
that every case of electromagnetic energy 
conversion may be explained by the time 
variation of I. and C, that variation of a re-
active element is required, and that all 
electromechanical machinery may be termed 
"parametric." That these opinions are un-
justified is indicated by the fact that if a 
fundamental law were to be formulated, it 
would be just the opposite of what is 
claimed by lianrahan: " Parametric action is 

NOT a necessary requirement for energy 
conversion." This is amply demonstrated 
by a commercially available motor, shown 
in principle with its equivalent two-terminal 
network in Fig. 1. This motor is parametric 
in a quantity not even included as a possi-
bility in Hanrithan's statement, namely R. 
It consists of a spinning magnet NS, which 
via a smaller magnet as activates the varia-
tional w...c.. . uni-Lons tional resistance d 11 h f ; 

like a carbon mike. The produced ac drives 
via the inductor L the nonsalient pole mag-
netic disk I). There is no intended or essen-
tial change in any storage element, but still 
the device converts electrical energy to 
mechanical energy, and quite successfully, 
too. If the variational resistance device .1/ is 
replaced by a brush and a contact element, 
nonparametric motor results, demonstrat-

ing the most fundamental (act that we can 
do without parametric ; tut ion in energy con-
version, if we so %visit. 

-E. 

(a) (h) 

HARRY E. SrocKmAs 
Lowell Tech. Inst. 

I.owell, Mass. 

, Made by SIN E-SER Co., %Valthain, Mas.•. 

Dependence of Parametric 

Element Nonlinearity on 

Tuning Circuit* 

In a recent letter on the behavior of the 
nonlinearity in a parametric device employ-
ing a capacitor, Helgesson' states that the 
difference produced by series and parallel 
tuning affects only the second and higher 
order nonlinear terms and leaves the first 
unchanged. This is correct only for low-
level pumping in which the diode is swept 
through a small portion of its characteris-
tic. Helgesson's Eq. ( 5), which compares the 
proportional reactance sweep in the series 
tuned circuit with the proportional sus-
ceptance sweep in the parallel tuned circuit, 
assumes an approximate linear relation be-
tween charge and voltage which is invalid 
for high-level pumping. It will be shown 
below that under these conditions consid-

*Received January 15, 1962. 
A. L. Ilelgesson, " Nonsymenetrical ¡'rot croes of 

nonlinear elements in low- and high- impedance cir-
cuits," l'uoc. IRE (forregmudence, vol. e, 1569; 
October, 1961. 

entitle advantage can be obtained by using 
a series tuned high-impedance terminated 
circuit. 

The standard method of analyzing each 
of the dual arrangements is identical but for 
the interchange of Sq, the incremental 
charge on the nonlinear capacitor, and ;Sr, 
the incremental voltage, and starts from a 
power series of in terms of Sr for the 
parallel tuning and in terms of (5q for the 
series tuning. These series can be conven-
iently compared if they are expressed in 
terms of the dimensionless quantities 4/ 
and ar/vo, the charge yo and the voltage to 
corresponding to the operating point and 
being measured with respect to the point of 
infinite au capacitance. 

Assuming the static characteristic to be 
of the form 

one obtains 

= l — Pr 

(n/2!)(6r/c(i)' + • • • 

(Si./ z.,. = I — n1irly/q., 

2!(1 — n) (4/q1.)2 +... (3) 

for the series and parallel tuning respec-
tive)). With thesc variables the second ex-
pansion has the greater nonlinearity. In each 
case the maximum gain-bandwidth gB of the 
amplifier is given by the ratio of the second 
to the first term. Thus 

(2; 

gB = (n/2)(e/vo) ( 4) 

for parallel tuning, and 

n (4) 

2(1 — n) (q(,) 
i3) 

for series tuning. 
Hence, provided 45q„,„.,/q0, the maximum 

fractional charge excursion, is not less than 
(1 — n)k,m/r. the series tuning will be 
preferable. This can be shown to be true as 
follows. 
A typical voltage charge characterist it' 

shown in Fig. 1, upper and lower limits of 
satisfactory operating voltage., 7,2 ato I 
being indicated. These might correspond to 
the points of reverse breakdown and for-
ward conduction respectively. The whole 
range between ri and r2 ma): be utilized if 
the parallel tuned amplifier is biased to a 
voltage (v1+1.2)/2 and the series tuned am-
plifier to a charge of (qt 1-q2)/2. The corre-
sponding maximum voltage and charge ex-
cursions are given by 

(1 — vi/z'2)/(1 ri/r2) (6) 

= (1 — qi/q2)/(1+ ql/q2) 

= — (vi/a.2) 1 + (vi/r2) 1-1. (7) 

Investigation of these shows that as 
14/.1.2 varies front unity (small allowable 
capacitance variation) to zero ( maximum 
allowable capacitance variation) (i5q„„,„ 
/q0)/(5romidt'o) varies from 1 —tt to unity. 
Hence from (4) and ( 5), the ratio of the gain 
bandwidth of the two amplifier arrange-



1846 PROCEEDINGS OF THE IRE A ugust 

Rebate voltage 

q, 

Fig. I -- Voltage-charge characteristic of non mear 
capacitance showing limits of operation and bias-
ing points. 

ments varies from unity for small pumping 
to 1 — n for large pumping always in favor of 
the series tuned layout. 

G. H. B. THOMPSON 
Standard Telecommun. Labs., Inc. 

Harlow, Essex, England 

A uthor's Reply' 

Thompson has raised a very good point, 
with which the author fully agrees. Series 
and parallel tuning are compared for equal 
bias conditions,' but as Thompson shows, 
optimum pumping is achieved in each case 
for different bias points. For 0 <it.<1, the 
optimum bias point for series tuning is al-
ways in a region of higher nonlinearity, 
resulting in larger gain-bandwidth product. 

It is interesting to compare the maxi-
mum pumping obtainable from abrupt and 
graded junction varactors in series and 
parallel resonant circuits. In parallel tuning, 
à'B/CB is determined from (4) of Helges-
son' with I v(t)1 =4)— VB, and ASB/So for 
series tuning is computed from this by using 
Thompson's improvement factor of 1/(1 — n). 

Parallel Tuning (.103/(fl)nuoc 
Series Tuning (ASB/Sil),,,,,s 

n I =‘ 

• 

Of the four combinations, the series tuned 
circuit with an abrupt junction varactor has 
the highest gain-bandwidth capability in 
addition to the elimination of the higher 
order perturbations mentioned previously. 
Series tuning has the additional advantage 
that in the frequency regions of greatest in-
terest at present, the .source of loss in the 
varactor is series resistance, and the second 
harmonics and other mixing products are 
prevented from dissipating power in this re-
sistance because of the high impedance 
termination at these frequencies. For parallel 
tuning, these frequencies cannot be com-
pletely short circuited, and they develop 
some voltage across the capacitance and dis-
sipate sonic loss in the series resistance. 

There is, however, one minor disadvan-
tage of series tuning that has not been men-
tioned to date. When the charge voltage ex-
pansions are derived with the de terms 
included,' it can be seen that average elas-

, Received January 30, 1962. 
A. L. Helgesson, "Varactor charge-voltage ex-

pansions for large pumping conditions," this issue, 
same page. 

tance is a function of the magnitudes of the 
ac charges. This has two effects in the cir-
cuit. The first is that the optimum bias volt-
age is not determined, as might be incor-
rectly inferred from point B of Thompson's 
diagram, by taking the voltage correspond-
ing to the average charge. Because of the 
shift in bias charge due to the pumping, the 
average charge is not uniquely determined 
by the bias voltage. In Thompson's nota-
tion, if VI = 0 and n= point A is V2/2 and 
point B is V2/4. It can be shown that the 
optimum bias voltage for series tuning 
is 

The second effect produced by the av-
erage-charge shift is that the average elas-
tance is a function of the signal amplitude. 
This produces a slight phase distortion 
which may be important in systems that 
require phase coherence. However, this per-
turbation can be shown to be about a factor 
of 3 less than that produced by the third-
order terni for parallel tuning, as calculated 
from (6) of Helgesson.' iEqs. (6) and ( 7) of 
this reference are in error. The right-hand 
sides of both should be multiplied by (di.] 

In summary, the case for series tuning 
appears to be well established. 

ALAN L. FIELGESSON 
Sylvania Elec. Products, Inc. 

Waltham, Mass. 

Varactor Charge-Voltage 
Expansions for Large 
Pumping Conditions* 

In a previous correspondence,' charge-
voltage expansions for a varactor were de-
rived for small ac variations about a fixed 
bias point. The purpose of this correspond-
ence is to extend these results to the large 
pumping case by deriving the complete ex-
pansions with the inclusion of the dc terms. 
It will be shown that ( 2) of Helgesson 
is valid under large-pumping conditions, 
but that ( 3) must be modified. From these 
new expansions, the dependence of the aver-
age charge and the average elastance on the 
magnitudes of the ac variations is calculated. 

The expression for the derivative of the 
total charge as a function of the total volt-
age, 

dQ 
rr, 11) 

dV J 

is integrated, and the boundary condition 
that Q is zero when V is zero is imposed, 
giving 

Go" 
Q=7-- 4`-"— — (2) 

1 — n 

* Received January 30, 1962. 
A. L. lielgesson, " Nonsymmetrical properties of 

nonlinear elements in low- and high-impedance cir-
cuits," PROC. IRE (Correspondence). vol. 49, pp. 
1569-157(1; October, 1961. 

Qave + q(1) = 
1 — n 

(1 in v(11 —  V -1 
— V 

This is the fundamental equation relating 
charge and voltage on the varactor. 

CHARGE EXPANSION 

We are now separate dc and ac com-
ponents and define 

Q(1) = Q,,ve + el) 
V(t) = v(t) (3) 

where q(1) and v(t) have zero mean. For the 
first expansion, we will consider the case in 
which the circuitry external to the varactor 
restricts the average voltage to be equal to 
that of a bias supply 

Vave = !TB, (4) 

and allows v(t) to consist of only a small 
finite number of sinusoidal components 

v(i) = E I V4 cos (ond + O). (5) 

For this case we write ( 2) in the form 

C"(4, — Itzt)'-" 

(6) 

and expand into the series 

Coe 
q(1) = —1 -71 [(to- - (ci, - '-" 

nv2(l) Ce[ + n(n + 1)v3(1) v(l) 
2!(0 — VB) +  

n(n + 1)(n + 2)til(t) 

4!(ft, — VB)3 

=Qa+Cnv(1)+e„r2(1)+ et,v3(t) + • • • (7) 

where the average capacitance as determined 
by the bias voltage is 

Coe 
Co = (8) 

(4) — Ile)" 

Inspection of ( 7) shows that average 
charge is not completely determined by the 
bias voltage, but has a component depend-
ent upon the magnitides of the ac voltages. 
Writing 

Qn-o= Q8 + Q.. (9) 

the first terni in ( 7) gives the charge due to 
the bias voltage 

Cp0" 
Qa= -- I0' --"— (0— Va)"] (10) 

1 — n 

and the contribution from the ac voltages is 

Qoo = Cs   E 2!(çb — Vs) 2 .1 

n(n + 1)(n + 2) 3 o--,e 
2_, Vs' • • • 1 (11) 

4!(0 — 118)3 8 

In this case the fan that the average 
charge changes with the magnitudes of the 
ac voltages is only of academic interest, since 
all constants multiplying powers of v(t) in 
(7) are determined by the bias voltage, and 
the circuit properties of the device are inde-
pendent of the average charge. Eq. ( 2) of 
Helgesson' is therefore valid for large pump-
ing, except that it contains the additional 
average charge Q. 



1962 Correspondence 1847 

VOLTAGE EXPANSION 

For the second expansion we consider the 
case in which the ac charge variation is re-
stricted to consist of a small finite number of 
sinusoidal componen b.. 

= E I Qt cos (4)4.( + 0k). (12) 

It would be most desirable if we could simul-
taneously impose a restriction on the aver-
age charge, but unfortunately, de charge 
sources are not available. Instead, biasing 
of the device must be done with a voltage 
source and the constraint on the average 
value is again given by ( 4). 

Solving (2 for in terms of Q gives 

L,. = 
0-11/(1-.1 

----J Cute . ( 13) 

There ire si.‘eral eNpansions that can be 
made in this mixed system of constraints. 
The one that leads ta the most con\ enient 
form for the circuit equations is obtained by 
writing ( 13) in the form 

QuIt — n)) 
Va -I- v(1) = " 

[Q.«. q(1)1(1 — n)]"(' -"r 

recognizing from ( 10 • that 

Qe(1 — n) 
çb' = (4) — H) 1- ". 

GO' 

and expanding as 

(14) 

(15) 

Q„,. q(1) n[Q„, q(1) j2 
B V(I) = I'D — 

21(0 — I)(12 

(1 — 2n)n[Q,,• q(1)]3 

3 — 

= re Sft[Qi. 9(41 — + 0)12 

— q(1)]3 — • • • • (16) 

This is the complete form for ( 3) of Hel-
gesson.' The solution for Q„, may be made 
by noting that ti(i) has zero average value so 
that 

e,,, n [Q..' Qkll 
k _I 

CB 2!(fit — 1'11)012 

(1 — 2n)na,ca 

3!(0 — Ve)2Ce3 

In general, the solution of this equation 
is difficult because it is of high order in Q.,. 
However, the case of greatest practical inter-
est is fortunately that for which n= 4, for 
which the equation reduces to a quadratic. 
The average charge contributed by the ac 
variations is then 

= 2(de — re)Ce 

(17) 

1 
• [1 — Qk 12]. ( 18) 

8(d) — 1.812C112 

For an example of the effect of Gr, let 
us consider a three frequency device in which 

Qiei" Qt*e-ms Q2ei' 21 + Q2*erieo 
q(0 

2 2 

+ Qee--iwe 

2 
(19) 

and 

+ co?. = w. (20) 

The voltage component produced at +WI, 
for example, is from ( 16) 

v Q1 Q.,Q1 Q2*Q; 
CR 2(ort, — 1' 11)0;2— -14k — mg:82 

= Q1 í I Qi!' + Q2P' + Q312 
Foi  1 8(4, — )k 

Q2*Q8 

4(41 — 11We 
(21) 

The magnitudes of the ac charges change 
the average elastance of the varartor in each 
of the three circuits to the value 

s„,. Q , I 2+1 Q 21 2+1 Q.12 • (22) 1 
8(0 — r11.)2c112 

The term producing power conversion is 
unaffected and is determined only by the 
bias voltage. The elastance shift due to the 
fixed pump magnitude may be accounted 
for by proper design, but a small perturba-
tion dependent upon the magnitudes of sig-
nal and idler charges will always exist. 

To compute the maximum pumping ob-
tainable, we aSSIIIIIC that the pump charge is 
large in comparison to that of the signal and 
idler, and that the yaractor is driven to the 
point of forward conduction. Setting 
Ve+v(/)=4, and q(t)= I Qui,„„: in ( 16) we 
solve for the pump charge with the help of 
(18). For n=4 the result is 

I Qp¡m:or = 4/8i (4, - 1,8)c.. (23) 

The relative elastance change for maximum 
pumping is 

aSaVe Sa I Qp SeVit 1 
(24) 

SAVO St1,1e SeN/f, 2 

which is twice the maximum .iiCe/Ce ob-
tainable in a parallel-tuned configuration. 

If the varactor is not pumped to its 
maximum value, but is to be driven between 
a specified upper voltage V„ and a lower 
voltage 171, the pumping charge and the 
proper bias voltage may again be computed 
from ( 16) and ( 18). The general solution is 
algebraically cumbersome, but if we as-
sume ip•-••••0 the bias voltage is given by the 
simpler form 

W I — 2N/Vtri, 
l' 8 e = (25) 

In addition to presenting the complete 
forms of the charge-voltage expansions, the 
important conclusions to be drawn from this 
analysis are that in the charge controlled 
configuration, the average charge and aver-
age elastance are functions of the ac charge 
magnitudes, and that more percentage 
pumping may be obtained than in the volt-
age controlled circuit. 

ALAN L. HELGEssoN 
Sylvania Elec. Products Inc. 

Waltham, Mass. 

A Broad-Band Ku-Crystal 

Diode Switch* 

A broad-band diode switch which can be 
made to operate over the 12.0 to 17.0 Ge 
frequency range with a minimum bandwidth 
of 2 Ge is described in this note. This band-
width is described here to be an isolation 
greater than 20 db and insertion loss less 
than or equal to 1.5 db. The results shown 
here were taken with a D4151A diode, al-
though front the data it appears that other 
germanium point contact diodes in suitable 
packages would work equally well. The 
1)4151A was purposely designed to have the 
lead inductance and package capacitance 
one half the value normally found in com-
mercial glass-package germanium diodes. A 
pill- type package should work equally well 
in this band. 

Because the I N283 glass diode worked 
extremely well in waveguide at X band, we 
initially tried extending the switching action 
to Ku band with this type diode. Although 
we obtained definite su-itching action, it was 
not too successful. The difference between 
the isolation and insertion states w. t- only 
on the order of 5 db above 13 Gc a it h in-
sertion losses of 4 to 6 db. Obviiiu,ly this 
is not a good device for systems applicat 
Since the I N283 worked extremely well from 
5 Gc to 12.5 Gc, we thought that since the 
lead inductance and package capacitance 
were lowered by a factor of two, if the 
switching states were somehow a function 
of these parameters, combined with the 
junction capacitance, switching inight be 
made to occur at higher frequencies with 
the D41511 diode used as the switching ele-
ments. 

Studies made at this laboratory on wave-
guide semiconductor switches from 5 Gc to 
12 Gc indicated quite strongly that by re-
actively loading the diodes, better switching 
results are obtained. The reason for this 
appears to be that the diode and the reactive 
structures act together as a band-pass filter 
element where the reactive element is sized 
for the particular frequency range under 
consideration. 

In this frequency range, a single diode 
element, suitably loaded, gives a 0.9 Ge 
bandwidth. Hou--ever, two diode elements 
suitably loaded and spaced one quarter 
wavelength apart give substantially better 
results. The bandwidth is much larger and 
the switching ratio is improved over the 
band. Switching ratio is defined as the differ-
ence between the isolation and insertiini 
losses in db. The isolation is due to the 
reactive structure and diode presenting a 
large reactive impedance which results in the 
energy being reflected back toward the 
source. Normally this reflected energy is 1 db 
down from the incident power, where the 
1 db is dissipated across the resistances 
within the diode. 

Fig. 1 shows the results obtained from 
a one-diode reactive loaded switch. Here 
the peak occurs at 13.9 Gc, although this 
peak can be shifted up and down in fre-
quency by suitably changing the reactive 
loading on the diode. Fig. 2 shows the char-
acteristics of a two-diode switch which is 

* Received by the IRE, January S. 1062. 
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Fig. 1—Characteristics of a single-diode 
Ku-band switch. 

Fig. 2—Characteristics of a two-diode Ku-band switch. 

improved over the one-diode switch. The 
first apparent factor is the increase in the 
bandwidth which is larger by a factor greater 
than two. The isolation also increased 
greatly while the insertion loss increased by a 
factor somewhat less than two. The insertion 
losses shown in Figs. 1 and 2 can be greatly 
reduced because our biasing arrangements 
are not ideal and some energy is being dis-
sipated in the dc input. For the Ku-band 
switch reported here, the reactive loading 
took the form of capacitive elements at the 
diode position. This loading will vary ap-
preciably with frequency at X and C band 
for a gold-bonded germanium IN 283, the 
loading becomes inductive. 

The isolation condition shown in Figs. I 
and 2 occurred with the diode biased in the 
reversed direction at — 50 v. At — 10-v bias, 
the isolation is nearly 90 per cent of the 
value recorded at — 50 v. In the insertion 
direction, the loss is inversely proportional 
to the forward current; the larger the for-
ward current, the smaller the insertion loss. 
It is the ability of the diode to handle cur-
rent that limits the insertion loss since the 
forward resistance of the diode is the one 
source of dissipative losses in the diode. 

We have not made power tests on this 
switch, but we expect the switch to propa-

gate an average power of 1 w and a peak 
power of 150 w at 001 duty cycles. These 
estimates are derived from an examination 
of the diode's dc characteristics. These, 
however, need to be verified. But the feasi-
bility of the switch for low-power receiver 
• applications is obvious where relatively large 
bandwidths are required. We also feel that 
crystal switches can be extended to higher 
frequency ranges if careful attention is paid 
to package design and reactive loading. 

The authors would like to acknowledge 
the assistance of M. Groll of Sylvania, 
Waltham, Mass., for supplying many di-
odes. 

K. W. BECK 
J. J. Rowl.Ev 

Sylvania Electric Products, Inc. 
Microwave Device Division 

Mountain View, Calif. 

Radiation from a Magnetic Line Di-

pole Source of Finite Width* 

The problem of radiation from a mag-
netic line dipole source lying in a lossy plane 
is of great interest since, in addition to 
radiating components, a surface wave is also 
launched. What is of importance in this 
problem is the fact that if the line dipole 
source is of finite width the surface-wave 
component can be either reduced to zero, 
or it can be maximized. 

Assume a line dipole source lying in the 
y=0 plane, extending from z= to 
z= co. For y>0, let the medium be char-
acterized by po, eo, and the medium for y<0 
by p, e such that the wave number at the 
surface y=0 is given by 14= ico€0(R„-FiX„) 
=27r/X,. The solution of this problem, nor-
malized for a point source, is given by' 

tion to the surface-wave field will be given by 

U. = E il„„[(x. - ttx0), y], (2) 

where so is the distance between neighboring 
line dipole sources. If there are N sources 
distributed uniformly over a distance d, (2) 
can be written as 

U. = 

f/ 2 //,,„ [(X — nd— ). y dn (3) 
-.N/2 N 

for large N. 
Substitution of the expression for it,„, 

from ( I) 

= A exp [—iN/k2 -Fk.2] s — 

where 
2rik, 

A = 

], (4) 

(k2 /42)1/2 exp(—ke), 

and integration between the indicated limits 
results in 

U.lizi > —112 

= NA —sin —B es') (— is/k" 1 k. H ) ( 5) 

U.11,1 < —612 

NA 913 
= — —[1 — cos(—s)exp (— iB)1 (6) 

d 

where 2B =d(k2-1-k.")'/". In the limit as 
B—.0, (6) reduces to zero, and (5) to the 
surface wave term due to one line dipole 
source at (0, 0). 

It is evident that for x > d/2 the surface-
wave term will vanish if Br= +mr, w = 1, 
2, • • • , in which case k„ must be pure real 
or pure imaginary. There is no value of B 
for which (5) can be equal to zero in the case 

11 (x, r) -= — ir[110 (2) (kr) — f eks'ill,,( 2) (kp)(in 

2k. exp (— k„y) exp (—WO -I- k.21 ) 

(k2 k„,2)L2 

for harmonic time dependence ei'1; tt(x,y) 
=11„, and (7/th was assumed zero; le" 
=cepoeo= (2r/Xo)"; 14(2) (kr) are Hankel 
functions of second kind, and order zero and 
r2=x2+y", and p2=5" -I-n". 

The first and second term of ( 1) repre-
sent the source and secondary contribution 
to the cylindrically radiated field; the last 
term represents the surface wave. Let us, 
for the moment, consider this last terni 
alone, and extend the solution to a number 
of line dipole sources distributed from 
x= —d/2 to x=d/2. Assuming that there is 
no interaction between the sources, and that 
the sources are in phase, the total contribu-

• Received by the IRE. January 10, 1962. 
S. N. Karp, F. Karal. "Surface Waves on a Right 

Angled Wedge," Al, Cambridge Res. Ctr., Bedford, 
Mass., Tech. Rept. No. AFCRC-58-368; August. 
1958. 

(1) 

of complex k,. Assuming, then, that k„ is 
either pure real or pure imaginary, 

2/nz- mX0,14 
d = + = ± ----- (7) 

(k2 ± k.2)" (x.." ± x02)1/2 

for elimination of the surface-wave term for 
all values of x>d/2. It follows from ( 1) and 
(7) that for k, pure imaginary we actually 
have a " leaky" surface wave," whereas for 
k, pure real we have a " true" surface wave. 
This must be so, since for k„"<".0 real values 
of d require X„>Xo, i.e., the phase velocity 
along the surface will exceed c, the speed 
of light. 

When (7) is satisfied, we obtain from (6) 

2 F. J. Zucker, "The guiding and radiation of sur-
face waves." Proc. Symp. OH Modern Advances in 
Microwave Techniques. Polytechnic Inst. of Brooklyn. 
Brooklyn, N. V.; November 8-10, 1954. 
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d 2NA I,n,r 

11,1 < — = — C052 — ) (8) 
— 2 d 

representing a standing wave with nodes at 
x= +d/2m. 

Somewhat similar results are obtained if 
the individual sources are not fed in phase. 
If a phase shift 

d nd 
13» 

2 N 

is assumed front source to source 

d 
U.11,1> —2 

sin 1.) . Old 
= NA ---exp[— iv" k2 k,2 151 

with 2D=d(/k--Fk.2-FB0). As in the preced-
ing case, the surface wave for s >d/2 will 
disappear for 1) = +My, m=1, 2, • • • . 

In both cases, the surface-wave term will 
be a maximum when d-4). Consequently, 
it can be concluded that for maximum ef-
ficiency in launching a surface wave a source 
of inliiiitesimal thickness is required. Fur-
thermore, since in this case k„ must be pure 
real, a purely inductive surface impedance 
is required, ill agreement with conditions for 
support of surface waves derived by Barlow 
and Cullen. When the surface impedance is 
complex, or pure real, a " leaky" surface 
wave is obtained. The surface-wave term 
can be eliminated only if the surface imped-
ance is not complex. 

LEON W . 7.11.11V 
The Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia, Pa. 

H. E. M. Barlow, A. L. Cullen. "Surface waves,• 
Prot. IRE. vol. 1PO. pt. 3, pp. 329-347; November. 
1953. 

Sensitivity of a Magneto-
resistance Wattmeter* 

As reported previously," it was proved 
that the magnetoresistance effect in a semi-
conductor could be used as a wattmeter. 
Here, the theory has been developed in con-
nection with a Hall-effect wattmeter.. 

The resistance of a rectangular semi-
conductor specimen of length I. width w, 
thickness 1 under a high magnetic field B 
as shown in Fig. 1 tal is approximately ex-
pressed by 

R(B) 

P(B)3 7c. 4 
= R(0) -- 1 — pfl — — In 2) , (1) 

WO) 1 

* Received by the IRE. January 2, 1962. 
S. Kataoka, "Magneto-resistance multiplier with 

higher gain." PROC. I RE, to be published. 
Kataoka ami S. Kobayashi, "The application 

of the magnetoresistance effect in an intermetallic 
semiconductor to the measurement of electric power 
(Part I. Fundamental)," Bull. Elecirolerh. Lab.. vol. 
25, pp. 827-834: November, 1961. 
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Fig. 1 Semiconductor element. (a) %Vithout metal 
line. (b) With un metal lines. 
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Fig. 2-- -Galvanomagnetic characteristics of an InAs 
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Fig. 3 - Output characteristics oi a magnetoresistance 
watt meter. H: I fall effect. NI in: Magnetoresistance 
with us lines of ntetal. 
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Fig. 4—Output characteristics of a Halltron watt-
meter; 0 = Hall output, X = inagnetoresistance 
output (Hall terminals opened), • =magnetore-
sistance output ( Ilan terminals shorted). 

where 

R(B) = resistance in a magnetic flux den-
sity B, 

R(0)=resistance without magnetic held, 

p(B)=resistivity in a magnetic flux den-
sity B, 

p(0)= resistivity without magnetic field, 

ea= mobility of charge carriers. 

The first term p(B)/p(0) increases with 
B2 and reaches a saturation at high value of 
B. The second terni -rill-le/BO-4/7r In 2)'; 
is obtained by analyzing an electric field 
distortion emploving the Schwarz-Chris-
toffel conformal tiansfonnation." 

Thus, R(B) increases linearly with B at 
high magnetic field and a voltage drop varia-
tion across the semiconductor is propor-
tional to a product of a current f passed 
through it and a magnetii• field variation 
B', if the semiconductor is biased magnet-
ically at a relatively high magnetic field B.. 
At au, the time-average voltage of the semi-
conductor is proportional to the active prod-
uct of B' and 1, that is t1=KB'l cos 0, to be 
used as a wattmeter. Here, K, a proportional-
ity constant, represents a sensitivity of the 
device and can be found by differentiating 
(1), in considering R(0).=p(0)1/7e1 and 
1,1à=fflu. 

dR(B) p(B) din 
K= - R(0) — = (2) 

dB p(0) 1 1 

where Mu is a Hall coefficient of the semi-
conductor. 

It is quite interesting to note that the 
sensitivity of a magnetoresistance watt-
meter is exactly the same as a Hall-effect 
wattmeter in so far as the semiconductor ele-
ment remains the same 

Next, let us consider a case where n, lines 
of metal are attached onto the semicon-
ductor plate as shown in Fig. 1(b). The re-
sistance of such an element is 

P(B) 
Rnn kJ) = Rni(0) — - 

p(0) 

(n: 
1 + 1 — —4 In 2) (3) 

and the sensitivity of a wattmeter 

dRin(B) On + 1 ) ( tin 
1%.. P11 = = ( 4) 

dB 

This relation leads to a conclusion that the 
output would be increased by a factor of 
(m+1). 

Fig. 2 shows experimental results of the 
magnetoresistance and the flail-effect char-
acteristics of an InAs polycrystal specimen 
of 8X4 X0.1 mm and Fig. 3 the deduced 
output characteristics of both kinds of watt-
meter. Fig. 4 shows the results on output 
characteristics of a Halltron wattmeter" in 
both ways of use. 

V. H. J. Lipmann and F. Kuhrt, "Der Geonte-
trieeinfluss auf den transversalen magnetischen Wider-
standseffekt bei rechteckfiirmigen Halbleiterplatten." 
Z. Nalurforsch., Band 13a, pp. 462-474; June, 1958. 
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All these experimental results seem to 
verify the above theoretical considerations. 
The considerable deviation front the theory 
for large in may be due to the facts that the 
metallic line has a width of 0.2 mm and that 
these were soldered on only one side of the 
specimen. 

SHOEI KATAOKA 
Electrotechnical Lab. 

Nagata-cho, Chiyoda-ku 
Tokyo, Japan 

A Tunnel-Diode Wide-Band 
Frequency Doubling Circuit* 

A recent note' describes an elegant wide-
band frequency doubling circuit which 
makes use of the fact that the volt-ampere 
characteristic of a tunnel diode closely ap-
proximates a parabola in the region of the 
peak point. The circuit as described is of 
limited usefulness because of sensitivity to 
variations in ambient temperature. The 
operating point of the tunnel diode is set by 
the base biasing network of the transistor 
(Fig. 1). However, the tunnel diode is in the 
emitter circuit so its bias will change if the 
emitter-base voltage of the transistor 
changes. For a silicon transistor V rb has a 
temperature dependence of approximately 
—2 mv/°C. Since the peak point of the 
diode occurs at approximately 55 mv, this 
shifts the bias of the tunnel diode by —3 
per cent/°C. With a signal of 25 mv peak, 
this shift is approximately 8 per cent of peak 
swing per °C. Therefore a 1°C temperature 
change will cause alternate peaks of the out-
put wave to differ in amplitude by as much 
as 16 per cent ( see Fig. 2). 

By using forward biased silicon diodes in 
the bias network to compensate for the tem-
perature dependence of V,.„ considerable re-
duction in temperature sensitivity can be 
achieved. The biasing diodes should, of 
course, be in (- lose thermal contact with the 
transistor. This lowers the input impedance, 
but not to such an extent as to cause any 
difficulty in driving the circuit. 

Further siabilization can be realized by 
biasing at the valley point of the tunnel di-
ode. While the tunnel diode characteristic 
alone is not a good approximation of a parab-
ola at this point, the transfer characteristic 
of the transistor-tunnel diode combination 
is ( Fig. 3). The gain of the squaring portion 
of the circuit is lower, but since the quiescent 
current is lower by a larger factor, slightly 
more voltage gain is available from the cir-
cuit as a whole. An improvement of about a 
factor of six ( = valley point voltage/peak 
point voltage) in temperature stability re-
sults. 

The resulting circuit ( Fig. 4), while still 
not suitable for wide temperature ranges, 
can be used in many applications where ten-

* Received by the IRE. January 3, 1962. 
F. I). Neu, 'A tunnel-ditide wide-band frequency 

doubling circuit," Pine. IRE. vol. 49, pp. 1963-1964; 
December, 1961. 

+3V 

CUT 

Fig. I —Neu's frequency doubling circuit. 

Fig. 2—Top: 800 cps input. Center: 1600 cps output, 
bias correct. Bottom: 1600 cps output, bias .5 mv 
offset. Vertical sensitivity: 50 mv/div. 

Fig. 3 —Transfer characteristic of transistor-tunnel 
diode combination (peak point is off scale). 
Horizontal ( input): 75 mv/div. Vertical (output): 
200 mv /inv. 

INI695 

+5V 

Fig. 4—Improved frequency doubler. 

our 

perature changes are reasonably small and 
the bias can be checked and adjusted occa-
sionally if necessary. It has been operated 
for eight hours at a time in a non air-condi-
tioned laboratory without noticeable bias 
drift after a short warm-up period. 

J. H. BURRO 
Instrumentation Lab. 

Mass. Inst. Tech. 
Concord, Mass. 

Graphical Expressions of 
Synchronous Conditions in the 
Transverse-Type Electron Beam 
Parametric Amplifier* 

There are several types of pumping in 
the transverse-type electron beam para-
metric amplifier, each of which has a differ-
ent synchronous condition. This condition is 
explained physically by deriving it from a 
geometrical sum of the signal and idler 
waves. 

The case of amplification by the coupling 
of two fast cyclotron waves is shown in 
Fig. 1, where oh, oh and oh, represent signal, 
idler and pump frequency, respectively. In 
both waves the electron rotates by (4 in 
time t while it proceeds axially at va, where 
oh is cyclotron frequency and rc is the axial 
mean velocity of electron. From a simple 
geometrical consideration the following 
phase velocities are obtained: 

Ca. 

y.= — — l'é = l'011 — 

where the subscripts s and i refer to signal 
and idler. Summing up the displacement of 
these waves, a new wave pattern is ob-
tained, where the relation = oh, holds 
at the initial plane and the rate of rotation 
observed from a moving electron becomes 
2cd From the new pattern the following 
relation is given: 

Vo 

441 — = 

V„ 

This is nothing but a synchronous condi-
tion, needed for the pump wave, so that the 
Doppler frequency is equal to two times 
cyclotron (requency. 

Fig. 2 shows the case of amplification by 
the coupling of two synchronous waves in 
quadrupole amplifier. In this case the phase 
velocity of pump wave remains equal to the 
electron velocity. Then the synchronous 
condition is given by 

cop ( 1 = 0, 

showing that I )oppler frequency equals zero. 
Fig. 3 shows the case where amplification 

occurs by the coupling of the fast cyclotron 
and slow synchronous waves in the axially 

2w, 

* Received January 3. 1962; revised manuscript 
received. February 23, 1962. 
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Fig. 1 Implitication b.• the coupling of fast cyclotron 
waves lquadrupidi. pump'. 

62s 

Jtui, 

tOr 

Wove Potter,' 

(Os •e" 
Electron Orbit 

Fig. 2 Amplitic-ation by the coupling of synchronous 
saves (quadrupole tat mi0. 

Fig. 3 - Amplification by the coupling of fast and 
slow synchronous waves ( axially symmetric fiehl 
pump). 

symmetric field pump. By means of a similar 
process the synchronous condition is found 
as follows: 

Here, the Doppler frequency equals the 
cyclotron frequency. 

In conclusion it may be stated that the 
number of 244., 0 and (0,., included in the above 
equations, corresponds to the number of 
cyclotron waves related to the amplification 
process. 

K. KAKIzAKI 
Cen -ral Research Laboratory 

In Sbibattra Electril• Co., Ltd. 
Kawasaki, japan 

Symmetrical DC Converter Using 

6-a Tunnel Diodes* 

A possibly useful application of the tun-
nel diode is in a de converter circuit to raise 
the output level of a low voltage source such 
as a thermoelectric genet-min-. I 'he sym-
metrical converter circuit shown in Fig. 1 is 

* Received Janua-y 31, 1962. This note is base,: 
on a thesis submitted in partial fulfillment of the 
requirements of the degree of Doctor of Science in the 
Department of Electrical Engineering at the Massa 
chusetts Institute of Technology. Cambridge, on 
August 21. 1961. 
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Rs 

TD 

WINDING RESISTANCE 

PRIMARY INDUCTANCE • L 
SECONDARY INDUCTANCE • et. 

Fig. 1 Symmetrical tunnel-diode convet ter circuit. 

6 

à 

2 

0 , 02 Vs 05 

VOLTS 
0a 05 06 

Fig. 2 Dadied --i characteristic o tunnel 
diode. Solid line: r characteristic of tunnel diode 
in series with transformer primary resistance 12,. 

particularly interesting because it allows a 
relatively steady current to be drawn from 
the sourie. 1 This results in a higher efficiency 
(ratio of output power to available power at 
the input) than is possible with a single 
diode circuit." 

The operation of this circuit has been 
analyzed and examined experimentally for 
the ant isymmetric mode of oscillati(m; The 
voltage-current trajectory for one diode can 
be traced on Fig. 2. Starting at point .1 the 
diode switches very quickly ( in the con-
stant current switching tittle) to B and 
quickly ( in the order of the time to charge 
the transformer leakage inductance) to 
C. It then relit NCS SioWlY (in the order of 
L/R time constants) to D, very quickly to 
E, quickly to h', and slowly back to .1. The 
locations of points C and F depend upon 
the loading. For no load F coincides with 
E and C with B; while under maximum 
loading ( minimum RL) F coincides with .1 
and C with D. 

Under maximum loading, therefore, the 
diodes effectively switch back and forth be-
tween their peak and valley points. The 
power output is 

= — V „')( 1„ — L.) (1) 

where l',r= 1.,,-1-R71„ and V„-ER71,, as 
indicated in Fig. 2. The efficiency is 

C) 

where tn=R,/R. and R,= Ev,!+ t„ 
+ the resistance which the circuit pre-
sents to the motrce. The source resistance R., 
must be less than V„')/(/„—/,.) to 
insure stable biasing of the circuit. There-
fore 

This ‘• itcuit Nv.i, suggested to the author by Dr. 
Paul Pittman on the \Vcstingliouse Re, Labs.. Pitts-
burgh• 

, II. F. Storm and D. P. Shattuck, -Tunnel Diode 
D-c Power Converter,' presented at AIEE \Vinter 
General Meeting. New Vork, N. V. January 20 - 
February 3, 1961. 

S. Wang, "Converter efficiency and power output 
of a tunnel diode relaxation oscillator." Pgoc. IRE, 
vol. 49, pp. 1219-1220: j,tli. 1961. 

Fig. 3 Efficiency 1.111 I source resist 
;nice for variati- tian-loriner, .4.rmer 

=0.125 oh, r. I 0.001 / dun. i 0.01118 
ohm. -4 0.001_ ohm, 

20 30 40 50 AO 
CALCULATED EFFICIENCY (%) 

Fig. 4 Compai ison of measured and cal 
ciliated efficiencies. 

> (3) 

Thus for maximum efficiem•y it is desirable 
to have 17.7 l'„' and 1,,//r as large as possi-
ble and V,!/ V„' > 

Efficiency has been measured in a circuit 
using t wo " solution grown - germanium di-
odes with matched v-i characteristics as 
shown in Fig. 2.' Efficiency vs load resist-
ance is plotted for several values of source 
resistance and for various transformers in 
Fig. 3. In Fig. 4 maximum efficiency is com-
pared with that calculated from ( 2). Output 
power is between 3(K) and 400 mw. 

If the load resistance is inade less than 

r% < (4) 
— 

the dio k'5 relax quickly (non B to D and 
from E to .1. The transformer flux does not 
have time to become equal in the windings 
and the antisymmetric mode is no longer 
favored by the oinding polarity. A sym-
metric mode then (Attains which is charac-
terized by a much higher frequency and 
which does not couple to the load. 

A. C. Som. 
Dept. of Elec. Engrg. 

Massachuset ts lits) it u te of Technology, 
Cambridge, Mass. 

The author is indebted to the staff of the Bell 
Telephone Labs., Murray Hill, N. J., for the oppor-
tunity to fabricate these diodes during the summer of 
1060. 
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Magneto-Ionic Duct Propagation 
Time (Whistler-Mode) vs 
Geomagnetic Latitude at 4 KC* 

When the transmitted frequency f is well 
below the plasma frequency f„ in ionospheric 
propagation, the extraordinary ray direction 
is approximately that of the earth's magnetic 
field lines. At increasing geomagnetic lati-
tudes of origination, the propagation time 
from the originating point to the conjugate 
point should increase with the path length. 
Correspondingly, the group velocity is 
lessened in varying degree with height in 
the ionosphere, and for different lengths of 
time dependent upon the ray path length in 
the ionosphere. Thus, it seems reasonable 
to assume that on a graph of the propagation 
time vs geomagnetic origination latitude, 
some portion of the curve may be quite flat 
or perhaps have a negative slope. A simpli-
fied analysis follows to show that this situa-
tion is quite possible, if the ray follows the 
field line closely. 

The assumptions employed are listed be-
low: 

1) Energy travels in the direction of the 
earth's magnetic field. 

2) Circular polarization with the right-
hand sense for propagation from 
south to north is assumed ( these first 
assumptions are completely equiva-
lent to assuming a longitudinal ex-
traordinary mode. 

3) The earth's magnetic field is repre-
sented by an earth-centered magnetic 
(lipole. 

4) The collisional frequency ;4 is zero. 

The group velocity v„ is given by' 

v„ —   
n jdn/df 

2c(jii — .1.)321j.2(fn — jfp2 
6 

where 

I 2 

2f3 — 4f2fa 2.(1112 +.1;.2.fil 

fp2 

//2 = ± ' 

= plasma frequency = 9vV X 103c/s, 

= gyro frequency = 2.8 X 10.43 c/s. 

n = the refractive index, 

N = the electron concentration electrons/cm3, 

B = the magnetic field flux density. gauss, 

f = wave frequency, cps. 
The conventional first- aiul sec 011(1-order 
approximations are given by 

fl /2( fil f)3/2 

=  2c  . . .62» il,, 

2c(f/n)"2 
= fp2 >> jfn. j « fn. 

The propagation time T is to be evaluated 
graphically from 

r f ds I) 

pal, re, = 

* Received January 29, 1962. 
(;. R. Ellis, "Oil the propagation of whistling at-

mospherics," J. Atmospheric acid Terrectrial Phys., 
vol. 8. pp. 338-344; June. 1956. 

which defines 1), the dispersion. The mag-
netic path length s is 

Ro 
s = 3 sin2 X) 1/2 sin X 

1 (I + 3 sin2 )01 /21 X0 
- In [sin X -I-   

1  N/3 xi 

where 
X() = the originating latitude, degrees, 
= the latitude to which path length is 
desired, 

Ro= the maximum radius of the magnetic 
dipole path, in units of earth radii, 
sec' Xi). 

The height h above the earth's surface is 

h = (Ro cos X — 1)a 

where a is the earth's radius. Assuming sym-
metry of the dipole field above and below 
the geomagnetic equator, only one-half the 
path need be considered for integration pur-
poses. 

Due to evident approximations in the 
foregoing, computations were run by hand 
at a single frequency of 4 kc. The results 
are given in Fig. 1 for a one-way path. In 
Table I the one-way dispersion as a function 
of originating latitude is given. 

4 /Cc, 

Jo 1/4 
L.fttuie 

Fig. 1 Propagation time vs originating 
geomagnetic latitude. 

TABLE 1 
DiseplisioN VS ORIGINATING LA II I I'DE 

X., 
(degrees) 

III 

.30 

50 
60 

D = 7:1 1/2 
(second s) 1/2 

24.5 
46.3 
32.2 
32.2 
47.7 
159.8 

Granted that the foregoing is an ap-
proximate analysis, the phenomenon dem-
onstrated by Fig. 1 is very interesting. A 
more elaborate investigation is certainly 
warranted at other frequencies and for other 
parameter models. The models used in this 
analysis were those of a dipole magnetic 
field for the earth and an electron density 
profile compiled from Penn State data, 
NM.. rocket data, USSR data (rocket, Feb-
ruary 21, 1958), USSR satellite data, and 
"whistler" estimates. 

CHARLES V. GREENMAN 
RCA 

Camden, N. J. 

A Two-Term Analytical 
Approximation of Tunnel-Diode 

Static Characteristics* 

In the articles previously published on 
tunnel-diode circuitry design, either a poly-
nomial expression' or sectional straight-line 
approximations are used to represent the 
tunnel-diode static current-voltage char-
acteristics. This paper will present a simple 
two-term exponential approximation. The 
accuracy of this approximation compared 
with actual tunnel-diode characteristics will 
also be discussed. 

The static /- V characteristic of a tunnel 

—  

v(v(uts) 

Fig. I--Tunnel-diode static /-V characteristics 
and the two current components. 

diode is shown as the solid curve in Fig. I. 
It is found that a plot of the natural log-
arithm of (// V) vs the applied voltage gives 
a straight line in the negative resistance 
region. This suggests that the tntal tunnel-
diode current may be expressed 5,/42 

I = 11+ 12 

= AV exp (— eV) B[exp (bV) — 1]. (1) 

The first terni is the tunnel current and the 
second term is the ordinary diode current. 
They are shown as the dotted curves in 
Fig. I. The constants a, A, b, and B are de-
termined as follows: 

For voltages less than the valley volt-
age, the second term of ( 1) can be neglected 
giving 

11= A V exp (—eV) (2) 

which can be written as 

In (11/V) = In A — aV. (3) 

In the straight line plot of In (11/V) vs 
the applied voltage, the slope is equal to 
( — a), and the zero voltage intercept is equal 
to In .4, as shown in Fig. 2. 

For large values of forward bias, the first 
term of ( 1) can be neglected and since exp 
(bV)>>1, ( 1) reduces to 

12 B exp (by), (4) 

* Received January 31, 1962; revised manuscript 
received. February IS, 1962. 

M. Schuller and W. W. Gartner, Large-signal 
circuit theory for negative-resistance diodes, in par-
ticular tunnel diodes,' Pgoc. IRE, vol. 49, pp. 1268-
1278; August, 1961. 

A. Ferendeci, *A Study of Tunnel Diode Char-
acteristics," M.S. thesis, Case Institute of Technol-
ogy, Cleveland, Ohio; 1961. 
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which can be written as 

In /2 = In B Me. (5) 

The plot of In /2 vs the applied voltage 
should give a straight line with a slope equal 
to 1) and the zero voltage intercept equal to 
In B, as is shown in Isig. 2. 

If (2 and (4) are plotted, then the sum 
of the too tuirl es should approximate the 
actual tunnel-diode curve. This approxima-
tion has been applied to germanium, silicon 
and Ga-As tunnel diodes with results better 
than + 10 per cent accuracy over the com-
plete curve. A typical germanium tunnel 
diode ( 1N-2941), is used to illustrate the 
results of this two-term approximation as 
shown in Fig. 3. The actual diode curves are 
obtained froto a photograph taken from a 
curve tracer oscilloscope. From the graphs 
of In (1/ V) Vs V and la / vs l', the con-
t.uiit ii.  .1. and 8 are calculated giving 

01 

_ ti, (/ . V) vs V and in ( I) vs V curves. 

10 

N. I vol t 61-
0 2 03 0.4 

100 200 600 400 500 

e d.—CALCULATED 

7 
ex) 

-0 o 

Fig. 3 I \ - 2941 ( lernumiu in tunnel diode. (a) Actual 
and rilculated characteristics. ( I» Per cent error 
Nine ni za tout and calculated characteristics. 

the approximation as: 

/ 0.0-14V exp (- 16.8V) + 5.4 

X 10-7 1exp ( 15.41') — 11(amperes). (6) 

Using ( 6) the i-urrents for corresponding 
voltages are calculated and the results are 
plotted on the same graph paper with the 
actual tunnel-diode curves for comparison. 
The current difference between the actual 
and the calculated curves is normalized with 
respect to the peak current and plotted on 
the lower portion of the graphs. It is seen 
that the approximation is accurate to ±6 
per cent or better. 

For engineering purposes the four con-
stants may be determined by measuring four 
sets of current and voltage values at four 
pilot points to be fitted accurately. Two of 
the pilot points should be in the tunnel cut--
rent region and the other points in the or-
dinary diode current region. By substituting 
these I- V values into ( 3) or ( 5), the con-
stants may be found. The peak point cor-
responds to the first dl/d V=0 point; there-
fore, if the peak point is selected to be one 
of the pilot points, then the constant 
a—(1/Vp). 

It is not surprising to find that for the 
simple approximations, the constants a and b 
are not multiples of (e/kT), especially the 
ordinary diode constant b. This is possibly 
due to the valley current which effects the 
ordinary diode current considerably within 
the regions of interest. 

A. Ft.:Ku:Now 
W. H. ko 

Engrg. Div. 
Case Inst. Tech. 
Cleveland, Ohio 

Nonlinear Distortion in Tunnel-
Diode Am plifiers* 

An important performance characteristic 
of tunnel-diode amplifiers is dynamic range. 
The upper limit imposed upon the dynamic 
range of a tunnel-diode amplifier is usually 
due to nonlinear distortion. In this paper, 
an approximate theoretical analysis of the 
nonlinear distortion within tunnel-diode 
amplifiers will be presented. . 

The current-vs-voltage characteristic of 
a typical tunnel diode is shown in Fig. 1. In 
the negative resistance region this i-e curve 
can be approximated by an exponential 
function: 

where 

i= tunnel-diode current, 
e = tunnel-diode voltage, 
A and a are constants. 

Letting X = c — eo, = tunnel-diode ac voltage, 
where eb= voltage at operating point of the 
tunnel-diode amplifier 

• Received January 26. 1962. 

a2 a3 
— — X2 + • • •]• (2) 
2! 3! 

At the operating point 

X =0 and e co,, then 

di 

de 
a = 

= ir "Ab 

e= e,,, (3) 

(4) 

Constants a and J can be evaluated using 
(3) and ( 4) for an operating point within the 
negative resistant-e region of a particular 
tunnel diode. 

1.0 

,e../..-1• 1.77 
EXPONENTIAL APPROXIMATION 

.8 

.7 

.6 

I ( me) 
.5 

TU\MIEL 01002 
CHARACTERISTIC 

.2 .3 
(VOLTS) 

.s 

Fig. I -Typical current- vs-voltage characteristic of 
tunnel diode and exponential approximation ill 
the negative re•dstance region. 

To determine the second- and third-order 
harmonic and intermodulatiou distortion 
the first four terms of ( 2) are employed: 

a2 a3 
= ax —2 14 -I- —6 si]. (5) 

Assuming two equilevel signals of peak volt-
age E and angular frequencies col and co-2, 

x = E cos out ± E cos (02i. (6) 

Substituting ( 6) into ( 5) and expanding, 
it can be shown that 

= Ae"q(1 212) 

▪ (aE ea3Es)(cos wit cos O)!l) 

a' El  ▪ — (cos „,, + COS 2w2!) 
4 

a2E2 a2E2 
-- cos ((..0 0;2)1 --2— cos (uu — 
2  

a 3E3 
▪ -- (cos 30/1/ + COS 34)2!) 

24 

a3E3 
▪ -- [cos (2w1 (6)2)1+ cos (2w2 cvdi 

8 

▪ cos (2wo — co.2)! + cos (2w2 — coal( • (7) 
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Then 

Signal =  4(1+ ¡;a2E2) 
(8) 

aE 

2(1+ Za2/.:2)  
=-   (9) 

a E 

24(1+ Za21...1) 
(10) 

422E2 

8(1+ a2/•:2)  
. ( 11) ,i2E2 

2nd Harmonic 

Signal  

2nd Order Intermodulation 

Signal  

3rd Harmonic 

Signal  

3rd Order Intermodulation 

The ratios of signal- to-harmonic distor-
tion and signal-to-intermodulat ion distortion 
are given in ( 8)-(11). Although these ratios 
appear to be independent of bias voltage, 
they are functions of the constant a which 
is evaluated for a particular value of bias 
voltage. At different operating points, a dif-
ferent value of a would generally yield a 
better fit of the exponential approximating 
function. 

This theoretical analy,:is is of limited ac-
curacy. Higher-order curvatures have been 
neglected and possible mismatches seen by 
the tunnel diode at the distortion frequencies 
have not been considered. The exponential 
approximation obviously breaks down for 
ac voltage magnitudes that are large enough 
to swing into the tunnel-diode positive re-
sistance region. Nevertheless the exponen-
tial approximating function provides simple 
equations that can be used to obtain "ball-
park" estimates of the various signal-to-dis-
tortion ratios. 

Because of the different sources of error 
previously mentioned, it is seldom profitable 
to employ the more exact representation of 
the tunnel-diode characteristics and experi-
mental techniques are more expedient. 

R. M. KtlizaoK 
A. NEWTON 

RCA Surface Commun. Sys. Lab. 
New York, N. Y. 

Capacitance and Charge 

Coefficients for Varactor Diodes* 

It has been shown desirable to know the 
Fourier coefficients of the charge and ca-
pacity of a varactor diode driven by a single 
frequency voltage.' .2 These coefficients have 
been previously calculated either in ap-
proximate series form or in terms of untabu-
fated functions. It is possible to express 
them in an elegant and simple functional 
form. 

In the back-biased diode, the capacity 
as a function of voltage is taken to be 

C = Co - -17f. (1) 

* Received January 22, 1962. 
S. Sensiper, and R. D. Weglein, "Capacitance 

and charge coefficients for parametric diode devices," 
Pgoc. IRE. vol. 48, pp. 1482-1483; August, 1960. 

2 — , "Capacitance coefficients for varactor di-
odes," Pgoc. IRE (('orrespondence), vol. 49, p. 810; 
April, 1961. 

\Ve impose 

V -= Ito + 21/1 cos 

lence 

C = Co 3(1 - - - 2171 — cos col 
(bo ci>0 

C= Cd 31 217, 
—  

where 

Cd Co - --17°Y, 
/ 

cost,,! 

Ci is the capacity of the varactor at voltage 

\Ve want the complex Fourier coefficient 

2V, 0 
C„ = f "Cd - ---- cos w4 

r t fthe l'u 

• cos ncold(cdt) (6) 

(- 1)" 
= ---- f-(1 + a CoS Br Cos Ode, (7) 

o 

where we have set 

= (col (8) 

and 

2V, 
=    (9) 

(14 - Vo 

The integral ( 7) may now be related to a 
known integral, known as the Laplace in-
tegral. 

From Erdelyi:3 

f • (z %/z2 - 1 cos 0)` cos ne (10 
T 

"(1, + 1)  
P„"(z), ( 10) 

n 1) 

where P„"(z) is the associated Legendre 
function. 

Multiplying and dividing by z", we have 

f(1 + -‘(--7-2- cos OP cos nOde 
o 

- (1 ± a cos Or cos n(h10, 
r o (11) 

with 

a = ---- or -    (12) 
%/I - a2 

Thus 

Cd f 'ot + a cos (i)" cos nOde 
r o 

lr(s, + 1)  
Cd(-1)" =---.1',"(z). (13) 

r(s, n 1) 

P„"(z) is tabulated' for non-integral values 
of p, and we may evaluate any Fourier co-
efficient of capacity simply, and with no 
approximations at any drive level. 

2 A. Erdelyi, " Note on Ileine's integral representa-
tion of associated Legendre functions." Philcs. Mag., 
ser. 7, vol. 32, pp. 351-352; October, 1941. 
.1 A. Lowan, "Tables of Associated Legendre Func-

tions," Natl. Bur. Standards, Columbia 17niv. Press, 
New York, N. Y., pp. 230 IL; 1945. 

The same procedure 
lation of the Fourier 
charge Q. \Ve find Q as 
integrating ( 1) 

Q -0045o 

v + 1 \ 

The Fourier integral 
as before 

$2.= — Qd 
r o 

• cos WO, 

is used in the calcu-
coefficients of the 
a function of V by 

r 

,bo) 
(14) 

is of the same form 

+ a cosO)'+' 

(15) 

where 

_C_oc_t_i 1 _110\'+' = Ca(oo - Vo) 
• ( 16) 

(8, 1)‘ 00) (P ± 1) 

Using ( 10) we have 

Q„ = Q,i(-1)"+, f(v+n+2) z- ("4"P„"-o(z) ( 17) 

C,, 
l'(y n + 1 

where 

.2 

Eqs. ( 12) and ( 13) are 
to summarize the results. 

03) 

‘12) 

repeated here 

D. B. LEESON 
Dept. Elec. Engrg. 

Stanford Univ. 
Stamford, Calif. 

Invariant Stability Pa:am aters* 

In a recent paper,' it is shown that there 
exists an invariant stability factor k defined 
by 

2pop22 - Re (7121•20 
k = (1) 

112-y2i I 

where the y may be any of the conventional 
z, y, h, g twoport matrix parameters, and 
pu = Re(n i), etc. The quantity k is invariant 
under arbitrary lossless termnations, under 
interchange of input and output, and under 
"immittance substitution," a transformation 
group involving the arbitrary interchanging 
of impedance and admittanm formulations 
at both ports ( replacing any set of the z, y, 
h, g parameters by any other). These trans-
formations are associated with stability,' 
and provided pi, p22 >0, k is a unique meas-
ure of the degree of conditional (- 1 <k < 1) 
or unconditional (k> I) stability of the two-
port. This means that k is a measure of what 
would happen in the worst possible case (as 
regards stability) of arbitrary passive ter-
tninations. 

There is, however, a need for a stability 
parameter which will indicate the degree of 

* Received January 23,1962. 
1J. M. Rollett, "Stability and power gain invari-

ants of linear two-ports," IRE TRANs. ON CIRCUIT 
THEORY, vol. CT-9. pp. 29-32; March, 1%2. 
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stability of a twoport in a particular situa-
tion of interest, and not only in an "ideal-
ized" worst possible case. Such a parameter 
(if it exists) must take account of source 
(Ps) and load (1',) inunittances, and will be 
invariant under interchange of input and 
output ( including terminations) and under 
immittance substitution. 

Instability occurs when the total im-
mittance at either port is zero, i.e., when 

+ rio 
(l's + o)(r2 + 122) — 11212i 

(r2 -)' 22) 

Thus, for example, voltage gain is 
given by 

A, = (6) 

ro 112/ 

in general, or in particular 

.21Z2 
A, —  —3  ; (7) 

( + 3,22) — yle21 

while transadmittance is given by 

0 (2) , — 1)" / 1'21 8 
= / (Z 

and similarly for ( ro„,). The zeros of this 
expression' are the zeros of ( 1'i+-y it )(1'2 
+1,22)- -rifY21. provided that the source im-
mittance is passive ( and similarly for the 
load immittance), and provided that the 
characteristic frequencies of the twoport 
with in immittances are left half-plane. 
Consequent1)., 

(r, + -yi.)(F2 + 122) — — 0 (3) 

is called the characteristic equation" of the 
system. 

Now the characteristic function of ( 3) 
is invariant under in of input and 
output, but not under immittance substitu-
tion. A search for suitably invariant func-
tions of the characteristic function has un-
earthed a l'° it 

X -= 
+ n('2 + 122) — 

%/(1'11.2132721) 
(4) 

which is "semi"-invariant under immittance 
substitution, i.e., invariant except for an 
ambiguity in phiiise of nirr/2 ( in integral). 
This ambiguity may be removed by forming 
such functions d.; x xl or xexpjnnr/2, 
etc. 

The properties of x may be briefly sum-
marized. 

1) x is invariant under interchange of in-
put and output and semi-invariant 
under immittance substitution. 

2) The zeros of x are the zeros of the 
characteristic function of (3), with the 
provisos mentioned above. 

3) The generalized signal gain (i.e., 
ratio of an output current/voltage to 
a signal current/voltage) is given by 

(5) 

where the immittance representations 
of PI', 1'2' are chosen ( independently of 
the choice of matrix parameters 7) ac-
cording to the particular ratio re-
quired, i.e., impedance for voltage, 
admittance for current; n is taken as 
O if r2, r2' are equal, and I if they are 
reciprocal, to preserve conventional 
phase relations. 

2 The condition that the real part of the total port 
immit tame he positive with arbitrary lossless termina-
tions is that the over-all stability factor of Rollett, be 
greater than unity. 

F. B. Llewellyn. "Some fundamental properties 
of transmission systems." ('Roc. IRE, vol. 40. PP. 
271-283; March, 1952. 
! J. G. Linvill and J. F. Gibbons, "Transistors and 

Active Circuits." McGraw-I lill Book Co., Inc., New 
York, N. Y.; 1961. 

The quantity' v(-y 2i /-y i2) is also 
semi-invariant under immittatwe sub-
stitution. 

4) The transducer gain Gr is given by 

4 12! PiP2 

Gr= 1- x1 2 1 ) 121 1 Pir2 1 

where Pi = Re ((' i), etc.; 
is invariant under immittance sub-
stitution. 

(9) 

The usefulness of x lies in the fact 
that it is an invariant measure of sta-
bility, or in effect, an invariant return 
difference.4•" The size and shape of the 
plot of x as a function of frequency 
in the complex plane is unique, apart 
from rotations of mir/2. Thus the shape 
of the locus can be examined, as in the 
Nyquist test, to provide information 
about the zeros;" while the distance of 
x from the critical point, the origin, is 
proportional to the stability of the sys-
tem at real frequencies. In simple cases, 
a knowledge of the magnitude of x pro-
vides sufficient information for the cir-
cuit designer, in the form of a plot of 
x or 1 x1 2 against frequency. 
The stability parameter x or its mag-

nitude may be measured by making use 
of the properties given in paragraphs 3) 
and 4) above. Thus 

5) If the reverse generalized signal gain, 
found by interchanging input and 
output, is denoted by A then 

x = 1/‘,/(A • A') or 1x1 2 = .1 • A' I . ( 10) 

6) If the reverse transducer gain is de-
noted by Grr then 

4 P P2 
1x1 2 

V(GT•Ge)I l',1'21 

Since P1P2/1 1'11'21 is invariant, there 
is no need to include it as a factor. If 
power measurements are made, it is 
more convenient to plot a reduced sta-
bility parameter 1 x'l 2 where' 

I x'12 -   
V(Gr• • Gel 

(11) 

I + 1.10(F2 + 122) — 1'21 
' . 02) 

4PiP211121•2,1 

• C. G. Aurell, ' Representation of the general lin-
ear four-terminal network and some of its properties." 
Ericsson Technics, vol. 11, pp. 155-179; 1955, 

H. W. Bode, " Network Analysis and Feedback 
Amplifier Design," D. Van Nostrum! Co., Inc.. Prince-
ton, N. J., pp. 151, 166; 1945. 

1 L. G. Gripps and J. A. G. Skitter, "Amplifier gain 
and stability," .1. Brit. IRE, vol. 22. p. 417; Novem-
ber, 1961. 

The product of the transducer gain Gr 
and the stability parameter 1 2 is the in-
variant maximum stable power gain," 
v21/1.121, of the twoport. Thus 1/1 xl 2 is 

the efficiency of the reciprocal part of the 
twoport, so that 1 x'1 2 may be called the 
"reciprocal attenuation";' the transducer 
gain is then given by dividing the maximum 
stable power gain by the reciprocal attenu-
ation. By analogy, x may be called the 
(complex) reciprocal signal attenuation. It 
is the main suggestion of this letter that 
these invariant reciprocal attenuation pa-
rameters are closely connected with stabil-
ity. 

j. M. IZoi.i.wri 
British Teleconii;Itin. Res., Ltd. 

Taplow Court, 'raplow 
Nr. Maidenhead, Berks. 

Englaild 

M. A. Karp. " Power gain and stability," IRE 
TRANS. ON CIRCUIT THEORY (( orrespondence), vol. 
CT- 4. pp. 339 -340; December, 1957. 

Demodulators* 

In the detection of a signal ensemble 
which is a sample of white Gaussian noise, 
an approximation to the optimum receiver 
consists of a full-wave square law demodu-
lator followed by an integrator, or sum-
mer. '.2 If a full-wave linear demodulator is 
used in place of the "optimum" demodu-
lator, the degree of suboptimality is of in-
terest. 

'sing the notation of Peterson, Birdsall, 
and Fox,' the parameter d is seen to be a 
convenient measure of the reliability of de-
tection. 

2E (lJ_iJ.)2 
d= = • (1) 

No crN2 

where 

E= signal energy in a record of length 7' 
No= noise spectral density 

3/ss = mean N-alue at demodulator output 
(signal plus noise) 

MN= mean value of demodulator output 
(noise alone) 
= variance of noise. 

osx2= variance of signal plus noise. 
The performance of the receiver, regard-

less of the decision criteria used, is conven-
iently represented by the Receiver Operating 
Characteristic ( ROC) curves; the parameter 
d serves to identify individual members of 
such a family of curves. A convenient meth-

* Received January 22. 1962. 
W. W. Peterson. T. G. Birdsall, and W. C. Fox. 

"The theory of signal detectability." IRE TRANS. ON 
INFORMATION THEORY. 1/01. IT-4, pp. 171-212; Sep-
tember, 1954. 

, J• j. Bussirang and %V. L. Mudgett, "A note of 
caution on square-law approximation to an optimum 
detector," IRE TRANS. ON INFORMATION THEORY 
(CO/TCSPO//del/O1, vol. IT- 10, p. 504; September, 1960. 
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od of computing the effect of the subopti-
mum ( linear) demodulator is to form the 
ratio 

A` 

rv-2 - ow) 2 

- 

(Litmre-i'm L V2o,v2 

(or - 2) [ 
1 -F -F -(21. -1 • (2) 

4 ox2 

In the small signal case er.v«sx, and 
g=1.14. Since E is proportional to the 
length of record T, the factor ei indicates 
that, for equivalent receiver performance, 
the record length T must be increased by 
14 per cent when the suboptimum linear 
demodulator is used. 

J. KNUDSON 
Western Dew. Labs. 

Philco Corp. 
Palo Alto, Calif. 

The Dielectric Constant of a 
Semiconductor as Related to the 
Intrinsic Activation Energy* 

A general equation which shows the rela-
tionship, for a semiconductor, between im-
purity activation energy, dielectric constant 
and the effective mass is shown as 

Eh M0) 
E = - 

e.2 ( Mo 
(1) 

Here E is the activation energy of the im-
purity, mo is the effective mass, and e. is the 
dielectric constant of the semiconductor. 
E, is the first ionization potential of hydro-
gen, and mo is the rest mass of an electron. 
Eq. ( 1) gives the basic relationship between 
the effective mass and the dielectric con-
stant. 

The energy gap or intrinsic activation 
energy is related to the square of the optical 
dielectric constant. This concept was first 
given by Moss in 1952.' The equation show-
ing the connection between the two parame-
ters is given by: 

E,e2 = constant (2) 

where Eg is the intrinsic activation energy 
between the valence band and the conduc-
tion band. e is the optical dielectric con-
stant. 
A relationship between the impurity ac-

tivation energy and the carrier effective mass 
may be found from the theory of Brillouin 
zones of one dimension. If we consider the 

* Received January 29, 1962; revised manuscript 
received. February 13,1962. 

1 T. S. Moss, "The Optical Properties of Semi-
conductors," Academic Press Inc., New York, N. Y., 
pp. 48-49; 1959. 

effective mass as determined by one dimen-
sional K-space, Brillouin zone theory gives 
an equation of the form that is shown in the 
following :2 

d2E 
ins, = 4W2 . (3) 

Substituting the equation for the effec-
tive mass ( 1) and rearranging terms to form 
a differential equation, we have for this new 
expression 

d'E Eh/is 

dK2 471-2esin„E 

Multiplying both sides of ( 4) by 2dE and 
integrating will give 

dE 2 
E-2h 1-2 ‘dK\ = _ in E. (5) 

27r2e2mo 

(4) 

Fig. I. 

This equation relates the energy of an 
electron or hole to the wave number. An 
electron's wave energy in one dimensional 
K-space is shown by 

h2K2 
E • 8„.2,0 (6) 

The derivative of this equation for energy 
with respect to the wave number, K, re-
sults in 

dE h2K 
. (7) 

dK 4T2mg 

If this derivative is substituted into ( 5), then 
the energy relationship becomes: 

1121C2Mo EA 
- In E. (8) 

8rstpt.' es 

lere K = 1, 2, 3, 4, • • • , n. 
The left-hand side of ( 8) will represent 

the intrinsic activation energy for the al-
lowed wave number K. Eq. ( 8) now be-
comes 

E, = - In E. T = constant in °Kelvin. (9) 
E2 

2 C. Kittel, " Introduction to Solid State Physics,* 
John Wiley and Sons, Inc., New York, N. Y., 2nd ed., 
p. 289; 1956. 

This equation is equivalent to that ob-
tained by Moss from his investigation of 
photoconductivity. The approximate value 
of ( In E) is found by plotting a curve of the 
ratio E0/E,. vs 1/es. Here ( In E) is found 
from the curve made up of the parameters 
for several semiconductors. This curve and 
the value of its slope, In E, are shown in 
Fig. 1. The slope of this curve was found to 
be equal to a value of 11.7. Therefore, the 
product of the first ionization potential of 
hydrogen and the slope of the curve ( 11.7) 
is equal to the constant given in ( 2). The 
approximate value of this constant was 
found to be 159 ev. The energy gap or in-
trinsic activation energy is approximated by 

159 en = • (10) 

Moss has indicated that indimu an-
timonide and indium arsenide would not 
follow the relationship of ( 2). Calculated 
values of the dielect rie constant en as given 
in Table I, show this to be correct for the 
above equation. Table I has values of meas-
ure(l energy gap or intrinsic activation 
energy E„ and dielectric constant e„, taken 
from Moss) e„ is the calculated value of the 
dielectric constant from ( 10). 

TABLE I 

3oo. 

