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One of Marconi’s early experiments with directional short waves took the form of this rotating
radio beacon for ship navigation as descgibed in his 1922 IRE Medal of Honor speech reprinted

on page 1748,
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New from Spragve!

NO30 MONOLYTHIC" Ceramic Capacitors
offer unparalleled size and circuit stability

Here is 2 new kind of capacitor . .. with a com-
bination of stability, weight, and size advantages
never before achieved in a “compact” capacitor!

Layer-built by a unique automated process,

MonNoLYTHIC Ceramic Capacitors exhibit ex-

tremely low capacitance change with temperaturs
(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.

In addition to single-section capacitors, MONO-

LYTHICS 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,

Cumulative test data prove 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 techknical data,
write for Engineering Bulletins to Technical Literature Section.
Sprague Electric Company, 235 Marshall Street, North Adams, Mass.

SPRAGUE COMPONENTS

CAPACITORS
TRANSISTORS
MAGNETIC COMPONENTS

INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS

RESISTORS PULSE-FORMING NETWORKS
MICROCIRCUITS TOROIDAL INDUCTORS
45-314R

HIGH TEMPERATURE MAGHET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DiGITAL CIRCUITS
ELECTRIC WAVE FILTERS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electnic Co.

GET THE FULL STORY AT WESCON BOOTH 640




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

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 velocitics
faster than the speed of light. Conse-
quently. as the requirements on radar
systems in terms of data rate and range
performance grow cver more demand-
ing. a point is reached in which the old
sequential probing of space beamwidth-
by-bcamwidth must be abandoned and
systems devised in which several beams
are investigated in parallel.

A varicty of techniques have been
developed for providing multiple simul-
tancous beams from a common aper-
ture. One of the carliest of these in-
volved simply placing multiple feed
horns in the focal plane of a paraboloid
retlector. In other cases, more complex
systems have been used, such as casse-
grain two-reflector optics and various
types of lens antennas, including the
Luncberg 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
cnough 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
constderable 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.
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However, not until a recent paper by
Allen* had any definitive writing on the
problem appecared 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 be 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 clements.
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

L OLTAGE PATTERNS
/

/

<

S

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. 1f
we taper the illumination to provide
better side lobe control, the crossover
level deteriorates. For example, with a
cosine taper, if the beams arc orthog-
onal, the crossover level becomes
about 9.5 db. Figure | shows 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
casc is far from orthogonal.

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

* J. L. Allen, *"A Theoretical Linnitation on the
ann.ni:'m of Lossless Multiple Beamiv in Lincar

Arrays.”” IRE Tians. on Antennas and FPropaga-
tion, Vol, AP-9. No. . p. 350.352, Julv 1961,

AIRBORNE INSTRUMENTS LABORATORY

DEER PARK, LONG ISLAND, NEW YORK

O1VISION

August, 1962



XY v

"3 "2 -INC 4MC HKC 42 <3 44

Ringing response of 2 24ke crystal
filter 200 cycies wide. Note
the small over shuot and

Only 500 cycles wide at 4m for RS-
e jection aed no spurious ve:mugh

crystal
filter

7P ¥y 33

top. wellert
des and 2 flat oy
mn.n‘;: a‘mov In » narrow band fier.

Those non-conformists at Burneil’s engineering laboratory
aren’t satisfied with just producing the breadest 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-conformists have also made considerable

PIONEERS [N microminiaturization OF TCROIDS,
FILTERS AND RELATED NETWORKS

1 one le that
Lk
no W B2 w3 O4mt 05 D4 0T Db

r &t 10mc. Tooth width at 3db
-c—o'z';bc"‘}lﬁe n ooe case, anly 1.3 cubic
inch total.

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 eircuitry 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 2
N\

e,

AND PLANT AN
DEPT. PI.8 %[\r
PELHAM, NEW YORK L,
PELHAM 8-5000 %

TELETYPE PELHAM 3633

PACIFIC DIVISION
SOUTH PASADENA, CAL.
MFD. IN CANADA

BY EDO (CANADA) LTD,
CORNWALL, ONT.
WELLINGTON 2.6774

DIVISIONS: Groy & Kuhn, Inc., Pelhom, New York ® GLP Electronics, Inc., Bristol, Conn. @ Guillemin Research Laboratory, Combridge, Moss.
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BELL LABORATORIES’ NEW CONNECTOR
STREAMLINES CABLE SPLICING

———

Telephone 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.

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 two 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:

) BELL TELEPHONE LABORATORIES

World center of communications research and development



BMEWS... eyes of the free world
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BMEWS . .. the Ballistic Missile
Early Warning System is the free
world’s first warning of enemy

[CBM 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.

MANUFACTURING COMPANY ¢ MAILING ADDRESS: BOX 17040 « DALLAS 17, TEXAS

4212 S. BUCKNER BLVD. ¢ EV 1-7161 ¢ 5w SUBSIDIARY OF LING-TEMCO-VOUGHT, INC.
Designers and Builders of the World's Most Powerful Radio Transmitters

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




TOWER FOOTING /

INSULATORS FOR /{,‘::7

SELF-SUPPORTING /72|
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LAPP
ANTENNA TOWER

INSULATORS

[
Q
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.
N 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.

Meetings

with Exhibits

il i

@® As o service both to Members ond the
industry, we will endeavor to record in this
column each month those meetings of IRE,
its sections ond professional groups, which
include exhibits.

A

August 21-24. 1962

Western Electronies Show and Con-
ference (WESCON), Statler-Hilton
Hotel & Memorial Sports Arena. Lo
Angeles, Calif.

Exhibits: Mr. Don Larson, WESCON\.
1135 S La Cienega Blvd.. Los Angeles,
Calif.

August 29-September 1. 1902
Second International Conference on
Information  ’rocessing,  Munich.
Germany
Eahibits: Dr. Heing Billing, Max Planck

Inctitute. Munich, Germany

Septenher 3-7. 1902

National Advaneed Technology Man-
agement Conference, Opera House.
Seattle World's Fair Grounds, Seattle.
Wash.

Exhibits: Mr. Huogh  Fairclough, 1624
22nd Avenue Easr, Seattle 2, Wash,

September 21-22. 1962

Conference  on  Communications,
Roosevelt Hotel, Cedar Rapids, lowa

Exhibits: \v. Richard L. Jayeox, PO,
Box 918. Cedar Rapids, lfowa

October 1-3, 1902

Eighth  National  Communications
Symposium, Hotel Utica & tica
Municipal Auditorium, Utica, N.Y.

Exhibits:  Mr. Charles  Glaviano, 45
Meadow Dr., Rome. NJY.

October 24, 1962

Seventh  National  Symiposium  on
Space  Electronies &  Telemetry,
Fontainebleau  Hotel,  Miami  Beach.
Fla.

Exhibits: Mr. Charles H. Doersam, Ji.,
Instruments for Indusiry. 101 New

South Road, Hicksville, LI, N.Y.

October 8-10. 1962
National Electronies Conflerence, M-
Cormick Place, Chicago, .
Eahibits: Mr. Rudy Napolitan. National
Electronies Conference, 228 N, LaSalle
St., Chicago. HI

October 15-18, 1962

Symposium on Space Phenomena &
Measurement,  Statler-Hilton  Hotel,
Detroit, Mich,

Exhibits: Nr. J. B. Bullock. University
of Michigan. Ann Arbor, Mich,

(Continuwed n pupe 1044
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A NEW SUBMINIATURE VARACTOR DIODE_

Bomac Laborataries’ 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 frem environmental shock, and extreme temperature; an important noise source is eliminated.
Uniformity is assured through heat bonding and batch process manufacturing techniques. Packaging
simplicity is evident in the extremely smail size of the ThermoBond diode. It easily withstands normal soldering
temperatures. In addition, hermetically-sealed case construction provides long-life stability, independent of
environmental conditions. Retrofit packaging is available. A single case dimensior covers 252 electrical values.

Bomac ThermoBond silicon varactor diodes are designed for use in microwave limiters, sideband
madulators, hasmonic generators, low-noise parametric amplifiers, as tuning elements in voliage control
oscillators, and in sohd state duplexers

Write for technical data on the ways in which ThermoBand diodes by Bomac can aid

your microwave system design problems, #Trademark
}"—'ﬁ-:&u"_"‘i // AT NN
/\\\ o " 75 o0 YN BOMAC iaboratories, inc.
g‘:( O)) | il - Y seEvErRLY 2 MASSACHUSETTS
—L y. _L 'I ;. '1 =T N A Varian Subsidiary
\,;“‘:,:"":“? ; = f..
CATHET

Other Subsidiar es of Varwn Associates: S-F-D LABORATORIES, INC. « VARIAN ASSOCIATES OF CANADA, LTD.
SEMICON ASSOCIATES, INC. » SEMICON OF CALIFORNIA, INC. +« VARIAN A. G. (SWITZERLAND)
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NEW BALLANTINE VTUM

MEASURES SIGNALS AS
LOW AS 30 MICROVOLTS

: . D% AC.VOLTS
.

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 %%
for line voltage change
of 10% from nominal
of 115 volts.

SPECIFICATIONS

Voltage Range ......... 30 ,.Vto 300V
Freguency Range ....... 10 cps to 1 Mc
Accuracy . .. .. 300 .Vto 300V

2%, 10 cps — 700 ke
3%, 700 k¢ — 1 Mc

30,V to 300 .V
5%, 100 cps to 100 ke

Write for brochure

- Since 1932 =

|_| BALLANTINE LABORATORIES .

v
oecens

@

BALLANTINE LABORATORIES.INC .

A
-

g A

Mode! 300-H
Price: $230.

Boonton, New Jersey

CHECKH WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARCLESS OF YOUR REQUIREMENTS FOR
AMPLITUDE. FREQUENCY, OR WAVESORM WE HAVE A LARGE tINE
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER DIRECT READING CAPACITANCE METER, OTHER ACCESSORIES,

WITH ADDITIONS

e |
{
{

Model 300-H-S/2  Price: $235.

EACH YEAR ALSO AC DC ANO DC AC

Meetings

with Exhibits
l Ll il

(Contimned from poge M)

November 1-2, 1962
Sixth Nattonal Conferenee on Prod-
uet In-'munn,-_' and Production,
Jack Tar Hotel, San Franeisco, Calif.
Exhibits: Mr. W, Dale Fuller, Lockheed
Missiles & Space Divy, P.OC Box 501,
Sunnyvale, Calif.

November 4-7, 1062
Fifteenth  Annual  Conference  on
Eleetronie Techniques in Medicine
& Biology, Conrad Hilten Hotel Chi-
cago, I
Exhibits: Professional  Ascociates. Ine.,
0520 Clayton Rd., Saini Lows- 17, VMo,

November 5-7, 1962
NEREM (Northeast Research & En-

sincering Meeting), Commonwealth
/\l'nlnl') & Somerset Iotel, Boston,
Mass,

Exhibits: Mr. S, K. Gib<on. Instruments

of New England. 108 Greenwood Lane,
Waltham 5. Mass.

November 12-15. 1902
Eighth Annual Conference on Mag-
netism & Magnetic Materials, Penne
Sheraton Heotel, Pittshurgh, Pa.
Exhibits: Mr. J. 1. Whitlock. John Lew
liec Whitlock Associates, 253 Waples
Mili Rd., Oakton. Va.

November 16-17. 1002
Communications Symposinm, Queen
Elizabeth Hotel, Montreal. PO Can-
ada
Exhibits: Mr. Arthur H. Gregory., North-
ern Electric Co.. Lid., 1600 Derchester
Blvd. W.. Montreal, P.OQ.. Canada

November 19-20, 1062
MAECON (Mid-America Eleetronies
Conference), Continental Hotel, Kan-
~as City, Mo,
Exhibits: Dr. Arthur Goldsmith. Wilcox
Electrie Co., 1400 Chestnut, kan-as
City 27, Mo,

December 4.6, 1962
Fall Joimt Computer Conference,
Sheraton Hotel, Phitadelphia. Pa.
Exhibits: Mr. R. A€ Lane. RCA Build-
ing 204-1. Camden 8. N.J.

December 6-7. 1962

E3th National Conference on Vehie-
ular Communications, Maviair Ho-
tel, Los Angeles, Calif,

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

A

Note on Professional Group  Mectings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these
groups are asked to wend advance data
to this eolumn for publicity information.
You may address these notices to the
Advertising Department and of  course
listings are {ree to FRE Prafessional
Groups,
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N

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, Mode! 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; 19; linearity ; interchangeable 850" preamps for each
axis. Model 670A X-Y Recorder including case, $2,335 (with-
out preamps).

Sanbon

RECORDING, READOUT AND
DATA HANDLING
INSTRUMENTATION

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 in19%" panel space.
9 standard speeds, 9 more op-
tional. Model 360 Event Recorder,
$3900; Model 360-2100 Writing
Contral, $975. Rack mounted 30-
channel Mode! 361 also available,
price on request.

SANBORN COMPANY

DATA AMPLIFIERS

- Miniaturized (2" x 7"

Q’S’»’f panel), versatile amph-

fiers. DC-10 KC “FIFQ"

IQ (Floating Input, Floating

Output), completely tran-

f sistorized; gain 1000,

‘ particularly useful for ex-

tracting low level signals

in the presence of high

L)_, % common mode. 1 ms

S recovery from 20V over-

load, high common mode rejection.

Other models with DC-50 KC and

DC-100 cps bandwidths. Model 860-

4000 FiFO, $825. Prices of others
on reqaest.

T-CHANNEL FM or DIRECT RECORD

DATA RECORDING

Economical 4-speed (3%”
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 Mode! 769 17" Multi-
Trace scope, for visual
readout or input monitor-
ing, $1145 (not including
Gating Amplifiers).

DC-5 KC
DIRECT-READOUT
RECORDING

Up to 24 cimannels of
direct-readoai  op@ical
oscillograph.c recerd-
ing, respanse to 3 KC
over full scale, DG to
5 KC over 4" amplitudes
with single set of gal-
vanometers; 7" high
medium-gain ampiifier
in 8-channel modules.
Model 650 system with
8-channel galvanometer
block but without in-
sertsor amplifier, $3200.

DIRECT WRITING OSCILLOGRAPHIC RECORDING —
1 to 16 Channels

Clear, rectangular coordinate recording by heated stylus. Wide chaice ¢t basic
systems for 1, 2, 4, 6, 8, 12, 14 and 16 channels; most have plug-in interchange-
able preamplifiers or 8-channel amplifier modules. Bas.c assemb!y prices (without
amplifiers) range from $3300 for 8-channel 950" style to $6270 ‘or 8-channel

“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.0.B. WALTHAM, MASS., U.S.A, ANO SUBJECT TO CHANGE
WITHOUT NOTICE. STATE ANO LOCAL TAXES ADDED WHERL 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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NEWS OF DEFENSE TFECHNOLOGIES

e

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.

PROCEEDINGS OF THE IRE

DATA

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

August, 1962

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 ls Our Most Important Prodvct

GENERAL @D ELECTRIC

DEFENSE ELECTRONICS DIVISION
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IRE News and Radio Notes

THrREE APPOINTMENTS MAabiE To
IRE-ATEE MErGER COMMITTER

The final three appointments to a 14-
man committee that will arrange details of
the forthcoming merger of the Institute of
Radio Engineers and the American Dnsti-
tute of Electrical ngineers were announced
on July 10, 1962 by IR President Patrick
k. Haggerty, The committee, composed of
seven representatives of cich society, is to
begin work immediately. Tt 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 Engincers,

I'he three IR E appointments to the com-
mittee, announced after TR members had
approved the proposed merger by seven to
one at a special meeting are: John 1.
Hendcrson, Principal Research Officer of the
National Rescarch Couneil, Ottawa, On-
tario, Canada, and former IRE President;
Walter E. Peterson, President of Antomation
Development  Corporation, Culver  City,
Calif., and former Chairman of the IRE Los
Angeles Section; and John D, Ryder, Dean
of lingimeering of Michigan State University,
Fast Lansing, Mich., and former IRE Presi-
dent and Editor.

IFour others previously selected as 1RE
representiatives  on the  committee  are:
Patrick . Haggerty, President of Texas
Instruments Ine, Dallas, Tex.; Secretary
Haraden Pratt, Pompano Beach, Fla.; Past
President Llovd V. Berkner, President of the
Gradnate Rescarch Center, Dallas, Tex.;
and Past President Ronald L. Mebarlan,
Consultant, Chestout Hill, Mass.

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

Members of the TRE-ATILG

a General Manager, and the preparation of
Bylaws, all of which action must be sub-
mitted to the Boards of Directors of the
present two socteties for approval. The pro-
posed slate of officers and directors must
then be ratified by the voting memhers of
hoth societies.

ATEE  representatives  previously  ap-
pointed to the merger committee are: Presi-
dent Warren 1. Chase, Vice President of
Ohio Bell Telephone Co., Cleveland, Ohio;
President-Elect B, R. Teare, Dean of Sei-
ence and Engineering, Carnegie Institute of

Fechnology, Pittsburgh, 4. Past Prestdent
C. H. Linder, Vice President, General Elee-
tric Co., Scarsdile, N. Y.; Past President
Elgin B. Robertzon, Presulent of Elgin B.
Robertson, Inc., Dallas, Tex.

Also appointed are: Treasurer W. R,
Clark, Assistant Chief Engincer, Leeds and
Northrup Co., Philadelphia, 1Pa.; Hendley
Blackmon, Engincering Munager, Westing-
house Electric Corp., Pitt<burgh, Pa.; and
L. M. Robertson, Manager of Engineering,
Public  Service  Company of  Colorado,

Denver, Colo.

IR E President Patrick ). Haggerty (right) presents u specially bound copy of the Anniversary

Issuc of the PROCEEDIN

/

/

S OF THE IRE to AILLE President Warren . Chase,

L Merger Committee (left to right): Front Row: John D, Ryder, Haraden Pratt, Patrick 15, Naggerty, Warren . Chase, 1., M.

Robertson, and K. R. Teare: Back Row: Walter E. Peterson, John T. Henderzon, llendley Blackmon, W. R. Clark, Ronald L. McFarlun, Elgin B. Robertson,

C. 1. Linder, and Lloyd V. Berkner.

14A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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Current IRE Statistics
(s of April 30, 1962)

Membership—100.073
Sections*—111

Subsections* 33

Professional Groups*— 29
Professional Group Chapters—299
Student Branchest - 220

* Qe fuly, 1962 isvue for a list,
T See June, 1962 for a list.

Calendar of Coming Events
and Author’s Deadlines*

1962

Ang. 13-10: 7th Symposium on Ballistic
Missile  and  Space  Technology,
United Sitates Air Foree Academy,
Colorado Sprirgs, 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.) Statler
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’l. Congress on
Microwave Tubes, Kurhaus Hotel,
Scheveninger, Netherlands,

Sept. 4=7: ACM Natl. Conf.,
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, Iil.

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’i. Symp. on Space Elec.
and Telematry, Fontainebleau Ho-

tel, Miami Beach, Fla.

Oct. 7 12: AIEE 1962 Fall General
Mecting—3rd - Ann,  Symp,  on
Switching, Circuit Theory and Log-
ical Design, Chicago, T1L

Oct. 8-10: Nat'l. Elec. Conf.,
Cormick Pl., 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.

Hotel

Mec-

* DL o= Deadline for submitting ab
SLrUCtS,
(Coutined on page (o.1)
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H. Riniy, (fefny Chairman f the Benelux Section, presenting the Makkum plate to Dr Brioce B Bartow

(right. Behind them stand (from left to righty: \W. Metzelaar, G, J.

Broer=nmi, and Dr, 11, ', Williams.

BENELU X SEcTioN THoNors
Broce B, Bagrow

i1 recognition of his serviees for the IRE
in Europe, the Bencluc Section reeently
honored  its former  Seerctary-Treasurer,
Bruce B. Barrow, at a dinner given by the
Iizeretive Committee. The Section Chadr-
man, H. Rinia, presented hine with o large
plaze designed for the occasicn and made in
Makkum, in the Duteh provinee of Fries-
land.

I'he plate shows along its border an in-

tricaze, traditional design in many colors.
In the center s the IRE emblem, fired in
goldd to commemorate the [RE's Golden
Aiiiversary. Above are seen the coats ol
arms of the three countries of the Benelux
Section - Belgium,  the  Netherlands, and
Luxembourg- —while below i the inseription
“To Dr. B, B, Barrow, from his friends in
the Benelux Section of the [RE, 1939 190627
- making  the presacation, Mro Rinia
praised the recipient for his contributions to
the development of the IR in Europe, in
particular, his efforts as one of the founders
of the Benelux Seetion, as its irst Seeretary -
lceasurer, as one of the organizers of inter-
aational ERE svmposia, and as one of those
wia worked for the establishment of 1R
Region 0.

CONFERENCE ON MAGNETISV
AND MAGNETIC MATERIALS
Soricits Parikrs

The Eighth Aonual Conference on Mag-
aetism and Magnetic Materials will be held
on November 12-15, 1962, at the Penn
sheraton Hotel, Pittsburgh, Pa. The Con-
ference is being sponsored by the American
hstitute of Electrical Engineers and  the
American Institute of Physies, in coopera-
tion with the IRE., the Office of Naval Re-
scarch, the Metallurgical Society of AIME,
aud the American Sceiety for Testing and
Materials. Tt will contimre to emphasize the
value of bringing together those interested
in both basic and anplied work from the
many disciplines of magnetism.

Contributed  papers are  solicited  on
husic theoretical andg experimental iny estiga-

Siezen, Prof. B. Do UL Tellegen, C. B.

tions, potential engineering  applications
and apparatus and techniques which utilize
recent  advances 0 magnetisor. fnvited
papirs will be presented by eniinent sei-
catists and engineer. both from America
and abroad  In addition to the usual topies,
the committee s enconraging papers in High
Fiekds, Supercoanductivity and Magnetisn,
and Biological Magnetism. Programs con-
taining abstracts of all papers will be dis-
tributed betore the Conference

Prospective authors shauld submit two
copres of a 206-300-word abstract in the
torat of the Ymerican Institute of Phys-
s indicating titie. author and afhiliation.
\bstracts must e ~ent ne later than \u-
en=t 18, 1962 10: ;. W, Wicner, Westing-
house  Electric Corp.,. Rescarch Labs.,
Churchill Borongh, Pittsburgh 35, Pa. The
AP stvle manal may he obtained without
charge from Ho Co Wolle, NP 335 FL 45
St New York 17, XY, Time allotted for
presentation will be ten tifteen minutes,
Iinal seleciion of papers and time schedules
will be made by the Program Committee,
The selecion wili be based on new technical
niformation contiined in the abstract. Con
sequently, the principal result~ 1o be pre
sented should he clearly stated.

The 'roceedings of the Conference will
e publishied in the Ma-ch or April. 1963
sapplement  so  the Jewrnal of A pplied
Phivsics. Manuseript instractions, inchiding
~ubmission deadlines, will be sent to authors
whose papers wre aceeptal for presentation.
The selection of papers for publication will
be determined by their signibcant scien-
ttie or engincering contribution to the pres
ent Nelds of nagnetism

IRE Facsiviee Test Coarrs
Now AVAILABLE

The Technical Conmittee on Facsimile
of the IRE his reicased a new printing of the
tracsimile Charts to the LElectronic
Industries Association. The fiest printing
has been out of stock for some time, and
there have beem many inquiries for these
test charts, loformation about prices may
be obtained from ELY, 11 \West 42 Street,
New York, NUYL

Test
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Call for Papers

1963 IRE INTERNATIONAL CONVENTION

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

|
‘ March 25-28, 1963

Deadline Date of October 19, 1062

| 1.

100-word abstract in triplicate, title of paper, name and address

{ 2. 500-word summary in triplicate, tide of paper, name and address
3. Indicate the technical field in which your paper should be classitied:

Acrospace & Navigational Electronics
Antennas & Propagation
Audio
Automatic Control
| Bio-Medical Electronies
[ Broadeast & Television Receivers
Broadeasting
I Circuit Theory
Comniunications Svstems
Component Parts
I l<ducation
Idectron Deviees
IXlectronic Compnters
’ Iingincering Management
Fngineering Writing & Speech

Geoscience Electronies

Human Factors in Electronies

Induostrial Electronies

Information Theory

lnstrumentation

Microwave Theory & Technigues

Military Electronies

Nuclear Science

Product Engineering & Prodoction

Radio Frequeney Interference

Reliability & Quality Control

Space Electronies & Telemetry !
Ultrasonies Kngineering [
Vehicular Communications

| Note: Only original papers, not published or presented prior to the 1962 IRE Dater-
l national Convention, will be considered. Any necessary military or company clearance

of papers must be granted prior to subniission.

PARIS SyMrosiem
SCHEDULED

The Third International Sy mposium on
Quantum  Electronies will he held at the
UNESCO Palace in Paris on February
11-15, 1963, 1t is being sponsored by the
Office of Naval Rescarch, I1RE and Socidété
I'rangaise des Electroniciens et des Radio-
Clectriciens, 1t is also receiving support from
the Fdéderation Nationale des  Industries
Electromiques, which will hold an exposition
of apparatus pertaining to quantum clee-
tronics during the same week. Professor
Louis de Broglie, Nobel Laureite and Secre-
tary of the FFrench Aeademy, is the Honor-
ary President ol the Symposium. Professor
P. 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 hrst two Symposia on Quantum
Electronies 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 topies in Quantum Elee-
tronics as masers, lasers, coherence, optical
pumping, atomic clocks, and applications to
spectroscopy,  magnetism and - relativity,
Emphasis will be on hasic physical principles
rather than on engineering. Scientists de-
siring (o present papers should submit ab-
stracts in triplicate before October 1, 1962 to:
The ‘Third International Symposium  on
Quantum  Electronies, 7 Rue de Madrid,
Paris 8, I'rance.

16A

Address all material to: Dr. Donald B, Sinclair, Chairman

1963 Technical Program Committee
Fhe Tnstitute of Radio Engineers, Ine.
I East 70 Street, New York 21, N Y.

Papers may be presented in either French
or English. There will be simultancous trans-
lation of cach 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 Cann For Pariks

The 1963 PGMT'T National Symposium,
sponsored by the IRE Professional Group on
Microwave Theory and Techniques, will be
held on May 20-22, 1963, at the Miramar
Hotel, Santa Monica, Calif.

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

Authors aceepted will be requested to
provide 1000-word summaries accompaniced
by up to six figures suitable for reproduction
i a Symposium digest.  Publication  will
not prejudice  later consideration of the
complete paper for publication in the IRE
‘Transacrions  ox  Microwave Toeory
AND TECHNIQUES.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS

Calendar of Coming Events
and Author’s Deadlines*

(Continwed from puge 15.1)

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,
I.)

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
3eme Congrés d’Electronique
Quantique, 7 Rue de Madrid, Paris
8éme, France.)

Feb. 20-22: Internat’l. Solid State Cir-
cuits Conf., Sheraton Hotel and
Univ. of Pa., Phila., Pa. (DL*: Nov.
1, 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, Tex.

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 ACCURACY

S-YEAR RELIABILITY WARRANTY

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

of stab_ullty to a few parts Eef_mllllgﬂ_ Ranges of —10 uv to 42.101010 v (X1)
and -1 u#v to +0.2101010 v (X0.1) read out directly on only 4 dials in cali-
brated steps of 1 uv and 0.1 uv (no slidewire). Thermal emfs are less than
0.1 uv. 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 comp'etely
’Self Checking'’.

The Type 9144 is the only | precision DC potentiometer that can be employed
equally well as a 2 PPmM_resistance comparator,_a_standard cell comparator
and a precision 4 terminal 21 © standard resistor (variable in steps of 10 u12).
In the near future an accessory instrument will be made available that will
enable this potentiameter 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,

1S PPM ACCURACY

S-YEAR RELIABILITY WARRANTY

The Type 9120 is a new 4 dial, 7 figure precision DC potentiometer with
single window re readout and a resolution of 1 part in 20 mxlllon . Total measur- B :
ing range of 2.099,599.9 v in steps of 0.1 uv is achieved wi wrthout the necessity == J ==

of switching ranges. Instrument is completely ““Seif Checklng" All positions - .
on the measuring dials are individually calibrated steps (no slidewire). Meas- 4 Q g \g.. Qi_g Q Qg~ .h
uring circuit switches are potential contacts and do not carry current. Switch = 2 T L 5 i =
contact resistance is, therefore, of no importance. Thermal emfs are less '
than 0.1 uv.

The design of tke Type 9120 places
- s
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 ACCURACY

S-YEAR RELIABILITY WARRANTY

The Type 9180 is 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 uv). Instrument is completely
“Self Checking'’. Every switch position is an individually calibrated step 0) Q‘ Qg ga QO QQ
(no slidewire). 4

.- 3
The design of the Type 9180 combines ali the advantages of high and low . Q Q Q Q Q

range potentiometers in an economically priced general purpose instrument.

Range Factor Measuring Range Resolution
—_
X1.0 —10 uv to +2.10100 v 10 uv
X0.1 —1 uvto 4 0.210100 v 1 av Q ‘ ‘
X0.01 —0.1 av to 40.0210100 v 0.1 av
©X0.001 —0.01 uv to 4 0.00210100 v 0.01 uv

*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 R E S EAR H
upon request.

For the most important standard in the world — yours — specify
a Sensitive R2search COMMANDER Potentiometer. In 1960 and
1961 over 200 other standards people did!
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1962 ACN CONFERENCE

I'he 17th Annuad National Conlerence
of the Association for Computing Machinery
will be held at the War Memorial Auditori-
um and the Syracuse Hotel, Syracuse, NU Y.
on September -7, 19020 Eleven significant
lields of interest will be surveyed by over 100
computer anthorities from the United States
and abroad, covering infornuttion retrieval,
artiticial intelligence, education and train-
g, numerical analysis, and applications in
the physical sciences. Engincering 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
cight invited tatks, aceenting such vital top-
ies as information processing in military
commands, programming languages, and the
legal implications of the computer revolu-
tion. \lso 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
ACM'62, with five topical areas on the
agenda: marketing, installation  manage-
ment, business data processing, information
retricval and programmer training.  lus-
trated condensations of all of the talks will
be published ina Digest of Teclnical Papers.
Copices will be available on the opening day
and distributed Tree to all conference regis-
trants, except students,

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

IFLORIDA CONFERENCE
CALL FOR PAPERS

The Millimeter and Submillimeter Con-
ference, sponsored by the IRE Orlando
section and PGMTT, will be held in Or-
lando, Fla., January 8-10, 1963, There will
be cleven informative sessions on the follow-
ing topics:

Millimeter and Submillimeter Transnis-
sion Lines

Quasi-Optical Technmques

Millimeter Sources and Stabilits: Con-
siderations

Millimeter and Submillimeter Resonant
Structures

Millimeter
Meceasurements

Components  and  Power
Millimeter Receivers, Radiometry, and
Propagation
Harmonic
Techniques
Millimeter
Phenomenon
Millimeter Optical
with  Millimeter Outputs, and
Quantum Transitions
Millimeter Pulse Waork, Plasmas, Meas-
urcments and Instrumentation, and Phase
Locking and Frequeney Control
survey of Control Millimeter and Sub-
millimeter Work, and Millimeter and Sub-
millimeter Technigques—IFuture Trends.
Several invited papers will be presented
by anthorities in the tield. Original papers
on any of the above topics will be considered
for presentation. Speakers should plan on 20
minutes for presentation, aid 5§ minutes for

Generation and  Detection

Spectroscopy—NResonance

Masers PPuniping

Multiple
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discussion. The deadline for three copies of
a S00-word abstract is September 15, 1962,
Abstracts, should be mailed to: . J. Galla-
gher, The Martin Co., MI-172, Box 5837,
Orlando, I'la.

Authors whose papers cannot be included
in the regular sessions will be encouraged
to give a briefl resume of their papers in the
open sessions. Suitable conference papers
will be published in the TRE TraxsacTiONS
OX MICROWAVE THEORY AND TECHNIQUES.

1962 ULTRASONICS SyYMPosicM

The 1962 Ultrasonics Symposium, spoi-
sored by the [RE Professional Group on
Ultrasonies  Engineering,  will he held at
Columbia University, New York, NO Y. on
Noventber 28 30, 1962 [n planning the
program, the Symposium Committee has
invited a number of papers intended to cover
both current developments and future trends
in the tield. The list of authors and papers
includes: E, A, Hiedemann, *Optical Effects
of Ultrasonic Waves"; A Kiis, 1Y, G. Hahne-
man, D. Hornbostel, and B. Small, “\
High-Frequeney Ultrasonic Spectrum Ana-
Ivzer™; S. W. Tehon, “Development and
Application of Dispersive Ultrasonic Delay
Lines™; H . Bommel, *Microwave Ultra-
sonic Absorption in Solids T (Metals and
\itreous Silica)™; K. Dransfeld, “NMicrowave
Ultrasonic Absorption in Solids 11 (Dielec-
tric Crystals and Ferromagnetic Materi-
als)”  R. C. LeCraw,  “High-Frequeney
Acoustic Losses in Ferromagnetic  Insu-
lators™; H. Matthews and R. C. LeCraw,
“Acoustic Wave Rotation and Magneto-
elastic Coupling™; R. I Denton and . (.
Spencer,  “Microwave  Acoustic Measure-
ments in Garnets™; M. Ho Scavey, Jr.,
“Microwave ’honon 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™; . B.
Tucker, "Interactions Between Microwave
Phonons and Electron Spius in Solids "3 AL R
Hutson, “Prospects Tor Active Ultrasonic
Devices™; and Do Lo White, “Ultrasonic
Traveling-Wave Amplitier.”

In addition to contributed papers related
to topics covered by the invited papers,
papers are sought onany topic in the general
ficld of ultrasonies. Three copies of a 200-
word abstract should bhe sumbitted before
August 13,1962 to: RN Thurston, Techni-
cal Program  Chairman, Bell Telephone
Laboratories, Murray Hill, N. J.

The Symposium Committee includes:
General Chairman: J. E. May, Jr.: Vice
Chairman: .\, [l. Meitzler; Arrangements:
W, F. Konig; Program: R. N. Thurston,
S, Jacke, WL D Konig, J. 10 May, Jr,
AL Meitzler; Publicity and  Finanee:
AL Rothbart.

OBITUARIES
Martin V. Kiebert Jr. (\'31-M738-
SM'43147739). Notification of his death was
received, He was former Head of the Elee-
tronics Unit of the Advanced Development
Division of The Martin Co., Denver, Colo.
Born on November 27, 1908, in Wallace,
[daho, he attended the University of [daho
from 1928 to 1931, and Reed College, Port-

'World Radio Histo

land, Ore., in 1933 and 1934, majoring in
clectrical enginecring and physics. In 1929
he received the ldaho Edison Scholarship
Award., From 1934

to 1937, he was chiel

v engineer at KIRO,

Seattle,  Wash.  n

-~ 1937,  he  became

radio  inspector  for

the Federal Com-

munications  Co-

mission  at  Scattle,

and in 1938, he was

transferred to Wash-

ington, D. C., where he was associate engi-
necr in the broadcast division. During 1939,
he became affliated with Jansks and Bailey .
Washington, D. C., as a consulting radio
engineer, and in 1941, as a consultant with
MeNary and Chasnbers, Washington, D. C.

Before joining The Martin Co., M.
Kiebert was also proposals coordinator for
Datalab, a division of Consohdated Electro-
dynamics Corp,; director of clectronics for
the Miami Shipbuilding Corp.; director of
rescarch and development for Tele-Dynam-
ics, Inc.; director, Special Products Re-
search Lab., Bendin Aviation Corp.; chief
engineer, Tuner Division of Po R. Mallory
Co.; assistant to the chief engineer, Convair
Guided Misstles Drivision, General Dynam-
ics Corp.; and director of research and elec-
tronics, \pplicd Rescarch, Tne. A Tormer
Navy Commander, he was head of the
Special Weapons Branch of the govern-
ment's Burcau of Aeronautics during World
War I1. In this capacity, he was responsible
for all of the bureau’s clectronic activities
in gnded missiles.

Mr. Kiebert was Chairman of the IR
Orange Belt Subsection and of the Radio
Telemetry and Remote Control Administra-
tive Committee. He received awards from
the American Chemical Society (1928), and
from the Roval \eronautical Society (10471

John I. Bohnert
(N'46-531'49 1 o0)
Superintendent ol
the Electronies  Di-
vision of the U, S0
Naval Rescarch Lah-
oratory. Washingtou,
D. C., died on May
11, 1962. .\s Labora-
tory Division Super-
intendent, he was in
charge of a complex of progranis devoted to
rescarch in solid-state clectronics, energy
conversion, electrou tubes, antennas, identi-
fication systems and wave propagition,

He was born in Pittsburgh, Pa., in Au-
gust, 1910, He reccived the 1S, degree in
mathematies from the Carnezie Institute
of Technology in 1932, and the M.\ de-
grees from the University of Pittsburgh in
1935. He was awarded the Ph.D. degree
from the latter institution in 1940

During World War [, he was engaged in
antenna and  propagation  studies for the
Radiation Laboratory of the Massachusetts
Lnstitute of Technology. Upor dissolution
of the Radiation Faboratory in 1945, he
joined the Naval Rescarch lLaboratory’s
Boston field station as a racio engineer,
but transferred to the Naval Rescarch
Laboratory in Washington in 1916, as a
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now see this .
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Be sure to see vs at WESCON:;

Booth #3354-5.

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

Sec. 2900

LP-1a soNIC SPECTRUM ANALYZER
C-2 AUXILIARY FUNCTION UNIT
RC-3hb CHART RECORDER

Panoramic’s new low cost system, consist-
ing of the famed Model LP-1a Sonic
Analyzer, new C-2 Auxiliarn Function
Unit and RC-3h 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 ke. For precise detuiled ana’ysis . . . 30
preset lincar scan widths of 20 to 5000 cps,
centeralle between € and 20 ke; 1 see. to
16 hrs. =can intervals; 2 cps to 200 cps
steep skirted selectivity range.

Direct frequency and amplitude readonts
of discrete and random waveform con-
tents are fast and accurate ... simplifving
use at produetion test stations or in the
lahoratcry.

Indeed, whether your need is to analyze
random or line spectra either with com-
punents deep in noise or widely apart in
Ievel but close in frequency, this new
Panoramic system is your assurance of
faster, easier solutions.

Panoramic

electronics.inc.

World Radio Histc

Bandpass response
for 2 cps I-F
bandwidth

Narrow I-F bandwidths
with steep skirts enable:

a) analysis of CW signal
deep in noise

of weak signal close
to very strong signal.

AMONG THE SYSTEM’S OUTSTANDING CAPABILITIES:
Overall frequency range: 5 cps to 22,500 cps.

Scan pravisians: Precolibrated “quick look’ log scan
40 cps to 20 kc in only one second. For precise de-
toiled onalysis 30 selec*able pre-set lineor scans 20
to 5000 cps wide, centerabie anywhere between 0
and 20 kc. Scon times: 1 and 10 sec. with C-2 and 30
sec. to 16 hrs, wth RC-3b Recorder. Latter permits
unottended onalysis, provides longer sampling times
required for best selectivity ond quantitative random
signal anolysis.

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

Readaut: 5 CRT ond 12 x 42" inked chart (with
RC-3b Recorder).

Calibrated amplitude scales: Lineor and 40 db log.
Residual distartian: 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 campensatian, randam and discrete: Sen-
sitivity remains constont for all I-F bandwidth settings
for either random or discrete input signals.

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

Manuval scan cantral: CRT beam and analyzer tuning
positioned anywhere within sweep width range for
extended time vs. amplituce studies. Amplitude vs.
time analysis also previded with RC-3b Recorder.