Element E„ It,,, It, 

C (diamond) 5.40 ev 5.7 5.4 
Si 1.1 2 ev 11.7 11.8 
Ge 0.65 ev 16.0 15.6 
Si. (Grey) 0.11,, ev ? 42.0 
PhS 0.40 ev 16.8 19.9 
CdTe 1.43 ev 11.0 10.5 
SiC 2.80 ev 6.7 7.5 
l'bTe 0.32 ev 28.6 22.3 
PbSe 0.26 ev 21.0 24.7 
Cils 1.30 ev 11.6 11.1 
InSb 0.18 ev 15.7 29.7 
InAs 0.33 ev 12.2 21.9 
InP 1.26 ev 9.6 11.0 
GaAs 1.35 ev 11.5 10.9 
GaSb 0.70 ev 14.5 15.0 
GaP 2.24 ev 8.4 8.4 
AlSb 1.60 ev 10. 2 9.9 
AlAs 2.16 ev ? 8.6 

C. F. Cot,E, JR. 
Box 233 

Clear, Alaska 
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Books  

Subminiature Electron Tube Life Factors, 
by M. W. Edwards, D. E. Lammers, and 
J. A. Zoellner 

Published ( 1961) by Engineering Publishers, P.O. 
Box 2, Elizabeth, N. J. 158 pages+xv pages+15 
appendix pages. Illus. 8: XIII. $9.50. 

The book reviewed here deals with a 
product—the electron tube—which is now 
reaching full maturity, at a time when an-
other product—the transistor—is making 
rapid progress toward acceptance as the 
electron tube's replaceinent. In fact, many 
people already think that information per-
taining to tubes is obsolete and uninterest-
ing. 

Is this book then useless, and should we 
bypass it in our race toward new inventions? 
Certainly not. We should, on the contrary, 
pause and study the carefully planned ex-
periments which the authors describe. If 
progress is to be made, the techniques and 
methods developed in these experiments for 
vacuum tube improvement must be used, 
with the necessary changes, to improve and 
perfect the application of transistors or other 
devices that will replace tubes. The valuable 
guidance provided by past experience is 
sufficient justification for a book of this 
kind at this late period of tube technology. 

The authors have diligently organized 
and presented the highlights of a very large 
investigation sponsored by the U. S. Army 
Signal Research and Development Lab-
oratories on the life behavior of subminiature 
tubes. They show the " Percent Character-
istic Survival" of transconductance or oper-
ating current values for eight tube types, 
under the effect of variation of five different 
parameters ( heater voltage, heater-cathode 
bias, plate (lissipation, plate voltage, and 
bulb temperature), and in three modes of 
operation (direct current, pulse, and vibra-
tion conditions). 

The results confirm previously observed 
findings, in particular, that rated heater 
voltage is not conducive to long life, that 
high bulb temperattre produces electrolysis, 
and that interelectrode leakage is reduced 
by high bulb temperature. The importance 
of these confirmations is enhanced by the 
solid statistical basis of the experiments 
which produced them. 

The authors' aim is to provide informa-
tion of value in the design of high-reliability 
electronic circuits using subminiature tubes. 
Following the presentation of the data, they 
recommend operating conditions that will 
yield maximum reliability for each tube 
type. The book should not be considered, 
however, as the answer to all problems of 
unreliability or as a blueprint for "super-
reliability" (a Madison Avenue word that 
does not belong in a technical book). 

The large quantity of data presented in 
this volume requires serious study for proper 
interpretation, and it should be considered 
only as contributing to better understanding 
of a few factors, as the title implies. The re-
sults are somewhat limited by the considera-
tion of a single characteristic per tube type; 
yet the recommendations cover other char-
acteristics. For instance, there is no data on 

the rate of formation of leakage as a func-
tion of the heater voltage nor on the vari-
ability of characteristics within the samples 
at low heater voltage as compared to the 
variability at higher heater voltage. These 
variabilities cannot be estimated from the 
data as presented because only minimum 
values are given. 

These are but minor flaws in an otherwise 
well organized presentation. A few designers 
of tube circuits may still use this book. This 
reviewer hopes, however, that many other 
design engineers will be inspired to obtain 
similar data on variability of characteristics 
under expected operating conditions for 
other devices as an aid to design of circuits 
leading to high reliability. 

E. R. JERvIS 
ARINC Research Co. 

Washington, D. C. 

Signals and Systems in Electrical Engineer-
ing, by W. A. Lynch and J. F. Truzal 

Published ( 1962) by McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y. 820 pages +xvii 
pages + 11 index pages. Illus. 61 X9I. 812.50. 

This book presents the fundamental con-
cepts underlying the subjects of linear sys-
tems analysis and instrumentation. Al-
though it was developed primarily for an in-
troductory electrical engineering course for 
nonelectrical majors, it has evidently also 
served well for majors in electrical engineer-
ing when the book is supplemented by addi-
tional classroom notes which develop certain 
selected topics in greater detail. 

The first half of the book introduces the 
viewpoints and methods of the electrical 
engineer. A unified systems point of view is 
employed, utilizing a wide variety of modern 
electrical engineering approaches and tech-
niques. 'I'he model concept and the transfer 
function concept are continually empha-
sized and applied. That the approach is 
unusual is evident from the chapter titles 
titles for l'art 1 which are: " Introductory 
System Analysis: The Language of Signals 
and Systems:" "Signals:" "Models for 
Mechanical Systems:" " Electrical Systems:" 
"The Response of Simple Electrical Cir-
cuits:" "The Transfer Functioa;" "'I'he 
Elements of Analog Simulation and Analog 
Computers:" "Summary Illustrative Exam-
ples." 

The second half of the book considers a 
variety of specific engineering problems 
which are drawn from such areas as analog 
simulation and computation, electronic in-
strumentation, communications, automatic 
control, electrical machinery, and vehicle 
guidance and control. l'art 2, entitled, 
"Principles of Electronic Instrumentation," 
contains the following chapters: " Networks 
with Controlled Sources:" " Determination 
of Models for Physical Devices:" "Elec-
tronic Amplifiers:" "Feedback Systems:" 
"Instrumentation Systems and Communi-
cation:" " Electromechanical Transduction 

Systems:" "Systems for Automatic Naviga-
tion." 

On the whole, this is a rather remarkable 
book in both coverage and presentation. 
Despite the fact that it is written at a level 
suitable for the sophomore student, it does 
so with a sophistication which goes far be-
yond that ordinarily attempted for these 
students. There is a wealth of material here, 
and the reader who has not had previous 
contact with the important modern topics 
ill systems analysis will find the presenta-
tion highly readable and a rewarding effort. 
It will provide a discussion of many topics 
which previously might have been consid-
ered available only to the more advanced 
student. The discussion is limited largely to 
linear systems. The book is recommended for 
formal classroom study as a modern view of 
electrical engineering. It will also provide 
an excellent vehicle for home study for those 
who wish an introduction to the methods 
and results of modern linear systemsanalysis. 

SAMUEL SEELY 
National Science Foundation 

Washington. I). C. 

Electromagnetic Waveguides and Cavities, 
by George Goubau 

Published ( 1961) by Pergamon Press Inc., 122 E. 
55 St., New York 22, N. V. 652 pages-f-4 index pages 
+xvii pages. Illus. 7: X10. $ 13.50. 

This is an English version of a book that 
was completed in 1947 and published in 
German in 1955. It is an advanced and de-
tailed mathematical treatment of important 
aspects of the subject. 

Chapter I was written by Professor 
Richard lionerjáger. It is entitled "Theory 
of Electromagnetic Waves," is relatively 
short, and serves to introduce the notation 
and carry out the familiar analysis of cylin-
drical wiiveguides in ternis of TE, TM, and 
TEN" modes. The excitation of these modes 
by surface distributions in the transverse 
plane and by line sources is also treated, as 
are reflections at plane interfaces between 
different inedia and at diaphragms. 

Chapter II, by Professor Rolf Muller, is 
concerned with the "Theory of Cavity 
Resonators." It contains a thorough formu-
lation and solution of the eigenvalue prob-
lem. A perturbation method for obtaining 
the solution oï a slightly perturbed problem 
front a known solution is discussed and 
illustrated. The excitation of a cavity and 
the application of the general theory to 
cavities of simple shapes are treated. 

Chapter III, by Professor Georg Goubau, 
is by far the longest chapter. Entitled 
"Theory of Systems Coupled by Wave 
Guides," this is a very detailed and thor-
ough study of the theory of networks com-
posed of elements that are interconnected 
by hollow guides or coaxial lines. Based on 
appropriate definitions of current and volt-
age in the waveguides, the elements are 
treated as 2n-poles and characterized by 
impedances. Alternatively, the more physi-
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cal approach based On incoming find out-
going waves is also de\ ehiped quite fully. 
Chapter IV, also by Professor Goubau, 
treats the network theory of cavities and the 
coupling of cavities with lines, with the as-
sumption that mutual coupling is quasi-sta-
tionary. 

Within a somewhat limited scope, this 
book by three outstanding authorities is well 
integrated and very complete. However, 
since it includes Only work done in Germany 
until 1947, it itaturally contains no account 
of tlie extensive research carried out in the 
United Sidles during and since the war. For 
example. variational techniques in the 
analysis of obstacles in waveguides are not 
mentioned. A more concise, more complete, 
and more useful book could have been pre-
ixtred if a neii lid completely revised and 
modernized Vllition had been planned in-
stead oi t ra nsla ! lent of a manuscript written 
fifteen )edrs .igo. Nevertheless, the book 
conidins much useful material for the spe-
cialist in the field. 
A general criticism of the book is the 

un(•‘ en quality of the printing. Presumably, 
he interest of economy, the English text 

was simply typewritten between the equa-
tions taken from the German edition, and 
the combination reproduced by offset. In 
spite of hea ) inking, which makes many of 
the German letters in the equations some-
what blurred, the line lines in fractions, 
parentheses, certain symbols, and some 
figures are quite often very faint and occa-
sionally invisible. For the reader not at.-
cusonned to the use of foreign language 
texts, the German terminology and symbol-
ism such as "Lecher waves" for TENI 
waves, "rot" for curl, "Sin" for sinh, "Tg" 
for tanh, etc., may be somewhat disconcert-
ing. 

RONOLD \\ KING 
Harvard l'inversity 
Cambridge. Mass. 

Management Models and Industrial Ap-
plications of Linear Programming, Vol. 2, 
by A. Cherries and W. W. Cooper 

Published ( 1961) by John Wiley and Sons, Inc_ 
440 Park Ave. S., New York 16, N. V. 390 pages + xxi 
pages +32 bibliography pages +2 index pages + 17 
appendix pages. Illus. 6; X101. $ 11.75. 

Although the simplex and revised sim-
plex algorithms are capable of solving any 
linear programming problem, their use in-
volves a great deal of computation when we 
have a large number of variables and con-
straints. It often happens that large prob-
lems have a structure which permits the 
development of special algorithms, thus 
transforming a problem which is economi-
cally unfeasil de into one where the solution 
may be 101111(1 within the computing re-
sources , i‘ailable. The transportation and 
assignment problems are well-known exam-
ples. It also happens that problems, which 
are not linear at first sight, can be made 
linear, with suitable ingenuity. In this book 
Charnes and Cooper develop methods for 
ht idling a very wide range of problems, and 
ii:thout doubt it will become a standard 
reference for the specialist linear program-
mer. However, the authors "have resisted 
the temptation to report ... until ... pre-

cisiou could be achieved at least to sonie 
extent." This means that in many cases the 
mathematical structure of problems is 
clearly implied in the verbal descriptions. 
Any experienced management scientist 
knows that he never receives problems in 
this way. It is up to the scientist to build 
his own mathematical structure, and this 
is frequently the hardest part of his task. 
It would have been of interest to read about 
problems as originally presented, before 
their structure was apparent. 

While the authors have written the book 
for readers without much uluatheullatical 
sophistication, the nature of their topic in-
evitably makes the ability to think rapidly 
in matrix-algebraic terms a highly desirable 
background. 

Failing such ability the book requires a 
great deal of sustained concentration to fol-
low its well-developed arguments. This of 
course is no fault of the authors; the subject 
matter could not be discussed with economy 
in any other way. However, now that so 

many writers are rushing into print with 
books which are merely their own wording of 
standard algorithms it is a pleasure to re-
port that two of the experts have collected 
the results of their research in a worth-while 
volume. 

M. W. SASIENI 
Case Inst. of Technology 

Cleveland. Ohio 

Synthesis of Optimum Control Systems, by 
Sheldon S. L. Chang 

Published ( 1961) by McGraw-llill Book Co., Inc., 
330 W. 42 St., New York 36, N. V. 324 pages +5 index 
pages + xii pages +7 bibliography pages + 21 ap-

pendix pages+21 pages of problems. Illus. 6; X 6 i. 

$11.75. 

This book is a graduate text in control 
theory to be used after a senior course which 
covers the now classical material in Truxal's 
"Control System Synthesis," or its equiva-
lent. The first part of the book is concerned 
with the least squares design of linear con-
trol systems, and treats both continuous and 
sampled data cases. The stationary system 
results are derived in the frequenc) (or z 
plane) domain, rather than the time domain. 
A knowledge of the Laplace transform and 
of the z transform is assumed. The prin-
cipal results known or linear filtering and 
control of time variable systems are in-
cluded. 

Two chapters are devoted to adaptive or 
self-optimizing systems. These chapters 
summarize in unified notation many publi-
cations in this field. In particular, readable 
and self-contained accounts are given of the 
optimalizing control of Draper and Li, and 
of the stochastic approximations of Robbins 
and Munro. The optimization of the adap-
tive or surface searching 1(101) for discrete 
systems with a parameter perturbation 
method of gradient measurement, is dis-
cussed at length. 

Nonlinear optimal control problems are 
discussed in two chapters, one of which 
treats the minimal time problem with the 
maximum principle. The other introduces 
dynamic programming and the maximum 
principle for discrete systems. A sizable num-
ber of problems are included with each chap-
ter. 

Professor Chang has written a transition 
text which stands on the bridge between 
classical control theory—based mainly oil 

operational calculus methods and designed 
for hand calculation - aad the "modern" 
theory based on nonlinear differential equa-
tions and designed with computer assistance 
in mind. 

GENE F. FRANKLIN 
Stanford University 

Stanford, Calif. 

Electronic Equipment Design and Construc-
tion, by G. Duriuner, C. Brunetti, and L. Lee 

Published ( 1961) by McGraw-Hill Book Co.. Inc., 
330 W. 42 St., New York 36, N. V. 241 pages+3 
index pages +lid pages+2 bibliography pages. Illus. 
6X9. $8.50. 

Designing equipment that will with-
stand the severe environmental conditions 
encountered today, while achieving maxi-
mum reliability, :an be at if one has 
plenty of time and money, tu test, alter, 
and at times completely redesign it where 
weaknesses show up. However, with the 
ever-shortening of the time between the 
starting and delivery dates, it is desirable 
that as many of the physical and mechanical 
constructional details as possible be con-
sidered at early stages. 

Recommetided constructional techniques 
are rarely touched upon in engineering 
courses, so that they, and indeed the very 
reasons behind the precautions are puzzles 
to some of the designers on the job who 
handle the basic concepts and the circuitry 
involved—the initial phases of the project. 

While this book may contain little new 
information for seasoned production engi-
neers, it does contain a wealth of back-
ground information relating to all phases of 
construction and production: climatic en-
vironments, mechanical ruggedness, the 
handling of temperature and Endear radia-
tion effects, the reduction of radio inter-
ference, to name but a few. The various 
chapters coverkletails for designing the ap-
paratus to be reliable and easy to produce, 
operate and maintain. 

Attention ( roughly half the subject nat-
ter) is given to recent production techniques, 
covering both manual and automatic. proc-
esses, and new design concepts required for 
modular packaging and miniaturization. 

The book should be required reading for 
everyone concerned with equipment design-
ing, whether the product be headed for 
in industrial or commercial uses. 

RALPH R. BAtcliER 
),'sigui Consultant 
Douglaston, N. V. 

An Introduction to Information Theory, by 
Fazollah M. Reza 

Published ( 1961) by McGraw-I lill Book Co., Inc.. 
.131) W. 42 St., New York 36, N. V. 449 pages+6 
index pages + xxi pages + 10 bibliograPhY Pages +31 
appendix pages. Illus. 61 X91. $13.50. 

Despite the appearance of several recent 
books relating to various aspects of informa-
tion theory, it appears that it is still possible 
for a new book to appear which does not 
duplicate any of the existing books. Al-
though the author does not so specifically 
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state, the present book appears to be de-
signed for a graduate level course. Like most 
books on the subject, it assumes that the 
student has had no prior exposure to prob-
ability theory. Unlike a number of them, 
however, it does assume the student to be 
familiar with Fourier integrals and series. 

The book is devoted primarily to prob-
lems of coding and the transmission of in-
formation. It does not devote more than a 
couple of paragraphs to the problem of de-
tecting a radar target or the problem of 
optimum filtering. On the other hand, it 
does allot considerable space to fairly recent 
developments in coding theory, including 
three distinct proofs of Shannon's funda-
mental theorem for the noisy channel, and a 
fairly extensive discussion of group codes, 
including such subjects as Hadamard ma-
trices and Bose-Chaudhuri codes. 

The book is divided into an introduction 
and four parts. Part 1 discusses discrete 
systems without memory. l'art 2 is devoted 
to the continuum without memory, and 
l'art 3 is concerned with problems in 
stochastic regimes. Each of these first three 
parts starts with a discussion of the per-
tinent probability principles and then pro-
ceeds to a treatment of the related com-
munication problems. l'art 4 is in the nature 
of an addendum consisting of two chapters. 
The first gives the three rigorous proofs of 
Shannon's fundamental theorem which was 
mentioned earlier. The second is a treat-
ment of modern group code concepts. 

In choosing a textbook, the instructor 
must be governed by factors such as the 
maturity and background of his students 
and the goals of the course. It is believed 
that the present book is somewhat advanced 
to be considered as an undergraduate text 
even in today's accelerated curricula. Fur-
ther, it is felt that, even at the graduate level, 
it is probably unwise to go so deeply into 
coding theory concepts with no mention at 
all of optimum filters, radar detection prob-
lems, etc. On the other hand, a one-year 
course consisting of one semester with a text 
such as Davenport and Root' and one 
semester with the present book could be 
counted on to give the graduate student a 
complete and solid background. The book is 
well written and liberally provided with ex-
amples and problems to be solved by the 

W. B. Davenport and W. L. Root, "An Intro-
duction to the Theory of Random Signals and Noise," 
McGraw-I lill Book Co., Inc., New York, N. Y., 1958. 

student. In addition to its use as a text it 
will also serve as a convenient reference 
work for the practicing engineer who wishes 
to update his knowledge of modern develop-
ment in the field. Not the least of its features 
is a group of tables, including tables of en-
tropy, logarithms to the base two, etc. 

W ARREN D. W HITE 
Airborne Instruments Laboratory 

Melville, N. V. 

Introduction to Feedback Systems, by 
L. Dale Harris 

Published ( 1961) by John Wiley and Sons, Inc., 
440 l'ark Ave. S., New York 16, N. V. 325 pages +3 
index pages-I- xi pages +34 appendix pages. Illus. 
6 X9I. $ 10.50. 

In the Preface, the author states that 
"this book was written with the intent of 
meeting the need for teaching some basic 
concepts of feedback at a point in the under-
graduate program so that dependent areas 
such as feedback in electronics and control 
systems can be built on this common founda-
tion." It is assumed that the student have as 
a prerequisite, "a modest background in 
elementary differential equations and in ele-
mentary Laplace transforms." 

In accordance with his stated objective, 
the author logically develops principles of 
feedback theory, using examples from the 
fields of electronics and control systems. 

Following the brief introductory Chapter 
1, the reader is presented, ill Chapter 2, with 
an elementary mathematical analysis of a 
number of simple physical systems, both 
open and closed loop. Concepts of transfer 
function and of stability are introduced in a 
rather simplified fashion. 

Chapter 3 gives a fairly complete discus-
sion of techniques for plotting the root locus. 
These techniques are introduced informally 
by means of increasingly difficult examples. 
Chapters 4 and 5 deal with elementary 
analysis and synthesis problems of various 
systems using the s-plane approach. First, 
the relationship between responses to stand-
ard inputs (i.e., step, ramp and sinusoids) 
and the pole-zero configuration of the trans-
fer function is examined, and then methods 
of controlling the pole-zero configurations by 
means of feedback are indicated. Chapters 6 
and 7 are devoted to particular problems 
connected with amplifiers and control sys-
tems respectively, and Chapter 8 is again 
of a general nature dealing with feedback 
from the point of view of the frequency 

domain. Topics discussed in this chapter in-
clude the polar and rectangular plots, the 
Nyquist Criterion, 31-circles, etc. Chapter 9 
is devoted to a brief discussion of sinusoidal 
oscillators. 

The four appendices in this book include 
an elementary review of Laplace transformo 
methods, methods of finding the roots of 
higher order equations using the root-locus 
derivation of transfer functions for a num-
ber of simple devices, and an additional 
technique for finding the real-axis departure 
points of root-locus branches. 

The principal merit of the book is the 
large number of examples and problems 
which are interwoven into the text and 
which logically follow each section. The 
main weakness' is the lack of rigor and detail 
which, however, does not detract from its 
possible use as a text for an elementary un-
dergraduate course in general feedback prin-
ciples. The lucid style and the clear exposi-
tion should make this book popular among 
practicing engineers who wish to learn about 
feedback. 

G. M. KRANC 
Electrical Engineering Dept. 

Columbia t Iniversity 
New York, N. V. 
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Scanning the Transactions  

Microminiaturization is a broad term which can almost be 
considered obsolescent, primarily because it has been in use 
for several years during which research has been far from 
barren. Previously it was felt necessary to solicit the aid of the 
qualifying prefix to show progress over miniaturized circuits. 
The next step could be to resort to picominiaturization as 
circuits become increasingly minute, a development which is 
assured because of an impressive amount of research being 
conducted with just that in mind. 

Terminology aside, the results from work in this area are 
sometimes quite amazing, often exciting, and certainly sug-
gestive of future trends in electronic circuitry. With the 
wrist- watch radio a possibility if not a reality, one wonders 
when the day of the tie- clasp computer or the diamond- ring 
radio beacon will arrive. Keeping up with the fast-and-furious 
developments in miniaturization can be a tall order unless a 
reliable survey is resorted to. A recent example covers all 
types of microminiaturization: 1) assembly of specially de-
signed, miniaturized component parts; 2) printing or vapor 
deposition of multicomponent assemblies on flat, insulating 
substrates; and 3) preparation of complete circuits from solid 
blocks of semiconductor material. The first technique is al-
ready in active commercial use. The second is in the initial 
stages of commercial exploitation; although devices with 
two-dimensional passive parts and attached conventional 
active parts are available, realization of the full commercial 
potentialities awaits reduction of the active parts to two 
dimensions. The third technique is also in the initial stages 
of commercial production. ( E. F. Horsey and P. J. Franklin, 
"Status of Microminiaturization," IRE TRANS. ON ('OM-
PONENT PARTS, :Mara 1962.) 

Electric Power Generation. At first blush this phrase still 
brings to mind flux-cutting conductors, sparking brushes, and 
the left-hand rule. Today "it ain't necessarily true" that 
things must move in order that electric power be generated. 
Direct-energy methods are concerned with the conversion of 
solar, chemical, or nuclear energy to electricity by direct 
processes which bypass rotating machinery completely. 

Electrochemistry, photoelectricity, thermoelectricity, 
thermionics, and magnetohydrodynamics are not new terms, 
but the multi- million dollar research effort being conducted in 
these areas is. New energy sources for new applications—and 
old ones too—are the goal. Fuel cells promise to extend the 
application of electrochemical processes to a broad realm 
ranging from submarine propulsion to energy-storage devices 
for space vehicles. Photovoltaic solar cells in combination 
with nickel-cadmium batteries are providing the electrical 
power for satellites now in orbit and are expected to do so 
with improved weight, cost, and reliability factors for several 
years. The thermoelectric effect, known for a century and a 
half, awaited the recent developments in semiconductors to be 
exploited as a power source. Both the thermionic and NI HD 
processes. although having great potential, have been pre-
vented from making significant practical contributions to 
date because of their dependence on high-temperature heat 
sources with concomitant materials and engineering prou-
lents. ((G. G. B. Wareham, " Direct Energy Conversion." and 
entire issue of IRE TRANS. ON M ILITARY ELECTRONICS, 
January 1962.) 

The Non-National Character of the IRE was emphasized 
recently by the establishment of Region 9. which encompasses 
Europe and certain bordering countries. That this inter-
nationality is not token only is attested to by the March. 

1962 issue of the IRE TRANSACTIONS ON CIRCUIT THEORY, in 
which there are contributors from nine countries other than 
the United States: Belgium, Canada, The Cotgo, England, 
Israel, Italy, The Netherlands, Poland, and Rumania. 

Antennas Incognito. You may not be able to tell a book 
by its cover, but at least you can tell that it's a book. In 
the olden days (viz., several years ago), roughly the same 
statement could be made about antennas: a glance at a para-
bolic dish, a horn, or an array of helices left no doubt about 
what the object was. Nowadays only a specialist can in-
fallibly recognize an antenna as an antenna. 

One new antenna is made up of an array of dielectric-
loaded rectangular waveguides with common narrow walls. 
Longitudinal slots, which are cut in the center of each wall, 
are covered with a slab of dielectric. The array radiates a 
pencil beam, which is directed up from the aperture at an 
angle equal to the arc cosine of the velocity of light divided 
by the slotted-waveguide phase velocity. An approximate 
theory for this device has been developed, and measurements 
have been made on an antenna designed for 10 k Mc. At the 
design frequency the beamwidth was 5.4* by 8.0°. Good 
radiation patterns were obtained from 8-11 kNIc. ( E. D. 
Sharp and E. M. T. Jones, " An Antenna Array of Longi-
tudinally-Slotted Dielectric- Loaded Waveguides." I RE 
TRANS. ON ANTENNAS AND PROPA(ATION, March 1962.) 

A Gigawatt is a lot of power. Designing a precision piece 
of equipment operating in that power range is bound to offer 
some unique problems. 
A 1000-inegawatt peak- power linear electron accelerator 

is required for the injection of electrons into a thermonuclear 
fusion experimental device, called the Astron, which is now 
under construction at the Lawrence Radiation Laboratory. 
An electron gun having a cathode with a ten-inch diameter is 
used; although spectacular, this size is not entirely unexpected 
when it is learned that a beam current of 200 amperes must 
be supplied. The accelerator is of the induction type using 
400 large ferromagnetic cores. The modulating circuits for 
pulsing the cores required special considerations. The details 
of the design and development of the accelerator and associ-
ated circuitry are discussed in two recent papers. (\V S  
Lamb, " Design Features of a High- Current Pulsed Electron 
Accelerator," and V. I.. Smith. " Development of 36- Mega-
watt Modulators for the Astron 1000- Megawatt Electron 
Accelerator," I RE TRANS. ON NUCLEAR SCIENCE. April 
1962.) 

Biological Simulation. M uch of the credibility of modern 
biochemistry is derived front a relatively few chemical reac-
tions which can be isolated and thoroughly analyzed by stand-
ard means in a laboratory. The analysis of large chemical 
systems requires new tools and methods. A recent paper dis-
cusses a method for simulating a large biological system, the 
respiratory function of the blood in the human lung, by con-
structing a mathematical model and utilizing an atralog com-
puter. The simulation is not considered complete but rather 
the first of a series of models which will successively incor-
porate more of the essential chemical reactions. Although the 
digital computer gives results which are more accurate and 
reproducible, the data obtained from the much faster analog 
computer indicate that the accuracy and stability are suffi-
cient for analysis within the laboratory experimental accuracy. 
(E. C. DeLand, "Simulation of a Biological System on an 
Analog Computer." IRE TRANS. on ELECTRONIC COMPUTERS. 
February 1962.) 
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Antennas and Propagation 

VOL. AP-10, No. 3, M AY, 1962 

The Transient Response of Linear Anten-
nas and Loops- R. W. I'. King and 11. J. 
Schmitt (p. 222) 

The transient response of straight wires and 
circular loops when short pulses are applied is 
studied experimental:37 and theoretically. It is 
shown that the initial response is always that 
of an infinitely long antenna at a frequency 
near the upper limit of the frequencies con-
tained in the pulse provided this is sufficiently 
short so that the first reflection from the end of 
the wire or loop is not superimposed on it. 

A Method for Synthesis of Optimum Direc-
tional Patterns From Nonplanar Apertures-
J. II. Harris and II. E. Shanks (p. 228) 

The scalar radiation problem is considered 
for sources lying on a surface of arbitrary 
shape. An optimum directional pattern is speci-
fied and the source (Estribution which gives rise 
to the optimum pattern is determined in terms 
of the Green's function for the surface. The 
optimum source distribution is found to be 
proportional to the complex conjugate of the 
Green's function evaluated at the beam point-
ing coordinates and to lie in a region enclosed 
by an equimagnitude curve of this function. 

Examples are included for sources on planes 
and spheres. 

A Study of Tracking Accuracy in Mono-
pulse Phased Arrays- William H. Nester (p. 
237) 

Tite requirements for high-data rates in 
modern weapons systems favor the use of 
phased arrays for monopulse tracking anten-
nas. A discussion is presented of the tracking 
errors produced by the phase and amplitude 
errors in the excitation function of a phased 
array. Both systematic and random phase 
errors are considered. The effects of both scan 
and aperture correLition of the random errors 
is discussed. Even when off-boresight tracking 
is performed, bores,ght errors were found to be 
the predominant tracking error. 

Surface-Wave Propagation on Coated or 
Uncoated Metal Wires at Millimeter Wave-
lengths-M. J. King and J. C. Wiltse (p. 246) 

The properties of surface waves guided by 
an uncoated cylinder of finite condttctivity 
(Sommerfeld wave) or by a perfectly conduct-
ing cylinder with a dielectric coating (Goubau 
wave) have been analyzed theoretically for fre-
quencies in the millimeter and submillimeter 
wavelength regions. Previous analysis by 
Gottbau for lower frequencies provided the 
primary basis for this investigation. For wire 
sizes which provide low loss propagation above 
about 100 kMc, the approximations used by 
earlier workers are not sufficiently accurate to 
provide useful results. More accurate solutions 
for some of the properties have been obtained 
for wires of circular cross section by the use of 
fewer or different approximations. Nutnerical 
values have been calculated for attenuation, 
power-handling ability, and radial extent of 
the region of principal power flow. The results 
show that above 70 kMc the significant field 
extent is reasonable and the attenuation may 
be orders of magnitude smaller than for rec-
tangular waveguide. Consideration was also 
given to the problem of surface-wave propaga-
tion on wires of elliptical cross section, but in 
this case the solutions for the field components 
must normally be expressed in the form of infi-
nite series of products of the radial and angular 
Mathieu functions. Numerical results are 
therefore extremely difficult to obtain for el-
liptical wires. 

A New Approach to the Evaluation of HF 
Aircraft Antennas-J. F. Cline and R. L. Tan-
ner (p. 254) 

An improved method is described for estab-
lishing a factor of merit for an airborne HF 
transmitting system, taking into account both 
the transmitter power and the antenna radia-
tion patterns at different frequencies. A large 
number of communication events are postu-
lated, having different path lengths, directions, 
geographic locations, and times of occurrence. 
Some of these events are successful while 
others are not, depending on the calculated 

SNR at the receiver sites. The factor of merit 
is defined as the ratio of the number of success-
ful events to the total number of events postu-
lated. A graph of the factor of merit of a par-
ticular system as a function of the transmitter 
power can be used as a guide in effecting a 
reasonable compromise between power econ-
omy and system performance. Graphs based 
on two or more antennas can be used to com-
pare the antennas in terms of the relative 
powers required for a given system factor of 
merit or in terms of the relative factors of merit 
obtained with a given power. 

Excitation of a Conducting Cylindrical Sur-
face of Large Radius of Curvature-G. Hasser-
jian and A. Ishimarti (p. 264) 

Approximate expressions are obtained for 
the magnetic field induced by slots on conduct-
ing circular cylinders of infinite length and of 
radius large compared to the signal wavelength. 
The approximations are derived from the 
formal solution of the cylinder problem and are 
valid for all distances from the slot. The ex-
pression for a short slot dipole, at any orienta-
tion, is expressed in terms of the field of the 
slot on a flat conducting sheet multiplied by a 
curvature term. The latter is a function of the 
"ray path" length and radius of curvature, 
making the results applicable to other convex 
surfaces. Corresponding expressions for half 
wavelength axis and transverse slots are also 
obtained and the results compared with ex-
perimental measurements. 

Scattering Error in a Radio Interferometer 
-Charles W. Harrison, Jr. (p. 273) 

Scattering error in an interferometer-angle-
measuring system is investigated theoretically 
and numerically. The model employed consists 
of four identical base-loaded vertical antennas 
erected at the corners of a square. The assump-
tion is made that the earth is a perfectly con-
ducting plane of infinite extent. Curves are 
supplied for the error angle as a function of an-
tenna spacing, with azimuth angle of wave ar-
rival as parameter. The incident electric field 
is vertically polarized. These data were com-
puted for quarter-wave vertical elements hav-
ing a length-to-radius ratio of 122.35 and for 
base-load resistors of 12.5, 50, 200 and 500 
ohms. A brief résumé of the theory of the two-
element ratio interferometer is presented, to-
gether with a numerical analysis when quarter-
wave antennas are employed having a length-
to-radius ratio of 74.21 and for the same values 
of base loads. 

The Determination of Noise Temperatures 
of Large Paraboloidal Antennas- D. Schust er, 
C. T. Stelzried, and G. S. Levy (p. 286) 
A maser receiving system may have higher 

noise contributions from the antenna and trans-
mission line than from the amplifier. To de-
velop lower-noise receiving systems, it there-
fore is important to know the antenna and 
transmission-line noise temperature as well as 
the receiver noise temperature. Several tech-
niques for tlte measurement of absolute an-
tenna noise temperature have been tested at 
the Jet Propulsion Laboratory (JPL). Experi-
ments have been conducted at 960 and 2388 
Mc using an 85-ft paraboloidal reflector with 
several antenna feed configurations. At 2388 
Mc, an antenna noise temperature of 15°K has 
been at with an efficient antenna feed. 

Use of a High-Speed Computer for Ground-
Wave Calculations- - I. H. Gerks (p. 292) 

Procedures for calculating the propagation 
loss between antennas located near the surface 
of a smooth spherical earth of finite conduc-
tivity in the absence of an atmosphere have 
been known for many years. The increasing 
availability of high-speed computers suggests 
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that the drudgery of such calculations can be 
eliminated, and more accurate and voluminous 
data made available. The equations and graph-
ical aids developed in the past generally are 
not well adapted for use with computers. This 
report outlines methods whereby the field 
strength relative to free space can be calcu-
lated for the cases where the ionosphere is 
neglected and refraction in the troposphere is 
approxitnated by assuming an appropriate 
constant gradient of refractive index. Plane-
earth methods are employed to determine the 
solution for short distances, and the residue 
series is used under conditions where the sur-
face curvature is important. The input param-
eters are the horizontal distance, the antenna 
heights, the equivalent radius of the earth, the 
wavelength. : end the dielectric constant and 
conductivit yof the earth. 

Transmission Through Inhomogeneous 
Plane Layers J. II. Richmond (p. 300) 

A tektite wave is considered to be incident 
obliquely on a dielectric layer wleose permit-
tivit y a function of distance from the plane 
surface. Tlw field distribution and the trans-
IlliSeilm coefficient are obtained from step-by-
step numerical integration. 

Since the calculations are simple and repeti-
tive, the technique is suitable for both manual 
and automatic calculations. The method has 
been used successfully for lossy and lossless 
lavers with perpendicular and parallel polari-
zation. Some of the calculated field distribu-
tions are presented gratehically. fitly ten steps 
are required in the numerical integration for a 
typical half-wave inhomogeneous militant. wall 
to obtain results accurate to within one per 
cent. 

Charts for Computing the Refractive In-
dexes of a Magneto-Ionic Medium—G. A. 
Deschamps and W. L. Weeks (p. 305) 

TI ce complex refractive index of a magneto-
ionic medium for various directions of propa-
gation is evaluated graphically. Most of the 
constructions make use of a Smith Chart on 
which the scales have been suitably relabeled. 
When the directions of propagation are longi-
tudinal or transverse with respect to the ap-
plied inagnetic field, the constructions take the 
losses into account. The energy transferred to 
the medium is characterized by conductivity 
coefficients that are also evaluated graphically. 
An overlay converts the refractive index into 
the reflection coefficient at te plane boundary 
of the medium. The indexes for propagation at 
an arbitrary angle with respect to the magnetic 
field are evaluated similarly, provided the col-
lision frequency is very low. 

The Reflection of Microwaves by a Refrac-
tive Layer Perturbed by Waves - Earl E. Gos-
sard ( je. 317) 

The power steectra of amplitude and slope 
for several cases of internal waves on a radio 
refractive layer are shown and the implication 
of these waves for radio and radar coverage is 
discussed. The angular reflection patterns are 
derived for rough layers and the be,enovideles in 
elevation and azimuth are obtained. The ant-
plit tide, frequency, wavelength and velocity of 

at la. 'spheric waves are described, and the pos-
sibilit y ( et such WaVeS acting as very rapidly 
moving reflectors is discussed. It is concluded 
on the basis of present observations of wave-
length. amplitude. and please velocity of at-
mospheric internal waves that they are not 
liki•ly to be a source of very rapidly moving 
relit y( ions such as were observed by Waterman 

teL microwave frequencies. 

Optimum HF Prediction - H. Greenberg, 
S. Krevsky, and G. B. Bumiller (p. 323) 

The usual 1 Ile prediction is based on M ( 7F, 
maximum usable frequencies, alone. More de-
tailed predictions include Ll•F, lowest usable 
high frequency, CalCIllat i0118 %Oda indicate the 
lowest frequency at which the receiver thresh-
old is exceeded at least 50 per cent of the time. 

Tice optimum ! IF prediction presented in this 
paper provides contours of the probability of 
successful LIF transmission as a function of fre-
quency and time of day. Titis contour presen-
tation now provide, a detailed means for effi-
cient I Ile spectrum it giving a proba-
bility number to any assigned frequency at a 
given time of day which Call be compared to 
any other available channel probability. 

DC Signaling in Conducting Media— 
Charles R. Burrows (p. 328) 

The electric field produced by the de cur-
rent between two spheres is calculated and ex-
pressed in terms of input power. 

The attenuation between these spheres 
and a pair of receiving spheres considered 
as a four terminal network is found tie be 
P2,1)1= /1,12,ala2 16r6, where al is the radius of 
the transmitting spheres separated by a dis-
tance le apart, 02 is the radius of the receiving 
spheres separated by a distance /2, and r is the 
distance between transmitter and receiver all 
in the same units. TI lis equation applies when 
the line joining the receiving spheres is parallel 
to the line joining the transmitting spheres and 
Perpendicular to the direction of propagation. 

For colinear spheres, P2 Pi is four tittles as 
great but other factors combine to counteract 
this apparent advantage. 

The transient responses to a unit step and 
a unit pulse are calculated and presented as 
curves. The minimum practical Inds(' duration 
for the former configuration is 1 = «pr .,. 8, 
where g is the conductivity and µ the permea-
bility all in mks units. A pulse of the same 
length is more smeared in the colinear direction 
and reduced in amplitude by a factor of ap-
proximately three, and power by a factor of 
nine more than counteracting the favorable 
factor of four for the steady-state condition for 
colinear spheres. 

A Selective Survey of Soviet Bloc Scatter 
Development—John H. Barton (p. 335) 

Results of a study of the Soviet Bloc litera-
ture on the various forms of scatter propaga-
tion are presented. Backscatter and meteor 
scatter are included along with tropospheric 
and ionospheric scatter. Tice theoretical work 
is emphasized, since it is presented more fully 
in the available literature, and since hardware 
development appears to be lagging behind t heo-
retical study. It is concluded that the Soviet 
Bloc has a vigorous well-organized program to 
explore the potentialities of these fortns of 

prot eagtct ion. 
Log-Periodic-Slotted Cylinder Antenna— 

G. A. Jackson and W. R. Wheeler (p. 341) 
Comments on "Aperture Fields" -W. 

Nester and R. Plonsey (p. 342) 
Monopulse Difference Slope and Gain 

Standards -- Richard R. Kinsey (p. 3 it' 
Comments on "Diffraction of a Plane 

Wave by a Perfectly Conducting Sphere with 
a Concentric Shell" - R. J. Garbacz and M. A. 
Moines ( p. 345) 

Equatorial Plane Radiation Fields Produced 
by a Circumferential Slot on a Large Circular 
Cylinder —N. A. Logan, R. L. Mason. and 
K. S. Vee (p. 345) 

Lateral Waves on an Anisotropic Plasma 
Interface—I,. li. Felsen (le. 347) 

Higher Modes in Guided Electromagnetic-
Wave Beams -J. B. Beyer and E. II. Scheibe 
(p. 349) 

A Relationship Between Slope Functions 
for Array and Aperture Monopulse Antennas 
—George NI. Kirkpatrick (le. 350) 

Scattering Pattern of a Plane Wave from a 
Magneto-Plasma Cylinder- -S. Adaelli (p. 350) 

Resolution of Angular Ambiguities in 
Radar Array Antennas with Widely-Spaced 
Elements and Grating Lobes -- Merrill I. Skol-

nik (p. 351) 
Contributors ( p. 353) 
Papers to be Published in Future Issues 

(Inside Back ('over) 

Audio 
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The Editor's Corner- - Marvin Caturas 

29) 
PGA News ( le. 32) 
Signal-to-Noise Ratio and Equalization of 

Magnetic-Tape Recording--Ilanswerner Piete-
low (te. 34) 

Future tape recierders running at a speed of 
ips must achieve an upleer trequency limit 

of 15 kc on a quarter track reciniling, with bet-
ter SNR than presently obtained with com-
mercial teeordi•rs. This means t teat the subjec-
tive qualit y oi present full track machines at 
15 Ms must be maintained in spite of te fifty-
fold increase tel information density. 

It is obviietis that such an improvement 
cannot be obtained only be changes to the elec-
tronic circuitry and the like.. In fact, the future 
requiretnent would be impost:delt to meet if im-
provements in tape and lwails were not made. 
Such improvements must include new knowl-
edge of head construction, tape-to-head con-
tact problems, and optimum balancing of re-
cording parameters. But once t IICst. improve-
ments are effected, it is then necessary to check 
carefully if the most thorough use is being 
made of all available technical possibilities. 

It will be shown that recording techniques 
have advanced to a stage where a change in the 
standardization characteristics is advanta-
geous and even necessary, though they may be 
more complicated than the existing stanilards. 

Design Aspects of FM Stereo Tuners and 
Adaptors— l). R. von Recklinghausen and 
I-I. II. Scott (p. 38) 

The stereopleonic composite signal may be 
decoded in adaptor circuitry by time multi-
plex or sum-and-difference approaches. To ob-
tain suppression of SC .\ (background music) 
signals while maintaining adequate separation 
of the two stereophonic audio signals de euble. 
single, or residual siileband demodulation of 
the stereo subcarrier Call be etnieloyed. Satis-
factory reception of FN1 stereo signals requires 
tuner circuitry of higher performance than for 
equal monopleonic feerformance. C'alculated 

and ineastered stereophonic se:earation, distor-
tion, and signal-to-noise ratio are shown with 
major causes of these performanre aspects. 

A Versatile Phonograph Preamplifier-
Equalizer— Harold Frisbee (le. 41) 

A phonograph preamplifier-equalizer sys-
tem has been developed which permits con-
tinuous equalization :adjustment over a wide 
frequency range. The playback contour can 
therefore be "fitted" to accommodate any re-
cording characteristk• normally encountered in 
pract ice. 

Musical Transfer Functions and Processed 
Music -.\ndrew G. Pilker (p. 47) 

Increasing complexity in the cotnbinations 
of music and electronic technology suggests a 
general model of the musical transfer function. 
Conventional transfer includes: 1) universe of 
tones, 2) compo,ex, 3) score, 4) performer. 
5) musical instrument. 6) audience. Recording, 
broadcast. eli.ctronic synthesis and compeesing 
music by the computer either extend or modify 
the conventional transfer. Under "processed 
music," alternating and synchronous applica-
tions of live and mechanical music. time-proc-
essed music and the more visionary polypleimic 
separation are described. The method of juxta-
position descrilwd permits automatic scoring of 
ensemble performances. 

Automatic Measurement of Phonograph 
Reproducers - B. B. Bauer (p. 52) 

A stereophonic test record has been de-
signed for measurement of pickup response on 
a curve recorder. The principles of stereophonic 
disk recording which have governed the design 
of this record are reviewed. The new test rec-
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ord contains two sweeprequency bands for 
the left and right channels. the signal frequency 
varying logarithmically nail time at a rate of 
1 decade each 24 seconds covering a range of 
40-20,000 cps. Left and right spot-frequency 
tones with voice announcements have also 
been provided covering a range of 20-20,000 
cps. Automatic recording of pickup response 
has been estimated to save to 4 of manpower 
used in pickup and phonograph development. 
For automatic measumement of preamplifier 
characteristics, an RC RIAA generating net-
work has been designed. A circuit for automatic 
starting of recorder by keying tones on the rec-
ord is described. 

Additional Comments on "Enhanced 
Stereo"— R. \V. Benson and II. H. ! feller (p. 
56) 

Contributors (p. 58) 

Bio-Medical Electronics 
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Editorial—Edward F. MacNichol, Jr. (p. 
72) 

Guest Editorial— John E. Jacobs (p. 73) 
Sound and Pressure Signals Obtained from 

a Single Intracardiac Transducer— E. M. 
Allard ( p. 74) 

The Reaction of Luminous Bacteria to Mi-
crowave Radiation Exposures in the Fre-
quency Range of 2608.7-3082.3 Mc—Donald 
E. Barber (p. 77) 

Suspensions of luminous bacteria were used 
to investigate the response of this biological 
system to microwave exposures in the stated 
frequency range at power levels up to 16.7 w. 
The merits of the biological system for this 
work are presented. The experimental ar-
rangement, method of exposure and results are 
presented. Nonthermal effects in the test or-
ganism are found not to occur under the condi-
tions of the investigation. The significance of 
this finding with respect to man is discussed. 

An Automatic Scanning and Printing Ana-
log-to-Digital Densitemeter—Il. F. Gatzek, 
E. Gordy, and P. ILe, •npusch (p. 81) 

Probability Methods in the Study of Bio-
electrical Brain Reactions—V. A. Kozhevnikov 
(p. 85) 

Phase Detection Electromagnetic Flow-
meter— Design and Use— Frederick Olmsted 
(p. 88) 

Two types of gated sine-wave electromag-
netic flowmeter are examined critically, and 
found to be sensitive to phase shift in the trans-
ducer signal. This phase shift is always found 
in a sine-wave flow transducer because of ha-
perfect ion in construction, particularly in those 
used for physiology and medicine. A flowmeter 
design that discards amplitude modulation and 
is sensitive to phase change only is described. 
Advantages over °Vier types of electromag-
netic flowmeter are discussed. Results obtained 
with the phase detection flowmeter are illus-
t rated. 

Electrical Properties of the Cytoplasmic 
Membrane and the Cytoplasm of Bacteria and 
of Protoplasts—Helnut Pauly (p. 93) 

Electronic Summation of Small Amplitude 
Biopotentials — R. J. Plaszczynski, C. A. Mil-
leret, and I'. McLeod (p. 96) 

Effects of Chronic Microwave Irradiation 
on Mice—S. Prausnitz and C. Susskind (p. 
104) 

An experiment has been carried out to de-
termine pathological and longevity effects 
caused by chronic microwave irradiation of 
mice. Two hundred males were exposed daily 
for 59 weeks to 0.109 for 4.5 minutes. 
This treatment produced an average body 
temperature rise of 3.3°C. Histopathology was 
performed on all dead mice in both irradiated 
and control groups. Changes in body weight, 
body temperature response to heating and in 

the blood picture were not evident. Testicular 
degeneration in the form of tubule atrophy and 
neoplasms of the white cells were indicated. 
Longevity of the mice did not appear to be af-
fected under the prevailing conditions. 

Multifunction Instaneous Display Counter 
—R. L. Schoenfeld and L. Eisenberg (p. 108) 

A two-channel, three-decade counter in-
corporating digital logic for selecting nerve im-
pulses by amplitude and time interval of oc-
currence is discussed. The count of the num-
ber of selected impulses, their time interval or 
time of occurrence, is printed out photograph-
ically superimposed on the oscilloscope trace of 
the impulses. 

Printed circuit logic modules facilitate con-
struction, maintenance, change of function or 
expansion of capacity. 

Electro-Oculography in a Pilot Study of 
Cerebral Palsied Children— B. Shackel, J. R. 
Davis, and M. L. J. Abercrombie (p. 112) 

The technique of electro-oculography has 
been used to record the saccadic and the pursuit 
eye movements of normal and cerebral palsied 
children under simple task conditions. Perform-
ance significantly worse by about 50 per cent 
among the cerebral palsied children, a correla-
tion between performance and chronological 
age amongst all subjects, and unexpected dis-
crepancies between performance on the sac-
cadic and the pursuit tasks, have been found. 
These findings are relevant to the study of the 
oculo-motor system as one of the control sys-
tems in the body. 

Blood Pressure Measuring Methods— 
Hampton \V. Shirer (p. 116) 

Blood pressure can be measured directly or 
indirectly. While direct methods provide the 
maximum quantity of reliable information 
from probes inserted into the blood stream, in-
direct methods produce much less disturbance 
to the subject. Indirect methods are based on 
the adjustment of a known external pressure 
to equal the vascular pressure. Systolic and 
diastolic pressure can be determined intermit-
tently from the pressure that will just collapse 
the vessel; an approximation of the instanta-
neous pressure level is obtained from a sur-
rounding chamber adjusted to remove all ves-
sel wall tension. Direct methods can provide 
continuous, high fidelity recordings of the ab-
solute vascular pressure via a catheter either to 
transmit the blood pressure through liquid to 
an external sensor or to carry the signal leads 
from a miniature internal sensor. External 
sensors require careful adjustment of the 
catheter dimensions to obtain optimum dy-
namic response. Internal sensors provide the 
maximum dynamic response and avoid acceler-
ation artifacts. Convenience of electrical sig-
nal manipulation, display and recording have 
made electrical transducers increasingly popu-
lar. 

Nonlinear Computations in the Human 
Controller— Otto J. M. Smith (p. 125) 

The response of the human forearm follow-
ing random input step commands was observed 
to approach at its best the same kind of re-
sponse as that of a maximum-effort minimum-
time optimum bang-bang servo in which the 
magnitude of the error is compared with a non-
linear function of the stored energy in the load. 
Tests were made which required the hand to 
move both small and large inertias, small and 
large friction coefficients, and small and large 
springs, with combinations of these. The 
muscle force was calculated and plotted as a 
function of time for a great many tests on dif-
ferent individuals. This paper will not describe 
the average response, but the best response 
which any individual is capable of achieving. 
The muscle forces were relatively constant for 
each individual regardless of the dynamics of 
the load or the magnitude of the command. 

Electrogastrographics—M. A. Sobakin, 
I. P. Smirnov, and L. N. Mishin (p. 129) 

A Compensated Dichromatic Densitom-
eter for Indocyanine Green— W. F. Sutterer 
and E. H. Wood (p. 133) 

A Compensation Circuit for Coaxial and 
Double-Barreled Microelectrodes—Tsu neo 
Tomita (p. 138) 

In both the coaxial and double-barrelled 
micropipet electrodes, capacitative interfer-
ence occurs across the wall that makes the 
boundary between the two pipets. Report will 
be made on a device which compensates this 
interference as well as the capacitance of each 
pipet. A combination of vacuum tubes and 
transistors was found useful. 

Behavior of Thermistors at Biological Tem-
peratures— H. \V. Trolander and J. J. Sterling 
(p. 142) 

The U. S. Focoscan Method—H. C. von 
Ardenne and R. M Hiner (p. 145) 

This paper describes a supersonic-impulse-
echo method employing double-focusing for 
selective depiction of certain internal body 
layers. By employing the impulse echo prin-
ciple, a point supersonic source is focused on 
the object element to be examined by means of 
a sound-optical system; the echo reflected by 
the object element is focused by the same 
sound-optics on the identical effectively point-
shape(h sound receiver and is transformed into 
a voltage impulse that serves for the produc-
tion of an image. First results of experiments 
confirm an essential improvement in SNR as 
was expected. 

Limitations of Combined Image Amplifier— 
Television Systems for Medical Fluoroscopy— 
E. W. \Vebster and R. \Vipfelder (p. 150) 

Evaluation of Simple Computer for Cardiac 
Output Measurements Based on Thermal 
Dilution— H. IT. Wessel, J. E. Jacobs, O. D. 
Despe, and I'. Kezdi (p. 155) 

Television Ophthalmoscopy—S. S. West, 
A. M. Potts, and J. R. Shearer (p. 159) 
A Critical Appraisal of Methods of Blood 

Flow Determination in Animals and Man— E. 
Wet terer (p. 165) 

Classification of the various procedures of 
blood flow measurement is presented. The dis-
cussion is confined to the recording of pulsatile 
flow and its rapid fluctuations. The hydro-
mechanical, electromagnetical and sonic types 
are particularly considered. It is concluded 
that, by now, the electromagnetic methods are 
the most superior procedures since they possess 
almost all the properties of an ideal direct 
method. Especially, their calibration in terms 
of the flow rate is independent of the velocity 
profile. Besides, the sonic flowmeters seem to 
very promising. 

Letter to the Editor—Quartz Crystal To-
nometer—R. S. Mackay, E. Marg, and R. 
Oechsli (p. 174) 

Communications Systems 

VoL. CS-9, No. 4, DECEMBER, 1961 
Editorial (p. 327) 
Link . Error Control and Network Route 

Selection— R. C. Amara, H. Lindgren, and M. 
Pollack (p. 328) 

Military networks must deliver messages 
during periods of high noise. On a link basis, 
character reliabiltiy can be increased during 
decision feedback for error control. Two spe-
cific decision feedback schemes are described in 
detail. The improved reliabilities and the re-
duced capacities for information transfer are 
computed. A method is timen given for deter-
mining the optimal message route between 
each origin and destination—that is, the route 
whose capacity is maximum such that the 
route character reliability is adequate. Using a 
typical military network as an example, and 
typical jamming noise, optimal routes are de-
termined from a station to each of six stations. 
The routes thus chosen are compared with 
routes chosen by another criterion. 
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An Automatic Computer-to-Computer Digi-
tal Communications System—R. L. Ellswortlt 
and D. N. Lytle (p. 335) 

This paper discusses the design of an auto-
matic on-line computer-to-computer inter-
communications system with locations at sev-
eral data processing centers throughout the 
world. The solution to the problem is developed 
in logical order starting with the selection of a 
transmission medium. Leased private wire tele-
phone facilities were found to be the best world-
wide common denominator for economically 
meeting reliability and speed ( 1200, 2400 and 
600 bit : sec) criteria. Pertinent statistical infor-
mation characterized the transmission environ-
ment with short periods of high burst noise and 
long periods of error-free transmission. A sta-
tistically related burst "error model" of 48 suc-
cessive bits subject to error was derived. Sev-
eral available error detecting and correcting 
codes were considered, and the limitations of 
each explored. A geometric block code com-
bined with a ! lamming cyclical code was found 
to possess excellent burst error detection capa-
bility (343 consecutive bits subject to error or 
an error correction capacity of one "error 
model" of 48 bits). When titis forward acting 
code is combined with decision feedback the 
probability of undetected error entering the 
system is reduced to less titan that in computer 
systems. Implementation of the code structute 
is uniquely suitable to time sharing and linear-
feedback shift-register techniques. 

Analysis of a PCM System Employing a 
PPM Vernier —Walter 11. Lob (p. 342) 

The upper limit to the output SNR of 
sampled-data PC NI systems is set by t he q Ita 0-
tiz:it ion noise. The present study is concerned 
with a method of overcoming this limitation by 
employing tinte shifting of the PC M pulse 
groups so as to constitute an analog encoding 
of the difference between the sample tunplitude 
and the nearest quantization level. Thus P(' \l 
is introduced to serve as a vernier to PPM. 

For this Vernier systent the optimum 
values are found of 1) the number of pulses 
per pulse group for a given time-bandwidth per 
pulse group and 2) the detection thresholtl. An 
SNR analysis is then carried out, continuing 
titis system with conventional double-polarity 
PC M and with conventional single-polarity 
PPM. Titis comparison is made on the basis of 
equal energy anti time-bandwidth per pulse 
group and a simplified model of the channel and 
detect km scheme. 

The analysis shows that the Vernier sys-
tem's threshold of channel SNR required for 
reliable detection is about o ill) higher than 
that for pure PC M, but that, iwar and beyond 
this threshold, the Vernier system's perform-
ance exceeds that of pure PUM and of pure 
PPM consistently and considerably. This im-
provement in performance can be realized as an 
increase in output SNR, as a decrease in time-
bandwidth occupancy, or as a combination of 
these advantages. 

Linear Reconstruction of Quantized and 
Sampled Random Signals—D. S. Ruchkin (p. 
350) 

Techniques for optimal mean-square linear 
reconstruction from quantized samples of a 
random signal and the resulting errors are dis-
cussed in this paper. The signal is assumed to 
be wide-sense stationary with Gaussian statis-
tics. The shape of the sample pulse is arbitrary. 
It is shown that the pulse shape has no effect 
upon the tninitnum mean-squate error. 

An optimal linear filter for reconstruction 
from quantized samples and the resulting error 
are obtained. The mean-square error that arises 
when the optimal filter for unquantized samples 
reconstructs from quantized samples is also ob-
tained. 

Tite errors of the above-mentioned filters 
are then compared. It is shown that, for suffi-
ciently high sampling rates, the filter that takes 

quantizing into account can tichieve it signifi-
cant reduction in quantizing it tor relative to 
the filter for unquantized samples. However, 
when a constraint of constant channel capacity 
is imposed, there is essentially no difference be-
tween the optimal performances of the two 
filters. 

Effects of Impulse Noise on Digital Data 
Transmission—Andrew B. Bodonyi (p. 355) 

This paper presents the basic character-
istics of impulse noise and its effects on various 
types of binary data transmission systems. The 
sources and properties of such impulsive noise, 
in contrast to Gaussian noise, are discussed. A 
method is described for the experimental com-
parative evaluation of bit error rates in the 
presence of additive impulse noise. The method 
is shown to perntit unique comparison among 
the three modulation schemes tested, namely, 
on .,off carrier, frequency shift, and phase re-
versal keying. 

On the Potential Advantage of a Smearing, 
Desmearing Filter Technique in Overcoming 
Impulse-Noise Problems in Data Systems— 
Richard A. Wainwright (p. 362) 

It has long been recognized that impulse 
noises or even very short duration line inter-
ruptions are the most vicious form of interfer-
ence affecting data communications over wire 
lines. These noises, while annoying, are not 
catastrophic in voice communications because 
of the inherent redundancy in speech sounds. If 
a degree of apparent redundancy can be in-
serted into a data stream, the serious degrada-
tion caused by these noises can be materially 
reduced. Data signals which require a sizable 
bandwidth can be transmitted by modifying 
the real time placement of their frequency 
components (smearing) before transmission 
through a channel corrupted by impulse 
noises. A reversal of the time-vs-energy fre-
quency modification before detection (desmear) 
reconstructs the data signal but "smears" the 
impulse or line interruption into a time-energy 
distribution form considerable different from 
that of the signal. 

Effects of Terrestrial Electromagnetic 
Storms on Wireline Communications—R. 
Sanders (p. 367) 

Effects of natural electromagnetic phe-
nomena on wireline circuits are discussed. An 
important factor causing degradation of sys-
tem operation or damage to equipment is the 
occurrence of eartlt currents, or geoelectric 
variations, associated with electromagnetic 
storms. Three to six earth-current storms occur 
yearly, during and after the maximum of the 
sunspot cycle. Peak disturbances last 10 to 30 
minutes and return to normal within 6 to 48 
hours. Typical disturbances are 3 to 20 y /km in 
the auroral zones, 0.5 to 5.0 v,'ktn in middle 
latitudes, and less than 100 mv /km near the 
equator. Current flow is generally N-S, except 
near the geomagnetic equator where it is 
E-W. Undisturbed diurnal variations exhibit 
the same general characteristics, but attain 
values in the range of 5 to 300 my/km. Cases 
are cited of adverse effects on commercial cir-
cuits; open wire. buried cable, and submarine 
cable systems are compared. Geophysical proc-
esses underlying gfflelectric variations are (lis-
cussed briefly. 

Statistics of Hyperbolic Error Distribution 
in Data Transmission— Pierre Mertz (p. 377) 

Error bursts in data transmission systems 
do not usually occur completely at random. It 
has been found that often they follow a hyper-
bolic rather titan a Poisson distribution. Sev-
eral statistical quantities consistent with the 
hyperbolic distribution have been developed. 
These are compared with the corresponding 
quantities for a Poisson distribution. Spe-
cifically tIte quantities are the probability of 
exactly c bursts in a time interval for which the 
long-time average is a, the cumulative proba-
bility of at least c bursts in titis time interval, 

anti the cumulative probability of burst-free 
stretches of it time intervals or longer. 

A Long Range Digital Communication Sys-
tem -A. J. Strassman and A. ('. Chapman (p. 
383) 

With the arrival of theta' data-processing 
techniques, it becomes necessary both to in-
crease the speed of communication between the 
data-processing and automatic control equip-
ments and to increase the reliability with which 
the data are transmitted--particularly over 
comparatively bug ranges. With the immense 
number of systems that must be developed to 
provide the ever-increasing amount of data 
processing required by modern technology and 
modern business, a reliable digital data trans-
mission technique for use over long ranges be-
comes critically itnportant. This paper de-
scribes a high-frequency, digital data com-
munication system using the quantized fre-
quency-modulation (QPNI) technique and the 
quantized phase-modulation (QP NI) tech-
nique. QFNI is a synchronous frequency shift-
ing technique that can provide a predetermined 
amount of gap protection between successively 
transmitted pulses on the same subchannel fre-
quency. The combination of these two tech-
niques (defined below) provides a system with 
the capability of combating propagation 
anomalies found in the HF spectrum. The de-
sign of the system provides for a basic bit rate 
of 1000 bits 'sec and is capable of expansion to 
8000 bits/sec. System peripheral equipments 
provide digital inputs front facsimile and voice 
(Vocoder), as well as front multispeed tele-
type. Highly miniaturized modular construc-
tion is used throughout for all equipments and 
installat ions. 

The Long Range Subsurface Communica-
tion System — Rabindra N. Gliose (p. 390) 

Discussed herein is a point-to-point com-
munication system for ranges in the order of 
hundreds of miles where the transmitting and 
receiving equipment, including radiating de-
vices, can be buried deep underground. Re-
sults of theoretical analyses and subsequent 
experitnental verifications of various aspects of 
the communication system have been pre-
sented in this paper. Problems on the optimiza-
tion of system parameters for different geo-
electromagnetic conditions of the ground, noise 
environment, and for various systetn con-
straints are discussed. Also presented in the 
paper are the solutions of sonw of the above 
problems suitable for engineering uses. 

Long Line Systems for Global Communica-
tions-- -A. W. Montgomery (;I. 396) 

Some aspects of the entire global telecom-
munication system are considered with empha-
sis on transmission delay and circuit instabili-
ties. Some calculations are made using ( 7(71 TT 
recotnmendations. Attention is then focused on 
the local networks and terminal equipment 
and their relation to the entire system. 

The Dwindling High-Frequency Spectrum 
—G. Jacobs and E. T. Martin (p. 399) 

The bulk of the world's long-distance com-
munications presently takes place in the high-
frequency radio spectrum (between approxi-
mately 3 and 30 Mc). by means of ionospheric 
reflection. The ionosphere is formed mainly by 
ultraviolet radiation emitted from the sun, 
and its capability to reflect HF radio waves 
varies diurnally, seasonally, geographically and 
throughout the sunspot cycle. 

While the physical nature of sunspots and 
the cause of the 11-year sunspot cycle are not 
yet clearly understood, it is known that solar 
activity is a reliable index of the total avail-
able bandwidth, or propagationally useful ca-
pacity of the HF radio spectrum. During pe-
riods or high solar activity, as occurred be-
tween 1957 and 1959, the ionosphere is capable 
of reflecting radio waves over a very wide range 
of frequencies between approximately 3 and 
50 Mc; when the solar cycle declines to low 
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levels, frequencies above 20 Mc may seldom be 
reflected. 

This paper points out that the present sun-
spot cycle, which climbed to an unprecedented 
peak during early 1958, is now declining. This 
decline is expected to continue until the cycle 
reaches a minimum sometime during 1965. 
There are also indications that the present 
cycle may be followed by three cycles of rela-
tively low maxima, which could result in un-
usually low solar activity for the remainder of 
the century. 

Such a drastic reduction in solar activity 
would be accompanied by a similar reduction in 
the amount of propa,tationally useful IIF 
spectrum. The spectrum will be compressed 
more or less linearly towards the lower fre-
quency end as the solar cycle declines. During 
the forthcoming years of low solar act ivit y tlie 
HF spectrum may be reduced by more than 
one-half that available during the recent years 
of high sunspot count ( 1957 - 1959). 

Such a reduction in the traffic handling 
capability of the. 11le spectrum, coupled with 
the ever increasing world-wide demands ftir ad-
ditional IIF circuits, Pads to the conclusion 
that the I IF radio spectrum will become proges-
sively less useful for communications during 
the years ahead, and that the amount of avail-
able useful spectrum will fall far short of meet-
ing the anticipated demands. 

Ti) avoid communications chaos which 
could easily result from such a condition, this 
paper concludes by urging that space satellite 
communication systems, intercontinental mi-
crowave links and expanded underwater multi-
channel cables as well as other communication 
systems not dependent upon the vagaries of 
the ionosphere, be developed at an accelerated 
pace. 

Frequency Division Multiplexing on Trans-
oceanic Cables--Walter Lyons ( p. 408) 

Heretofore cable, land- line telegraph, and 
microwave channeling has been limited to ap-
proximately 1100 bits per second (bauds), uti-
lizing 22 subcarriers spaced 120 cps apart. Fre-
quency shift keying, together with more sophis-
ticated filter design has enabled this capacity 
to be doubled. 

High data transmission speeds require fre-
quency division multiplexing in order to reduce 
the distortion in the received signal. A certain 
degree of time division multiplexing is desir-
able although it is more economical and other-
wise required to utilize frequency division mul-
tiplexing to a greater degree. 

This paper describes means for accommoda-
tion of traffic over the transatlantic telephone 
cable voice channels at a speed of more titan 
2200 bits per second with reasonably low error 
rates. Techniques for this tttilize sine wave key-
ing pulses at the fundamental keying rate over 
subcarriers spaced every 120 cps from 420 cps 
to 2940 cps, and time division multiplex of the 
slower input information channels. Cable out-
ages required adequate, not necessarily 100 per 
cent, backup by independent sideband HF 
radio circuits using similar subcarrier modula-
tion with tones spaced at 170-cps intervals in-
stead of 120-cps by reason of the additional 
distortion-due multipath delay. 

Examples of filter characteristics for recep-
tion and transmission to accomplish titis are 
shown, as well as typical equipment for each 
tone channel. Curves presented give distortion 
at various speeds per subcarrier and illustrate 
the effects of cross-talk and tone jitter as per 
cent distortion vs keying rate. 

A New Frequency-Division Radiotelegraph 
Multiplex System (MADFAS)—A. Niutta (p. 
412) 

A frequency-division multiplex system 
(MADFAS) is described for operation at HF 
with less bandwidth than is commonly al-
lowed. The reduction in required bandwidth is 
achieved by using oscillators with greater fre-

quency stability, and signaling by FSK with 
the minimum frequency shift compatible with 
the keying speed. Details on the design and 
operational characteristics of the system are 
presented. 

Some Design and Application Considera-
tions of a 600-Channel Military Multiplex Sys-
tem— R. C. Benoit, Jr., D. B. Nowakoski, 
T. F. Mayne, and T. J. Wortman (p. 417) 

An applications review is presented of a 
single-sideband suppressed-carrier 600-channel 
all-transistorized tnultiplex system for use on 
cable, and line-of-sight or tropospheric scatter 
radio circuits. System flexibility provides for 
growth in 12-channel increments up to the full 
channel complement. Highly ruggedized mod-
ular construction, and miniaturized printed-
circuit techniques are employed throughout. 
System design accommodates voice, data, tele-
type, and graphic services. 

Certain features of the system that aid in 
the alignment and maintenance of the equip-
ment by personnel with limited specialized 
training, are discussed. 

Equipment Configuration and Perform-
ance Criteria for Fully Optimized Tropospheric-
Scatter Systems—Charles A. Parry (p. 427) 

The "optimum" system is examined with 
the aid of a basic equation related to channel 
SNR. Expressions are then developed which 
show that for equal channel loading and ca-
pacity, FM systems are likely to be superior to 
SSB systems for normal voice channel opera-
tion. Further improvement in FM perform-
ance may be achieved with "phase-locked" 
receivers. Performance equations for such re-
ceivers are used in basic expressions for opti-
mized scatter circuits to express channel 
capacity as a function of maximum distance 
for minimum power. From this equipment con-
figurations for various performance capabili-
ties are developed. These data then give the 
maximum capability of the tropospheric scat-
ter system when all relevant design parameters 
are optimized. 

It is suggested that long-haul toll perform-
ance criteria should be based on six tandem 
links. This leads to a per-link requirement for 
channel signal-to-weighted thermal noise ratio 
with quadruple diversity operation of 45.7 (1b, 
and 53 db for the channel signal-to-weighted 
nonlinear noise ratio. Difficulties in the meas-
urement of thermal noise are discussed. It is 
believed that a suitable approach is to specify 
single-link performance in terms of a distribu-
tion obtained with one-to-two minute averaged 
samples. Data are also developed for the mini-
mum permissible system bandwidth and the 
transmitted spectrum as a function of channel 
capacity. 

Finally, it is considered that the perform-
ance in multilink multichannel circuits may be 
limited by nonlinear noise introduced by multi-
path effects related to selective fading. In this 
respect, further research is necessary in order 
to obtain reliable computational techniques for 
the intermodulation noise associated with the 
multichannel system. 

Results of Bandwidth Tests on the 185-
Mile Florida-Cuba Tropospheric Scatter Radio 
System—C. E. Clutts, R. N. Kennedy, and 
J. M. Trecker (p. 434) 

Some proposed tropospheric scatter paths 
are several hundred miles long, and their ge-
ometry suggests the possibility that the in-
creased relative delays of signal components 
traveling the higher-altitude paths could re-
sult in significant interchannel modulation in-
terference in an FM system. Therefore, a pro-
gram of experimental investigation has been 
undertaken by Bell Telephone Laboratories to 
determine the extent of the intermodulation 
problem. Tone amplitude stability tests have 
been included as part of the study. 