) . . J dependable
For detailed the SY-1 CERTIFIED
SPECIFICATIONS

and other sonie systems, CALL, wiire o SRS )
WIRE:

information on

data

(Area Code 914 OWens 9-4600 ® TWX: MT.V-N.Y.—-5229 e Cahles: Panoramic, Monnt Vernon. New York State

b) amplitude measurement

200 400 2 o w
LOG SWEEP FREQUENCY ICPSI




member of the stall of the newly constituted
Microwave  Antennas  and  Components
Branch, Assuming positions of increasing
importance at the Laboratory, he hecame
Division Superintendent in 1935,

Dr. Bohnert was the author of several
papers and reports, and held patents in the
antenna lield. He was a member of the In-
ternational  Scientine Radio Union, and
principal founder of the iter-Service (Army
Navy, \ir Poree) Antenna Group.

John M. Miller (\'17 1720y (1)), former
Navy clectronics expert, died on Mayv 18,
1962 in Pomipano Beach, IFla. He was widely
known for the Miller effect in electronics-—
the change in the input admittance of a
triode value caused by variation of the im-
pedance in the anode eireuit.

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

he attended  Yule

X University, where he
1907 1o 1919, he was
a physicist with the
from 1936 to 1940, he was assistant head of
the research laboratory for the RCA Radio-

i ) received the BLAL de-
@ ﬂ 3 greein 1904, the MUAL
L 3 degree in 1907, and
P the Ph.D). degree in
o physiesin 1915, From

-
‘ National Burcau of
Standards, During the
period from 1925 10 1936, he was in charge of
radio receiver rescarch at the Atwater Kent
Manufacturing Co., Philadelphia, Pa., and

tron Co.

From 1923 to 1925, Dr. Miller was asso-
ciated with the original group at the U, S,
Naval Rescarch Laboratory, Washington,
. C. He returned in 1940 as associate

superintendent of the Radio Division, and
was promoted to the position of Superin-
tendent of Radio Division | in 1945, where
he served until his retireisent in 19320 Dur-
ing this service, he received several awards
for his scientilic contributiors, among which
was the Navy Distinguished Civilian Serviee
Award (1943) for the development of a new
flexible frequeney cable necced in radio and
radar equipment.

Dr. Miller was presented the TRE Medal
of Honor in 1933, in recognition of his
pioncering  contributions  to our  basic
knowledge of clectron tube theory, of radio
instruments  and  measurerments, and ol
crystal controlled oscillators. He was a mem
ber of several professional groups and was
the author of many articles on clectronics
for scientilic journals and Navy publica-
tions.

Sixth National Symposium on Engineering

MAVELOWER

The Sixth National Syvmposium on Fn-
gincering Writing and Speech, sponsored by
the IRE Professional Group on Eangineering
Writing and Specch will be held on Septem-
ber 13 14, 1962 at the Mavilower Hotel,
Washington, D, C.

The theme of the Symposimmn is: “EAVS—
an Art or a Scienee?” Sixteen papers have
heen selected and are scheduled for presen-
tation in four consccutive sessions during
the two-day mecting. 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
inctude: Chairman: P. J. Martin, Ofhee of
the Chief of Naval Operations; Program:
J. 150 Durkovie, Aceronautical Radio, Ine.;
Registration: R H. Schaadf, Dept. of De-
fense: Arrangements: I R Davis, Tech-
nical Seriveners Co.; Paublications: J. Carter,
RCA; Public Relations: C. De Vore, CREI
Atomies; and Finance: |. 15, Vovles, Ramo
Wooldridge Co.

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

The program is as follows:

20A

\Vriting and Speech

Hoten, Wastineron, D, Co, Sepresiier 13-14, 1962

Thursday Morning, September 13
Session [—EWS is an Art

Moderator: . C. Ports.

“The Sound of Good Writing,” (. /.
Arnold, Sperry Rand Corp., St. Paul, Minn.

“Case  Against Writer vs Engineer,”
E. H. Galinsky, 1BM Corp., Qwego, N. Y.

“The New Art,” S0 G0 Swith, Applicd
Physics Labs., Johns Hopkins University,
Silver Spring, Md.

“A Moving Finger in the Sand,” . L.
Seielstad, A pplied  Physics  Labs.,  Jolns
Hopkins University, Stleer Spring, Md.

Thursday Afternoon
Session II—EWS is a Science

Moderator: Gladys Montgomery.

“The Clinical Approach to Creative
Speech,™ J. C. Connelly, 1B Corp., Owego,
N Y.

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

“Feonomics of EAVS Service,” H., N,
Hubbs, Glenn L. Martin Co., Denver, Colo.

“Cost Effectiveness of Several Page IFor-
mats,” . E. T, Jensen, Sylvania Electric
Products, Inc., Mountain View, Calif.

Thursday Evening
Reception and Banquet

Speaker: lenry Loomis, Director, Voice
of dAmerica, U, S. Information Agency.
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Friday Morning, September 14
Session III—EWS is Both Art and Science

Moderator: P’hil Klass.

“Efiective Presentation,” RS Blicg,
Canadian Aviation Electronics Ltd.. 'inni-
peg. Manitoba, Can.

“EAWS-—Techniques or Fundamentals?”
1. £, Juvits, Electro-Technolosy, New York,
NV,

“Guide to Winning Proposals,” 1. 7.
Koch, General Electric Co., Syracuse, N. V.

“Write It and Read It Right,” 17 1.
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 IFilim,”™
B. E. Strasser, Bell Telephone Labs., New
York, N. 1.

“PERT—A Tool for Subcontract Ad-
ministration,™ A, Acllugh, General Electric
Co., Syracuse, N. Y.

“Put  the Cart Before the Horse,”
. Gettings, Dynatronics, Inc., Orlundo, Fla.

“A New Recipe for Old Chestnuats,” Dr.
Elise Gilmore, Svlvania Eleciric Products,
Inc., Buffalo, N. Y.

Summary and Adjournment : Svmposiwm
Chairman.
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Tenth Annual Engineering Management Conterence

RoosEvELT HOTEL, NEW ORLEANS, LA, SEPTEMBER 1314, 1962

The program for the 1962 lngineering
Management Conference to he held Sep-
tember 13-14, 1962 at the Roosevelt Hotel,
New  Orleans, La., has been announced.
Sponsoring organizations include the RE
Professional Group on Engineering Manage-
ment, AEE, and ASNME. The program is as
folows:

Thursday, September 13
Session [—The Challenge of the Future

Chairman: Liovd Swiley

"Enginceering as a Growing Source of
Permanent Wealth,™ Do 11 Qakley, Vice
President, Metal and Thermit Corp., New
Vork, N. V.

*The Engincer and the Challenge of
Economic Development,”  Sawiuel  Lurie,
Director, Division of Industrial Development,
Department of Economic and Social Affuirs,
United  Nations Headquarters, New  York,
NV

“Partners in Progress,” G. C. Rawls,
President, Lowisiana Power and Light Co.,
New Orleans, La.

“The Engineer's Changing Role in In-
dustry,™ Morley . Mathewson, President
Eleet, AITEE, and Director of Corporate
Industrial Engineering and Operations Re-
search, International Minerals and Chemical

Corp.. Skokie, 1.

Thursday Afternoon

Launcheon Speaker: “\ Philosophy for
Management,” . H. Shumaker, Southern
Methodist  University, Dallas, Tex.; Presi-
dent Elect, ASME.

Session II—Engineering Education

Chairman: O. J. Siselove

“Education for the Complex of Profes-
sional Objectives in Engineering,” Newman
Hall, Chairman, Dept. of Mechanical Engi-
neering,  Yale  University, New Haven,
Conn.

“\ lForward Look at the Education of
Engineers,™ H. 17 Gagerty, Dean, College of
Enginecring, University of Texas, Austin,
Tex.

“Objectives and  Design of  Company
Programs For Graduate Education,”™ P. L,
Polens, Manager, Advanced Systems Devel-
opment Division  Education, 1BM, York-
toten Heights, N Y.

Friday, September 14

Session III—Managerial Contribution to
Engineering Work
Chavrman: Hugh Estes
“The Motives of Men at Work,” Olav

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

“salary Evaluation of Engineering Posi-
tions,” Herbert Hubben, McKinsey and Co.,
Washington, D. C.

“Kngineering  Organization in Transi-
vuon,”  E. J, Tangerman, McGraw- 1
Publishing Co., New York, N, ).

Friday Afternoon

Launcheon Speaker: “Latin America -
Key to the Futare,” chwmbassador de Lesseps
S, Morrison, UL S, Representative on the
Council, Organization of American  States.

Session IV—Contributions by Engineers to
Managerial Work

Chairman— Gardner Reyvnolds

“Examples of Computer Usage in Tech-
nical Work,™ R. R. Johnson, Manager of Fn-
gineering, Computer Pept., General Electric
Co., Phoenix, -ris.

“The Management of a Product Assur-
ance P'rogram,” Landis S, Gephart, Director,
Product  Assurance, Spuce  Svstems  Die,
Locklheed Missiles and Space Corp., Swuinv-
cale, Calif.

Eleventh Annual Joint Industrial Electronics

S_\’mposium

SHERATON-CricaGo Horin, Criicaco, T, SEPTEMBER 1020, 1962

The Eleventh Annual Joint Industrial
Electronics Symposium, sponsored by the
IRE, MEE, and Instrument Society of
America, will be held at the Sheraton-
Chicago Hotel, Checago, T on September
19--20, 1902, T'he program of the Symposium
is as follows:

Wednesday September 19
Session I—Electro-Mechanical Techniques

Chairman: Edwerd :1. Roberts, Victor
Electronic Systems Co., Chicago, 1il.

“Low  Voltage  Percussion Welding,”
John Gellatly, Western Electric Co., Chicago,
HL.

“Versatile Nuromation,™ Trarold  John-
son, American Machine and Foundry Co.,
Elk Grove Village, HI.

“Future of Numerical Control in Indus-
try," Dro Shisuo Horl, Armowr  Rescarch
Foundation, Chicago, HI,

“Recent Mdvances in TWXN Mechaniza-
tion,” Robert E. Stoeffels, Automatic Electric
Labs., Inc., Northlake, HL.

Wednesday Afternoon

Luncheon Speaker: “Investment Aspects
of the Electronics Industry,” Dudley Hecr,
Vice President, Ielevision Shares Manage-
ment Corp., Chicago, Hl.

Session II—Electro-Optical Techniques

Chairman: Bewjamin Grifith, Chairman,
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Chicago Scetion [RE; Teletype Corp., Skokie,
1.

“Magneto-Optic Positioning,™ Dr. Robeit
Mcltzer, Bausch and Lomb, Ine., Rochester,
NV

“IFully Integrated Digital Graphic Proce-
essor,” Norman Taylor, Itek Labs., Lexing-
ton, Mass.

“INiber Opties: =V New Fool for Indus-
try," T J. Gallugher, Chicage lerial Indus-
tries, Barrington, Il

“Industrial Applications of Lasers,™ D,
Monteith, Trion Instruments, Inc,, Ann
Arbor, Mich.

*Digital Applications of ‘Fhermoplastic
Recording,” R, . Reeves, General Electric
Co., Schenectady, N, Y.

Thursday September 20
Session IIl-——Electro-Magnetic Techniques

Chairman: Joseph Enenbach, Chairman,
Chicage Section, AITEE; Illinois Bell Tele-
phone Co., Chicago, 11l

“Industrial Applications of Hall Effect
Devices,” David  Silverman and  Kermit
Heid, [Tlelipot Division, Beckman Instru-
ments, Fidlerton, Calif.

“Metal Forming with Pulsed-Magnetic
Field,”  David  Brower, General . Monmics
Division, General Dynamics Corp., San
Diego, Calif.

“Doppler Radar for Cellophane Mill
Rolls,” F. _llexander, American  Viscose
Corp., Marcus-1look, Pa.

World Radio Histol

“Potentizl hidustrial - Applications of
Magnctohydrody namices,”  Don Marquis,
General Electrie Co., Schenectady, N, ).

Thursday Afternoon

Luncheon Speaker: *NManagement De
cisions in Selecting New Produocts and En-
tering New Technical Areas,™ Dr, cAlbert 11.
Rubenstein, Assoc. Professor, Dept. of Indus-
trial  Engincering,  Northwestern  Univer-
sity.

Session IV—Electro-Chemical Techniques

Chairmau: Jehn Anagnost, Chetrman,
Chicago Section, ISA : DeVrey Technical Insti-
tute, Chicago 1.

*Solions, Their Characteristics and Com-
mercial Applications,” Nelson Estes, Tracor,
Fue., Austin, Tex.

“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-Atmospherie Electrolyte Pressures
i Llectrolytic Metalworking,™ Lynn 11il-
liams, Anocut Engincering Co., Chicago, 1l

“An Encrgy System for the Future,”
H. Jack Allison, Dr. Willlam Hughes, and
C. M. Summers, Oklahoma State University,
Stiltwater, Okla.

“1.-0s Capillary Fuel Cell System, ™
11 J. Welch, Allis Chalmers Manufactiring
Co., Milwaukee, 11775,
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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 kKIN TEL’s Model 551 volt-
meter/ratiometer, write direct. Price
(without optional visual readout) for
the basic 3-digit instrument with
buffer register and auto/manual/com-
mand range: $4150. F.0.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.

ELECTRONICS, INC

KIN TEL DIVISION

5725 Kearny Villa Road, San Diego 12, California
Phone 277.6700 (Area Code 714)
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ELECTRONIC SaLis 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. tle
foresaw a substantial rise in Government
business this vear, due largely to rising
siles for space exploration and airport
salety controls, and modest gains in con-
simer and industrial markets. Concluding
his sccond term as KI1A President, Mr.
Davis said that the electronics industry’s
“technological advances have continued
unabated” with “many promising discov-
eries in both basie and applied rescarch.”
Discussing the outlook for the industry,
Mr. Davis reported “all signs point to o
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 ditferent from the clectronies in-
dustry of today,” he added. “The clec-
tronics manufacturer who keeps abreast
of technological progress and adapts to
changing markets will not only survive but
prosper. Those who stick stubboruly to
ontworn patterns may well disappear like
the buggy whip manufacturer of  our
grandfather’s day.” The clectronies indus-
try today ranks fifth, or possibly fourth,
among  manwfacturing  groups in  the
UTnited States, the IKITA President said.

The Wave 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. “I'M stereo radio will provide
the entertainment  electronics  industry
with its best business opportunity since
television,” Mr. Taylor declared. “The
future course for UHEF-TY is up also,” he
added, “and the rise over the next 10 years
could be significant for the receiver indus-
try. ELY Consumer I'roducts Division
members anticipate what can be desceribed
as an orderly boom in I'M 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 I°M stereo sound. Another is the
recent move of the FCC partially to frecze
AM broadcasting at its present level. The
I'CC has made it clear that it intends to
slow down AM and promote M. But

* The data on which these No1r.s are based were
selected by permission from Weekly Reports, issnes
of May 21, 28 and June 18, 1902, published by the
Flectronic Induestries Association, whose helptulness
is gratetully acknowledued
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prior to the Commission freeze announce-
ment, FM had been showing healthy signs
of growth. The number of M stations, for
mstance, had increased from several
hundred a {ew years ago to about 1100
today. That many Division members an-
ticipate greater demand for UHIY equip-
ment than the industry has experienced
in many years is indicated in E1A Market-
ing Services Departinent higures showing
a rise of more than 100 per cent in UHE re-
ceiver production in the first quarter of
1962 compared with the same period of
last year. While the controversy over all
channel legislation considerably awakened
public interest in UHE, other factors in
Huenced UHL recciver output. Not the
least ol these was educational TV which
this month was given its biggest hoost
vears by enactment of legislation author
izing 822 million in Federal grants. [t
seenis to us that UHLE television today s
in very nwch the same position as 1'M
radio was some years ago —at the bottom
of its develpment. We believe the tuture
course for U is up. The rise over the
next 10 years could be very signtticant for
the television receiver indastry ™

GarN (N FnEcrroNic Tvrorts

AN ExprorTts

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. *Thi»
is a very enviable record for au tndustry
which is faced with substantial competi-
tion abroad as well as high terith and
freight rates and a number of other formi
dable obstacles to its export business,™ My
Collier said. Noting a rise of $30 million in
clectronic imports into the United States,
Mr. Collier commented: “Although ex-
ports still are more than three tines as
large as imports, we are weil aware of
problems which have been ereated for
some segments of the domestic electronies
industry by gains in imports of their prod-
ucts. IFor instance, 124 million radios
were imported last year compared with 7.0
million in 1960. Imports of radio tubes
went up from 27.0 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.
clectronics mamitfacturers, many produc-
ers are experiencing new exports gains this
year. During the tirst quarter of 1962, he
said, exports were $161.9 million, or $15.2

page 214)
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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 G¢
version. 30, 40 and 60 foot models are currently in pro-
duction for advanced new communication systems.

Lightweight subassemblies

CHICAGO:|LOS ANGELES: [TORONTO:
P. 0. Box 807|941 E, Marylind | 606 Beech Street
Chicago 42, lllinois | Claremont, Calif. | Whitby, Ontario
Fleldbrook 9-3300 | NAtional 6-3505 | MOhawk 8-3348

ANTENNAS -

PROCEEDINGS OF THE IRE August, 1962

28 Foot Dish Set Up
in 12 Man Hours

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.

Key rib assembly Backup framework

SPECIFICATIONS

Type Number 26045
Diameter, feet 28
Focal length, feet 105
Surface tolerance =3
Windload rating, psf 100

Thrust due to rated
windload 44,350

Net weight, pounds 1,250

NEW YORK:|WASH, D.C.::B 0OSTON:

P. 0. Box 416 |P. 0. Box 5897 ( P. 0. Box 296
'm Ridgewood, N. J. | Wash, 14, D.C. l Westwood, Mass.
G!lbert 5-2500 | OLiver 4-2540 ‘ DAvis 6-6500

ANTENNA EQUIPMENT o

TRANSMISSION LINES
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NEW,
EXOTIC
WAVEGUIDE
DIREGTIONAL
GOUPLERS

As MicroMatch® has identified a complete line of high-quality coaxial directional
couplers for the past 14 years, so MicroGuide now identifies a new line of waveguide
directional couplers. 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; airectivity 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.

CORPORATION

e/lj_l_w Industrial

Engineering Notes

(Contorued from poge 22.:1)

million ahcad of the like 1901 period. *The
American electronics company which gives
the overseas customer what he wants,
when he wants it, how he wants it and with
realistic pricing and credit terms will find
the export market to be highly rewarding,”
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.”

GOVERNMENTAL AND
LecrsLaTive

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 to heads of all departments and
agencies is part of a White House drive to
retain the scientists and cengineers the
governnment now has and lure others into
federal service through salary increases
and pay-raise benelits and improved work-
ing conditions. Guidelines for implement-
g 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,
a4 group of heads of the government’s sei
ence-oriented agencies. The report recom-
mends that scientists and engineers he
given greater participation in o 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 sc.ence and
technology in government and for devel-
oping short and long-term opportunities
for scientists and enginceers. 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 {or official travel and
attendance at scientitic meetings. The
report also recommends sharp increases
in government salaries and payv benefits
to meet industry levels, The President’s
legislation to establish the boosts 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. The rule originally was put into
effect for a one-year period on May 25,
1961, after tests conducted by the FAN
revealed that FM radios adversely affected
the operation of very high frequency radio
navigation equipment in aircraft. The re-
striction was issued as a temporary rule
pending  completion  of  extended  FAA
tests. The termination data of the rule has
been advanced hecanse tinal evaluation of
the tests has not heen completed
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wait
100
milliseconds

Harp cathode in new Amperex SSB twin tetrode per- Typical operation—AB, linear RF amplifier, both units

mits full talk-power in 100 milliseconds! in parallel
_ . . Frequency . ...... ... ... ... il 30.....30 Mc.
LU 2 S E R R SR R ) D. C. Plate Voltage ..................... 1000. ..800 volts
cathode ever produced—has been incorporated in a twin D. C. Grid 2 Voltage ...........c........ 250. ..250 wolts
. . . . . D. C. Grid =1 Voltage ................... —~34...—~34 volts
tetrode specially designed to provide excellent linearity Zero Signal D. C. Plate Current. oo ... 50 5C ma
in parallel for PEP outputs up to 158 watts ICAS, with Effective RF Load Resistance .......... .3100...230C ohms
. . . Average D. C. Plate Current* ... ... .. ... .. 131... 136 ma
third order IM distortion better than 30 db down! Peak RF Grid Voltage . . ...... 38T 34 volts
With the AMPEREX Type 8300 RF linear amplifier Average Plate Power Qutput* ... ... . . .. .. 70.5. ... 56 watts
. . . Peak Envelope Plate Power QOutput* . . ... ... 141 .. .112 watts
tube—instant-heating version of the 8117 —fast warm- 3rd Order IM Distortion . .. .. . 30..... 30 db
up, excellent linearity and high efficiency are provided *Conditions under two tone modulation.

for mobile and portable SSB systems in the VHF r. Also available: Indirectly-heated-cathode Types 8116 and 8117
P yste . F range with 26.5 V and 6.3 V heaters, respectively.

up to 175 Mc. When operated under intermittent con- For detailed data on Type 8300 and other SSB tubes,
ditions, the 8300 has a plate dissipation rating of 34 ) write: Amperex Electronic Corporation, 23C Duffy Ave-
watts per anode. Either forced air or heat sink cooling may be nue, Hicksville, Long Island, New York. In Canada: Philips Elec-
used when operating the 8300 at or near the maximum ratings. tron Devices Ltd., 116 Vanderhoof Avenue, Toronto 17, Ontario.

TR
e

Ask Amperex

[World Radio History




Thi~ attenuator handles input powers of
at least 20 watts CW ar 10 KW peak
applicd to cither terminal. Available in
attenuation values from 1 db to 20 db
and covering the frequency range from
DC 101500 me. the dModel 693 has these
other

Weinschel Features:

® Black anodized aluininum bady with
cooling fins dissipates heat efficiently,
preserves stability,

® “Type N stainless steel conncctors
giving long serviee life and excellent
corrosion resistance,

® Critical dimension of inner contact
depth held to =+ 0.005 inches, closer
than that requirel by  government
specifications,

® Certificate of calibration showing in-
sertion loss test data with guaranteed
accuracy explicitly stated.

WEINSCHEL

ENGINEERING

10503 METROPOLITAN AVENUE

KENSINGTON, MARYLAND
Tel.: 949-0141 (Area Code 301)
TWX: KENS 446

In California: 631 Wilshire Blvd.
Santa Monica
TWX: SMON 7185

‘ il

Dr. Morton A,
Astrahan (843
NSO-M31 SN ST
of (nternational
Business Machines
Corp., San Jose, has
joined  the B
World Trade Corp.
i Paris. His new
assignmeut  is as
~enior technical ad-
viser to the manager of WTC Laboratories.
He has been with 1BM sinee 1949, and at
San Jose since 1956, From 1956 to 1938
he was manager of svstems research in the
San Jose Rescarch Laboratory.

He received the B.SELE, degree Trom
Northwestern University, the M.S.EE.
degree from the California Institute of
Fechnology, and the Ph.D. degree from
Northwesteru,

He was the first chairman of the [RE
Professional Group on Electronic Com-
puters in 1952-1953, chairman of the
National Joint Computer Committee fron
1950 10 1938, and chairman of the NJCC
delegation to Russia in 1959 (o observe
computer development. He s now chair-
man of the hinance committee of the Ameri-
can Federation of Information Processing
Societies,

John W. Ballard
(M’60) of Granger
Associates, Palo \l-
to, Calif., has been
advanced  to  the
position of director
of marketing. He
wis previously
manager of appli-
cations engineering.
e joined Granger
Associates after four vears service in the
UL S, Navy, as a pilot and as an clectronics
officer specializing i electronic counter-
measures. In the latter specialty he was
responsible for ECN system development,
moditication, testing and operations. Dur
ing 1959 he developed a complete special-
purpose airhborne ECM system.

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

The appointment of Max Krawitz
(A8-SN'30) as manager of color tube
manufacturing for the Electronic Tube Di-
vision of Svhvania Eleetric Products Ine,
has been announced. Fle joined Sylvauia in
1947 as a senior engiucer assigued to
cathode ray and microwave tube develop-
ment at the company’s rescarch labora-

7z, IRE People A

tories in Bayside, N Y. 1a 1930, he was
appointed seetion head in charge of the
color tube program. He was transferred to
Sencca 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, 1 this
position, his responsibilities included the
engineering, merchandising and manufac
turing of clectroluminescent devices. Prios
to joining Sylvania, he was associated with
the  Amperex Fleetronic Corporation,
Brooklyn, N Y., and the Ajayv N-Ray
Tube Corporation, Staten Islansl, N Y.
Mr. Krawitz graduated from the City
College of New York with a Bachelor of
Science Degree in physies. He also at-
tended  Brooklyn Polyvtechuic  Institute
tle has published articles on clectron op-
tics, cathode ray tubes and  electro-
luminescent  devices, He holds several
patents on cathode ray tube and electro-
luminescent device developments.

E. Eugene Ecklund
CVS1-SM153),  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 - Thomas
Electronies, I,
Passaic, N. J. He brings to Thomas more
than 20 years' experience in business ad-
ministration with electronic lirn.s, with
special emphasis on the initiation and di-
rection of new product development. His
background also includes  engiacering,
siles and manufacturing management

Most recently  associated  with FL7L
Federal Labs, in Chifton, N J., as a busi
ness planning exccutive, he served as Pro-
gram Manager of several communications
projects, including one of the world's
longest tropospheric scatter links, Farlier,
in his capacity as sales manager for Alen
B. DulMont Labs., Clifton, N. J., he ini-
tiated and directed that firm’s Nutomotive
F'est [quipment progriom, in which he
ploneered the successiul acceptance of the
oscilloscope as a prime tool in testing inter
mial-combustion  engines. While he  was
managing the Special Instrument Design
section for DuMont, the company was
awarded a letter of commendation by the
Navy for his group’s work on an airhorne
countermeasure analvzer utilizing a spe-
cially developed multi-gun cathode ray
tube display-.

Mr. Ecklund holds a B E. degree

(Contivied on page 284}



RUGGED END-CAP

NOW

AVAILABLE
WITH WELDABLE
LEADS

| EXCEPTIONAL RESISTANCE

ot SARLER SRR TR '

| TO MOISTURE

| AND MECHANICAL

o
>
=
>
@
™

AVAILABLE IN
REEL PACKING

FOR AUTOMATED
PWB INSERTION

SURPASS MIL-R-10509 |

PERFORMANCE |
REQUIREMENTS |

METAL FILM RESISTORS

Providing close accuracy, reliability and stability with low
OFFER 5 DISTIN‘ I controlled temperature coefficients, these molded case
metal-film resistors outperform precision wirewound and
carbon film resistors. Prime characteristics include minimum

inhcrent noise level, negligible voltage coefticient of resist-
TEMPERATU RE 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
COEFFICIENTS TO 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.
MEET All CIRCUIT Filmistor Metal Film Resistors, in 18, ¥4, ¥2 and 1 watt

ratings, surpass stringent performance requirements of MI1L-
R-10509D, Characteristics C and E. Write for Engineering

REQ U I REME NTS Bulletin No. 7025 to: Technical Literature Section, Sprague
Electric Co., 235 Marshall Strect, North Adams, Mass.
For application engineering assistance write:
Resistor Division, Sprague Electric Co., Nashua, New Hampshire.

SPRAGUE COMPONENTS spnnGUE®
RESISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE

X

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
TRANSISTORS PULSE-FORMING NETWORKS FUNCTICNAL DIGITAL CIRCUITS

‘Sprague’ and '@’ 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

[}
oe
-

UNIFORMITY

e - .
AIRPAX 175

cB43 CAMBRIDGE DIVISION

28A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

"“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 leve! 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,

AIRPAX
ELECTRONICS

~
< .‘.\/A <

R p oOR

CAMBRIDGE, MARYLAND

z’gﬁ IRE !’eople

from the University of Minnesota and an
M from Polvtechnic  Institute  of
Brooklyn. He is a senjor member of the
\merican Rocket Society, and the author
of a number of technical papers as well as
three books dealing with electroni - serv-
eing,

The  appoint-
ment of Dr. Con-
stantine D. ],
Generales (S)M'59)
as a consultant for
RCN, David Sar-
noft Research Lab-
oratories,  P’rince-
ton, N, ] was
recently announced,
He was formerly an
assistant professor of spaee medicine and
coordinator of the Space Medicine Pro-
grim at - New  York Medical College,
Metropolitan New York Medical Center

He graduated from THarvard College
and received his medical elucation ar the
Universities of Athens, Hedelberg, aris.
Zurich, and Berlin. e holds the degrees of
Dactor of Medicine and Doctor of Philoso
phy. the Litter reccived at the Eniversing
of Berlin. e has served as atlight surgeon
i the \ir Foree, and has heen athiliated
with numerous  hospitals, "o 1960, he
traveled with the Space Scivnee groups on
its visits 1o Leningrad and Xoscow after
the International Neronautical Congres-
held in Stockholm,

Recent!y, Dro Generales was the e
cipient of an honorary certitwate from the
Greek government for original research i
space seience and space medicine, He s a
fellow of the New York Acadeny of Sci
ences, and a member of many medical and
scientific societies, including ke American
\stronautical Society, Amerian Rocket
Society, British Interplanetary Society
and American Medical NssocCation

Dr. Lawrence ]J.
Giacoletto (837
A'2-M44-S) 48
I'58) was recently
elected to the Board
of Directors ol
Thomas and Skin-
ner, loc., [ndiana-
polis, Ind.

Au internation-
ally known expert
in the area of semiconductors, he is Pro-
fessor in the Departments of Electrical
IZngineering and Engineering Research at
Michigan State University, East Lansing,
Mich.; he is also President of CoRes 1
stitute, e has formerly been associated
with Ford Motor Scientific b, R.CA.
Princeton Labs., and the U S, Arnn
Signal Corps Engineering Labe. In addi
tion to a B.S.in electrical engincering from

(Continned on page i
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Brand new Subminax®
coaxial connector series,
plus standard crimping 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:
0O 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.
1 Dependable Delivery—new FXR
micro-miniatures are immediatelv

available from factory stocks or your
Amphenol distributor.

C Lower Price—Series 5116 coaxial
connectors are priced substantially be
lew current prices for competitive
“equivalents.”

O 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.

‘Reyistered trademark of DuPont

I / :l t 33 EAST FRANKLIN STREET, DANBURY, CONNECTICUT

FxR 1S THE RF PRODUCTS AND MICROWAVE DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION




Pre-flight testing
of TIROS at RCA's
Astro Electronics
Division, Princeton
N, J. TV camera
tocuses on a test
pattern. Transpar-
ent domes cover
satellite TV tape
recorders for stor-
ing cloud images.

RELIABLE

¢LEAN BLOWERS

Help NASA "Get Wind’
of Hurricanes

RCA engineering selected reliable McLEAN Blowers to cool the
complex electronic ground sysfiem 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 fuli 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 Relichility ond Performance
for over Twenty Yeors

WRITE TODAY

New 16-Page
Condensed Catalog /4

M‘lEA“ ENGINEERING
LABORATORIES
World Leader in Pockoged Cooling
P.O. Box 228, Princetan, New Jersey
Phone Areo Code 609 WAlnut 4-4440
TWX FRN NJ 636U

See us at the WESCON Show Booth No. 3423

MCLEAN
MODEL 2EB512A

Rose Polytechnic Tnstitizie, e holds grad
uate degrees i physies and electrical en
gineering from State University ol Towa
and the University of Michigan, respec-
tively, He is a member of seyeral tearned
societies and a Fellow of the Nmerican
\ssociation  for  the  Ndvancement  of
Selenee,

Edward S.
Hensperger (~'32
VE3-M'S6 SM ol
has joined Nirtron,
@ division of Litto
Industries, a~ ened
neering nunager of
the company’s sub-
systems scetion. Fle
jJoined Nirtron after a8
ten yedars of miero-
wave cengineering  and  sales  experience,
most recently holding the position of sales
nanager for the Narda Microwase Corp.
His  engineering backeround ineludes:
principal engineer in the Microwave and
Missile Guidanee  Lab, ol the W, 1L
Masson Corp.; chiel engineer for Wave
line, Tne,, and engineering section head in
charge of wavegnide and ant
with Nirtron, Ine., prior to its acquisition
by Litton Industries.

Mreo Hensperger was graduated (rom
Rutgers University in 1952 with o B.S,
degree i electrical en
written several technical papers on the
design ol sueh microwave components s

Chod rojects

meering, Tle lias

band-pass tilters i wan eguide d mult
hole coupling arrays. e has Leci secretary
of the Northern New Jersey Chapter of the
IRE, and is o charter member of Eled
tronic Sales Managers Associates

o,
B

Professor C. H. Hoffman : \'S1 -N'57
SMUS9) has aceepted an appointmient as
\ssociate Professor of  Electrical  Fnet
neering at the Hhinois Enstitute of Tech-
nology, Chicago, where he will continue
cducational and rescarch activities in com-
puting and control sy stems. In addition (o
hi~ duties at LET., he will serve as a con
sultant to the Armour Research Founda
tion of the Institute on problents arising m
control =ystems enmployed o missile and
space systems and on problems in indus-
trial control sy=tems,

He was formerly with the Electrical
Engineering Departiment of the University
of Notre Dame where he introduced, de-
veloped, and taught courses in computers
and controls, promoted the acquisition of
computing equipment, and recently re-
ceived a 810,000 National Seience Founda-
tion grant for control liboratory equip-
ment. While at Notre Dane, he carried on
rescarch work in connection with sub-
marine, missile, and industrial control sys-
tems.

Dr. Hotfman has been active i area
and national professional <seteties, heing

L / '
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NEW“PV" Series Power Supplies

Y

2279  gsdee

I'

BRIEF SPECIFICATIONS ® 0.019% or 2 millivolts regulation

| DC OUTPUT DIMENSIONS IN INCHES ® All solid-state with SCR input

HAS]Q , X R . D!‘:l’TH

Mot | VOLTS | AMPERES HIRIGHT | Wi | PANEL ® Programmable over the entire voltage and
PV32-5 | 0-32 | 05 36 | 19 | 174% Ll SLE

PV32-10| 032 | 010 | 5% | 19 | 16% _ _

PV32-15| 032 | 0-15 7 19 | 15%s | A USSR

PV32-30 | 032 | 030 | 8% | 19 | 16% | , _ o
PV365 | 036 | 05 | 3% 19 1% ® Continuously variable current limiting
| PV36-10| 036 | 010 | 5% | 19 | 16% o Shaved serics o ,
PV36-15 | 0-36 | 0-15 7 19 | 15%s ZEU G
PV36-30 | 036 | 030 | 8% | 19 | 16% S A e ! height
PV60-25| 0-60 | o0-25 | 81 | 19 | 17% P to 44% reduction in panel heig
PV60-5 | 0-60 | 05 5% | 19 | 16%
| PV60-7.5] 0-60 | 075 | 7 19 1576 SEE THEM AT WESCON
PV60-15 | 0-60 | 0-15 8% | 19 | 164 BOOTHS 3419-3420

request specification sheet 2020

ELECTRONIC
MEASUREMENTS

COMPANY O F R E D B A NK
EATONTOWN « NEW JERSEY

e/m

PROCEEDINGS OF THE IRE August, 1962 J1A




Kearfott MN-60 Brand X Ferrite
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

iTr:hJJ=1n[11ﬂ]

Typical Kearfott head configurations (actual size).

TYPICAL CHARACTERISTICS OF MN-60

Initial Permeability (at 21°C, 800 cps)
Maximum Permeability Range (at 3000 gauss)
Flux Density (Bmax) (at 2 oersteds)
Loss Factors (at 10 kc)
(at 50 kc) 4.5x 10-¢
(at 200 kc) 45 x 10-¢
Curie Temperature 190°C
DC Resistivity 300 ohm-cm

5000 minimum
9000-10,000 gauss
4800 gauss
3x10-¢

For complete data write Kearfott Division, General Precision, Inc.,

CENERAIL
PRECISION

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

@ IRE People

past Chairman of the 1R South Bend
Mishawaka Section, faculty advisor to the
student branch of the society at Notre
Dame, a member of the national Fducation
Committec and chairman of the Region \
Education Committee in 1960 and 1961,
lo addition to other society memberships,
he has heen active in the management of
the National Electronies Conference, the
leading national symposium on the Litest
advancements in the electranic art and
science, held cach vear in Chicago. 1l
served as editor of the Proceedings in 1058
and 1959 and presently is & member of
several committees of the Board of i
rectors, He will retain his seat on the Board
of Dircctors of the conference through the
bouard action voting him as representative
of LT, at the June 9, 1962 meeting ol
the Board held at MeCormick Place, the
site of the 1962 Conference in October

David G. DeHaas
(MST) was pro-
moted to the posi
tion of Field Engi-
neer by Neely kn
terprises.  In this
position he will rep-
resent the products
of Neelh's princt-
pals. Te joined the
company i e
cember, 1961,

In 1939, he formed the David G De
Haas Company, an eleetronie manunfac
turers’ representatives lirm covering Sai
Dicgo and Tmperial Counties. The com
pany was maintained unt'l ke beeane
associated with Neely.

Mr. Dellaas received the BES) degree
in apphied physies from the University of
California, Los Angeles, in 19480 He has
served on the Exceutive Commirtee of the
\crospace Flectrical Society of San Diego
and has been Chadrman (119611 and Ve
Chairman (19601 of the San Dicgo Sectio
of the TRE, and Business Muanazer of the
San Diego RIS Bulletin since 1057

Abraham L.
Drane 2 \']
MSH, former viee
president of Gultor
Industries, Ine., has
established an in
dependent consult
ing service in the
ficlds of clectrome
chanical instru
mentation,  under
water sound and clectroacoustic technol
ogyv. Based in Scoteh Plains, No [, the
organization will provide technical, mar
keting and management services for indus-
trial, financial and government groups
tie had been associated with Gulto
Industries, Tne., since 148 and has re

August, 1962



Stepping
Switches

give designers—

more levels
= per switch
2 more levels in
: less space
more simplified
circuitry
NO synchronization
problem

Type for type, CLARE Stepping Switches
provide more levels per switch...more levels
TYPE 26 perinch ef height. The 12-level, 52-point,
switch shown (CLARE Type 26), for instance,
is 4% in. high. It has four mare 52-point levels
than comparable 52-point switches, vel it is
but %, in. higher than a comparable &-level,
52-point switch. The smaller (Type 211), five-
lovel, 33-point switch provides twice the levels
of any comparable 33-p.int switch.

This greater working capaczity per switch. ..
and per inch...of CLARE Slepping Switches

o — permits more simplified circuitry and avoids

: r, synchronization problems which arise when
b & faBs N multiple stepoing switches are necessary to
, » SR do what is offen a one-switch job with these
3 A high-capacity CLARE units.

N CLARE Stepping Switches inciude afullline
Z\ R of spring-driven cam-operated or direct-drive
= A MR switches with capacities from 10 to 52 points.
CLARE engineering will cooperate with

TYRE 211 designers to develop spacial switches to meet

o unique requirements.
P C. P. Clare & Cao., 310t W. Pratt Bivd., Chicage 45, Illinois.
&~ ' s s
] % A Cable Address: CLARELAY. In Canada: C. P Clae Canada
high capacity and fresdom . Lid., 840 Caledonia Road, Torbnto 19, Ontario. In Europe:
from maintenaice Europatec, les Clayes-sous-80's (S. et 0.), Fraace

T
| - C.P.CLARE & CO.