Tile first in a planned series of tests was 
conducted during March, 1960, over the 185-

mile FM system between Florida City, Fla. 
and Guanabo, Cuba. The system was loaded 
with random noise of various bandwidths up to 
2.5 Mc. and peak deviations up to ±8 Mc 
were used. Tests were made with no diversity 
and with dual diversity. 

It was found that intermodulation result-
ing from multipath propagation can limit sys-
tem performance. Both deviation and base 
bandwidth are important and have an influ-
ence on intermodulation and tone stability. 
Diversity has little effect on intermodulation 
but improves tone stability appreciably. The 
paper presents numerical results of the meas-
urements of average intermodulation and some 
information on cumulative probability distri-
butions for various combinations of base band-
width, deviation, and diversity. 

Path Loss Measurements vs Prediction for 
Long Distance Tropospheric Scatter Circuits— 
A. F. Bargbausen and C. F. Peterson (p. 439) 

Before any communications circuit can be 
established between two points whether it be 
by wire lines or by tropospheric or ionospheric 
radio propagation, a thorough knowledge of the 
intended path should be obtained so that an 
efficient and economical installation can be 
made. Each system should have as high a relia-
bility as is required for its intended use. 
Tropospheric forward scatter circuits have 
established their place in the world-wide com-
munications network of the military and it is 
the intent of titis paper to illustrate by a spe-
cific example how the performance of a circuit 
of this type tnay be predicted with adequate 
accuracy without making costly transmission 
loss measurements over the intended path. 

Interdependence Between Hourly Median 
Transmission Loss and Surface Refractivity 
Index Observed at 900 Mc on a 232-Mile Far-
Beyond-the-Horizon Path-1. Bemol ici and 
J. B. Potts (p. 445) 

A detailed analysis is made of propagation 
data obtained from the North Atlantic Scat-
ter System installed in Iceland. In particular 
the correlation of the transmission loss and 
meteorological observations on a long path is 
analyzed in detail. By separating the data into 
various time periods it is shown that for pe-
riods of time during which the received field is 
lowest the correlation between transmission 
loss and surface refractivity is very high. Time 
ability to establish a strong correlation between 
transmission loss and surface refractivity for 
this period allows the system designer to make 
more accurate predictions of the lower expected 
received fields and thus is able to calculate the 
minitmun required transmitter with greater 
accuracy. 

Parametric Converter Performance on a 
Beyond-the-Horizon Microwave Link--J. Har-
vey (p. 451) 

Experimental parametric converters were 
installed on a quadruple-diversity link of the 
White Alice system. Two parametric receivers 
with noise figures of 1.5 elb were operated simul-
taneously with two normal receivers of 8.8-db 
noise figures. Comparative tneasurements 
showed improvements of 7 elb in telephone-
channel noise and 10-fold in teletype error-
rates. 

An 11,000-Mc Radio System Across Chesa-
peake Bay —Arthur G. Miller (p. 455) 

This paper describes briefly the Western 
Electric type TJ microwave Radio System de-
signed for operation in the 10.7 to I I.7-kMc 
frequency allocation and covers the perform-
ance of this system since it was placed in serv-
ice across Chesapeake Bay on February 1, 
1959. This is the first TJ system to be placed in 
service in the territory of The Chesapeake and 
Potomac Telephone Company of Virginia, and 
operates between Hampton and Kiptopeke, 
Va., a distance of 22.5 statute miles. The over-
water portion of this path has a length of 18.5 
miles. 
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Coexistence of Celestial and Terrestrial 
Communications—F. A. Losee and S. G. Lutz 
(p. 460) 

Artificial satellite repeaters will revolution-
ize radio communication by permitting the use 
of microwaves over long paths. There will also 
be a continuing and mounting need for ter-
restrial applications of microwave services 
over relatively short distances. Achieving co-
existence between these long- and short-
distance systems will conserve and enhance the 
utilization of the microwave spectrum. Exten-
sions of prior interference coordination tech-
niques, such as use of three-dimensional an-
tenna directivity, can cause the desired signal 
to override interfering signals and thus permit 
most satellite communication systems to share 
frequencies with most terrestrial microwave 
communication systems. Even though satel-
lite communication may not need such a latge 
fraction of the microwave spectrum for some 
years, focusing prompt attention on the needs 
and probable problems of frequency sharing 
can help guide its evolut ion around subsequent 
difficulties. 

Mutual Interference in Communication 
Equipment Can Be Reduced —Francis II. 
Vonker (p. 462) 

The application of well-known techniques 
in the re-examination of existing systems, aided 
by interference charts to identify areas of 
greatest vulnerability, will prolong the useful 
life of present equipment and guide designers of 
future systems to meet advancements in the 
state of the art. 
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Solid Aluminum Electrolytic Capacitors 

with Etched Aluminum Foil—Wolfgang Post 
(p. 53) 

Some suggestions are made for further de-
velopments in the field of electrolytic capacitors 
using etched aluminum foils and solid electro-
lytes. 

Various laboratory-tested construction pro-
cedures are discussed in detail. The behavior of 
capacity, dissipation factor, and leakage is il-
lustrated as the function of temperature and 
frequency during storage with and without 
current. It is shown that the production of 
aluminum electrolytic capacitors with comtner-
chilly available etched foils and solid electro-
lytes will be entirely feasible in the near future. 

In conclusion, the optimal data found so 
far in a series of experiments are reported, 
pointing the way toward results that may 
reasonably be expected front further investiga-
tions. 

Reducing Size of Radar Pulse Trans-
formers -Reuben Lee (p. .58) 

\Vial today's high performance magnetic 
materials, the pulse transformer designer has 
advantages not previously obtainable for re-
ducing size. These advantages are further itn-
'demented by improved methods of dissipating 
losses, which hitherto have prevented sub-
stantial size reductions. In order to employ 
these advantages to their fullest, toroidal cores 
with reset bias are used. For example, at 7.5 
megawatts peak power, or 15 kilowatts average 
power, it is possible to reduce transformer 
weight from 105 pounds to 22 pounds. This is 
achieved by using the best known core ma-
terial, the most efficient cooling and a reset 
core together. Proportionate size reduction is 
possible in smaller ratings, and is of particular 

impttrtance in transportable radar: on land, sea 
or in space. 

Solid-State Physical Phenomena and Ef-
fects—Part III—Edwin J. Scheibner ( p. 61) 

This is the third in a series of four article's 
describing solid-state phenomena. Twelve 
solid-state phenomena and physical effects are 
provided. All of the twelve phenomena belong 
to a group which includes effects related to the 
dielectric properties of matetiids and transport 
phenomena for particles other t han electrons or 
'toles. 

Optimization of the Dynamic Parameters 
of the Controlled Superconductor V. A. 
Marsocci and P. NI. Chirlian (p. 74) 

The theory of the operation of the con-
trolled superconductor as a linear amplifier is 
briefly described. The relationship between 
constants which describe the physical operation 
of the controlled superconductor and the small-
signal parameters of the device are developed, 
and the optimization of the small-signal pa-
rameters in terms of the geometry of the device 
is discussed. The current gain expressions of 
linear amplifiers in two circuit connections are 
presented and the conditions necessary for the 
optimization of these gains are also derived. 

Nonreciprocal Behavior in Passive Sys-
tems -.Jerome 11. Silverman (p. 77) 

The nonreciprocal behavior of certain types 
of linear passive systems is explained by em-
ploying the ideal gyrator as a network ele-
ment. The pertinent network properties of pas-
sive nonreciprocal systems are developed, with 
particular attention being paid to the passive 
isolator. 

Actual examples of passive low-frequency 
gyrators and isolators are shown in the form of 
I fall effect devices and magneto-electro-
dynamic t ransducet s. 

The Electromechanical Circulator—Jerome 
H. Silvet inten (p. 81) 

Three-channel passive circulators may 
be constructed about antireciprocal two-
ports whose parameters obey the restriction 
(Re Yu)(Re Y-22)<(Re 1712)2. The character-
istics of such circulators are derived in terms of 
the network parameters of the antireciprocal 
t woport. 

Expressions are presented for the required 
terminations, the driving-point admittances, 
and the transducer gain of the circulator. 

Experimental data is presented on circu-
lators constructed about the electromechan-
ical gyrator. The agreement between the cal-
culated and the experimental perfortnance is 
very good. The electromechanical circulator, 
an inexpensive and readily fabricated device, 
has applications in communications and in 
various instrumentation. 

Contributors (o. 86) 
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The Multiple-Beam Klystron —M. R. Boyd, 
R. A. Dehn. J. S. Hickey. and T. G. Mihran 
(p. 247) 

The multiple-beam klystron (MBK ) is a 
device for extending klystron power genera-
tion capability at a given frequency by a fac-
tor of ten or more. The MBK utilizes a multi-
plicity of electron beams in conjunction with 
multiwavelength waveguide circuits. These 
circuits are periodically loaded and operate in 
the a- /2-mode. The efficiency, bandwidth, gain 
and stability of the MBK are equal to or bet-
ter than that of the single-beam prototype klys-
tron. Furthermore, the MBK permits genera-
tion of a given power level at an unusuallr low 
voltage, thus minimizing insulation. X-radia-
tion, and modulator probletns. 

An MBK utilizing ten external-circuit 
klystrons has been built for 750-Mc operation 

to demonstrate the principle of the device. A 
single main magnetic circuit is used to focus 
all beams simultaneously. An RF power out-
put ten tittles that of one klystron was tneas-
tired, corresponding to an efficiency of 44 per 
cent. Banda idth and gain were identical with 
single-beam prototype operation. Individual 
beam drop-out tests were made which sltowed 
no disruption of operation in case of the failure 
of one or more beams. Limited tests tend to 
confirm the conclusion that the harmonic con-
tent of an NI BK can be lower than that of a 
single-beam klyst ron. 

Analysis of a Frequency-Modulated Reflex 
Klystron With Minimum Incidental Ampli-
tude Modulation—Walt.•r R. Day, Jr. ( p. 253) 

Simultaneous modulation of the reflector 
and beam voltages of a reflex klystron will pro-
duce frequency modulation with minimum in-
cidental amplitude modulation. The required 
variation of reflector voltage with beata volt-
age. for constant output power, is derived frotn 
the fundamental equations of the reflex klys-
tron. Experimental verification of this analysis 
is presented. Reflex klystron oscillators which 
can be frequency modulated with minimum 
incidental amplitude modulation find applica-
tion in FM Doppler radars, communications 
systems, and as signal sources for microwave 
test log. 

Phase Focusing in Linear-Beam Devices— 
J. G. Meeker and J. E. Rowe (p. 257) 

The phenomenon of phase focusing in 
linear-beam devices is investigated theo-
retically by modifying the nonlinear interac-
tion equations for devices such as the traveling-
wave amplifier (TWA) to accommodate spa-
tially-varying parameters and then investigat-
ing their use under a variety of operating con-
ditions. Phase focusing can be accomplished 
either by tapering the RF circuit phase velocity 
or by applying a dc voltage gradient along t 
beam or structure. Both approximate analyt-
ical solutions and general computer solutions 
are presented for each of the phase-focusing 
techniques. The analytic solutions yield pro-
files which are explicit functions of tube length 
and these are compared with more general coin-
puter solutions where space-charge effects are 
included. 

An experimental S-hand high-power TWA 
was constructed with a variable-pitch helix de-
signed on the basis of the hard-kernel-bunch 
theory. Experimental data indicate an effi-
ciency improvement from 18 per cent to 35 per 
cent and an improvement in the gain-frequency 
characteristics. 

Glow Discharge Indicator Tube for Small 
Signals- -- . Om i. V. Fukukawa and T. 
Xakajo (p. 266) 
A new glow discharge indicator tube was 

developed for the purpose of obtaining a visible 
indication of the small-signal voltage obtained 
from transistors or other small-signal sources. 

The principle of operation is based upon the 
current transfer between two adjacent cath-
odes. In this indicator tube about 60 Mw 
(200 y 300 pa) of power dissipation is required 
to keep the glow on the sustaining cathode, and 
only a few volts of negative potential are re-
quired to transfer the glow to the indicator 
cathode. 

In addition to its ability to indicate very 
small signals, this tube has several other out.-
standing features. These are 1) small size, 
2) small power (iissipation, 3) stable charac-
teristics, and 4) long life compared with other 
types of indicators (e.g., a lamp or a gas-filled 
tube indicator). This paper describes in detail 
the principle of operation, construction, electri-
cal characteristics and applications of a new 
type of indicator for small signals. 

Low-Voltage Mercury-Alkali Metal Arc— 
Gilbert H. Reiling (p. 271) 

Measurements of the arc voltage and elec-
tron temperature were made on low-pressure 
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arcs utilizing a mercury-pool cathode contain-
ing various concentrations of alkali metals. 
The arc-burning voltage was substantially 
lower than the pure mercury arc and the mint-
mum arc voltage depended on the concentra-
tion of the alkali metal and ambient tube tem-
perature. The measurements suggest that there 
are three processes which collectively are re-
sponsible for the arc behiavior. These are a 
lower anode work function, a Penning two-
stage ionization process of alkali metal atoms 
by mercury metastables and an improved elec-
tron emission by reliable anchoring of the 
cathode spot. With the addition of small 
amounts of alkali metal the cathode spot emis-
sion zone was stable on a molybdenum anchor 
at currents as high as 200 a. The cathode fall 
potential was the order of 4 v. It is shown that 
the voltage reduction is mainly in the cathode 
fall legion and that it is lower for rubidium 
than cesium, potassium or sodium in the pre-
ceding order. 

A Microspot Tube with Very High Resolu-
tion— Kurt Schlesinger (p. 281) 

A 5-inch microspot tube with a spot size of 
8 to 9 microns and a beam current of 1.5 ma is 
described. The neck of this tube uses an acceler-
ating spiral anode, in combination with a de-
celerating prefocus lens. This combination 
stretches the 6-inch neck structure to an effec-
tive length of 13 to 16 inches. 

Tice resulting demagnification of 0.6 per-
mits realizing the above spot size as an electron 
image of a 1 /2 mil object-aperture. The latter 
is illuminated with a current density of 20 
a cm' by a microgun, which uses an impreg-
nated cathode at 2a /cm,. 

Tice microgun operates by the FRM prin-
ciple ("Focus Reflex Modulation). An im-
proved vapor-reacted screen is employed, 
whose light output is more than tripled from 
previous types of transparent phosphors. 

An Investigation of the Magnetic Trans-
verse Waves on an Electron Beam—Curtis C. 
Johnson (p. 288) 

An electron beam in the presence of an axial 
magnetic field supports four transverse waves; 
two cyclotron waves, and two synchronous 
waves. A general coupling theory is developed 
from an electronic equation and a circuit equa-
tion to describe how these waves can be 
coupled to traveling-wave circuits. The polari-
zation and power flow characteristics of the 
waves are derived. The theory is applied to tile 
hifilar helix, a circuit which can couple selec-
tively to each of the four modes. A bifilar helix 
traveling-wave tube was used to investigate 
experimentally tile four beam modes and pro-
vide a quantitative check of the coupling 
theory. 

Noise Performance of Transistors—Don 
G. Peterson (p. 296) 

The accuracy wit !I which tile Beatie lutnped 
model represents transistor noise performance 
is experimentally ve fled. The noise model 
consists of tin ee stat:stically independent shot-
noise generators connected across tile lumped 
elements cejlresentin.g the generation-recombi-
nation and diffusion mechanisms of the tran-
sistor. In addition a thermal-noise generator is 
used to represent tile noise contributed by the 
base spreading resistance. By comparing meas-
urements with calculations based on the model, 
not only is good over-all agreement obtained, 
but it becomes evident that certain bias and 
source conditions allow separate confirmation 
of the internally postulated noise generators. 
The statistical properties of transistor noise are 
studied using a laboratory-constructed ampli-
tude-probability density analyzer. Tile results 
show that the first-order amplitude distribu-
tion (unction oh ttansist ors is indeed Gaussian. 

Thermal Stress and Fracture in Shear-Con-
strained Semiconductor Device Structures— 
T. C. Taylor and F. L. Yuan (p. 303) 

T:ie construction of semiconductor devices 

as well as other electron devices, often requires 
the utilization of brittle materials, such as the 
semiconductor itself, as part of a larger struc-
ture. Thermal stress, caused by cooling from 
high temperature bonding operations, can 
cause fracture of the brittle part, due to thermal 
expansivity mismatch with other parts of the 
structure. This paper considers a widely used 
type of bond, consisting of a nonpenetrating 
butt-joint, wherein the parts develop thermal 
stresses by reason of shear constraint in a 
solder layer. This type of joint is therefore 
called a shear-constrained bond. 

A one-dimensional, elastic analytical model 
is presented, which predicts the location and 
orientation of the principal tensile stress in a 
shear-constrained brittle strip. The tensile 
stress required for brittle fracture is shown to 
be induced, primarily, by shear tractions in the 
solder layer which are applied to one face of 
the strip. Extended to a real structure, the 
model would predict the highest tensile stress 
at the outer periphery of a bond, and oriented 
at 45° with the plane of tile bond interface. 
This prediction is found to be in agreement 
with the bulk of fracture experience in shear-
const rained semiconductors. 

Low-Frequency Noise Figure and Its Ap-
plication to the Measurement of Certain 
Transistor Parameters—J. F. Gibbons (p. 308) 

Low-frequency noise measurements are 
shown to provide a convenient and reasonably 
accurate ( ± 10 per cent) means of measuring 
re,'. Their application to the measurement of the 
factor n in the function law /4= p„(e07"kr-1) 
is also described, though the values of n ob-
tained from noise measurements do not check 
accurately with the values of n determined by 
other methods. 

Experimental determinations of the varia-
tion of low-frequency noise figure with emitter-
bias current are also presented for several 
transistor types. Tice observed behavior sug-
gests that tile principal source of 1 f noise in 
low-noise transistors may be in the emitter-
base transition region instead of on the base 
surfaces where it is placed in presently accepted 
noise models. 

Noise and the Potential Minimum at High 
Frequencies— Martin A. Pollack (p. 316) 
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Noncontact Dimensional Measurements by 
Optical and Electronic Techniques —Charles D. 
Bryant (p. 1) 

Accurate dimensional measurements of 
products during processing are a major require-
ment in many industries. Because of high heat 
radiation, rapid motion, or other factors a non-
contact measurement system is desirable. Sys-
tems have been developed using a combination 
of closed-circuit television and special optical 
techniques together with special purpose com-
puters and associated readout devices. A typ-
ical application is a system for measuring the 
length of reel hot steel I-beam blanks. 

Moisture Measurement in Industry— Har-
old W. Gebele (p. 7) 

Through a specialized capacitor we can 
achieve a device capable of being employed by 
commercial paper mills to measure and control 
the amount of moisture contained in a moving 
sheet of paper. By such control a mill can 
achieve dollar savings by producing more paper 
to exact specifications, and with less down time 
from paper breaks. Continuous monitoring of 
the moisture content of a fast moving web of 
paper can be macle by using a spray or fringe 
field capacitor and a compatible electronic sys-
tem. Tice basic principle involved is that the 
area and spacing factors of the capacitor have 
been held rigidly constant so that one variable 

is the dielectric. Tltis dielectric is a web of 
paper that travels across a stationary capaci-
tance measuring device. 

As the paper varies from a relatively dry to 
a wet condition the basic capacitance will 
change as the dielectric changes. If titis varying 
capacitor is connected into a special voltage 
bridge circuit and the bridge is excited with 
5000 cycles, the use of an amplifier, a 5000 
cycle- please detector, and a mechanical feed-
back loop to a variable capacitor will rebalance 
the bridge to a null condition. With the rebal-
anced variable capacitor position connected to 
a pen the per cent moisture deviation of a web 
of paper can be tead on a chart. 

Analytical Instrumentation for Process 
Monitoring and Control—Helmut J. Maier 
(P. II) 

Automatic analytical instrumentation may 
be classified into three broad categories: instru-
ments which measure physical properties of 
chemical compounds, instruments which auto-
mate procedures of analytical chemistry, in-
struments which perform a quantitative sepa-
ration of the constituents of a mixture. Each 
of these categories will be discussed. Tice proc-
ess gas chromatograph will be discussed in con-
siderable detail. 

Electronic Devices for Measuring Flow— 
Douglas R. Lynch (p. 22) 

This paper presents evidence of the mount-
ing interest in electronics as a means for meas-
uring flow by reviewing several of the more 
recent developtnents in this area. The review 
helps to indicate which of the electronic meas-
urement techniques have immediate applica-
tion and which hold promise of zipplication in 
the foreseeable future. 

Educating Engineers for Careers in Indus-
trial Electronics—J. Frank Reintjes (p. 31) 

From a small beginning only a few decades 
ago, the electronics industry has grown to a 
place of first importance in our national econ-
omy. Electrical engineering education has not 
only adapted to reflect this growth but con-
tinually altered its approach in order to pro-
vide leadership for further expansion of the 
field. In this paper the process of educating en-
gineers for careers in industrial electronics is 
discussed, with emphasis upon the kinds of edu-
cational experiences engineering students 
should now have in cercler that they may be 
prepared to cope with the many challenges the 
industry will face in the future. 

Digital Control Techniques Applied to 
Automatic Weighing Processes— D. W. Ken-
nedy and C. W. Flibscher (p. 35) 

The weighing industry is perhaps more cog-
nizant of accuracy than any other instrumen-
tation industry. Basic scale accuracies of 1-16 of 
1 per cent are, generally speaking, minimum, 
with over-ail system accuracies in this vicinity 
desirable. The two digital devices described in 
this paper are unique in that they are an inte-
gral part of the weighing instrument and as a 
result, the accuracy of conversion from weight 
indication to a digital signal is absolute (no 
error encountered). Therefore, the system ac-
curacy is virtually the same as the basic instru-
ment accuracy. 

Analog Computer Systems in Blending 
Processes— Harold II. Roth ( p. 42) 

Analog computers especially engineered to 
program and control specific blending proc-
esses, are establishing themselves as practical 
solutions to scores of industrial blending prob-
lems. They reduce production costs, eliminate 
raw material waste and multiply product out-
put many times over. An important considera-
tion is that non-technical personnel can be 
quickly trained to a high degree of operational 
proficiency. 

DC-to-AC Power Conversion by Semi-
conductor Inverters—Edward J. Duckett (p. 
48) 

Tice rapid improvement in semiconductor 
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power di•yires and in inverter circuits has given 
rise to an accelerated introduction of new 
equipment for the conversion of electrical 
power in military, industrial, and commercial 
applications. Increased power handling capa-
bilit y and improved operating characteristics 
have made it ta,ssille to perform many func-
tions effectively which, until recently, were 
:tchieved only by nonstatk: apparatus. The 
ability to convert from dc to aC efficiently and 
reliably has received special empltasis during 
HIP Past several years. Developmental models 
of semiconductor inverters have been con-
structed, and a number of potential applica-
tions have been investigated. These new types 
of power conversion apparatus should be of use 
in a wide variety of application areas, including 
emergency power supplies, controlled frequency 
sources, and frequency converters. Predictions 
of future applications and capabilities indicate 
that the semiconductor power inverter and 
allied apparatus should be a significant factor in 
the design concept s for future electrical systems. 
A 50-K VA Adjustable-Frequency 24-Phase-

Controlled Rectifier Inverter- -C. W. Flairty 
(I). 56) 

This paper describes a multiphase 50-kva 
silicon-controlled rectifier inverter that uses 
phase displacement of the out from four 
3-phase bridge inverters to generate a 3-phase 
output waveform wit It low harmonic content. 
The output voltage is controlled ( rver a wide 
range by simply changing the phase position 
of controlled rectifier gate signals. Low har-
monic content is maintained in the unfiltered 
output wave over the complete voltage range. 
At one phase position the lowest harmonic of 
consequence present in the output waveform 
is the 23rd. Frequency of the inverter output 
is smoothly adjustable over the range of 50 to 
500 cps. 

The static inverter offers this adjustable 
frequency, and adjustable voltage power sup-
ply with electronic precision. Frequency regu-
lation is independent of supply voltage or load 
variations and only dependent upon a low 
power timing oscillator. 

Thermoelectric Applications to Industrial 
Problems- --- John C. R. Kelly, Jr. (p. 61) 

The efficiency and durability of thermo-
couples have been hnproved by recent research 
and development. This has led to a number of 
prototype applications for both cooling and 
power generating devices. The inherent charac-
teristic of a tber1110(*Ctric system that lends 
itself to easy modular design and adaptation is 
the thermocouple itself. Each couple may be 
rated by watts of power produced or con-
sumed. Examples of a number of different ap-
plications will be given. 

Panel Discussion of Manufacturer-User 
Problems (b. 66) 

Microwave Theory and 
Techniques 
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Magnetically Tunable Nonreciprocal Band-
pass Filters Using Ferrimagnetic Resonators — 
C. N. Patel ( p. I52) 

Possibilities of ut small-bandwidth, small-
insertion loss, magnetically tunable band-pass 
filters with nonreciprocal characteristics have 
been studied. The unloaded Q(Q„) for a fetal-
magnet ic sample has been derived, considering 
the fundamental definition of Q for ut resonator. 
Theoretical analysis is given for coupling due 
to ferrimagnetic resonance. between two RF 
transmission circuits when the RF magnetic 
fields due to the two circuits are circularly 
polarizi.d or, in general, elliptically polarized. 
The analysis gives the open-circuit impedance 
parameters for the equivalent circuit represent-
ing the ferrimagnetie t itiplitig mechanism, 
from which the external-loading Q's MI and 

are obtained. This analysis, applied to the 
case of the wav('guides, shows that the be-
havior of the (J, vs frequency characteristic 
depends upon the ellipticity of the RI? mag-
netic field, and hence, upon tlw location of the 
off-axis position of the ferrimagnetic resonator. 
Also, the nonreciprocity depends upon the el-
lipticity of the RF magnetic field - the non-
reciprocal behavior being optimum %Own the 
Rt.' magnetic field is circularly polarized. Thus, 
again, for the case of waveguide circuits, the 
off-axis position determines the reverse-cow 
pling-vs-freque•ncy characteristic. The meas-
urements on the experimental filters, tunable 
from 8.2 to 12.4 kNIc, verify the results ob-
tained from the theory. The forward and the 
reverse directions of the operation of these 
filters can be interchanged by reversing the dc 
magnetic field. Power limiting with these filters 
is briefly described. 

Propagation on Modulated Corrugated 
Rods --C. U. Wang and E. T. Kornhauser ( p. 
161) 

The velocity of surface-wave propagation 
on two types of axially modulated corrugated 
rods has been measured experimentally. Type 
A has a constant outer diameter and sinus-
°Wally varying slot depth, while in type B the 
slot depth varies in virtue of a modulated 
outer diameter. In both cases the measured 
phase velocity is about ten per cent less than 
that for a uniformly corrugated rod with the 
average slot depth and outer diameter, but 
agrees within two per cent over the frequency 
range used witlt the value calculated from an 
analysis based on the Mathieu equation. 

Small Resonant Scatterers and Their Use 
for Field Measurements-- Roger F. Harring-
ton (p. 165) 

A general formulation for the back-scat-
tered field from loaded objects is given. It is 
shown that small resonant objects produce a 
much greater back-scattered field than small 
nonresonant ones. The theory is applied to 
short dipoles and small loops. The use of small 
resonant scat terers to measure elect ric and mag-
netic fields by scattering techniques is dis-
cussed. Resonant scatterers are found to have 
several advantages over nonresonant scatterers 
when used for field measurements. 

Wide-Band Matching of Lossless Wave-
guide Two-Ports - Dark() Kaifez ( 1). 174) 

A new procedure of matching is presented, 
based in the equations which transform the 
output reflection coefficient of a lossless t 
port network into the input reflection coefli-
cWnt. The parameters of the equations are the 
residual reflection coefficients which can be 
easily measured. The optimum reflection coeffi-
cients which have the minimum frequency 
variation are computed for the sttecific case 
when the frequency variation of the residual re-
flection coefficients can be approximated by a 
circular arc in the Smith diagram. An illustra-
tive example is given to explain the determina-
tion of the position and the size of the inductive 
obstacles that match a waveguide two-port 
structure within a wide frequency band. 

An X-Band Ferroelectric Phase Shifter --
NI. Di Domenico, Jr. and R. II. Pant ell ( p. 179) 

An X-band electrically-tunable ferroelect rie  
phase shifter has been constructed. The phase 
shifter is reciprocal and consists of a thin ferro-
electric slab completely filling the transverse 
plane of a rectangular waveguide with suitable 
dielectric matching sections placed sym-
metrically about the slab formtuing a band-pass 
filter. Phase shift is controlled by applying a 
dc electric field to the ferroelectric. The meas-
ured characteristics of this device indicate that 
incremental phase shifts of 40° tir 50° are at-
tainable over a bandwidth of 400 Nlc centered 
about 9.3 kNIc with insertion losses ranging 
front 2 to 6 ( 11). Since the phase shifter does not 
require a tnagnetic field for operation, the de-
vice can be biased with inexpensive, light-

weight equipment requi:ing negligible (le con-
trol power, and the response time can be ex-
pected to be fast. 

A Balanced-Type Parametric Amplifier— 
s. Ilutyasi and 1'. Kurokawut (p. 185) 

A balanced-type diode amplifier is reported, 
in which the cutoff mode of the pumping wave-
guide resonating with the diode capacitances, 
is used as a signal circuit and a series connected 
diode loop is used as an Wier. Theoretical noise-
figure and gain-bandwidth product are derived 
after calculating the equivalent susceptance 
matrix of two diodes which are parallel-con-
nected for the signal input and •wries-connected 
for tIte i(Iler. This reveals that 1) the noise fig-
ure. of the butlanced-type amplifier Call be ex-
pressed in the form as that of the single 
diode. amplifier, and 2) the gain-bandwidth 
product is identical to that of the single diode 
amplifier. In the experiment at 1900 Mc, a 
bandwidth of more than 200 Mc is obtained at 
the pow(.r gain of more than 10 db. A single-
channel noise- figure of 2.5 (lb is IlleaStIred at 
the pump power of 100 Mw. 

A Survey of the Theory of Wire Grids--
Tove Larsen (p. 191) 

The paper gives a survey of the literature 
concerning the electromagnetic properties of 
wire grids. As an introduction to the literature 
survey, a short description of the properties 
and applications of wire grids is given. Finally 
some particular grid configurations are men-
tioned. 

Propagation of TE Modes in Nonuniform 
Waveguides- - - II. Zucker and G. I. Colin (1). 
202) 

The conditions for TE mode propagation in 
rectangular waveguides w!.tli nonuniform di-
electric media are established. An equation is 
derived for determining the capacitivity func-
tions which have equivalent curved waveguides 
with uniform dielectric media. The types of 
variable dielectric waveguides which have 
equivalent curved wall waveguides and a sepa-
rable. wave equation are determined. 

An Investigation of a Feedback Control 
System for Stabilization of Microwave Radiom-
eters —Theodore V. Seling (b. 209) 

A method of stabilizing receivers for radio 
telescopes is discussed and shown to be ca-
pable of substantially reducing sensitivity to 
gain flucttuttions. The system etnplovs ut vari-
able noise source as a controlled feedback ele-
ment. 

Such a systetn does not require long warra-
nt) tintes since the output is deix.ndent only 
upori the stability of the variable noise source. 
and reaches stabilization very tapidly. 

Investietions were made of a number of 
variable noise sources for use in tlte system, in-
cluding: gas discharge tubes with variable at-
tenuators, crystal diodes, and gas discharge 
tubes with variable duty cycles. Several crys-
tal diodes were measured and the noise output 
was found to be linear with current for tem-
peratures up to approximately 5000°K. A 
l'ut nu t ble noise 50111er using a gas discharge. tube 
whit variable duty cycles to adjust the average 
temperat tire of the comparison terminal ion of 
tue' radiometer is also discussed. 

Results are given for an experimental X-
band system using a crystal diode as a variable 
noise source. For this system, a reduction of 
gain by 5 (lb had no measurahle effect on the 
acculacv of tneutsurement. 

Surface Current Measurements with an 
Electric Probe - -Robert Plonsey (p. 214) 

The use of an electric probe for measure-
ment of induced surface currents on obstacles 
in a parallel plate region is deie...ribed. An anal-
ysis of the sources of error, and in particular 
the interaction of the probe with t lie obstacle, is 
examined theoretically and experimentally. It 
is c(mclmleil that the technique is capable of 
yielding measurements of good aCCIIrary. 

Direct Coupled Coaxial a nd Waveguide 
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Band-Pass Filters—Richard M. Kurzrak (p. 
218) 

A Microwave Power Limiter— M. J. Rod-
riguez and D. Weissman (p. 219) 

A Four-Component Polarization Resolver— 
P. J. Allen (p. 220) 

The Channel Waveguide—R. J. ‘'ilin ur and 
K. Ishii (p. 220) 

Frequency Diplexing with Waveguide Bi-
furcations— George P. Kefalas (p. 221) 

Contributors (p. 223) 

Military Electronics 

VOL. MIL-6, No. 2, Aran., 1962 

Frontispiece—Alton W. Sissom (p. 109) 
Foreword— Alton W. Sisson' (p. 110) 
Some Early Developments in Synthetic 

Aperture Radar Systems—C. W. Sherwin, 
J. P. Ruina and R. I). Rawcliffe (p. 111) 

This paper describes some of the early de-
velopments in the synthetic aperture technique 
for radar application. The basic principle and 
later extensions to the theory are described. 
The results of the first experimental verifica-
tion at the University of Illinois are given as 
well as the results of subsequent experiments. 
The paper also includes a section comparing 
some of the important features of real and syn-
t het ic apert ure systems. 

The Equivalence Among Three Approaches 
to Deriving Synthetic Array Patterns and Ana-
lyzing Processing Techniques— H. L. McCord 
(p. 116) 

The equivalence of the vector addition, 
cross-correlation, and filtering approaches to 
deriving synthetic array patterns and analyz-
ing processing techniques is demonstrated here. 
A mathematical mode? is defined which estab-
lishes a geometry, a transmitted and received 
signal, and a general synthetic array weight-

«. ing function. A preliminary analysis of this 
model derives the signals received at the flight-
path points where radar pulse transmission 
and reception occurred, and the effects at 
these flight-path points of the synthetic array 
weighting function. The weighted, received sig-
nal expression is then summed over the array, 
and the resultant shown to be a vector addi-
tion, a cross-correlation integral, or a filtering 
operation depending on the changes of variable 
and formal manipulations employed. 

A Comparison of Techniques for Achieving 
Fine Azimuth Resolution—L. J. Cutrona and 
G. O. hail (p. 119) 

In the discussion of techniques for achiev-
ing azimuth resolution, it is instructive to com-
pare the achievable resolution for three cases: 

1) the conventional case for which 

XR 
Res = k — 

I) 

2) the unfocused synthetic antenna case 
for which 

Res = k-VRX 

3) the focused synthetic antenna case for 
which 

Res = kD 

where X is wavelength, D is aperture of phys-
ical antenna used and R is range, and the k's 
are constants of proportionality. 

These cases are compared. It is shown for 
unfocussed synthetic antennas that there is a 
maximum length which depends on range and 
wavelength. This restriction on length can be 
removed by focussing. 

A number of degrees of freedom exist for 
the design of a synthetic antenna which are not 
available for a real linear array. Among these 
is the ability to focus simultaneously at all 
ranges. 

Theory and Evaluation of Gain Patterns of 
Synthetic Arrays— R. C. Heimiller (p. 122) 

The results of an analysis of synthetic array 
gain patterns, including sidelobe response, are 
summarized. Both focused and unfocused ar-
rays are examined. The phase time history of 
echoes from reflectors on the ground as a func-
tion of position is used to mollify the equations 
for the broadside synthetic array for applica-
tion to forward-looking antenna arrays. The 
dependence of the "optimal" length and reso-
lution of an unfocused array on the look angle 
is derived. The gain patterns of unfocused syn-
thetic arrays are presented for arrays of various 
lengths with both rectangular and exponential 
amplitude weighting. 

Calculations are made showing that the 
physical antenna gain pattern acts as ampli-
tude weighting with resultant sidelobe suppres-
sion and illustrating that the final gain pattern 
cannol be expressed as the product of the space 
factor of the array time the real antenna gain 
pattern. However, unless the length of the syn-
thetic array is about equal to or greater titan 
the real antenna beamwidth times the range, 
the product approximation error is negligible in 
the region near the main lobe and amounts to a 
reduction in gain. 

The results of this analysis are then put in 
the form of design curves from which such pa-
rameters as the maximum resolution of an un-
focused array and the length of array necessary 
for a given resolution at a given frequency can 
be obtained. 

The Effect of Normally Distributed Ran-
dom Phase Errors on Synthetic Array Gain 
Patterns— C. A. Greene and R. T. Moller (p. 
130) 

In the practical formation of synthetic ar-
ray patterns the individual signals which are 
integrated to form the array will sustain un-
compensated phase shifts. If these uncompen-
sated phase shifts are deterministic, the eval-
uation of their effect on the synthetic array 
radiation pattern is straightforward. On the 
other hand, if the uncompensated phase shifts 
are random, such as would be produced by 
propagation anomalies, a statistical study 
must be made to determine statistical measures 
of the effects on the radiation pattern. 

Part I describes an analytical study of the 
effects of normally distributed random phase 
errors on synthetic array performance. The sta-
tistical measures of performance derived in-
clude expected beam broadening, rms beam 
canting, and expected loss in peak gain. The 
analysis is limited to the case of small rms dif-
ference in phase error across the array. 

Part II describes a Monte Carlo simulation 
study which removed the restriction of small 
rms pitase error difference. In addition, the 
simulated radiation patterns generated in the 
simulation study allowed the computation of 
the statistics of the ratio of main lobe to inte-
grated sidelobe power. This performance pa-
rameter is, in general, the most sensitive of all 
the performance measures to residual uncom-
pensated phase errors. 

Phase-Amplitude Monopulse System— 
W. Ilausz and R. A. Zachary (p. 140) 

Phase tnonopulse, zunplitude monopulse, 
and phase-amplitude monopulse are compared. 
The latter uses only two antenna feeds and by 
controlling the aperture illumination from 
these feeds has a separation of the illumination 
phase centers in one axis and opposed tilts of 
the phase fronts, or squint, in the other axis. It 
is desctibed as more fundamental or less re-
dundant than ((tinhorn or other multihorn 
monopulse designs. In lacking redundancy it is 
less complex, but has fewer degrees of freedom 
to optimize performance. Tite earliest example 
of phase-amplitude monopulse, the AN / 
APG-25 N-2), is described and its perform-
ance given. 

SCAMP—A Single-Channel Monopulse 

Radar Signal Processing Technique—W. L. 
Rubin and S. K. Kamen (p. 146) 

A new monopulse radar signal processing 
technique is described, which requires only a 
single IF amplifier channel to instantaneously 
process the returns front all targets within a 
beamwidth. The basic signal processor consists 
of a wide-band amplifier-harcl limiter, followed 
by appropriate band-pass filtering. The mathe-
matical basis for its operation is developed and 
corroborating experimental results are given. 
Angle accuracy curves for a sum and difference 
monopulse system are derived as a function of 
input SNR. 

Continuous-Wave Radar with High Range 
Resolution and Unambiguous Velocity Deter-
mination—S. E. Craig, W. Fishbein and O. E. 
Rittenbach (p. 153) 

The conventional pulse radar has two short-
comings. First, since the pulse width and pulse 
repetition frequency are constrained by reso-
lution and maximum range requirements, the 
average transmitter power can be increased 
only by increasing the peak transmitter power. 
Second, the limitation imposed by the sampling 
theorem prevents unambiguous measurement 
of Doppler frequencies higher than one half 
the pulse repetition frequency. 

These disadvantages can be circumvented 
by operating with continuous transmission, 
suitably modulating the transmitter power and 
correlating returned echoes with a delayed 
replica of the tnodulating signal. 

An excellent waveform for modulating the 
transmitter is the pseudo-random code gener-
ated by a shift register with multiple feedback 
paths. The autocorrelat ion function of the code 
has a single narrow peak each code length and 
low sidelobes. The code is easy to generate. 
Long delays are possible, since it is necessary 
only to memorize the code generation logic and 
not the code itself. The binary nature of the 
code makes it easy to perform such operations 
as multiplication. 

Realization of the desirable properties of 
the pseudo-random code depends on the man-
ner in which the radio frequency carrier is mod-
ulated and demodulated. It is shown that 
phase-reversal modulation results in little dis-
tortion of the code, while frequency modula-
tion can give rise to false range indications. 

Sidelobe Suppression in a Range-Channel 
Pulse-Compression Radar—C. L. Temes (p. 
162) 
A model range-channel pulse-compression 

system is postulated and the problem of sup-
pressing sidelobes in the compressed pulse is 
discussed. It is concluded that a uni dit une-
weighting in the time domain (at IF) is a con-
venient method of suppressing sidelobes. An 
integration loss factor is defined which char-
acterizes the decrease in signal-to-noise ratio 
(SNR) resulting from the inclusion of weight-
ing. For a radar system which is peak-power-
limited, it is shown that the integration loss is 
less if the amplitude-weighting is accomplished 
entirely at the receiver while " mismatching" 
the s), stem, rather than weighting at both 
transmitter and receiver while preserving a 
"matched" system. Some common amplit ude-
weighting functions are compared in terms of 
integration loss, main-lobe broadening, and 
sidelobe structure. The Hamming weighting is 
shown to be a good compromise among the 
above factors and, in addition, it is relatively 
easy to implement. The effect of a time-mis-
match between the hamming amnia ude-
weight ing function and an echo pulse is consid-
ered for the special case of linear-frequency 
modulat ion. 
A Large Time-Bandwidth Product Pulse-

Compression Technique— R. (.7. Thor (p. 169) 
A pulse-compression radar system which 

utilizes a linear FM waveform has a theoretical 
upper limit to the magnitude of its compres-
sion ratio or time-bandwidth product. This 
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limit is a function of the obset ved target's rela-
tive radial velocity, and the effect on the return 

signal is characterized by both a pulse stretch-
ing and amplitude reduction if the limit is ex-
ceeded. The use of a logarithmic phase-modu-
lation signal waveform and a corresponding 
"matched" receiver possesses the desirable 
characteristics of the linear FM and in addition 
has no upper limit to the magnitude of the com-
pression ratio. A single receive pulse-compres-
sion filter is matched for all target velocities. 
A linear FM signal can be thought of as a very 
good apprrrximation to a logarithmic phase-
modulation signal for compression ratios less 
than the maximum limit. A general method of 
implementing a variety of systems employing 
pulse-compression ratios up to 10 and utiliz-
ing logarithmk. phase modulation is presented. 

Optical Processing of Simulated IF Pulse-
Doppler Signals W. G. Iloefer ( p. 174) 

The potentially wide bandwidth and large 
storage capacity of optical recording and proc-
essing systems leads naturally to consideration 
of direct IF recording. A method of recording 
and processing IF pulse-Doppler signals is pre-
sented and it is shown how ambiguities are re-
duced, compared to video processing, in the 
manner expected front sampling theory. Proc-
essing of a linearly varying Doititler frequency 
is also discussed. Experimental results wit h sim-
ulated constant frequency and linearly varying 
frequency recordings are slIONV11. 

An RF Multiple Beam-Forming Technique 
_william wiam•v ( p. 179) 

An RH' beam-forming matrix is described 
which forms "n" simultaneous beams from an 
"n" element array in a passive and theoretically 
lossless manner. The principle of operation is 
explained using sonic simple matrix configura-
tion. A general expression for the far-field pat-
tern of any beam is derived and then used to 
study the positions of beam peaks, the posi-
tion of beam nulls, the crossover level between 
beams and the frequency sensitivity of beam 
positions. This matrix provides a unlit win il-
lumination of the array aperture; hi , wever. 
simple beam combining techniques ‘vill yield 
tapered illuminations. An experimental 16-
element het tn-forming riait ris' which operates 
at 900 Mcirs is described, and results of RF and 
antenna nwasurement s on the matrix are pre-

senter l. 
Theory of Coherent Systems \V. M. 

Brown and C. J. Palermo (p. 187) 
A circuit theiwy model is derived for coher-

ent radar, communication, sonar and antenna 
systems. The model involves linear time invari-
ant operators and hence can be thought of as 
cascaded filters. The model provides insight for 
such systems not previously available, and it 
provides a unified approach to the analysis of 
all the above systems. 

The analysis is concerned with continu-
ously distributed target fields and point targets. 
perturbed by both additive noise and random 
phase errors. The model in general consists of 
two litters, a pre- filter and a post-filter. For 
radar, sonar, and antenna systems the input is 
the reflectivity of the target field to be sensed. 
For the radar and sonar case the impulse re-
sponse of the pre- filter is the transmitted pulse 
while for antenna systems the impulse response 
is the current distribution. For communica-
tions, radar, and sonar the post-filter is the 
receiver while for antennas the post-filter is a 
combination of the receiver and the receiving 
antenna. Additive receiver noise is accounted 
for at the input of the post- filter. Lack of per-
fect coherence or phase errors can be due to 
many causes, e.g., atmosphere or ocean in-
homogeneities. To account for the various 
sources of phase errors, one must consider both 
the pre-filter and post-filter as random param-
eter systems and include a multiplicative error 
at the input of the post-filter. Titis also ac-
counts for fading. 

Optimum detection hag been considered 
extensively in the literature; in this report we 
emphasize two other related criteria, namely 
resolution and mean-square error. Even for the 
case where there is no interfering phenomenon, 
one can optimize a system for resolution. The 
definition one uses for resolution may be moti-
vated at least in part by the fact that there 
will always be noise present. Optimum systems 
are derived for various constraints and defini-
tions of resolution in the noiseless case. Such 
considerations provide a simple philosophy for 
system design. These simple results on resolu-
tion are applied to pulse compression radars 
and to antenna design. 

The second section of the paper deals with 
least-squares optimization. The problem in the 
radar case is to estimate the reflectivity of a 
continuous target field in the least-squares 
sense. An optimum receiver is first derived in 
the presence of both phase errors and additive 
noise. Then the best pre- filter is derived in 
presence of only additive noise. This deter-
mines the best transmitted pulse. Also, phase 
modulated communications systems are dis-
cussed briefly; it is shown that rather elaborate 
complex filtering provides improvement. Even 
when the signal is a real function the best re-
ceiver is still a complex parameter system 
rather than a real parameter system. 

In the last section, the case of twint targets 
is discussed. Pritnary etnpliasis is placed on es-
timating resolution in the presence of phase 
errors. For the Catie of point targets, we ex-
amine the effect of phase errors on the atnbigii-
it y function. It is shown that two effects are 
present due to phase errors. The first is a deg-
radation of resolution in both dimensions and 
the second is zr degradation in t la` a bilit y to 
detect the targets against additive noise. 

The resolution in the frequency variable is 
derived for an arbitrary transmitted pulse and 
the resolution in tittle, or position, is derived for 
a linear FM (chirp) pulse. In the presence of 
random phase errors, the resolution of the ex-
pected response is found. For the special case 
of I-le Phase errors. the displacement of the 
peak of the ambiguity function and the in-
crease in its width (resolution degradation) 
caused by ithase twrors are calculat et I. \ Ist', fot 
LI: phase errors it is shown that the same tlata 
processing maximizes 5X It while optimizing 
resolution. 

Radar Resolution of Closely Spaced Tar-
gets W. L. Root (p. 197) 

This paper presents an analysis of the prob. 
hein of the resolvability of two radar targets 
which are located close together, in the sense 
that any parameters of the targets being tneas-
ure.d (e.g., range, range rate, range accelera-
tion, azimuth, azimuth rate, etc.) are close to-
gether. Arbitrary sets of parameters are al-
lowed, and it is assumed there is additive noise 
of arbitrary but known spectral shape. A cri-
terion of resolvability is formulated, and in 
terms of lid:4 criterion equations are derived 
for the general case to show whether neighbor-
ing targets are resolvable. The results are 
specialized for the case of white-noise interfer-
ence and the measurement of range and range 
rate. 

Signal Fidelity in Radar Processing - 
W. A. Penn (p. 2(14) 

l'sually in a radar signal-processing sclietne, 
the primary consideration is the geometrical 
resolution of the system, or, if a particular 
measurement is desired, the accuracy of the 
system. Thus a given signal-to-noise ratio may 
be sought in order to meet a simple detection 
requirement or a desired accuracy. Usually, be-
yond these simple criteria, the matter of signal 
amplitude fidelity is not particularly stressed. 
In many processes, however, signal fidelity can 
be an important consideration in evaluating the 
over-all effect on the observer. 

111 titis paper the loss of infortnat ion caused 

by signal interference in correlation or matched 
filter techniques is evaluated in an approxi-
mate tnanner. This is related to the invariance 
of the total integral of the Woodward ambigu-
ity function. Degradation of the desired sig-
nal due to the statistical fluctuation of the sig-
nal itself is also considered. The distinction be-
tween pre-detection integration, which is in-
volved in the correlation process, and post-
detection integration is made. How these fluc-
tuations can be reduced by post-detection inte-
gration is discussed and the resulting proba-
bility distributions of the signal ;ire evaluated. 

Fintrhhv some brief comments are made on 
the philosophy of providing adequate gray-
level rendition in radar displays. Attention is 
given to reconciling the dynamic ranges of the 
display and the signal, and to the nutnber of 
resolvable gray levels available in the signal. 
A good example of these principles is the 

probletn of recognition of objects in maps ob-
tained from high-resolution radars. A ground-
mapping system, using a coherent digital cor-
relat or and a pseudo-random code is analyzed 
in order to demonstrate a particular atiplica-
t ion. Several pltotographic simulations are 
shown which graphically illustrate the effects 
of correlation noise and post-detection integra-
t ion. 

Analysis of Signal Processing Distortion in 
Radar Systems - j. V. DiFranco and W. L. 
Rubin (p. 219) 

Signal processing distortion degrades radar 
performance with respect to target data ac-
curacy, ambiguity and resolution. A measure 
of the loss in performance is obtained by the 
development of a modified radar " uncertaint 
function" which results from the presence of 
t inie- and frequency-domain dist ont ions in t he 
system. Losses due to the tnajor sources of dis-
tortion are evalwited and several compensa-
tion teclutiote-' 

Contributors ( p. 228) 

Radio Frequency Interference 

Vol.. RI:1-4, No. 2, \ IAN., 1962 

The Issue in Brief (p. I) 
A Few Words from Your National Chair-

man ti. E. Dinger ( It iii) 
Control of Interference Between Surface 

Microwave and Satellite Communication Sys-
tems W. L. Firestone, S. G. Lutz. and J. 
Smith fp. I) 

Satellite technology can expand global com-
munication by orders of magnitude, but only 
by sharing frequencies with sut face services 
now occupying the spectrum. Feasibility of 
frequency. sharing with fixed microwave sys-
tems is discussed here. Such systems oct•upy a 
useful fraction of the spectrum and employ 
horizontzilly-beamed low power. Passive and 
active, stationary and low orbit satellite point-
to-twint systems are considered. 

Interference may lx. "surface" (earth termi-
nal to or from microwave) or "orbitzil" (to, 
from, or via satellites). Surface coordination is 
eased by the minimum elevation angles of 
terminal antennas. but still requires beyond-
horizon separations or topographically pro-
tected sites. Interference from satellite's is in-
consequential. Main-beam interference to 
satellite,: can come only from a tangential belt. 

Radio Interference—Suicide or Challenge 
—C.. Jacobs (p. 21) 

The reduction and ultimate prevention of 
radio frequency interference, and the solution 
of the broader problem of radio spectrum con-
servation, are among the greatest technical 
challenges to be faced in the decade of the 
1960's. TO meet this challenge successfully, it 
is stressed that close cooperation must exist 
between the engineer and the diplomat, be-
tween telecommunication planners, managers, 
and policy makers, both nationally and inter-
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nationally. To help accomplish this, the sug-
gestion is made that the PGRFI broaden its 
responsibilities to cover the entire field of radio 
spectrum conservation. 

Recent Developments in RF Interference— 
O. M. Salati (p. 24) 

Present trends in the design of transmit-
ters, receivers, and antennas for use in com-
munications and radar are reviewed to assess 
their impact on interference, interference 
measurement techniques, shielding and predic-
tion methods. It is shown that transmitter 
power output and antenna size have increased 
by a factor of 10 in the last decade and that 
similar increases are anticipated in the next five 
to ten years. Transmitber spurious outputs are 
now frequently greater than the desired out-
puts of transmitters a few years ago. It is also 
shown that receiver sensitivity improvement, 
as a result of new techniques (masers, para-
metric, amplifiers, etc), may not be realiz-
able unless antenna side- and backlobes are 
drastically reduced. It is further shown that 
the sensitivity and frequency range of field in-
tensity meters must be increased to permit 
meaningful measurements in the light of these 
developments. It is suggested that the perform-
ance of filters for transmitters must be devel-
oped for receivers to reduce interference. 

Contributors (p. 34) 

Reliability and Quality Control 

RQC-11, No. 1, M AN-, 1962 

System Evaluation or Reliability in Eco-
nomic Perspective—E S. Winhind (p. 1) 

ICEWB—A Radiation Burst Test Facili-
ty—J. W. Flora and R. K. Stitt (p. 4) 

It is a well-established fact that brief pulses 
of intense radiation, such as those produced 
during a nuclear detonation, can disable, or 
cause serious malfunction of, most electronic 
systems even though they are located outside 
the thermal and shock destruction zones. Titis 
fact has given rise te the need for a device 
which can simulate the radiation environment 
accompanying a nuctear detonation. Coinci-
dental with the evolution of this need, a family 
of nuclear reactors has been demonstrated as 
being capable of producing radiation bursts 
which, in all important respects, adequately 
simulate a nuclear weapon. These devices offer 
additional advantages over field tests involving 
actual detonation in that they may be operated 
on a routine repetitive basis at a much reduced 
cost and under carefully controlled laboratory 
conditions. 

The Kinetic Experiments on Water Boiler 
(KEWB) reactor has a demonstrated ability 
to perform in the capacity of a weapon simu-
lator. This reactor is located in the Los Angeles 
area and is operated by Atomics International 
for the Atomic Energy Commission. Organiza-
tions executing Government contracts can 
take advantage of its availability if transient 
radiation resistance requirements are encoun-
tered during execution of their contract. The 
reactor is of the aqueous homogeneous type 
and produces the shortest duration pulse of 
any of the the thermal neutron reactors operat-
ing today. Radiation pulses of varying widths 
down to 3.0 msec can be obtained with the as-
sembly together with peak neutron and gamma 
intensities of 3X10 16 neutrons cm,-sec and 
operating today. Radiation pulses of varying 
widths down to 3.0 msec can be obtained wit it 
the assembly together with peak neutron and 
gamma intensities of 3X 10 1, neutrons /cm ,-sec 
and 3X 10 R /sec. respectively. Equipment oc-
cupying several cubic feet can be located in the 
immediate vicinity of the reactor core and ex-
posed to these intense radiations. 

A Computer Application to Reliable Circuit 
Design— I.. Heileman (I)• 9) 

The problem of reliable electronic circuit 
design by statistical methods is described. After 
a brief account of the history of titis problem, 
we give the principle of one successful method 
—Monte Carlo. Two itnpletnentations of this 
method, as digital-computer programs, are 
given. Tile first program analyzes the reliability 
of a given circuit, Tite second program picks 
component values to optimize the circuit be-
havior with respect to several performance 
aspects. Examples illustrating the nature of the 
input and output information are included. 

" . . Civilization advances by extend-
ing the number of important operations 
which we can perform without thinking 
about them. . " 

-A. N. Whitehead 
A Survey of Applications of Radioactivity to 

Electronics—A. J. Moses (p. 19) 
After a review of the nature of radioactivity 

and its detection, typical applications of radio-
activity are presented in research, development 
and quality control with emphasis on the field 
of electronics. 

Topics discussed include the efficiency of 
cleaning operations, determination of impuri-
ties in semiconductor materials, detection of 
leakage of air into sealed units, wear of relay 
contacts, isotopic dating of products, pre-
ionization of gases, dissipation of electrostatic 
charges, location of hidden splices, and verifi-

cation of installation of small cotnponents. 
Which Road to Satellite Reliability— R. H. 

Myers (p. 24) 
Unless exceptionally high levels of reliabil-

ity are achieved in long mission satellite sys-
tems such as those required for navigation, 
weather, ICBM warning, or communication 
purposes, the operating costs become prohibi-
tive in terms of satellites needed to keep the 
system going and multimillion dollar costs per 
launch. 

Titis paper outlines and discusses the tech-
nical reliability approach and the related relia-
bility program plan needed to meet the severe 
reliability requirements of satellite systems. 

On Models for Reliability Prediction 
R. S. Robins ( p. 33) 

The paper presents a review and com-
mentary on various mathematical models 
which have been proposed and used for ana-
lytical prediction of reliability. Attention is 
given to the physical interpretation of some of 
the mathematical postulates on which particu-
lar models are built. A rough classification of 
models for long-term life quality analyses as 
distinct from short-term success at any instant 
predictions are made. Based on the considera-
tions presented, a summary commentary is 
made on the present status of reliability pa'-
diction theot it's. 

Improving the Reliability of Digital Devices 
with Redundancy: An Application of Decision 
Theory— E. J. Farrell ( p. 44) 

Tile reliability of complex digital systems 
can be increased by increasing the reliability of 
the components of the system or by inserting 
redundant components into the system. Since 
it is often prohibitively expensive to obtain 
successively higher levels of component relia-
bility, inserting redundant components may 
be the only reasonable way to satisfy future 
digital system requirements. 

Tile reliability of a given computer sub-
system may be improved by adding redundant 
subsystems of the same sort having the same 
inputs, and entering the several outputs into a 
decision element designed to produce the most 
probably, correct final output. Titis paper deals 
with designing the decision element. 

The optimum design is obtained for several 
different types of sstems. The decision ele-
ment that maximizes the "reliability" is de-
rived when the a priori probabilities of various 
outputs are known and when they are un-
known. Tile optimum element is unique ‘viten 
the a priori probability is unknown. 

Call for Papers-9th National Symposium 
(p. 53) 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.232 2137 
Active Load Impedance—R. J. Bobber. 

(J. Acousi. Soc. .4m., vol. 34, pp. 282-288; 
March, 1962.) Theory is developed for the 

1879 operation of a load impedance of any magni-
1881 tude and phase, including negative resistance. 
1881 The load impedance of a generator or the 
1883 radiation impedance of a transducer is con-
1883 trolled by a second generator coupled to the 

first by a transmission line. The theory is ap-
plicable to underwater sound transducers. 1884 

1884 
1885 
1885 
1886 
1886 
1887 
1887 
1888 

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. 

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 
621.382 

621.385.6 

(PE 657) 
(PE 657) 

(PE 634) 

621.391.8 (PI'. 651) 
621.397.1.32 ( PE 650) 

The "Extension 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 l'E 
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. I, England. 

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 Refer-
ences section. 

534.232 2138 
Preloading of Acoustic Transducers for 

High-Pressure Operation—A. I). Brickman. 
(J. Acousl. Soc. Am. vol. 34, pp. 305-311; 
March, 1962.) By preloading a piston-type 
transducer mechanically, high-pressure per-
formance is improved. The advantages of 
conical disk springs as isolators are discussed. 

534.232 2139 
Theory of a Passive, Reversible, Dis-

tributed-Coupling Transducer.-- W. .1. Trott. 
(J. Aeons'. Soc. Am., vol. 34, pp. 333-337; 
March, 1962.) Equations are derived for a 
low-Q, high-efficiency, underwater sound trans-
ducer with constant resistive impedance. It 
consists of an acoustic transmission line 
coupled to a low-pass electrical transmission 
line. Theory and four proposed designs are 
given. 

534.232 2140 
Low-Resonant-Frequency Barium Titanate 

Transducer—L. W. Dean, III, and N. A. Ball. 
(J. Acoust. Soc. .4m., vol. 34, p. 347; March, 
1962.) The transducer, which is a bilaminate 
strip of BaTiO3 mass-loaded at its ends, has a 
resonance frequency in the range 200-1700 cps. 

534.232-8 2141 
Ultrasonic Intensity Gain by Composite 

Transducers—W. J. Fry and F. Dunn. (J. 
Aeons,. Soc. Am., vol. 34, pp. 188-192; 
February, 1962.) An analytic description of the 
action of a composite layered transducer is 
given. The increase in acoustic intensity over 
that obtained by direct coupling is considered 
quantitatively and the results are presented 
graphically. Intensities as high as 10" wicm 
may be attained. 

534.24 2142 
Reflection and Transmission of Sound by 

Elastic Spherical Shells—R. R. Goodman and 
R. Stern. (J. Acoust. Soc. Am., vol. 34, pp. 
338-344; March, 1962.) 

534.522.1 2143 
Optical Measurement of the Sound-

Pressure Amplitude and Waveform of Ultra-
sonic Pulses--W. W. Lester and E. A. Iliede-
mann. (J. Acoust. Soc. Am., vol. 34, pp. 265-
268; March, 1962.) The use of fight diffraction 
for measuring the sound-pressure amplitude 
and waveform of ultrasonic waves leg., 1467 of 
1960 ( Hargrove, el al.)1 is extended to pulses. 
The method has been used km- transducer cali-
bration in water at 5 Mc or pulses of 3- 12-ms 
duration. Results are in agreement with those 
obtained by CW technique. 

534.522.1 2144 
Optical Method for Ultrasonic Velocity 

Measurements at Liquid-Solid Boundaries— 
W. G. Mayer and J. F. Kelsey. (J. Acoust. Soc. 
Am., vol. 34, pp. 269-270; Mardi, 1962.) "An 
optical method is used to measure the energy 
ratio of reflected and incident ultrasonic waves 
at a liquid-solid interface. The ultrasonic 
velocities in the solid are calculated front the 
angles of maximum reflect:on in the liquid." 

534.61-14 2145 
Sound Sources and Probes for the Measure-

ment of Pulsed Acoustical Waves in Water— 
W. G. Neubauer. (J. Acozol. Soc. Am., vol. .34, 
pp. 312-318; March, 1962.: 

534.63-8 2146 
Precise Determination of Wavelength with 

an Ultrasonic Interferometer— I. Ikeda. (J. 
Acousl. Soc. Am., vol. 34, pp. 351-352; March, 
1962). An interferometer operating ; it 15 Mc 
and capable of detecting an adjustment of 
0.2µ in the length of an acoustic path is 
described. 

534.79 2147 
The Loudness of Diffuse Sound Fields - 

D. W. Robinson, L. S. Whittle and J. M. 
Bowsher. (itcousricu, vol. 11. no. 6, pp. 397-
404; 1961.) Description of subjective tests in 
which the loudness of diffuse sound fields was 
compared with tbe loudness of normally inci-
dent progressive waves. Results are compared 
with those of investigations using different ex-
perimental arrangements. 'Me form of the 
equal-loudness contours for diffuse fields is 
derived. For measurements on directional 
sound fields see 1713 of 1961 (Robinson and 
Whittle). 

534.84 2148 
The Influence of the Surface of the Test 

Material on the Diffusivity e the Sound Field 
in the Echo Chamber and on the Sound Ab-
sorption Coefficient—F. Kohler and M. Kriiak. 
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(Acoustica, vol. 11, no. 6, pp. 405-413; in 
German.) Continuation of earlier investigations 
of sound-field diffusivity. lAcouslica, vol. 10, 
nos. 5/6, pp. 357-371; 1960 (Kolmer, el al.)! 

534.843.3 2149 
Variations of the Level of Acoustic Pressure 

in an Enclosed Space —H. S. Kurtovié. ( Ann. 
Télícommun., vol. 16, pp. 254-267; November 
/December, 1961.) The laws of variation of 
acoustic intensity in rooms are examined for 
widely varied acoustic conditions. 

534.861 : 621.391.827 2150 
Radio-Frequency Screened Equipment for 

Audio-Frequency Circuits- 11. Schiesser. 
(Rundfunktech. Mill., vol. 6, pp. 42-46; 
February, 1962.) The problem of shielding 
studio equipment from RF fields is discussed 
with reference to measurements of coupling 
resistance on various cable systems. A new type 
of seven-pole screened coupler is described. 

534.88 2151 
Optimum Signal Processing of Three-

Dimensional Arrays Operating on Gaussian 
Signals and Noise--F. Bryn. (J. ACOUSI. Soc. 
Am., vol. 34, pp. 289-297;- March, 1962.) The 
elements required for design of an optimum de-
tector are deduced and numerical examples are 
presented. 

534.88 2152 
Effect of Rough Surfaces on the Resolution 

of Acoustic Rays in the Ocean—A. Berman. 
(J. Acousf. Soc. Am., vol. 34, pp. 298 -304; 
March, 1962.) The effect of boundary scatter-
ing at frequencies below I kc on the resolution 
of ray paths is investigated. 

534.88 2153 
Scanned Line Hydrophone Method of De-

termining Angle of Arrival of Sound in Water— 
M. T. Pigott, I). C. Whitmarsh, and J. L. 
Brown, Jr. (J. Acoust. Soc. Am., vol. 34, pp. 
319-328; March, 1962 ) By rapid electronic 
sequential scanning of a group of hydrophones 
closely spaced in a straight line, an output 
effectively that of a rapidly moving single re-
ceiver is produced. The Doppler effect observed 
at the output determines the bearing of the 
received signal. 

534.88 2154 
Problems Associated with the Measure-

ment of Ambient-Noise Directivity by means 
of Linear Additive Arrays—J. Stone. (J. Acoust 
Soc. Am., vol. 34, pp. 328-333; March, 1962.) 
Limitations in frequency response and smooth-
ing caused by sidelobe responses reduce the 
reliability of measurements made with the 
array. 

621.395.61.089.6 2155 
Problems in the Testing of Pressure-

Gradient and Velocity Microphones—G. Kas-
zynski and \V. Ortrneyer. (Ilockfrequenz. and 
Elektroak., vol. 71, pp. 29-34; February, 1962.) 
The calibration of microphones in anechoic 
chambers is discussed with particular regard to 
the importance of establishing the correct 
sound field. 

ANTENNAS AND TRANSMISSION LINES 

621.372.8 2156 
Demonstration of Higher Modes of Oscil-

lation in Waveguides with the Aid of the Radia-
tion Field— K. E. Millier. (Nachrtech., vol. 12, 
pp. 18-24; January, 1962.) The radiation char-
acteristics of circular and rectangular wave-
guide are investigated and used as a means for 
analyzing the modes present in the waveguide. 

621.372.8:537.527 2157 
Gaseous Breakdown in Pressurized Micro-

wave Components--R M. White and R. H. 

Stone. (Electronics, vol. 35, pp. 45-47; April 
20, 1962.) Factors that cause electric break-
down in waveguides and other microwave com-
ponents are discussed. Means of preventing this 
type of breakdown are considered. 

621.372.81 + 538.566 2158 
The Propagation of Electromagnetic Waves 

in a Parallel-Plate Medium whose Plates are 
Arbitrarily Thick and Lossy—Thust. (See 
2251. 

621.372.823:537.226 2159 
Propagation along Unbounded and Bounded 

Dielectric Rods: Parts 1 & 2 —P. J. B. Clarri-
coats. (Proc. IEE, vol. 108, pp. 170-176, and 
177-186; March, 1961.) The propagation con-
stants of a rod are derived and its behavior in-
side a circular waveguide is studied. Expressions 
are given for power distribution and attenua-
tion. 

621.372.825 2160 
The Theory of a Diaphragm-Loaded Wave-

guide of Rectangular Cross-Section—E. S. 
Kovalenko and V. S. Kovalenko. (1w. vyssh. 
rich. Zay., Radioiekhnika, vol. 4, pp. 11 -25; 
January/February, 1961.) An infinite system 
of algebraic equations occurring in the theory 
of ridge waveguides is considered and a method 
of solution is given. Numerical calculations are 
made relating to the harmonics and cutoff 
frequencies of LE and LM waves. 

621.372.826:621.396.677.7 2161 
The Launching of Surface Waves by a 

Magnetic Line Source-- ('. M. Angulo and 
W. S. C. Chang. (Proc. 1EE, vol. 108, pt. C, 
pp. 187-196; March, 1961.) The excitation of 
surface waves along parallel dielectric slabs is 
found by modal analysis. Radiation field, the 
power of the waves and conditions for optimum 
launching efficiency are obtained. 

621.372.852.15 2162 
Microwave Filter Design Techniques - - 

E. Talian. (Microwave J., vol. 5, pp. 111-116; 
March, 1962.) Design data are given to enable 
filters to be built up of uniform tunable cavities 
and irises, the required pass bands being ob-
tained by moving the irises and tuning the 
cavities. 

621.372.852.32:621.396.43:551.507.362.2 2163 
A Temperature-Stabilized Microwave 

Power Limiter for Communication Satellite 
Use -- R. L. Comstock, \V. A. Dean and L. J. 
Varnerin. (Proc. IRE, vol. 50, pt. 1, pp. 470 - 
471; April, 1962.) The limiter comprises a 
spherical crystal of V-Fe garnet in a microwave 
cavit y. Operation is stable from 55° to 120°F. 

621.372.852.323 2164 
A Magnetless Millimetre-Wave Isolator 

using Strontium Ferrite-- P. Vilmur, K. Ishii, 
and F. F. V. Wang. (Microwave J., vol. 5, 
pp. 106-110; March, 1962.) Design information 
is presented for the range 57-59.5 Ge, for vari-
ous mounting positions and dimensions of 
ferrite and polystyrene strips. 

621.372.852.34+621.372.855.4 2165 
Investigations on Waveguide Attenuators 

and Terminations with Curved Resistive 
Layers—C. Striger. (Tech. Mill. PTT, vol. 39, 
pp. 297-305; September, 1961.) In the devices 
described the layer of resistive material is 
carried on an elastic support strip whose 
curvature and penetration into the waveguide 
can be varied. Good wide-band characteristics 
at low reflection are obtained as indicated by 
the test results given. 

621.372.852.4 2166 
Relation between Normal Waves in Wave-

guides with Ferrites— Vu. Va. Vurov. (12v. 
vyssh. uch. Zay.. Radiotekhnika, vol. 4, pp. 

26-36; January/February, 1961.) Expressions 
are derived for the propagation constant and 
wave amplitude in a ferrite-loaded waveguide. 
A new principle for the transformation of 
axially symmetric waves into linearly polarized 
waves by means of ferrite is suggested. 