Relays and retated control components

"I—
M ol



From a Need...a Product & '==reores

optics for an optical reader under development.

Wollensak was selected as the source, because of
IBM their optical “'know-how” gained through years of

NEEDED 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
WOLLENSAK people were glad to use. These optical, electro-
mechanical skills were subsequently employed in
PRODUCED 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.

OPTICAL
HEAD
OF

IBM
OPTICAL
READER

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

Wollensak Division

21g282 REVERE CAMERA COMPANY

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

AVAILABLE NOW!
BRITISH MINIATURE AND SUBMINIATURE VALVES
DATA ANNUAL, 1962-63

Editors: G. W. A, Dummer and J. MacKenzie Robertson, Royal Radar Establishment
Great Malvern

Of utmost practical value to clectronics engineers, designers and users of celectronic com-
ponents, the British Miniature and Subminiature Valves Date Annual 1962-63 covers a wide
selection of miniature and subminiature valves up to and including tvpes with BY9A bases.
Cold cathode tubes, voltage stabilizers, tuning indicators and many other special types are
included, with comprehensive ‘equivalenss’ information for all types of valves,

LI5S0 pp., illustrated Avdilable on approval for 30 days. $25.00

A5

fc,;‘ PERGAMON PRESS, INC.
“%w: ] Dept. 625, 122 E. 55th Street, New York 22, N. Y.

{Continnted from tege 324)

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

Mr. Dranetz received the B.S. degree
in electrical engineering in 1944 from "Tufts
College and the M.S. degree in clectrical
engincering in 1948 from the Massa-
chusetts Institute of Tecnnology. He is a
member of the Acoustical Society  of
America, Instrument Society of America
Tau Beta Pi, and American Associatic
for the Advancement of Seience.

The  appoint-
ment of Marwin R.
Johnson  (SM'40)
as general manager
of the newly formed
Military Communi-
cations Depart-
ment within Gen-
cral Electric Com-
pany’s Defense
Electronics  Divi-
sion, was announced recently. He pres
ol 1.

Military Electronies Department’s Arma-

n

BE SURE TO SEE

COMINCO

—1Indium Antimonide
—Fabrications
—High Purity Metals
—Dot Materials

—Thermoelectric
Cooling Materials

BOOTH 3523
WESCON

Memorial Sports Arena
Los Angeles, Calif.
Aug. 21-24, 1962

COMINCO PRODUCTS, INC.
Electronic Materials Dept.
SPOKANE, WASHINGTON
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- PRECISIONwita SIMPLICITY

FROM DEI.CO 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 cither airborne or ground applications and will withstand overload and output
short circuit conditions indefinitely, delivering at least 1109z of rated output before going into
overload protection. Units automatically recover to full output upon removal of overload and
short circuit. Units are designed 1o meet the environmental requirements of MIL-E-5272C. For
further information on military clectronics write Delco Radio’s Military Sales Department.
L
L 4
175 VA Static Inverter 250 VA Static Inverter
ELECTRICAL
SPECIFICATIONS
75 250 VA STATIC INVERTER
Input Input
Voltage: 27.5 VDC = 1065 per M1L-STD-704 Voltage: 27.5 VDC = 109 per MIL-STD-704
Output Output
Power 175 VA single phase 0.5 lag to 1.0 power Power: 250 V.\ single phasc 0.6 lag to 1.0 power
factor factor
Voltage: 115 V adjustable from 110 to 120 volts Voltage: 115 V adjustable from 110 to 120 volts
Regulation: I-volt change for any variation of load be- Regulation: 0.7 volt for any variztion of load hetween zero
tween zero and 11007 of full toad. and input and 110¢3 of full load, and input voltage be-
voltage between 25 VDG and 30 VID( tween 25 VDG and 50 VDC
Frequency: 100 = 1 cps. Frequency: 400 £ .5 eps.
Frequeney changes less than 1O cps. for all Frequeney changes less than 10 ¢ps. for all
environment. load and input voltage vari- environment. load and input voltage vari-
ation ation
Distortion: [.ess than 567 wotal harmonic Distortion: Less than 59 total harmonic
Efliciency: 809 at full load Efficiency: 80¢; at full load
[

[DELCO
' [RADIO

Division of General Motors o  RKokomo. Indiana
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PATENTS
PENDING

Now from T_A M BID.A new LE SERIES Transistorized Regulated

TEMPERATURE

\]\ 4
1= =
B E
£7;
B

N I £ 24, :
S S
)

DESIGNED

TO PERFORM

TO MILITARY < 721k

, R == ’/// "é‘{'/‘\

N T ‘\L,\', //S I- X
ENVIRONMENT ::::Jr"%i-b g

SHOCK e — — ////, bt 7 ALTITUDE
FUNGUS == ”///' ) 7
SPECIFICATIONS AR e
VIBRATION SALT SPRAY .

nvironment-engineered...

st mass=-production prices

LE 101-FM —=
LE 105-FM ‘..5:::? :
LE 109-FM Ms y J e=ah LE103-FM &

MILITARY
APPLICATIONS

LABORATORY INDUSTRIAL

LAMBDA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD ¢« HUNTINGTON, L.1.,, NEW YORK + 518 MYRTLE 4-4200

Western Regionat Office: 230 North Lake Avenue, Pasadena, Californiae Phone: Code 213, MUrray 1-2544
New England Regional Office: 275 Boston Post Road, Mariboro, Massachusetts e Phone: Code 617, HUntiey 5-7122
Middle Atilantic District Office: 515 Broad Hollow Road, Huntington, L. ., New York ¢ Phone: Code 516, MYrtie 4-4200

Southeastern Region: W. A, Brown & Assoclates, Inc., Engineering Representatives
Oriando, Fla. e Fort Lauderdale, Ftars HHuntsville; Ala. « Alexandria, Va. * Winston-Saiem, N. C,



Power Supplies

CONVECTION COOLED

No blowers or filters; maintenance free.

CONSTANT VOLTAGE
CONSTANT CURRENT

by automatic switchover.

6 MODELS
AVAILABLE

PATENTS PENDING

WIDE INPUT
RANGE

Wide input voltoge
ond frequency ronge
—105-135 VAC,
45.66 CPS ond
320-480 CPS in two
bonds selected

by switch.

COMPLETELY
PROTECTED

against—short circuit and
electricol overlood; input line
voltage tronsients; excessive
ambient temperatures. No
voltage spikes due to''turn-on,
turn-oft’’ or power failure.

REMOTELY PROGRAMMABLE AND
CONTINUOUSLY VARIABLE

Voltage continuously variable over entire range.
Programmable over voltoge and current ronge.

OTHER FEATURES

@ Adjustable automatic current limiting.
® 0°C to +50°C ambient.
@ Grey ripple finish.

® Ruggedized voltmeters and ammeters per MiL-M-
103048 on metered models.

S-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) (!}

Madel Valtage Range Current Range Price!2)
LEVOY 0-36 VDC 0- 5 Amp $420
LE102 0-36 VDC 0-10 Amp 525
LE103 0-36 VDC 0-15 Amp 595
LE104 0-36 VvDC 0-25 Amp 775
LE105 0-18 vDC 0. 8 Amp 425
LE109 0- 9vDC 0-10 Amp 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.

.50 ohms/volt constant over entire

voltage range.

Remote Programming ..

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 1009 rated load for entire voltage
range. Full specifications upon request.

ACINPUT .......... 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 4+50°C (122°F) ambient.

OVERLOAD PROTECTION:
Thermal ............ 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 1109% 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.............covun.. Standard 19” rack mounting.
Size....... LE101, LE105,LE109 3" H x 19" W x 16" D
LE102, 5Y4” Hx 19” Wx 16" D
LE103, 77 Hx19” W x 16%2”"D
LE104, 1012” H x 19” W x 16%2”"D

WRITE FOR COMPLETE CATALOG
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A/ NEW MODELS \/NEW DESIGNS 4 /NEW LITERATURE

o “A" Baltery Eiminators o DC-AC Inverters o Auta Radio Vibrators

Quality Products Since
PAUL 1, MINNESOTA

% IRE People

ment and Control Product Section, John-
son City, NUY,

He joined General Eleetrie’s former
Radio Transmitter Department, Schenec-
tady, NoYoin 19320 During his stay there
until 1944, he made important contribu-
tions in the transmitter field and received
several patents. He joined what then was
known as the Electronies Divigion in 1944,
specializing in electronics engincering, par-
ticularly in airborne equipment. He be-
came manager of engineering in the Light
Military  lectronies Department, Utica,
N.YL0 i 1932, During his five years in that
position, he fostered a number of new en-
gincering concepts and techniques. He was
named manager of the Armament and
Control Section of  the Light  Military
Electronies Department,  Johnson City,
N.Y.L in 1957,

Mr. Johnson received the BSEE. de-
gree from the University of Uah. He s a
licensed professional engineer of New York
State, o member of the American Society
ol Naval Engineers, Scientilic 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, Coftin: Award, General Elec
tric’s highest honor, for work on the first
dircetly calibrated airborne  transmitter.

Robert Kent (M'59)
has recently  been
appointed  to  the

Technical Stalf of
Damon  Engineer-
g, Inc. He was

previously  Mana- :—
ger of the Electron -

'r A3

Ilectro-Products where he developed mini-
ataure N communication  devices and
multiple-channel spectrographic systems.

I'rom June 1952 to December 1960, he
was a member of the Research Staff of the
MUY Research  Laboratory  of  Elec-
tronics, s work there included eireuit
development in missile guidance and elec-
tronically scanned radar systems. He par-
vcipated in ARPA sponsored study pro-
grams  concerned  with communication
satellites and  ballistic missile  defense,
From 1959 10 1960 he led a group inves-
tigating satellite techniques for measnring
the gravitational red shift postulated by
the General Theory of Relativity.

Mr, Kent received the BS) degree in
clectrical engineering from the Universin
of Pennsvlvania in 1950 and the M.S.
degree from NLLE. 10 19320 He s a mem-
ber of Eta Kappia N, Tau Beta Piyand an
Associate of Sigma Nio He s a co-author
of papers on satelhite techniques for meas-
urement of the gravitational red shift and
closed-loop  phase control for electronic
seanning,

ic Syvstems  FEngi-
neering Depart-
ment of ltek
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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 voung company with
proved accomplishments and an ex-
citing future. The reason —empha-
sis on proprictary cquipment backed
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 purcliase plan:
Sound technical management: Liv-
ing at its best in the San Francisco
Bay Arca; Proximity to Stanifford Uni-
versity and other excellent educa-
tional facilitics.

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 engincering staff.

Granger

Associates

974 Commercial Street, Palo Alio, Calif,
DAvenport 1-4175 (Arca Code 415)

Avgust, 1962



MODEL 726 ANTENNA \ 50041 IPEN WIRE

pa

MODEL 529 BALUN
TRANSFORMERS

50 0 COAXIAL CABLE

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
Me 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 9%7% ; 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 2106-210:

.
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ILLUMINATED NEW DUAL-TRACE AND

N OW ! frF b INTERNAL NEW DELAYED SWEEP
GRATICULE PLUG-INS

CERAMIC CRT

with the Tektronix Type 5614 Oscilloscope

2.
regulated power supplies » Regulated dc heater supply + Z-axis

input « 3.5-KV accelerating potential + Amplitude calibrator with
18 steps from 0.2 mv to 100 v« Operation from 105 v to 125 v or
210 v to 250 v, 50 to 400 cps.

Other features of this compact new oscilloscope include: Improved i

( |
|
lo this ever-growing family plug-ins, the 3A1 and 3B3, provide | |

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 a on. -
6-cm linear scan.

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

i

!
it
.

Type 3B3 Time-Base Unit TYPE 56" A OSCILLOSCOPE (without plug-ins) . $470

Normal and Delayed Sweeps —0.5 usec/cm to 1 sec/cm in 20 cahibrated steps. TYPE 3A1 DUAL-TRACE AMPLIFIER UNIT $410
1-2-5 sequence. Variable adjustment between steps. 5X Magnifier extends C
calibrated range to 0.1 usec/cm. TYPE 3B1 TIME-BASE UNIT $475

Precision Delay Interval—0.5 microseconds to 10 seconds. TYPE 3B3 TIME-BASE UNIT $525

Triggering — Flexible Tektronix triggering, plus single-sweep opcration for
normal sweep. Triggered operation to above 10 Mc.
For more information on a Type 561A Oscillo-
Type 3B1 Same as 3B3 except has uncalibrated delay and does not have scope and plug-in combinations, please call your
single sweey ’, Tektronix Field Engineer.

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

AMPLIFIER UNITS PASSBAND TIME-BASE UNITS
(3-db down) SENSITIVITY PRICE TYPE SWEEP FEATURES TRIGGERING PRICE
2A60 dc—1 Mc 50 mvicm—50 vicm $105
4 decade steps
with vatieble control 2867 1 useclcm to 5 sec/em Internal, External, Line; $175
2A63—Difterential dc—300 ke 1 mv/em—20 vicm $130 1-2-5 sequence, Amplitude-Level
(50:1 rejection ratio) 1-2-5 sequence | variable between rates Selection; AC or DC-
with variable control 5X Magnifier Coupling; Automatic
Single Sweep or Free-Run; &+ Slope
3A72—Dual Trace dc—650 kc. 10 mv/em—20 vicm, $250 |
(Identical Channels) (each channel) 1-2-5 sequence, |
| with variable control
3A74—Four Trace dc—2 Mc I 20 mvicm—10 viem, $550
(each channel) 1-2-5 sequence,
l with variable control "
) 1 aTn l Equivalent to Internal or External, $650
3A75—Wide Band de—4 Mc 50‘ v;v;cm—i’o viem, $175 Sampling Sweep .2 nsecl/cm to 10 <+ Stope
' 'lh- g 'sehc'nuence. . (for use with 3576) ‘ useclem, 1-2.5
+ ithwariable.contro | sequence, variable
3576—Dual Trace equivalen! 2 mvlicm—200 mv/cm $1100 between v;les
Sampling dc-t0-875 Mc 1-2-5 sequence, 10X Magnifier,
{lor use with 3T77) (0.4-nsec. with variable control
risetime)
-
Tektronix , INC. 5.0 80x500- BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 - Cable: TEKTRONIX
TEXKTRONIX FIELD OFFICES 1ty o e s throvghout the Unitedd Sl Pleac yatlt your Tolept i
EXTRONIX CANADA LTD: al, O . it
ENGINEERING REPRESENTATIVES: ! il i, i carnbid m iy t ntr H Il g g

nd, for the name of your local engineerng representative.
TEKTRONIX

European and Afnican countres, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Swi
Other Overseas areas, please write or cable directly to Tektronix, Inc., international Marketing Department, P. O Box 500, Beaverton, Oregon, U.S A. Cable:

SEE THIS TEKTRONIX OSCILLOSCOPE AT WESCON -BOOTHS 751-752-753-754.



STYROFLEX® coaxial cable

4 top reasons fop Phelps

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.

CORPORATION

PROCEEDINGS OF THE IRE August, 1962

DOdg'e

lead D in hj
ership jn high frequency Cable!

No radiation Low attenuation Excellent frequency response
Uniform electrical properties over wide temperature variations
Unlimited operating life Continuous 1000-foot lengths

Camplete cable systems including attachments and connectors are
available. These cables are fabricated by Phelps Dodge Copper
Froducts Corporation at Yonkers, N. Y.

Bacrronict

¢« 300 PARK AVENUE, NEW YORK 22, N.Y. \ ’
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ON THE SHELF—
ARNOLD CORES

WESCON

BOOTHS
2121-2123

IN WAREHOUSE STOCK
FOR IMMEDIATE DELIVERY

IRON POWDER
CORES

MO-PERMALLOY
POWDER CORES

DELTAMAX, SQUARE
PERMALLOY and
SUPERMALLOY

SILECTRON
C, E and 0 CORES

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

include: 1) Silectron C, E and O
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.

SPECIALISTS in MAGNETIC MATERIALS

#ARNOLD

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL

29966 RIA

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
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@ IRE People

Continued from page 38.1)

Dr. Peter D.
Kennedy (5'48-
A'51-7M'56-5)M'59)
hiis been appointed
project engineer on
reseirch activity in
the Antenna e
partment of Gran-
ger Associat

He came fre
Lockheed  Missiles

and Space Co., where, as a sccti ead
worked on propagation the
cation and tracking
feastbil i Wl
visor in the Antem Oh
University  Rescarch
S
pPaLL
with Westinghon B.
more,
Dr. Kennedy received the BS0 d
rom Newark College of Engineeri

AMLS. degree from Purdue University
t m Ohio State 1
’.‘L’I‘bii}‘, He is & member « e Bet
Eta Kappa Nu and Sigma N

.

e

Engineers who know
-SPECIFY

A-27
SUPERFINE

LOW-LOSS RF LACQUER

* Q-max, an extremely low loss dielectric
impregnating and coating compasition. 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; mests most
temperature requirements, Q-max is indus-
try's standard RF lacquer. Enginesrs who
know specify Q-max! Write for new catalog.
“Registered Trademark

Q-max Corporation
MARLBORO * NEW JERSEY
Telephone: HOpkins 2-3636

Avugust, 1962
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Some engineers now design high-
frequency switching circuits by:

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

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

- Allowing for parameter variations resulting from changes in
temperature.

4. Throwing in a safety factor based upon 2ducated estimates.

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

o 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 ...

8 hrs....[=]s

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

. It contains limit curves that fully define “on” conditions from
2 t0 100 mAdc (hee., Veersan, Vagisan); “off” conditions (leakage,
latchup); and “transient” conditions (total charge, rise and
fall time constants).

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

. Curves define necessary min-max limits.

. Curves are given for various junction temperatures.
. Safety factors are included in *he curves.

. Breadboard is used merely to check circuit analysis.

. 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 2N962A Designer’s Data Sheet, or for
more information, write or call your local Motorola Semiconductor
Engineering Representative.

M MOTOROL ATy e

I SURSIDIARY OF MOTOROLA NC
5005 EAST McDOWELL ROAD - PHOENIX 8, ARIZONA 1986
For further information visit WESCON Booth 302-303.



EXGLUSIVE!

No one can produce 1Y, 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 12 inch meters than any
other manufacturer. m For catalog. write Honeywell

Precision Meter Division, Manchester, New Hampshire.

Medalist meters are avaslable in all practical ranges and in 2% inch (MM2) and 3% inch (MM3) madeis

\‘ 1“' Y'
';oo 300 "'l\

ACTUAL
SIZE

““where electronics meets the eye"
Honeywell
Pucision, Weters-

a4A
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MUCON

SUB-MINIATURE
CERAMIC
CAPACITORS

U

NARRONCAPS
Illlllllllllllllllllll

Fit 1 /10” Modular Spacmg'

s

29 STOCK VALUES

095" maximum wide x 1/4” maximum
095" maximum thick through
1000 pf through 10,000 pf

750 pf.

AND ALSO:

MOLDED BOX
CAPACITORS ';--J

IN 5 BOX SIZES l i

CAPACITANCE VALUES

from 10 mmf to .047 Mf.
Voltage ratings 200 WVDC

& 500 wvDC !

|

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 S5, N. J.
201 Mitchell 2-1476-7-8
See Us ot the WESCON Show—Booth 37133

August, 1962



Specify proven stability

Lo g
_ ( l cn.evrrel o ——

with CLLEVITE Ceramic Filters

Does your i-f filter maintain center frequency under vibration and shock? It does if it's a Clevite ceramic
ladder filter. Center frequency shift is negligible after MIL 202B shock and vibration tests*. ®m 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.

® Write or phone the nearest Clevite office for immediate infor-
mation, prices and delivery on Clevite ceramic ladder filters.

| Booth 821-824 WESCON  Aug. 21-24 |

Field Sales offices: New York, New York/Chicago, Illinois/Denver. Colorado/Inglewood, California

PROCEEDINGS OF THE IRE August, 1962

*actual test plots on request.