621.372.853:537.56 2167 
A Backward Wave in Plasma Waveguide— 

S. F. Paik. ( Pnoc. IRE, vol. 50, pt. 1, pp. 
462-463; April, 1962.) A cylindrical rod on the 
axis of a cylindrical plasma column has pro-
nounced backward-wave properties. A thin di-
electr c cylinder around the plasma tends to 
enhance the backward wave. 

621.372.835.1 2168 
Lined Waveguide-11. G. Unger. (Bell Sys. 

Tech. J., vol. 41, pp. 745-768; March, 1962.) 
A more exact analysis is presented for straight 
and curved waveguides and for all practical 
linings. 

621.396.67: 621.318.57: 621.387 2169 
Duplezing and Switching with Multipactor 

Discharges— NI. P. Forrer and C. Milazzo. 
(Pnoc. IRE, vol. 50, pt. 1, pp. 442-450; April, 
1962.) The devices described handle peak 
powers up to 5.5 mw at nanosecond switching 
speeds. Practical S-band switches are described, 
and the theory is surveyed. 

621.396.67:621.396.621.22 2170 
Progress in the Construction of Common 

Aeria s using New Components —H. Licht. 
(Rundfunklech. Mill., vol. 6, pp. 21-25; Feb-
ruar)', 1962.) Distribution equipment for use 
in communal antenna installations is described 
which has particularly good characteristics for 
operation in bands /V/ V. 

621.396.67:624.97.042 2171 
Wind Pressure on Aerial Supports at Great 

Heights above Sea Level —F. Staiger. (Rand-
funklech. Milt., vol. 6, pp. 39-41; February, 
1962.) Design factors allowing for wind pies-
sure on antenna towers and masts are con-
sidered. For previous investigations of the 
loading of antenna structures due to ice forma-
tion see 2850 of 1961. 

621.396.678.424 2172 
A Survey of the Very-Wide-Band and 

Frequency-Independent Antennas-1945 to the 
Present—J. D. Dyson. (J. Res. NBS, vol. 66D, 
pp. 1-6; January/February, 1962.) An illus-
trated review of spiral and log-periodic an-
tennas. For another version with additional 
references see Electronics, vol. 35, pp. 39-47; 
April, 1962. 

621.396.67.095 2173 
Current on and Input Impedance of a 

Cylindrical Antenna—V. M. Chen and J. B. 
Keller. (J. Res. NBS, vol. 66D, pp. 15 21; 
January/February, 1962.) The current is ex-
pressed as the sum of a current emanating from 
the gap and two currents reflected from the 
ends. 

621.396.673 2174 
The E-Field and H-Field Losses around 

Antennas with a Radial Ground Wire System— 
T. Larsen. (J. Phys. NBS, vol. 66D, pp. 189 - 
204 ; March/April, 1962.) The antennas used in 
the investigation were x/2 and x/4 monopoles, 
and electrically short monopoles, some top-
loaded. 

621.396.673 2175 
The Electric Field at the Ground Plate near 

a Disk-Loaded Monopole—J. Hansen and T. 
Larsen. (J. Res. NBS, vol. 66D, pp. 205-210; 
March/April, 1962.) A knowledge of the elec-
tric and magnetic fields near such an antenna 
is necessary for the calculation of ground losses. 
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621.396.677.4 2176 
Theory of the Infinite Cylindrical Antenna 

including the Feedpoint Singularity in Antenna 
Current— R. II. Duncan. (J. Res. NBS, vol. 
661), pp. 181-188; March/April, 1962.) A 
theoretical study of the feedpoint singularity. 

621.396.677.5 2177 
A Note on the Radiation Resistance and 

Field Strength of Large Loop Antennas—K. S. 
Imrie. (Pgoc. IRE, vol. 50, pt. 1, p. 477; 
April, 1962.) Expressions are derived using a 
power-series expansion which shows more 
clearly the relation between different types of 
bous. 

621.396.677.7 2178 
Ferrite-Loaded Microwave Radiators— R. 

Kiihn and G. Teske. (Nachrtech., vol. 12, pp. 
9-12; January, 1962.) A survey of various types 
of microwave radiator with facilities for beam 
scanning, including a reciprocal phase shifter in 
rectangular waveguide. 

621.396.677.73 2179 
The Diagonal Horn Antenna A. W. Love. 

(Microwave J., vol. 5, pp. 117-122; ach, 
1962.) All horn cross sections are square and 
for small flare angles the electric vector is 
parallel to one of the diagonals. The far field has 
almost perfect circular symmetry. With an 
aperture five inches square operating at 16.5 
Cc, half-power beamwidth is 8.50; sidelobes in 
the principal planes are 33 db down. 

621.396.677.832:621.396.969.3 2180 
Radar Corner Reflectors for Linear or Cir-

cular Polarization —Lat mind and Sposito. 
(See 2334.) 

621.396.677.833 2181 
Horn-Parabola Aerial— H. K. Neske. 

(Nachrtech., vol. 12, pp. 13-17; January, 1962.) 
Design and construction problems are discussed 
and the characteristics of an antenna using a 
honeycomb type of structural material are 
given. 

621.396.679 2182 
Numerical Investigation of the Equivalent 

Impedance of a Wire Grid Parallel to the Inter-
face between Two Media—T. Larsen. (J. Res. 
N BS, vol. 661), pp. 7-14; January/February, 
1962.) Curves showing the impedance of a grid 
parallel to a ground/air interface are plotted as 
a function of grid dimensions and parameters 
of the ground. See 3273 of 1957 (Wait). 

621.396.679 2183 
Impedance of a Monopole Antenna with a 

Radial-Wire Ground System on an Imper-
fectly Conducting Half-Space: Part 1—S. W. 
Maley and R. H. King. (J. Res. NB.S, vol. 66D, 
pp. 175-180; March íApril, 1962.) The effective-
ness of a radial wire system as an approxima-
tion to a radial conducting disk is investigated. 

AUTOMATIC COMPUTERS 

681.142 2184 
Tunnel-Diode Shift Register— B. Rabino-

vid. (Pgoc. IRE, vol. 50, pt. 1, p. 473; April, 
1962.) Circuit and performance details are 
given of a simple register with low power con-
sumption and capable of high-speed operation. 

681.142 2185 
A Directly Coupled Serial Adder Designed 

for Use in a Digital Differential Analyser— 
B. A. Bonner. (J. Brit. IRE, vol. 23, pp. 
243-252; April, 1962.) A single type of transis-
tor and a single tube of collector load resistor 
are used throughout equipment for maximum 
economy and optimum operational reliability. 

681.142: 621.375.4.018.756 2186 
Nonsaturated Semiconductor Pulse Am-

plifier for Digital Computers--Filippov. (See 
2223.) 

681.142: 621.376.5 2187 
Accurate Analogue Computation with 

Pulse-Time Modulation—W. R. Seegmiller. 
(Electronics, vol. 35, pp. 54-57; March, 1962.) 
A technique is described for performing analog 
multiplication using a magnetic pulse-time 
modulator and transistors with a special feed-
back circuit. 

681.142: 621.382.23 2188 
Multiplication and Division using Silicon 

Diodes— II. L. Kahn. ( Rev. Sci. Instr., vol. 33, 
pp. 235-238; February, 1962.) The logarithmic 
characteristic of a silicon diode is used to per-
form division, multiplication and the extrac-
tion of square roots. Curves of results are given, 
showing an accuracy within 2 per cent in di-
vision and within about 3 per cnt in multipli-
cation, over a range in excess of two decades. 
Applications of the principles to an AGC 
circuit and to a system for controlling scanning 
speed of a recorder are presented. 

681.142: 621.382.3 2189 
Transistors as Function Generators—J. K. 

Sen. (Pgoc. IRE, vol. 50, pt. 1, pp. 478- 479; 
April, 1962.) A design procedure is outlined for 
transistor circuits which give square, square-
root and logarithmic responses. 

681.142:621.395.625.3 2190 
High-Density Storage of Wide-Band Ana-

logue Data—M. H. Damon and F. J. Messina. 
(Electronics, vol. 35, pp. 45-49; March, 1962.) 
A time-division multiplex system is used with a 
two-track video tape recorder to record and 
reproduce fifty-two separate channels. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.318.4.042.1:621.318.134 2191 
Disaccommodation and its Relation to the 

Stability of Inductors having Manganese-Zinc 
Ferrite Cores—E. C. Snelling. ( Mallard Tech. 
commun., vol. 6, pp. 207-215; March, 1962.) 
Results show the time variation in permeability 
produced by temperature changes. 

621.318.57:621.382.3 2192 
Temperature Characteristics and Examples 

of Application of Electronic Switches with 
Complementary Transistors—A. E. Bachmann. 
(Tech. Milt. PTT, vol. 39, pp. 401-416; 
December, 1961; vol. 40, pp. 19-28; January, 
1962.) The operation of circuits based on the 
combination of p-n-p- and n-p-n-type transis-
tors is investigated with regard to the effect of 
temperature variations. Applications discussed 
are mainly concerned with telephony equip-
ment. 31 references. 

621.372.412 2193 
A New Type of Piezoelectric Flexural 

Vibrator in the Form of Balanced Cantilevers— 
S. Ayers. ( Pgoc. IRE, vol. 108, pt. (', pp.35 49; 
March, 1961.) The theory of various forms of 
vibrator is considered. The theoretical fre-
quencies, temperature characteristics, Q factors 
and displacement patterns are compared with 
experimental values. 

621.372.44 2194 
Conjunctors, another New Class of Non-

energic Nonlinear Network Elements—S. 
Duinker. (Philips Res. Kepis., vol. 17, pp. 1 - 19; 
February, 1962.) This new device is a locally 
active but parametrically passive nonlinear 
three-port element defined by a set of algebraic 
equations between voltages and currents. 

621.372.5 2195 
Continuous Formation of Mean Values with 

the aid of Passive Networks II. J. Langer. 
(Frequenz, vol. 16, pp. 15-24; January, 1962.) 
Passive RCL networks are used to form the 
arithmetic mean over time intervals ranging 
from a few e to several secons. 

621.372.5 : 512.23 2196 
Connection Matrices and Networks Algebra 

—M. Boisvert. (Ann. Télécomman., vol. 16, 
pp. 268-287; November/December, 1961.) An 
algebra of passive linear reciprocal networks is 
described. 

621.372.5:621.3.049.75 2197 
Synthesis of Distributed-Parameter RC 

Networks—W. W. Happ. ( Pgoc. IRE, vol. 50, 
pt. 1, pp. 483-484; April, 1962.) Improvements 
in design and operational characteristics of 
thin-film distributed parameter networks are 
described. 

621.372.5: 621.391.822 2198 
Noise Figure Calculation based on the Ad-

mittance Matrix of the Network—E. L. 
Rotholz. (Pgoc. IRE, vol. 50. pt. 1, pp. 477-
478; April 1962.) A method of calculating the 
noise voltages and noise Egure of a network is 
described. The network is assumed to be linear, 
passive and time-invariant. 

621.372.512:621.372.543.2 2199 
The Frequency-Dependent Properties of 

Two Coupled Loss-Free Oscillatory Circuits — 
K. H. R. Weber. (Tech. Mitt. BRF, Berlin, vol. 
5, pp. 166-173; December, 1961.) Thecharacter-
istics of capacitively and inductively coupled 
loss-free parallel-tuned circuits are compared 
as a basis for investigating the performance of 
a two-circuit high-frequency band filter. 

621.372.54 2200 
Conditionally Equivalent Circuits for Bridge 

Circuits -W. Herzog. (Frequenz, vol. 15, pp. 
391-404; December, 1961 ) The substitution 
of bridge circuits by direct circuits eliminating 
transformers or differential transformers is in-
vestigated. A survey of double-bridge double-T 
networks indicates many possible bridge-
equivalent circuits. See also 1473 of May. 

621.372.54 2201 
Transmission Factors with Tchebysheff-

Type Approximation of Constant Group Delay 
—T. A. Abele. (Arch. elehl. Übertragang, vol. 
16, pp. 9-18; January, 1962.) A filter design 
method is given and the polynomials used are 
tabulated. For a different method based on the 
same type of approximation see 2877 of 1961 
(Ulbrich and Piloty). 

621.372.54 2202 
Diagonalizing Quadratic Filters— A. D. 

Hause. (Pgoc. IRE, vol. 50, pt. 1, p. 484; April, 
1962.) Interpretation of quadratic filter opera-
tion can be simplified by using a diagonalizing 
t ransformation. 

621.372.54 2203 
A New Symmetrical Ladder Filter: the 

Parametric Band-Pass Filter—J. E. Colin, 
(Cables Trans. (Paris), vol. 16, pp. 39-40; 
January, 1962.) An additional degree of free-
dom is provided to that of normal ladder filters 
by which one element can be suppressed, the 
group-delay characteristic improved, attenua-
tion in one of the rejection bends increased, or 
the values of some elements of the filter modi-
fied. See also 1833 of June (Watanabe). 

621.372.54 2204 
High-Pass and Low-Pass Artimetric Lad-

der Filters with Tchebycheff Behaviour in both 
the Transmission and Attenuation Bands— 
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J. E. Colin and P. Allemandou. (Cables 
Trans. (Paris), vol., 16. pp. 51-62; January, 
1962.) By means of the transformations de-
scribed antimetric filters can be designed by 
methods applicable to symmetric filters having 
similar characteristics. 

621.372.6 2205 
Matrix Analysis of Constrained Networks— 

A. Nathan. (Pgoc. IRE, vol. 108, pt. C, pp. 
98-106; March 1961.) Applications included 
are a computing network difference amplifiers, 
a dc amplifier, and signal-flow graphs. 

621.372.6:(512 -I- 513.83 2206 
The Algebra and Topology of Electrical 

Networks - P. R. Bryant. (Proc. ¡EE, vol. 108, 
pt. C, pp. 215-229; March, 1961.) A review and 
development of three methods of network 
analysis. 53 references. 

621.372.6:519 2207 
A New Approach to Kron's Method of 

Analysing Large Systems— R. Onodera. (Proc. 
¡EE, vol. 108, pt. C. pp. 122-129; March, 
1961.) A simplification of Kron's diakoptics is 
attempted, and a dual method using the opera-
tions of open circuiting and short circuiting is 
introduced. See 289 of 1961 (Weinzweig). 

621.372.632:621.382.23 2208 
Theory of the Esaki-Diode Frequency Con-

verter—R. A. Puce!. (Solid-Slate Electronics, 
vol. 3, pp. 167-207; November /December, 
1961.) A matrix is formed whose elements are 
coefficients of the timc-dependent diode con-
ductance produced by the local oscillator. Ex-
pressions for minimum noise, etc., are derived 
from this and the results compared with an 
experimental Esaki characteristic. 

621.372.632:621.382.23 2209 
Stable Low-Noise Tunnel-Diode Frequency 

Converters--F. Sterzer and A. Presser. (RCA 
Rev., vol. 23, pp. 3-28; March, 1962.) Experi-
mental UHF and microwave converters that 
are stable with input voltage SWR's exceeding 
10:1 are described. Conversion losses and noise 
figures are lower than those of conventional 
crystal-diode converters. The Fourier co-
efficients of the conductance and of the equiv-
alent shot-noise currents of a Ge-diode unit are 
given for a wide range of bias voltages and 
local-oscillator amplitudes. See 3668 oî 1961. 

621.372.632:621.382.23 2210 
Some Characteristics of Tunnel-Diode 

U.H.F. Mixers J. Klapper, A. Newton, and 
B. Rabinovici. ( Pgoc. IRE, vol. 50, pt. 1, p. 
479; April, 1962.) Further data on tunnel-diode 
mixers are given together with a description of a 
tunnel-diode down converter which requires no 
external bias. 

621.372.632:621.385.63 2211 
Frequency Changing by means of a Travel-

ling-Wave Tube- W. Rudolph. (Nachrtech., 
vol. 12, pp. 6-9; Jantutry, 1962.) A PM system 
of frequency translation for a radio link 
changing the incoming frequency of 3.6 Ge by 
213 Mc is described. 

621.373.42.072.7 2212 
Variational Techniques applied to Capture 

in Phase- Controlled Oscillators—R. I). Bar-
nard. (Bell Sys. Tech. J., vol. 41, pp. 227-256; 
January, 1962.) An analytical procedure for 
obtaining bounds on the capture range is de-
veloped and applied to systems involving sym-
metric comparators and simple lag RC filters. 

621.373.42.072.7 2213 
Properties and Design of the Phase-

Controlled Oscillator with a Sawtooth Com-
parator— C. J. Byrne. (Bell Sys. Tech. J., vol. 
41, pp. 559 692; March, 1962.) Properties of 

the circuit relating to many applications of the 
device are presented in a manner convenient 
for design. New data on the effects of fast jitter 
and noise are included. 

621.373.42.072.7 2214 
Analysis of the Phase-Controlled Loop with 

a Sawtooth Comparator— A. J. Goldstein. 
(Bell Sys. Tech. J., vol. 41, pp. 603-633; March, 
1962.) A detailed analysis concerned primarily 
with finding the pull-in range of the loop. 

621.373.421:621.382.23 2215 
Current-Tuned RC Oscillator—C. S. Gan-

guly. (Electronic Tech., vol. 39, pp. 192-198; 
May, 1962.) Description of the design of an 
RC oscillator in which forward-biased Si junc-
tion diodes are used as current-variable resis-
tive elements in the frequency-determining 
network. 

621.373.43:621.382.3 2216 
A Transistorized Voltage-Controlled Vari-

able-Pulse-Rate Generator—C. D. Clarke. 
Electronic Eng., vol. 34, pp. 322-325; May, 
1962.) Output frequencies from 0.5 to 1000 
pulses/sec are covered in a single range, the 
input/output characteristics being substantially 
linear over the major portion of the range. 

621.373.431.4 2217 
Forced Oscillation in an Oscillator with 

Two Degrees of Freedom— B.' R. Nag. (Proc. 
IEE, vol. 108, pt. C., pp. 93-97; March, 1961.) 
Resonance characteristics determined theo-
retically agree to within 1 per cent with those 
obtained using a differential analyzer. Char-
acteristics of oscillations outside the zone of 
synchronization are also described. 

621.374.33:621.382.23 2218 
Tunnel-Diode Gate has Subnanoseconed 

Rise Time— F. W. Kantor. (Electronics, vol. 35, 
pp. 62-64; April, 1962.) Operation depends on 
the small-signal impedance in the two stable 
states being significantly different. The princi-
ple should be applicable to other negative-
resistance devices. 

621.374.4:538.569.4 2219 
Harmonic Generation using the Ammonia 

Inversion Transition— J. R. Fontana, R. H. 
Pantell, and R. G. Smith. (Pgoc. IRE, vol. 50, 
pt. 1, pp. 469-470; April, 1962.) A third-
harmonic output of 10 mw may be obtained for 
an input of about 1 kw at a pressure of 2000 
mm Hg. 

621.375.121 2220 
Limitations on Realizable Response Shapes 

for Certain Wide-Band Band-Pass Amplifier 
Circuits --R. A. Woodrow. (Proc. I EE, vol. 
108, pt. C, pp. 107-114; March, 1961.) Either 
stagger-tuned stages or a chain of feedback 
pairs are used to realize Cliebycliev or Butter-
worth response shapes. 

621.375.2 2221 
Circuits for Difference Amplifiers: Parts I 

& 2--G. Klein and J. J. Zaalberg van Zelst. 
(Philips Tech. Rev., vol. 23, pp. 142-150 and 
173 - 180; February 7, and March 13, 1962.) 
The design of circuits to give high rejection 
factors is discussed and efficient methods of 
using difference amplifiers are examined. 

621.375.4 2222 
A Transmitter Preamplifier for Fast Tran-

sients-- B. J. Elliott. (Pgoc. IRE, vol. 50, 
p. 476; April, 1962.) A small pulse preamplifier 
is described with a gain of 27 (lb and noise 
figure 8 db. 

621.375.4.018.756: 681.142 2223 
Nonsaturated Semiconductor Pulse Ampli-

fier for Digital Computers A. G. Filippov. ( / zv. 
vyssh. itch. Zar., Radiotekhnika, vol. 4, pp. 77-
83; January/February, 1961.) The special fea-
ture of the circuit is an arrangement for switch-
ing- in the nonlinear feedback by means of an 
auto-transformer in the transistor output. Ex-
perimental data are given and the circuit per-
formance is compared with that of a cascaded 
pulse amplifier. 

621.375.9: 621.372.44 2224 
On the Use of Passive-Circuit Measure-

ments tor the Adjustment of Variable-Capaci-
tance Amplifier- K. Kurokama. (Bell .Sys. 
Tech. J., vol. 41, pp. 361 -381; January, 1962.) 
The important circuit parameters and condi-
tions for optimum performance are derived 
from measurements of impedance loci with the 
pump inoperative. Experimental confirmation 
with a 6-Gc degenerate amplifier is quoted. 

621.375.9:621.372.44 2225 
Parametric Amplification at Ultra High 

Frequencies - G. Pircher and M. Chaussedoux. 
(Ann. Télécont vol. 16, pp. 296-307; 
November • December. 1961.) The operation 
and characteristics of a parametric system are 
analyzed on the basis of propagation concepts 
and the laws of black-body radiation. The 
Manley-Rowe relations are derived from 
energy considerations and an expression for 
gain is given in terms of measurable parameters. 

621.375.9:621.372.44 2226 
Isolated Parametric Amplifier has Low 

Noise Figure D. Baldwin. (Electronics, 
vol. 35, pp. 58-59; March, 1962.) The input of 
the amplifier is isolated from the output by 
using two time-varying reactances. As ferrite 
circulators are not needed, insertion loss and 
amplifier moise are reduced. See also 2900 of 
1961. 

621.375.9: 621.372.44: 537.227 2227 
Ferroelectric Parametric Amplifier- -E. Fa-

ouzo and H. Roetslii. ( Pgoc. IRE, vol. 50, 
pt. 1, p. 462; April, 1962.) The amplifier is 
based on a property of ferroelectric materials 
by which the small-signal dielectric constant 
increases during switching. The frequency 
range of the device extends from dc to about 
50 kc. 

621.375.9: 621.372.44: 621.372.8 2228 
The Equivalent Circuit, Gain and Band-

width of Travelling-Wave Parametric Ampli-
fiers with Controlled Capacitors • -W. Heinlein. 
(Arch. elekt. Übertragnng, vol. 15, pp. 547-554; 
December, 1961.) Analysis of the operation of 
parametric amplifiers comprising a waveguide 
with band-pass characteristics, and variable-
capacitance semiconductor diodes. 

621.375.9 : 621.372.44: 621.385.6 2229 
Subharmonic Parametric Pumping of a 

Quadrupole Amplifier Carroll. (See 2502). 

621.375.9: 621.372.44: 621.387 2230 
A Note on the Parametric Amplifier Theory 

for Plasmas S. F. l'aik. (J. Ape Phys., vol. 
33, pp. 101; 1018; March, 1962.) An apparent 
inconsistency in the theory of Kino (4159 of 
1960) is pointed out and a consistent expression 
is derived. 

621.376.22:538.632 2231 
An Improved Radio-Frequency Hall-Effect 

Modulator-E. Cotten. (Electronic Eng., vol. 34, 
pp. 316 -319; May. 1962.) The improvements 
consist in the attenuation, by means of simple 
compensating circuits, of residual and para-
sitic voltages normally present in hall effect 
multipliers, and in the reduction of size com-
pared to an earlier model. 

621.376.32:621.395.625.3 2232 
Frequency Modulation in Magnetic Storage 

—H. Vülz. (Nachrtech., vol. 11, pp. 553 557; 
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December, 1961; vol. 12, pp. 36 -40; January, 
1962.) The problems of FM signal recording 
on magnetic tape are examined on the basis of 
information theory. The design of modulators 
with a large frequency swing is discussed. 

GENERAL PHYSICS 

537.311.3 2233 
Electrical Conduction Phenomena in Aniso-

tropic Media: Part 2—The Electrical Resist-
ance of Elliptically Anisotropic Media—D. 
Langbein. (Z. Phys., vol. 166; pp. 22-41; 
December, 1961.) Part 1: 65 of January. 

537.311.3 2234 
Degenerate Fermi Surfaces and Electrical 

Resistance—E. Gerlach. (Z. Phys., vol. 166, 
pp. 81 -92; December, 1961.) Electrical re-
sistance is calculated with the aid of Bloch's 
integral equation, and the results obtained are 
applied to the case of graphite. 

537.312.62 2235 
Theory of Superconductivity—S. H. Liu. 

(Phys. Rev., vol. 125, pp. 1244-1248; February, 
1962.) The differences between the theories of 
Eliashberg, Bogoliubov and Bardeen, Cooper, 
and Schrieffer are discussed. 

537.312.63 2236 
Calculation of the Superconducting State 

Parameters with Retarded Electron-Phonon 
Interaction— P. Morel and P. W. Anderson. 
(Phys. Rev., vol. 125, pp. 1263-1271; February, 
1962.) 

537.533 2237 
Experimental Evidence of Landau Damping 

in Electron Beams—M . Caulton, B. Hershenov, 
and F. Paschke. (J. Appt. Phys., vol. 33, pp. 
800-803; March, 1962.) Measurements have 
been made of the convection current in a 
velocity-modulated slowly drifting electron 
beam. Under conditions of appreciable velocity 
spread the fast space-charge wave is damped. 
This confirms qualitatively the theory of 
Berghammer (to published). 

537.533 2238 
Generalized Brillouin Flows—K. Paschl and 

W. Veit h. (J. A ppt. Phys., vol. 33,1)1).1013-1014; 
March, 1962.) The behavior of laminar electron 
flow including space charge in the presence of 
an axial magnetic field and an electric quad-
rupole field transverse to the direction of flow 
is investigated. 

537.533 2239 
Electron-Optical Field Distribution with 

Specified Imaging Propert es—H. Hiinsel. 
(opal?, Stuttgart, vol. 19, 1)1). 67-75; January, 
1962.) Calculations are based on a method 
proposed by Picht ( 1361 of 1956). 

537.533:538.3 2240 
The Phase Shift of Electron Waves by 

Potentials in Field-Free Space—F. Lenz. 
(Naotrwiss., vol. 49, p. 82; February, 1962.) 
Discussion of the dependence of electron-beam 
interference on a magnetic vector potential, as 
demonstrated, e.g., in 2407 below 

537.56: 538.566: 537.311.33 2241 
Observation of Critical Fluctuations asso-

ciated with Plasma-Wave Instabilities-- S. 
IcItimarti, I). Pines, and N. Rostoker. (Phys. 
Rev. Lett., vol. 8. pp. 231-233; March, 1962.) 
It should be possible to detect drift instabilities 
in an ionized plasnut by the increased scattering 
cross section for EM waves. Results of calcu-
lations relating to electron-hole plasma in InSb 
are summarized. 

537.56:538.63 2242 
Plasma Oscillations in a Magnetic Field as 

an Initial-Value Problem—N. Anderson. (J. 
Electronics and Control, vol. 12, pp. 119-124; 
February, 1962.) An expression is obtained for 
the Laplace transform of the electric potential 
of the field which arises due to the oscillations. It 
is used to derive the dispersion relation between 
the oscillation frequency and wave number. 

537.56:538.63 2243 
Viscosity Coefficient of a Plasma in a Mag-

netic Field—S. Kaneko, (J. Phys. Soc. Japan, 
vol. 17, pp. 390-392; February, 1962.) The 
convergence of Chapman-Enskog's approxi-
mation to the viscosity coefficient of a plasma 
is calculated up to the fourth approximation. 
The viscosity coefficient in the second approxi-
mation, accurate for practical purposes, has an 
error of 5 per cent. 

537.56:621.374.4 2244 
Microwave Generation of the Second Har-

monic in a Plasma—M. Moriyama and M. 
Sumi. (J. Phys. Soc. Japan, vol. 17, p. 397; 
February, 1962.) The second-harmonic cur-
rent density is calculated taking into account 
the time-dependence of the plasma electron 
density. 

537.56.08 2245 
Comparison of Microwave and Langmuir 

Probe Measurements on a Gaseous Plasma— 
G. R. Nicoll and J. Basu. (J. Electronics and 
Control, vol. 12, pp. 23-29; January, 1962.) 
Values of average electron density and collision 
frequency obtained by the two methods are 
compared. 

537.56.08 2246 
Effects of Finite Probe Size in the Deter-

mination of Electron Energy Distribution 
Functions—J. I). Swift. (Proc. Phys. Soc. 
(London), A, vol. 79, pp. 697-701; April, 1962.) 
The principal effect considered is the disturb-
ance produced by the drain of electrons to the 
probe. 

538.26 2247 
Magnetic Shielding Factors of a System of 

Concentric Spherical Shells—F. Schweizer. 
(J. Ape Phys., vol. 33, pp. 1001-1003; March, 
1962.) General expressions are developed for 
the shielding factors of concentric spherical 
shells of linear isotropic magnetic material. 
Approximate results are given for shells of 
highly permeable material which are thin com-
pared to their radii. 

538.26: 537.312.62 2248 
Approach to the Ideal Magnetic Circuit 

Concept through Superconductivity— P. P. 
Cioffi. (J. Ape Phys., vol. 33, pp. 875-879; 
March, 1962.) 

538.561:539.124 2249 
Cherenkov Effect under the Influence of an 

External Magnetic Field—A. M. Sayied. (Proc. 
Phys. Soc. (London), A, vol. 79, pp. 816-818; 
April, 1962.) The field confines the particle to 
a circular orbit. 

538.561:539.124 2250 
The Radiation of Electromagnetic Waves 

and the Instability of Electrons Moving at 
Super-light Velocity in a Medium—V. L. 
Ginzburg, V. V. Zheleznyakov, and V. Va. 
Eidman. (Phil. Mag., vol. 7, pp. 451-458; 
March, 1962.) At super-light velocities, the 
radiation reaction force on a particle can 
change sign, with resultant instabilities; this 
follows from both simple quantum and classical 
theories. 

538.566+621.372.81 2251 
The Propagation of Electromagnetic Waves 

in a Parallel-Plate Medium whose Plates are 
Arbitrarily Thick and Lossy—P. TItust. 
(Arch. elekt. Übertragung, vol. 16, pp. 42-50; 
January, 1962.) Calculations based on exact 
theory and carried out for the case in which the 
electric field is parallel to the plates and per-
pendicular to the direction of propagation. Ap-
proximations are derived for different fre-
quency ranges and sets of dimensions. 

538.566 2252 
Reiterative Wave Beams of Rectangular 

Symmetry—F. Schwering. (Arch. elekt. Uber-
&ogling, vol. 15, pp. 555-564; December, 1961. 
In English.) The wave beams considered are 
of rectangular symmetry and have passed 
through a structure of equally spaced phase-
correction devices. For a study of the case of 
cylindrical syntim•try see IRE TRANSACTIONS 
ON ANTPNNAS AND PROPAGATION, vol. AP-9, 
pp. 248 -256; May, 1961 (Goubau and Schwer-
ing). 

538.566:535.42 2253 
Derivation of Three-Dimensional Diffrac-

tion Solutions for Plane Electromagnetic 
Waves from Two-Dimensional Solutions— 
II. Stiickel. (optik, Stuttgart, vol. 19, pp. 3-7; 
January, 1962.) The diffraction of a plane EM 
wave at a cylinder is considered_ 

538.566:537.56 2254 
Effects of Electron Random Motion on 

Microwave Propagation through a Plasma 
Parallel to a Magnetic Field —J. E. Willett. 
(J. Ape Phys., vol. 33, pp. 898-906; March, 
1962.) Expressions for the propagation of a 
circularly polarized microwave through a 
plasma parallel to a uniform static magnetic 
field are derived by two methods. The pre-
dicted effects of time random motion of elec-
trons result from a) Doppler shift, b) electron 
free paths extending over distances significant 
compared to the attenuation length, c) varia-
tion of collision frequency with electron veloc-
ity. 

538.566:537.56 2255 
Nonlinear Interaction of an Electromagnetic 

Wave with a Plasma Layer in the Presence of 
a Static Field: Part 2—Higher Harmonics and 
a Nonlinear Propagation Theory— R. F. Whit-
mer and E. B. Barrett. (Phys. Rev., vol. 125, 
pp. 1478-1484; March, 1962.) The properties 
of the third and fourth harmonics are dis-
cussed, the htlà harmonic conversion loss is 
deducted, and a method is presented for re-
iterating the general solution for the 8th 
harmonic field. Part 1: 2167 of 1961. 

538.566:537.56 2256 
The Passage of Microwaves through Plane 

Plasma Layers— K. Hain and M. Tutter. (Z. 
Nalurforsch., vol. 17a, pp. 59 - 64; January, 
1962.) Calculations of the reflection and trans-
mission coefficients for a plane EM wave 
propagating through a plasma s1ab with and 
without a static magnetic field. 

538.567.4:621.391.63 2257 
Design of a Microwave-Frequency Light 

Modulator— R. II. Blumenthal. (PROC. IRE, 
vol. 50, pt. 1, pp. 452-546; April, 1962.) The 
modulator is a uniaxial ADP crystal in a coaxial-
line resonater. The electric field of the wave 
alters the propagation of light in the crystal. 

538.569.4:535.853 2258 
Spectrometers for Electron Paramagnetic 

Resonance—S. Koepp. (Hockfrequenz. und-
Elektroak., vol. 71, pp. 1-27; February, 1962.) 

Part 1: Microwave Networks and Limiting 
Sensit vit y of Spectrometers (pp. 1-14). 

Part 2: Methods of Signal Modulation and 
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of Stabilization of the Operating Point (pp. 
15-27). 
A detailed review with 82 references. 

538.569.4: 535.853 2259 
The Effect of a Second Radio-Frequency 

Field on High-Resolution Proton Magnetic 
Resonance Spectra— R. Freeman and D. H. 
1Vhiffen. (Proc. Phys. Soc. (London), A, vol. 
79, pp. 594-807; April, 1962.) " Field sweep" 
and "frequency sweep" methods of investigat-
ing decoupled resonance patterns are dis-
cussed. 

538.569.4:537.29 2260 
Electrically Induced Transitions between 

Spin Levels—C. W. Ludwig and F. S. Ham. 
(Phys. Rev. Lett., vol. :4, pp. 210-212; March, 
1962.) Experimental observations of elec-
trically induced transitions bet ween energy 
levels of \ In ions in Si are reported. Their 
relative intensity with respect to magnetically 
induced transitions is discussed. 

538.569.4:538.222 2261 
Spin Diffusion in Inhomogeneously 

Broadened Systems - A. Kiel (Phys. Rev., 
vol. 125, pp. 1451-1455; March, 1962.) Theo-
retical treatment of cross-relaxation within 
inhomogeneous spin systems. 

538.569.4 : 538.222 2262 
Classical Microscopic Model for Magnetic 

Resonance including Relaxation Effects— 
R. K. Waring, Jr. (Phys. Rev., vol. 125, pp. 
1218-1226; February, 1962.) 

538.569.4: 621.375.9: 535.61-2 2263 
Discrimination against Unwanted Orders 

in the Fabry-Perot Resonator— I). A. Klein-
man and P. P. KisliLk. (Bell. Sys. Tech. J., 
vol. 41, pp. 453-462; March, 1962.) A modifi-
cation to the interferometer structure of an 
optical maser is proposed, in which another 
reflecting plate is suitably positioned outside 
the maser to increase the losses of certain 
orders. A simplified Lnalysis of the effect is 
given and numerical results are presented for 
a practical case. 

538.569.4 : 621.375.9 : 535.61-2 2264 
Giant Optical Pulsations from Ruby— 

F. J. McClung and R. W. Hellwarth. (J. Ape 
Phys., vol. 33, pp. 828-829; March, 1962.) By 
varying the effective reflectivity of the reflect-
ing surfaces at the ends of the ruby rod through 
a Kerr-cell switching technique, pulses several 
orders of magnitude greater than the normal 
level are observed. 

538.569.4 : 621.375.9 : 535.61-2 2265 
Observations on the Pump Light Intensity 

Distribution of a Ruby Optical Maser with Dif-
ferent Pumping Schemes - T. I.i and S. D. 
Sims. ( Pnoc. IRE, vol. 50, pt. 1, pp. 464--465; 
April, 1962.) The helical lamp in a circular 
cylindrical reflector a ad the linear lamp in an 
elliptical cylindrical reflector are studied. The 
helical lamp appears raore suitable for giving a 
high-energy maser beam. 

538.569.4: 621.375.9 : 535.61-2 2266 
Parametric Amplification and Oscillation at 

Optical Frequencies--R. H. Kingston. (Paoc. 
IRE, vol. 50, pt. 1, p. 472; April, 1962.) The 
generation of coherent optical energy at sub-
frequencies is proposed using a simple cavity, 
a nonlinear dielectric material and an optical 
maser pump. 

538.569.4.029.6:547.6 2267 
Absorption Measurements on Diphenyl 

Compounds in the Microwave Range—F. 
Hufnagel, G. Klages, and P. Knoblock 
(Z. Naturforsch., vol. 17a, pp. 96-98; January, 
1962.) 

538.569.4.029.65:535.853 2268 
Dispersion Measurements on CsBr and 

Cae in the Far Infrared and with Millimetre 
Waves— Il. Happ, H. \V. Hofmann, E. Lux, 
and G. Seger. (Z. Phys., vol. 166, pp. 510-518; 
February, 1962.) Report on investigations in 
the range 0.4-3.5 mm X by means of a grating 
spectrometer described in 114 of 1960. (Genzel, 
et al.) 

538.63 + 538.66 2269 
The Two-Band Theory of Galvano- and 

Thermo-magnetic Transverse Effects -F. 
Dannhâtrser. (Z. Phys., vol. 166, pp. 519 543; 
February, 1962.) Formulas for the coefficients 
of electrical and thermal conductivity and of 
the Hall, Ettingshausen, Nernst and Rigid-
Leduc effects are derived on the basis of the 
two-band model. Anomalies are discussed. 

539.2:537.226 2270 
Electric Dipoles due to Trapped Electrons— 

J. A. Sussinann. (Proc. Phys. Soc. (London), A. 
vol. 79, pp. 758-774; April, 1962.) An electron 
trapped at a vacancy or impurity center with 
three or four (tetrahedral) nearest neighbors 
can give an electric dipole with directional 
degeneracy, even with no lattice deformation. 
Such a dipole leads to a Debye type of dielectric 
loss and piezoelectricity. 

GEOPHYSICAL AND EXTRA-

TERRESTRIAL PHENOMENA 

523.12 2271 
Cosmic Electrical Discharges or 'Gobs of 

Anti-matter'--C. E. R. Bruce. (Engineer 
(London), vol. 212, pp. 946-950; December, 
1961.) New developments of the electrical-
discharge theory of the universe (see also 1488 
of 1961) are discussed, and several galactic and 
stellar phenomena are interpreted on the basis 
of this theory. 

523.152.3 2272 
Semi-empirical Model of the Interplanetary 

Medium—J. C. Brandt and R. W. Miche. 
(Phys. Rev. Lett., vol. 8, pp. 195-196; March, 
1962.) A model giving the expansion velocity 
and density of the interplanetary medium up 
to a radius of five astronomical units is 
presented. 

523.16+551:629.19 2273 
Some Geophysical and Astronomical As-

pects of Soviet Space Research—V. I. Krassov-
sky ( Krasovskil). (Endeavour, vol. 21, pp. 65-
72; April, 1962.) Review of the main results of 
investigations carried out in support of manned 
space flight. 42 references to Russian literature. 

523.164 2274 
Spectra of Discrete Sources of Radio 

Emission Observed with the 22-Metre Radio 
Telescope -A. D. Kuzinin. ( A slron. Zhur., vol. 
39, pp. 22-28; January February, 1962.) Ob-
servations of discrete sources on 9.6 and 3.2 
cm s, are compared with results of other authors. 
Spectra of thermal and nonthermal sources are 
given. 

523.164 2275 
A High-Accuracy Radio Interferometer— 

A. W. L. Carter. (Observatory, vol. 82, pp. 9-12; 
February, 1962.) A method of combining the 
signals from a 2- or 4-element linear antenna 
array that eliminates the need for calibrating 
the system without appreciable loss of sensi-
tivity. 

523.164:551.507.362.1/2 2276 
Radio-Astronomy Investigations using Arti-

ficial Satellites and Space Rockets—E. A. 
Benediktov, G. G. Getmantsev, and V. L. 
Ginzburg.—(Isk. Spat. Zemli, no. 7, pp. 3-22; 

1961, English Translation, Planet-Space Sri., 
vol. 9, pp. 109-127; March, 1962.) Advantages 
of making observations from above the atmos-
phere and the measurement principles for in-
vestigating the interplanetary medium and the 
radiation from the sun and from cosmic and 
discrete sources are discussed. 

523.164.3 2277 
The Radio Emission Spectrum of Cassio-

peia-A at Frequencies Below 30 Mc /s—S. Va. 
Braude, A. V. Men', I. N. Zlruk, and K. A. 
Bat3enkov. (Astron. Zhur., vol. 39, pp. 163-165; 
January/February, 1962.) A note on flux den-
sity measurements in the range 19.5-31 Mc. 

523.164.3 2278 
A Model of the Orion Nebula from Radio 

Observations—Vu. N. Parilskii. (Astron. 
Zhur., vol. 38, pp. 798-808; September 'October, 
1961.) 

523.164.3 2279 
On the Selection of a Standard Discrete 

Source of Cosmic Radio Emission—S. Va. 
Braude. (Astron. Zhur., vol. 38, pp. 898-904; 
September. October, 1961.) Time adoption of 
Cygnus-A as a standard RF source is consid-
ered. Flux density data in the range 12.5-10000 
Mc and corrections necessary owing to the 
proximity of the extended source C'ygnus-X 
are given. 

523.164.32 2280 
The Origin of the Slowly Varying Com-

ponent of Solar Radio Emission—V. V. Zhelez-
nyakov. (Astro. Zhur., vol. 39, pp. 5-14; 
January/February, 1962). Bremsstrahlung 
mechanisms in different electron layers con-
tributing to RF emission in the range 1-30 cm x 
are discussed. 

523.164.32 2281 
Selected High-Resolution Strip Scans of the 

10.7-cm Sun—A. E. Covington, G. A. Harvey, 
and H. W. Dodson. (Astrophys. J.. vol. 135, 
pp. 531-546; March, 1962.) Strip scans of the 
solar disk at a frequency of 2800 Mc using a 
fan-shaped beam 1.2° east-west by 2° north-
south are compared with associated optical 
feat ures. 

523.164.32:523.75 2282 
On the Association between Noise Storms 

and Solar Flares -- E. v. P. Smith and P. S. 
McIntosh. (J. Geophys. Res., vol. 67, pp. 
1013-1016; March, 1962.) From an examina-
tion of I.G.V. data it is concluded that the asso-
ciation between flares and noise storms is real. 

523.163.4 2283 
The Discrete Source of Radio Emission 

a = 18h53'4, 6= 1°16'—A. D. Kuz.min. (As-
Iron. Zhur., vol. 38, pp. 905-911; September 
/October, 1961.) Results of observations made 
at 9.6 cm X with a 22-m radio telescope are 
compared with data for other wavelengths. The 
spectrum of the source is shown to be non-
thermal. 

523.164.4 2284 
Evidence for Polarized 3.15-cm Radiation 

from the Radio Galaxy Cygnus A.—C. II. 
Mayer, T. P. McCullough, and R. M. Sloan-
aker. (Astrophys. J., vol. 135, pp. 656-658; 
March, 1962.) 

523.164.4 2285 
Millimetre-Wave Radio Source in Taurus 

—A. H. Barrett. (Nature, vol. 194, pp. 170-171; 
April, 1962.) Observations at 1.8 cm X (838 of 
March) indicate that the mm-X source in 
Taurus reported by Ktiz'min and Salomono-
vich (Astron. Zhur., vol. 37, pp. 227-235; 
March/April, 1960) is of a type hitherto un-
known in radio astronomy. 
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523.164.4 2286 
Interpretation of 'Surface Brightness' 

Measurements of Radio Sources—R. W. 
Clarke. (Nature, vol. 194, pp. 171-172; April, 
1962.) Taking account of the change in the 
apparent surface brightness of a source with 
distance leads to an ambiguity in the deduced 
radio luminosity for some cosmological models. 

523.165 2287 
Detection of an Intense Flux of Low-

Energy Protons or Ions Trapped in the Inner 
Radiation Zone—J. W. Freeman. (J. Geophys. 
Res., vol. 67, pp. 921-928; March, 1962.) 
Protons of energy 0.5 key- 1 \ley have been 
observed in the inner belt by Injun I. An 
energy flux of about 50 ergs cm' sec-, sterturi 
has been measured. For 100 key particles 
corresponds to a flux 3X 108 cm' see" 
sterad-,, which is much larger than predicted 
by the neutron albedo theory. 

523.165 2288 
Rocket Observations of Solar Protons 

during the November 1960 Events: Part 1— 
K. W. Ogilvie, I). A. Bryant, and K. R. Davis. 
(J. Geophys. Res., vol. 67, up. 929 937; 
March, 1962.) The results of three Nike-
Cajun rocket flights are described. 

523.165 2289 
A Possible Correction to the Spectrum of 

Geomagnetically Trapped Protons— G. Hite-
rendel. (J. Geophys. Res., vol. 67, pp. 1173-1174; 
March, 1962.) The correction takes account of 
the gradient of the atmosphere over the proton 
circle of gyration. See also J. Geophys. Res., 
vol. 67, p. 1697, April, 1962. 

523.165 2290 
Atmospheric Phenomena, Energetic Elec-

trons and the Geomagnetic Field -J. R. 
Winckler. (J. Res. N BS, vol. 661), pp. 127-143; 
March/April, 1962.) X-ray measurements as-
sociated with the "dmnping" of electrons from 
the magnetic field are discussed. 

523.165 2291 
Progressive Rotation of Cosmic-Ray Di-

urnal Variation Vector—S. P. Duggal and 
M. A. Pomerantz. (Phys. Rev. Lett., vol. 8, 
pp. 215-216; March, 1962.) A complete anti-
clockwise rotation on the harmonic dial was 
obtained during a disturbed period extending 
over seven days. 

523.5: 621.396 2292 
The Meteoric Head Echo—B. A. Mc-

Intosh. (J. Atmos. Terr. Phys., vol. 24, pp. 
311-315; April, 1962.) Several definitive ex-
amples of meteoric head echoes are shown and 
problems involved in explaining them are con-
sidered. 

523.5: 621.396.96 2293 
Radio-Echo Determinations of Orbits of 

Individual Meteors - - B. I. KasItcheev, V. N. 
Lebedinets, and NI. F. Lagut in. (Astron. Zhur., 
vol. 38, pp. 681-691; July August, 1961.) A 
diversity-reception technique for measure-
tnents of meteor radiants and velocities is 
described. Observations on 298 meteors of the 
Gemini(' stream in December, 1959 are re-
ported in which accuracies within + 2.5° and 
+1.8 km were attained. 

523.5:621.396.96 2294 
Specular Echoes from Dense Meteor 

Trails —H. Brysk. Wanad. J. Phys., vol. 40, 
pp. 393-401; April, 1962.) "The scalar wave 
equation is solved for scattering of a normally 
incident wave by a cylindrical Gaussian distri-
bution of electrons. The back-scattered in-
tensity is computed for various line densities, 
as a function of the radius of the Gaussian. The 
echo intensity for sitecular backscattering 
from meteor trails of arbitrary density is thus 
obtained, including its variation with time." 

523.75: 551.510.535 2295 
The Connection of Type III Absorption 

with Eruptive Active Regions on the Sun—A. S. 
Besprozvannaya and V. M. Driatskil. (As-
Iron. Zhur., vol. 38, pp. 611-616; July/August, 
1961. The generation and accumulation of 
charged particles with energies 10-100 Nlev, re-
sponsible for anomalous absorption in the 
ionosphere at high latitudes, is discussed. In-
tense chromospheric flares are considered as a 
trigger mechanism which allows fast particles 
accumulated in eruptive regions to escape from 
the solar atmosphere. 

550.38: 551.507.362.2 2296 
An Evaluation of the Odd Harmonics in the 

Earth's Gravitational Field- I). E. Smith 
(Planet-Space Sci., vol. 9, pp. 93-94; March, 
1962.) Values for the odd harmonics, h and 
J5 are obtained from the eccentricity variations 
in the orbits of Explorer VIII, Explorer XI and 
Tiros II satellites. 

551.507.362.2 2297 
On the Motion of a 24-Hour Satellite -P. 

Musen and A. E. Bailie. (J. Geophys. Res., vol. 
67, p)>. 1123 1132; March, 1962.) 

551.507.362.2 2298 
Lunar and Solar Perturbations in the Orbit 

of the Third Soviet Cosmic Rocket - v. T. 
Gontkovskaya and G. A. Chebotarev. (. 1sfron. 
Zhur., vol. 38, pit. 954 960;September ),ctober, 
1961.) Perturbations of the orbit of Lunik III 
due to the sun and the moon are estimated 
separately. Results are tabulated'. 

551.507.362.2 2299 
The Influence of Solar Radiation Pressure 

on the Motion of Artificial Earth Satellites - 
V. V. Radzievskii and A. V. Artem'ev. (-lsfron. 
Zhur., vol. 38, pp. 994 996; September October 
1961.) Description of a method of computation 
simpler than that of NI usen (3492 of 1960) but 
sufficiently reliable for orbits of small eccen-
tricity. The radiation pressure can give a de-
celerating effect equivalent to the friction in a 
medium of density 10 IS g cm'. 

551.507.362.2:631.391.812.3 2300 
The Correlation Analysis of the Fading of 

Radio Signals Received from Satellites - 
James. (See 2437.) 

551.507.362.2:621.391.812.33 2301 
Deduction of Satellite Orientation from 

Faraday Fading M easurements— J. Mass. 
(Paoc. IRE, vol. 50, pt. I, p. 466; 1962.) It is 
shown that satellite orientation can be deduced 
from the depth of Faraday fading; examples are 
given from recordings of Explorer VII. 

551.507.362.2:621.396.43 2302 
Satellite Project Telstar—(See 2444) 

551.510.535 2303 
The Electron Density in the Lower Iono-

sphere— J. E. Titheridge. (J. Terr. 
Phys., vol. 24, pp. 269 -282; April, 1962.) Ab-
sorption measurements at 720 and 1420 kc 
show that the electron density in the D region 
is four times greater at sunspot maximum than 
at sunspot minimum. Anomalous winter ab-
sorption results from increased ionization be-
low 90 km, and fadeouts are caused by extra 
ionization at heights down to 60 km. 

551.510.535 2304 
The Stratification of the Lower Ionosphere 

—J. E. Titheridge. (J. Atmos. Terr. Phys., 
vol. 24, pp. 283-296; April, 1962.) A series of 
preferred heights of reflection at intervals of 

scale heights is shown to exist throughout 
the D and E regions. By day reflections occur 
at 71, 80, 90 and 100 km, and there is negligible 
seasonal and diurnal variation of these values. 

551.510.535 2305 
Vertical Movements in the Nighttime Iono-

sphere—W. Becker. (Art h. elekt. Übertragung, 
vol. 15, pp. 569-577; December, 1961.) 
Analysis of F-layer electron-density profiles 
derived from ionograms taken at Lindau from 
1957 to 1960. A total vertical shit of 200 km at 
a velocity of about 30 msec was observed 
during strong geomagnetic bay disturbances; 
during geomagnetically calm nights short-term 
height displacements of up to 60 km were 
found. 

551.510.535 2306 
The Distribution of Electrons in the Night-

time Ionosphere—A. R. Long. (J. Geophys. 
Res., vol. 67, pp. 989-997; March, 1962.) 
Nighttime N(h) curves are found to be very 
nearly "a-Chapman" as predicted. The geo-
magnetic anomaly exists even at midnight at 
sunspot maximum, and marked nighttime 
movements occur in equatorial regions such 
that the ionosphere appears to be rapidly 
lowered. 

551.510.535 2307 
Associative Detachment in the D Region— 

R. ('. Whitten and I. G. Poppoff. (J. Geophys. 
Res., vol. 67, pp. 1183-1185; March, 1962.) 
Several possible nighttime detachment proc-
esses are listed, and are summarized by the 
equation 02-  + 0 + 0 - 4)2 -r 02 -Fe. The effect of 
these processes in producing observed electron 
concentrations and in explaining an observed 
polar-cap event is discussed. 

551.510.535 2308 
On the Nature of Equatorial Slant Sporadic-

E—R. Cohen, K. L. Bowles, and W. Calvert. 
(J. Geophys. Res., vol. 67, pp. 965-972; 
March, 1962.) Equatorial sporadic-E traces are 
simulated on a computer, using a thin strattun 
of magnetic-field-aligned irregularities; it ap-
pears that the equatorial electrojet producing 
these irregularities flows within the E layer. 

551.510.535 2309 
Photoionization Rates in the E and F 

Regions— K. Watanabe and II. E. Ilinteregger. 
(J. Geophys. Res.. vol. (> 7, pp. 999 - 1006; March 
1962.) Experimental data on ultraviolet emis-
sion from the sun and absorption in atmos-
pheric gases are combined to give ionospheric 
photoionization rates as functions of height. 
For overhead sun, the E-region photoionization 
peak at 105 km is mainly produced by radiation 
of wavelengths 911-1027' A; wavelengths 
170-796 /71 are responsible for the FI production 
peak at 140-170 km. 

551.510.535 2310 
Pulsed Radio Soundings of the Topside of 

the Ionosphere in the Presence of Spread-F— 
R. W. Knecht and S. Russell. (J. Geophys. Res., 
vol. 67, pp. 1178-1182; March, 1962.) Moder-
ate spread F was present on the bottom-side 
ionogram during the top-side sounding at 4 
Mc. In addition to the well-defined "normal" 
echoes the topside sounding record showed dif-
fuse echoes which, at apogee, were returned 
from about 7 per cent greater range. Ducting 
along magnetic-field-aligned irregularities is a 
possible explanation. 

551.510.535 2311 
Observation of Large-Scale Travelling 

Ionospheric Disturbances by Spaced-Path 
High-Frequency Instantaneous-Frequency 
Measurements—K. L. Chan nd O. G. Villard, 
Jr. (J. Geophys. Res., vol. 67, pp. 973-988; 
March, 1962.) Similar frequency fluctuations 
on the transmission paths from Puerto Rico 
and Washington, D. C., to Stanford and Seattle 
have identified nine traveling disturbances 
during 1600 hours of observation. The velocities 
range from 1450 to approximately 2750 km /h, 
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the spatial lengths from 1300 to 2000 km, and 
the direction of travel is from north to south. 

551.510.535 2312 
The Form of Disturbances in the Lower 

Ionosphere and their Interpretation, as shown 
in the Example of the November Event 1960— 
E. A. Lauter, G. Entzian, and R. Knuth. 
(Z. Met., vol. 14, pp. 275-286; November 
'December, 1960.) The changes in the propa-
gation characteristics of radio waves in the 
band 128-245 kc are described. During the s.i.d. 
the reflection height decreased from 80 to 65 km 
and there was a temporary reduction in signal 
strength. The influx of cosmic rays at night 
also caused a large decrease in strength. For 
about 15 days after the disturbance, low signal 
strength occurred after sunset and before sun-
rise; this is attributed to leakage from the outer 
Van Allen belt of particles which affect the D 
region even at medium latitudes. 

551.510.535: 523.75 2313 
F-Region Changes associated with the 

Solar Flare of 23 February 1956—B. N. Bhar-
gava and R. V. Subrahmanyan. (J. Atmos. 
Terr. Phys., vol. 24, pp. 321-324; April, 1962.) 
The real height of the F2 layer for various 
plasma frequencies increased by up to 50 km, 
and the plasma frequency at various fixed 
heights decreased, for several hours after the 
flare. Heights below 325 km were more seriously 
affected. 

551.510.535: 550.385.4 2314 
The Ionospheric F Region during a Storm— 

G. A. M. King. (Planet-Space Sci., vol. 9, 
pp. 95-100; March, 1962.) The recovery phase 
of a storm is explained by invoking turbulence 
in and below the lower F region. 

551.510.535:551.507.362.1 2315 
Rocket Observation of Ion Density in the 

Ionosphere-- V. Auno, K. Hirao, and S. Miya-
zaki. (J. Radio Res. Lab., Japan, vol. 8, pp. 
441-451; November, 1961.) Results of the first 
Japanese rocket observations of the ionosphere 
in September. 1960, are given. The rockets 
reached an altitude of 180 km. 

551.510.535: 551.507.362.1 2316 
Positive Ion Density, Electron Density and 

Electron Temperature in the Ionosphere by the 
Kappa-8-5 and -6 Rockets—V. Aono, K. Ilirao, 
and S. Miyazaki. (J. Radio Res. Lab., Japan, 
vol. 8, pp. 453-465; November, 1961.) A de-
scription is given of the resonance probe, 
Langmuir probe and ionospheric sounding ex-
periments carried out in March and April, 1961. 

551.510.535: 551.507.362.2 2317 
Ionospheric Electron Content Calculated by 

a Hybrid Faraday-Doppler Technique—F. de 
Mendoça and O. K. Garriott. (J. Almos. Terr. 
Phys., vol. 24. pp. 317-321; April, 1962.) A 
method of using combined Faraday and differ-
ential Doppler-shift observations to deduce 
true electron content and horizontal grdaients 
is presented, together with results for 1960 

551.510.535: 621.391.812.63 2318 
The Analysis of Ionograms—A. H. de 

Voogt. (Nachrtech. Z., vol. 15, pp. 1-8; January, 
1962.) Models are proposed in which the iono-
sphere is divided into teiglit zones with alter-
nately increasing and decreasing gradients of 
electron density. The use of such models for the 
prediction of propagation conditions on the 
basis of ionograms is di ,eussed. See also 2148 of 
1960. 

551.510.535:621.391.812.63 2319 
Investigation of Ionospheric Absorption at 

Delhi— M. K. Rao, S. C. Mazumdar, and S. N. 
Mitra. (J. Atmos. Terr. Phys., vol. 24, pp. 
245-256; April, 1962.) Observations made 

between June, 1954 and January, 1960 are 
analyzed. The variations of absorption with 
frequency, time of day, and season are 
examined. 

551.510.535: 621.391.812.8 2320 
Ionospheric Storm Forecasts—C. M. Min-

nis. (Electronic Tech., vol. 39, pp. 172-174; 
May, 1962.) Comparison of two C.C.I.R. 
formulas for the assessment of the usefulness 
of forecasts. The numerical values given by the 
Japanese formulas [ 116 of 1959 (Sinno)] are too 
large and lead in practice to an erroneous assess-
ment. The algebraic sign of the index values 
obtained by the U.K. formula (2110 of 1953) 
shows whether action based on the forecasts 
would have increased or decreased the effective-
ness of a communication service. 

552.593.5 2321 
The Red Line of the Equatorial Night Sky— 

A. Delsemme and D. Delsemme. (Ann. Géo-
phys., vol. 16, pp. 507-524; October-December, 
1960.) The oxygen red line of the airglow at 
Lwiro (2°S) shows a seasonal annual variation 
with maximum near March and a minimum 
near September. Red line intensities at the 
equator are entirely accounted for by the be-
havior of the F2 layer. 

551.593.5 2322 
The Summer Intensity Variations of [On 

6300 in the Tropics— D. Barbier, F. E. Roach, 
and W. R. Steiger. (J. Res. NBS, vol. 66D, 
pp. 145-152; March/April, 1962.) A relation 
between airglow and ionospheric F-region 
parameters is given. 

551.594.5:621.396.96 2323 
Distribution of Radar Auroras over Alaska 

—R. S. Leonard. (J. Geophys. Res., vol. 67, 
pp. 939 -9.52; March, 1962.) Ionospheric dis-
turbances have been observed between 60° and 
80° geomagnetic latitude using five auroral 
radars. The distribution of these disturbances 
as a function of time and location is presented. 

551.594.6 2324 
Diurnal Variation of Sweeper Activity— 

N. C. Gerson and W. II. Gossard. (J. Geophys. 
Res., vol. 67, pp. 1007-1011; March, 1962.) A 
description is given of observations made 
during a 24-h period using a frequency range 
23.5-24.0 Mc. The frequency distributions of 
several different types of sweepers are deter-
mined. 

551.594.6 2325 
The Effect of Positive Ion Collisions on 

Whistler Propagation—D. W. Swift. (J. Geo-
phys. Res., vol. 67, pp. 1175-1177; March, 
1962.) The attenuation caused by positive ion 
collisions is greater at the lower end of the 
whistler spectrum, and it peaks in the E and F 
regions. Below 90 km electron collisions are 
more effective in producing attenuation. 

551.594.6 2326 
Investigation of the Geomagnetic Con-

jugate Point of Poitiers: Nocturnal Variation 
in the Dispersion of Whistlers—R. Rivault and 
Y. Corcuff. (Ann. Géophys., vol. 16, pp. 550-
554; October-December, 1960.) Distances of 
lightning flashes which cause atmospherics fol-
lowed by short whistlers at Poitiers, show good 
agreement with the distances of the geo-
magnetic conjugate points. Sunrise and sunset 
at both points control the noctural variation of 
dispersion. 

551.594.9: 523.16 2327 
Generation of Radio Noise in the Vicinity 

of the Earth— P. A. Sturrock. (J. Res. NBS, 
vol. 66D, pp. 153-157; March/April, 1962.) 
A tentative classification is made of possible 
sources near the earth by examining separately 

the available sources of power and known 
mechanisms for conversion of this power. 

LOCATION AND AIDS TO NAVIGATION 

621.396.96+621.391.6 2328 
Power-Aperture and the Laser—M. D. 

Rubin. (PRoc. IRE, vol. 50, pt. 1, pp. 471-472; 
April, 1962.) Laser and microwave radar re-
quire similar power X aperture products for 
comparable serveillance. The laser can have 
advantages at short ranges. 

621.396.96 2329 
Upwind-Downward Ratio of Radar Re-

turn Calculated from Facet Size Statistics 
of a Wind-Disturbed Water Surface—A. H. 
Schooley. (PRoc. IRE, vol. 50, pt. 1, pp. 
456-461; April, 1962.) Results from a wind 
tunnel experiment with water as a lower sur-
face are used in calculating radar data. 

621.396.96 2330 
Pulsed Radar Measurement of Back-

Scattering from Spheres -S. B. Adler. (RCA 
Rev., vol. 23, pp. 80-95; March, 1962.) 

621.396.96 2331 
Coincidence Techniques for Radar Re-

ceivers—V. G. I lansen, K. Endresen, and 
R. Hedemark. (PRoc. IRE, vol. 50, pt. 1, 
p. 480; April, 1962.) Comment on 153 of 
January and authors' reply. 

621.396.96:621.376.33 2332 
The Output Spectral Density of a Detector 

Operating on a F.M. C.W. Radar Signal in the 
Presence of Band-Limited White Noise—j. 
Lait and A. J. Hymans. (PRoc. IRE, vol. 108, 
pt. C, pp. 197-207; March, 1961.) The inter-
actions between reference signal, echo and 
noise are examined in both linear and quadratic 
detectors. The effect of the pre-detector band-
width is considered. 

621.396.969.1 2333 
The Indeterminacies of Measurements 

using Pulses of Coherent Electromagnetic 
Energy—R. Madden. (PRoc. IRE, vol. 108, 
pt. C, pp. 247-251; March, 1961.) The accuracy 
of simultaneous measurements of position and 
velocity performed by radar is inherently 
limited, the limitation being a function of the 
frequency used. 

621.396.969.3:621.396.677.832 2334 
Radar Corner Reflectors for Linear or 

Circular Polarization—G. Lattniral and A. 
Sposito. (J. Res. NBS, vol. 66D, pp. 23-29; 
January/February, 1962.) Polarization con-
version effects can be obtained when a grid of 
parallel wires is put in front of a plane or corner 
reflector. Triltedral corner reflectors can be 
made "visible" by radar even with circular 
polarization. 

629.1.05 : 550.38 : 551.507.362.2 2335 
Use of the Earth's Magnetic Field for 

Navigation and Attitude Control— N. Avrech. 
(PRoc. IRE, vol. 50, p. 485; April, 1962.) A 
note of a preliminary study relating to orbiting 
earth satellites. 

MATERIALS AND SUBSIDIARY 

TECHNIQUES 

535.215:061.3 2336 
Proceedings of the 1961 International Con-

ference on Photoconductivity—(J. Phys. Chem. 
Solids, vol. 22, pp. 5-407; December, 1961.) 
The text of 53 papers presented at the con-
ference held in New York, August 21-24, 1961. 

535.37:546.47'221 2337 
The Growth of ZnS Single Crystals from 
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the Vapour Phase -H. Hartmann and H. 
Treptow. disc/i. Akad. Wiss. Berlin, 
vol. 2. pp. 670-673; 1960.) 

535.37: 546.47'48'221 2338 
Investigation of the Superlinear Lumines-

cence Yield of ZnCdS Phosphors as a Function 
of Excitation Intensity and Temperature - 
H. Eder. (Z. Phys., vol. 166, pp. 328 340; 
January, 1962.) Part 1 of report on experi-
mental investigations over a range of excitation 
intensities of eight orders of magnitude and a 
temperature range from - 120° to + 23°C. 

535.37: 546.47'48'221 2339 
Determination of the Concentration of 

Trapping Centres, the Binding Energies and 
the Recombination Constants from the Lumi-
nescence Yield of ZnCdS Phosphors-H. Eder. 
(Z. Phys., vol. 166, pp. 386-392; February, 
1962.) Part 2 of report on experimental investi-
gations. Part 1: 2338 above. 

535.37:546.47'86 2340 
Investigation of the Luminescence Decay of 

Tungstate Phosphors after Excitation by Ultra-
violet Light and Electrons-V. Schfifer. (Z. 
Phys., vol. 166, pp. 429-438; February, 1962.) 
Investigations in the temperat ure range 
-180°C to + 200°C were carried out on speci-
mens of CaW04, CdW04, MgW0,1 and 
ZnW04, with excitation provided by short 
pulses of light and by electron beams. 

535.376: 546.47'221 2341 
Electroluminescence in Zinc Sulphide 

Single Crystals-F. Matossi and G. Schmid. 
(Z. Phys., vol. 166, pp. 455-459; February. 
1962.) Experimental results obtained are inter-
preted by assuming hole injection to be the 
cause of the electroluminescence. 

537.226,228.1 2342 
Piezoelectric and Dielectric Properties of 

Lead Titanate-Zirconate Ceramics at Low 
Temperatures -R. Gerson. (J. App!. Phys., vol. 
33, pp. 83(1-832; March, 1962.) 

537.227: 546.431'824-31 2343 
Thickness Dependence of Polarization Re-

versal in BaTiO, Single Crystals - II. Shibata 
and H. Toyoda. (J. Phys. Soc. Japan, vol. 17, 
PP. 404-405; February, 1962.) The coercive 
voltage and saturation polarization are meas-
ured for different thicknesses. 

537.228.1 2344 
Electrodeless Excitation of Piezoelectric 

Crystals--J. J. Gruetzmacher, S. Hess, and 
P. Eisenberg. (Ilochfrequenz. and Elektroak., 
vol. 71, pp. 28-29; February, 1962.) The ex-
citation is achieved by placing the crystal in 
the RF field radiated by a transmitter. 

537.228.2:547.476.3 2345 
The Influence of Mechanical Stresses on 

the Dielectric Properties of Paraelectric 
Rochelle Salt-G. Schmidt and K. II. Neu-
mann. (Z. Phys., vol. 166, pp. 207 215; 
January, 1962.) Report on experimental in-
vestigations confirming the dependence of the 
electrostriction constant on mechanical stress 
(see 3815 of 1961 (Schmidt)]. 

537.311.33 2346 
Analysis of Semiconductor p-n Junctions 

and Junction Devices by a Flux Method-
J. P. McKelvey. (J. Ape Phys., vol. 33, pp. 
985-991; March, 1962.) A method of applying 
a flux analysis (3819 of 1961 ( McKelvey, 
el al.)1 to p-n junctions is given. A compari-
son is made of the //V characteristics derived 
by this method and those obtained by simple 
diffusion analysis. 

537.311.33 2347 
Diffusion and Drift of Minority Carriers 

in Semiconductors for Comparable Capture 
and Scattering Mean Free Paths W. Shock-
ley. (Phys. Rev., vol. 125, pp. 1570-1576; 
March, 1962.) The basic equations of Mc-
Kelvey, el a/. (3819 of 1961) are equivalent to 
the continuity equation with modified diffu-
sion constants. The treatment is extended to 
three dimensions with small electric fields. 

537.311.33: 535.34-1 2348 
Optical Spectrum of the Semiconductor 

Surface States from Frustrated Total Internal 
Reflections-N. J. Harrick. (Ph vs. Rev., vol. 
125, pp. 1165-1170; February, 1962.) The 
optical spectrum is obtained by observing 
directly the absorption of infrared radiation 
and removing the free-carrier contribution in 
the space-charge region. 

537.311.33: 538.569.4 2349 
Quadrupolar Nuclear Relaxation in the 

III-V Compounds----R. L. Mieller. (Phys. Rev., 
vol. 125, pp. 1537-1551; March, 1962.) Re-
sults of measurements on semiconductor com-
pounds and on Ge are compared with theory. 

537.311.33: 538.632 2350 
Electrode Geometries for which the 

Transverse Magnetoresistance is Equivalent 
to that of a Corbino Disk -M. Green. (Solid-
State Electronics, vol. 3, pp. 314-316; Novem-
ber/December, 1962.) Theoretical treat ment 
of electrode configurations for a semiconductor 
wafer which provide maximum magnetore-
sistance. 

537.311.33:546.23:539.23 2351 
Drift Mobilities of Electrons and Holes and 

Space-Charge-Limited Currents in Amor-
phous Selenium Films-J. L. Hartke. (Phys. 
Rev., vol. 125, pp. 1177-1192; February, 1962.) 
Application of band theory enables the energy 
levels and densities of electron and hole traps 
in the gap to be determined. Their origin and 
energy distribution are discussed. The effects of 
adding As are investigated. 

537.311.33: 546.23 : 539.23 2352 
The Faraday Effect in Amorphous Selenium 

Films-H. Gobrecht, A. Tausend, and I. Bach. 
(Z. Phys., vol. 166, pp. 76-80; December, 
1961.) Faraday rotation was measured in the 
spectral range 690-930 ma for values of mag-
netic induction up to 20 kG. 

537.311.33:546.28 2353 
Resistivity of Bulk Silicon and of Diffused 

Layers in Silicon-J. ('. Irvin. (Bell Sys. Tech. 
J., vol. 41, pp. 387-410; March, 1962.) " Meas-
urements of resistivity and itnpurity con-
centration in heavily doped silicon are re-
ported. These and previously published data 
are incorporated in a graph showing the re-
sistivity (at T = 300°K) of and p-type sili-
con as a function of donor or acceptor concen-
tration. The relationship between surface con-
centration and average conductivity of diffused 
layers in silicon has been calculated for Gaus-
sian and complementary error function dis-
nibutions. The results are shown graphically. 
Similar calculations for subsurface layers, 
such as a transistor base region, are also 
given." 

537.311.33:1546.28 546.289]: 548.5 2354 
Nomograph Technique for Doping Deter-

mination in Germanium and Silicon Crystal 
Growing-H. Ilemmat and A. L. MacDonald. 
(Solid-State Electronics, vol. 3, pp. 309-314; 
November .December, 1961.) 

537.311.33:546.289 2355 
Annealing of Quenched-In Defects in Ge 

Crystal (Dislocation Density 10,-10. Etch-

Pits cnil-A. Flintki and T. Suits. (J. Phys.) 
Soc. Japan, vol. 17, pp. 408-409.) The time 
dependence and temperature cleondence of the 
annealing process are discussed. 

537.311.33 : 546.289: 537.312.9 2356 
Effect of Uniaxial Compression on Impurity 

Conduction - in n-Type Germanium-H. 
Fritzsche. (Phys. Rev., vol. 125, pp. 1552 - 
1560; March. 1962.) Results are given of re-
sistivity measurements or. Sb-, As-, or P-doped 
Ge at temperatures between 1.3° K and 
300° K under stresses ranging from 2 X107 
to 2 X 1M dynes/cm,. 

537.311.33 : 546.289 : 537.312.9 2357 
Effect of Stress on the Donor Wave Func-

tions in Germanium-H. Fritzsche. (Phys. 
Rev., vol. 125, pp. 1560-1567; March, 1962.) A 
theoretical discussion leading to a qualitative 
explanation of the results reported in a previous 
paper (2356 above). 

537.311.33:546.289:539.23 2358 
Epitaxy of Germanium Films on Germa-

nium by Vacuum Evaporation-J. E. Davey. 
(J. Ape Phys., vol. 33, pp. 1015 1(11 -6; 
March, 1962.) By regeneration of the receiver 
surface in vacuum prior to the deposition, good 
crystal propagation was achieved at 300°C. 

537.311.33 : 546.289: 548.5 2359 
Growing Heavily Compensated Germa-

nium Cyrstals of Known Impurity Concentra-
tions-L. M. Lambert. (Solid-Stale Electronics, 
vol. 3, pp. 316-317; November /,Decetnber, 
1961.) Note on an application of the modified 
floating-crucible technique. 

537.311.33 : 546.289: 669.046.5 2360 
The Selective Melting of Germanium by 

Thermal Radiation-T. C. Taylor and C. J. 
BarcIsley. (Solid-Stale Electronics, vol. 3, pp. 
226-232; November December, 1962.) To pro-
vide the three-dimensional thermal gradients 
required for selective melting, carbon films 
locally deposited on the Ge surface are used in 
conjunction with a radiant-heat source de-
signed to produce a one-dimensional thermal 
gradient. 

537.311.33:546.36'59 2361 
Photoemission and Band Structure of the 

Semiconducting Compound CsAu-W. E. 
Spicer. (Phys. Rev., vol. 125. Pt)- 1297-1299; 
February, 1962.) 

537.311.33:546'221:537.323 2362 
Thermoelectric Properties of some Cerium 

Sulphide Semiconductors from 4°K to 1300° K 
-F. M. Ryan, I. N. Greenberg, F. L. Carter, 
and R. C. Miller. (J. Ape Phys., vol. 33, 
pp. 864-868; March, 1962.) 

537.311.33 : 546.811-17 2363 
Reflectivity of Grey Tin Single Crystals in 

the Fundamental Absorption Region- M. 
Cardona and D. L. Greenaway. (Phys. Rev., 
vol. 125, pp. 1291-1296; February, 1962.) The 
band structure of gray tin determined from re-
flectivity measurements iv discussed in rela-
tion to similar data for o?Iter semiconductors 
with diamond and zinc blend structure. 

537.311.33: 548.5 2364 
Growth of Semiconducting Compounds 

from Nonstoichiometric Melts-D. T. 1. 
Ilurlt•, O. Jones, and J. B. Mullin. (Solid-
Stale Electronics, vol. 3, pp. 317-320; Novem-
ber December, 1962.) Growth characteristics 
are considered from the viewpoint of constitu-
tional supercooling. 

537.312.62 2365 
Determination of the Energy Gap of Super-

conducting Tantalum with the aid of the Tun-
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ne! Effect— I. Dietrich. (Z. Naturforsch., vol. 
17a, pp. 94-96; January, 1962.) 

537.312.62:538.24 2366 
Magnetization of Hard Superconductors— 

C. P. Bean (Phys. Rev. Lett., vol. 8, pp. 250-
253; March, 1962.) 

537.312.62:538.569 2367 
Quantum Interaction of Microwave Radia-

tion with Tunnelling between Superconductors 
—A. H. Dayem and R. J. Martin. (Phys. Rev. 
Lett., vol. 8, pp. 246-248; March, 1962.) I /V 
characteristics obtained experimentally with 
samples of Al, A1203/Pa, In, or Sn in the 
presence and absence of a microwave field at 
frequency v are discussed. Considerable 
interaction occurs for kv<2e1. Absorption by 
a tunneling electron of more than one photon 
has also been observed. 

537.312.62 : 539.23 2368 
Resistance Transitions of Thin Supercon-

ducting Films in Magnetic Fields- E. H. 
Rhoderick. (Proc. Roy. Soc. (London), A, 
vol. 2(,7, pp. 231-243; May, 1962.) Experi-
ments on evaporated Sn films of thickness 
600-10,000 A reveal characteristics signifi-
cantly different from those reported for rolled 
foils. 

537.312.62:539.23 2369 
Trapped Flux and Critical Currents in Su-

per-conducting Thin-Film Rings J. E. :\ lerce-
man and T. K. hunt. Phys. Rev. Lea., vol. 8, 
pp. 243-246; March, 1962.) Measurements 
made by a torque method are reported. Cur-
rent densities > 106A /cm , can readily be 
achieved in Sn filins 700 A thick within a degree 
of the transition temperature. 

537.323 2370 
Thermoelectric Properties of Bismuth-

Antimony Alloys—G. Smith and R. Wolfe. 
(J. Ape Pin's., vol. 33, pp. 841-846; March, 
1962.) 

538:061.3 2371 
Proceedings of the Seventh Conference on 

Magnetism and Magnetic Materials— (J. 
Ape Phys., vol. 33, Supplement, pp. 1019-
1382; March, 1962.) The full text is given of 
145 papers, with abstracts of others, presented 
at the conference in P!toenix. Arizona, Novem-
ber 13-16, 1961. 

538.221 2372 
Linear Shift of the Fermi Level in Iron with 

Applied Magnetic Fields—R. H. Walmsley. 
(Phys. Rev. Lelt., vol. 8, pp. 242-243; March, 
1962.) 

538.221 2373 
Induced Magnetic Anistropy Created by 

Magnetic and Stress Annealing of Iron-
Aluminum Alloys— 11. J. Birkenbeil and R. W. 
Cahn. (Proc. Phys. Soc. (London), A, vol. 79, 
pp. 831-847; April, 1962.) 

538.221 2374 
Magnetic Measurements in the System 

Bismuth-Cobalt - R. I )amm, E. Sclieil, and E. 
Wachtel. (Z. 211etallkde, vol. 53, pp. 196-203; 
March, 1962.) 

538.221:537.312 2375 
The K-State of some Ferromagnetic Alloys 

—P. Muth. (Z. Me:allkde, vol. 53, pp. 203-
206; March, 1962.) Report of investigations on 
numetal, Mo-permalloy and other alloys, and 
interpretation of the results with reference to 
the explanations advanced by Thomas (2751 
of 1951). 

538.211:538.652 2376 
The Volume Magnetostriction of Gado-

linium Metal near the Curie Temperature— 

J. T. Davies. (Proc. Phvs. Soc. (London), A, 
vol. 79, pp. 821-830; April, 1962.) 

538.221:539.23 2377 
The Variation of the Direction of Magneti-

zation in Domain Walls of Ferromagnetic 
Films--E. Fuchs. (Naherioiss., vol. 48, p. 450; 
June, 1961.) Changes in magnetization direc-
tion at domain walls can be determined from 
electron-microscope images, as shown by an 
example. See 2714 of 1961. 

538.221:539.23 2378 
The Magnetic Excitation Inside a Cylin-

drical Thin-Film Ferromagnet—T. 11. O'Dell. 
(Proc. III, vol. 1(18, pt. C, pp. 79.-82; March, 
1961.) An expression for the magnetic excita-
tion inside a cylindrical thin-film ferromagnet 
is derived, and a table of computed values is 
given. The results are considered to be relevant 
to work on thin ferromagnetic films for digital-
storage applicat ions. 

538.221:621.318.134 2379 
Dependence on Heat-Treatment of the 

Ferromagnetic Resonance Width in Ni Ferrite 
-- H. Sekizawa and K. Sekizawa. (J. Phys. 
Soc. Japan, vol. 17, pp. 359-366; February, 
1962.) Various heat treatments, on the saine 
specimen, produce aimireciable changes in 
width, anisotropy constants and g factor. 

538.221: 621.318.134: 538.569.4 2380 
Observation of Space Average Harmonic 

Component of Magnetization due to Spin 
Waves in Ferrites — 1'. M. Richards and H. J. 
Shaw. (Phys. Rev. Lett., vol. 8, pp. 202 - 204; 
March, 1962.) It is shown theoretically and 
experimentally that spin waves can excite 
fields in microwave circuits, the excitation be-
ing at a harmonic of the fundamental reso-
nance frequency. 

538.221:621.318.134:621.318.57 2381 
The Reversal of Magnetization in Ring 

Cores of Square-Loop Ferrite—W. Hilberg. 
(Frevienz, vol. 16, pp. 24-31; January, 1962.) 
Analysis of magnetization reversal processes 
and their application to switching devices. 
See also 4023 of 1961. 

538.222:538.569.4 2382 
Anomalies in Adiabatic Rapid Passage in 

Ruby—J. S. Thorp. (J. Electronics and Control, 
vol. 11, 1)1). 439 -444; December, 1961.) The 
presence of impurities in the samples is sug-
gested to be the cause of anomalies in the 
absorption spectrum of ruby. 

538.222:538.569.4 2383 
'Forbidden' Transitions in the Paramag-

netic Resonance of Mn" ÷ in A1,03— V. J. 
Volvo. (Phys. Rev., vol. 125, pp. 1581-1583; 
March, 1962.) 

548.5: 671.16 2384 
The Synthesis and Uses of Artificial Gem-

stones—E. A. D. White. (Endeavour, vol. 21, 
pp. 73 84; April, 1962.) Methods of synthesis 
resulting in improvements of crystalline perfec-
tion are reviewed, and applications to low-
noise amplifiers, masers and lasers are men-
tioned. 

MATHEMATICS 

512 + 513.831: 621.372.6 2385 
The Algebra and Topology of Electrical 

Networks -Bryant (See 2206.) 

512.23:621.372.5 2386 
Connection Matrices and Network Algebra 

—Boisvert. (See 2196.) 

519:621.372.6 2387 
A New Approach to Kron's Method of 

Analysing Large Systems—Onodera. (See 2207.) 

MEASUREMENTS AND 

TEST GEAR 

621.317.337:621.372.412 2388 
New Method for Determining the Q-

Factor of a Quartz Resonator—E. D. Nov-
gorodov. (lzmer. Tekh., pit. 50-51; November, 
1961.) The method is based on measuring the 
phase shift between the current and voltage 
when the frequency of the resonator is varied. 

621.317341.089.6 2389 
A Method for the Self-Calibration of At-

tenuation-Measuring Systems— R. L. Peck. 
(J. Res. NBS, vol. 66C, pp. 13-.18; January-
March, 1962.) The theory and experimental 
procedures are given for four circuit configura-
tions. Calibrations may be obtained by simple 
graphical means or by an analytical solution. 
Measurements on a standard piston attenuator 
at 30 Mc showed a standard deviation of 
0.003 ( lb in. 

621.317.342 2390 
Technique for the Dynamic Measurement 

of Differential Phase Shift at Microwave Fre-
quencies— B. P. Israelsen and R. W. Haegele. 
(Piton. IRE, vol. 50, pt. 1, pp. 474-475; April, 
1962.) A null method for ac and dc measure-
ments is described. Two parallel microwave 
paths are fed from a CW instead of a conven-
tional square-wave source and an AF sweep 
voltage is applied to one path and to the 
horizontal input of an oscilloscope. 

621.317.342:621.376.33 2391 
A Microwave Phase Discriminator—j. R. 

Chamberlain, H. Daarns, and S. N. Ka Ira. 
(Piton. IRE, vol. 50, pt. 1, P. 481; April, 1962.) 
A microwave analog of the Foster-Seely type of 
ratio detector is described which can be used 
to measure changes in the relative phase be-
tween two fairly low-power signals. 

621.317.44:537.312.8 2392 
Microsize Magnetic Field Probes with 

Axial Symmetry— C. A. Shaman. (Rev. Sci. 
¡asir., vol. 33, pp. 206-207; February, 1962.) 
Small magnetoresistance probes of Bi for use at 
extremely low temperatures are described. 

621.317.44: 538.632 2393 
Microprobe for Measuring Magnetic Fields 

—1). I). Roshon, Jr. (Rev. Sci. Inst., vol. 33, 
pp. 201-206; Febrary, 1962.) A miniature Hall-
effect probe huts been produced by vacuum 
evaporation through a mask. The sensitive area 
is about 10 X10 µ. 

621.317.443 2394 
Strain-Gauge Balance for Ferromagnetic 

and Paramagnetic Measurements -- N. Lund-
quist and H. P. Myers. (.1. .Sci. Instr., vol. 39, 
pp. 154-155; April, 1962.) Two instruments are 
described. Designs are based on Sucksmith's 
ring balance with the ring and optical lever sys-
tem replaced by a strain-gauge bridge. Rela-
tive accuracies for the ferromagnetic and para-
magnetic balances are within 0.3 per cent and 
0.5 per cent, respectively. 

621.317.6:621.317.755 2395 
Automatic Measurement of Complex Ra-

tios in the Frequency Range 5-200 Mc s with 
Visual Display- 11. Eisonnann and K. Lange. 
(Nachrlech. Z., vol. 15, pp. 17-24; January, 
1962.) Description of equipment and its opera-
tion, with illustrations of typical locus dia-
grams obtained. 

621.317.72:621.319.4 2396 
Using a Vibrating Capacitor as an Electrom-

eter Input--V. J. Caldecourt. (Electronics, 
vol. 3.5, pp. 48-50; April, 1962.) Design details 
are given of a vibrating-capacitor unit which 
converts a dc input signal to ac with power gain; 
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noncumulative drift rates of + 0.2 mv day can 
be achieved. See 3510 of 1961 ( Riegler). 

621.317.727.1.089.6 2397 
Voltage Ratio Measurements with a Trans-

former Capacitance Bridge T. L. Zapf. (J. 
Res. NBS, vol. 66C, pp. 25 -32; March, 1962.) 
Description of equipment and methods de-
veolped at the National Bureau of Standards 
for calibration of voltage dividers at AF. 

621.317.75:537.227 2398 
New Type of Loop Tracer for Ferroelectrics 

il. Roetschi (./. hisir., vol. 39, pp. 152 - 
153; April, 1962.1 The hysteresis-loop tracer de-
scribed is simpler in construction than exist-
ing types Isee e.g., 2249 of 1957 ( Diamant, 
el ell and is compensated for losses and ad-
ditional capacitance of the sample holder. 

621.317.755 2399 
Theory of the Stroboscopic Oscilloscope— 

c. Gerst and II. II. Grimm. ( PRoc. IRE, 
vol. 50, pt. I, pp. 475 476; April, 1962.) 
Analysis of two methods ‘vhereby repetitive 
waveforms at I I le or microwave frequencies 
may be displayed in LP form. 

OTHER APPLICATIONS OF 

RADIO AND ELECTRONICS 

531.787 : 621.382.23 2400 
Tunnel-Diode Hydrostatic Pressure Trans-

ducer M. E. Sikorski and I'. Andreatch. 
(Rez.. Sri. ¡asir., vol. 33. pp. 155 16(1; Feb-
ruary, 1962.) The transducer consists essen-
tially of a Si tunnel diode shunted by a re-
sistor which satisfies the stability conditions 
for operation in the arnplifier mode. Pressure 
sensitivities as high as 2 111V v per lb in , are 
observed. 

535.376.07 2401 
Construction and Performance of an ELF 

Display System --E. A. Sack, P. N. Wolfe, 
and J  \sit.. ( Przoc. IRE, vol. 50, pt. 1, 
pp. 432 441; April, 1962.) An experimental 
system has been constructed using an electro-
luminescent panel with 256 cells in , [ see 225 
of 1959 (Sack) I. The pattern is controlled by a 
ferroelectrir microarray. 

621.38: 57 2402 
Bionics: Parts 1, 2, 3 and 4---N. Lindgren. 

(Electronics, v(il. 35, pp. 37-42, 40-43, 41-43 
& 60-63; March, 1962.) Present develop-
ments of equipment based on the principles of 
living systems are considered. Brain models, 
neural nets, electronic analog of animal sensors, 
and learning networks which grow in liquid 
solution are described. 80 references. 

601.384.6 2403 
Beam Loading of a Radio-Frequency 

Cavity —V. K. Neil. (Rev. Sci. Instr., vol. 33, 
pp. 169 . 171; February, 19(12.) Previous analy-
sis [Rev. Sri. ¡ nitr., vol. 32, pp. 256-266; 
March, 1961 ( Neil & Sessler)t is extended to 
the case in which t he characteristic frequency 
of the cavity does not conicide with a harmonic 
of the beam circulation frequency. By proper 
tuning it is possible to minimize the power 
consumption by bringing the cavity wall cur-
rents into phase with the external generator. 

621.385.833 2404 
Progress in the Production of Microscopic 

Writing K. J. lia nszen. (Nalunciss., vol. 49, 
pp. 5(i 57; February, 1962.) Description of an 
etectronoptic method for producing fine traces 
for use in electron-microscope applications. 

621.385.833 2405 
A New Calculation of Electron Scattering 

Cross-Sections and a Theoretical Discussion 
of Image Contrast in the Electron Microscope 

—R. E. Burge and G. H. Smith. (Prot. Phys. 
Soc. (London), .4, vol. 79, pp. 673-690; April, 
1962.) 

621.385.833:537.533.73 2406 
Fine-Beam Electron Diffraction by means 

of a Three-Stage Condenser and a Long-Focus 
Final Condenser Stage --W. Riecke. 
(oprik, Stuttgart, vol. 19, pp. 81-116; February, 
1962.) A nen method is described for producing 
electron diffraction patterns of small selected 
areas of transmission siiecimens in electron 
microscopes. The minimum area of the diffrac-
tion region is about 0.1 µ. 

621.385.833:537.533.73 2407 
Measurement of the Continuous Phase 

Shift of Electron Waves in Force-Field-Free 
Space by means of the Magnetic Vector Poten-
tial of an Air-Cored Coil— G. Miillenstedt and 
W. Hayti. (Nahrnviss., vol. 49, pp. 81 -82; 
February, 1962.) Improvements to the electron 
bipristn interferometer noted (Naturwiss., vol. 
48, p. 400, May, 1961) are discussed. 

621.387.462:537.312.62 2408 
Cryotron as Ionizing-Particle Detector— 

N. K. Sherman. (Ganad. J. Phys., vol. 40, lip. 
372-376; March, 1962.) A method of using 
the cryotron as a detector of alpha particles or 
fission fragments is suggested. 

621.9: 537.533 2409 
Contribution on the Problem of the Produc-

tion of Electron Beams for Melting, Vaporizing, 
Welding and Boring by means of Electron 
Beams—E. B. Bas, G. Cretnosnik, and H. 
Lerch. (Schweiz. Arch. angra'. wiss. Tech., vol. 
28, pp. 112 - 121; March, 1962.) 

The practical difficulties of achieving high 
beam current densities are discussed and two 
types of bombardment-heated cathode are 
described. Details are given of a 25-kv electron 
beam system for various applications. 

PROPAGATION OF WAVES 

621.391.81 2410 
On the Diffraction of Spherical Radio 

Waves by a Finitely Conducting Spherical 
Earth -L. C. Walters and J. R. Jollier. (J. 

.VBS, vol. 661), pp. 101-106; January 
February, 1962.) Some computation difficulties 
are avoided with the aid of modern analysis 
techniques applied to a large-scale electronic 
computer. 

621.391.812 2411 
Radio Propagation over a Sectionally 

Homogeneous Cylindrical Surface—,J. R. 
Thompson. (Proc. Rov. Soc. (London), A, 
vol. 267, pp. 183 196; May, 1962.) " The 
two-dimensional problem is considered of the 
propagation of 11-polarized radio waves over 
two homogeneous sections, having different 
electrical characteristics, of a circular cylindri-
cal surface. Though the treatment is in the 
context of a cylindrical geometry. the results 
may be cast into a form which is equally ap-
plicable to priqiagation over a sph ere.-

621.391.812.3 2412 
The Short-Term Statistics of a Fading 

Radio Wave -L. M. Delves and II. A. \late. 
(J. .4tmos. T('rr. Phys., vol. 24, pp. 225 - 236; 
April, 1962.) Joint distributions of bearing, 
elevation, and amplitude are given for the 
cases of reflection a) from a completely rough 
ionosphere, b) partly specular, and c) with 
components grouped about two main direc-
tions. 

621.391.812.6 2413 
Guided Propagation along a Small Atmos-

pheric or (more particularly) Exospheric 
Layer—J. Voge (Ann. Télécommun., vol. 16, 

plu. 288 - 295, November/December, 1961; 
vol. 17, pp. 34-43; January February, 1962.) 
Classical theory applied to small stratifica-
tions can take account or layer curvature and 
transverse variations of retractive index. The 
minimum amplitude of these cnriations neces-
sary to guide a wave is determined. See also 
1006 of 1960 (du Castel, et al.). The case of prop-
agation of short waves by the exosphere is 
also considered assuming that the frequency is 
very much lower than the gyro-frequency, and 
a general treatment is given for propagation of 
very long waves in a layered exosphere. 

621.391.812.6.029.45 2414 
Propagation of the Low-Frequency Radio 

Signal -J. R. Jollier. (PRoc IRE, vol. 5(), pt. I, 
pp. 404-427; April, 1962.) A review of theo-
retical work. 

621.391.812.61.029.65 2415 
Millimetre-Wavelength Atmospheric Ab-

sorption-- E. Wolf, R. Kopeck, and A. Mond-
loch. ( PRoc. IRE, vol. 30, pt. 1. Ii. 478; April, 
1962.) Attnospheric absorption measurements 
of 69.9 Gc signals are reported which give a 
value of 1.33 (lb 'km in fine weather. 

621.391.812.62 2416 
On the Theory of Wave Propagation 

through a Concentrically Stratified Tropo-
sphere with a Smooth Profile: Part 2—Ex-
pansion of the Rigorous Solution - II. Brem-
mer. (J. Res. NBS, vol. 66D, pp. 31 -52; 
January/ February, 1962.) The height-gain dif-
ferential equation is analyzed to obtain a 
series for the complete solution which starts 
with the extended W.K.B. approximation dis-
cussed in part 1 ( 263 of January). 

621.391.812.62.029.6 2417 
Radio Meteorology and its Significance in 

the Propagation of Metre, Decimetre and 
Centimetre Waves over Long Distances - 
B. R. Bean, L. Fehlhaber and J. Grosskopf. 
(Nachrtech. Z., vol. 15, pp. 9-16; January, 
1962.) The correlation of the surface value of 
refractive index with the refractive index 
gradient, as found, e.g., in measurements made 
in West Germany, is discu4sed and its use for 
the prediction of scatter- link propagation con-
ditions is outlined. See, e.g., 1980 of 1961 
(Bean and ('ahoon). 

621.391.812.624 2418 
On the Scattering of Electromagnetic 

Waves by Nonisotropic Inhomogeneities in the 
Atmosphere— D. T. Gjessing. (J. Geophys. 
Res., vol. 67, pp. 1017 -1026; March, 1962.) 
Application of the expression for die scattering 
cross section explains the very weak depend-
ence of received power on azimuth angle and 
the observation that maximum average power 
is received about 0.3° off the great-circle bear-
ing. 

621.391.812.624 2419 
An Interpretation of U.S.W. Tropospheric 

Propagation based on Investigations of the 
Amplitude Fluctuations at 10-cm Wavelength 
--R. Schfinemann and G. Pucker. (Ilochfre-
quenz. and Eleklroak., vol. 71, pp. 34-40; 
February, 1962.) Report of the results obtained 
from a continuation of earlier field-strength 
measurements (3642 of 1960). Partial reflec-
tions rather than scattering are aglin shown to 
be the main contributory factor in propagation 
over the 76-km path. 

621.391.812.63 2420 
The Application of Ray Tracing Methods 

to Calculations of Skip Distances for Radio 
Communications— I. N. Capon. (Proc. Phys. 
Soc. (London), A, vol. 79, im. 808-813; April, 
1962.) Parabolic ionospheric profiles are used. 
The formula of Appleton and Beynon ( D.S.I.R. 
Radio Research Special Report No. 18, 1948) 
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is usually a good approximation to ordinary-
ray propagation. Horizontal variations are im-
portant. 

621.391.812.63 2421 
Transmission Curves for the Curved Iono-

sphere— T. Kobayashi. (J. Radio Res. Lab., 
Japan, vol. 8, pp. 395-411; November, 1961.) 
The equivalence theorem for a curved iono-
sphere and curved earth is derived, and two 
types of transmission curves for M.U.F. calcu-
lations are developed. 

621.391.812.63 2422 
Ionospheric Absorption of H. F. Waves in 

High Latitudes— N. Wakai and S. Watanabe. 

(J. Radio Res. Lab., Japan, vol. 8, pp. 413-
423; November, 1961.1 Results of measure-
ments made at Syowa Base, Antarctica, from 
February, 1959 to January, 1960 are analyzed. 
Seasonal variations of absorption on quiet (lays 
and its correlation with magnetic activity on 
(list urbed days are examined. 

621.391.812.63 2423 
Reflection and Transmission of Radio 

Waves at a Continuously Stratified Plasma 
with Arbitrary Magnetic Induction—J. R. 
Jollier and J. D. Harper, Jr. (J. Res. AS, 
vol. 66D, pp. 81-99; J“nuary February, 1962.) 
A theoretical model plasma, together with 
available data on the ionosphere, is used to 
evaluate reflections and transmissions during 
quiescent and disturbed conditions. 

621.391.812.63 : 061.3 2424 
Radio Wave Absorption in the Iono-

sphere—U. Almos. 7'err. Phys., vol. 23, pp. 
1-368; December, 1961.) A collection of papers 
given at the Fifth Tochnical Meeting of the 
Ionospheric Research Committee of AGARD 
at the University of Athens, June 20-23,1960. 

621.391.812.63.029.4 2425 
Fields of Electric Dipoles in Sea Water— 

the Earth Atmosphere-Ionosphere Problem — 
W. L. Anderson. (J. Res. .V BS, vol. 661), pp. 
63-72; January, Febrdary, 1962.) The theory 
of ELF propagation from vertical and hori-
zontal electric dipoles in a half-space separated 
by in infinite slab from another half-space is dis-
cussed, assuming the media to be homogeneous 
and isotropic. Some clIculations have been car-
ried out for fields in sea water at a distance of 
1000 km and frequencies of 1, 10, 100 and 1000 
Cps. 

621.391.812.63.029.4 2426 
On the Propagation of V.L.F. and E.L.F. 

Radio Waves when the Ionosphere is not 
Sharply Bounded—J. R. Wait. (J. Res. NBS, 
vol. 661), pp. 53-61; January February, 1962.) 
An expression is derived for the reflection co-
efficient of a continuously stratified ionized 
medium. The result is fitted to previously de-
veloped theory for propagation between a 
spherical earth and a concentric ionosphere. 

621.391.812.63.029.45 2427 
Results of Measurement of Field Intensity 

of V.L.P. Radio Waves over Great Distances— 
A. Sakurazawa, J. Asai, and T. Ishii. (J. Radio 
Res. Lab., Japan, vol. 8, pp. 425-439; Novem-
ber, 1961.) Data for two propagation paths 
over an 18-month period are given and dif-
ferences are studied. Attenuation is determined 
by integrating the attenuation coefficients 
along the propagation path on the basis of 
waveguide theory. 

621.391.812.63.029.45 2428 
An Approximate Full-Wave Solution for 

Low-Frequency Electromagnetic Waves in an 
Unbounded Magneto-ionic Medium—W. C. 
Hoffman. (J. Res. N BS, vol. 661), pp. 107-111; 
January/February, 1962.) Maxwell's equations 

for an anisotropic inhomogeneous medium are 
transformed by means of the Stratton-Chu 
formula into a vector integral equation. 

621.391.812.63.029.62 2429 
Reflection of Electromagnetic Waves from 

Thin Ionized Gaseous Layers— I". il. North-
over. (J. Res. NBS, vol. 66D, pp. 73-80; 
January/February, 1962.) The reflection prop-
erties of thin ionized layers are examined. 
Estimates of the rate of attenuation around a 
curved earth indicate that suitably intense E( 
formations may account for freak long-distance 
transmission of VHF waves. 

621.391.812.63.029.62 2430 
V.H.F. Radio Propagation Data for the 

Cedar Rapids-Sterling, Anchoarge-Barrow, 
and Fargo-Churchill Test Paths, April 1951 
through June 1958—G. R. Sugar and K. W. 
Sullivan. (J. Res. NBS, vol. 661), pp. 113-119; 
January/February, 1962.) A representative set 
of data on system loss for 1)-region scatter and 
E„ propagation over test paths. See 243 of 
1956 (Bailey, el al.). 

621.391.812.63.029.62:523.5 2431 
Evidence that Meteor Trials Produce a 

Field-Aligned Scatter Signal at V.H.F.—J. L. 
Heritage, W. J. Fay, and E. I). Bowen. (J. 
Geophys. Res., vol. 67, pp. 953-964; March, 
1962.) Experimental evidence suggests that, to 
produce scatter, the necessary electrons in ex-
cess of ambient are provided near 110 km by a 
number of sources, e.g., meteors, auroras, and 
E,. 

621.391.812.63 2432 
Radio Waves in the Ionosphere [Book Re-

view]— K. G. Budden. Publisher: Cambridge 
University Press, 542 pp., 95s; 1961. (Proc. 
Phys. Soc. (London), A. vol. 79, pp. 872-874; 
April, 1962.) An authoritative treatise covering 
the full mathematical theory of the propaga-
tion of harmonic waves in a horizontally 
stratified and stationary ionosphere. 

RECEPTION 

621.376.23: 621.395 2433 
A Comparison of Error Rates for Coherent 

and Phase-Comparison Detection of Two- and 
Four-Phase Digital Signals in the Presence of 
Rayleigh Carrier Fading—C. R. Laughlin and 
R. E. Sullivan. ( Pnoc. IRE, vol. 50, pt. 1, 
pp. 468-469; April, 1962.) Discussion of expres-
sions for the probability of element error as 
a function of average signal/noise power ratio 
when phase detectors are used in the presence 
of Rayleigh-type fading. 

621.376.5: 621.372.54 2434 
Optimum Combination of Pulse Shape and 

Filter to Produce a Signal Peak upon a Noise 
Background—H. S. Heaps. (Proc. IRE, vol. 
108, pt. C, pp. 153-158; March. 1961.) The 
optimum system leads to a significantly high 
signal/noise ratio. It is advantageous to trans-
mit a succession of short pulses of a determined 
forma rather than a single smooth pulse. 

621.391.81 2435 
The Service Area of the Experimental 

U.H.F. Transmitter, Vienna—J. Kornfeld. 
(Radioschau, vol. 12, pp. 6-8; January, 1962.) 
Results are given of field-strength measure-
ments on test transmissions from the band- IV 
television transmitter Kahlenberg, operating 
in channel 27. 

621.391.812.3 2436 
Fading Characteristics Observed on a 

High-Frequency Auroral Radio Path—J. W. 
Koch and H. E. l'etrie. (J. Res. NI3S, vol. 
66D, pp. 159-166; March/April, 1962.) Ob-
servations of fading rate, amplitude fluctua-

tions and fade durations have been made for 
a 4470 km propagation path through the au-
roral zone. Fading rates higher than 20 cps 
were observed. Usually signal amplitudes de-
parted from a Rayleigh distribution. 

631.391.812.3 : 551.507.362.2 2437 
The Correlation Analysis of the Fading of 

Radio Signals Received from Satellites— 
P. W. James. (J. Atmos. Terr. Phys., vol. 24, 
pp. 237-244; April, 1962.) It is shown theo-
retically that the mean height, the height 
range and the size of ionospheric it regularities 
can be deduced from the fading records of 
three spaced receivers. 

621.391.812.63.029.62:523.5 2438 
The Received-Amplitude Distribution Pro-

duced by Radio Sources of Random Occur-
rence and Phase—NV. C. Bain. ( Pnoc. IRE, 
vol. 108, pt. C, pp. 20-24; March, 1961.) The 
theoretical amplitude distribution of forward-
scatter signals due to meteor ionization is de-
rive(i and compared with experimental results. 
A method is outlined for estimating the relative 
proportions of meteor and turbulent-scattering 
signal components. 

621.391.822 2439 
The One-Sided Barrier Problem for Gaus-

sian Noise—D. Slepian. (Bell Sys. Tech. J., 
vol. 41, pp. 463-501; March, 1962.) 

621.396.62.029.62 2440 
Some Remarks on the Swiss High-Qual-

ity F.M. Broadcast Receiver-- R. Netzband. 
(Rundfunklech. .II ill., vol. 6, pp. 47 48; 
February, 1962.) The differences between 
the standard type of German VHF FM re-
ceiver and the Swiss receiver conforming to 
PTT specifications !see 2363 of 1961 (Stroh-
schneider)[ are discussed with reference to the 
results of measurements of selectivity and 
AM suppression. 

STATIONS AND COMMUNICATION 

SYSTEMS 

621.391:621.376.4 2441 
Audio Communication with Orthogonal 

Time Functions F. Harmuch. (Pnoc. 
IRE, vol. 108, pt. C. pp. 139-144; March, 
1961.) The decomposition of an AI.' signal by 
correlation with a set of orthogonal functions 
enables the phase information to be eliminated. 
This reduces the bandwidth required for trans-
mission by one-half and the signal power by 
3 (ib. 

621.396.216 2442 
Single-Sideband Generation—W. Saraga. 

(Electronic Tech., vol. 39, pp. 168-171; May, 
1962.) A new principle of direct frequency 
translation by quadrature modulation is pro-
posed in which, ideally, the unwanted sideband 
is never produced. A cheap "symmetric" 
multiplier, instead of the conventional two, 
would be required to make the system of prac-
tical interest. 

621.396.43:551.507.362.2 2443 
Geometry of Telecommunication Satellites 

—C. E. Nlartinato. (Ricerca sci., vol. 2, pt. 1, 
pp. 23-33; January February, 1962.) Optimum 
orbits and satellite spacings are calculated 
which would ensure continuity of operation 
between various telecommunication centers. 
Systems based on polar and equatorial orbits 
are compared. 

621.396.43:551.507.362.2 2444 
Satellite Project Telstar—(Elecironic 7ech., 

vol. 39, pp. 198-199: May, 1962.) Brief de-
scription of the satellite circuitry including a 
schematic diagram of the communication cir-
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cuit. See also Brit. ( ommon. Electronics, vol. 
9, pp. 353-355; May, 1962.) 

621.396.43:551.507.362.2 2445 
G.P.O. Satellite Communications Station— 

(Wireless World, vol. 68, p. 270; June, 1962.) 
A description of the station at Goonhilly 
Downs, Cornwall. Equipment includes an 
85-ft-diameter steerable paraboloid and trans-
mitters and receivers in the range 1.7-6.4 Ge 
for projects Telstar and Relay. 

621.396.43:551.507.362.2:621.38.004.6 2446 
Reliability of Components for Communica-

tion Satellites -- I. M. Ross. (Bell Sys. Tech. 
J., vol. 41, pp. 635-662; March, 1962.) 
Methods for determining reliability and tech-
niques for selection of high-quality components 
are discussed with reference to life tests on 
transistors and diodes, traveling-wave t ubes, 
and solar cells. 

621.396.65 2447 
Future Standby Installation for Radio Links 

in the German Democratic Republic -- H. 
H n (Nachrtech., vol. 11, pp. 539 541; 
December, 1961.) Outline of proposed installa-
tions and comparison with existing systems. 

621.396.65:621.376.3 2448 
The Vector Method: a Clear Method for 

the Treatment of Distortion in Small- Swing 
F.M. with Application to F.M. Radio Links 
NI. Müller. (Arch. del& Übertragang. vol. 16. 
pp. 25 35 and 93-99; January and February. 
1962.) The use of the vector method for the 
determination of the magnitude and limits of 
various types of distortion is described. 

621.396.712 2449 
Automatic Relay Stations—A. I.. Hands. 

(Wireless World, vol. 68, pp. 278 280; June. 
1962.) A description of the unattended B.B.C. 
relay station at Llandrindod Wells, Radnor-
shire. The operational state of the equipment 
can be checked by telephone. 

621.396.97:534.76 2450 
Survey of the Different Methods of High-

Frequency Stereophony Transmission and a 
Comparison of their Advantages and Disad-
vantages— S. Funk. (Tech. Mitt. BF R, Berlin. 
vol. 5, pp. 178 189; Deeembet. 1961.) 

SUBSIDIARY APPARATUS 

621.311.69 2451 
New Power Sources and Energy Con-

verters - D. Linden. (Electronics, vol. 35, pp. 
35 42; April, 1962.) A review of progress since 
1959 in the development of nuclear, solar and 
chemical power sources. 

621.311.69:621.383.5 2452 
Gettering Effects on the Forward Charac-

teristics of Silicon Solar Cells—W. W. Hooper 
and II. J. Queisser. ( Pilot. IRE, vol. 50, pt. 1, 
p. 486; April, 1962.) A report on the effects of 
glassy oxide layers on the forward //V charac-
teristics of p-n junctions. 

621.314.63:621.382.233 2453 
Characteristics of the Silicon Controlled 

Cell—A. C. Stumpy. (Elektrotech. Z., Edn. A, 
vol. 83, pp. 81-87; February, 1962. The con-
struction of a p-n- p-n type of Si controlled 
rectifier is described and the over-all //V 
characteristics are derived from the charac-
teristics of the individual junctions. The in-
fluence of control current and temperature is 
investigated. 

621.314.63+621.382.21.004.1 2454 
Maximum Ratings of Semiconductor Di-

odes and Rectifiers as a Function of Ambient 
Temperature —Cost a magna and Boni. (See 
2479.1 

621.362:621.387 2455 
Thermionic Generators—D, A. Fraser and 

G. G. Isaacs. (Electronic Eng., vol. 34, pp. 307-
311; May, 1962.) Experimental work shows 
that generators with outputs of 10 w,crn, of 
emitter surface and efficiencies of 10 per cent 
are feasible. Problems to be overcome in de-
veloping commercial units are discussed. 

TELEVISION AND PHOTOTELEGR A PHY 

621.397 2456 
Summary of the Most Important Papers on 

Television published at Home and Abroad 
during 1960 and 1961—E. Schwartz. (Rund-
funklech. Milt., vol. 6, pp. 26-38; February, 
1962.) A review with 180 references arranged 
under subject headings. 

621.397.1:621.395.625.3 2457 
Recording and Reproduction of Still Pic-

tures by means of the Foil Storage Device — 
H. G. Walter. (Elektron. Rundschaa, vol. 16. 
pp. 97-100; March, 1962.) A disk-shaped mag-
netic foil is rotated at 3000 rpm and is sup-
ported and stabilized by a current of air at 
about 1 µ above the magnetic heads. Oscillo-
grams of signal waveforms are reproduced 
showing the operation of the system which is 
suitable for the recording of single television 
Pictures. 

621.397.13 2458 
Some New Developments in B.B.C. Tele-

vision Technique—D. C. Birkinshaw (Rand-
funktech. Mitt.. vol. 6, pp. 2-6; February, 
1962.) 

621.397.13:621.376.56 2459 
Video Transmission by Delta Modulation 

using Tunnel Diodes—J. C. Balder and C. 
Kramer. (Piton. IRE, vol. 50, pt. 1, pp. 428 - 
431; April 1962.) "A method is described which 
enables video signals to be transmitted by the 
pulse code modulation system known as 
delta-modulation. A tunnel-diode balanced 
pair (Goto pair) is used for converting the video 
signal into a binary signal. With a new and 
very simple circuit, operating at a bit rate of 
100 Mc, a ratio of signal-to-quantizing noise 
of 42 db is obtained. A more conventional 
circuit, that combines tunnel-diodes with 
transistors, makes an even lower quantizing 
noise possible." 

621.397.13:621.391.822 2460 
The Relative Visibility of Random Noise 

over the Grey Scale—K. Hacking. (J. Brit. 
IRE, vol. 23, pp. 307-310; April, 1962.) 
Theoretical relative-visibilitv curves are de-
duced for three elementary types of noise 
source encountered in television systems, by 
the application of existing data relating to the 
perception of small differences in luminance. 

621.397.132 2461 
The Phase Tolerances for a Compatible 

Colour Television Signal allowing for Colour 
Retentivity--J. Wobst. (Tech. Mitt. BRF, 
Berlin, vol. 5, pp. 15.5-165; December, 1961.) 
The tolerances are determined on the basis of 
subjective tests carried out by means of color 
television equipment. 

621.397.132 2462 
A Constant-Luminance Colour-Television 

System— I. J. P. James and W. A. Karwowski. 
(J. Brit. IRE, vol. 23, pp. 297-306; April, 
1962.) A color television signal employing 
three basic components Eni/Y, (EnI/Y—Enti.r) 
and (EBI 17 —EOM') is proposed. The advan-
tages of this with regard to the quantity and 
quality of transmitted information are con-
sidered. 

621.397.132 2463 
A Colorimetric Study of a Constant Lumi-

nance System—W. N. Sproson. (J. Brit. IRE, 
vol. 23, pp. 311-315; April, 1962.) A set of 
standard colours typical of modern pigments 
and printing inks is proposed for the assess-
ment of color and luminance fidelity of a 
color television system. The method is applied 
to the system proposed by James and Karwow-
ski (see 2462 above.) 

621.397.132 2464 
Some Aspects of V.S.B. Transmission of 

Colour Television with Envelope Detection— 
G. F. Newell. (J. Brit. IRE. vol. 23, pp. 316 
320; April, 1962.) The errors liable to result 
from vestigial-sideband transmission witli 
envelope detection are considered. 

621.397.132:621.391.822.3 2465 
Fluctuation Noise in Two Forms of the 

N.T.S.C. Colour Television System—A. V. 
Lord. (J. Brit. IRE. vol. 23, pp. 322-328; 

April, 1962.) The effects of fluctuation noise 
in color receivers are analyzed for both the 
normal N.T.S.C. system and the constant-
luminance system suggested by James and 
Karwowski (2462 above); they are found to be 
similar. 

621.397.331.2 2466 
Laminated Picture Tubes J. A. Shaw and 

C. H. Laurence. (Proc. IRE. Ani., vol. 23, pp. 
61-68; February, 1962.) Molded glass caps 
bonded epoxy resin to the tube surface 
have proved successful in protecting the face 
of the tube and eliminating internal reflections. 
Construction teclIniqu('s are described. 

621.397.61:621.42.089 2467 
Measurement of Lenses from the Point of 

View of Television -- F. Below. (Nachrtech., 
vol. 11, pp. 547-549; Decenalx.r, 1961.) Report 
on experimental investigations of the quality 
of optical systems for use in television cameras. 

621.397.61.029.63 2468 
Television Transmitters for Bands IV and 

V—H. Bosse. (Radio Mentor, vol. 28, pp. 35 
37; January. 1962.) New design features men-
tioned include the use of a fixed IF and cavity 
resonators continuously tunable over the 
range 470-790 Mc. 

621.397.63 2469 
Transcription of Television Programme 

Material to a Different Field Frequency — 
C. G. Mayo and J. W. Head. (Electronic Eng., 
vol. 34, pp. 335-336; May, 1962.) Several 
methods of removing the 10-cps flicker fre-
quency produced during conversion between 
50- and 60- fields-. sec television material are 
described. 

621.397.63:621.395.625.3 2470 
The Influence of the Magnetic Tape on the 

Quality of Video Tape Recording—O. Schmid-
boner and K. Altmann. (Rundfunktech. Mitt., 
vol. 6, pp. 7-14; February, 1962.) The causes of 
tape noise are identified, with particular regard 
to drop outs. Measurements made with the 
equipment described in 2102 of June (Waech-
ter) are discussed. The economics of the routine 
testing of tapes and the possibility of "re-
touching" drop outs in tape are examined. 

621.397.63:778.5 2471 
Film Recording by the 'Negative' Process 

—J. Billiler. (Rundfunktech. Mitt., vol. 6, pp. 
15-20; February, 1962.) A negative image is 
displayed on a tube screen and photographed 
on negative film. Development produces a 
positive film suitable for use with the sup-
pressed-frame method. 
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TRANSMISSION 

621.396.61:621.372.51 2472 
Transmitter Combining Unit—A. B. Shone. 

(Electronic Tech., vol. 39, pp. 178-186; May, 
1962.) A method is described for reducing the 
size of combining equ:pment for low-power 
installations in bands I to III, without in-
creasing insertion loss. 

TUBES AND THERMIONICS 

621.382 2473 
Characteristics of the Space-Charge-

Limited Dielectric Diode at Very High Fre-
quencies—J. Slum and G. T. Wright. (Solid-
State Electronics, vol. 3, pp. 291-303; November 
/December, 1961.) A theoretical analysis for 
frequencies comparable with transit times 
gives a value for incremental admittance essen-
tially confirmed by experimental investigation. 

621.382 2474 
A Tunnel-Emission Device—R. F. Schwarz 

and J. P. Spratt. ( Paoc. IRE, vol. 50, pt. 1, 
p. 467; April, 1962.) Characteristic curves are 
shown of an active :rolid-state triode which 
achieves gain by a form of controlled internal 
field emission. It comirrises two metallic films 
in contact with a Ge crystal and separated 
from each other by a thin insulating spacer 
such as A1,0, See 2794 of 1961 ( Mead). 

621.382 2475 
Current Gain in Metal Insulator Tunnel 

Triodes—R. N. IlaII (Solid-State Electronics, 
vol. 3, pp. 320-322; November • December, 
1961.) Tunneling cannot be responsible for the 
current gains obtained [see, e.g., 3086 of 1961 
(Spratt, el al.)I as several associated effects 
would give too great :t loss in electron transfer. 
An alternative mechanism is suggested. 

621.382:537.312.62(083.74) 2476 
I.R.E. Standards on Solid-State Devices: 

Definitions of Superconductive Electronics 
Terms 1962—(PRoc. IRE, vol. 50, pt. 1, pp. 
451--452; April, 1962.) Standard 62 IRE 28.S1. 

621.382.2 /.3 2477 
The Calculation of Space-Charge Layer 

Widths, Maximum Field and Junction Capaci-
tance of p-n Junctions with Arbitrary Impurity 
Profiles— H. W. Loeb. (J. Electronics and 
Control, vol. 12, pp. 31--47; January, 1962.) A 
semi-graphical method is suitable for junctions 
of any profile. Examples are given. 

621.382.2/.3:537.312.9 2478 
Improvement 01 Semiconducting Devices 

by Elastic Strain—W. G. Pfann. (Solid-State 
Electronics, vol. 3, pp. 261-267; November 
/December, 1961.) Elastic strain, when applied 
in selected crystal directions, can produce posi-
tive or negative changes in carrier mobility. 

621.382.2 + 621.314.631.004.1 2479 
Maximum Ratings of Semiconductor Di-

odes and Rectifiers as a Function of Ambient 
Temperature—G. Costamagna and F. Born. 
(Alta Fremienza, vol. 31, pp. 39-52; January, 
1962.) Detailed description of calculation and 
measurement procedure carried out to deter-
mine the operating limits and characteristics 
of semiconductor devices. 

621.382.23 2480 
Tunnel-Diode Power—G. Derma. (Solid-

State Electronics, vol. 3, pp. 208-214; November 
/December, 1961.) An expression for nearly 
linear tunnel-diode power output (see 3182 of 
1961) is derived in a simpler way. Results 
applicable to all materials and arbitrary values 
of series resistanc, are displayed graphically. 

621.382.23:539.12.04 2481 
Low-Dose Gamma Irradiation of Semi-

conductor Diodes— D. E. Vaughan. (J. Elec-
tronics and Control, vol. 12, pp. 233-241; March, 
1962.) Report and interpretation of experi-
mental results obtained with Ge junction 
diodes. 

621.382.23:621.372.44 2482 
Variable-Capacitance Parametric Diodes— 

R. E. Aitchison. (Prot. IRE, A tie, vol. 23, pp. 
78-85; February, 1962.) The design parameters 
and V/C characteristics of junction diodes are 
discussed and a brief review of circuit applica-
tions is given. 

621.382.23:621.372.44 2483 
Maximization of the Fundamental Power 

in Nonlinear-Capacitance Diodes—J. A. Mor-
rison. (Ben Sys. Tech. J., vol. 41, pp. 677-721; 
March, 1962.) Particular diodes considered are 
the abrupt-junction and the graded-junction 
types, with operation in the foreward-conduc-
Hon region being permitted. 

621.382.23.012.8 2484 
Tunnel-Diode Large-Signal Equivalent Cir-

cuit Study and the Solutions of its Non mear 
Differential Equations—S. B. Geller and P. A. 
Mantek. (J. Res. NBS, vol. 66C, pp. 45--SO; 
January- March, 1962.) A model is developed 
and analog-computer solutions for the non-
linear equations are given for various modes. 

621.382.3 2485 
The Pinch Effect in Transistors which are 

Operated in the Breakdown Region—F. 
Weitzsch. (Arch. elekt. Uherlrogung, vol. 16, 
pp. 1-8; January, 1962.) The conditions are 
determined for avoiding the harmful concen-
tration of the emitter-collector diffusion cur-
rent which occurs during avalanche break-
down. 

621.382.333 2486 
A Simplified Approach to Transistor Ad-

mittances—J. Lindmayer and C. Wrigley. 
(Solid-State Electronics, vol. 3, pp. 278-290; 
November December, 1961.) Admittance pa-
rameters valid for a limited frequency range are 
shown to describe high frequency transistors 
relatively well. 

621.382.333 2487 
Influence of Wafer Thickness and Carrier 

Recombination on the Cut-Off Frequency of 
Alloy-Junction Transistors—S. Amer. (Solid-
Slate Electronics, vol. 3, pp. 304-308; November 
/December, 1961.) Carrier recombination plays 
a small part in limiting cutoff frequency. It 
may be increased by reducing the wafer thick-
ness in spite of increased carrier density near 
the emitter e(lge. 

621.382.333 2488 
Indium Antimonide Transistors—H. L. 

Henneke. (Solid-Stale Electronics, vol. 3, pp. 
159 - 166; November • December, 1961.) Design, 
fabrication and characteristics at 77°K are dis-
cussed. Because of its high electron mobility 
and consequent very short base transit time, 
this n-p-n InAs transistor compares favorably 
with any Ge transistor. 

621.382.333 2489 
Base-Layer Design for High-Frequency 

Transistors— H. S. Veloric, C. Fuselier, and 
D. Rauscher. (RCA Rev., vol. 23, pp. 112-125; 
NIarch, 1962.) Some of the parameters which 
must be evaluated in the design of a HF double-
diffused transistor are discussed. 

621.382.333:621.318.57 2490 
Dynatron-Like Transistor and its Applica-

tion—A. Sato, A. Fujie, and K. Kagiyama. 
(NEC Res. Developm., pp. 6-11; Sept eitiber, 

1961.) A new switching device and its mecha-
nism and characteristics are described. It is of 
similar construction to the double-base diode 
with p-n hook [ 1820 of 1960 (Tominaga, et al.)1, 
except that the bonded region is very close to 
the collector junction. Applications in the 
dynatron mode of operation are illustrated. 

621.382.333:621.318.57 2491 
The Influence of Traps on Transistor 

Switching Behaviour- J. J. Sitarkes and 
J. R. W. Smith. (J. Electronics and Control, 
vol. 12, pp. 177-194; March, 1962.) The 
Shockley-Read trap model is extended to high 
injection levels. A graphical method of solution 
of the recombination equations is used to ac-
count for certain anomalous responses of tran-
sistors in a simple switching circuit. 

621.382.333.33 2492 
Theoretical Current Gain of a Cylindrical 

Mesa Transistor— D. P. Kennedy and P. C. 
Murley. (Solid-Stale Electronics, vol. 3, pp. 
215-225; November/December, 1961.) The 
determination of base-region transport ef-
ficiency is considered as a boundary-value 
problem. Resulting equations are applied to the 
design of practical semiconductor devices. 

621.383.292 2493 
Random Effects of Transit Times and 

Secondary-Emission Multiplications in a Mul-
tiplier Phototube-11. 1)orniont. (Philips Res. 
Repts., vol. 17, pp. 79-94; February, 1962.) 

621.383.292 2494 
The Properties and Applications of a Grid-

Controlled Photomultiplier—A. J. Walton. 
(J. Electronics and Control, vol. 11, pp. 341-359; 
November, 1961.) A general description of a 
photomultiplier with a control grid and its 
static characteristics. 

621.385.032.212 2495 
Low-Noise Beams from Tunnel Cathodes— 

G. Wade, R. J. Briggs, and L. Lesensky. (J. 
Appl. Phys., vol. 33, pp. 836-841; March>, 
1962.) An analysis is given of the noise asso-
ciated with the space-charge waves of a beam 
emitted from a tunnel cathode. 

621.385.032.213.23 2496 
The Potential Distribution and Thermionic 

Current between Parallel Plane Emitters — 
F. II. Reynolds. (Paoc. IRE, vol. 108, pp. 
159 - 169; pt. C. March, 1961.) A theoretical 
analysis is given, the results of which are ap-
plied to practical oxide-cathode problems. 
Numerical values of the generalized Langmuir 
parameters at e tabulated. 

621.385.032.213.23 2497 
The Conductivity of Oxide Cathodes: Part 

9—Thermoelectric Power -G. H. Metson and 
M. F. Holmes. ( Paoc. IRE, vol. 108, pt. C, 
pp. 83-92; March, 1961.) The thermoelectric 
properties are explained by superposition of 
two physically separable thermoelectric power 
functions, each invariant with temperature and 
temperature gradient. Part 8: 737 of 1961 
(Metson and Macartney). 

621.385.032.213.23 2498 
The Poisoning of Thoriated Tungsten 

Cathodes-- R. O. Jenkins and W. G. Trodden. 
(J. Electronics and Control, vol. 12, pp. 1--12; 
January, 1962.) The observed resistance to 
cathode poisoning by oxidizing gases is due to 
combination of the gases with carbon in the 
surface. At a critical partial pressure poisoning 
commences and becomes rapid with further 
small increases in pressure. 

621.385.2 2499 
Unstable Electron Flow in a Diode— R. J. 

Lomax. (Paoc. IRE, vol. 108, pt. C. pp. 119 
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121; March, 1961.) "A perturbation analysis is 
used to demonstrate the instability of a type 
of electron flow in a plane diode known as 
C-overlap flow, which is predicted to be a 
possible flow in the approximation in which 
electrons are emitted from the cathode with a 
uniform velocity." 

621.385.2 2500 
The Influence of Space Charge on the 

Characteristics of Diodes under Initial-Current 
Conditions I. Pot zi. rill. elekt. Übertra-
gang., vol. IS, pp. 578 586; December, 1961.) 
An aitproximation method is given for calcu-
lating il a' operational parameters of diodes 
working under retarding- field conditions. 

621.385.23 2501 
Estimation of the Total Emission of a 

Diode -C. II. B. Mee, ('. S. Bull, and R. K. 
Fitch. (Brit. J. Apy. Phys., vol. 13, pp. 182--
184; April. 1962.) Critical comment on 1094 of 
:\ larch giving further experitnental data and 
authors' reply. 

621.385.6: 621.375.9: 621.373.44 2502 
Subharmonic Parametric Pumping of a 

Quadrupole Amplifier -J. E. Carroll. (J. Elec-
tronics and ('ontrol, vol. 11, pp. 321 340; 
November, 1961.) When an Adler-type 350-
Mc amplifier was pumped near 250 Mc 10 (lb 
gain was obtained. The operation is described 
in simple physical terms and a more rigorous 
mathematical theory is also given. 

621.385.6.032.26 2503 
Derivation of Ideal Electrode Shapes for 

Electrostatic Beam Focusing -\V. W. Siekano-
wicz. (RCA Rev., vol. 23, pp. 47 59; March, 
1962.) A derivation of ideal electrode shapes 
for es focusing of parallel, laminar, ribbon, 
hollow and cylindrical electron beams is 
presented. 

621.385.623 .624 2504 
The Frequency Stability of Klystron Oscil-

lators I). Frnlich and R. Milner. (Arch. de». 
l'hertragnng, vol. 16, pp. 19-24; January. 
1962.) The conversion of supply-voltage fluc-

tuations into frequency variations, i.e., fre-
quency modulation of the beam, is investi-
gated, and methods for the reduction of this 
effect are proposed. 

621.385.623.5.072.6 2505 
Frequency Stabilization of a Klystron Oscil-

lator in the 4-Gc s Range--E. Pietzsch. 
(Nachrtech., vol. 12, pp. 2-6; January, 1962.) 
A tunable cavity resonator is used as the con-
t rol element for frequency stabilization. 

621.385.624 2506 
Extension of the One-Dimensional (Klys-

tron) Solution to Finite Gaps -L. Solymar. 
(J. Electronics and Control, vol. 11, pp. 361 - 
383; November, 1961.) An analytical solution 
is derived for the quasi-linear partial-differen-
tial-equation system, governing the motion of 
electrons in the bundler gap and adjoining drift 
space. See also 4363 of 1961 and 1204 of April. 

621.385.624 2507 
A High-Efficiency 15-MW, 400-Mc s 

Pulsed Klystron -L. D. Clough, J. F. Dix. 
A. J. Monk, and P. Rowcroft. (J. Electronics 
and Control, vol. 12, pp. 105 - 118; February, 
19624 A four-cavity pulsed klystron designed 
for high efficiency is described. 

621.385.63 : 621.375.9: 621.372.44 2508 
Electron Orbits through a Quadripole 

Amplifying Structure- AI. W. 'rum and A. D. 
Williams. (J. Electronics and Control, vol. 11, 
pp. 401 -423; December, 1961.) An attempt is 
made to predict theoretically some character-
istics of the four- and two-pole amplifying 
structures used in Adler tubes; limitations on 
the maximum obtainable gain due to finite 
electron-beam width are considered. 

621.385.63.032.264 2509 
Quantitative Transformation Processes in 

Low-Noise Electron-Gun Systems - K. B. 
Niclas. (Arch. elekt. Übertragung, vol. 15, pp. 
587 599; December, 1961.) The quadripole 
parameters of the electron gun for a traveling-
wave tube are calculated using an approxima-
tion method (3584 of 1961). Theoretical and 

measured tninimum noise filet-es are in good 
agreement. 

621.385.632 2510 
A High-Power C.W. Travelling-Wave Tube 

—M. O. Bryant, A. Thomas and P. \V. Wells. 
(J. Electronics and Control, vol. 12, pp. 49 -62; 
January, 1962.) Efficiency it: increased by 
operating the collector at a negative potential. 
5 kw output is obtained over a voltage tuning 
range of about 5 per cent in the 3-cm band. 

621.385.633:621.316.729 2511 
Frequency Locking of Backward-Wave 

Oscillators - - M. V. \Vong, G. D. Sims, and 
1. M. Stephenson. (J. Electronics and Control, 
vol. 11, pp. 445 - 457; December, 1961.) An 
experimental investigation shams that the 
minimum signal required to lock a backward-
wave oscillator depends upon the point of in-
jection in the slow-wave stricture. The actual 
values are found to be in good tgreetnent with 
t heory. 

621.385.832 2512 
Cathode-Ray Tubes with Post-Deflection ---

W. Thommen. (.4 rch. elder iihertraving, vol. 
15, pp. 565 -568; December, 19(1.) The sensi-
tivity of cathode-ray tubes cannot effectively 
be increased by the use of a constant deflection 
field subsequent to the normal deflection sys-
tem, because of the resulting deterioration of 
beam focusing. 

021.387:621.362 2513 
Thermionic Generators--Fra,-er ;Ind Isaacs 

(See 24554 

MISCELLANEOUS 

621.396 + 621.3971:061.3 2514 
The Main Results of the European Broad-

casting Conference, Stockholm 1961 W. 
Klein. (Tee/u. Alit!. PTT, vol. 39, pp. 425-437; 
December, 1961. In German and French.) 
Report with particular reference to plans af-
fecting the Swiss broadcast and television 
systems. 



IBM asks basic questions in space 
e 

Where will it be next? 

This plotting board, driven by an IRM computer, tells 
PROJECT MERCURY control personnel the exact location of the 
AIERCURT spacecraft at any time in its orbit. 

Manned satellite tracking requires up-to-the-second 
information. To tell us where a MERCURY spacecraft 
is now and where we should look for it next, an IBM 
computer system at the NASA-Goddard Space Flight 
Center has been linked to ground tracking stations. 
This system connects sensors, real-time communica-
tions channels, data processors, and displays into an 
information network. It transforms data from space 
into continuous predictions of flight— from launch-
ing, through orbit, to impact. 

Space information systems must squeeze thousands 
of complex computations into split seconds. To re-
duce computation time requirements, IBM engineers 
are investigating the application of advanced com-
puting techniques—such as associative memory and 
auxiliary storage of precalculated data—to space sys-
tems. To enable tracking systems to operate in real 
time, they have developed special communications 
channels for PROJECT MERCURY and other projects, 
speeding data into central computers and back to 
tracking stations around the world. In another area, 
under contract to the Radio Division of the Bendix 
Corporation, IBM has designed a data processing sys-
tem for real-time control of an Electronically-Steer-
able Array Radar (ESAR). This new approach to han-
dling data in radar systems makes it possible to switch 
the direction of radar beams with far greater speed 

Throughout each orbital flight, the PROJECT MERCURY Con-
trol System continuously predicts the point where the MERCURY 
spacecraft will eventually return to earth. 

than was possible by using mechanical methods—so 
that one radar can track many satellites and space 
vehicles simultaneously. 

Tracking systems will improve as we learn more 
about space. Present atmospheric models are static.' 
Their failure to reflect the ebb and flow in the den-
sity of the air forces us to approximate orbital per-1 
mutations due to atmospheric drag. By feeding data 
from satellites traveling through the atmosphere 
into an IBM 7090 computer at the Smithsonian 
Astrophysical Laboratory, IBM scientists are plotting 
air density as a function of deceleration. The dy-
namic atmospheric model which emerges from their 
work will make predictions of space flight in the 
region lying between 50 and several hundred miles 
from earth more accurate . . . an important step 
toward the precise control needed for the space 
systems of the future. 

If you have been searching for an opportunity to 
make important contributions in space, software de-
velopment, manufacturing research, solid-state de-
velopment, or any of the other fields in which IBM 
scientists and engineers are finding answers to basic 
questions, please contact us. IBM is an Equal Oppor-
tunity Employer. Write to: Manager of Professional 
Employment, IBM Corporation, Department 645 U, 
590 Madison Avenue, New York 22, New York. 
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Sylvania helps you put a 
handle on laser phenomena 
Investigating the laser principle and its application in com-

munications, ranging, surveillance? The exciting study of 

this new area of electronics can be more rewarding if you 

consider the role these Sylvania products can play. 

They provide new facility and handling ease not only in 

generating stable, reproduceable modes, but in detecting 

and measuring laser phenomena as well. 

A. Gas Tube—Quartz tube 34", 3' 

long, filled with c.arefully,;0137: 

trolled HeNe mixture. 

B. Mirror—Planar, flat to'l 

wavelength, 2" diameter. 

C. Mirror—Spherical, 2" diameter, 
1 meter radius, surface accu-

rate to 1/20 wavelength. 

D. Mirror Mounts—Adjustable two 

degrees. 0.2 second displace-

ment for 0.001" motion of mi-

crometer screw. 

E. Base — Masonite, Benelex 70. 

5' x 1' x 11/2 ". 

Sylvania can be of further help, too, if your prcgram re-

quires modifications of these products or if you d like to 

talk over a special problem. Perhaps Sylvama's broad ex-

perience, which includes gas discharge, solid sate physics, 

microwaves, luminescence and material synthesis, can 

bring a quick solution. Write Microwave Device Division, 

Sylvania Electric Prods. Inc., 1100 Main St., Buffalo 9, N.Y. 

Photographs of simple standing wave modes set up on the GL-62;1. 

Patterns are stable and reproduceable. 



First Practical Device for Laser Detection 
The Sylvania SYD-4302 Microwave Phototube fills the 
important need for receiving light-transmitted microwave 
modulation in the 1.5Gc to 4.5Gc bandwidth. 

Broadband Optical Receiver Use 

Capable of response to amplitude modulated light sig-
nals, either coherent or incoherent, with a corresponding 
reproduction of modulation at the output. SYD-4302 
makes practicable measurement of natural modulation, 
multimoding, frequency pulling and spectral width of 
coherent light. 

Optical Superheterodyne Receiver Use 

When used with a laser local oscillator, SYD-4302 can 
serve as the mixer and microwave IF sections of the re-
ceiver to detect and demodulate coherent light signals. 

This totally new concept in laser reception can deliver 
sufficient RF power output to drive a low level ( 10-50mW) 

TWT such as Sylvania TW-4261. It uses an extremely 
durable photosensitive-thermionic cathode material and 
a broadband slcw wave helix. Cathode responds to light 
in the red region of the spectrum and yields up to 0.5mA 

of photocurrent. It can operate on photocurrent alone or 
with a low filament voltage for increased output. In addi-

tion to this remarkable development for S- band frequen-
cies, Sylvania is currently working on L, C and X-band 
microwave phototubes. 

SYD-4302 Typical Operation 

Conditions Characteristics 

Helix voltage (approx.) 445 Vdc Cathode current 400 mA* 
Grid # 1 voltage O Vdc 

Grid #2 voltage 445 Vdc 'Measured with approx. 3V on heat-
Heater voltage 3 Vac er and no light energy from laser 

New Sylvania Gas Laser 
Here is new experimental flexibility for researchers and 
engineers. A product of Sylvania's accrued knowledge in 
the field of lasers, the GL-6211 Gas Laser combines out-
standing features with unique flexibility. 

The GL-6211 provides a continuous output in the milli-
watt range at 11,530 Angstroms. Because it employs 

external optics, the GL-6211 can be adjusted readily to 
produce simple reproduceable mode operation. Experi-
ments can be made with optical configuration and cavity 
geometry. Access to the resonant cavity outside the laser 
tube makes possible easy study of this interesting region 
of the laser. Optics can be changed without disturbing 
the laser tube or its fill; confocal, concentric or plane 
optics can be employed. 

This new handling ease can add considerably to research 
productivity; gaining knowledge and understanding of 
laser phenomena can be accelerated. At the same time, 

the GL-62_11 offers practical advantages. Its inherent 
flexibility will not easily be outgrown. 

Stability of the GL-6211 is enhanced by its sealed quartz 
tube, extremely clean gas fill, Brewster angle windows, 
and good heat dissipation, which virtually eliminates 
thermal expansion. 

See us at WESCON Booths 3301-3306 (Annex-Tent) 
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uulity 
in Scientific Publishing 

NEW BOOKS 
Advances in 

Space Science and Technology 

!Allred hi 1.1edelick I. Oirlway, III 

Volume 4, August 1962, about 400 pp. 

Electrostatic Propulsion 

Edited by David B. Langmuir, 
Ernst Stuhlinger, and J. M. Sellen, Jr. 
Volume 5 of Progress in Astronautics 
and Rocketry 
1961, 579 pp., $5.75 

Guidance and Control 

Lducti by Robe' t h. Roberson 
mid James S. Farrior 
Volume 8 of Progress in Astronautics 
and Rocketry 

June 1962, 670 pp., $9.25 

Optimization Techniques 

by George Leitmann 

August 1962, about 500 pp. 

Advances in 

Electronics and Electron Physics 

Ldited bv I. Marion 

Volume 16, Photo-Electronic 
Image Devices 
Proceedings of the Second Symposium 

Edited by J. D. McGee, W. H. Wilcock, 
and L. Mandel 

Fall 1962, in preparation 

Volume 17, November 1962, 
about 500 pp., in preparation 

Fifth International Congress for 

Electron Microscopy 

',hied by Sydney S. Breese, Jr. 

Volume 1, August 1962, 564 pp. 

Volume 2, August 1962, 684 pp. 

Complete set; $32.00 

Crossed- Field Microwave Devices 

Edirui--ui-( hief: E. Okress 

Editors: G. Mourier, J. Feinstein, 
and E. Kettlewell 

Assistant Editor, Vol. G. R. Feaster 

Volume 1, 1961, 648 pp., $22.00 

Volume 2, 1961, 520 pp., $ 18.00 

Microwave Tubes 
Proceedings of the International Con-
gress on Microwave Tubes, Munich 

Edited by J. Wosnik 

1961, 608 pp., $50.00 

YOUR TECHNICAL BOOKSELLER 

can furnish up-to-date information 

on any of our titles. 
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NEW YORK AND LONDON 
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Casting Problem? 

We pay machining cost on flawed 

castings. Are you getting this guaran-

tee of quality when you buy castings? 

request free Resources & 

Capabilities booklet: 

Morris Bean & Company 

Yellow Springs 9, Ohio 

aluminum & ductile iron foundries 

SWITCH-RF XMSN LINE 
SPOT 28 VDC 

PN 15630 SER NO. 41 

BY DESIGN ... Transco's coaxial, SPDT, Type W, solenoid-operated 
Latching Switch is designed for applications where continuous solenoid 
current is not available. Low heat, minimum moving parts ensure exceptional 
reliability. Exceeds military environmental specifications for missile and air-
craft use. Typical specifications with Type N connectors: 7 KMC, VSWR 1.2, 
Insertion loss 0.2 db, Crosstalk 40 db, actuator 28 vdc. Optional %, oltages, 
connectors, terminals. Non- latching model also available. Write 
for technical data: Transco Products, Inc., 12210 
Nebraska Ave., Los Angeles 25, California. 