CLEVITE

ELECTRONIC
COMPONENTS

DIVISION OF cLeviTe CORPORATION
232 FORBES ROAD. BEDFORD, OHIO

45A
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Experience

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-l line.

3. RADAR PENCIL ANTENNA will operate at temperatures over 1000°F
while under extreme vibration and with a 509, 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. Kz 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.

—

Commander Paal
H. Lee, U'SNR
(A'42-7M'48 SM'S2)

has been appointed

t
Naval Commun
Otheer-in-
Charge  of the
ational Naval

Reserve  Network.
This  position  in-
volves supervision of on-the-air training
of naval communications personnel for
service in time of mobilization.

In June of this ycar he resigned from
the position of Manager of R
Development for Communications in the
Burcau of Ships, to join the consulting
engincering stadl of  Booz-Allen Applied
Research, Bethesc M le had previ

irch and

i
Division, at the “Voice of Nmeriea,” and
has been a member of that ageney’s Sei
cnce Advisory Board since 1959, concerned
with the planning and installition of high-
power transmitter plants and receiving
fucilities. IFrom 1934 to 1930 he was Assist-
ant Chief Engincer of INTELEC, Ca-
racas, Venezuela, where he supervised the
planning and construction of communi
tions facilities for the Venczuelan gover
ment. His civilian work also included posi
tions as Chief Engineer of

cuse; WHOM, New York; a WAVNY
Watertown, N Y.

In active naval service during \W.
War 11, he was Radio Design Ofhie i the
Bureau of Ships; Electronies Inspectic

er at Inspector of Naval Materiel,
vew York: and had spec tal duty involving
test and evaluation of communications
equipment aboard the \
From 1948 1o 1954 he held communicat

and clectronics engineering billets at UL S
N rating Base, ‘Trinidad, BWI;
Charleston  Naval  Shipyard 1
Othiee of Director of Naval Con i
110 For three vears | s [nstrue

aval Electro I\« 1« |
A at | ~( )
Sehe 0, Washington, 1 With over
RN Naval Re

arcer began as a R Ird (
he has been an active ra mateur
1931, having written over 20 technical

les for amateur radio journals. H

call Tetters are \W3JHR, kne
orld over
Commander Lee received the BS L

‘ = 1 ree (e lande Ir \Vracuse U
f (\ ‘ \ | nember of the Am
i : ] [ ociety of Naval Engtneers, the Nation
g- l ociet ol Professional 14 ers, the
| eter; 7 AsN0 1
Microwave 3-Port Circulators d th \rmed N Comm 1
Ferrite Isolators Subsystems and Switches Radar Test Sets nd Eleet . - e has been
M-R-l experience is available to solve YOUR antenna design requirement. Registered Professional Fogineer in the
nstrict of Columbia since 1954, and a
wh has served as consultant for s¢veral
MicrRO-RADIONICS. INC. e and ek stati
Formerly Kearfott Microwave Division presentations to the Federal Communiea
14844 OXNARD STREET, VAN NUYS, CALIFORNIA Conmissio
STate 6-1760 TWX: VNYS 5451 R
WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE Avgust, 1962



RELIABLE products from RAYTHEON |

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
Raytheorn’s line of quality industrial tubes,
please write to Raytheon, Industrial
Components Division, 55 Chapel Street,
Newtonr 58, Massachusetts.

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

RAYTHEON COMPANY

INDUSTRIAL COMPONENTS DIVISION
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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.

|

T e G )
‘e
.8
., B

No Question—

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.

Fof 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.

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 P =l
AND PHASE

SENSING oL S i ~—CONICAL MAGNET
co .13 - A%

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,

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-
sistor to resistor that performance can be accu-
rately predicted over long periods of time. Where
Allen-Bradley hot molded resistors are used, *‘cata-

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.

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, Wis.
In Canada: Allen-Bradley Canada Ltd., Galt, Ontario

ALLEN-BRADLEY

Quality Electronic Components




ADVERTISEMENT

Precision Batch Control—
The Secret of Stable
Ferroxcube Ferrites

I'he most eritical phase of lerrite pro-
duction is the “liring™ cvele . . . it is here
that the success of material preparation is
determined. Industrial ferrites, unlike en-
tertainment types, require greiter stability
and higher quality factors. Ferroxcube
controls these parameters by use of custom
design Bateh 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 Kiins enable
precise simultancous 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-
stiking care over every step of production
plus 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, u(QQ product.

Ferroxcube Corp. of America
Saugerties, N. Y.
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NEWS

il New Products

SR RO
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
Hamilton St., Philadelphia 30, Pa.

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

Shown here isa WR 975 diplexer which
is operable in the 0.750 to 1.120 ge fre-

quency band. Minimum separation be-
tween receive and transmit frequencies is
cight percent of the higher frequeney and
ciach pass band is 8 me wide. A minimum
of 120 db isolation is guaranteed and the
VSWR s 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 specitications
to meet customers’ requirements.

Additional information is available on
request to the irm.

Frequency Meter X Band

Budd-Stanley Co., Inc., 175 Iileen
Way, Svosset, N. Y., announces the avail-
ability of its Model X1301A Precision
Direct Reading Frequeney Meter cover-
ing the range from 8.2 to 12.4 ge.

e
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This meter uses a T'E ), 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 .089%,.

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

TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

are used. \ precision lead screw spring
loaded to prevent backlash provides a
resetability of 0.01%. The instrument is
tinished in fine wrinkle baked grey enamel
with standard X Band cover flanges.

The price of this unit is 8157.50 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. Tt is used with clec-
tronic counters in applications that require
a buffer storage to read out from, white the
counter system continues to eperite with-
out interruption during the readount period.

IZach storage register contains the mem-
ory cells aud their associated write and
read gating mounted on a 47X5” printed
circuit card. The card layout is such that it
may employ Elco pins and connectors.

[t employs a specially pracessed gas
diode in each of the ten memory cells and
in operation only one cell can he “On” to
the exclusion of the other nine. The use ol
gas diodes also provides a visual indication
of the number stored.

The input is typically from a ten posi-
tion device such as a glow transfer gas
counter tube, beam switching  vacunm
counter tube or Nixie display tube. In the
writing operation #o “memory clear”™ func-
tion is required.

The readout operation is high speed,
non-destructive and can be furn:shed in a
number of codes to meet the user’s re-
quirements, It reads out to 1BM or other
typical types ol 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 Nag-
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 Kensingion, Md.

August, 1962



2N996

SILICON PLANAR
EPITAXIAL PNP for
HIGH SPEED,

HIGH GURRENT LOGIGC

9Vee =12 vours ¢ 60 mA High Current Operation
= e 15 nSec Typical Propagation Delay
» 200° C Maximum Junction
Temperature

¢ 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.

FAN OUT MAXIMUM = 5; TYPICAL PROPAGATION DELAY = 15 nSec.
D through Dg : All FD6002.

FD-6002% 2N996*
VFE @ IfF=100mA 1V Max. BVcRO @ 1c=104A 15.0 V Min.
IR @VR=25V 100 muA Max. hfe @ f=100me¢, Ic=10mA 2.3 typical
tey @ If = Ig recover to 109, of If for all 4 nSec Max, Vce(sat) @Ilc=60mA, Ig=2mA 0.3 V Max.

}F from 10 mA to 200 mA

*OFF-THE-SHELF FROM DISTRIBUTORS

R TR 31
FAIRCHILD

T RN~
WESCON BOOTHS SEMICONDUCTOR

2 129_2 1 31 545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-8161 - TWX: MN VW CAL 853

A DIWISICN DF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION
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=R Membership

Large production gives you low prices!

The following transfers and admiss:ons
have been approved and are now effec-

tive:
Transfer to Senior Member Tabor : vade. €
Fillwick, F. H., M N
LT Sy wee. Ny \'v‘u;\'e,r. AL L. C N
T IR Walker, X. G San D i
M Bloont, G, M., Plamnvies N e e : .
erspoon, 4., Culver v Ca
T (7 dee e Weber, H. E.. Meren, Switverl
Cassedy, E. S T SR X
. Y els 3 brarn ani, (R
S Tl bl N Wheeler, 1. W.. tirsenshoro, N. ¢
Chomet, M.. Nont Lo N . . .
NN Villiams, K. ., Mar<hficld, M
) . ] \ M., Meating Ten
T k. 6 « ) L Zink. . D . \l
Creusere, Mo Ol Chinag Lake, Cal
B F. 1L Fair Haven, N, )
Dutton. F. 1., Sr., Greenw Comt Transfer to Member
Fortin. R. [.. Newport, R VMexander, L. D, Xorth I’ i
Henry, W E Mhuguerque, N M Fla.
i H LW lo. ¢ Surghausen. A, F.. Boulder. Co
Holuh, AL ). Santa Ang, (€ arrow~. J. H.. 1 Wi
Thermostatic DELAY RELAYS e, B. (0 e ek, o, oo I 1 Tacon, We
en. 10l d.M. Bush, AL Los Angeles.
2 to 180 Seconds wiord, W, K. Winston Salem. N. €. P |
Actuated by a heater, they operate on SBR[tk S RS (Gl USRS Lo (RO J
A MeFarld, R 7. Wi @ I Gin
A.C, D.C, or Pulsating Current. < ¢ Ey o O
Hermetically sealed. Not offected by Mita, ST I CoaLrp D
oltitude, moisture, or climate changes. B ). F.. S - " .M I
SPST only—normally open or closed. e '1 ' L o : ; "'I';" i
¢ G "
Compensated for u:nbienl lcf:lperuture AVIRY Tones, R.T.. EL 1"
changes from —55" to --80° (. Heat- Roake, W. C.. Great Neeh, L. | Laughlin, 1.1 woers (;
ers consume opproximately 2 W. ond N I RS Seattle,
may be operated continuously. The units — “‘\”\' NG (e Lol MaeMillan, U L
are rugged, explosion-proof, long- Rowe, W T A o . I‘ I' o
lived, and—inexpensive! Rye<hs Meetmg, | slor. S. L., Tretot. Ont.. «
TYPES: Standard Radio Octal, and 9- ; mueller, R F.. Gar Finsler. T ¢, Bilexi. M
Pin Miniature . . . List Price, $4.00. 1 ark, Lol NGy Codd. 11 €. Reattle, 3
Iy .. Deer | I N rulln . KL
Also — Amperite Differential Re- PROBLEM? Send for Unger, D, M., Win ro M Webley. 1. | ‘
lays: Used for automatic overload, un- Bulletin No. TR-81 Vade, O, San Diego, Calif Weiner. E.G. r
dC"VO“UGB or under-current protection. Veber, Do C Jacksonville, | Walt, I Minnesp s, |

Vilson, W, H. | \al N

7 MATE Ui Hls ST g Admission to Member
BAllAST REG“'.ATORS [l Admission to Senior Member  -Mdler. J. 1. China i
-1 . Ahmed. M. L L gl
) Vhers, S, B., Jr.. Syracuse, NJ Y. A . :

Amperite Regulators are designed to keep the i Breant, M. O Harlos. Feen. Fre Vherso A ESan Dicgo. ¢
current in o circit automatically regulated [ | : land Archer, JoE. Bel Air. M N
. . oW, S ' Neck
ot o definite volve (for example, 0.5 amp.) U=t Carlson. ML W Davenport, | l?"; Y ‘\‘ './‘:'[ ' ,§'. , K

. . 5 Sadr, P VA A TN WL
... For currents of 60 ma. to 5 omps. Operate Evins RO Sale Lake City, Ut Biker. 1. 1... Beth L
on A.C, D.C., or Pulsating Current. ‘I--;;x (~ A\t g |«\\. Monmouth. N " Barher. M. R.. My Hill, N
e e paementon G g e, R, KL Raleigh, N (
w o s g LD " Bartz, AT Fr, Oswee NoY
o) Hanwon, O, W, Boanuf Lt I Pt "' O
. e . ", .
= 1 \ an Franciseo, Cali ) .
. Beeker, G. M., Santa Bathar
o Hauri, E. R.. Bern, Switzerland conen G. AL, Sanad ¢
r . . Rell. A Long Island i
>~ Heeker, K. 1., Riverside, Calif
x . . A}
w0 . P WL 1L Fran 1. Ma | Ro1 1 e, \d
E| voLtaGE OF 2av Y witH amrERITE It . F.. ¢ . Cal Sets, R crndale, Mo
| BATTERY & CHARGER } VOLTAGE VARIES . ‘ ) Blais. €. A Rome, N

VARIES APPROX,  , ONLY hi I Kave, R, L. W . Ma | Ml

Bloon Pikesville,
! Kramer, B. AL North Caldwell, N, | . o N
50% ! 270 LeVine, B, AL, Orl ¥l :;',f”' o l\ ',',{,‘, e "
: . Langton, A, C., North Andover, Mass ot ' ) '
Hermetically sealed, they are not affected by changes in altitude, A o o e Mo Bttt P K. G, i
ambient temperature (—50° to --70° C.), or humidity . . . Rugged, Ma. 1. Algonquam, 11 ::x R II .i:'xw\; NN
s s N . . . . . rowder, . readia, (
light, compact, most inexpensive List Price, $3.00. Newhy, N, D, Leonia, N, | Bruner. 1 1. Tl Ol
y z Odle, 1. WL Lexington, Mass ) : . . ) Vi f
Write for 4-page Technical Bulletin No. AB-51 Olivier, R. I'.. Verailles, France Bryans, L. G, Fremont. ¢

dus W Svracuse, NUY.
Russell, J. E.. Tulsa. Okla. AElD e

Callahan, R. M., Ir.. Fredericksburg
Seidl, M. G.. Bellevue, Wasl i HA e Fredenidebur
%clu!m.(.,. I.. I\A.\t;n.m‘: Amg.“:lA Campbell, K, S, Fairt \a
Shuffler, B, B., Fort Worth, Carroll. C. L. Fort | i "y
Smith, F. B, Williamsbhurg, Va Carroll, 8. H.. Sunngvale, Calif

Sponsler, G Co, FHE, Bethesda, Mo

361 Broadway, New York 12, N.Y. ... CAnal 6-1446 Sucher, M., Levittown, L LN, Y. (oowskl G B S,
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 LU LTI TR L

Calit " [ on page .
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TARZIAN
DESIGN

IDEAS

@ Many circuit refinements and improvements
are made practical by the availability of (a) small size silicon
rectifiers rated up tc 800 volts at 500 to 750 milliamperes, and
(b) compact high voltage silicon rectifier stacks with peak

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

Reliability at low cost in power supplles...

)

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

N OB+ Output: . } I Output:
l ’ Volts
RS Volts  MA 3 MFD
il 230V DC  DC c Vac %0 VAC 1500y Dc MA
v 290 250 150 Mid 1,000 120 ma @ 25 degrees C
l oy 280 500 200 Mid 1,000 60 ma @ 100 degrees C
OB- 270 750 200 Mid - 0-—
RS Sarkes Tarzan F.8, ST18 or BOH RS-Sarkes Tarzian S-5524
2A. Fuli Wave Power Supply
for Color Television/Stereo/Electronic Use 2B. Full Wave 5,000 Volt Power Supply
- RS
v s OB+ Output: RS Output:
v = Volts  MA 17 3600 VAC DO+ 5000 VOC @ 150 ma
230V DC DC C VAC @ 25 degrees C
et B s s s
o 350V 280 iscoRcolmi @ 100 degrees C
= - O B— | -
tach RS=Sarkes Tanzian F-8, ST18 or 80H Each RS=Sarkes Tarzian S-5531
3A. Full Wave Voltage Doubler 3B. Three Phase 7,500 Volt Power Supply
tor Television/Stereo Electronic Use - RS
B+ § V‘AC ’l 1 ” 1 Input:
" ,IR I | Output: £ RS e 5700 Volts AC per
VAC mvac’ J oy Volts  MA phase
T DC DC EachC } é >—H—$—H— Output:
= RS :
£ 2% % 1% mg RS 7500 VDC @ 200 ma
210 750 100 Mid @ 25 degrees C
o 7500 VDC @ 65 ma

[}
RS
€ach RS=Sarkes Tarzian 40H, F-4 o7 ST14

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

@ 100 degrees C
£ach RS = Sarkes
-0 Tarnan S-5531 +0

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

JARZIAN MAX. MAX. RMS MAX. DC MA MAX SURGE

TYPE PRV VOLTS 55°C AMPS L e 6

270" 070"

20H 200 140 750 75 BoTlENDSIN >t

40H 400 280 750 75 NI, \SS— ]]:;=.-=-—- a5

60H 600 420 750 75 NEG. END  ly—

80H 800 560 750 75 . M.N__,+Q:.| BT

F'2 200 140 750 75 \03?' DIA. WIRE (BOTH ENDS)

F-4 400 280 750 75 I ‘g

F-6 600 420 750 75 ] | S

F-8 800 560 750 75 qu—!/. MIN. MAX->-¢—|Z' MIN. }

12 200 140 750 75 - A )

14 400 280 750 75 257 a5z

16 600 420 750 75 F B

18 800 560 750 75 | P P ,] o0 L
$.5518 1,000 700 200 20
$.5521 3,000 2,100 150 15 =[ ¢ J===' %" to " O
5.5529 4,000 2,800 50 5 - . I
$-5531 10,000 7.000 25 5 o /' = ..l

2/: 2%

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 o Broadcast
Equipment  Air Trimmers « FM Radios  Magnetic R

SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA

ding Tapee S ductor Devices

V! / Canada: 700 Weston Rd., Toronto 9 « Exporl: Ad Auriema, Inc., New York
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18 new 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
Z=2 Mixer-Preamplifier Models—many
now being specified or already operating
under the € XQ c‘tmg conditions typi-
cal of missile and satellite systems require-
ments. They are sman and ..draw very
little power...and they’re ready NOW.

[ MOOEL NO.° | FREQUENCY RANGE | SIG. PORTT L.0. PORT
| cBO | 395450Gc | UGAO7/U | TypeN |
CCO0 |  4.50-5.15Gc [ ucao7/u . TyoeN |
| coo 5155856c | UG407/U | TypeN |
| CEO | 5856506 lucm/u TypeN |
| cro 585-7.13Gc | UG441/U |  TypeN
~CGo l 65766c | UGHI/U | TypeN |
| xA0 | 71285c | UGI3B/U | UGI37A/U |
~ XBO | 85966c UGI35/U | UGI36A/U |
XCO l 9.6-10.5Gc }UGISS/U | uG136A/U |

*Nuvistor Models Designated (—8); Transistor Models (—6).

Specifications
—8 MOOELS —6 MOOELS
20 db
30, 60 or 70 mcs
12 or 20 me

9 db max. (XBO-8)
8 db max. (CBO-8)

11 db max. (XBO-6)
10 db max. (CBO-6)

15 db (Typ.)
=20 VDT @ 10 ma max.

Isolation
(L.O. Port-Sig. Port).... 15db (Typ.)
Power®.......... +40VDC @ 15 ma max.
6.3 VAC @ 0.3 amp max.

SiZ8.. e 17" x 1%" x 4" (XBO-8, XBO-6)
3%" x 3% x2%" (CBO-8, CBO-6)
Weight ... . 10.0z. (XBO-8, XBO €)
17 o0z. (CBO-8, CBO €)
Material._..................... Aluminum, Silver Plate, Rhodium Flash

“L.0. Power Required (all models) 2mw (Typ.)
Send for New LEL Catalog

| Y &%

75 Akron St.
Copiogue, L1, N.Y.
AMityville 4-2200
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Cornish, A, F., Camden, N. J.
Courts, ]l R.. Anstin, Tex.

Cox. K. S Canonshurg. 1'a.
(«n\luhn\, 1. . Balimore, Md
C., Metbourne, Fli
Crecha. &)L Glen Roek, N |,
Davis, DL B Mountain View, Calif
Davis, IR, e,
DeBoice, W, F.. Long Beach, Caliy.
DeVera, G E. Suecasunna, N |
herking. D, L., Orlando, Fla
DiStefano. R, G, V., Orlando, Fk
Dadd~. B. [... State College, Pa

Centerville, Olio
Framingham, Mi~s
Fuallerton, Calif
Akron, Ohic
Mantua, N, 1.