COAXIAL SWITCHES • MICROWAVE COMPONENTS • VALVES • ANTENNAS • ... A.., 

IRANSCO 

• AC, ATC.5 
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The ALL-NEW STODDART NM-22A ... is the most advanced RH. Instrumentation in this 
frequency range. Designed for data recording, the Stoddart NM-22A Radio Interference- Field Intensity 
Measuring Equipment has built-in capability for performing spectrum signatures and mil-spec 
acceptance tests over the 150 kc to 32 mc range. 

The data produced by the NM-22A accurately records the frequencies and amplitudes of signals within 
this band— clearly defining the portion of the frequencies outside acceptable limits. 
Simplified data collection and recording is made possible by such NEW time-saving features as: Analog 
Voltage Outputs for spectrum signature and data recording; Minimum Gain change over the 
frequency range; Increased Sensitivity—up to .1 microvolts; Selectable Bandwidths-6 db band-
widths of 3 or 10 kc—constant over the entire frequency range. 

The NM-22A, with its extreme sensitivity and broad Measurement Range of 140 db, permits a wide 
range of applications for both laboratory and field use. 
Other features include: Impulse Generator Calibrator; Remote Rod, Loop Antennas; either Rack Mount 
or Standard Case. The NM-22A meets the high standard of quality inherent in all Stoddart products. 
See the Completely NEW NM-22A at the Wescon Show, Booth 3824. Available from stock 
September, 1962. Send for detailed literature. 

STODDART 
AIRCRAFT RADIO CO., INC. 

LEADER IN RFI CONTROL 

6644 Santa Monica Blvd. • Hoimood 38 Calpforita 
H011ywood 4 5292 
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YOU 
THIS 

The Delco Radio 251M-1 Minute-
man transistor. Equivalent char-
acteristics are also available for 
high reliability applications in 
our 2N1358A version. 
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99.997% Reliability Achieved 

For Minuteman Transistors 
KOKOMO, Ind.—The Delco Radio 

division has succeeded in manufac-
turing power transistors for the 
Minuteman missile with 99.997 per 
.cent reliability, based on tests with 
an assumed acceleration factor of 
50. The firm is said to be the first 
power transistor producer to meet 
such requirements, according to 
Delco officials. 

This extreme reliability was 
achieved in a research and devel-
opment contract with Autonetics, a 
division of North American Avia-
tion, Inc., associate prime contrac-
tor responsible for the inertial 
guidance and flight control systems 
for the Minuteman, developed by 
the Ballistic Systems division of the 
Air Force Systems Command. 

The transistor involved is the 
Autonetics 251M-1. It is covered by 
specifications similar to those of the 
Delco 2N1358. More than 50,000,000 
hours were accumulated testing it. 

The reliability program at Delco 
Radio was an effort to accelerate 
the rate of transistor development 

251M-1 
Germanium Transistor 

TYPE 

to provide power transistors with a 
failure rate of 0.003 per eent/1000 
hours or lower at 60 per cent con-
fidence level. 

Part of the program consisted of 
obtaining histories on specific lots 
of power transistors. The histories 
included absolute documentation of 
all environments, processes, and 
parts which in any way affect pro-
duction of the transistors. The lot 
size was chosen to be the output of 
transistors from a single germa-
nium crystal. 

DOWNEY, Calif.— Autonetics 
division of North American Avia-
tion, Inc., associate Minuteman con-
tractor responsible for inertial guid-
ance, flight control and aero-space 
ground equipment, confirmed that 
Delco Radio power transistors had 
met Minuteman reliability require-
ments. 
A spokesman said Delco's 251M 

transistor, for use in Minuteman's 
guidance and flight control, had 
achieved the failure requirement of 
.003 per cent per 1,000 hours. 

Vcbo fef; Vceo («C Iceo= Hie tE Ic=5A 
Icb =4 ma 1 Amp Sweep Min. Max. 

Vce (sat) 
lb=2A 
Ic=12A 

Thermal 
Resistance 

Junction to Case 

Junction 
Temp. (Max.) 

251M-1 80V min. 80V min. 25 50 0.7V 0.8° C/w max. 95° C 

Write for additional information on the Delco Radio Power Transistor Reliability Story 

Sales Offices 
.Inion, New Jersey 
.;24 Chestnut Street 
MUrdock 7-3770 
AREA CODE 201 

Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 
AREA CODE 313 

Santa Monica, California 
726 Santa Monica Blvd. 
UPton 0-8807 
AREA CODE 213 

Syracuse, New York 
1054 James Street 
GRanite 2-2668 
AREA CODE 315 

Chicago, Illinois 
5151 N. Harlem Ave. 
775-5411 
AREA CODE 312 

General Sales 011ice: 700 E. Firmin, Kokomo, Ind., Gladstone 2-8211—Ext. 500 • AREA CODE 317 • Division of General Motors, Kokomo, Indiana 
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DELCO SEMICONDUCTORS 
NOW AVAILABLE AT 
THESE DISTRIBUTORS 

EAST 

Philadelphia 23, Pa —Alero Industrial Dectromcs. Inc 
412 North 6th Street WA 2-5918 

Pittsburgh 6, Pa.—Ridio Parts Company. Inc. 
6401 Penn Avenue, EM 1-4600 

Newton, Mass.— Greene- Shaw Distributing Co. 
341 Watertovm St. WO 9-8900 

New York 36, N. Y.—Harvey Radio Co.. Inc. 
103 W. 43rd St. - JU 2-6380 

Syracuse it, N. Y.—Harvey Electronics- Syracuse. Inc. 
P.O. Box 185. Pickard Drive GL 4-9282 

Baltimore, Md.—Radio Electric Service 
5 N. Howard St. LE 9-3835 

SOUTH 

Birmingham 5, Ala. —Forbes Distributing Co., Inc. 
2610 Thud Ave.. S. AL 1-4104 

West Palm Beach, Fla.— Goddard, Inc. 
1309-11 North Dixie TE 3-5701 

Richmond 20, Va.—Meridian Electronics, Inc. 
1001 W. Brcad St. EL 5-2834 

MIDWEST 

Detroit 3, Mich.— Glendale Electronic Supply Co. 
12530 Harm1bn Ave. TU 3-1500 

Minneapolis 16, Minn.— Admiral Distributors. Inc. 
5305 Cedar Late Road LI 5-8811 

Indianapolis 25, Ind.—Graham Electronics 
122 S. Senate Ave..' ME 4-8486 

Cleveland 14, Ohio— Main Line Electronics Division 
1260 E. 38th St., EX 1-4944 

Chicago 30, III—Ylerquip Electronics. Inc. 
4939 N. Elston Ave. AV 2-5400 

Cincinnati 10, Mho— United Radio. Inc. 
1308 Vine Street MA 1- 6530—CH 1-6530 

WEST 

Dallas 1, Texas—Adleta Company 
1914 Cedar Springs RI 1-3151 

Phoenix 20, Arix.—Astronics, Inc. 
9310 N. Central Ave./944-1551 

Seattle 1, Wash.—C & G Electronics 
2221 Third Ave. MA 4-4355 

Houston 2, Texas— Harrison Equipment Co., Inc. 
1422 San Jacinto St. CA 4-9131 

Monrovia, Cal.— Lynch Electronics, Inc. 
1818 S. Myrtle Ave. EL 9-8261 

San Diego 1, Cal.— Radio Parts Co. 
2060 India St., BE 2-8951 

Les Angeles IS, Cal —Radio Products Sales. Inc. 
1501 S. '1111 St. RI 8-1271 

San Jose 13, Cal.— Schad Electronic Supply, Inc. 
499 S. Market St. CV 8-0511 

Denver, Colo.— L. B. Walker Co. 
300 Br eant WE 5-2401 

Ask for a complete catalog 

DELCO 

RADIO 

Membership 

1Veinstein. I. L. Philadelphia. Pa. 
1Veisberg  '...; A  . Great Neck, I.. L. N. 

1Vickert  A N . 1  evittowii. N. J. 

lVilliamson. R. S.. Flushing. I,. L. N. 1-

lVilliams. L. K., North NViliningtoti. 
F. A.. \v„shington. C. 

\Vilson. H. 7., Santa Monica. Calif. 

Vrigvesson. K. S., Goteborg. Swerleit 

Zariella. A. J.. Montreal. One.. Canarla 

Admission to Associate 

N. L. Oklahoma City. Okla. 

.1nderlierg. S. E.. Pyrolavagen. Sweden 

.1disusanto. It. A.. Magelang. Itulone-da 
Rader. W. J.. San Eranedsco. Calif. 

Pralakridinan. Banaglore. India 

Barber. C. E.. Jr.. Littleton. Colo. 

Itarook. NI.. Palmdale. Call 1. 
Itatelieller. R. FL. Stank. \Vasil. 

Banat. I'.. New Vork. N. V. 
Bennett, NI.. ( alverton. L. L. N. 

Hie. T. G., Bandung. Indonesia 

Mute. J. F.. Jr.. TIICSoll. 

Buckley. I). C. NI.. North Surrey. B. C.. Canada 
Bunevitch. G.. Scranton, l'a. 

('aluni. L. E.. East Moline. III. 

(luire. S. K.. Burnaby. B. C.. Canada 

Cleve, R. J.. Santa Matia. 
Cook, .1. It.. I.Trlirrrols. I.. I.. N. V. 

Cork. It. D.. Chicago, Ill. 

Parirendirr. It. M.. Bandung. Indonesia 

Ihisithi. D.. Garin. Indone.ria 

11rtair. D.. Brooklyn. N. V. 
Itrai..n. Cr. B.. Chicago, III. 

Daunt-tic. 11'. II.. Itochester. Nlimi. 
Edwards. F. L., Y.1111g>to,11. 

Eggleston. R. I... Itoel, Island. Ill. 
Ellison. It.. Smyrna. tia. 

Entrikin, R. K.. East Moline, Ill. 

1.11zIer. IL I... Patrick Air Erirce Base. Fla. 
rancher, It.. Rock Island. Ill. 

Fisher, 11. T.. Drexel Hill. Pa. 

Flanagan. T. N.. Nei, York. N. V. 
r1,01enz, R. N.. 191c:burgh. l'a. 

ira ,parovich, C. NI...Mainagordo. N. M. 

1;,rrentlir. F. M.. 1Varren. l'a. 

Graham, F. 11.. Bettendorf. Iowa 
iramenius, IL. Jupitcreagen. Sweden 

ii 011. C.. Charle.don. S. C. 
rypins. J. J.. Midwest City. Okla. 

Haworth. J. It.. ‘VallIng ford. Conn. 

Ilartnett. J. NI.. New London. Conn. 
Hines, NI. E.. East Moline. III. 

P. Thrim.ands Oaks, Calif. 

Ihrw.orl. T. \V.. Huntington. L. I.. N. 1. 
drcobsolur. 11'. NI.. New l'ork, N. V. 

jatin. G.. Jr.. Nririli Sracitse, N. V. 

Judd. II. 11'., 11'estliury. L. I.. N. V. 
Kashilan, L.. Pomona. ( alif. 

Kaufman. R. H.. El l'aso. Tex. 
Keradjan. A.. Tjimalri, Indonesia 

Laney, C. II.. Jr., Orlando. Fla. 
Larson, J. K.. 14avenport. Iowa 

Lunin, I). R.. Sr. Petersburg, Fla. 

Luttrell, E. G.. Indianapolis. Ind. 

Nlangriensoediro, S., Djakarta. Indonesia 

Martinez, A. J. R.. Buenos Aires, Argentina 

NIcEver, t.V. I... Levittown, l'a. 

Naumann. F. E., Clifton. N. J. 
Newman, R. J., Orange, Calif. 

Nit-o'er. I.. C.. Omaha. Net,. 

l'ace, R. T., Nederland, Tex. 

Palmer. J. NI., Sierra Madre. Calif. 
Pennington. It. E., Clinrlemon, S. C. 
Peters. G. T., Juno Riviera. 

Pocock, R. E., Lincolnshire. England 
Porcerelli, A. C., Ilempstead, L. I.. N. 

Price. E. D., Chicago. Ill. 
Puck. L. F.. Davenport. Iowa 

Rusitiko. 1. E.. Silurian. Kan. 

(Continued on page 72.4) 
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LIMITED -szsr_AaR.,In_A_Rm 

A CONTINUING SEARCH FOR 

NEW KNOWLEDGE AT 

CORNELL AERONAUTICAL 

LABORATORY 

Within recent months an ever increasing group of authoritative voices 
has been heard in a plea for enhanced ability to stamp out limited wars 
rapidly. Now recognized as that aspect of our preparedness in most 
critical need of technological advancement, the demand is being felt for 
new concepts in the areas of quick destruction, wide dispersal of small 
forces, highly creative use of camouflage, great mobility of troops and 
weapons, and the ability to capitalize on the cover afforded by night and 
bad weather. Today, as for some 15 years past, an important segment of 
CAL's technical effort is devoted to such tasks. 

Current studies include tactical weapon systems, combat information 
and control systems, reconnaissance and surveillance, combat force 
mobility, CBR warfare, countermeasures, penetration aids, and new 
munitions concepts. CAL's searching look into the battlegrounds of the 
future includes more than a dozen research and development projects 
aimed at solving problems of limited warfare. They are problems that 
offer attractive opportunities for engineers and scientists. If you are 
interested in becoming a member of one of our small, closely knit research 
teams working on far-reaching scientific and technological programs, 
write today for a free copy of our factual, illustrated employment 
prospectus entitled "A Community of Science." 

o 

FREE 

REPORT 

CORNELL AERONAUTICAL LABORATORY, INC. 

of Cornell University 

Buffalo 21, N.Y. 

J. P. Rentschler L. W. 

CORNELL AERONAUTICAL LABORATORY, INC. 

Buffalo 21, New York 

Please send me a copy of " A Community of science." 

Name 

Street 

City Zone State 

U Please include employment information. 

All qualified applicants will receive consideration for vmplo)ment 
WilhOla regard to race, creed, color or national origin. 

- Membership 

from page ¿JA) 

Satenstein, I.. S., Outremont, Que.., Canada 
Schlemmer, A., Rockville, Md. 

Schnittman, M., Stantford, Conn. 
Sell. E. 11.. Albuquerque. N M. 

Shackelford, R. D.. dbivenprrt. lowa 
Sherman. A.. Santa Ana, (;, Ii t. 

Nl. C.. Davenport, Irwa 

Sorliariljo, Bandung, Indonesia 

Siiekrisno. Djakarta, Indonesia 

Spencer, R. A., Long Beach. Calif. 

Steele, J. F.. Brookfield, Wis. 

Stephan. I). IL, Cleveland. Olro 
Stern, I.., Jackson Heights, L. 1., N. V. 

Sodium°, Tjimalii, Indonesia 

Swick, R. II., %Varren. l'a. 
Tarjudin, T., Paseli Tasikmaiaja, Indonesia 

Uram, J. D., Clifton, N. J. 

Vanderpool, J. H.. Cincinnati, Ohio 
Waddell, R. E., Abilene, res. 
Wryls, E. L., Iltirling11)0. Iowa 
‘Vhite, II. K.. Dayton, Ohio 
Williams, D. NI., Rock Islam:. Ill. 

Wolf, L. W., %Vichita, Kan. 
Zimmerman, R. A., Rock Island. ll'.. 

elt 

' 
1111. 

Positions 

0 Wanted 
titiNii111 

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 rides have been 
;olopted: 
The IRE publishes free of charge 

notices of positions wantcyl 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.V. 

FREQUENCY AND INTERFERENCE 
SPECIALIST 

Retiring officer, 25 years radio & communica-

tion experience civil & USAF, desires full or 
part time position in warm climate. Extensive 

experience international frequency allocation, 
and management of operation and maintenance 

functions. Available Fall of 1962. Write Box 
4000 W. 

TECHNICAL PUBLICATIONS ENGINEER 

Presently Director of 'rechnical Publications 
and Advertising. Seeks challenging position with 
increased scope and responsibility. Experience 

includes ten years of radar and microwave tech-

nology and three years in advertising and public 
relations. Write Box 4001 W. 

BIOLOGICAL INSTRUMENTATION 

B.S.E.E.--1951. Proficient in micro volt level 

amplifier design, feedback system analysis. active 
filter design, and digital circuit design. Desires 

(Continued on rage 74,1) 
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VIBRATION-PROOF CARD PACKAGING 
Pre-test data used to prevent vibration- induced 

failure of parts leads on printed circuit cards 

Probably the most unrelenting ad-
versary of packaging engineers is 
vibration, the all too persistent spec-
ter that hovers malevolently over 
complex electronic systems. Hours, 
days, weeks, and even longer, 
especially during pre-delivery 
system tests, are repeatedly lost as 
technicians and engineers patiently 
stalk malfunctions arising from 
parts rendered ineffectual by 
vibration. 

Packaging engineers at Litton 
Systems have devised still another 
technique of combatting this eter-
nal bugaboo. They have developed 
a relatively simple pre-test means 
whereby each of the innumerable 
parts attached to printed circuit 
cards in a digital system can be so 
located and positioned on a card 
that the probability of its resistance 
to "the shakes" is virtually 100 
percent assured. 

The essence of the method, which 
was perfected for application on an 

shitt.register assembly 

circuit card with components 

arranged according 

to zoning methods 

advanced digital tactical data sys-
tem intended for installation in a 
carrier-based airborne early-
warning and control aircraft, is 
exemplified in the accompanying 
diagram. The over 2,000 printed 
circuit cards in the system were 
classified into two basic types, the 
only difference between the two 
being that type II is equipped along 
the forward edge with a transistor 
holder bracket. 

Notwithstanding the small size 
(3" x 3") of the card, vibration 
characteristics were compiled for 
several zones of each card type. On 

1 

ZONE C 

Li 

1 

1 
ZONE A 

/ ZONE C 

L._   

ZONE B 

\‘, 

J 

\/ Y 

TYPE I 

the basis of this data, zones of per-
missibility and non-permissibility 
were established for each part to be 
attached to the card according to 
the size, weight, and shape of the 
part. 

An A-size capacitor, or equivalent 
part, for example, could be placed 
in any zone of either card type with 
the part axis oriented in any direc-
tion. An R-size capacitor or its 
equivalent, however, could not be 
placed in zone A of either card 
type, but could be placed in zone B 
and oriented along the X-axis on 
type I, in zone C along the Y-axis 

of type I, and in zone B along 
either the X or Y-axis of type II. 
For another, a .50-inch square by . 
.47-inch high coil could be oriented 
along the Z-axis in all zones of both 
card types with the exception of 
zone A of type I. 

The parts placement and orienta-
tion data for capacitors, resistors, 
transistors, diodes, coils, and equiv-
alent parts fit readily on a single 
oversized sheet. The proof of the 
technique is in thousands of printed 
circuit card modules that have con-
sistently met not only the requisite 
airborne electronic equipment 

ru,  

ZONE A I 

ZONE 8 

X TYPE II 

specifications for vibration, but the 
even more stringent specifications 
for missile-borne equipment. 

Ingenuity of this kind is character-
istic of engineering performed at 
Litton Systems. Those who feel in-
clined to work in an environment 
that encourages and inspires 
thoughtful and fruitful engineering 
will find satisfaction at Litton 
Systems. Write to: Harry Laur, 
Litton Systems, Inc., Data Systems 
Division, 6700 Eton Avenue, 
Canoga Park, California; or tele-
phone Diamond 6-4040. 
An equal opportunity employer 

• LITTON SYSTEMS, INC. 

A DIVISION OF LITTON INDUSTRIES 

DATA HANDLING & DISPLAY SYST MS • GUIDANCE A CONTROL SYSTEMS • COMPUTER SYSTEMS • SPACE SCIENCE • BIOELECTRONICS • ADVANCED COMMUNICATIONS TECHNOLOGY 
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ENGINEERS: 

Systems, Design, 

Development 

PHYSICISTS 

opportunity 
and 
advancement 
are 

'GO' 
at VITRO! 
DYNAMIC EXPANSION 

CREATES NEW 

CAREER POSITIONS 

Vitro Laboratories is expanding on all fronts . . 
missile systems engineering ... design and devel-
opment ... analysis . . . research and study. We 
are stretching the parameters of knowledge in 
space, in the air, on the ground and underseas. 

We invite you to enter the "go" climate of Vitro. 

Vitro is a good place to work. Here you will find a 
professional atmosphere conducive to original and 
imaginative thinking. Skilled clerical and tech-
nical support frees you to concentrate on the crea-
tive aspects of your assignments, and salaries are 
at a level worthy of your attention. You will advance 
as fast as your talents allow. 
Career appointments are available immediately in 
the following areas: 

MISSILE SYSTEMS ENGINEERING 

Polaris, Typhon, Tales, Tartar 

DESIGN & DEVELOPMENT 

Digital equipment 

ASW equipment 

Underwater vehicles 

Simulators • Torpedoes 

Electro-mechanical launching equipment 

ANALYSIS 

Radar and IR systems 
Digital and analog equipment 

Fire control systems 

RESEARCH & STUDY 

Reliability and feasibility studies 

Basic and applied research 

Weapons systems analysis 

Acoustic studies 

ASW studies 

WRITE OR PHONE COLLECT for details: 
Manager, Professional Employment 

liih-171.4BORATOR/ES 
Division ot Vitro Corporation ot AmeriC3 
Dept. 225, 14000 Georgia Ave. 
Silver Spring, Maryland 
'Residential suburb of Washington, D. C.) 
Phone: WHitehall 2-7200 
An equal opportunity employer 

0 .. 
,/,_,,,! \ Positions -1 Wanted Rc,,,, 

,, ' . unwiliminumuunnumiliumiumifirowiluil 

By Armed Forces Veterans 
(Continued from page 72A) 

to work on problems concerned with the life 
process or on the development of devices for 
supplementing man's sensory perception. I.oca-
lion on West Coast desirable. Write Box 4002 W. 

ELECTRONIC ENGINEER 

B.S. ( Appt. Phys.), married, age 36. Knowl-
edge of German, Polish. Russian, C.S. Citizen 
with 12 years of experience in instrumentation 
research out development. Desires position as 
Field Engineer for systems installation and cons-

inner liaison. Would consider Central Euro 

Kan Write Box -1003 W. 

ENGINEER IN FRANCE 

American .. . SEE, 8 years experience 

radar system is and 4 years experience profes-
sional audio, seeks position or representalion full 
or part tittle in Paris, France. Fluent French. 
lVrite 'lox 4004 W. 

ELECTRONICS TECHNICIAN 

B.S. Physics, 1958, -P„.: years industrial re-
>reach in Solid State Physic,. ‘' eteran 
2 years aviation electronics technician. T irried, 
family, 29 years of age. Seek foreign employ-
ment with managerial re-mom-ibility. Write Box 
.1005 W. 

COMMUNICATION ENGINEER 

B. S. '52. Age 31, married. 10 years in man-
:igement and engineering of onnp!ex communica-
tion systems ( radio, radar. telet)pe. teleplmne 

(Continued on rage 78.4) 

CHEMIST/CHEMICAL ENGINEER 

ADVANCED PROCESS 

TECHNIQUES 

AT GENERAL ELECTRIC'S 

ELECTRONICS 

LABORATORY 

A significant opening at the aboratory— 
an organization conducting applied re-
search and advanced development in vir-
tually every branch of electronics—offers 
a Chemist or Chemical Engineer the op-
portunity to develop fabric ation proc-
esses and fabricate feasibility models of 
a wide variety of display, sensing and 
logic devices. Primary emphasis will be 
placed on optically sensitive and light 
emitting materials. 

The professional environment at the Lab-
oratory is one of vigorous intelectual in-
teraction between colleagues working in 
diverse disciplines. The successful candi-
date will work in close cooperation with 
a small group of elechical engineers and 
physicists. 

Required are an advanced degree aid 3-5 
years related experience. A knowledge of 
encapsulating methods would be valu-
able. 

Please write in full professiona 

confidence to Mr. Richard Sullivan, 

Department 53-H 

ELECTRONICS LABORATORY 

GENERAL ELECTRIC 
Electron.cs Park. Syracuse, New York 

A- F,,,a1 Opportunity Erployer 

IMMEDIATE OPENINGS 
DESIRABLE LOCATIONS 

U. S. AND ABROAD 

;10 i for 

RADIO COMMUNICATION 

Installation Supervisors 

Operating Personnel 

Maintenance Technicians 

for 

INSTALLATION, OPERATION, AND MAINTENANCE 

of TRANSMITTERS — RECEIVERS — TERMINAL EQUIPMENT 

CRYPTO — TELETYPE — RELAY CENTER OPERATION — ANTENNAS 

MICROWAVE RELAY and PRIMARY POWER EQUIPMENT 

Recent experience in Military or Commercial Communication Sys-

tems Desired. We also have selected openings for Qualified Equip-

ment Design Engineers. 

Send resume to 

Director of Industrial Relations 

The Technical Materiel Corp. 

702 Fenimore Rood, Mamaroneck, N. Y. 

— Equal Opportunity Employer — 

^ 
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• 

The small white rectangle above represents the approximate size 

of space required to contain one page of newspaper size docu-

ment reduced for storage through NCR's PHOTOCHROMIC 

MICRO-IMAGE process. The small white dot on the right represents 

the area that would hold thousands of micro-capsules (cell-like 

structures containing useful materials) produced through NCR's 

amazirg chemical process of MICRO-ENCAPSULATION. 

One apparent application of the NCR Photochromic Micro-

Image process is that it permits easy and efficient storage, access 

and reproduction of voluminous data. The process of Micro-en-

capsulation has applications cutting across many fields of interest 

including paper coatings (such as on our No Carbon Required 

paper), food, pharmaceuticals, adhesives, etc. 

These are but some of the outstanding achievements of NCR 

scientists and research and development personnel. Through the 

years our devotion to the concept of improvement, growth, and 

service to business and industry has led to many other changes 

which have benefited the world. Government and military agencies 

also Facie an active interest in the advanced work being done by 

NCR scientists and engineers. 

Our Research and Development programs are not limited 

to the fkids of Photochrom -cs and Micro-encapsulation. Rather, 

the programs extend into many disciplines including physical and 

chemical research in the areas of semiconducor materials and 

devices that will have practical applicat on n computer develop-

ment and add to the total effort of the company. The NCR effort 

is concentrated on the total systems concept. 

To determine whether your career plans fit in with our re-

-search and development plans, merely drop us a note with a 

brief descr-ption of your interests and scientific background. Ap-

plications at all professional levels will be considered. 

Write to: 

T. F. Wade, Technical Placement 

The National Cash Register Company 

Main & K Streets, Dayton 9, Ohio 

An Equal- Chnorrunity Errp!oye,r 

N 
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The true scientist,the creative engineer, 

buy. Since this is a realistic world, money is an important 

of attainment—does not begin and end with his pay 

and creative climate—to rub elbows with men who are 

participant in the Great Adventure of Tomorrow 

these rewards-within-rewards impel men of outstanding 

For here they can work on a variety of military 

new, advanced contributions to the Space A 

they find a sense of being, of doing, of accomplishing. 

LOCKHEED MISSILES & SPACE COMPANY_  DEPT. M-4 IC, 599 NORTH MATIIII DA AVENUE, 

All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 



has a light in his eye that money can't 

factor. But a man's real warmth for his job—his real measure 

check. To find himself in the right emotional 

• acknowledged masters in their fields—to be an active 

• —these are the satisfying, the lasting, rewards. And 

talent to come to Lockheed Missiles & Space Company. 

and civilian space projects as well as other 

Here they find inventive and creative freedom. Here 

We invite you to join their proud company. 

SUNNYVALE, CALIFoUNIA • SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA • CAPE CANAVERAL, FLORIDA • HAWAII 



UTILIZA TION 
OF TALENT 
a Specialty at 

• 

girt"' 
áldbáa 

iiiii++451111 

MillhoàdI 

It takes more than knowl.edge, dedication, and imagination to 
achieve Your career objectives. You've also got to pick the right 
company to work for — one that has a variety of state-of-the-art 
projects. One that's going places. One that knows how to make 
optimum use of good engineering abilities. Motorola is that kind 
of company — a pace-setter that excels in the selective place-
ment of engineers and scientists. you're loaking for the oppor-
tunity to fully utilize your talents on hiel priority programs, 
write to Phil Nienstedt, Dept. (iPi. 

SPECIFIC OPPORTUNITIES ARE: 

Antennas and Propagation 
Command and Control 
Missile and 
Space Instrumentation 

Ground Support Equipment 
Digital Logic Systems 
Integrated Circuitry 
Reliability Analysis 
Reliability Program Coordination 

An Equal 
Opportunity , 
Employer 

l'arts Reliability 
Data Acquisition, Processing 
and Display 

Radar and Radar Transponders 
Guidance and Navigation 
Space Communications 
Telemetry 
Instrumentation and Display 
Test Engineering 

MOTOROLA 
Military Electronics Division 
WESTERN CENTER • P.O. BOX 1417. SCOTTSDALE. ARIZONA 

o 
Positions 

Wanted 
(se 

II lIti((l  FOITI`.. 
t,1111111ed it , ; EA) 

inI-irle min ont -ide 1riant). \": 11 ,T 

telephone/telegraph licen-e , with radii: air. 

craft uniform:mein>. Seeking ,minim in -ale- or 

applied engineering wei-tern 

I Pacific coa>t. \ Vrite lix - 1011ii W. 

FREE LANCE TECHNICAL WFITER 

"••1'11 111,1•11• cita '11,111C , i.iisiufl I in,i'-. 

antI ,peak Eugli-in fluently. trifler:1i ix-

perience Writing military Tech 1 / fliers, Nlain-

tenance and Traillillg :\ ! annals. Space and I.:1)• 

gincering 

\\•ritt• B.\ • I1 ,07 

SALES REPRESENTATIVE— 

WESTERN CANADA 

Professional Electronics bingimier in Iii 1.2 

ear- c•xperience in a in illy range ii Comitunil• 

cations and \ Electronics equip-

ment and ,ystems design and good -ale- back-

ground : -en-h. :ippointnicnt a, NI alinfacturt•FS 

Repre>entative for a gout] lint-  nit electriaims 

equipment or in,trunients. llm,x Pipi W. 

LINGUIST- ENGINEERING PHYSICIST 

\ 01111I iti, , • , ,: re-tiarch effort , 

of a laboratory with rtiated research i done in 

other count to avoid duplication :mil :(cee). 

crate result-.. Training mailieniatit--. 

management_ manfacturing, engineering_ graphic 

arts. ierman, etc. litter-

c•teil ill automatic language tran•latimi : 

Philadelphia; age: 11). llox \V. 

(( ‘,11,1111,•(1 . 1! 1'0 fJe 

SENIOR SCIENTISTS 

and ENGINEERS 

M.S. and Ph.D. 

Our clients include many of 

the leading research labora-

tories from coast to coast, as 

well as numerous small and 

newer research and develop-

ment firms. 

Fine opportunities for profes-

sional advancement exist 

among them. 

For information, submit a 

resume to Mr. M. Ostrander, 

Director. 

Professional & Technical 

Recruiting Associates 
IA dru. of Pefmanent Emp oyment Agency) 

Suite 2, 825 San Antonio Road 

Palo Alto, California 

Davenport 6-0744 

Motorola also offers opportunities at Chicago, Illinois, and at Culver City and Riverside, California 
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RECONNAISSANCE 

SYSTEMS 

Stimulating career opportunities for Reconnaissance Systems Engineers 

at Sylvania on the San Francisco Peninsula 

SYLVANIA ELECTRONIC SYSTEMS—WEST 
offers a broad spectrum of challenging problems involved in Reconnaissance Systems Engineering including: 
Feasibility Studies, Operational Analysis, System Synthesis and Performance Analysis, Application and Devel-
opment of Advanced Techniques, Specification of Constituent Subsystems, Human Factors Engineering and 
Operations Research. Typical areas in which openings currently exist include the following: 

DATA ANALYSIS and SIGNAL PROCESSING. Carry out studies, the objectives of which are the design of new, or 
the refinement of existing data collection systems. Studies range from the analysis required to develop and define 
operating requirements compatible with economic and state-of-the-art considerations, through systems con-
ceptual design in block diagram form and including specification of hardware design approach. 

STATISTICAL ANALYSIS. Perform various statistical analyses at various levels of sophistication, set up math-
ematical models of stochastic processes. Fields of particular interest include experimental design, theory of 
queues, theory of mixtures, allocation of resources, search theory, and general operations research. 

INTERCEPT AND DETECTION. Direct or perform reconnaissance systems operational and technical require-
ments studies; electronO signal environmert studies; synthesis of electronic intercept systems from conception 
to hardware specification and system block diagram; analysis of system performance and of data related to 
telemetry, communications, radar and others. Direct or prepare reports and proposals and maintain technical 
contact with customer representatives. 

ANTENNA AND PROPAGATION. Perform analyses of electromagnetic propagation aspects of reconnaissance 
and other systems; analyze direction finding problems and develop direction fincrng techniques; determine 
antenna requirements and configuration during synthesis of reconnaissance systems. Activities include report 
writing, and customer contacts. 

These openings exSt at all experience levels. Advanced degrees in EE, physics, or mathematics desirable. 

SYLVANIA ELECTRONIC SYSTEMS   
Government Systems Management 

for GENERAL TELEPHONE g ELECTRONICS 

Complete information may he obtained by writing, in confidence to 

Roger Harlan 

SYLVANIA ELECTRONIC SYSTEMS • WEST 
• P. 0. Box 188 • Mountain View, California 

An Equal Opportunity Employer 
7891 
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Radar Engineers 
Major projects at Huçl,e3-Fillerton in Southern 

California include mul:idimensional, elec1rcric-
ally-scanned, array radars for defense arm space 

systems and a variety of even more advanced 
R & D contracts and studies. 

Rewarding professional assignments are 
able NOW for engineers cualified in: 

• Waveform Coding 

• LASER/MASER 

Applications 

• Pulsed Doppler 

• Pulse Compression 
• Automatic Detection 
• Pattern Recognition 

• ECM/ECCM Studies 
• Range Instrumentation 

Opportunities also exist in RF Circuit Design, An-

tensas, Microwave Components, Sigral Processing, 
Lovc-acae Circuits, Transmitter Dasion, Dower Sup-
plies, Receiver Circuitry and Pacliagirg. 

Located in Southern California's Orange County 
(the nation's fastest-growing electronics center), 
Hughes- Fullerton offers you a st.mulating working 
and living environment, top-flight asscciaies, un-
equalled facilities sad long-term stall' ty. 

COMPUTERS AND 
CONTROL SYSTEMS 

a 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. Copselis, 
Research Laboratories Division, The Bendix Corporation, 

Southfield, Michigan. 

Research Laboratories Division 

An equal opportunity employer 

7/emo•-• 
CORPCR4LIOY 

CALI. COLLECT for full information: MR. J. E. 
TENNEY, Supervisor. Professional Staffing, TRvan 

1-4380. Ext. 3741 or airmail -mime ta: HUGHES-
FULLERTON R&D, P.O. Box 2057, EiLertcri, Calif. 

An -gum opportune', e-nul.'ver. 

r 1 
1 
o HUGHES 1 1 
L -I 

GMES PIRCRAFT C.M11 PA,/ 

o 0 
Positions 

à 
;N:t Wanted /Fa\ 

By Armed Forces Veterans 
(C, ,ntinned j, ccc rage ;SA) 

ELECTRONIC ENGINEER 

M-EE. 3 yem-s experience in tomsisiorized 
digital sysions for space pro9e payloads, 1k--
sires to oh' creative work in same or a similar 
field. Prefers smaller company or autonomous 

division oh larger company. Available in late 
summer. Write Box 399: W. 

ACADEMIC POSITION 

B.S. anil M.S. in E.E.; 3 years teaching in 

a university E. E. depaitment prior to entering 

t SAF for three years Have begun work : in 
Doctorate. Desires teaching position in Fall of 

P:62 with opportunity fi r graduate study. Write 
Box 3992 W. 

ELECTRICAL ENGINEER 

USAF Office', 44 It- EE 1940. MSEE 19;i7, 

Reg. P.E. 1947. Experience: radar communi-
cations, electronic inte14.rence and R&D in Spy. 
real Weapons Fuzing. Prefer Soutliwr or pos-

sibly overseas. Available October 1962. Wrdi! 

Box 3993 W. 

FIELD SERVICE ENGINEER 
Fifteen are of varied experience in com-

muMcations and allied fields desires meaningful 

employment ill field service engineering. Would 

prefer long term, family-type overseas location 
where command of Russian and German would 
he an asset. Salary should he interesting, but 
is seconilary to imerest in work and satisfaction 

(C,nt,.nurd on Page 82A) 
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Of interest to engineers and scientists 

PLANETARY ENVIRONMENTS 
...one of more than 500 R&D programs under way at Douglas 

The purpose of this Douglas study is to gain 
a comprEhensive insight into the atmospheric 
characteristics of Venus, Mars and Jupiter. 
This is to include a detailed knowledge of the 
following: composition, radiative equilibrium, 
vertical and horizontal distribution of radiative 
flux, pressure, temperature, density, and three-
dimensional planetary circulation. 

Utilizing the most recent observations and 
advanced theory, working models of these 
atmospheres are being constructed. New data 
are being sought through photographic astrom-
etry, spectroscopy and photometry. Feasibility 
studies of new space instruments are being 
undertaken as one of many aspects of this 
investigation. 

Of career interest to engineers and scientists 

Because leadership in tomorrow's technology 
is a strong Douglas objective, the company is 
placing great emphasis on expanding its 

DOUGLAS 
Missile and Space Systems Division 

An equal opportunity employer 

research and development staff. This has opened 
outstanding opportunities to scientists and en-
gineers in the multitude of areas related to 
aerospace, nucleonic and other fields. 
An extensive new laboratory complex is being 

constructed to provide the most modern facili-
ties to aid in R&D operations. If you are seek-
ing a stimulating environment in which to 
further your career, contact Douglas. 
Send us your resume or fill out and mail the 

coupon. Within 15 days from the receipt of 
your letter, we will send you specific informa-
tion on opportunities in your field at Douglas. 

Mr. F. V. Edmonds 
Missile and Space Systems Division 
Douglas Aircraft Company 
3000 Ocean Park Boulevard 

Santa Monica, California 

G-3 

Please send me full information on profes-

sional opportunities in my field at Douglas. 

Name 

Engineering or 
scientific field_ 

Address 

City _ State 
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CREATIVI 
is a 

STATE 
of 

MIND 
1. 

. . . add 

knoNs ledgeahle leader-

ship: 

2. reeogn it  of effort. 

and you have the em 

ronment at 11ELPAR. 

Research and Development is 
now underway in: 

• Space Physics & Celestial 
Mechanics 

• Electrical Properties of Metals 

• Programming of Intro-differential 
Equations 

• Pharmacology 

• Microelectronics 

• Thin Films 

• Infrared Technology 

• Antenna Systems 

• Operations Research 

• Space Communications 

• Transistor Circuitry 

• Systems Reliability 

• Payload & Vehicle Studies 

• Systems Analysis 

Creative openings with a fu-
ture exist for Physicists, 
Mathematicians, and Elec-
tronics Engineers, with PhD's 
or BS's. 

Write in strictest 
confidence to: 

John A. Haverfield 
Professional Placement 

Manager 

IVIELPAIFINC. 
A Subsidiary of 

Westinghouse Air Brake Co. 

3325 Arlington Boulevard 
Falls Church, Va. 

An Equal-Opportunity Ernolom. 

Positions 

Wanted 

It‘ ..irmed Forces Veterans 
(C1111111led t t Page 8( 1A) 

.:ained in getting the nib done. Age 34. Pres-

ently employed in field service division of large 

electronics finit. Write Box 4011 W. 

DATA PROCESSING 
B.S. NI ath. a,lilitional grail. -res. Age 3" 

wit Ii 12 years experience in electronic dak, 
pn,cessing. Ii,, hile- supervisim, 

stems analysis and programming of such zip 
plieatime- spares iirovisioning. parts lists. 

lata communications and co-i reduction pro-

grams. Thoroughly familiar sr iii, special and get, 

eral pinpose computer design. Desires resign: 
-Ode position in computer ,, pplications are, 
\Vriie Box 4012 11". 

Positions 

Open 

The ltillotviiit.t po›ition. il 10.- test to 
IRE memliers have been reported as 
open. Apply in writing, addrexsing reply 
to company mentioned or to llox No. 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

Proceedings of the IRE 
1 East 79th St., New York 21, N.Y. 

ELECTRONIC ENGINEERS 
11.S. in EE with experience in electron tube 

and transistor circuits for work on design, de-
velopment and application of phase measuring 
instruments. Any nationality. Permanent posi-

tion. Pleasant working conditions. Salary com-
mensurate with ability and experience. Detailed 

resume to Ad.Yu Electronics Lab.. Inc., 249 
Terhune Avenue. Passaic. New Jersey. 

RESEARCH EQUIPMENT SALES 
B.S. in Physics. EE or M E. Two or more 

years experience selling specialited mechanical 

or electro-mechanical equipment ( expensive, 
semi-custom made items). Must he able to un-
derstand customer.' special technical require-

ments and work out engineering solutims, such 

as modification of standard equipment to meet 
requirements. Travel half the tinte atol will work 

with minimum guidance and support. Must lie 

capable of working with clients on all details 
including financial. Address your resume to: 

Mr. Donald Sweet. Arthur D. Little. lite., 35 
Acorn Park, ('amhridee 45, Mass. An equal 

opportunity employer. 

MANUFACTURING ENGINEER 
Redesign of breadboard models of highly en. 

glneered electromechanical equipment for cost 
reduction and semi-mass production. Experi-
enced in mass and semi-mass production opera-

tions. Would build manufacturing competence 

over an R,S: I) base with a thorough knowledge 
of the problems involved. i.e.. when to modify a 
,Icsign to overcome a problem. Address your 

resume to: Mr. Donald Sweet. Arthur I). Lit-
tle. Inc., 35 Acorn l'an,-. Cambridge 45, Mass. 

An equal opportunity employer. 

DEVELOPMENT AND DESIGN ENGINEER 
Development and design cligaleer. for ad-

vanced work in electronically It:gut:tied pouer 
supplies. Must have thorough working knowledge 

(Continued r, it he ge A ) 

sta rts 
ADVANCED 
DEVELOPMENT 
SECTION 
• seeks new ideas, novel solutions 

in communications 

• offers unique ground-floor 
opportunities to Sr. Engineers 
and Physicists 

Vitro Electronics offeN several 
outstanding rnrer'. import u7tit ies 
to senior elect ronie engineers 
interested in cit' annlvt al or 
product development aspects of 
space and military communi-
cations equipment and systems. 

The men we seek for analytical 
and theoretical work should 
have at least a IS .5. in chietronies 
or physics and considerable 
background in mathematirsas 
applied in communication 
theory, information theory, and 
modulation theory. Prodiwt 
development positions require 
original cirenit experience in 
solid state techniques and 
components iiicluding para-
met ries, t ransist ors, i•t e., and 
digital techniques. Equipment 
range up to 10k mc. 

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 plea›ures of 
the Nation's Capital are just 
minutes away, and the country-
side provides every opportunity 
for sports, from mountain 
climbing to boating and fishing 
on the Chesapeake Bay. 

Address your inquiry to: 
Mr. D. It. Statter, Director of 
Industrial Relations. 

el'17 ELECTRONICS 
Di, , p,x ,.1 111110 CultPORATIOX OF AMEit ICA 

rzzLes-ci,.A.rti-zz 
919 Jesup- Blair Drive, Silver Spring. Md. 
(Resideniial suburb of Washinieon. 

AN EQUAL OPPORTUNITY EMPLOYnt 
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I ELECTRO -PHYSICS 

LABORATORIES 

NATURE, 

THE 

UNBOUNDED 

VARIABLE 

The Eleetro-Physics Laboratories' researrh 
areas are too new to be marked by beaten paths. 
Our scientists and engineers are engaged in a 

number of advanced projects, ii ici  investi-
gations of ionospheric propagation ( in gi.neral 

and as applied to communications), the develop-
ment of unique long-distance communications 
techniques, and investigation of upper at mosphere 
phenomena by means of unusual rocket probe 
techniques. 

Outstanding career opportunities for scientists 
and engineers are now available in these and 
other research fields. You will find at. Electro-
Physics Laboratories a stimulating, creative 
atmosphere in which ideas can flow freely and in 
which the rewards are equal to the challenges. 
Research staff members guide their projects from 
the concept stage, to applied research, to proto-

type development. Freed from administrative 
burdens, they focus their full talents on the 
sciuntific aspects of assignments, while the im-
portance of the research effort gives each staff 
member a very real feeling of contributing to our 
national purpose. 

For additional information, please send your 
resume to: 
Mr. William T. Whelan 
Director of Research and Development 

ACF ELECTRONICS 
DIVISION 

ACF INDUSTRIES 

3355 52ND AVENUE, IIYATIEVILLE, MARYLAND (A RESIDENTIAL SUBURB OF WASHINGTON, D.C.) AN EQUAL OPPORTUNITY EMPLOYER 

PROCEEDINGS OF THE FRE August, 1962 83A 



CAREER 
OPENINGS 
AT WESTREX 
POSITIONS: 

Project Engineers, Development En-
gineers— senior, intermediate, junior. 
Engineering Aides • Engineering Writers. 
Field Engineers, Installation Engineers, 
Test Engineers, Site Engineers, Train-
ing Instructors experienced in carrier, 
tropo, microwave communications sys-
tems for overseas assignments (South 
Pacific). 

1 AREAS: 

SSB Communications Systems 

High-Power Radio Transmitters 

Oceanographic Navigational 

Instrumentation Systems 

Facsimile Systems 

Photo Transmission 
Equipment 

Precise Time Standards 

Servo Systems 

Navigation Systems 

Graphic Recording Papers 

Overseas Communication 

System Support 

Send resume to 
GENE I. ROLLINS, 
Director of 
Industrial Relations 

IAn Equal Opportunity Employer 

West-rex Company 
DIVISION OF LITTON SYSTEMS, IN', 03 

10 West Mt', St., New York 19, New York 

THE 
EXCEP-
TIONAL 

MAN 

%S hen the position you uisli to fill 

sib' to ..itur organizat .  

%%lien Ihr man souu ›erk rrquires all thr 

.ittribute- of leader- hip , plus tile 

ability to make - igniticant tel  

contribution- to llte ‘sork fOr 

lui- lu be rest  ... 

%s hell s 011 111441 a man 5%10. can cot ttttt and 

Ilte re.pect id hi- a›.ocialt, and 

.(iliordinate. because id. intimate 

t ION \ ivtige 01 and tir-t-band e‘perience 

in their . 

%%hen you need a man n' hut is well 

eilticattql and trained in the sperialized 

held- of knou ledge y ou require ... 

511L need The ENcePlional Man• 

1.et locale him for you. 

CÍarks A. Bínsw 
INCORPORATED 

er ASSOCIATES 

EXECUTIVE SEARCH SPECIALISTS 

613 PARK AVENUE • BALTIMORE 1, MD. • PLAZA 2-5013 

Positions 

Open 

(Contnr, 

rl solid state circuits atol feedback systems. Sal-

ary to 816.000 according to qualifications and 

experience. Position offers a career opportu-
nity in a rapidly expanding organization. :Mi-

ld!, to Chief Engineer. Repco. Inc.. Flushing 52. 

COMMUNICATIONS FOREMAN 
t".S. Oil Company. operation Middle East, 

seeks foreman with ECC or International Radio 

Telephone and Radio Telegraph First Class to 

supervise complete col lllll unications system with 
diversified equipment (AM. FM, HF. VHF, 

Teletype Printer, 100 Line PABX. Multichau,. 

neling. etc.). Candidate nmst have thorough back-

ground electronic theory with tell years prac-
tical experience (2 to 3 years Supervisory Ex-

perience). Approximately $ 11.600/year which 

includes $204 month Field Living Allowance; 

Bachelor Status; 30 day annual vacation wing 

transportation paid; Savings Plan. No U.S. or 
Foreign Income Tax. Send Resume to Box 2074. 

SENIOR PROJECT ENGINEERS 
IIIMelhatt g, , rrug avinlaidc t,,r Electrical 

Engineers with Solid State Circuit design ex-

perience. Must be capable of assuming project 
administrative responsibilities. Will handle tech-

nical liaison activities with outside contractors. 

lie capable of directing in-kouse design effort. 
component evaluation, and subsystems tests. Mas-

ters Degree in Physics or Electrical Engineering 

desirable, but will accept Bachelors Degree with 
record of solid project achievement. An Equal 

Opportunity Employer. Send complete resume 

to Jet Propulsion Laboratory, 4804 Oak Grove 

Drive. Pasadena. California. 

inaed ,,n page »..1 

ELECTRONICSmn 
ENGINEERS 
Senior and intermediate openings are 

now available in new programs which 

require analytic and hardware expe-

rience in: 

• Logic 

• Circuit Design 

• Instrumentation 

• Automatic Controls 

• Servo • Analog 

• Surveillance Systems 

ARA is a 250-man Research and De-

velopment firm active in the fields of 

space systems, electronics, bionics, 

physics, geophysics, meteorology, 

chemistry, aeronautics, and other areas 

of physical and engineering sciences. 

For further information please contact 
Mr. Ivan Samuels 

ALLIED RESEARCH ASSOCIATES 
43 Leon Street. Boston, Mas,achusetts 

"Au equal opportunity employer". 
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AT NASA. YOU'RE IN THE AEROSPACE CENTER OF THE FREE WORLD 

GEMINI 
first manned rendezvous in space 

How do you dock a two-man spacecraft with an-
other vehicle in earth orbit? What happens when 
astronauts are weightless for a week or more? 
Project Gemini is calculated to answer these vital 
questions. The test of rendezvous techniques alone 
is a crucial experience in man's drive for the moon 
—and the results will be invaluable. 

Unusual capabilities are needed to solve the intri-
cate and demanding problems of Gemini (and, after 
Gemini, Apollo). 

NASA needs senior aerospace engineers with 6 to 
10 years experience in . . . . Systems analysis and 
studies • Systems engineering • Spacecraft and 
flight missions • Reliability assessment • Launch 

vehicles and propulsion • Systems integration and 
checkout. 

NASA offers you unequaled resources and unlimited 
opportunities for professional growth and recog-
nition. Send just one resume to NASA, Director of 
Professional Staffing, Dept. 502, NASA Headquar-
ters, Washington 25, D.C. Positions in various loca-
tions and in other disciplines—many requiring less 
experience—are also available. 

All qualified applicants will receive con-
sideration for employment without re-
gard to race, creed or color, or national 
origin. Positions are filled in accordance 
with Aero-Space Technology Announce-
ment 252-B. 
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TO A MAN WHO CAN ADVANCE A VITAL NEW SCIENCE-

MILITARY COMMAND TECHNOLOGY 

The term "Military Command Technology" may 
be new to you. However it stands for a principle 
that is as old as war itself — the ability to detect 
attack and retaliate. 

Today this ability requires big and complex elec-
tronic systems. Their domain is the earth, the 
atmosphere around it, the infinite reaches of space. 
The concept behind them encompasses this nation's 
overall military strategy — present and anticipated. 
It includes all levels of civilian and military decision 
making. It provides for war plans, communications, 
intelligence, control of all forces, deployment of 
sensors, surveillance of space, logistics, support 
operations, and survival. 

The design and development of such systems is the 
basic work of MITRE. SAGE, MIDAS, NORAD 
Combat Operations Center, BMEWS are among 
the many inter-related, constantly evolving sys-
tems. More challenging systems are being planned. 

MITRE is made up of scientists and engineers who 
are responsible for some of the most important work 
now being done in the electronic systems field. 
There is room for more such men in the three major 
groups of the corporation -- Systems Planning and 
Research; Systems Engineering, and Control and 
Sensor Systems Development. 

MITRE is located in pleasant suburban Boston. 
Openings are also available in Washington, D.C. 
and Colorado Springs. Minimum requirements, 
B.S., or M.S., or Ph.D. Rewards are competitive. 
If you are interested in playing an important part 
in MITRE's work for national defense — in ad-
vancing this new science with an old purpose, 
Military Command Technology you are invited 
to write, in confidence, to Vice President - Tech-
nical Operations, the MITRE Corporation, Box 
208, Dept. M H4. Bedford, Mass. 

THE 

MITRE 
CORPORATION 

.1 , 11 I ipporiOolÍli irio rip a' 

MITRE is an independ-
ent, nonprofit corpora-
tion working with — 
not in competition with 
— industry. Formed 
under the sponsorship 
of the Massachusetts 
Institute of Technology, 
MITRE serves as Tech-
nical Advisor to the Air 
Force Electronic Sys-
tems Division, and is 
chartered to work for 
such other Government 
agencies as FAA. 

Positions / 

Open 

TRANSFORMER DESIGN ENGINEER 

Transformer design engintser for electronic 

louer supply components :mil to a»ist in piii• 

neering development of magnetic type power con-

trol devices. Applicants must have a thorough 

knowledge of magnetic materials and component 

design. Salary to $ 16,000 according to qualifica-

tion and experience. Position otters a career op. 

portunity in an expanding organization. Apply to 

Chief Engineer. KVP(.0. I tic.. 1.111411112, :" 2. New 

York. 

ELECTRONIC ENGINEER 

A unique position is available for an Electronic 

Engineer to work in productizing advanced chem. 

¡cal and plit'sical laboratory instrumentation in 

the field of nuclear magnetic resonance spectros-

copy. Successful candidate should have a lack• 

ground including at least 5 years experience in 

electronic circuit design. Position offer, out 

standing growth pmential and inditidual should 

llave project engineer capabilities. Outstanding 

benefit irrogram includes Cash Profit Sharing 

and Stock Purchase Plan ,. Submit resume in 

confidence to: Varian '--- r ties. (. 11 

Way. Palo Alt, 

SENIOR ELECTRONIC ENGINEER 

Excellent position involves wor1,11.• oi the ex• 

Perimental and initial rlevelopment iuf 

cancer' types of commercial scientific instru. 

ruentation. Must he willing to work with tinti-

-ual circuitry and components which often re 

mire extending the state of the art. Sonic had, 

. 'dinned rat page 88A) 

DESIGNED to 

FIND the creative 

ENGINEER and 

SCIENTIST 

IN THE $ 10-$30,000 RANGE 

PRINCIPAL SCIENTISTS 
• f•-\ - i,,„ 

l'Iuulain :Mgr. 

• Tropo:,cat ter 

System 

• ASW 

Instrumentation 

• Teletnetry 
System's 

• Infra Red 
l)eviee 

• Computer Design. 
Airborne 

$30,000 

$10-25,000 

$10-20,000 

$12-20,000 

$15-22,000 

$12-20,000 

All Expenses Paid by 

Employers Clients 

CROSS COUNTRY 
CONSULTANTS 

Personnel Search Specialists 

225 E. Redwood St., Baltimore 2, Md. 

LExington 9-6604 
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purposeful imagination....in concept 

The men of Aerospace, a corporation chartered exclusively to serve the United States Government, blend the full 

resources of modern science and technology in developing concepts for advanced ballistic missile and space systems. 

D With the Air Force-science- industry team, the men of Aerospace marshall individual talents for the full 

exploration and assessment of advanced concepts, selected for significant potential. Aerospace contributes 

advanced systems analysis and planning; theoretical and experimental research; general systems engineering and 

corresponding technical direction of programs. CI Aerospace Corporation, an equal opportunity employer, now needs 

more men to meet these responsibilities. Highly skilled engineers and scientists with advanced degrees, knowledgeable 

in interdisciplinary problem solving, are urged to contact Mr. Charles Lodwick, Room 

P. 0. Box 95081, Los Angeles 45, California. CI Organized in the public 

interest and dedicated to providing objective leadership in the advancement 

and application of science and technology for the United States Government. 
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Research Opportunities 
FOR GROUP LEADERS 

at Texas Instruments in 

COMMUNICATIONS 
SYSTEMS 

OTHER OPENINGS exist at all 
experience levels for specialists in 
radar systems, quantum electro-optical 
methods, microwave devices and tech-
niques, antennas and propagation, 
nanosecond digital circuits, and 

reliability. 

Engineers and scientists with appropri-
ate education and experience back-
grounds, who have demonstrated com-
petence in research plus technical 
leadership capabilities, are invited to 
submit resumes directly to: 

Di. ROBERT M AL , Manager 
Research and Development 

Department 
WRITE for 

TI R&D 

brochure 

eel 

Dept. 85 

APPARATUS DIVISION 

Communications theory is one of many studies being explored 
in TI's.communications systems program. If you wish to com-
bine your research interests with the advancement opportuni-

ties provided by a growth company, investigate employment 
possibi:ities at Texas Instruments where you will participate 
in an integrated program including the application of coding 

and decision theory. 

EXAS INSTRUMENTS 
I NCORPORATED 

SOX 6015 DALLAS 22, TEXAS 

An Equal Opportunity Employer 

Positions 

ENGINEERS • PHYSICISTS 
Expansion of our Electron Tube operation in commercial, in-

dustrial and military markets has created several outstanding 

opportunities for qualified candidates. 
Engineers and Physicists with experience or interest in R&D, 

Product Design, Manufacturing Engineering, or Application 

Engineering are invited to explore immediate openings in the 

following areas: 

IMAGE TUBES. Storage tubes and devices, image display 

devices, pick-up tubes, circuitry. 

CATHODE RAY. Black and white picture tuhes, industrial 
and military, electro luminescent ferro electric display de-

vices. 

POWER TUBES. Radiation detectors. industrial R.F., mer-
cury pool. high vacuum switch, communication. 

MICROWAVE TUBES. Magnetrons, klystrons. TWT's. spe-
cial electron devices, fundamental study programs on inter-

action circuits, beam study programs. 

Write or send resume to: 

Mr. Win. Kacala, Technical Recruit,: 

P.0. Box 284. Elmira. Neu: 's ork 

or phone collect REcent 9-3611 

An Equal Opportan;ty Em ployer 

Yy..englym.ç 

Open 
.„1 

II 1,111ed 

ginund in tube and trail-ism,- circuits. radio 

frequencies. microwave, , tabilized amplifiers 

and other servo prubleins is desirable. \Voris 

will he : ii close contact with both physics and 

cheinistr -. 11:,- iir NIS in EE or Physics plus 

several years experience. Outstanding Benefit 

Program includes Profit Sharing and 

ock Purchase Plans. Stiliutit resume 11111. 

Varian Associates. n11 II mseit 

0. .\ Ito. California. 

INSTRUMENTAL SCIENCES FACULTY 

POSITION 

All graduate inmruction and research. Vining 

Ph.D. Physicist or Electrical Engineer milli 
strong interest in the multidiscipline field or in-

strumentation and control. I/c.v.:hip courses and 

research program for SI. S. degree and for ex-
onsion inn, Ph.D. program. Twelv,.• nnnull ciii 

j-ii.yincns. Reidy with resmite to: Ilead, l'in c-

tronics :ind Instrumeatatiom University of Ar-

kansas. ( iraduale Institute td Technology, P.4). 

Box 31117. Little Itock, Ark in-as. 

SENIOR STAFF POSI -IONS 

exi.t in the a:ea of nuclear instru-

mentation system analysis. Personnel with ( I) an 

advanced degree in electrical engineering or 

physics. ( 2) several years experience in research 
and development :old ( A) a working knowledge 

m data :old control syslems :inalysis. statislical 

mformation analysis or ill- 1 rumentat iun 

Mimes are being sought. Insiritinent Devel 

(Cellt,I1 )41  
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BY 
AC Spaik Plug, The Electronics Division of General Motors, has 
accepted an exciting new challenge: the development and pro-
duction of a navigational-guidance system for the first phase in 
NASA's APOLLO project of manned flight to the moon. This new 
assignment is another significant step in the progress that is 
being made at AC. .. progress achieved througn the knowledge 

of AC's highly skillec, highly respected staff of creative engineers. 

We suggest :hat you inquire about trie advantages of being 
associated with our new assignment or other projects now 
underway at AC. If you have experience in any of the following 
specialties ard have a B.S., M.S., or Ph. D. in Electrical Engineer-
ing, Mechanical Engineering. Physics, or Mathematics, send 
your resumé to G. F. Raasch, Dir. of Scientific and Professional 
Employment, AC Spark Plug Div., Dept. 5753J, Milwaukee 1. Wis. 

MILWAUKEE • Reliability Program Engineers • Field Service Engi-

neers • Electromagnetic Eng"neers • Supplier Contact Engineers 
• Radar Systems Engineers • Radar Test Engineers • Quality Control 

Engineers/Analysts • Technical Writers and Editors • Scientific 
Programmers 

LOS ANGELES RESEARCH AND DEVELOPMENT LABORATORY 

(Airborne Digital Computers & Advanced Inertial Guidance Systems) 
• Development Engineers • R & D Engineers • Circuit Design Engi-

neers • Systems Engineer 

BOSTON RESEARCH AND DEVELOPMENT LABORATORY (Advanced 
Inertial Guidance Systems & Components for Future Aircraft, Bal-

listic Missiles & Space Vehicles) • Systems Engineers & Mathema-
ticians • Electronic Circuit Engineers • Physicists • Instrument Eng,-

neers • Electromagnetic Engineers • Radar Systems Engineers 

AC SPARK PLUG ed- THE ELECTRONICS DIVISION OF GENERAL MOTORS 
MILWAUKEE • LOS ANGELES • BOSTON • FLINT An Equal Opportunity Employer 

AChieve pertial Gu:dance for the TITAN II, THOR, and MACE/Bombing Navigation Systems Integrator for the B-52(C&D)/POLARIS Gyros and Accelerometers/ALRI 
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Melpar s 
new 

• AEROSPACE'* 
• PROGRAMS 

Have Created 
Exciting Additional 

Positions For 

• RELIABILITY 
ENGINEERS 

in the 

ENGINEERING DIVISION 

AEROSPACE DIVISION 

• MINUTEMAN DIVISION 
Work Assignments are 
in the following areas: 

SYSTEMS & CIRCUITS 

• II 

Operational reliability analysis to 
define and allocate reliability goals. 
Construct system models, perform 
design review and evaluate relia-
bility test programs. 

AEROSPACE DEVICES 
Evaluate structural reliability, elec-
tromechanical design and hyper en-
vironmental effects as applied to 
aerospace projects. 

COMPONENTS AND PARTS 
Selection and failure analysis of 
parts. Component inspection, test 
criteria, vendor evaluation. 

STATISTICAL METHODS 
To develop and apply statistics to 
reliability and quality control analy-

sis including prediction and meas-
urement, test design and analysis 
system synthesis and trade off 
models. 

FOR FURTHER DETAILS WRITE TO 
PROFESSIONAL EMPLOYMENT 

MANAGER 
JOHN HAVERFIELD 

IMELPAR ohm 
,../01,10,06•11, Or Mel ,, M,...10v 

3330 Arlington Blvd. 
Falls Church, Va. 
An equal opportunity employer. 

. 4116111W4: • -.1-1, 4> 

t. 

so. 

AEPositions 
Ree  Open 

tog , I) 

.,11111C111 Branch has the re›poesibilit of analyz-
ing and developing data and control systems for 

nuclear reactors and proces,es at the AEC Na-

tional Reactor Testing Station, Idaho. Recent 

and future expansions have created outstanding 

opportunities. Write .: Philips Petroleum ('oin. 
',any. Personnel Admini ,tration. P.O. Box 2067-

IIN. Idaho Fall,. Idaho. 

SALESMAN 

To sell semi- technical instrument in eastern 
I'ennsylvania and Ifelaware for manufacturer,' 

Icpresentative roi straight commission (no draw. 
1,11 expenses; we handle the pror hill 011 that ha, 

-is). Degree not needed. Age is immaterial so long 
as you posse ,s health and integrity. Write nos 
207 ,. 

Ph.D. MICROWAVES AND/OR 

SOLID STATE 

oppu r I 1111 i y f I'll. I ith back 
Liround in microwaves and/or sol i,1 state. Some 

teaching and some research required. Private 
consulting encouraged. Department ha, Ph.D. 

program. ficiorl salary and rank arrangement, 
will be made for exceptional man (rim, eithet 

the industrial or academic fields. Address re-

plies 10 Dr. Fred Schumann. Electri• 
tI Engineering Departincic. \" anderhilt 1.7ni-

,.ersity. Nashville. Tennessee. 

ASSOCIATE PROFESSOR ELECTRICAL 

ENGINEERING 

P11.1/. degree required. :salary $ 7500 to $8000 
1,er academic year. Opportunity to deceit" re, 

-carch activity in area of interest. Address re. 

plies to: Head. Electrical Engineering Depart. 
ment, South Dakota School of .Nlines and Tech-
nology. Rapid Ciey. South Dakota. 

Ph.D. ELECTRICAL ENGINEERING 
Unusual opportunity in U.S. Civil Service 

to recent Ph.D. in Electrical Engineering to con 

!nine his research or teaching while administei - 
ing Army- sponsored basic research pniieet - 

at U.S. universities, college, and institute,. 

.\ir-conditioned offices located in the Duke Uni-

versity campus immediately adjacent to the 
gineering College and Physics- Mathematic, It 

partments. A,,ociates 011 the Engineering :Sri 
coces Staff active in individual research pro) 

ects at Duke. University campus very attractive 
in a progre,sive area of the South. Good fantiE 

environment. Civil Service levels begin : ti 
11 ($ 7560) 10 ( S-1-1 ($ 12.210). depending 

background qualification,. \Vrite detailo of hack 

.-iround or submit a Form 4; ( obtainable at 

liost office) to J. I. Murray. Army Research Office 
Ifurliam), Box CNI. Duke Statirm. Durham, 

North Caroliihr. 

ELECTRONIC ENGINEERS 

Electronic Engineers for permanent positions 

with Federal Communications Commission, 

\Washington, D.C., GS- 12, $8955 to GS- 13 

$10.635. Must be graduate engineers witlt good 
knowledge of problems involved in the area of 

space communications. Government will pay ex-

penses for transportation of employee, his fam-
ily, and household goods to 1Vashington. At-

tractive fringe benefits include retirement, life 
and health insurance. automatic pay increases. 
Good opportunity to enter government career 

service. Reply to Personnel Officer, Federal Com-
munications ('ommission. \Vashington 25, 1).C. 

(( oriltitfled Nye 92A) 

Director of Engineering 
for 

Philips Laboratori3s 
We are seeking an outstanding engi-
neer offering vigorous and effective 
leadership for a new branch of our 
Laboratories being organized to pro-
vide close support in product devel-
opment for an assemblage of many 

divisions manufacturing devices, com-
ponents and equipments broadly in-
volving electrical, electroMc and 
mechanical technologies. 

OUR NEW DIRECTOR 

OF ENGINEERING dicitald be 

of Ph.D. level in Lleetriedl I ngineering or 

Physics and must have high technical cont. 
petiote and broad industrial experience as a 
basis for a productive cooperation svith 
tigers and top technical personae' of ditisions 

marketing a wide range of products such as 
power and special purpose tubes, ferrites. 
precision resistors, precision timing devices, 

electromechanical relays, small electric mo-
tors, analytical instiumentation and others. 

He will supeivise a group nt engmeers who 
will work closely with outstandint. scientists 

in our Laboratories to put ideas and inten 

tions arising (rosi our rent-arch program into a 
faim exploitable by existing ur newly created 

operating divisions. 

He must have. the experience basest on solid 
accomplishment, which u- ill e•yt a I rl.. him to 
formulate, acquire and lead detelopment pro. 
grams antler sponsorship of governrnen oxen-

ties. He will have thc initiative to develop 

an engineering groan with the tortinbal re-

s,unrru's required for a substantial and roil-
ing industrial organiratiou invoked in com• 

plea and changing technologies. 

Philips Laboratories has engaged in 
a successful research program, pre-
dominantly company-supported, for 
eighteen years at the present location, 
20 miles north of Times Square. The 
new Director of Engineering will 
participate in the detailed planning 
for new facilities on a 94 acre silt-

in Briarcliff Manor just 10 miles 
farther north with access to the heart 
of New York City in less than an 
hour by train or automobile. 

Send detailed letter or resume and 

salary required (in confidence) to: 

Mr. William Arnett 
Exerutire Assistant ru, Ihrector 

PHILIPS LABORATORIES 
Irvington-On- Hudson, New York 

NORTH AMERICAN 

PHILIPS COMPANY, INC. 

An equal • 
opportunity 
emploler foreico 
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The Lincoln Labora-
tory is a center of 

research and devel-
opment in advanced 
electronics, with 
responsibilities in 
national defense 
and space technol-
ogy. Scientists of 

many disciplines 
participate in a pro-
gram directed to-
ward extending the 
range and depth of 
scientif7c knowl-
edge and solving 
problems funda-
mental to the se-
curity of the nation. 

• RADIO PHYSICS and AS-

TRONOMYRRE-ENTRY PHYS-

ICS • PENETRATION AIDS 

TARGET IDENTIFICATION 

SYSTEMS: Space Surveillance, 

Strategic Communications, In-

tegrated Data Networks NEW 

RADAR TECHNIQUES • SYS-

TEM ANALYSIS • COMMU-

NICATIONS: Techniques, 

Psycholoçy, Theory • INFOR-

MATION PROCESSING 

SOLID STATE Physics, Chem-

istry, and Metallurgy • A more 

complete description of the Labo-

ratory's work will be sent to you 

upon request. All qualified applicants will 

receive consideration for employment without re-

gard to race, creed, color or national origin. 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Institute of Technology 

Box le 

LEXINGTON 73, MASSACHUSETTS 

when the 
message must 
get through 

Yesterday .... a man named Revere and a dependable steed. Today 

... sophisticated secure weapons command and control systems. The com-

munications media differ but the need is the same...get the message through. 

For tomorrow's secure communications systems...our scientists and engi-

neers are developing new concepts ... improving existing communication 
techniques ... advancing the state- of-art in survivable communications. 

STAFF AND MANAGEMENT OPPORTUNITIES exist for Electronics 
Engineers and Physicists with 5-10 years of experience in command and control 

systems, aerospace communications and familiarity with advanced communi-
cations techniques. Ire are located ten miles northeast of Buffalo in the pictur-

esque suburban community of Williamsville, New York 

SYLVAN' A _ _ ELECTRONIC SYSTEMS 
Government Systems "Nianagement 

ri)r GENERAL TELEPHONE &ELECTRON/CS 

Please send resume in confidenee to 
Robert E. .4rtman 

GENERA). 

S.STI 

SYLVANIA ELECTRONIC SYSTEMS— CENTRAL 

1181 Wehrle Drive Williamsville, N.Y. 

An Equal Opportunity Employer 



ELECTRONICS ENGINEERS 
& SCIENTISTS 

Explore Today's Most 
Advanced Projects in 

Near and Deep 

SPACE 
COMMUNICATIONS 

(Vehicle-to-Ground ) Vehicle-to-Vehicle 

A diversity of advanced communi-

cations problems offer you stimu-
lating assignments at Republic's 

Missile Systems Division. These in-

clude communications systems for 

a number of next-generation satel-
lites and hypersonic vehicles. Em-

phasis is on applications of new 

digital techniques in wideband in-
formation transmission; multiplex-

ing, security coding and noise 

reduction. Re-entry blackout com-
munications problems are under 

study; new concepts in IR cameras 
are under development. 

Openings at all levels on 
Systems and Component 

Design & Development. 

Systems Analysis, & 
Test Programs for 

MICROWAVE ENGINEERS 

RADAR ENGINEERS 

COMMUNICATIONS ENGINEERS 

IR & OPTICS SPECIALISTS 

DIGITAL COMPUTER 
SPECIALISTS 

Also, unusually varied assignments 

for CIRCUIT DESIGN ENGINEERS 
with experience in transistorized 
UHF & microwave systems, includ-
ing: High Frequency Pulse Circuits, 
Digital Computer Building Blocks, 

RF Circuits, Communication Cod-

ing Circuits, Feedback Control 
Circuits. 

Write Mr. Paul Hartman, 

Technical Employment Supervisor 

MISSILE 
SYSTEMS 
DIVISION 
REPLJIHIC 

223 Jericho Turnpike 

Mineola, Long Island, New York 
• 

An Equal Opportunity Employer 

J 

Positions 

Open 

(Conlin ord from poor 

LIFE SCIENCE ENGINEERS 

The human factor as a design detail is as old 

as engineering; as a studied design factor it is 
relatively new. Engineers with training or ex-

perience in the biological or behavioral science, 

who are interested in analysis and experimenta-
tion in the area , of terrain- following and other 

radar displays. photointerpretation, advance ve-

lucir handling qualities. and heuristic program-

ming techniques are invited to reply to: E. I'. 

Rentschler. ( 7ornell Aeronautical Laboratory. 

Inc.. fluff:do 21. 1\c, York. 

RESEARCH ASSOCIATE or 

ASSISTANT PROFESSOR 

Iniumdmic , mcinit c. tor inot.i•—mmil-lci-el • 

'Meant as Research Associate or A,, istant 
fessor to supervise designing. fabricating, anii 

maintaining specialized electronic equipment for 

research in so elite atol engineering. A proper]) 

qualified person will, if he desires. have the cm 

portunity to participate in electronic reseanh 
or teach. A staff member in full -urne appoint 

ment may enroll for one cimuse each semester. 

Salary in range of $ 7500 to $8500. Annual 
appointment with gate month vacation. Appli. 
cation or further inquiry should he inativ to: 

Dean Virgil W. Adkisson, Research Coordina-
tor. Uniyer,its of Arkansas. Fayetteville. Arkan-
sas. 

ELECTRONIC ENGINEER 
EleCtronic Engineer, KS.. recent gratin:tic 

with a feu- years of practical experience in 

(Continued on fag, 
- — - 

PHOENIX 
GOODYEAR AIRCRAFT 

(Arizona Division) 

offers career opportunities thdt will 

challenge your talent in the technical 

areas listed below. 

SR. DEV. ENG'RS. 
Develop wideband i-f amplifiers, oscil 
lators, i-f isolation amplifiers, and related 
circuits. 

Develop microwave circuits and eauipment 
including wave-guide assemblies, and re-
lated circuits. 
Servomechanisms. Develop and design of 
antenna stabilization servo systems. Film 
drive control systems. 

Develop radar transmitters and modulators 
including pulse forming networks, trans-
formers, protection circuits, X-band ampli-
fiers and related circuits. 
Display and pulse circuits. Develop display 
circuits and controls. Bomb navigation cross 
hair circuitry. 

SR. DESIGN ENG'RS. 
Optical design and development. Design 
lenses and complete optical systems. 

SR. PACKAGING ENG'RS. 
Layout packaging and detailing layout of 
electronic sub-assemblies including i-f and 
r-f units. 
Request Application or Send Resume to: 
M. J. McColgan, Engineering Personnel 

Goodyear Aircraft Corporation 
Litchfield Park, Arizona 

An equal opportunity employer. 

Similar positions at Goodyear Aircraft 
Corporation Akron, Ohio 

Stimulating, 
New Positions' with 

BELL AEROSYSTEMS CO. 
IN 

COMMUNICATIONS 
RESEARCH 
& ADVANCED 
DEVELOPMENT 
IN TUCSON, ARIZONA 

To meet the increasing need for advanced knowledge in the communica-
tions area, Bell \ erg's\ stems Company is expanding, creating new positions 
for Research Scienti-ts. Programs will be undertaken in research and ad-
vanced development in the general technical areas of modulation and de-
modulation. information theory and communication in the presence of 
noise and interference Cu'. applied to: 

ELECTROMAGNETIC INTERFERENCE 
SPECTRUM UTILIZATION • SMALL SIGNAL DETF:CTION 

MODERN COMMUNICATION SYSTEMS 
ELECTROMAGNETIC PROPAGATION 

Permanent positions are immediately available at all professional levels of 
communication engineering for Research Engineers with PhD, MS, or BS 
and SOM. experience related to the areas of study. 

inquiries are in.ited. Please addre." 
Mr. J. I . Donn, Nlanaurr I lertronir Ran.. Dept 

BELL AERIDSYSTEMS CC>. 
DIVISION OF BELL. AEROSPACE CORPORATION - A   COMPANY 

1050 East Valencia. 
\II ptal ()pportintity r 

-..n. 
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SYNONYMS FOR YOUR FUTURE: CAREER...ACHIEVEMENT. 

Working at Philco Western Development Laboratories is synonymous with playing 
an important role in development of communications and control systems for the 
nation's frontiers of space. Phi Ico WDL designed and produced the complete satellite 
package for the Courier Communications Satellite program; other important U. S. 
satellite programs benefited, too, from advanced technology, research, prototype 
and fabrication from WDL. This adventure . . . complete program-oriented evolution 

of tomorrow's answers to tomorrow's space age challenges... is yours, if you want a career 
that is measured in terms of achievement. Achievement is WDL's trstory .... and future. 

Write in confidence for information on how you can rind your career at Phi lco WDL, with 
the additional rewards of ideal living on the San Francisco Peninsula and professional and 
monetary advancement commensurate with your own ability. Requirements include B.S. or 
advanced degree (electronics, mathematics, physics), U. S. Citizenship or current transfer-
able D.O.D. clearance. Address Mr. Patrick Manning, Department R-8. 

IDH I LCO WESTERN DEVELOPMENT LABORATORIES 
A SUBSIDIARY OF 3875 Fabian Way, Palo Alto, California 

vortcpci.v.vt'›ifyiany, cpocti, e,"r!c,er 
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if you only 
take know 

for an answer 
What is the moon made of? 

What will be measured in space? 
Is there life out there? 

The answers to these questions 
are coming from the scientists at 
Cal Tech's Jet Propulsion Labora-
tory for the National Aeronautics 
and Space Administration. 

These men think for a living. 
They want to know. They have to 

know. And at JPL, they have all 
the room in the universe to work in. 

If you'd like to work with other 
engineers who only take know for 
an answer.., if you'd like to be in 
on the ground floor of space ex-
ploration ... if you feel you can 
help, then come to JPL. Your 
office may not be bigger, but your 
room will be. 

If you want to learn more 
about how your talents may be 
used in the fascinating world of 
other world exploration, write to 
Jet Propulsion Laboratory today. 
Send an outline of your back-
ground and interests or a complete 
qualification resume to the address 
below. You will receive immediate 
consideration. 

"Research and development for 
America's lunar, planetary and 

interplanetary exploration programs." 

JET PROPULSION 
LABORATORY 

California Institute of technology 
4804 Oak Grove Drive, Pasadena, Calif. 

Attention: Personnel Dept. 
-An equal opportunity employer" 

Positions 

Open 

lit aucd al 

clectronics 111- communication, for and 
field engineering work. Projects will involve iii. 
struntentation for sunlit!. of rte auroral ion° 
sphere, radio-wave propagation. and geomagnetism. 
Salary in the $Q00-$1000 pe month range. 
Write: Geoid, - oat Institute. I. -Its of 

CRITICAL VACANCIES AT .3RIFFISS AIR 
FORCE BASE, ROME, NEW YORK 

1(c.carch 
Research l'..cliologist ( Eu.. 
Electronic Engr. 

(Electro lagnetics) 
I.ilerarian ( Adm.) 

(Physical Sciences & Etigr.) 
Medical Officer 

tccupational 

  Professional 

Group Meetings 

AEROSPACE AND NAVICrATION.U. 
ELECTRONICS 

Boston \ lay 24 

"One Plus One Equals Two, - Dr. 
H. I. Ewen. Eweii-Inight Co. Natick, 
Mass. 

lioston I.5 

"I:a(ar 1 )esign for Nlanned Space 

Vehick›. - G. J. Bundle. Rit theon. Bed-
ford. Nlass, 

Neu York -April 12 

"SPace (;," Problems and Solutions. -
R. O. Schroeder, IZitytheon, \Valthain, 
Nias',, 

Neu. York -- December 14 

"Wide .\perture Direction Finding 
with Particular Reference to the Doppler 
System, - J. Beukers, tier\ o Corp. of 
America, N. Y. 

Philadelphia April 3 

" \ ideo "jriu•ker, - L. Stiit.on, I- 

l'arnona, N. f. 

I ANTEN N AND 

\Vashington, I). (. April 17 

"SurveY and AnalYsis Nial)Ping An -
tenna Characteristics, - C. .\ Bolt, \Yes-

tinglunise, Baltimore. Md, 

ANTENNAs AND PRoPAGATIDN 

D'ROWAVE THEORY h ND 
TECHNIQUES 

C(Ilumbus—Ma:. 21 

"New Techniques for I )e,igiting 
Arrays, - Dr. R. ii.uringtoo, S 

cost.. Syria•use, N. Y. 

an page 96A) 
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rnmctetlen ENGINEERS 

GENERAL DYNAMICS ELECTRONICS 

ROCHESTER 

POSITIONS O PEN IN 

ELECTRONIC 
RECONNAISSANCE SYSTEMS 

SENIOR ANTENNA ENGINEER 
BSEE with 3 to 4 years experience on ground-
based antennas and radomes. Knowledge of 
antenna test data reduction and analysis 
required. Frequency spectrum VHF and up. 
To design systems antenna configurations, 
analyze existing designs, reduce and analyze 
antenna test data and make recommenda-
tions for necessary re- design. 

SENIOR RELIABILITY ENGINEER 
BSEE with 3 to 5 years experience. Must be 
systems oriented in the reliability field, pref-
erably with some operations research back-
ground. Will be responsible for designing 

and implementing a reliability program on 
a large electronic system and will make the 
necessary data reduction involved in such 
a program. 

SENIOR DESIGN ENGINEERS 
BS with 8 years experience, of which 5 must 
have been in design in two or more of the 
following: digital, RF, pulse, audio. CRT, 
photorecorders, magnetic recorders, pulse 
multip.ex and frequency multiplex. To assist 
in evaluation of complex electronic recon-
naissance systems. 

DESIGN ENGINEERS 
BS with 3 to 5 years experience in RF and 
microwave receivers, digital display circuits, 
data handling and CRT displays including 
storage tube circLits. To assist in evalua• 
lion of complex electronic reconnaissance 
systems. 

HYDROACOUSTICS 

SENIOR SONICS ENGINEER 

BS or MS in ME or Physics with at least 5 
years experience in Industrial Sonics. Should 
have background in sonic cleaning, process-
ing and impact drilling plus a basic knowl-
edge of acoustics, general physics and 
chemistry. 

TEST EQUIPMENT & 
INSTALLATIONS 

PROJECT ENGINEERS 
To supervise design and integration of test 
stations. Knowledge should include 1 or 
more of the following areas: flight control 
systems, radar indicators, HF-VHF naviga-
tion and communication equipment, micro. 
wave equipment, antenna systems and ECM. 
Should be familiar with all types of testing 
techniques and equipment associated with 
particular areas of interest. BSEE. 

SENIOR DESIGN ENGINEERS 
BSEE with thorough background in one of 
the following: microwave signal generators 
and receivers; low frequency signal genera-
tors, HF-UHF signal generators. digital and 
pulse circuits, AGE Systems. 

TECHNICAL WRITING 

Requires thorough background in the elec-
tronics industry in preparation of military 
handbooks and manuals or in engineering 
proposals. 

RECONNAISSANCE EQUIPMENT DESIGN 

Engineers at all levels, experienced in design of: 

RECEIVERS — Panoramic, signal seeking, manually tuned. DISPLAYS — Digital, CRT ampli-
tude- time, storage tube direction finder, panadapter, high-speed pulse recording. REMOTE 
CONTROLS — Antenna servo followers, antenna and receiver remote positioning and tuning. 
DATA HANDLING — Transistorized timer-programmer, on-line printer, automatic signal 
analyser, magnetic tape analysis equipment. EQUIPMENT INTEGRATION — Console and 
rack design, sub-system layout and blackbox compatibility, design standardization, sub-
system analysis, man-machine optimum design, blackbox sub-system specifications. RADIO 
FREQUENCY INTERFERENCE CONTROL— Analysis of equipment RFI problems, establish-
ment of design procedures, testing to MIL- I-26600, reports, vendor liaison and direction. 

For further information on how YOU can contribute 

to one of the various programs now in progress, 

send a complete resume to Mr. M. J. Downey, Dept. 20. 

GENERAL DYNAMICS I ELECTRONICS 

AN EOUAL OPPOFITUNiTy EMPLOyEn 

GIIIIID 

1400 N. GOODMAN ST., ROCHESTER 3, NEW YORK 
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RESEARCH ENGINEERS AND PHYSICISTS 
\ \ I. OPPOIlll \ MILS I Olt I'll01.1.-‘10\ \ I C \ 

CII \ 1,1,1:.\11\(: T1112.01UITIC \ I, 1)1{01 ).111\1S \: 

• Theory of Communications 
• Self- 1.daptive Systems 
• Satellite Systems Studies 

• Nuclear N1 ea'  
• Space Phy-sics 
• Operat• s itesearelt 

s Effects 

• Owned and Managed by Employee-Scientists 
• Southwest Climate • Low Population Densit 

• Wide Range of Benefits Including Profit Sharing 
• Emphasis Placed on Theoretical Concepts 

• No Hardware Development • Advanced Degree Desirable 

ES'S INQUIRIES TO: 

THE 

Av ewoocl 
CORPORATION 

.4805 Menaul lib ( I. N.4.. Ibun quern ue. 

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 

fo division of the 
Permanent Employment Agency) 

825 San Antonio Rd. 
Palo Alto, Calif. 

4N5E P rofessional 4 

G roup M eetings 

(Continued f coin t'a gr 944 ) 

Orange Belt— March 21 

"Strip Transmission Lines." Dr. S. 
Cohn, Rantec Corp. 

AUDIO 
Boston Nlay 24 

"Room Respaise Simulation by Digital 
Computer as an Aid to Subjective Com-
parison of Audio Systems," Dr. A. G. Bose, 
M -r. 

Milwaukee—May 22 

"Future Developments in Magnetic 
Recording," NI. Canwas, Armour Res. 
Foundation, Chicago. 

Milwaukee—April 24 

"Performance Characteristics of Lou(1-
speaker Arrays," J. F. Novak, Jensen NI fg. 
Co., Chicago. 

Milwaukee—April 3 

"Engineering I )esign Aspects and 
Problems of Modern Atulio Equipment 
Manufacture," W. Hannah, Heath Co., 
Benton Harbor, Nlich. 

San Francisco 2 

"Acoustic Measurements-- \Vhat and 
How?" G. P. \Vilson, Uni ‘-ersity of Cali-
fornia, 

AUTOMATIC CONTROL 

Aknat—February 

"Adaptive Control Systems," Mr. 
Dommasch, Dodco, Inc. 

Boston—April 10 

Symposium "The State of the Art in 
New England Today." 

Papers presented by: R. M. Prased, 
Foxboro Co.; R. C. McNabb, General 
Electric Co.; J. O. Fatted, G. A. Biernson, 
P. R. Johannessen, Sylvania; Yo-Chi Ho, 
Harvard I:niversity; J. kattenelson, I.. A. 
Gould, NI IT ; Breecher, St. Regis Paper; 
A. Pugh, MIT. 

New York--January 24 

".-\ re Analog Computers Ilere to Stay 
in Process Control?" Dr. P. D. I lansei;, 
Philbrick Researches, Inc., Boston. 

New York—December 13 

"Digital Techniques in Process Con-
trol," Dr. M. Silberberg, IBM Watson 
Res. Center, N. Y. 

BIO-MEDICAL ELECTRONIC'S 

New York—April 24 

"Instrumentation for t he Microscopic 
Study of Dynamic Events in the Organs 
of Living Animals," E. II. lifoch,\Yestern 
Reserve University, Clevelaitd. 

(Continued on page ow.l) 
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FOR SCIENTISTS & ENGINEERS 

JIM& 

EQUIPMENT 
DEVELOPMENT 
BSEE — Elec. Eng — 3 yrs. exp. HF or VHF (CR or D) 

BSEE — Elec. Eng. — yrs. exp. Automatic Test and 

Checkout (CR or DI 

BSEE — Elec. Eng. — 6 yrs cup. Power Servo Design (CR) 

BSEE — Elec. Eng. — 3-5 yrs. exp. UHF (CR or D) 

BSEE — Elec. Eng. — 3 yrs. exp. Command Control 

Systems (CR ) 

BSEE — Elec. Eng. — 3 yrs. exp. Radar Beacon Work (CR) 

BSEE — Elec. Eng. — 3 yrs. exp. Television Transmission (CR) 

BSEE — GSE Supervisor — 5 yrs. exp. Equipment 

Development (CR) 

BSEE — GSE Eng. — 3 yrs. exp. Ground Support (CR) 

BSEE — Digital & Logic Design — 2-5 yrs. exp. (D) 

BSEE — Circuu Lksign — 1-5 yrs. exp. ( D) 

BSEE — ECM — 2-5 yrs. exp. (D) 

DATA 
BSEE or higher — Senior Staff Asst. — 8-10 yrs. exp. 

Digital (CR or NB) 

MS or PhD — Applied Math — 10 yrs. exp. Businuss 

Computing (CR or NB) 

BSEE — Elec. Eng. — 5-8 yrs. exp. Digital [Sara 

Design (D or NB) 

MS Appieed Math — Business Programming — ext. 

exp. (U or NB) 

MS Applied Math — Logic Program Designer — 

8-10 yrs. exp. :1) or NB) 
PhD Applied Math — Logic Program Designer — 

840 yrs. exp. (D or N13) 

BSEE or higher — Logic Designee — (NB) 
BSEE or higleer — Peripheral Equip. Designer — (NB) 

4b. 
GENERAL 

• 

SYSTEMS 
MSEE — System Anals-st — 5 yrs. cap. Modulation 

Thuhnique ( CR ) 

MSEE or equiv. — System Analyst — 5 yrs exp. Tracking 

and Ranging (CR. 

MSEE — Sysem Analyst — S yrs exp. Communications (CR) 

BSEE minimum — GSE Integration Supervisor — 5 ces c‘p 

Ground Support (( R) 

MS or equiv. in Physics or Mechanics — System Analyst — 

3 yrs. cap Classical' or Celestial (CR) 

BS — Field Supervisor — 5-10 yrs. exp. Airborne Electronics 
and Communications (CR) 

BS or equiv. in EE — Field Eng. — 3.5 yrs. exp. Corn. (CR) 

BSEE mininnur. — GSE Layout Eng. — 5 yrs. exp. Layout (CR) 

%ME or equiv. — Mech. Eng. Supervisor — 8.10 yes exp. 
Management and Administration (CR) 

BSME or equiv. — Mesh Eng.. — 3-5 yrs. exp. Packaging 
Desagns (CR)' 

MSME — Mech. Eng. — 3-5 yrs. exp. Thermal Design 
and Evaluatmn (CR 

EtSME or equiv. — Mech. Enx. — 3-5 yrs. exp. Envirmunental 
Test and Procedures (CR) 

BSEE — Elec. Eng. — 4 vfs. exp. Circuit Design and Com. ( D) 

BSEE — Elec. Eng. — l.5 yrs. cup. Microwave Systems (D) 

BSEE — Elec. E-ng. — 3 yrs. exp. Tropospheric Scatter ( D) 

BSEE— Elec. Eng.— 2-7 yrs. exp. UHF, Scatter, Microwave 
Systems Design ( D) 

BSEE or higher — Resident Eng. — 3-5 yrs. exp. 

Communications (CR) 

BSEE er higher — Senior Staff Asst. — 8-10 yrs. exp. 

TV Theory e CR) 

BSEE — Test. Eng. — 3-5 yrs. exp. Communication 

Design, Testing (CR) 

BSEE desirable — Logistics Eng. — 2-5 yrs. exp. 
Space Program Logistics (CR) 

BSEE or higher — R&D Eng. — 1-5 yrs. exp. 

Antenna Systems (D) 

BSEE — Elec. Eng. — 1-5 yrs. cap. Design Review 

and Prediction ( D) 

BSEE — Project Test Eng. — 1-5 yrs. exp. Quality 
Assurance ( D) 

BSEE — Telephone Erg. — 4-7 yrs. exp. Central 

Office ( D) 

ME or IE — Staff Eng. — 2 yes esp. in MTN( 

(CR, D or NE) 

MS or PhD — Solid State Physics — 3 yrs. exp. 

Thin Film Dec. ( D) 

BSIE — Prod Methods — I-4 yes. exp. (CR ) 

BSEE or higher — Comp. Designer — Exp. in 

Network Theory (NB) 

PLEASE NOTE 

"r • -• • 

On listings marked (CR), send resume to L R. NUSS, 

COLLINS RADIO COMPANY. CEDAR RAPIDS IOWA 

On lust/rigs marked (D), send resume to C P. NELSON, 

COLLINS RADIO COMPANY, DALLAS, TEXAS 

On listings marked (NB), send resume ro E D MONTANT) 

COLLINS RADIO COMPANY. NEWPORT BEACH 
CALIFORN/A 

COLLINS 

an equal opportunity employer 

rs 
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Career Opportunities 

SEMICONDUCTOR 
DEVICES 

IBM Thomas J. Watson 

Research Center 

The IBM Thomas J. Watson Re-

search Center in Yorktown, New 

York, is undertaking important 

new long-range projects requir-

ing scientists and engineers with 

experience in, or relating to ad-

vanced semiconductor device de-

velopment. These projects are 

directed toward developing tech-

nology for engineering advanced 

information-handling systems. 

We require personnel for the de-

velopment of advanced semicon-

ductor devices packaged for use 

in high-speed switching systems. 

This work will be done in close 

cooperation with circuit develop-

ment groups. 

There are immediate openings 

for a Ph.D. or M.S. with a degree 

in electrical engineering or phys-

ics. Experience in semiconductor 

device development is required. 

The Thomas J. Watson Research 

Center at Yorktown, New York, is 

located in pleasant, rural West-

chester County countryside, just 

35 miles from New York City. The 

Research Center was designed to 

provide the best possible work-

ing environment for scientists 

and engineers engaged in ad-

vanced research studies. The lo-

cation provides excellent schools 

and housing. IBM offers on ex-

ceptional fully paid benefits pro-

gram. IBM is an Equal Opportu-

nity Employer. 

Please write, outlining your edu-

cation and experience, to: 

John B. Farrington, Dept. 645U 

Thomas J. Watson 

Research Center 

P.O. Box 218 

Yorktown Heights, New York 

IBM 
INTERNATIONAL BUSINESS 

MACHINES CORPORATION 

Professional 

Group Meetings 
tenctiainium, 

(Continued from page 96A) 

New York—October 24 

"Disc Electrophoresis," Dr. L. Orn-
stein, Mt. Sinai I lospital. 

North Carolina—May 24 

"Indirect Electronic Measurement of 
Blood Pressure," F. P. Hunter, University 
of Virginia. 

CIRCUIT THEORY 

Los Angeles—April 17 

"Frequency' Standards- -A State of the 
Art Survey," J. J. Caldwell, Jr., Space 
Technology'. Labs., Redoinlo Beach, Calif. 

Los Angeles—January 18 

"Solid State Microwave Power Gen-
eration," C. J. Carter and H. Miyahira, 
Space Tech. Labs., I.os Angeles. 

Philadelphia—May 23 

"A Survey il \ ( live RC Network Syn-
thesis," N. Hal:lb:titian, Syracuse Univer-
,ity. 

COMMUNICATIONS SYSTEMS 

Monmouth—May 16 

"The Morris Electronic Central Office," 
R. E. Ketchledge, Bell Telephone Labs., 
Whippany, N. J. 

Monmouth—April 18 

"HE Radio Data Transmission," B. 
Goldberg, U.S.A. Signal Research and 
Development Lab., Ft. Monmouth. 

Monmouth—February 13 

"Controlled Communkat ions Concept," 
Dr. Richard Filipowsky, I I3M Communi-
cations Center, Rockville, Md. 

Monmouth—November 14, 1961 

"Bowl Aspects of Satellite Communi-
cations, Both Passive and Active Types," 
Dr. Hans K. Ziegler, USA Signal R&D, 
Ft. Monmouth. 

"Advent Synchronous Satellite Com-
munications Systems," l'eter 11laresca, 
Advent Agency, Ft. Monmouth. 

Northern New Jersey --May 15 

"Digital Computer Simulation of Com-
munication Networks," R. L. Dujack, 
RCA, N. Y. 

Rome- Utica--May 8 

"Heat Effects in Drosophila Millano-
gaster," K. Wulff. 

"The Effects of Magnetism on Tran-
sistors," Lester Gordy. 

(Continued Olt page 100.4) 

PROFESSIONAL GUIDANCE 
YOU CAN TRUST 

/1 Nest. Concept in Scientific Manpower Recruitment 

POSITIONS 
IMMEDIATELY 
AVAILABLE 
Chief Engineers 
Communications 
Digital Computer 
Logical Design 
Infra Red 
Navigation 
Physicist 
Mathematician 
Operation Research 
Antenna 
System, 
Quality Assurance 
Circuit Designers 
Inertial Guidance 
Radar 
Semiconductor 

Salaries to $30,000 

Accredited's personalized service has been proved by En-
gineers and Employers for over 25 years. Because of OUr 
specialized recruiting experience we have been selected by 
over 250 companies all over America as their confidential 
consultants. Excellent positions are available to cover nearly 
every area of professional interest. 

WE DO ALL THE WORK 
No need to interview or write many different companies. 
We will make a conscientious effort to provide you with the 
job you want in almost any location you desire. 

ALL YOU HAVE TO DO 15 
Send us 3 complete resumes, stating your present and de-
sired salary, the kind of work you want and where you 
would like to live. You will get fast action on the job you 
desire. There is NO COST TO YOU! 

HARRY L. BRISK ( Member IRE) 

(credited ersonnel ervice 
Employment Counselors Smca 193 / 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 
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mama 
ammo.' 

Explorers 
in 

the shape 
of 

things to come 

An idea in the mind of man...that's where every 
achievement in the world begins. Peer into the minds 
of Lockheed Scientist's and Engineers. There you see 
ideas in the making— ideas that some day will take on 
form and substance. Not all, of course. Some are too 
"far out." But, no matter how visionary, al i ideas 
win serious attention. 

As a result, th.s freedom of imaginaton has led to 
many distinguished accomplishments at Lockheed. And 
the future holds still more. For, among Lockheed's 
ever-expanding programs are: Spacecraft; Satellites; 
Man-in:Space Studies; Hypersonic Manned Aircraft; 

Advanced Helicopter Design; Sophisticated ASW 
and Ocean Systems. 

Scientists and Engineers who tnrive in an atmosphere of freedom; whose creative processes flourish through 

exchange of ideas; who relish exploring the unexplored—io such men we say: Lockheed has a place 
for you. For examp:e: in Human Factors, Electronics Research; Thermodynamics; Guidance and Control; Stress; 

Servosystems. Reliability; Dynamics; Manufacturing Engineering; Astrophysics; Astrodynamics; Advanced 
Systems Planning; RF Equipmert Engineering; Bioastronautics and Space Medicine; Weapons Effects; 

Aeropnysics; Digital Communications; Antennas and Propagation Engineering; Tracking Telemetry and Command 
Engineering; Communications Analysis. Send résumé to: Mr. E. W. Des Lauriers, Manager Professional 

Placement Staff, Debt 1808, 2402 N. Hollywood Way, Burbank, California. An equal opportunity employer. 

LOCKHEED 
CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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COMPUTER 
RESEARCH 
ENGINEERS & 
LOGICAL 
DESIGNERS 

Rapid expansion of the Computer 
Laboratory at Hughes-Fullerton has 
created several attractive profes-
sional opportunsties for qualifier' 
Compute, Research Engineers and 
Logical Designers. These positions 
require active participation in bread 
computer R 4, D activities in con-
nection with Army ,Navy computer 
systems and new large-scale, general-
purpose computers. These multiple 
processor computersutilize advanced 
solid-state circuitry, gating and reso-
lution times in the millimicrosecond 
regions; combine synchronous and 
asynchronous techniques for max - 
mum speed and reliability. 

These professional assignments 
involve broad areas of logical design, 
programming and system conception. 
Fields o' interest include: 

• Distributed computers • Ad-
vanced arithmetic processing 
techniques • Mechanized design 
• Asynchronous design tech-
niques • Utilization of param e-
irons ii computers • Studies in 
the utilization of multiple proces-
sor 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 Sonhern 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 c,o1-
I ect today! Asti for: 

Mr. J. E. TENNEY at: 
TRojan 1-4080, ext. 3741. 

Or, airmail resume to: HUGHES-
FULLERTON R & D, P.O. Box 2097, 
Fullerton 1, California. 

An equal Opportundy , n0I0Ver. 

HUGHES 

Professional 

Group Meetings 

(Continued from page 98:1) 

"Microwave Plasma Interactions," 

Leonard Gordy. 
Winners of 8th Annual Science Con-

gress sponsored by Science Teachers Assts. 
of Mohawk Valley. 

Rome-Utica—February 21 

"Come North With Me," Col. B. 
Balchen, Dept. of Defense. 

COMPONENT PARTS 

Los Angeles--:\ lay 14 

"Aluminum Electrolytic Capacitors," 
\V. McQueeny, Sprague Electric, North 
Adams, Mass. 

"Power Supply Design," J. Fort, Natl. 
Cash Register, L. A. 

New York—February 28 

"Nlodern Trends in Relay Develop-
ment A. C. Keller, Bell Telephone Labs., 
Murray Ilill, N.J. 

Ph iladelph ia—April 24 

"Crimping as a Means of "Fermination," 
C. H. Stuart, Amphenol-Borg, Chicago. 

"Systems Approach to Interconnec-
tions," E. Leshner, RCA, Camden. 

itivued ,',i Mlle 11)2A) 

HELP WANTED 
ENGINEERING WRITER 

to join team in automated in-

struction project. 

Must be a professional with 

good expository style. Back-

ground in engineering or phys-

ics. Should be adaptive and 

ambitious to work in challenging 

and expanding instructional me-

dium. Experience of program 

techniques desirable. 

Outstanding employee benefits 

include Free Insurance, Stock 

Purchase Plan, Cash Profit- Shar-

ing and Retirement Plans. 

Submit resume and samples of 

work (they will be returned) to 

VARIAN ASSOCIATES 

611 Hansen Way 

Palo Alto 

An equal opportunity employer. 

MELPAR'S 
AEROSPACE and RESEARCH 

DIVISIONS 

Offer Excellent Positions For 

SENIOR INFRARED 
DESIGN ENGINEER . 
for aerospace applications of infra-

red technology. A thorough knowl-

edge of the current state-of-the-art 

of infrared optics, detectors and as-

sociated components is required, as 

well as experience in the design 

and development of infrared optical 

systems. 

SENIOR INFRARED 
SYSTEMS ENGINEER . . . 

for aerospace applications of infra-

red technology. A theoretical and 

practical knowledge of infrared sys-

tems considerations and techniques 

is required. Experience in theo-

retical and applied geometrical, 

physical and quantum optics is de-

sired. 

SENIOR INFRARED 
ENGINEER . . . 

Willi 3 or more years experience in 

the technologies associated with the 

applications and development of 

infrared optical informtion re-

trieval systems. To act in a lead 

capacity in initiating programs in 

new proprietary areas. Present 

areas of investigat:on include at-

mospheric scintillation studies, va-

por phase absorption studies, long-

wave filtering, and unique infrared 

detection instruments. 

An advanced degree in Physics or 

Electrical Engineering desired. 

Write in confidence to: 

JOHN HAVERFIELD 
Professional Employment :NI linger 

ye  
MELPAR, INC. 

A Subsidiary of Westinglouse Air Brake Co. 

333 1 Arlington Blvd., Falls Church, Va. 

an equal opportunly employer 
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STL ELECTRONICS DIVISION 
STUN ELECTRONICS DIVISION is engaged in the engineering development and fabrication of spacecraft. 
including communication satellite projects, flexible instrument (OGO), and special purpose instrument (698 AAl) 
carrying satellites in systems engineering and technical direction of major ballistic missile systems and a variety of 

other independent hardware projects. Specific space equipment engineering requirements involve development of 
unproved gyroscopes, automatic digital checkout equipment. advanced satellite and missile antennae. accurate CW 

radar for space rendezvous (Stehurac), control systems, and conununication systems. 

Engineers and scientists are invited to investigate these opportunities: 
INERTIAL GUIDANCE PROJECT ENGINEERS 

Senior engineers with experience related to guidance system project 

management, involving: 

• Stable Platforms • Circuit Analysis 
• Inertial Instruments • Systems Test and Evaluation 

• Optical Alignment • Production 

INERTIAL GUIDANCE SYSTEMS ANALYSTS 

Senior and junior engineers for work in guidance systems analysis, 

involving: 
• Flight Simulation • Terminal Guidance 

• Targeting and Trajectory • System Synthesis, Optimizo. 
Computation tion and Analysis 

POWER SYSTEMS ENGINEERS 

Transistor Circuit Design for missile and satellite electrical systems, 
involving: 
• Power Regulation • Converters/Inverters 

• Space Power Systems • Battery Electro-chemistry 
• Solar and Fuel Cells, Batteries 

ELECTRONIC DESIGN INTEGRATION 

• Electro-interference Control 

• Electrical Systems Design 

• Functional Analysis—Test and 
Launch Operations 

DIGITAL SYSTEMS ENGINEERS 
• Data Processing Systems 

• Digital Electronic Circuit De-
sign 

• Checkout Equipment 

GSE ENGINEERS 

• Automatic Checkout Equip-

ment 

• Digital Systems 

• Real Time Data Processing 

Equipment 

PCM TELEMETRY ENGINEERS 
• Digital Design and Fabrica-

tion 

• 

• 

• 

ENGINEERS 

Integration and Test 

RF Interference 

Systems Test Design 
Interface Specifications 

• Digital Computer 

Applications 
• Logic Design 

• Operations and Maintain-

ability 

• Radio Frequency Equipment 

• Man-Machine Systems 

• Analog to Digital Conversion 

• System Design 

INSTRUMENTATION ENGINEERS 

• Silo/Pad Instrumentation • Equipment Testing 

• Test Stand and Sled Com- • Flight Test Systems 

ponent Instrumentation 

COMMUNICATION SYSTEMS ENGINEERS 
Engineers with a broad background and well founded in the con-

cepts of communication systems for military and space communica-
tion programs to: 

• Propose and Evaluate System • Establish Requirements 
Approaches • Consider Message Security 

• Devise Mechanizations 

COMMUNICATION THEORY SPECIALIST 

Backg ,ound in information theory with a strong understanding of 

physics, probability, higher mathematics and communication technol-

ogy to work on: 
• Adaptive Communication • Analysis of Complex Signal-

• Advanced Coding Techniques ing Problems 

ANTENNA AND MICROWAVE ENGINEERS 

Analysis, design, and prototype fabrication of advanced satellite and 

missile systems involving: 
• Phased Slot • Radar Cross- Section Compu-

• Plasma Studies tation 

• High Gain Parabolic Reflec- • Underground Antennas 

tors 

MAN-MACHINE SYSTEMS ENGINEERS 

Engineering psychologists and engineers with experience on inter-

disciplinary projects for research and analysis of space vehicle with 
man- in- the- loop, involving: 

• Human Operator Characteris- • Task and Mission Analyses 
tics • Display-Control Compatibility 

• Design of Advanced Displays • Flight Simulator Design 

• Human Factors Problems 

EQUIPMENT DESIGN ENGINEERS 

Responsibility for advance electronic packaging design of space-

borne, missile and AGE equipment, involving: 

• Digital, Analog, Communica- • Design Review Coordination 
tions and RF Equipment • Mechanical Structures Inte• 

• Wire-Wrap, Welded Modules gration 
and Microminiature Circuits 

RADIO GUIDANCE & TRACKING ENGINEERS 

• Data Analysis • Tracking Systems 

• Guidance Systems • Automatic Control 
• Data Smoothing and Filtering • Guidance Systems Analysis 

• Guidance Equations 

PARTS APPLICATION ENGINEERS 
• Specifications • Parts Limitations 

• High Reliability Requirements • Miniaturization Techniques 

SPACE MATERIALS & PROCESS ENGINEERS 

Adapt and develop materials for space electronic and electromechan-

ical equipment involving chemistry, plastics, metallurgy, and vacuum 

technology: 
• Conductive Adhesives, Insulation, Bonding and Welding Meth-

ods for Microminiature Electronics 
• Space Lubrication, Sublimation, and Sealing Techniques 

• Failure Analysis and General Metallography 

HEAT TRANSFER ENGINEERS 
Thermal design analysis of missile and spacecraft electronics involv-

ing: 

• liquid Cooling Systems • Air Conditioning of Ground 
• Temperature Control Systems Installations 

• Computer Techniques 

ENVIRONMENTAL DATA ENGINEERS 

Vibration and Acoustic data analysis of missile and spacecraft 
involving: 

• Flight Instrumentation • Test Specifications 

• Data Reduction Techniques 

The above opportunities are located at STL's new advanced Space Technology Center in Redondo Beach, near Los 
Angeles International Ail-port. At the Center, research and development facilities are augmented by vast facilities' 
for fabrication, integration and test of spacecraft and all associated space-qualified hardware. 

Resumes and inquiries for the above openings will receive prompt attention. Please write Dr. Richard C. Potter at 
STUN address below. STL is an equal opportunity employer. 

SPACE TECHNOLOGY LABORATORIES, INC. 
One Space Park, Department 1. Redondo Beach, California 

a subsidiary of Thompson Ramo Wooldridge Inc. 
WESCON delegates; Los Angeles interviews August 21-24, Call F. C. Nagel, DUnkirk 7-5130. Visit STL Booth 3607. 
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Sylvania's Applied Research Labora-

tory has been pursuing investigations 

in the areas of speech compression, 

synthesis and recognition; character 

and pattern recognition; self-organiz-

ing systems; bionics; statistical deci-

sion theory; perception theory (color 

vision, in particular); pattern recog-

nition; learning and automata theory; 

and contextual language analysis. 

Investigations in some of these areas 

have progressed to a point where 

tangible results are being realized. 

For example: 

• Character recognition research 

has spawned systems concepts and 

an extensive simulation and data 

analysis program. 

• Orthonormal 

speech analysis 

and resynthesis has been suc-

cessfully achieved via digital simula-

tion techniques (non- real time digi-

tal simulation). 

III Statistical decision theory and per-

ception work has borne fruit in in-

formation processing concepts in the 

detection, radar and radiometric 

fields. 

• The fe'-> 
perception effort has led to 

broadening research in the applica- 14E7 

tions, extension and test evaluation 

of color theory concepts. 

To learn more about research appointments at the Applied Research 
Laboratory write in confidence to Dr. Donald B. Brick, Manager, Infor-
mation Processing Dept. 

ENGINEERS • SCIENTISTS 

a caosute report 
on 

progress 
ID 

imormation 
Drocessiou research 

tor the 
creative scientist 

ano 
engineer 

SYLVANIA ELECTRONIC SYSTEMS 

Government Systems Nlanagement 

/Or GENERAL TELEPHONE 'ELECTRON/OS 

40 Sylvan Road — Waltham 54, Mass. 
AN EQUAL OPPORTUNITY EMPLOYER 

"eySvIt.  

How To Build A Future... 
Creative scientists and engineers need a plan 
to grow by. These positions—as well as others 

from the GUILFORD files—offer a challenge 
to the creative. Can you qualify? 

• Director, R&D Lab  $25,000 
• Applied Physicist  $20-25,000 

• E.E.'s All Levels  $8-17,000 

seed resume today to 

PERSONNEL SERVICE • management consultants 

Equitable Building • Baltimore 2, Maryland • MUlberry 5-4340 

Professional 

Group Meetongs 

(Continued from pagr 100A) 

COMPONENT PARTS 
RELIABILITY AND QUALITY 
CONTROL 

New York—April 9 

"Economical Reliability Verification 
Tests," S. R. Calabro, Internad. Electric 
Corp., Pararnos, N. J. 

ELECTRON DEVICES 

Albuquerque-Los Alamos—May 15 

"Purpose of the Professional Group on 
Electron Devices," A. B. Church, Sandia 
Corp. 

Los Angeles—May 8 

"Tunnel Diodes as a General Circuit 
Element," J. Black, Hoffman Electronics, 
El Monte, Calif. 

New York—May 3 

"Introduction and Survey—Sources of 
High Frequency Electromagnetic Radia-
tion," G. Wade, Raytheon, Burlington, 
Mass. 

New York—April 11 

"Recent Advances in Metal Interface 
Amplifiers," J. P. Sprat t, Philco, II lue Bell, 
Pa. 

New York—March 15 

"General Theory of the Cesium Plasma 
Diode Energy Converter," Prof. W. B. 
Nottingham, MIT. 

Philadelphia— May 31 

"Electronic Image Converter and In-
tensifier Tubes," Dr. G. A. Morton, Con-
version Devices Labs., RCA, Princeton, 
N. J. 

Washington, D. C.—May 28 

"General Techniques and Character-
istics of Reading Machines,' J. Rabinow, 
Rabinow Eng. Co., Rockville, Md. 

ELECTRONIC COMPUTERS 

Baltimore—April 17 

"BRLESC—The Ballistic Research 
Laboratories Electronic Scientific Com-
puter," M. Weik, J. Gregory, M. Roma-
nelli, R. Ellis, Computing, Laboratory. 

Boston—April 25 

"Is Artificial Intelligence Just Around 
the Corner?" E. F. Moore, Bell Telephone 
Labs. 

Detroit—April 5 

"Machine Models of Self- Reproduc-
tion," Dr. E. F. Moore, Bell Telephone 
Labs., Murray Hill, N. J. 

New York and Northern New Jersey 
—March 5 

"High Density Recording," Dr. A. 
Gabor, Potter Instrument Co. 

(Continued on page 104A) 
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APL 

creator of complete 
satellite and 

.sirstems 

TRANSIT 
TYPHON 
TALOS 

TARTAR 
TERRIER 

Working in a 

unique intellectual 

atmosphere, the 
professional men 

of APL play a 
significant role in 

advancing the 
frontiers of science 

and strengthening 
the nations defense. The Labora-
tory's responsibilities encompass de-

velopment and design engineering, 

theoretical and experimental re-
search, and sytems synthesis and 
analysis. Attractive career positions 
are available in. 

Missile guidance and control systems 
• Digital and analog computing 
devices • Aliso/le and space com-
munications • Data storage and 

retrieval systems • Semiconductor 

micro-electronic devices • It 

• Missile flight %in:illation • Flight 
planning, data acquisttion, and analy-

sis • Military operations research 
• Data pro:essiug and reduction • 

Computer programming and opera-

tion • Shipboard missile and fire 
control srstcms :est • Theoretical 

and experin2ental research in fluid 
mechanics, microwave physics, com-
bustion, and plasma physics. 

Direct your inquiry to: 
Professional Staff Appointments 

The Applied Physics Laboratory 
The Johns Hopkins University 

860:I Georgia Avenue 

Silver Spring, Maryland 

(Residential suburb of 

Washington, D. C.) 

AN I QUAL OPPORTUNITY EMPLOYER 

ELECTRONICS ENGINEERS 

& PHYSICISTS 

JOIN US IN 
GIVING A 
NEW 
DIRECTION 
TO 
AEROSPACE 
TECHNOLOGY thru 
RESEARCH & DEVELOPMENT in 

Republic's Paul Moore Research & Development Center is the most sophisti• 

cated and integrated research complex in the East Advances matk here in many 

critical aerospace problem areas have brought Republic a diversity of new and 
follow-on H & D contracts leading to next-generation space and re-entry vehicles, 

satellites, space power and communication systems. 

Electronics Ein:ineers and Physicists are invited to consider the challenging 
opportunities to make important contributions on these programs in the areas of: 

SPACE CRAFT COMMUNICATION — B.S., M.S. 
Design and develop ;pace vehicle 
communications syeems including telemetry, 
command and on-board data handling. 

DATA HANDLING (ASGSE)— B.S., M.S. 
Design and develop ground station and 
on-board data handling systems for 
re-entry and space vehicie applications. 

COMMUNICATION TECHNIQUES — B.S., MS. 
Develop advanced communications 
techniques for aerospace and space craft, 
includes communications theory and 
network synthesis. 

ADVANCED SPACE RADARS — B.S., MS. 
Develop concepts and components for 
advanced space radar Inciuding rendezvous, 
mapping, acquisition and tracking 
appl ications. 

RADAR INTEGRATION — B.S. 
Develop specifications, install and integrate 
advanced radar in hypersonic and space 
vehicles, including antenras, transmitters, 
receivers, displays, power supplies, controls. 

ANTENNA DESIGN — MS. 
Design and development of antennas for 
re-entry vehicles. Knowledge of wind effects 
and general re-entry radiation blackout 
problems. 

RADAR TEST (GSE)— B.S. 
Test, checkout and manta n ground radar 
systems. Make required circuit modifications 
including range gating c'rcuits, modulators. 
No travel. 

RE-ENTRY INSTRUMENTATIDN — B.S., MS. 
Design instrumentation for specific 
re-entry and space vehicles including 
telemetry systems. 

MATHEMATICAL ANALYSIS CONTROLS — PhD. 
Theoretical analysis of noise effects and non-
Ungar mechanisms on automatic controls. 
Includes optimal control theory and 
generalized stability criteria. 

ELECTRONIC INSTRUMENTATION — B.S., M.S. 
Develop instrumentation for space vehicles. 
Knowledge of system integration and 
toametry desirable. 

SPACE GUIDANCE SYSTEMS — M.S., PhD. 
Develop and analyze navigation and guidance 
systerrs using inertial and Doopler 
techniques and advanced miclear gyros. 

ECM REQUIREMENTS — B.S., M.S. 
Mathematical analysis of ECM requirements 
for advanced aerospace and space craft, 
and specification of equipment. 

FLIGHT CONTROL DESIGN— MS. 
Automatic flight controls, servo systems, 
nonlinear dynamic systems for space craft. 

PYROTECHNIC CIRCUIT DESIGN — B.S., M.S. 
Develop pyrotechnic missile circuits 
including safe arm, squib ignition and RFI 
elimination devices. 

EXPERIMENTAL PHYSICIST — PnD. 
Conduct experimental studies of the 
net cation of nuclear or electron resonance 
to gyroscopics. 

ENVIRONMENTAL TESTING — B.S., M.S. 
Undertake test programs to estmate 
component and system reliability using 
AGREE type methods; monitor offsite testing. 

DESIGN REVIEW — B.S.. M.S. 
Pertcrm mechanical or electronic design 
reviews, failure analyses, quantitative 
analyses and reports. Inch..des circuit 
amalysis, component selection. 

STATISTICAL ANALYSIS — B.S., M.S. 
Apply- statistical theory and netnod to 
prediction and analysis oi ae,ospace 
component performance. 

MEP PRISM PROCEDURES — B.S., M.S. 
Participate in " Interservice Data Exchange 
Programming" and " Program Re'iability 
Information Systems for Management." 

Interested applicants are irviteo to write in 
confidence to: Mr. George R. Hickman, 
Techiical Employment Manager, Dept. 14H 

REIPIUBILIC 
AVIATION CORPORATION 

FARMINGDALE, LONG ISLAND, NEW YORK 

An Equal Opportunity Employer   
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at Eimac. 

You 

won't 

get 

lost 

in 

the 

shuffle 

As a development engineer at Eimac you follow each 
project through from start to finish. You are consulted 
on customer requirements and applications. You conduct 
feasibility studies and have complete device develop-
ment responsib.lity. You deal directly with engineering 
management — no complicated chains of command. 
You're an ndividual, recognized for your achievements. 
And at your command are three specialized tube devel-
opment labs and model shops, each one concentrating 
on a specific area: high power microwave, microwave 
and power grid. If you are interested and have relative 
experience, we'd like to tell you more. 
No resume necessary. Just write to: 
Mr. C. F. Gieseler, Department E, 
Eitel-McCullough, Inc., San Carlos, 
Calif. An equal opportunity employer. 

itk\ Professional 
Group Meetings 

il,•11t page 1(12..1) 

New York and Northern New Jersev—February 6 

"Data Processing and Communications Reqsdreinents," A 
Dumey, Data Sciences, Roslyn, N. Y. 

New York and Northern New Jersey—November 13 

"Marginal Checking in Transistorized Con-Tatters," L. W. 
Snell, IBM, Kingston. 

New York and Northern New Jersey—September 28 

"Management Games," B. Nanus ( for Joel Ribber), Reming-
ton Rand, N. Y. 

Santa Ana—May 24 

"A Quasi Analog Cornputer I ksign Based on the Quantization 
of Trapped Flux in a Superconductor," Dr. S. Frankel, Compu-

Syracuse—May 22 

"Logic Design Trends in Digital Computers," C. W. Adams, 
Adams Associates. 

ENGINEERING ANAGEMENT 

Binghamton—.April 30 

"Engineering—What Do You Want to Do?" W. J. Steen and 
L. L. Grebe, IBM, Owego, N. Y. 

(Continued on Page 107A) 

I ENGINEERS 

1 ati;HYSICISTS 
• RECOGNITION 
• ADVANCEMENT 
• SECURITY 

GERMANIUM EPITAXIAL MESA 
SWITCHING TRANSISTORS 
DEPARTMENT HEAD: Must h., utimate kno%1-

edge of no factoring techniques, processes and 
equipment necessary to mass produce a germanium 
epitaxial s W itching transistor. Able to set up a 
transistor line to make devices at a iitttt mereially 
competitive yield Should have good knowledge of 
competitive Ille factoring costs. 

EXCELLENT OPPORTUNITY NEW ENGLAND AREA 

HI replies held in strictest confidence 

Send reeume including salam requirement tot 

ore co 
tin equal opportunely employer 

Mr. Martin G. Wolfert 

NORTH AMERICAN 
PHILrPS COMPANY, INC. 
100 E. 42 Street 

New eork 17, N.Y. 
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...not a bad sentiment for a job, either 
In May of this year, a company-wide program was instituted by General 
Electric to sharpen every employee's awareness of the extra values 
that should be built irto every G-E product — whether it's a clock-radio 
or a continent-spanning command and control system. 

But there's no reason why this program shou'd be limited to products. 
For years General Electric, and its Defense Systems Department, 
have placed the "Accent on Value" on professional positions as well. 
For example: 

ACCENT ON PROGRAM DIVERSIFICA7ION — To briefly identify 
some of the program areas — AWCS 412-L, now in advanced develop-
ment phase, will span entire continents. Its potential is global air 
weapons control. MISTRAM is a revolutionary precision trajectory 
measuremert system with important ramifications in space vehicle 
terminal gu dance. NUDETS (477-L) will be a national network of 
nuclear detection and measurement devices. MISSILE AND SPACE 
VEHICLE GUIDANCE is the logical extension of our engineers' pioneer-
ing work in developing the ATLAS Radio-Command Guidance System, 
currently used for booster guidance on the majority of America's space 
shots, including Project Mercury. 

ACCENT ON TECHNICAL SUPPORT — The tools to get the job 
done. Among them, a computer facility of 7 general-purpose machines, 
ranging in size, speed and capability from modest to the fastest, large-
scale equipment commercially available. This is augmented further by 
DSD's specially-designed GEESE facility — a custom mating of special-
purpose digital equipment with an analog capacity of 550 amplifiers. 

ACCENT ON PROFESSIONAL DEVELOPMENT — Full tuition re-
find for graduate work at Syracuse Univers ty. (27% of our engineers 
and scientists currently participating.) Educational leaves cf absence 
granted to qualified individuals. We also conduct over 100 in- plant 
professional courses, lasting from 13 to 26 weeks. DSD works cJosely 
with the professional societies, supporting workshops and seminars, 
encouraging active partic pation and attendance by our professional 
people. 

ACCENT ON PERSONAL REWARDS — DSD s salaries are fully 
competitse at every professional level. What's more, a clearly-defined 
salary range brackets each level cf responsibility. Based on individual 
performance, your compensation can increase as much as one-third, 
within your current position description. And of course, promotion to 
broader responsibilities raises the upper limit of your salary 
accordingly. 

IMMEDIATE OPENINGS — This list is somewhat long, a reflection 
of DSD's continuing expansion into new areas of technological promise. 
If you can identify yourse'f by title or subject, write us today. Well 
reply promptly, and attempt to find the specific position that best 
matches your immediate interests and long-term goals. 

Communication Systems / Applied Mathematics / Materials Engineer-
ing / Microminiature Electronic Packaging / Semiconductor Circuits 
Design / Computer Systems Applications / Electronic Liaison-Produc-
tion Engineering / Microminiature Mechanical Design / Operations 
Analysis / Systems Equipment Ana'ysis / Telecommunication Systems 
Design / Project Integration Engineering j Equipment Evaluation 

Forward your resume in strict confidence to Mr. P. W. Christos, Div. 53-MH, Defense 
Systems Dept., General Electric, Northern Lights Office Bldg., Syracuse, N. Y. 

DSD 
A I), 

GENERAL 

DEFENSE SYSTEMS DEPARTMENT 
•.‘! of the- Delen,e fier 17, D... 

ELECTRIC 

PROCEEDINGS OF THE IRE August, 1962 

An Equal Opportunity Employer 
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BOEING OPENINGS FOR ELECTRONIC/ELECTRICAL ENGINEERS 

Boeing's Aero-Space Di i-ion, holder of major contracts on such 
advanced space programs as SATURN, DYNA-SOAR and MINUTEMAN, 
has a number of immediate, long-range openings offering pro-
fessional challenge, and in many instances, 
unique ground-floor opportunities in new-
ly-formed divisional organizations. 

ELECTRONIC/ELECTRICAL engineering 
assignments are available in many areas, 
including the design of electronic equip-
ment, the development of improved de-
sign techniques, electronic parts, electron-

ic packaging techniques and the design 
and development of improved electronic 
systems. 

Salaries are commensurate with all levels 
of education and experience. Minimum 
requirements are a B.S. degree in any 

12'40E7/VG' 

applicable scientific discipline. Most of the assignments are in the 
uncongested Pacific Northwest, offering outstanding family living 
and recreational advantages. 

Send your resume, todayto Mr. Lawrence 
W. Blakeley, The Boeing Company, P. 0. 
Box 3822 - PRR, Seattle 24, Washington. 
The Boeing Company is an equal oppor-
tunity employer. 

P.S. Seattle is the scene, April 21 to Octo-
ber 21, of the science-oriented Century 21 
World's Fair. The Fair's Boeing-sponsored 
Spacearium in the Science Pavilion offers 
simulated flights through outer space. 
Fair visitors are invited to stop in at the 
Boeing Professional Employment Infor-
mation Center, near the Fair's Science 
Pavilion entrance. 

Divisions: Military Aircraft Systems • Transport • Vertcl • AEROSPACE • Indust-ial Products— Boeing Scientific Research Laboratories 
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4\ 
  Professional 4 

Group Meetings 

(Continued from page 1(,4 1) 

Chicago—May 24 

"Integrated Management for Inte-
grated Electronics," C. H. Knowles, 
Motorola. 

Chicago -- March 16 

"Financial Planning for Engineering 
Managers," M. H. Daskel, M. H. Daskel, 
Inc., Chicago. 

Chicago—January 26 

"The Electronic Industry's New Part-
ner—Universitv Research," Dr. T. J ones, 
Purdue University. 

Chicago--October 10 

"Future of Chicago Area Electronics," 
A. Rubenstein 

Panel Discussion - E. Ter:man, W". 
Everett, D. Noble, J. Kennedy. 

Chicago —October 9 

"Engineering Management Papers," 
E. \\ hite, Warwick, Skokie, Ill. 

Chicago—October 4 

"New Products"—Panel Discussion, 
Chairman—E. White. 

San Francisco larch 21 

"PERT, a New and Valuable Manage-
ment Tool," R. M. T. Young, Lockheed 
M issiles and Space Co. 

ENGINEERING WRITING AND 
SPEECII 

Philadelphia- -May 23 

"Suddenly, Upon the Waters"- - 16 tant 
color moving picture. 

Philadelphia—February 14 

"How Better to Tell the Public about 
Developments in the Several Sciences. -
Dr. H. C. \Volk, All); P. Fraley, CASW; 
E. G. Sherburne, Jr., AAAS. 

Philadelphia—December 13 

"Recent Developments in Graphic 
Arts and Reproduction," J. P. Banta, 
Alfred J. Jordan, Inc.; I). Biggs, American 
Type Founders Co. 

Syracuse—May 24 

"The Challenging Future of Investiga-
tions in 1-Juntan Communication," J. I). 
Chapline, Philco Corp., Willow Grove, Pa. 

INFORMATION THEORY 

San Francisco—May 10 

"Nlind, Machine, and Soul," Dr. L. 
Fein. 

(Cenlinned ca page I08A) 

Our facilities for continuous electroplating—rated largest in the field— 
plus long experience and technological know-how, enable us to maintain 
precise quality control...All our plates are exceptionally uniform and well-
bonded to the base wire ... Gold, Silver, Nickel, Rhodium, Indium, Tin and 
many other metals or combinations, can be plated onto clad wire or 
Nickel, Brorze, Copper, Silver, etc.... Send us your specific requirements. 

té\ SIGMUND COHN Mfg. Co. Inc. 
s,,ce 1901 it i -21 South Columbus Ave., Mt. Vernon, N. Y. 

SIGMUND COHN CORP OF CALIFORNIA • 15IC NORTH MAPLE STREET. BURBANK. CALIFORNIA 

MORE THAN 

1,000,000,000,000,000,000,000,000,000,000. 
PATTERNS 

4tedkAP.A.1,4,e4,141,../. • • e».4 

e At...wo.1411. 1RA . 1 

4"....0 P.« /..# 4.4.0••• • • eee 

44/1(41t442.4/064,41,41‘t. • 

• • • • • • • • 

e 4 4 

FEATURES: 

• generates pulse patterns of any 
length from one to one hundred 
pulses with any combination of 
pulses on and off — over 2100 
possible patterns: 

e provides three different forms of 
pattern outputs; non-return-to-
zero ( NRZ), return-to-zero ( RZ), 
and audio tone transmission 
gates for generation of keyed 
tone and two tone patterns; 

PULSE PATTERN 
GENERATOR 

MODEL 201 

• operates with a pulse spacing 
continuously variable from 100 
milliseconds to 10 microseconds 
or from an external drive; 

• recycles continuously or triggers 
in bursts of single patterns on 
external command; 

• provides bit and frame synchro-
nizing pulses; 

• constructed of entirely solid-
state construction and designed 
for a long trouble-free life. 

Simulates Virtually ANY Digital Data Signal 

E FREDERICK ELECTRONICS CORP. 
414 Pine Avenue, Frederick, Maryland PHONE: 301-662-4156 TWX. FRED 419 
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FOR RELIABILITY, PERFORMANCE 
AND DELIVERY 

sitede FREED 
TRANSFORMERS 

AND 

INSTRUMENTS 

MIL STANDARD 
HERMETICALLY 

SEALED 
• Power • Filament 
• Audio • Pulse 
• Reactors 

FILTERS 
• Band Pass • Low Pass 

• High Pass • Band Elimination 
• Telemetering Components 

INCREMENTAL 
INDUCTANCE 
BRIDGES 

• Ind. Range: to 1000 H 
• Superimposed DC: to 30A 
• Frequency Range: 20 cps 

' to 10 KC 

MEGOHMMETERS 
• Resistance: 0.1 to 4,000.000 Megohms 
• Fixed 500 Variable 50 to 1000 volts 
• Power Supply: 105 to 125V AC 

Battery Operated Portable 

MAGNETIC AMPLIFIERS 
, & CONSTANT VOLTAGE 

TRANSFORMER 
• Commercial 
• Military 

SUBMINIATURE 
TRANSFORMERS 

TOROIDAL 
INDUCTORS 
• Commercial 
• Military 
• Molded 

• Complete Line 
• Size 38D X 7;16H 

Send for 
Complete Catalog of Stock Items 

FREED TRANSFORMER CO., INC. 

/r(.,E Professional _4 

Group Meetings 

((Oldilined fr r hiele 1,17.1 ) 

INSTRUMENTATION 

Atlanta— J une 1 

"Observations of the European Elec-

tronics Industry," G. B. Robinson, Scien-

tific Atlanta. 

Boston—Nlay 11 

"State-of- the-Art in Electrical Meas-

urements," Dr. J. Thomas, Natl. Bureau 

If Standards, Washington, D. C. 

Philadelphia—May 14 

"Basic Measurements—Present State 

of the Art," Dr. J. L. Thomas, National 
Bureau of Standards. 

Philadelphia—April 16 

"Component and Circuit Analysis 

,ing Swept Frequency Techniques. -

K. A. Simons, Jerrold Co., Philadelphia. 

INST 1. ENTATION 

RELIABILITY AND QUALITY' 

CoNTRoL 

Chicago—May 11 

"Component Noise, Its Nleasurement 

and Use in Reliability Prediction," A. I'. 

(Continued on rage 11(1.-1) 

Non), KWIK-TRIM 
THE POTENTIOMETER WITH THE 

- VISUAL INDICATOR 
IMPROVED RESOLUTION APPROX. 10% 
TO 25% OVER MANY COMPARABLE 
TYPES. 

PLUG IN 
PINS OR 

WIRE LEADS 

Designed for the ulti-
mate in reliability and 
performance and to meet 
applicable military speci-
fications for shock, tem-
perature cycling, vibra-
tion, altitude, fungus, 
humidity, immersion, salt 
spray, sand and dust. 

,(a44,„ek 

MULTIPLE ADJUSTMENT ADJUSTMENT 
A KWIK-TRIM one to one nominal ad-
justment ... A vernier 45:1 ratio for pre-
cise setting .. Shaft is journaled at each 
end with precision bearing fit ... These 
precision features are your assurance for 
ease of setability and the stability of 

setting. Please send for Spec. Catalog. 

(1 .1 e Yjeftellififie CORP. 

A SUBSIDIARYOF SAN FERNANDO ELECTRIC MFG. CO 

1535 FIRST ST., SAN FERNANDO, CALIF. 
EM 1-1193 TWX S.F. CAL 9900 

GUDELACE 

TAKES THE 

SLIPS 

OUT OF 

LACING 

Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 
one end. Gudelace's flat, nonskid surface grips the pencil—no need for an extra finger 

to hold Gudelace in place while the knot is tied! 

Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that's real economy. Gudelace is the original flat lacing tape. It's 

engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out-

standing strength, toughness, and stability. 

Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out of lacing. 

GUDEBROD 
Electronic Division 

225 West 34th Street 

New York 1, N.Y. 

BROS. SILK CO., INC. 

Executive Offices 

12 South 12th Street 

Philadelphia 7, Pa. 

1710 Weinforld SI. Brooklyn litidoetwoodl V  N Y 
Visit us at the Wescon Show—Booth .= 3506 
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COMPLETE SOUND and VIBRATION ANALYSIS 
with THREE PERMANENT VISUAL RECORDS 

unir llibralyzer 
CAT. NO. 651-A 

VIBRATION ANALYZER 
$2495.00 f.o.b. factory $2744.50 fas, N. Y. 

An audio and sub-audio spectcgraph in the 5-4400 cps range, ideil for analysis 
of transient signals as well as steady state measurements of vibration and noise 
from aircraft, ships, reciprocating and rotating machinery, and in the fields of 
acoustics, ordnance, ballistics, seismology, and biophysics. Makes 3 permanent 
y,sual records 

FREQUENCY RANGES: 5-4400 cps in 3 bands. 

Analyzing Filter-Band 
Freg. Range Narrow Wide 
5-500 cps 2 cps 20 cps 
15-1500 cps 6 cps 60 cps 
4a-4400 cps 20 cps 200 cps 
Frequency Calibration: Markers at 30 cps or 

may be recorded on analysis paper. 
Record-Reproduce Amplifier Characteristics: rrequency response 

switchable to provide flat or for transducer usage) 44 or 
60 db falling characteristic. 

Pickup Devices: Vibration pickups: microphones or other prop-
erly matched devices may be used. 

Input Impedance: High, 1.8 meçohms. 
Input Signal Sensitivity: Approx. 3 my rms for full scale 

operation. 

SPECIFICATIONS 

Duration of 
Recorded 
Sample 

20 secs. 
6.6 secs 
2.4 secs 

240 cps intervals 

DISPLAY NO. 1 

oo 

Time 

Frequency & Ampli-
tude vs. Times-4" x 
12" recced on fac-
simile paper. 

D 

e.± 

PERMANENT 

DISPLAY NO.2 

Intensity 

VISUAL RECORDS 

DISPLAY NO. 1 
(Vibragram) Frequency vs Amplitude vs Time characteristics. 

Linear with respect to frequency and iime. 

DISPLAY NO. 2 
(Section) Intensity vs Frequency at any 6 times in recorded 2.4 

sec. interval. Makes up to 6 separate sections on one sheet 
or 300 on 50 sheets of recorded sample using sectioner 
micrometer plate. Dynamic Ranges: linear scale- 10:1; 
logarithmic scale-35 db. 

DISPLAY NO. 3 
(with Amplitude Display Unit) Average Amplitude vs Time. 

Amplitude scale logarithmic over 24 db and 34 db ranges. 

AMPLITUDE DISPLAY UNIT (Accessory for recording Display 
No. 3) $175.00 

RECORDS 

Intensity vs. Frequen-
cy at Selected Time. 
Range: 35 db. 

CAT. NO. 675 

• Two separate channels for simultaneous recording 

signals. 

DISPLAY NO. 3 

A
m
p
l
i
t
u
d
e
 
d
b
 

Time 

Average Amplitude 
vs. Time. Logarithmic 
scale, 24 and 34 db 
ranges. 

dilissilyzerR 
of two 

• Remote contro' of recording and reproducing channel se-

lectors. 

FREQUENCY RANGE: Standard models, 5-15,000 
listed below. 

Analyzing Filter-Band 
Freq. Range Narrow 

5-500 cps 
15-1500 cps 
50-5000 cps 

150-15,000 cps 

2 cps 
6 cps 
20 cps 
60 cps 

Wide 
20 cps 
60 cps 

200 cps 
600 cps 

For complete details and prices on 

DEPT. I-I0 

KAY 

5-15,000 cps 

The Missilyzer is a wider range spectrum analyzer providing 
two identical channels for simultaneous recording of two re-
lated signals. Built-in, fast-acting relays permit rapid automatic 
remote control. 

SPECIFICATIONS 

cps, in bands 

Duration 
Recorded 
Sample 

20 secs. 
8.0 secs. 
2.4 secs. 
0.8 secs. 

the entire line 

Record-Reproduce Amplifier Characteristics: Frequency response 
switchable to provide FLAT or (for transducer usage) either 
44-db or 60-db falling characteristic. 

Frequency Calibration: Calibration markers at 30 cps or 240 
cps intervals may be recorded on analysis paper. 

Input Impedances, Selectable: High. 1.8 Megohms for low level 
and microphone input. Low, for high level signals, such 
as from tape recorders. 

Price: $2,950.00 f.o.b. factory. $3,245.00 f.a.s., N. Y. 

of Kay Sound and Vibration Analysis equipment, write: 

E LIECIM 
MAPLE AVENUE 

COMM IRANI 1r 
• PINE BROOK, MORRIS COUNTY, N. J. CApital 6-4000 

Visit Kay at the Wescon Show • BOOTHS 3411-3412 
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CPC-1 
CONTROLLED 

PRECISION 
OSCILLATOR 

AN/URA-31 

TMC Model CPO- 1 (AN/URA-31) is a 
precision signal generator tunable from 
1.75 to 33.75 megacycles in 100 cycle 
steps with an overall stability and accuracy 
of 1 part in 108 per day. 

The CPO-1 is used in laboratories and 
production facilities to provide precise RF 
frequencies. It is also used operationally as 
the control oscillator in a transmitter or 
receiver to create a highly stable trans-
mission system. 

For additional information about the 
CPO-1 and other test equipment, please 
contact 

The Test Equipment Division 01 

0 CI o 
• wa. 

1 ). 

THE TECHNICAL MATERIEL CORPORATION /\ 
World Wide Suppliers of Electronic Communications Equipment 

and Subsidiaries MAMARONECK, NEW YORK 

OTTAWA, CANADA•ALEXANDRIA, VIRGINIA•GARLAND, TEXAS• LA MESA. IIALIFORNIA • POMPANO REACH, FLORIDA, 

(Must approx. 
1/2 actual size) 

Data Matrix No. DM-7538-40 

The ideal solution to your readout indicator problem: 

MULTIPLE 
INDICATORS 
in a compact " package"— ready 

to install in a minimum of space! 

Designed to meet your special needs, a 
DIALCO DATA MATRIX or DATA STRIP 

comes to you as a unit—ready to mount 
into your equipment. DIALCO supplies 
the complete "package": We fabricate 
the panel or strip to order; punch the re-
quired holes and mount the DIALCO 
Cartridge Holders. We furnish the 
Lamp Cartridges with lenses hot-
stamped or engraved with legends. The 
Cartridge Holders accommodate 
DIALco's own Neon or Incandescent 
Lamp Cartridges which are available 
with stovepipe, and short or long cylin-
drical lenses in a choice of 7 colors. 