Cummins. .

Lexington, Ky.

Donovan, R. 1., Bowie, Md.
Dosick. L. Owings Mills, M
Dunn, W. T., Mobile, M
Farl. I, L. Santa Clara, Calif.

Edelsohn, H., Holli<, 1. 1., N. Y.
Ennis, NoF. Cedar Rapids. Jowa
Everett, 1" G, Chicago. 1l
Farotto, R. M. St Ann. Mo
Fellows, R. AL
Ficcher, W Ol Jree, Fairhedd, Conn,
Fitzeerald, R. W, Norwalk.
Francesconi. | ..
N
Frank. |. H.

Conn

Rhinebeek, N Y

DPA

Newbury Park, Calif.
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Frasier, M. J.. Glen Ellyu, L
Freclamd. K. L., Penfichd, N. Y
Freeman. 1. G.. Roekville, Md
Freeman. W, S0 Winston Sale
N
Friseli, AL, Brooklyn, N. Y.
Fry. 1. 1., 'rairnie Village, Kan
Furchner, ¢. I.. Anaheim. Cali
Gaubany, ' Do Media, 1%
Gartland, . 1", Washinzton, D, (
Gerding, E. Y., Torrance, Calit
Galbert. I Benrnemouth, Hlnts
Fogland
Caze, W, Momntain View, Calif
Glaze, 1. B0 Woadland Hills, Calit
Glover., 1. oo Viennae Va
Goldstein, R Highland Park. N
Grant. W, VL Falls Chureli,
Greer, o HL Watertown, Mass
Gupta, Ko RO CoL Bangalore. T
Fhaas, 1.0 New Yoo NU Y
Hall, 1. AL Lanehourg. Vi
Hammon, R. 1., Las Vegas, Ney
Hampron, T H. Wainston Salems N«
Hanes, 1.0 F.o Dayton, Ohio
Harstadd. N 1 Cocon: Beacl 1L
Henness, [0 ML Davenport, Tow
Henoch, BT, Mvsjo.,
Hinnah, H. D.,
Hyelie. 1y Gl Dayion, Olio
Holley, O, M., Fullerton, Cali
Houston, ROW.L Torrunce, Calit
H<ieh, I'.. P'onghkeepsie, NOY
Huehes, W. 0 Windan, Com

(Continned

Swelen
Davenport, Tow

i page 38.1)

SERIES 450 VARIES ITS CENTER FREQUENCY

AS SIGNAL CHANGES

With bandpass continuously adjust-
able from 2.5 to 100 cps via a pane!
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 kc - the Series 450 Filter
tracks it, automatically, with S/N
improvement up to 38 db. Lost signal

20 0l

HO;.

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 dc analog of the input signal frequency, wide-band detector
to extract intefligence 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

hiterstate ELECTRONICS CORPORATION

707 East Vermont Ave. * Anaheim, California = Phone 714.772.2222
(A subsidiary of Interstate Engineering Corporation)
NATIONWIDE REPRESENTATIVES

ANOTHER

@ﬂ,’m SOLID- Jade INSTRUMENT
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Rohr precision—a natural plus in large antenna hardware

Main Plant and Headquarters. Chula
Vista, Cahf./Plant: Riverside, Calif./

Our successful performance in the manufacture of massive antenna struc- Cvsse':nb'y Plants: Winder, Ga.; Auburn,
. . . o . asn.

tures results from a unique blending of engineering and manufacturing O“Sices i Washington, D C. and

experience in the field of large and precise metal components. From the Huntsville Ala,

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 scme 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.

PROCEEDINGS OF THE IRE August, 1962 55A

World Radio Histol




ELECTRONICS

progress in semiconductors

b 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
o

GATE TO
ANODE

Ga
Ge

GATE TO
CATHODE o

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,

56A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

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.

1l Improving 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 ke to 72 mc

GREATER STABILITY
0.002%

ELECTRONIC FINE TUNING
SR
HIGHER OUTPUT
2v100.1uV, + 0.5db
AND . . . AT LOWER COST

WESCON Booth 1 2043-44

MARCONI

INSTRUMENTS

DIVISION OF ENGLISH ELECTRIC CORPCRATION
11t CEDAR LANE ® ENGLEWOOO. NEW JERSEY
Mawn Plant: St Althans, Englund

Avgust, 1962



revolutionary new BT
resistance MICROWELDER

WELDS }2-MIL WIRE ON 3-MIL CENTERS

s Metal-to-glass bonds m Metal-to-ceramic bonds

» Metal-to-semiconductor substrates m Bonds to angstrom-thick
thin-films a Portable —11C-115 V, ac, 60-cycle operation WELDED

WINDOW-FRAME

Provides reliable bonds...from printed circuitry MICROELECTRONICS

to molecular electronic functional blocks.
For further information write Aerojet-General® Corporation
Astrionics Division, Dept. 505, Azusa, California

See the

MICROWELDER AEBOJET

at Wescon Booth

No. 3817, 3818 GENERAL

ASTRIONICS DIVISION/AZUSA,CALerRNlA
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PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS

over 260,

000 logged hours— voltage-regulated,

frequency-controlled, for missile, teloemeter, ground-

support, 1

*(\(-‘

3500 all-silicon units available now—

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/0z.), 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 mlsc.), acceleration
(100G 15 min.), vibration (100G S 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
airtborne 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, al!
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.

IhTERElECTRONICS CORPORATION
2432 Grand Concourse, New York 58, N. ¥,
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SECON PRECISION
POTENTIOMETER

from 37 to over
600 ohms per cmf

Secon can provide the exact precious
metal potentiometer winding alloy for
your requirements . . .

s Low temperature coefficient
of resistance.
=& High tensile strength.
s Low noise.
= Supplied bare or enameled.
m Long life.
For more information please write today

to Secon Metals Corporation, 7 Intervale
Street, White Plains, N. Y. (WHite Plains

SECON
METALS

CORPORATION

RELIABLE WIRE FOR THE HEART
OF YOUR COMPONENT
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You’ll save time, trouble... j B
by turning FIRST to BUSS =

2

for fuses of unquestioned high qualvi;ty-

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 clips,
blocks and holders.

BUSS fuses are made to protect—
not to blow needlessly

When you specify BUSS fuses -users of vour 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 necedlessly.

t

| BUSS: The complete line of fuses and
| . fuse mountings of unquestioned high quality.

{ &N
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A component part that operates as intended helps
to maintain the reputation of your equipment for qlmlit&
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 vour 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.

W%
, BUSSMANN MFG. DIVISION
McGraw-Edison Co.
' St. Louis 7, Mo,

[ L]
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INSTRUMENTATION OSCILLOSCOPE
One Inch

Miniaturized basic packaged panel mounting
Cathode Ray Osciltoscope for instrumentation use
replacing ‘' Pointer Type’’ meters. Panel bezel
matches 2°’ square meter. No. 90901 uses 1CP1
tube. No. 90911 uses 1EP] tube. Power supply No.
90202 ovailable where application requires.

JAMES MILLEN MFG.

MALDEN
MASSACHUSETTS

PLUG-IN STABILITY
PACKAGED
CRYSTAL
OSCILLATORS

STABILITY — 24 HR!

Ambient
0°C-60°C

CCO-7R 60-198 ke

CCO-7RD 100 ke 60198 ke | 2x10°7 L 4x107 15
CCO 7R-2 200 ke } 198300 ke | 1x107| *1.5x107 1.0

CCO-7N 10me [8.015.0me| 1x107] = 3x107 1.5

CCO-7NA 10me | 8.0-15.0 mef| 1x107| == 3x107 1.5

_ + 2
L(:(:0»7RA 100 ke 60-198 ke | 2x107| © 4x107 115

CCO-7RA 27 _200 ke ’l98 300 hc‘ 1x10 74—'1 $x10° : 1.0
-CCO 7R0v2- | 7200 ke ] 19B7»300 ke ] 1x iO: _'TS‘x-lCI’— —1‘0
>(:T:O7M 1 mc 1 953:’“;'1'!10"‘ 3!]0‘-'10
FCCO TMA - 1 me 1 95.3.0 mr.o 1x ;OTW 3‘! TO‘—b _l,—O_"
-CCO ;MD 1 1 me A95-3.0 mc I 1x 10 g 371 10 i 1.0

CCO—77L7 ) 5; 1 3080 mr.0 lTlO-"J— * 3x10% ) )
-CC7077LA7< Smc_ 30-80mc-lxﬁ)" ._3110: 775
rCCO L0 1 5 me 30-8’0 mr.“lxl()".‘ & 73110" ] .5

For frequency range 60 kc to 15 me

These compact modules contain glass-
sealed crystal units, transistorized cir-
cuitry and consiant temperature ovens.
For precision frequency or time base ref-
erence in counters, signal generators and
master oscillator systems.

QVEN
HEATER -

VOLTAGES

27 VAC
115 VAC 1

BLILEY

cco-m

1000 KC
SER. NO. 10

_ —
115 VAC

27 v0C

.
27 vAC
115 vAaC

27 ¥0C
27 VAC

e I
CCO-?ND—‘ 10me [80-15.0me| 1x107] == 3x107 1.5

27 voC

...if you buy quality

]
"\
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BLILEY ELECTRIC COMPANY o ERIE, PENNSYLVANIA i i b, M
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4 GOOD REASONS TO SPECIFY PACKARD
FEP TEFLON*-INSULATED CABLE

© BUILT-IN UNIFORMITY! FEP Teflon-insulated cable can be extruded in
continuaus lengths (measuring thousands of feet) without splices. This high
temperature insulation is uniformly dense the entire length of the cable.

@ 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 main:ains its eflectiveness at prolonged operating
temperatures up to 400°F. Yet it flexes without cracking or crazing at — 100°F.

© HIGH DIELECTRIC STRENGTH! Th= 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 sclvents used in aerospace applica-
tions. FEP insulation gives this same protection when it's used as a jacket over
shielded or multiple conductar cables.

O MEETS MILITARY SPECS! Packard I'EP-insulated cable is made to meet the
requirements of the latest revised military specificatron MIL-\W-16878. And it's

available in colors or with color-coded tracers. *DuPont Trademark
For complete information on Packard’s w:de Packard Electric

line of acrospace cable, contact the Packard ' ‘
home office in Warren, Ohio, or erther of the

branch offices— Detroit ar Los Angeles.

Warren. Oliio
“Live Wire” Division of General Motors
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labs, look to:

for production, tests,

Motor Generator Corporation

when you need

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 vari-speed to supply power
to aircraft and missiles
ELECTROLYTIC SYSTEMS
® Disinfection
® Deionization
® Water treatment
® Saline water conversion

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

AIRCRAFT ENERGIZERS

® Engine driven 28.5 volt d.c. and 112
volt d.c. and 400 cycle for support of
piston-engine, turboprop, and turbo-
jet aircraft while on the grourd

® 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 far
engines

ARC LAMP

® and other light simulator applications

® Hypochlorinating

@ Industrial electric truck
® Starting-lighting-ignition
® Car lighting & Diesel locomotive

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.

SINGLE PHASE ALTERNATOR

The picture at the left shows a
3-phase, a.c., 7% 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.

PURPOSE.: '

To test solar celis for life under the sun's
intensity in outer space. Also for brilliant
light generation for photography and mili-
tary applications.

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 without obligation!

sty
N
o

M,;"’* MOTOR GENERATOR CORPORATION, Box RE-82, TROY, OHIO, U.S.A. Phone 332-1223
2

B (Hobart Brothers Affiliate) CABLE - MOGEN
>N 3
‘e pownr ¥
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Sorry,
but your resistor specs
just went out of date

Now Corning supplies total AR
less than 3% with no derating

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 39
(Meets Mil-R-105090) 65 100 to 348K %
N . 60 10 to 133K
(Meets Mil-R-10509D) 65 10 to 499K 3%

70 10 to 1 meg.
4 20 51 to 150K 5% (plus purchase
(Meets Mil-R-22684) 32 51 to 470K tolerance of either

428 10 to 1.3 meg. 2% or 5%)

PROCEEDINGS OF THE IRE August, 1962

about. They give you a percent deviaticn 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-scaled 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

63A




Surpass Failure-Rate Requirement
of 0.001% per 1000 Hours

Failure-free performance of RCA 1043 Germanium-
alloy switching transistors in final-phase tests sur-
passed the established failtire rate goal of 0.0019% per
1000 hours at a 60°: conf dence level.

In achieving these outstanding results, on the
MINUTEMAN prograny, RCA accun.ulaterd test data
covering over 13,000,600 transistor hours. Each 404 M
is tested to tight limits in the following tests:

o 250 hours of power stress (150mw at 25 C)
e 750 hours of 100 € storage
e Helium bomb and letergent bomb leak test
o S hours of temyperature cycling

(from —65" to 100 C)

e 100 G tap tests while energized
e High-temperaturc leakage

Alse. the Environmental and Mechanical require-
ments of MIL-8-19500B are met.

The ultra-high rveliabiiity of the RCA 10-4M again
demonstrates RCA capability to design, develop, and
manufacture transistors to meet the strictest vequire-
ments of industrial and military applications,

The RCA 101M is now available in quantity. For
techuical data and delivery information on the RCA
40 13 or any other transistor in RCA's broad line
calt your local field office.

Here's your close-up teur showing how RCA builds
quality and reliability into all its transistor types.

THE MOST TRUSTED NAME IN ELECTRONICS

Rt A\'s 16¢ Color 8 L 3 Steps to Hladran e

Progress th dit »w you and your
o ttion how : e . quality ired

bility. Contact yeur RI°A field oflice fer u date to see this vut.

Visit the RCA Exhibit ot WESCON—Booths 1043-1050

standing film

RCA SEMICONDUCTOR & MATERIALS OIVISION FIELD OEFICES ... EAST: Newark, N J., 724 Broad St, HU 5-3500 « (Camden-Ph 'ade phia Area

HA 8-4802  Syracuse, N.Y., 731 Jumes St., Rm. 402, GR 4-5591 « Baltimo'e, Md., EN 9-1850 « NORTHEAST: Needham Helghts 94, Mass, 64 ‘A
Orlando, Fia , 1520 Edgeaater Or., Suite <1, GA 4-4768 « EAST CENTRAL: D=troit 2, Mich., 714 New Center Bidg., R 5-5600 « CENTRAL: Ch.cago, Il
Plaza, WH 4-2900 « Indianapohis 5, Ind.. 2132 East 52nd St., CL 1-1405 « Minneapolis 16, Minn , 5805 Excelsior Blvd , WE 9 0676 « D-nver 11, Calorado, Continental Tereace Blag

Suite 301, 2785 N. Speer Bivd.. 477-1688 « WEST: Los Angeles 22 Cabf, 6801 E. Wishington Blvd , RA 3-8361 « (San Fran Area Burlingame, Calif., 1838 Ei Camino R-at,
DX 7-1620 « Seattle 4, Wash., 225G Fi-st Ave. S, MA 2-3816 « SOUTHWEST Dallas 7, Texas, 7905 Carpenter Freeway, ME 1-9720 « GOV'T: Dayton, Dhin, 224 N. Wilkinson St.,
BA 6-2366 « Washington, D. C., 1725 “K'" St., N.w., FE 7-8500 « RCA INTERNATIONAL DIVISION, 30 Rockefeller Piaza, New York 20, N. Y Cable Address RADIDINTER, N. Y.

Erlton, N.J, 605 Marlton Pike,
" St., Hl 4-7200 « SOUTHEAST:
Suite 1154, Merchandise Mart
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Poles and Zeros

Merger Approved. [IRL
members approved plans to
merge with the AIEL by a
6)-to-1 margin at the special
membership meeting on July 10. A full repore on this im-
portant meeting appears on the following page.

Students, Attention! The IR Board of Directors has
decided that the TRE Stepext QuarterLy will be expanded
to provide a greater amount of material of direct interest and
vitlue 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 §5.00.

Student Members joining or renewing their membership
after September 15, 1962, will have the option of receiving
onlv the expanded student publication by paving annual dues
of 83.00, or of receiving both the student publication and the
PROCEEDINGS by payving annual dues of 8§89.00. 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 carth
(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 Loundaries between disciplines and demand
new alliances and team cfforts. Early in 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 wayvs. But developments such as nuclear power, nuclear
propulsion, and the phenomenal applications of the solid
state have brought about new and stronger relationships. The
tic with mathematics—and mathematicians—has been sim-
tlarly close through the vears. A few yvears ago cengineers
sought applied mathematies, and the celleagueship of applied
mathematicians. Todayv engineers working on the mathe-
matical forcfronts 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 signiticant efforts are being made by local
and national groups, including government burcaus, to foster
interdisciplinary-team attacks on forefront technical arcas.

Biomedical Engineering. [Zngineering advances of the last
two decades in communication, information, and control
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 \fhliate plan whereby
members of other professional socicties might function as
affiliate members of [RE Professional Groups without them-
selves being IR members, The Canadian Medical Associa-
tion is the latest society approved for affiliation of its members
with the IRIZ Professional Group on Bio-Medical  Elec-
tronics. Over the last several vears 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 clectronic 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 Hoc
Committee on Bio-Medical Electronies: F. K. Willenbrock
(Chairman), E. Finlev Carter, A, N Goldsmith, R, L. Mec-
Farlan, Otto Schmitt, J. H. U, Brown, and . K. Solomon.
They are charged to study and make recommendations to the
Executive Committee on: 1) the appropriate scope of [RE
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 arcas; and
3) feasible ways of implementation of these recommendations.

“The Engineer and the Life Sciences.” On page 1738 of
this issue is a very timely article by Dr. J. I U, Brown which
delineates the field of Biomedical lingineering and which out-
lines explictt scientific interest of the Government.

Census of Engineers. T'he Burcau of Census is mailing a
questionnaire to a sample group of 20,000 engineers. About
one in (fty of our members thereby will be given an oppor-
tunity to serve his profession. If vou 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 IR and 1o the profession.

Historic Papers. The Editorial Board of [RI recently
adopted the suggestion of Managing Lditor L. K. Gannett
to continue our celebration of TRE's 30th Anniversary Year
by republishing a series of historical PROCEEDINGS papers.
The first paper. Marconi's * Radio Telegraphy,” was published
in the Nugust, 1922 issue. Of today’s 100,000-plus members,
less than one-half of one per cent (303) saw the article when
it first arrived in the mail to the 1922 membership of 2896,
\We beg forebearance of our 303 vencrable members while
99,600 of us newcomers enjoy the rich past of IRE!'—T.I.].

World Radio Histo
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IRE Members Approve Merger with AIEE

TASPECIAL MEETING of the membership, held

at IRE leadquarters at 9 A.M., July 10, 1962,

IRE members approved, by a 6i-to-1 margin,

plans to merge with the American lnstitute of Electrical

Engineers to form the lustitute 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.

ALLE 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 cligible members voting.

IRIZ 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 DPratt, Secretary of the IRI,
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, AIELE President-Llect, who
takes office August 1, 1962, and L. M. Robertson,
Hendley Blackmon, and W, R. Clark, AIEL representa-
tives on the AIEE-IRIE Merger Committee. On behalf
of the RIS Board of Directors and 1RE members of
the Merger Committee, President Haggerty presented
AIEE President Chase a specially bound volume of the
May Anniversary lIssue of the PROCEEDINGS,

President lHaggerty closed the meeting by stating, on
behalfl 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. e pointed out that all of these
points have been discussed aund labored over by the
Committee, in many instances as long as a vear ago.

No matter how these points have been resolved,
President tlaggerty noted, they have apparently been
resolved in such fashion that the heavy and almost
identical majority in cach 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 in 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 1ELELL 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 TLEEL, 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 14\ of this issue).