A DATA MATRIX or STRIP contributes 
to improved design, reduced bulk, econ-
omy, and ease of maintenance in coin - 
puters, data processing equipment, 
automation, and miniaturization. 

Write for 8-page Datalite Brochure L-160C. 
Data Strip 

No. DSV-7538-10 

60 STEWART AVE., BROOKLYN 37, N.Y. • Area Code 212, HYacinth 7-7600 
Booths 948-949 at the WESCON Show 

RE Professional 
_ 

Group Meetings 

(Continued from page 108A) 

Stansbury, Quan-Tech Labs., Boonton, 
N. J. 

MICROWAVE THEORY AND 
TECHNIQUES 

New York—May 3 

"Survey of Microwave Sources of 
Power," Dr. G. Wade, Raytheon, Burling-
ton, Mass. 

Orlando—April 11 

"Evaluation and Use of Antenna 
Ranges for Pattern and Reflectivity Meas-
urements," Dr. E. F. Buckley, Emerson 
and Cuming, Inc. 

Washington, I). C.—May 15 

"Cryogenic Metallurgy and Micro-
waves," Dr. F. E. Werner, Westinghouse 
Res. Labs. 

MICROWAVE THEORY AND 
TECHNIQUES/ANTENNAS AND 
PROPAGATION 

Albuquerque-Los Alamos—May 10 

"Low Level Microwave Power Com-
parator." 

"High Level Microwave Power Com-
parator," C. A. Denny, C. L. Mavis, and 
C. J. Still, Sandia Corp. 

Baltimore—May 9 

"High Efficiency Traveling Wave 
Tubes for Modern Microwave Systems," 
G. I. Klein, Westinghouse. 

M ILITARY ELECTRONICS 

Los Angeles—May 23 

"Relay Communications Satellite Sys-
tem," M. Brady, Space Technology Labs., 
Redondo Beach, Calif. 

NUCLEAR SCIENCE 

Albuquerque-Los Alamos—April 17 

"High Voltage Engineering in Sher-
wood," A. E. Shoetield, Los Alamos Scien-
tific Lab. 

Chicago—May 11 

State ['article Detectors," N. J. 
Hansen, Argonne National Lab. 

PRODUCT ENGINEERING AND 
PRODUCTION 

Boston—May 22 

"Microelectronics as of May 22, 1962," 
Dr. H. G. Rudenberg, Arthur D. Little 
Co.; D. A. McLean, Bell Labs.; S. M. 
Stuhlbargq, P. R. Mallory, Inc.; G. J. 
Selvin, Sylvania; E. B. Sussman, Texas 
Instruments. 

(Continued on page 112A) 
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A DIRECT PLUG-IN REPLACEMENT FOR 
6587A 5C22 P1174 6279 
6587 HT415 9912 KU25 

Extensive modifications in physical and electrical 

characteristics have achieved a new high in per-

formance levels and a new unmatched low in size in 

this newest of a long evolutionary line of glass thyra-

trons. The 8253 has the capacity for critical applica-

tions which require added performance capability 

and reliability not obtainable from earlier designs. 

Ring-disk construction cuts height and provides 

external (cooi) anode and lower lead inductance. 

Rated for higher voltages with higher currents than 

prototype tubes. Grid connection can be made di-

rectly to the grid flange or (normally) through the 

base pin. Internally connected hydrogen reservoir 

promotes long life. Can be supplied with silastic rub-

ber anode boot for shock cushioning or for high 

altitude operation in close spaces. Write for bro-

chure on Tung-Sol hydrogen-filled tubes, including 

complete data on the 8253: Tung-Sol Electric Inc., 

Newark 4, N.J. TWX: NK193. 

STRUCTURAL ADVANTAGES 
External Anode 

Rigid Structure 

Reduced Size 

Fast Warm-up 

Extra Capacity Hydrogen 

Reservoir for Ultra-long life 

INCREASED RATINGS 
Peak Repetitive Current 365 amperes 

Peak Forward Voltage 20 kilovolts 

Peak Pulse Power 

(delivered to load) 

High Impact Shock 

Vibration Rating up 

to 1,000 cps 10 G 

®TUNG-SOL 

3.65 megawatts 

400 G 

Sales Offices: Atlanta, Ga.; 

Columbus, Ohio; Culver City, 

Calif.; Dallas, Texas; Denver, 

Colo.: Detroit, Mich.: Irvington. N.J.: Melrose Park, Ill.; Newark, N.J.; Seattle, 

Wash. CANADA: Montreal, Que.; Abbey Electronics, Toronto, Ont. 

HIGHEST 
RATINGS-
SMALLEST SIZE 
TUNG-SOL 

8253 
HYDROGEN 
THYRATRON 
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A breakthrough in Radar 
Modulator Design: 

The SI-7M-U is 40% more efficient with 
no change in input potential. 

custom designed, engineered and prodt.ced to 
customer's exact specifcations. 

FEATURES — Exclusive fast rise tech-
nique in the PEN. Completely revised, 
regulated filament supply system. Gas 
filled to provide good dielectric strength 
over operating temperature range (-55° 
C to + 100°C). Accepts short circuits 
and open circuits without blocking. 

SPECIFICATIONS — B + 1500 volts: trig-
ger input — 200 volt peak; variabfe from 
200 pps to 3300 pps; recovery time, 100 
Microseconds; output pulse, 31/2 Micro-
seconcs wide; Amplitude 7.5 KV at 1.2 
Amps. with rise time less than 0.3 Micro-
seconds. 

For full information about 
Saratoga Industries complete 
design, engineering and pro-
duction facilities, write 

SARATOGA INDUSTRIES 
A Division of Espey Mfg & Electronics Corp. 
Saratoga Springs, N. Y • Telephone 4100 

/iclT\E Professional 

Group Meetings 

Los Angeles- -May 18 

"Design Automation at Burroughs," 
L. L. Bewley, Burroughs Electrodata, 
Pasadena. 

Los Angeles—April 25 

"Plastics as a Product Design Me-
dium," G. Clark, \V.E.M.S. Inc. Flaw-
thorne, Calif. 

Los Angeles—March 19 

"Tour and Talks on Burroughs B200 
and B500 Computers," Burroughs Per-
sonnel, Burroughs Corp., Pasadena. 

Los Angeles—February 21 

"Thom's Law," C. Weber, Daedalus 
Co., Woodland Hills, Calif. 

New York—February 28 

"Modern Trends in Relay Develop-
ment," A. C. Keller, Bell Telephone Labs., 
Murray Ilill, N. J. 

Philadelphia—May 15 

"A Night on Site" (A talk and tour of 
BMEWS at Mocrestown), R. Welsh, 
RCA, Moorestown, N. J. 

Washington- --May 17 

"The Status of Microelectronics," Dr. 
\V. Liben, Johns Hopkins University, 
Silver Spring, Md. 

RADIO FREQUENCY INTERFERENCE 

Los Angeles—May 17 

"Application of Suppression Compo-
nents," E. Wheeler, Filtron Co., Los 
Angeles. 

"Power Density vs. Field Intensity 
RH Ieasurements," R. Friedman, Pola-
rad Electronics Corp., N. Y. C. 

RELIABILITY AND QUALITY 
CONTROL 

Binghamton—May 14 

"Reliability in Space Programs," R. E. 
Kuehn, IBM, Fort Lauderdale, Fla. 

New York—February 12 

"Theory of Games Applied to Elec-
tronic Reliability Problems," V. Selman, 
International Electric Corp., Paramus, 
N. J. 

New York—January 15 

"The Availability of a System as a Se-
quential Test Parameter," J. H. Bailey, 
IBM Corp. 

SPACE ELECTRONICS AND 
TELEMETRY 

Philadelphia—May 15 

"A Proposed System for the Auto-
matic Determination of the Time and 

(Continued on page 11-IA) 
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AT BOOTH 3008 

See telelD'S 
LATEST DEVELOPMENTS 

FOR PRECISION 
C.R.T. DISPLAYS 

NEW 

SOLID STATE 
AMPLIFIERS 

NEW 

VOdeuyets 

NEW 

y
ino-POSITIONING 
MECHANISMS 

NEW SOLID STATE 
DEFLECTION AMPLIFIERS 

WITH Transistorized 
DEFLECTION YOKES 

DEMONSTRATED ON LIVE 
C.R.T. DISPLAY 

WESCON SHOW, Los Angeles 
AUGUST 21-24 

CONSTANTINE ENGINEERING 
LABORATORIES COMPANY 

CALL OR WRITE: 

Mahwah • New Jersey 
DAyis 7-1123 
Ed Ryder 

Upland • California 
YUkon 2-0215 
Bou Reese 
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A 300 KC Solid State Counter for $750 
Measure frequency and ratio directly; meas-
ure speed, rpm, pressure, temperature, ac-
celeration or any phenomena that can be 
converted with transducers to ac or pulses. 

The same design, circuitry and construction 
features of all new transistorized e count-
ers are incorporated in this low-priced, gen-
eral-purpose counter. Time base is derived 
from the power line, providing 0.1% ac-
curacy—fully adequate for many frequency 
measurements. The counters have a maxi-
mum counting rate of 300 KC. 0.1 y sensi-
tivity permits low-level measurements. 

Model 5211A has gate times of 0.1 and 1 
second. Model 5211B has an additional gate 
time of 10 seconds. Otherwise, the instru-
ments are identical. A storage feature, 
which can be disabled by a rear-panel 
switch, provides a continuous display, each 
reading held on the 4-digit neon columnar 
readout until the count itself changes. The 
counters provide a 1-2-2-4 BCD code output 
for systems use or recording devices. 
Manual gate allows the 5211 counters to be 
controlled by the front panel, or be oper-
ated remotely by contact closure or suit-
able pulses. 

Solid state design and construction provide 
low power consumption, low heat dissipa-
tion, operation over a wide temperature 
range. The counters are housed in the new 
e modular cabinet for bench and rack 
mount. Plug-in circuit modules and ready 
accessibility simplify maintenance. Both 
models weigh but 10 I bs. and can easily be 
carried in one hand. Conservative design 
features, such as the use of decade dividers 
in the gate generating circuits, provide 
operational stability and eliminate cali-
bration problems. 

Specifications 
Maximum counting rate: 

Display: 
Input sensitivity: 

Temperature range: 
Time base: 

Manual gate: 

Frequency measurement: 

Ratio measurement: 

300 KC 
4 digits, neon column 
0.1 y rms sine wave 
—20 to 50°C 
50 or 60 cps power line 
Controlled by front panel function 
switch, by external contact closure, 
or by 3 volt peak positive pulses at 
least 10 µsec wide at half amplitude 
point. 
2 cps to 300 KC; accuracy ± 1 count, 
ziz time base accuracy 
Reads: (fI/ f2) 
Range: fi: 2 cps to 300 KC (0.1 y rms) 

fe 100 cps to 300 KC (1 y 
rms into 1000 ohms) 

Accuracy: -±- 1 count of fj, -± trigger 
error of f2 

Dimensions: 163/4" wide x 31/2 " high x 11I/2" 
deep, 10 lbs. 

Price: e 5211A, $750.00; e 52118, $825. 
Data subject to change without notice. Prices f.o.b. factory. 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road, Palo Alto, California 

Area Code 415, DA 6-7000 
Sales and service representatives in all principal areas; 
Europe, Hewlett-Packard S.A., 54-54bis Route des Acacias, 
Geneva; Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand 
Street, Montreal. 7903 
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Make your reservation now - Plan to Attend the Seventh 

CONFERENCE ON COMMUNICATIONS 

Cedar Rapids, Iowa September 21 & 22 

Roosevelt Hotel 

For Information on Registration and Housing Contact: 

J. D. Duncan 

P.O. Box 948 

Cedar Rapids, Iowa 

sponsored by the cedar rapids section 

Interstate Heettenies is delivering 
the mart reliable ENERGY STORAGE 

ELECTROLYTIC CAPACITORS 
in the industry 

ig al•Bliat 
dellidefr aaamb "D#titely e#4 ía4€" 

1111V/Ii.r21.4 RBI  1 Mat It .111',11111 II VII gum .4aw mole 
«MAUI 
11111111111111 Ir 

Sp 
TYPE DCM ELECTROLYTIC CAPACITORS 
.ir z 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. 

fiat's why many computer manu-
facturers use the sANGAmo ocm. 
That's why you gain by turning to 
SANGANIO for your capacitor needs. 

Complete data on Type DCM Capacitors is 
detailed in SANdAMO'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 

 Professional 

Group Meetings 

(Cuntinsed 1r,,,,, rage 11241 

Distance of Closest Approach of an Orbit-
ing (Transmitting) Earth Satellite," I'. I. 
Klein, Sophomore, University of Pennsyl-
vania. 

Philadelphia---April 17 

"Feedback in I'M 12eceiver Systems," 
L. I. lozick, rri• Labs., Nmit..,•, 

VEHICULAR CONINI t N It \ TIoNs 

Detroit- April 25 

"Extender Opera tit in- -Automatic Elec-
tronic Ignition Noise Suppre,,•sion." 
Germain, Motorola, Chicago. 

Detroit - March 29 

"Noise Suppression in Mobile Com-
munications Equipment," S. Meyer, I lam-
marlund Mfg. Co. 

Los Angeles - 17 

"Field Trip Through Studios, with 
Descriptions of Operations," Messrs. Pick-
ett and Pierce, NBC Engineering Dept. 

VE111(1.1.;\12 CMINIUNICATIONS 
13IMADCASTING 

Florida West Coast—May 23 

"Review of Up-to- the-M intoe Develop-
ments in Test Equipment." G. Dashiell, 
' --ociates. 

Section 

  Meetings 

.‘ 1-1 11 Q1 ERVI ALAM.R., 

"EXIlefillIelltS to Nleamire the Gamma Raffia-
ill of the Lunar Surface." M. A. Van Los 

\ Scientific l,aboratory; Election of Officers; 
S IS 6.! 

I.elat Dinner Dance with A I EE: 5,29 /62. 

.\ MANTA 

"Recent Observation of the laectronics In-

dustry in Europe," G. Robinson, Scientific-Atlanta; 

13Aurimiur, 

"Responsibilities of Broach astees to the Pub-

lic. - B. Guilt', WILNL-TV; Ladies' Night, Dinner 

and Dance; 5 12.62. 

BINtala111111›. 

"Artificial Intelligence and Nlachine Learning." 

.N. L. Samuel, IBM; 6/7,/62. 

Bosros 

"lte(Illt Developments in Lasers," C. Townes, 

tri -. t. of Tech.; Election of Officers; 5/23/62. 

BUFFALO-NIAGARA 

"Computer Uses II," J. T. Fleck & G. E. Rich-

mond, Cornell Laboratories; 4/18/62. 

Installation of New Officers: 5/118/62. 

CANAVERAL 

"Development and Hight Test Highlights of 

Polaris Program." K..lackson, Lockheef I; 5 17 1,2. 

( "finned iOl iyge 
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New Bourns Subminiature Relay— 
Its Reliability Is as High as Its Size Is Small 
You can see that it's little ard you can bet that it's reliable. 
Only .2" x .4" x .6", but a steady performer even at 40 G, 
55-2000 cps, this subminiature SPOT relay is designed to meet 
all ervironmental requirements of MIL-R-57570. Its features 
include single-coil design, rotary balanced armature, hermeti-
cally sealed case and serf-cleaning long- life contacts. Efficient 
coil design and packaging improve sensitivity to just 100 mw 

maximum. 

By subjecting every unit to a 5000-operation run-in, Bourns 
precludes the possibility of relay " infant mortality." To further 
ensure consistent quality, Bourns conducts 100% final inspec-
tion for all important relay characteristics including mass spec-
trometer leak testing. The last and most punishing test of 
quality is the trip taken by monthly samples through the Bourns 
Reliability Assurance Program. This is one of the most extensiwe 

series of electrical and environmental tests in the electronics 

Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, Iowa; and Toronto, Canada 

NUMBER 24 — NEW PRODUCT SERIES 

industry, and has long been the reliability double-check for the 
famous Trimpot® potentiometer. With Bourns relays, as with 
Bourns potentiometers, every possible step is taken to see that 
the quality you specify is the quality you get. 

Units are available now from the factory, and will soon be avail-
able through Bourns distributors as well. Write for complete 
technical data. 

Size: . 2" x .4" x . 6" 
Maximum operating temperature: 125°C 
Contacts: SPOT; Rating: 1.0 amp 

resistive, 26.5 VDC 
Coil resistances: 502 to 20002 
Pick-up sensitivity: 100 milliwatts 
Vibration: 40 G standard, 60 G special 
Shock: 150 G 

ACTUAL SIZE 

MAIS INC.. TRIMPOT DtvISIO 

MAGNOLIA AVE. RIVERSIDE C 
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Component 
Power 
Supplies 
\' from 
PEERLESS 
Designed to Your 
Requirements  
Peerless power supplies are avail-
able with DC or AC inputs. AC in-
puts are normally 60 or 400 cps; DC 
outputs extend to 10 ma or higher. 
Regulation values normally range 
from 5% to 10% from no load to full 
load; peak- to- peak ripple voltages 
are less than 1% of output voltage 
within this range. When required, 
closer tolerances can be supplied. 

Peerless power supplies can be pack-
aged to meet any operating require-
ments from commercial to Mil. Spec. 
And, their dimensions and configura-
tions may also vary to meet specific 
volume requirements. For complex 
applications, Peerless has designed 
and manufactured power supplies that 
provide two or more outputs, operate 
in ambients up to 125°C and withstand 
shocks up to 50 G's. Whether your 
requirements are conventional or 
exotic, Peerless can solve the design 
problems and manufacture in quantity 
to your exact specifications. 

NEW! 
Send 
Coupon 
For 
Free 
Catalog 

Contains detailed specs on 48 widely varied types 
of Peerless power supplies and comprehensive 
Estimating Specifications Sheet! 

PEERLESS 
ELECTRICAL PRODUCTS 

A or , SION OF ALTEC LANSING CORPORATION 

1515 S. Manchester Ave., Anaheim, Calif. 

NEW YORK • LOS ANGELES 

Please send your new catalog, 

"PEERLESS POWER SUPPLIES". 

I understand there is no obligation. 

Name  
Title  
Company  
Address  
City  State  

Section 

Meetings 

(( ed t 1.11111 /Mgt - ) 

(«en( mio s 

-Satellite Communications" Panel I fiscussion 

L. Jaffee, N.‘S.\; I,. Bollinger, Ohio State [' My.; 

(;. Harter. Space "reds. Lab.; .1. ( laser. Bell Tele-
phone; 4 26 62. 

"1,• Band Tunnel l)iode," J. Phelps, General 

tric (: o.: 5 '8 62. 

"The Effect of the Atinospliete lut Ra,M 

.Fransmission," N. Straiton. Univ. of Tes.,-. 
5 22/62. 

Dinner and Dance; Installation of New Office: s; 
5 26 '62. 

DETROiT 

"Parametric Amplifier— Performance and Ap-

plications," E. L Gordon, Bell Telephone I,abs.: 

Discussion of Proposed Merger of IRE with AtEE, 
T. A.I hunter, Vice- President of IRE; 2 /23/62. 

"Obfuscation by Intent." J. R. Kershaw. Midi. 
Bell Telephone Co.; " I low Electrical Communica-

tions Transformed the World," II. Pratt; Secretary 

of the IRE; Tour of the Electrical Section of the 

Henry Ford Museum; 4/20 62. 

Ecvpr 

"Video Tape Recording." L. M. l'awsy Vassin. 

t•AR Broadcasting & TV; 5 7 '62. 

ELMIRA-CORN im; 

"Digital ('omputer Course Session It. 

'on way. Cornell l'itiversity: 4 9 62. 

"I)igital Computer Course Se,-ioo II.' R. 

Conway, Cornell University; 4 2.1 62. 

ft • nt , ,,•./ o 1. 1 ) 

Measure   

MILLIVOLTS   

- - - - NANOAMPERES 

accurately at low cost 

with DYNATRAN's - - - 

Model 

1829 

SENSITIVE 

DC 
VTVM 

Write for complete information about 
this and other quality instruments for 
laboratory, production, incoming in-
spection and quality control. 

DYNATRAN 

dub/mike calpattaileit 

178 HERRICKS ROAD 
MINEOLA, NEW YORK 

F'Ion.etar 1- 43.41 

HOW TO SHIFT 
PHASE 

IN ADVANCED 
NEW WAYS 

Sage Laboratories' Model 69 is a logical 

development of the conventional trombone 

coaxial phase shifter. It is unique in that its 

size is minimized by use cd a multiple 

trombone structue. The unit provides 

direct indication of phase- shift at any given 

frequency from 0-2000 MC. A precise 

manual control allows continuous varia-

tion, with provision for lock,ng. 

Frequency Range: 0-2000 MC 

VSWR: 1.15 maximum 

Insertion Loss: 0.3 db maximum 

Phase Shift: 0-400° maximum at 2000 MC 

Phase Linearity: ± 2'.¡ over entire range 

Connectors: Female Type N 

Body Dimensions: 5" x 5" x 1" 

Weight: 27 oz. 

Price: $350.00, subject to change 

Model 650 is a versatile device ... it can be 

used in the laboratory or in the field . . 

as a calibrated test unit or a system com-

ponent. In any environment, it makes an 

excellent conversation piece. 

e SAGE 
LABORATORIES, INC. 

3 HURON DRIVE • NATICK, MASS. 
Cable Address: SAGELAES• NATICK 

e 1.1 ALTEC Loots,. COPPORAT,OX 
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Two ganged cam-driven JFD N'AX-C VC1496 Siding Piston 
Capacitors insure precise and stable linear tuning for 1-110 mc. 
Tunable Phase Defector of Ccllins RF Analyzer. 

JF 

One VC1497 Sliding Pistog Trimmer ( not shown) in 1-110 mc. 
Variable Crystal Reference Oscillator provides necessary frequency 
stability and accuracy in f.equency tuning circuit. 

JR)  MAX- e  

Sliding Piston Capacitors 
Specified For Precise 

Wide AC Tuning 
in Collins RF Phase 
Stability Analyzer 

When circuit designs of an exclusive new RF Phase 
Stability Analyzer built for the U.S.A.S.R.D.L.' 

called for absolutely stable and linear frequency 
tuning with low noise and minimum 

microphonics, Collins Radio Company engineers 
turned to JFD Electronics. 

To match the exacting requirements, 
JFD development engineers came up 

with the custom-designed VCJ496 and 
VCJ497 capacitors. One of the 

outstanding innovations of these 
capacitors was a sliding piston that was 

activated by compensated cams for 
straight line frequency tuning. Another 

was JFD's MAX-C construction that tripled 
the tuning range (5-180 pf. per unit) with 

no increase in size or weight. Use of special 
glass and invar for zero temperature 

coefficient provided the absolute stability 
necessary for exacting measurement. 

Today, the Collins Phase Stability Analyzer is 
performing measurements of instantaneous phase 

deviation on RF signal sources with a resolution 
which varies from 0.001 degrees at 1.mc. to 0.11 

degrees at 110 mc. 

This is one more example of how creative JFD 
variable capacitor technology added to your 

engineering team can meet and beat the toughest 
high frequency specifications. 

This is one more reason why you can rely on the 
skills, the talent, and the resources of JFD for your 

special or standard trimmer capacitor needs. 

Call your local JFD Field Office or your nearest 
JFD franchised distributor for assistance. 

*United States Army Signal Research and Development Laboratory 

4-Wire Printed Circuit Mounting 
JFD VC1496 
MAX-C Sliding Piston Trimmer Capacitor 
5 pf. to 180 pf. 

COLLINS RF PFIASE STABILITY ANALYZER actual size 

See JFD Booths 708-709 at M/ESODhl 1962 

AT WORK IN THE NEW FRONTIERS OF ELECTRONICS 

Panel Mount 
JFD VC1497 
MAX-C Sliding Piston Trimmer Capacitor 
1 pf. to 50 pf. 

JFD ELECTRONICS CORPORATION 
Components Division • 6101 16th Avenue, Brooklyn, New York • Phone DEwey 1-1000 • TWX-NY25040 

JED WESTERN 
P 0. Box 3416 

Van Nuys, Calif. 
Phone: EMpire 4-4131 

JFD MIDWESTERN 

P. 0. Box 588 
Skokie, Illinois 
Phone: 675-1140 

JFD NORTHEASTERN 
Ruth Drive, P. 0. Box 228 

Marlboro, Mass. 

Phone: HUntley 5-7311 

JFD CANADA 
51 McCormack Street 

Toronto, Ontario, Canada 
Phone: ROger 9-1129 

VARIABLE TRIMMER PISTON CAPACITORS • FIXED METALIZED INDUCTORS • LC TUNERS • FILTERS• DIPLEXERS 

FIXED AND VARIABLE. DISTRIBUTED AND LUMPED CONSTANT DELAY LINES • PULSE FORMING NETWORkS 

• 



FAIRCHILD 
OSCILLOSCOPE CAMERAS 
WITH POLAROID BACK 

MAKE PERMANENT 
TRACE RECORDS IN 
2 TO 10 SECONDS 
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. 

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. 

FAIRCHILD CAMERA 

AND INSTRUMENT 

CORPORATION 

• /MORAN() AVENUE. YONKERS te Y 
Cur RIAL PRODUCTS DIVISION 

Section 

/Re5E\ Meetings 

(C. ,ntlomed 

"Digital (''' outer Coarse sc—ion III," 

Conway, t'ornell I.niversity; 4 3(1 62 

"I)igital Computer Coln,. Se—tul, 

Conway, Cornell University; 5 7 62 

Installation of Officers; 5 31 6.1. 

Froiturs \Vr.si ( et vs I 

-Stanford teniei 
("1, tleveloped at Staid."' d sits., California." 

G.. \ Loess, Stanford I•niversits ; 5 1(t, 

Fon III xcip c s 

Talk about the SIR*: BOX a recognition ( Iv 

vice at IBM; 2 26 62. 

"International ( looperative Space Science." II. 

Richter. Electro-Optical Systems, Inc.; 4 24,'62. 

"Unintentional Duplication of Effort and It-

trganization." R. It, Frese, US.\ I.: PG; 5. 29. 62. 

Font Won ru 

"The Air Force Laboratory and its Relation 

¡ ship to Universities and Industry." L. S. Sheingob I. 

¡ United States .\ ir Force; 5 8 '62. 

INDIANAPOLIS 

Student Papers Awards Night; 4 12 62. 

"High Fidelity," II. Howard, Grattant Flee 

trollies; Election of Officers; .5..2462. 

KANSAS CI IN 

Ai,,, cil Section Picnic; 6.'9:62. 

Los A:36E1.Es 

"Space Age Problems," W. Brady. AISC; Stu 

dents Nat'l told Local Awards Presentation; Joint 

with San Fernando Valley; 4/11/62. 

"Navy Space Objectives," R. F. Freitag. Ru-
Weps; "Project Transit," R. B. Kershner, Johic-

II0Pkins Univ.; Joint with Buenaventura; 5 ¡ I 1 62. 
Annual Installation & Awards Dinnt•r Dam,: 

'Developments in Applications of Thermoelec-

tricity." A. Cybriwsky, General Electric Co.; Tour 
die Applied physics 1,,d,. Budding 6, Ameliance 

Park; 427/62. 

MILWAUKEE 

"Electronic Data Processing," Personnel of 

Wisconsin Telephone Co.; 418/62. 

"The Engineer at the Crossroads," P. Haggerty, 

President of IRE; 5,'3.'62. 

'Inertial Guidance," R. G. Brown. AC Spark 

Plug Division; 5 ¡ 10 '62. 

Mu N [ REAL 

"The Radio Exploration of Space." P. M 

Millman, NMI Research Council; 5/.9;62. 

'Rio- Medical Electronics," J. Davis; McGill 

University: 5 25 62. 

Ncw ORLEANS 

"The Two Million Watt Navy VLF Transmit-

ter at Cutler, Maine," M. W. Bullock, Continental 

Electronics Mfg. Co.; 6.'14.'62. 

NORTII CAROLINA 

"Magnetic Memory Devices." J. C. Stuart, 

tell Telephone Co.; 5,118/61. 

ORLANDO 

"Optical Masers." B. M. Oliver, Hewlett 

Packard Co.; 2/23.'62. 

"Neural Networks," T. IL Martin, RCA, 
3 11 62. 

ONLY H-K 
DIGITAL 
LOGICE    

FOLLOWER  

POWER 

OFFERS TH IS 
h DUAL 
NAND 

.k GATE 

NOR 
GATE 

I - I  
COMBINATION 

(and over 40,000 others) 

completely assembled 

FROM STOCK 
COMPONENTS 

(at competitive prices) 

3 COMPLETE AND COMPATIBLE 
LOGIC MODULE SERIES 

250KC • 125°C. • 5/10 MC 

FREE!. FREE 
fgotrudc:rtnoplEril ied:nta Ziârairda.t.. 

Data Systems Divislon 

harman kardon 
Incorporated • Plainview, Long Island 
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"Telemetry for Large Space Vehicle,," W. O. 

Frost, NASA; Election of Officers; 4/25/62. 

PRINCETON 

"Hydrogen Fusion and the C-Stellarator," 

F. K. Bennett. Princeton University; Tour of the 

C-Stellarator facility; 5/18/62. 

Annual Dinner Dance; 5125,.62. 

ROME-1"TicA 

"Come North With Me," B. Balchen, Dept. of 

Defense; 2/21/62. 
"Communications by Orbiting Dipoles," R. M. 

Lerner, MIT Lincoln Labs.; 4,10, 62. 

Student Papers Award Night; 5/8 62. 

SACRAMENTO 

"Light and Gravitation-Some Spec-dations," 

C. W. Carnahan, Consultant; 6/14/62. 

SALT LAKE CITY 

"Propagation of High Frequency Radio Waves 

by Ionospheric Scattering," C. D. Westlund, Univ. 

of Utah; 2/16/62. 

"The Role of the Tactical Data System in the 

Free World's Defense Programs," T. M. O Donnell, 
Litton Industries; " Prospects for the Salt Lake 

Plant of Litton Data Systems." V. 13 Carver, 

Litton Industries; 3/16/62. 
"Recent Research in Musical Acoustics," H. 

Fletcher, Brigham Young University; 4/20/62. 

Student Papers Competition; 5/11/62. 

SAN IJIEGO 

"The Application of Thin Filins to Integrated 

Circuits." J. R. Black. Motorola; 5/2/62. 

"Microwave Tubes and Their Appl.cations. n 

L. W. Clampitt, Raytheon Co.; 6/6/62. 

SOUTH BEND-MISHAWAKA 

"Computer Control in Petroleum Refining," 

T. O'Neil, American Oil Co.; 2/23,62. 

"Sound Transmission in the Ocean and Its 

Problems," C. M. Wallis, Univ. of Missouri; 

3/29/62. 

Annual Banquet; 4/28/62. 

SYRACUSE 

Description of a trip to the North Pole ill a 

Nuclear Submarine. Commander Steele, USN; 

Joint Meeting with Ottawa. Canada Section; 

5/18/62. 

VIRGINIA 

"Image Intensifiers (Astracon)," J. A. Hall, 

Westingliouse Electric Corp.; 4/13/62. 

"On-Line Data Transmission," E. B. Lorscheider, 

IBM; 4/27/62. 

Student Papers Competition; 5/11/62. 

"Bell System Project 'Telstar'," J. E. Hite, 

Jr., Chesapeake & Potomac Tel. Co.; 5/18/62. 

WASIIINGTON 

Discussion of the proposed IRE/ALEE Merger, 

B. Voight, W. Swift, S. Bailey; 5/14/62. 

WESTERN MASSACIIUSETTS 

"You Can Get There From I lere," J. Zacharias, 

Sprague Electric Co.; 5/22/62. 

WINNIPEG 

Tour of Pelissier's Brewery; 4/27,/62. 

SUBSECTIONS 

CATSKILL 

"Electronic Switching System," J. Harr, Bell 

Telephone Labs.; Election of Officers; 5/24/62. 

CRESCENT BAY 

"Electronic Design of the Supersonic Trans-

port." W. McCloud, Douglas Aircraft Co.; 4/16/62. 

"Automatic Checkout Equipment -Sireb," j. 

Slocum Packard Bell; 5 ' I ( 12 

LEHIGH VALLEY 

"Electrical Engineering Education in the 

1960's," Discussion L. J. Conover, Lafayette Col-

lege; J. J. Karakash, Lelbigh Univ.; R. W. Showers, 

Univ. of Penna.; W. Smith. Lafayette College; 

2/21/62. 

"Effects of Specialization on the Development 

of Leadership," H. A. Schulke, Jr., USA; 3/27/62. 

" Biomedical Engineering," D. Geselowitz, Univ. 

Penna.; 4/19/62. 
"A Look Into The Future of Communication 

Technology," J. D. Tobo. Bell Tel. Labs.; Election 

of officers; 5/17/62. 

MONMOUTH 

Field Trip to Industrial Reactor Lab., Inc.. 

Plainsboro, N. J.; R. W. Houston; 3/21/62. 
"11F Radio Data Transmission," B. Goldberg, 

USA, 4/18/62. 
"The Morris Electronics Central Office." R. \V. 

Ketchledge, Bell Telephone Labs.; Joint with 
PGCS; 5/16/62. 

PALsrt BEACH 

"Missile Scoring with Nuclear Radiation." 
R. Weredund. Franklin Systems Inc.; 1/19/62. 

"Data Acquisition at the Atlantic Missile 
Range," K. Raulins. RCA; " Data Processing at the 

Atlantic Missile Range," C. Scott, RCA; Installa 

tion of New Officers; 2/20/62. 
-Nation-wide Data Communications." C. 

McKinney, Southern Bell Tel. & Tel Co.; 3/20/62. 

RICHLAND 

"Non- Destructive Testing of Hanford Fuel 

Elements," C. Denton, G.E. Co.; 4/18/62. 

"A Biological Study of Alaska," J. R. Davis, 

G.E. Co.; 5/18/62. 

SAN FERNANDO VALLEY 

"The N-15 Flight Research Program," J. A. 

Walker, NASA; 1/17/62. 

(Continued u rage 120A) 

The new NORTHERN RADIO 
catalog is your buyers guide 

to FREQUENCY SHIFT 
COMMUNICATION 
EQUIPMENT 

oc.alt• , 
ii.oeutett:ts:tiows 

etc col-01110i 
8(01 

FREE! 
o 

Complete descriptions and 
specifications...the only book 
of its kind in the field! 
• 84 Pages • 70 Items 
• 70 Photographs • 40 Block Diagrams 
the Industry's FOREMOST and COM-
PLETE line of Quality Communication 
Equipment! 

Write on your letterhead for your copy today 

NORTHERN RADIO COMPANY, INC. 
149 W. 22nd St., New York 11, N. Y. 

for highest quality 

REGULATED DC 
POWER SUPPLIES 

at lowest cost . . 

CHECK 
KEPCO 

Kepco's reputation for outstanding 
product performance is achieved by 
rigid QUALITY CONTROL- 100% 
inspection and testing is an integral 
phase of the manufacturing process. 

KEPCO'S 
RÉGULATED Efi DC SUPPLY 

PACK MORE VALUE... 

RELIABLE: 
Unique design uses transistorized ref-
erence and amplification circuitry for 
optimum regulation, stability and long 
life; plus tube series pass elements for 
reliable high-voltage operation. 

EXCEPTIONAL PERFORMANCE: 
Conservative specificutions give a true 
picture of operating characteristics. 

ECONOMICAL: 
Long trouble- free operating life elimin-
ates costly down time. 

PRICE 
0.1% 
MODELS 

DC OUTPUT 
RANGE 

VOLTS MA 

0.01% 
MODELS PRICE 

$29500 HB 2M 0-325 0-200 HB 20M $495-00 
$350.00 HO 4M 0-325 0-400 HB 40M $550.00 
$395.00 HB 6M 0-325 0-600 HB 60M $595.00 
$415.00 HB 8M 0-325 0-600 HB 80M $615.00 

MI Full Range Regulation: 
0-70-- 130-195-255- 325v dc/800ma 

la Programming over full voltage range 
▪ Remote output voltage control 
Mi Constant current operation 
• No voltage overshoot 

AVAILABLE FROM STOCK! 
FOR DETAILED SPECIFICATIONS 

SEND FOR KEPCO CATALOG B-621 

131-42 SANFORD-IV-1E-4 LU-SHING 52, N. Y 

1212) IN I / UUU IA NY 4-5196 
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Skilled 
specialists 
in premium 
ceramics for 
electronics! 

WES60 delivers all the 
advantages of premium 
alumina ceramics 

with the plus quality you need for vacuum tube enve-
lopes and internal spacers, rf windows, heat sinks, high-

voltage insulators, semiconductor components and a wide 
array of precision electronic applications. 

Wesgo's specialization in ceramics for electronics gives you 
unique reliability in components you can depend on. 

Three dense, vacuum-tight Wesgo alumina bodes, with 
up to 99.5% A1203, are strong, hard and abrasion resistant. 
They offer exceptional chemical inertness, high thermal 

conductivity and superior electrical properties, 
even at extremely high temperatures. 

All Wesgo high alumina ceramics feature very low loss factor, 
high dielectric strength and high resistivity. All are available in 

sizes and shapes to meet your individual specifications. Manufacturing is to tight 
dimensional tolerances; • ceramics are. of uniform density, free from internal and 

surface defects. All are quality-controlled to meet unparalleled performance 
standards, with extraordinary care taken in each step of the manufacturing process. 

Also available from Wesgo, a complete line of low vapor pressure, high 
purity, precious metal brazing alloys. Write today for information. 

WESTERN GOLD & PLATINUM COMPANY 
Dept. P-8, 525 Harbor Blvd. • Belmont, California LY:ell 3-3121 

.t PRODOce 

e  SPOT 

SWITCH-RF 
R0.1130011V.1/ C 

IOUS 
w. 

Jo U S 

'4e LE.S. 

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. SPDT switch meets MIL Specifications, ana is available with 6 RF connector 

types, AC or DC solenoids and indicator circuits. RF charactKistics are excellent...to 11 KMC. 

Write for complete technical data on -Type Y." Transco Products, Incorporated, 

12210 Nebraska Avenue. Los Angeles 25. California. BR 2-5687. 

ÍRANSCO 

.ALVSS • ACTUATORS 

Section 

Meetings 
At, 'Mal, 

(( tented from / iíu,. i v..l) 

Discussion of the proposed IRk Ii i.il,•rg,'r, 
It. Anglin, W. Peterson, J. Coen( Fa; 2 12 62. 

"The Rover Project at tlu. Nevada Proving 

Grounds," J. H. Germain, Edgerton, Germeshausen 

5: Grier, Inc.; 3/19/62. 

"The Long Look Into Stre," Gen. Ritland. 

Aerospace: Joint with Los Angeles« Section; 4 ( 11/62. 
"New Worlds in Old r. Higgins. 

Jr., Lockheed Aircraft Corp.; 5/16/62, 

SANTA BARBARA 

"Radio Astronomy (clialge),' G. GaIllOW. 
of California; 5/15/62. 

SOUTHERN 

"System Engineering Aspects of the Air Force 

Space Programs," E. J. Barloo-. Aerospace Corp; 
5/16/62. 

Wrsrcin.srgit 

"A System Designer Surveys the Radio Spec-

trum," D. j. Blattner, RCA; 2/28/62. 

"VHF Ionospheric Scatte- Communications." 
R. C. Kirby; Natl. Bureau of Standards; 3/7/62. 

"Data Processing ( Receive) Functions that can 
be Obtained by Combining Certain Electro-Optical 
Techniques," M. Arm, Columbia University; 
4/4/62. 

"Interplanetary and Int -stellar Communica-
tion Potential of the Laser." D. S. Bayley, General 
Precision, Inc.; 4/11/62. 

"Tropospheric Scatter Communications." L. P. 
l'age Communications Engrs., Inc.; 4/25/62. 
"Performance Predictions for Tropm,plieric 

Communications Circuits," A. P. Bards. Natl. 

Bureau of Standards; 5/9/62. 
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-T-•,1;ot 
%w- IRE People 

(Continued from page 46A) 

Joseph J. Martus 
(M'62) has joined 
the Essex Electron-
ics Division of Ny-
tronics, Inc., Berke-
ley Heights, N. J., 
as Engineering Man-
ager. He was for-
merly assistant 
chief engineer at 
the Hanovia Lamp 
Division of Engelhard Hanovia, Inc., 
Newark, N. J. He attended Stevens Insti-
tute of Technology where he received a 
degree in Mechanical Engineering. Mr. 
Martus is a member of the Illuminating 
Engineering Society. 

Wardwell 
Montgomery(A'S-k— 
M'57) has been 
named Marketing 
Manager of Hos-
pital Communica-
tions Products by 
Motorola, Inc. He 
will have the re-
sponsibility for 
product planning, 
market research, merchandising and dis-
tribution of Motorola/Dahlberg hospital 
communications systems with headquar-
ters in Minneapolis. 

Ile joined Motorola in 1951, after 
working as a radio communications sales 
representative and sales manager in Ohio. 
Since 1960, he has served as the staff mar-
keting assistant in Motorola's national 
sales offices in Chicago. An electrical engi-
neering graduate of Northwestern Univer-
sity, Montgomery is a registered pro-
fessional engineer. 

Thomas J. King (M'56—SM .60) has 
joined the Reconnaissance Systems Lab-
oratories ( RSL) of Sylvania Electric Prod-
ucts Inc., as supervisor, equipment analy-
sis section, in RSL's reliability engineering 
department. 

He has extensive experience in the de-
sign and installation of equipments, in-
struments, and electronic and electrical 
systems in aircraft, as well as broad ex-
perience in design and reliability work in 
ground and space electronic systems and 
equipments. Prior to joining Sylvania, he 
was reliability manager for the Midas pro-
gram at Philco Corporation's western de-
velopment laboratories in Palo Alto, 
Calif., and earlier held managerial posi-
tions with the Martin Co. in Baltimore, 
Md. 

Mr. King received the B.S. degree in 
electrical engineering from Johns Hopkins 
University. Ile is now working toward the 
M.S. degree at the University ' I Santa 
Clara. 

I 0,1 p. g, 1 _ 

A NEW DIMENSION IN 

PULSE INSTRUMENTATION 

eitfteretct 
MODEL B-7B 

HIGH PERFORMANCE • WIDE VERSATILITY 
ALL PURPOSE PULSE GENERATOR 

FEATURING...TIME PROVEN SPECIFICATIONS 
50 volts into 50 ohms @ 30% duty factor. Repetition 
Rate to 2 mc/s, continuously variatOe in five ranges. 
Width .05 usec. to 10,000 usec., continuously variable in 

five ranges. Delay from 0.0 usec. to 10,000 usec., contin-
uously variable in five ranges. Rack mountable, single unit 

construction. Price $720.00, F.O.B. Culver City, Calif. 

MODEL B-7D 

teeefeet 

eier 

...incorporates all the time proven 
specifications of the popular 

MODEL B-7B 

PLUS THREE NEW FEATURES 
Simultaneous Positive and Negative Output 
Pulses. Separate and Independent Rise and 
Fall Time Controls— The rise or fall time 
of either pulse may be degraded without 
affecting the remaining rise and fall times. 
DC Level Control—The DC component of 
each output may be set to zero, at all duty 
factors up to 30% by front panel control. 
Price $ 1,200.00, F.O.B., Culver City, Calif. 

MODEL B-7F 

.0 

6 

0 
...incorporates all the time proven 

specifications of the popular 
MODEL B-7B 

PLUS THREE NEW FEATURES 
Continuously variable repetition rate from 
2 cycles/sec. to 2 megacycles/sec. Sepa-
rate and Independent Rise and Fall Time 
Controls—The rise and fall time of the out-
put pulse may be independently degraded 
to approximately 1 eisec. Either single or 
aouble pulse output is available by front 
panel control. 
Price $920.00, F.O.B. Culver City, Calif. 

Visit our Booth Nos. 603 and 604. Wescon Show, Cr for complete specifications ... write to Dept. I RE-862 
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PAY 
PRIMARY INSTRUMENTS 

FOR CHECKING 
LABORATORY STANDARDS 

Làaw.i.d  ANDALUSIA, PA. 

DIRECT READING RATIO SET 

LIMIT OF ERROR, 2 PPM 

FOR VERY EXACT COMPARISON OF STANDARD 

RESISTORS, OR RESISTANCES IN DECADES OR 

BRIDGE ARMS. PRICE $ 1,285.00 

UNIVERSAL RATIO BOX 

LIMIT OF ERROR 0.001% 

FOR PRECISE CALIBRATION OF POTENTIOM-

ETERS, WHEATSTONE BRIDGES, ODD VALUE 

RESISTORS AND STANDARD CELLS. 

PRICE $2,050.00 

RESISTANCE STANDARDS 

P 

E-Ii43 E- I235 
N.B.S. REICHSANSTAL1 

THE BASIS OF MOST ACCURATE ELECTRICAL 

MEASUREMENTS NBS TYPE, MEASURED RESIST-

ANCE TO ±-0.001% at 25°C LIMIT OF ERROR, 

-2:0.005% REICHSANSTALT, MEASURED RE-

SISTANCE TO -± 0.001% LIMIT OF ERROR 

±0.01%. 

WHEATSTONE & KELVIN BRIDGES 

ANTHONY & MUELLER BRIDGES 

POTENTIOMETERS, ETC. 

Send for Our Catalog 

GRAY INSTRUMENT COMPANY 

448 MILL ROAD 
ANDALUSIA, PA. 

IRE People KULKA 
Louis B. Horwitz 
(S'48--A'50-S 56) 
has been named 
technical director 
for Beckman In-
struments, Inc., 
Fullerton, Calif., 
manufacturer of 
electronic inst ru-
mentation, it was 
announced recently. 
In the newly-created position, he will co-
ordinate technical programs of the com-
pany's domestic divisions and foreign op-
erations. He will be responsible for review-
ing individual projects and total programs 
and recommending plans for the mos1 
effective utilization of funds, personnel and 
facilities as they relate to technical pro-
grams. 
A member of the Beckman organization 

since 1957, he served most recently as op-
erations manager for the company's Sys-
tems Division. Previously, he held engi-
neering positions with the Continental Oil 
Co., Ponca City, Okla., for eight years. 
Ile was graduated from the University of 
Texas with a B.S. degree in Electrical En-
gineering, and received his M.S. degree in 
Electrical Engineering from Stanford Uni-
versity. 

((', offinurrl page / 21.4) 

HIGH HEAT 
TERMINAL BLOCKS f him  :LI i-tia.iry0AS11.34e4c2. 

44, 

FOR TEMPERATURES 
LJ P 

T 850 ° F. 
A new type of High Temperatwe Terminal 

Board employing MYKROY(glass bonded mica! 

which affords substantial advantages over 

other electrical ins..(lation materials, including-

High Temperature Use: up to 1150 ' F. 

Continuous Duty 

Made in two terminal and three terminal units 

having incremental configuration, these termi-

nal blocks can be combined to provide any 

total of terminals from two on up. Supplied 

with stainless steel stud type terminals as 

010,, ASK FOR FREE BROCHURE 

KULKA ELECTRIC CORP. 
633-643 So, Fulton Ave., Mount Vernon, N.Y. 
MOunt Vernon 4-4024 TWX( MTV NY 4194 

r'..--ANTENNA PEDESTAL 

• 584- MP 618 
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 rates 
AZ, 9 degrees per second squared EL, 4 degrees 
per second squared. Angle stewing 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 IL satellite tracking, antenna pattern 
ranges, radar system, radia 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. 

2 MEGAWATT PULSERS 
(A) 31 KV at 60 limps . 002 Duty Cy,' 

for 5J26 at 500 KW $9511. 

(B) 30 KV at 70 minis . 11111 Duty CYCle. $12511 
W/Puls,' isiit I 'lit Il 

MIT MODEL 9 PULSER 

1 MEGAWATT—HARD TUBE 

Output pulse power 25KY at 40 amp. Max. 
duty ratio: .002. Uses 6(321 pulse tube. Pulse 
duration .25 to 2 microme. Input 115 volts 60 
cycles AC. Includes power supply in separate 
cabinet and driver. Fully guaranteed as new 
condition. Full Due. MIT. Rad. Lab. Series 
"Pulse Ueneratois. -

SCR 584 RADAR AUTO-TRACK 
3 CM 5 10 CM. 1hn 50-1s in like new 1,111, 1:11,11. 
ready to go, and in stock tor immediate deliver,. 
Used on Atlantic Missile Range, Pacific Missile 
Range. NASA Wallaps Island, A.B.M.A. Writ., 
us. Fully Dese. MIT Bail. Lab Series. Vol. I. 
tors. 207-210, 228. 284-286. 

300 TO 2400MC RF PKG. 
500 to 240051C ('IV, Tuneable, Transtultter 10 to 
30 Watts. Output. As new $375. 

AN/TPS-1D RADAR 
500 kw. 1220-1359 ores, 160 nautical mile march 
range 1'.P.1. and A. Scopes, All'1, thyrattim 
mod. 5J26 magnetron. Complete symini. 

AN/TPS 10D HEIGHT FINDER 
250 KW X-Band. GO & 120 mile lunges t-
60,000 feet. Complete. 

AN/APS-15B 3 CM RADAR 
Airborne radar. 40kw output using 725A ma, 
netron. Mlnit.i 3 pulser. 30 M. palabola sll,sIs. 
antenna. PPI scope. Complete sysiem 
each. New. 

100 KW 3 CM X BAND RADAR 
Complete AN/APS-2' 
magnetron. 1'1'1, ails. 00.1 , It , 
azimuth on degree elevation Al .X. ( 7oinpiele ill 
stallation including gyro stabilizer $ 25110. 

Il'oniplele two ,: ln 1•SI aloonyi•ic 
traeking sy,teni and stat..11 lo 
like new. 

M33 TRACKING SYSTEM 

CARCINOTRON 
Type I'M 70GA Freq. 3000 ti, 4000 mes. CVV. 
Output 200 Watts minimum. New, with full 
guarantee. 

VA-800 KLYSTRON 
1.7 to 2.4 &SIC. ( continuously turnable). La KW. 
CW. 50 db Gain uotput 11(1-435 A/U Flange 
$075 each. 

500 KW PULSER 

5C22 HYd. Thyr, A1odulator. 22KV at 28 Amps. 
W/HV & Fil Supplies. 3 pulse length rep rates: 
2.25 usec 300 pos. 1.75 usec 550 pos. .4 asee non 
Ms. 115V 60 cy. Will deliver nominal 225 KW X 
Rand using 4.150 magnetron. 

L BAND RF PKG. 
211KW peak 950 to 1041111'. Pulse width .7 ti, 1.2 
rnirp, 11,1. sa1e 1,0 •, 12” 005 1000 1 1i , 

mm....;,›RADIO RESEARCH 
arm INSTRUMENT CO. 
550 FIFTH AVE., NEW YORK 

JUDSON 6-4691 
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CUT CIRCUIT ASSEMBLY TIME UP TO 50%! 

THE GREATEST ADVANCE IN DIODES 

SINCE THE GLASS PACKAGE! 

remarkable new Deltastrip Diodee provide the fast-
est circuit assembly time ever achieved ... at low competitive 
prices. The first fully automated diode manufacturing tech-
nique, allows silicon junction diodes to be fused directly onto 
continuous gold-plated ribbon ... literally "diodes-by-the-foot". 
The result is lower cost diodes and the most practical approach 
yet, toward truly automated circuit assembly. 

Greater reliability is achieved through the use of a hyper-
pure glass seal fused to the junction, providing a complete 
hermetic seal and elimination of floating impurities. Deltastrip 
Diodes® can be supplied with or without leads, in any number 
of junction combinations required. They provide a basic build-
ing block far any common anode or cathode connected circuit 
and can be sweat-soldered directly onto etched circuit connec-
tions or utilized in practically any circuit packaging technique. 
Let Delta engineers assist you in solving your design problems 
with Deltastrip Diodes.® 

Delta Semiconductors manufacture a complete line of 
standard diodes, micro-diodes, high-speed switching diodes, 
subminiature rectifiers, gate circuit Poly-Diodes and temper: 
ature-compensated zener diodes. 

Write today for complete information and technical data. 

DELTA SEMICONDUCTORS, INC. 
835 PRODUCTION F LACE • NEWPORT BEACH, CALIFORNIA 

approx. 10 times actual size 

Dellastnp Diodes' shown actual size 

fused gold 
contact 

jurxtion 

P (or N) silicon 

glass 
seal 

dre 

fused gold ccintact gold•plated ribbon 

I, 32"--II4 

Cross-section of the Deltastrip Diodes 

VISIT DELTA AT 

WESCON-BOOTH 3201 

"New Dimensions in Diodes" 
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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. 

Prof. D. S. BUGNOLO, Sc.D. 
Consultant 

Satellite & Space Communication 

Propagation, Antennas, Information Theory 

61 Lillian Place Red Bank, N.J 
SHadyside 7-1 549 

ABRAHAM I. DRANETZ 
Consultant 

Electroacoustical Devices ... Electromechanical 
Instruments . .. Underwater Sound . . . Shock 
and Vibration . .. Instrumentation 

1191 Donamy Glen, Scotch Plains N.J. 
PLainfield 5-1342 

DR. IVAN FLORES 
Computer Consultant 

logical design 
digital system configuration 

feasibility studies 
mathematical models 
man-machine interface 

23 South Huckleberry Drive 
Norwalk, Conn. • VI 7-2809 

SIDNEY FRANKEL, Ph.D. 
& associates 

Engineering Research • Technical Consultation 
Feasibility Studies 

Communication and Control Systems 
Radio and Radar Techniques 

116$ 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, N.J. LOwell 7-3232 

lib IRE PeopleA 
(Continued jrqii Page 1224) 

Dr. Glenn L. 

Musser (SNI'57 
has been named 
President of 11RB-
Singer, Inc., to suc-
ceed Dr. John L. 
McLucas (S'50— 
A'51--SM'52—F'62) 
who has accepted 
the position of Dep-
uty Director of De- G. L. M t'SSER 
fense Research and 
Engineering, Tactical Warfare Program, 
The Pentagon. 

Dr. Musser has held the post of Vice 
President for Systems and Operations 
since 1958. ln this capacity, he was re-
sponsible for more than 45 per cent of the 
company's active personnel. During his 
eleven years with the company, he has also 
held such positions as Head, Intelligence 
I /epartment, and Vice President and 
Head, Operations Department. Before 
joining 111(13-Singer, he was Research 
Physicist and Assistant Chief of Antenna 
Branch, Aircraft Radiation Laboratory, 
Wright- Patterson Air Force Base, for two 
years; and acting Head of the Physics 
Department, Susquehanna University, for 
one year. 

He received the B.A. degree in physics 
and mathematics (rims Susquehanna Uni-
versity in 1941; the M.S. degree in physics 
from Case Institute of Technology in 1943; 
and the Ph.D. degree in physics from 
Pennsylvania State Universiiv ill 1951. He 
attended an Executive Management Pro-
gram at Pennsylvania State University in 
1958. He belongs to numerous professional 
fraternities, and is a member of the Armed 
Forces Communications and Electronics 
Association. 

Dr. McLucas became associated with 
the company in 1949 as Project Engineer, 
and quickly advanced to the position of 
Vice President and Technical Director. 
He became President of the company, then 
known as Haller, Raymond and Brown, in 
1957, and retained the post when it became 
a subsidiary of Singer in 1959. He holds 
patents on numerous inventions, including 
a radar-relay system, oscillograph and 
oscilloscope recorders, and band-compres-
sion devices. lk has published articles in 
vari ills journal,. and holds positions in 
many professional and community organi-
zations. 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereop'sonic Systems 

Television Systems 

81 South Bergen Place, Freeport, L , N.Y. 
FReeport 9-8800 

LEONARD J. LYONS 
Consulting Mechanical Engineer 

COOLING—HEATING—FLUID FLOW 

Analysis and Testing 

Heat Transfer d Thermodynam:c Problems 
3710 Crestway Dr. AXminster 1-5446 

Los Angeles 43, California 

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 

EUGENE MITTELMANN, E.E., Ph.D. 

Consulting Engineer, Physicist 

ELECTRONICS FOR INDUSTRY 
Analysis, Research and Development 

549 West Washington Boulevard 
CHICAGO 6, ILLFNOIS 

CEntral 6-2983 

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. 0Alovood 7-7400 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—Microwave—Carries— 
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 
ANDOVER, NEW JERSEY 

Tel: PArkway 9-6635 P.E.N.1 

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 Proces,:ing Techniques 

10 BEVERLEE DR. NASHUA, N.H. 
TUXEDO 2-7961 

HAROLD A. WHEELER 
Laboratories and Engineering Staff 

Consultation—Research—Development 
Radar and Communicetion Antennas 

Microwave Assemblies and Components 
Main office: Great Neck, N Y HUnter 2-7876 

Antenna Laboratory: Smitntown, N. Y. 
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Type f,, (Kmc) 

MILLIMETER 
Ferrite 
Components? 
Ferrotec 

is your one source! 

Ferrotec has the most complete line of 

millimeter circulators, isolators, modulators, 

switches and other devices in the industry — 

covering hands to 75 Kmc. 

This miniature isolator, for ex-

ample, for 8mm wavelengths, 

provides 20db isolation for 

ldb loss over a 6% band, 

all in PA.," length, 1" di-

ameter, 2 oz. in weight, and 

completely shielded. 

This 8mm circulator switch offers switching times 

of less than 1 usec, over a 3% bandwidth. 

Here are typical stand-

ard millimeter ferrite de-

vices, from our line of 

nearly 100 different 

stock-design components — 

quickly available to you! 

Bandwidth Model 

Circulator switch 
Tee circulator 
Circulator 
Circulator switch 
Circulator switch 
Isolator 
Circulator switch 
Circulator switch 

70 
70 
70 
52.5 
35 
35 
33 
24 

5% 
3% 
3% 
6% 
6% 
6% 
3% 
6% 

R-2271S 
T-153L 
R-224L 
R-3071S 
R-3001S 
R-343L 
R-2221S 
R-2141S 

Ferrotec, specialists in ferrite components, offers 
the most comprehensive line — from 250 mc to 
75 Kmc — in the industry. Do you have the 
complete catalog? 

See us at Wescon — Booth 1021 

FERROTEC xmc. 
217 CALIFORNIA STREET • NEWTON 58, MASS. 

DEcatur 2-7600 
Design Development • Production of microwave ferrite components 

PROCEEDINGS OF THE IRE Augue, 1962 125A 



I
o
Re
la
xa
ti
on
-P
er
 C
e
n
t
 
L
o
a
d
 
Lo
ss
 Relaxation at 500° F. of DURANICKEL Alloy 301 springs, 

age-hardened at 900° F./6Hr. All stresses corrected 
for curvature; modulus corrected for temperature. 

Reloaded 
8 day 

I I 
to original length 

intervals. 
1 

80,000 psi. --
70,000 psi 

60,000 ps, 

_I 

0 8 16 24- 32 40 48 56 64 

Time—Days _ 

Nickel Alloy Springs last longer in Corrosive 
Environments and at High Temperatures 

The physical constants of DURANICKEL Alloy 301 

and PERMANICKEL Alloy 300 

Kick out switches, relays, circuit 
breakers, solenoid valves, diaphragms 
and other spring type assemblies play 
a vital part in the efficiency of electrical 
equipment. If corrosion or high tem-
peratures are important factors in the 
reliability and service life of your spring 

assembly, make sure they are made 
from a high nickel alloy for: ( 1) high 
strength stability; ( 2) resistance to re-
laxation at elevated temperatures; ( 3) 
oxidation resistance; (4) resistance to 
corrosive environments with good elec-
trical properties. 

INCONEL* Alloy X-750 is the out-
standing choice for springs operating up 
to 1200° F because of its high strength 
stability, good oxidation and corrosion 
resistance, and resistance to relaxation. 

DURANICKEL* Alloy 301 gives excel-
lent service at temperatures up to 600° 
F. It is used for infrared bulb spring con-
tacts, springs in sun lamps and spark 
plugs, electric toaster coils and numer-
ous other applications requiring relaxa-
tion resistance at elevated temperatures. 

PHYSICAL CONSTANT 

SPECIFIC GRAVITY, GM/CM 8.26 8.75 

DENSITY, LB./CU. IN. 0.298 0 316 

THERMAL CONDUCTIVITY AT (32°-2I2 
BTU /SQ. FT./HR. ° F./IN 128/137'" 40C 

ELECTRICAL RESISTIVITY OHMS/CIR 
MIL. FT. (68'F.)   260 • 94.5' 
MICROHMS/CM. (20°C.) 43 " 15.7'" 

TEMP. COEF. OF RESISTIVITY 

PER°F. (68°-212°F.) 0.0006 0.002 
PER°C. (20°-100°C.) 0.001 0.0036 

MEAN COEF. OF THERMAL EXPAN AT ( 77 , 212°F.). 0.0000072 
IN./IN./°F. AT (25-100°C.) CM./CM./'C 0 000013 

DURANICKEL 
Alloy 301 

PERMANICKEL 
Alloy 300 

0.0000072 
0.000013 

MAGNETIC TRANSFORMATION TEMP F (APPROX.) 200 563 ' 

• ..tg,.•11.11',1 ,..,1 

Design Stress for age-hardened DURANICKEL 
Alloy 301 and PERMANICKEL Alloy 300 springs 
at elevated temperatures. 

Coiling 
Method 

Cold 
- - 

Hot 

Maximum Shearing Stress for 
temperatures (° F.) indicated 

Up to 400F. 550 to 600°F. 

70.000 psi 60,000 psi 

70,000 psi 60,000 psi 

Other nickel alloys recommended for 
electrical spring assemblies include — 
PERMANICKEL* Alloy 300 high 
electrical and thermal conductivity 
requirements, MONEL* Alloy 400 for 

HUNTINGTON ALLOYS 

general applications requiring corroson 
resistance in addition to toughness and 
strength up to temperatures of 450 F 
and INCONEL Alloy 600 for good 
strength, ductility, resistance to oxida-
tion and good spring properties up to 
750 F. 

You can get the complete story on nickel 
alloy springs. Write for our technical 
bulletin T-35. "High Nickel Alloy Heli-
can Springs." Our corrosion and high 
temperature engineers will be glad to 
help with any specific problem you have. 

•Itegi•tered Inule,nark 

/\ HUNTINGTON ALLOY PRODUCTS DIVISION 
INCO, The International Nickel Company, Inc 

Huntington 17, West Virginia 
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95A Sensitive DC Meter to cover 42 ranges. This wide range 
meter provides both voltage (1 to 1000v ) and current 
(0.11/ma to 1 amp) measurements. Features: ease of range 
and level recognition. fast response • low drift • 10 megohms 
input resistance on all voltage ranges • zero center meter 
• and priced at $550. 

The 95A can satisfy many of your measurement needs. 
Write for complete specifications. 

Let us know your con-
templated 95A application 
so that we may consider it 
for inclusion in our forth 
coming DC Voltmeter Ap- CORPORATION 
plications Brochure. MORRIS PLAINS, 

C_ 0 
See us at Wescon Show Booth # 5d0 & 541 

NEW JERSEY 

PROCEEDINGS OF THE IRE August, 7962 127A 



0 

Type 405 

Type 524 

PHaSE METERS 
0.05 cps up 

2000 megacycles. 

DIGITAL PHASE METER 
Type 524: Resolu.ion 0.1 degree 
Phase angle in degrees directly repre 
sented in four digits 

SPECIFICATIONS: 
FREQUENCY RESPONSE: 50 
cps to 50 kc. 
ACCURACY: Relative ± 0.1'„ 
absolute 0.5'. 
PHASE RANGE: 0 to 360° dis 
played in four digits. 
INPUT VOLTAGE: Phase reading 
not affected by fluctuation of signal 
amplitudes from 0.3e to 50v. 
INPUT IMPEDANCE: 3megohirs 
shunted by 30 uuf 

PRECISION PHASE METERS 
Type 405 Series:Dire:t reccling in 
degrees. No amplitude ad ustmenl. 
Can be used for potting phase fre 
quency curves on a recorder . Frequency 
response 1 cps to 500 kc. Accuracy 
±0.25°. 
Type 205A l-2: Frequency response 
100 kc to 15 mc. Accuracy 0.05° or 
1% of dial reading. tRillIMJM input 
signal 0.05v. 
Type 205131-2-3: Frequency re 
sponse 15 mc to 2000 in. Accuracy 
0.05° or 1%. Minimum input signal 
10 my with external recorder. 

AD-YU ELECTRONICS LAB., INC. 
249 TERHUNE AVE, PASSAIC, N 

E 
LL 
AI 
N 
E 
S 

by 

ADYU 
ELECTRONICS 
LAB., INC. 

249 TERM AVE. 
PASSAIC, ti 1 

GRegary 2-5E22 

CONTINUOUSL' 
VAR ABLE 

Type 505.9 Ser Ices 
Resolotron time 
less thee 8.10-" 
sec Pi se tirn• 
less than 10% of 
the tine delay 
Total delay 0.05 
to over 1 vs. Irn 
pedance120ohrod 
to 1 31( 

DELAY STANDARD 
Type 20A-8 Series 

Rise time less than I uus. Bandwidth over 2000 
mc for 20B Seri•s, 200 'tic for 20A Seri•s. R.aa. 
ability better than 0.05 uus for 208, 10 mus for 
20A Series. Accuracy better than 1%. 

STEP VARIABLE 
Ty, 602-3 Soffits 

Equal ',put and • iutout ir,..7.—• 
podan« Rise time less Ikon 
4% of total delay. Tempe.. 
•cee coefficient host than 
0 005% per degree C. le, 
oederec• 50 ta 500 ohms. 
Total de'ay I I us to 275 
us. II different meas. 

DECADE DELAY LINE 
Type 801-2 Series 

Rise time less thon 2%. Incremental delay Ins 
than 8.10-" sec. Total delay OP« 200,000 us. 
Attenuation yori•s ham 3 to 6 db. 240 sections 
M- derived networks for .802, 20 sections for 
801 Sari.,. Input impedance 200 ohms to 2.50. 

ULTRA.FAST RISE TIME 

Ty, 107 . 1,1 Ser es 

Rise fir, con he less 'non I. 
Phase Inca, oeyoned tee 'hr.,. 
quency. Drstort.on less 'ran 2' 7r., 
coeffic.ent better than 0 005.' per degree C 
Type 10T: Total delay 02, ta 18 us. Impedance 
50 to 706 ohms. ' flout voltoge 5,10 volts 

Type 11T: Toro: delay 400 to aver 20.6,000 us 
Irnpedance 475 to ' 5,800 oh-ns Input voltage 
106 volts 

CONTINUOUSLY VARIABLE 
WITH MULTI-TURN 

Type 551-4 Series, Resolution time less than 
8•10-" sec. Total delay 0.020 to over 20 us. 
Bandwidth On« 30 mc. Mechanical rotation, 22 
complete turns. Impedance 50 >fans to 800 ohms. 

Type 521 Series: Toral delay from 6 us io 30 us. 
Impedance 500 ohms to 1200 ohms. Two-knob 
control: coan• - 60 positioas; vernier - con-
tin.usly variable, resolution less than Be10- 11 
nc. 
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Hearing better with TI paramps! 

IMO 

Many microwave communication and radar systems 

now incorporate parametric amplifiers and low-noise 

receiver assemblies from Texas Instruments. 
From L band through K. band, standard and custom 

equipments operate efficiently and dependably in 

APPARATUS DIVISION 

PLANTS IN DALLAS 

AND HOUSTON. TEXAS 

The M.I.T. Lincoln Laboratory tracking antenna at Arbuckle Neck, 
Virginia, uses Texas Instruments S-band low-noise parametric amplifiers. 

monopulse radar, polarization diversity tracking, 

troposcatter communication, and other airborne and 

ground applications. U Texas Instruments staff of 
experienced applications specialists will help you 

analyze your systems requirement. Call today. • 

g' TEXAS INSTRUMENTS 
INCORPORATED 
6000 LEMMON AVENUE 

P. O. BOX 6015 • DALLAS 22. TEXAS 



Drawn, wrought aluminum alloy base 
for added sfromit. 

Built to Take It 

The Original Continuously Adjustable 

i--Industrial-type dustproof cases with 

convenient conduit knockouts. 

Terminal board equipped with both screws and 
soldering lugs — imprinted with terminal numbers, wiring diagram, 

and nominal voltage between taps. 

Large radiating surface — protects brush 

and track from heat damage. 

Counterbalanced rotating parts. 

----Phosphor-bronze leaf spring riveted to radiator disc 
and not to pig- tail lead — carries current to brass connector 

attached to terminal bord. 

...---Phenolic-insulated aluminum shaft, 34" diameter. 

Low- loss, high-stkon steel, strip- wound core. 

0111 ---- Core completely enclosed by 2 cup-shaped winding form 

of molded phenolic — precision molded grooves insure 
positive positioning of tuf ns. 

---Patented DURATRAK brush contact surface 
prevents track deterioration and permits momentary 
overloads up to 100V; without damage. 

j...............--•TripleFbormvkar-coated copper provides 

„ ‘i•-• INede high dstrength bet,men banked turns at 0̀  
elevated temperatures. 

Brush designed for constant 
and correct contact pressure 

Type W5M 5-ampere Variac 
Continuously Adjustable Autotransformer...$24.00 

Ball bearings at both ends of shaft are 
available on order for single or ganged units. 

Resin- impregnated glass cloth 
insulation between coil and base. 

Military ruggedization — will withstand MIL- T-945A shock and vibration tests. 

Variac Autotransformers are available singly or and ball bearings at current ratings from 2 to 5 
ganged, uncased or cased, as portable bench amperes. Militarized models for 350- to 1200-cycl 
models with overload protection,with motor drives service also available. 

Write for the new Variac Bulletin 

GENERAL RADIO COMPANY 
WEST CONCORD, MASSACI1JSETTS 

NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASCeGrTs0pN.,n1le. C. SYRACUSE AbIngton Syracuse SAN FRANCISCO LOS ANGELES OREJUIDO, FU. 

WHitney 3-3140 Village 8-9400 HAncock 4-7419 11.1ruper 5-1088 CLenetew 4-9323 WHIleclitt 8-8233 H011ywood 9-6201 GAr?lielnin 56°4671 
Chstnct Office In Rulgetteld, N. 1. Oak Park Los Altos Los Angeles 

IN CANADA 
Toronto 

CHerry 6-2171 
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