1962 PROCEEDINGS OF T IRl 1747

Scanning the Issue

Radio Telegraphy (Marconi, p. 1748)— Of the 2896 mem-
bers who saw the IR 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. 1t is a privilege which has not been shared.,
however, by the other 99,500 “newcomers” who make up the
IRI of today. 1t is planned, therefore, to reprint during this
Golden Anniversary year a few carly 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
hack to 1922, Marceni had traveled to the United States that
vear, and on June 20th was presented the TRE Medal of
Honor belore a joint meeting of the IRIZ and ATELE. In re-
sponse. he stepped to the lectern and delivered a discourse
that clectritied his auadience 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.
FFor 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, 1938 ProciggbiNGs where 40 M signals from Sput-
nik | created a virtual radio image of the satellite on the
opposite of the carth. But the main force of his remarks was
directed toward the important possibilities he foresaw in the
future for the then unused VVHE and UHE portion of the
spectrum, and the novel experiments he was undertaking with
short waves and reflectors to develop a point-to-point com-
munication svstem 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
{-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 IRE's 30-year past.

The Engineer and the Life Sciences (Brown, p. 1758)—1It
has been generally recognized for a number of vears that the
field of engineering can contribute much to the tields of
medicine and biology, and vice versa. During the past
decade, rescarch 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 Prolessional
Groups of Bio-Medical Llectronics. Tt has become increas-
ingly evident, however, that the fruits of the marriage De-
tween engineering and the life sciences will not fully ripen by
dealing with thisarea 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 Hourish, 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
thev will do, and the training they require. Equally impor-
tant, it calls attention to the role of the National Institntes of
Health in nurtaring a new discipline which is currendy
doubling in size every 23 vears.

Group Theory and the Energy Band Structure of Semi-
conductors (Nussbaum, p. 1762)—This paper is the compie-
ment of one which appeared in the special issue on solid-state
electronics seven vears 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 ecalcula-
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 (Lampert. 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 clectronics engineers during the next
ten vears as conduction processes in semiconductors  did
during the last decade. Already there are two amplifyving
devices which utilize conducetion in insulators. Moreover, the
basic processes involved are also applicable to photocon-
ductive and electroluminescent materials. This paper can he
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 luture.

Theoretical Considerations on Millimeter Wave Genera-
tion by Optical Frequency Mixing (FFontana 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 finally
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 nonlincar resistive elements
can give efficiencies up to 25 per cent.

Electron Guns for Forming Solid Beams of High Perve-
ance and High Convergence (Frost, ef «l., 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 be-
cause of improvements in semiconductor device techunology.
Hence, the results are likely to interest those who work in
fields other than scemiconductor devices and who will be
using field-etfect transistors in the future. It is not unlikely
that this paper will become a classic in the field, similar to
the author's carlier papers on noise in transistors and diodes,

Higher-Order Temperature Coefficients of the Elastic
Stiffness and Compliances of Alpha-Quartz (Bechmann.
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 {requency control.

Scanning the Transactions appears on page 1862.

[World Radio History|
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During the first decade of its existence, the PROCEEDINGS published a number of impor-
tant papers by foremost pioncers 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
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 :nni-

The following paper Is the first of the series. It was first presented before a joint meeting
of the IRI and the American Institute of Electrical Engineers on June 20, 1922, on the
occasion when the I RIS presented Marconi with the Medal of Honor. His response, which
included a live demonstration, added a menmorable and historically important chapter to
the extension of the radio art into the UHF region of the spectrum.—The LEditor
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NIHE FEIRST OCCASION on which I had the honor
of speaking before the members of the American
Institute of Llectrical Engineers was of a very

festive nature.

It is over twenty vears ago, 1o be exact on January
13, 1902; (there was not then any Radio Institute in
existence) and on that date, memorable for me, | was
entertained by over 300 members of vour Institute at a
dinner at the Waldorf-Astoria in this Citv. | was of-
fered that dinner following myv announcement of the
fact that I had succeeded in getting the first radio signal
across the Atlantic Ocean.

Many men, whose names are houschold 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 | shall never forget, and dis-
played to the full American resource and originality, as
only fortyv-cight hours’ notice of the dinner had heen
given, but what has lelt the greatest impression on my
mind during all the long twenty years that have passed
is the fact that vou believed in me and in what 1 told
vou 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, vour confidence in
my statement was not misplaced, for those first feeble
signals which | received at St. John's, Newfoundland,

* Reprinted from Proc. 1RE, vol. 10, pp. 215-238: August, 1922,

on the 12th of December, 1901, had 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 vou again
tonight, and when I say that 1 will alwavs 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 yvou will readily
understand my difficulty as to where | 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. Morcover, 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 clectrical waves, as at present utilized Tor 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 vour notice some of the
recent results attained in Europe and elsewhere and to
call vour attention particularly to what [ consider a
somewhat neglected branch of the art; and which is the
study of the characteristics and properties of very short
clectrical waves. My belief is alwavs 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 ditliculties that still lie in the
wav ol 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
1. W. Round in England, who have also brought it to
a practical formi as a most reliable generator of continu-
ous electric waves.

As the clectron 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 mav perhaps be of interest if 1 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 parallet 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 supplyving 4 kilowatts to the antenna, in the
numbers required and sutheient for each particular case.

Some difticulty was at first experienced in paralleling
large tubes in considerable numbers, but no dithculties
now occur with groups of 60 bulbs working on voltages
of 12,000 on the plate.

[ am told that no insurmountable ditficulty 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 3000 hours.

The developient of single unit tubes of considerable
power is also progressing. We have lately concentrated
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Fig. 1—Tube panel at Carnarvon

on the production of high power tubes made of quartz,
and two sizes of cach bulb are now heing made, one for
25 kilowatts to the antenna, and another for 75 kilo-
wittts, but it is not expected that the ethcieney of the
hizh power single units will be as good as that of the
multiple units, and the work on the large tubes 1s being
considered so far as experimental.

In transmission work a large antount ol investigation
has been carried out during the last two vears on the
efficicrney of the circuits and in regard to the best way
ot utilizing the available energy.

Considerable tnereases in efficiency Lave 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 1t is possible to abtain
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 1o be used, owing to the length of (he
wave.

Veryv careful investigations have been carried out by
Mr. TLAV, 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-
alt efficiency {from the input power on the plates of the
tubes to the acriai of 70 per cent is possible with a cow-
plete avoidance of harmonics, that is, an etheieney from
the power input to the plates ot the tubes to actual
radiation inte space of about 35 per cent.

On shorter wave stations it is quite practicable still
further to increase this etficiency, although possibly it
is hardlyv 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 traftic 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 svstem 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. Fhe
characteristics of all these circuits have bheen very ac-
curately measured so as to give filter curves suitable to
the required speeds of working, and the adjustments are
casily 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 measurcments is being
svstematically 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 effective, where the static arrives with much greater
intensity than had been anticipated, and will also fre-
quently fait when, in consequence of the weakness of the
received signals, amplification has to be inereased to any
considerable extent.

1t would be really interesting to know how much the
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merease 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 1 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 inerease 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 | do not think that at the
time the Armistice was signed there remained many
radio laboratories where some time had not heen utilized
in experimenting on that type of receiver.

I those researches were generally not quite successful
in regard to preparing or fixing the design of practical
apparatus, they however indicated that the main dith-
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 ol 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 ol 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 transtormer.
Recently, Mr. Mathieu 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 vacht during myv trip from England to
America and the results of the tests carried out on
board [ully confirm the reliability of the apparatus and
its marked superiority over the ordinary type of ampli-
fier.

Lt has been clearly realized by most radio workers for
some vears 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-
ceedinghy 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 obtaming the necessary data on both these
points had to be developed. This apparatus is now in
svstematic daily use in a good many f{ar distant places,
with the resule 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 the 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 wayv 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
CWsignals 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 statie, 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
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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
1s 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 alwavs 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 inctluded all minor distances between all other
places on carth.

Sixteen vears ago at a lecture I delivered on the 3rd of
March, 1903, before the Roval Institution in London |
expressed the beliel 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 wav |
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 1 oalso showed a
model globe and tried to explain how [ 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 1o show
the relative facility with which radio signals can now be
sent from England to Austrialia secems to indicate that
there is something in the idea of the wireless waves
traveling round the earth by various wavs 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 nmuimnber of most interesting
and instructive observations, and although complete
reports have not vet been received, [ think it will never-
theless be of interest il 1 give vou the resiults of some of
their important tests.

The expedition to Brazit ol which Mr. H. 1. 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. .\, Esau of the Gesellschalt
fir Drahtlose (Telefunken) of  Berlin
formed part, has just completed a series of observations
at various points on the Adantic Coast of South
America, where the intensity of the signals from Suro-
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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
cqually observed and recorded over considerable periods
ol time.
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Another expedition under the direction of NMr. I,
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
hetween 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 anover 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 alwayvs retain their direction
along one great cirele, but reach the receiver from either
way or various wayvs round the carth.

These important observations were made by means of
loop acrial direction Oinders 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 teading from the sending
station that the constancy of direction is not maintained,
but this direction scemed 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 carth, 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 from 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 llanover, also situated in Germany, and not very
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far from Nauen, appeared to preler to travel via the
North Pole.

A much more complete and exhaustive series of ob-
servations at Axed 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 scems to have been definitely ascertained in a gen-
cral way that the sources of bad atmospherie disturb-
ances, or static, are situated chiefly over land, but ob-
servations in Brazil indicate that a tvpe 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 dav 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 Atkantie, on
board the Yacht Elettra, we noticed that up to about
halfway across (apart from the effects of local storms)
static interlerence appeared to be coming mainly from
the LFuropean 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 from 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 Trom
these tests over very great distances is that transmission
from West to East is apparently easier than from East
to West, 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 braneh which
Imight 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 direce-
tional radiotelegraphy and radiotelephony.

Some years ago, during the war, I could not help fcel-
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 ol feet in
length, especially as I remembered that during my very
carly experiments, as far back as 1895 and 1896, 1 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 lertz used short electric waves m all
and also made use of reflectors to prove
many other

his experiments
their characteristics and to show among
things that the waves, which he had discovered, obeved

the ordinary optical laws of reflection.

As [ have already stated, short clectric waves were
also the first with which T experimented in the very early
stages of wireless history, and 1 might perhaps recall the
[act that when, over twentyv-six vears ago, | first went to
England, | was able to show to the late Sir Willianm
Preece, then Engineer in Chief of the British Post Ofhice,
the transmission and reception of intelligible signals
over adistance of 13 uiles by means of short waves and
reflectors (Figs. 2 and 3), whilst, curiously enough, by
means of the antenna or elevated wire svstem, | could
only get, at that time, signals over a distance of half a
mile.

The progress made with the long-wave or antenna
svstem was so rapid, so comparatively easy, and so
spectacular, that it distracted practically all attention
and rescarch from the short waves, and this 1 think was
regrettable, for there are very many problens that can
be solved, and nunerous most useful results to be ob-
tained by, and ondy by, the use of the short-wave syvsten,

Sir William 'recce deseribed my carly tests at a meet-
ing of the British Association for the Advancement of
Science, in September, 1896, and also at a lecture he
delivered hefore the Roval Institution in London on the
4th of June, 1897.

On the 3rd of March, 1899, | went into the matter
more Tully in a paper | read before the Institution of
Electrical Engineers in London, to which paper [ would
recall vour attention as being of some historical interest.

At that lecture I showed how it was possible, by mcans
ol short waves and reflectors, to project the rays in a
beant in one direction only, instead of allowing them to
spread all around, in such a way that they could not
affect any recciver which happened to be out of the angle
of propagation: of the beam.

I also described tests carried out in transnutting a
beam of reflected waves across country over Salisbury
Plain in England, and pointed out the possible utility of
such a syvstem 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 retlected 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 retlector was directed towards
the receiver.

Since these carly tests ol over twenty vears ago prac-
tically no research work was carried out or published in
regard to short waves, so far as | can ascertain, lor a very
long period of vears.

Research along these lines did not appear ecasy or
promising; the use of reflectors of reasonable dimensions
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Fig. 3—Farly short-wave directional transmitter.

nplied the use of waves of only a few meters in length,
which were ditheult to produce, and, up to a compara-
tively recent date, the power that could be utilized by
them was small. This and the Tact of the very high at-
tenuation of such waves, over any distance of land or
sea, gaveresults which appeared to be very disappointing.

The mvestigation of the subject was again taken up by
me in Ttaly carly in 1916 with the idea of utilizing very
short waves combined with reflectors for certain war
purposes, and at subsequent tests during that vear, and
afterwards, T was wost valuably assisted by NMr. O S,
FFranklin, of the British Marconi Company.

Mr. Franklin has since then followed up the subject
with great thoroughness and the results obtained have
been deseribed by hin in a paper read belore the Institu-
tion of Electrical Engincers in London on the 3rd of
April, 1922,

Most of the facts and results which 1 propose to bring
to vour notice are taken from Mr. Franklin's paper.

The work carried out in experimenting with these
waves 111 1916 was most interesting, as it was like going
back to the carly davs of wireless, when one had a per-
fectly elear held.

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 nterference
experienced came from the ignition apparatus of auto-
mobiles and motor boats. These machines apparently
emit clectric waves from near 0 to about 40 meters in
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lengrh, and the day may come when they will perhaps
have to have their ignition syvstems screened, or carry a
Government hieense for transmitting,

Incidentally Fmight mention that one of these short-
wave receivers will act as an excellent deviee for testing,
even from a distance, whether or not one’s ignition is
working all right. Some motorists would have a shock if
they realized how often their magnetos and sparking
phigs are working in a deplorably irregular manuner.

During my tests in 1916, | 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 emploved were made of a number of strips
or wires tuned to the wave used, arranged on a evlindri-
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 IFig. 4 are shown
the calculated curves for reflectors having apertures
equal to 1, 2, 3, and 5 wavelengths,

Reflectors with apertures up to 33 wavelengths were
tested, and the measured polar curves agreed very well
indeed with the caleulated values.

The Ttalian experiments showed that good directional
be obtained with reflectors
to the wavelength

working could alwayvs
properly proportioned in respect

employved, and with the apparatus then available the

o o

APERTURE

1 WAVE LENGTH — — —

3 WAVE LENGTHS 5 WAVE LENGTHS

2 WAVE LENGTHS —

Fig. 4 —Calculated polar curves of reflectors.
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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 wiiles was readily obtained
with a receiver used without a reflector,

In 1919 further experiments were comnienced by Mr.
Franklin at Carnarvon lor which electron tubes or
valves were used to generate these very short waves, the
object being to evolve a directional radiotelephonic
svsten,

A 15-meter wave was chosen, which could quite casily
be generated by the type of electron tube emiploved.

After overcoming a few practical difficulties, very
strong and clear speech was received in Tolyvhead 20
miles away. Longer distance tests were next undertaken
and a receiving set of apparatus was installed on one of
the mail boats running between England and Ireland.

During these tests elear 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 hast 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 employved at Hendon and at Birmingham (Figs. 3
and 6).

The power supplied to the tubes emploved is usually
700 watts. The aerial is rather longer than half a wave-
length and has a radiation resistance which is exceed-
ingh high. The efhciency input to the tubes to acrial
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 speceh is strong
and of very good quality. 1t is usually strong enough to
be just audible with a §- to J-ohm shunt across a 60-ohm
telephone.

With both retlectors down and out of use, specch 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-
tlectors.

These figures have been lately confirmed by local
measurenients taken round the stations.

Fig. 7 shows a measured polar curve of the field of
Hendon station taken in the vicinity of the retlector. 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. 6—Experimental short-wave transmitter
and recerver at Hendon.

POLAR _CURVE HENDON REFLECTOR
28 METRE APERTURE 148 METRE WAVE
MEASURED ON CIRCLE 31 METRE RADUUS

=

Fig. 7—Polar curve of Hendon 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
parailel.

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 success{ully for duplexing
between Tlendon and Birmingham, as it avoids all
switching,

Retlectors besides giving directional working, and
cconomizing 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 casily
constitute a record for radiotelephony in respect to the
ratio ol distance to wavelength, as Birmingham, it may
be interesting to note, is 10,400 wavelengths from
Hendon.

We consider, however, that these results represent
ouly what could be obtained from a frst 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
dircctional service over quite considerable ranges.

[n these days of broadeasting, 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 | was tempted to try out my old idea of
twenty-six vears ago, and test the system as a position
finder for ships near dangerous points, This ts 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
Inchkeith 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—=Shorl-wave 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 retlector,
and a single tube receiver, suitably tuned, on the ship, a
working range ol 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 the compass. [t was ascertained on
the steamer that this enabled the bearing of the trans-
mitter to be accurately determined within a quarter-
point of the compass, or within 2.8 degrees. Ar a later
date a new reflector was designed and erected and 1s now
being tested (g, 12).

Iig. 10 shows measured polar curves taken recently
with the new retlector. 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

Aungust

POLAR CURVES INCHKEITH REFLECTOR
5'S METRE PARABOLA 11 METRE APERTURE
MEASURED AT 4 MILES FROM TRANSMITTER.

& METRE WAVE

APERTURE 163 WAES

Fig. 10—Polar curves of Inchkeith reflector.

starting and vanishing are casy 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
exiictness, 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 (I7ig. 12).

I will now try to show vou 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 | 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 lHertz, 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 ravs in any desired direc-
tion, which ravs, if coming across a metallic object, such
as another steamer or ship, would be reflected back to a
receiver sereened 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.

VAL 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—Enitor.
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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.

1 have brought these results and ideas to vour notice
as I feel--and perhaps vou will agree with me - -that the
study of short clectric 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 sy stem, that is, a system that does not spread
its waves all round, vou will perhaps expect a few words
from me befere I bring this rather lengthy discourse to a
close, on the subject of “Broadcasting.”

No remarks from me or from anvone else are required
to tell vou what has already been done with radio in
America, as a means of hroadcasting human speech, and
other kinds of sound which may also be entertaining if
not alwavs instructive.
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In thousands of homes in this country there are radio-
telephonic receivers, and intelligent people, voung 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 [ think [ am safe in saving 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 1s also destined to bring new and, until recently, un-
foreseen opportunities for healthy recreation and in-
stritction into the lives of millions of human beings.

ABSTRACT

The lecture first deals brietfly 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 wayv 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 brietly 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 wavs around the
earth, not always following the shortest great circle
route, and also that at such places the electric waves
coming round by dilferent ways do in certain cases in-
crease this effect on the receivers whilst in others inter-
fere with cach other.

[t has also been noticed that apparently transmission
is casier 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 statie usualy 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 tength, used in con-
nection with suitable reflectors, are quite capable of
providing a good and reliable point-to-point, unidirec-
tional syvstem of radio over quite considerable distances.

The application of this svstem 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, 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.

I'THIN THIE 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, bioscicnces engineering, bioengineering, and a
variety of other names. 1t includes widely divergent
arcas embracing cvbernetics, bionics, and medical elec-
tronics. 1t may be included as portion of the area known
as biophysics.

This arca 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 mathematies. 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
carrving out the programs of a senior investigator. At a
still lower level will be the Bachelor of Science in en-
gincering with perhaps some training in the biological
sciences who will serve as a very high grade technical
associate. Still lower may be the clectronics
technician,

It should also be emphasized at the outset that the
word “engincering” 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-

usual
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niques are developed for the recognition of variables in
biological systems, mountains of data will accumulate
requiring reduction, analvsis, evaluation, and statistical
correlation. This type of problem can be solved only by
computers-—and computer theory and design is another
form of enginecring. 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 simultancous 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 vet 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. Iingineers 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 imoperable. EExamples 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, 7.e,, @ man with an
advanced degree in enginecring and a similar degree in
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one of the medical sciences. This presupposes an in-
dividual with tinte to take 8 vears of graduate study be-
fore entering into the field. In practice, a collaborative
approach is the present solution. 1o 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 finally be produced. The retraining of
biologists or enygineers in the ancillary field is at best a
stop gap measure.

The addition of simple biological knowledge to an
enginceer or of simiple engincering concepts to a biologist
is not sufficient even for those engaged in such co-
operative efforr. The person so trained is still a tech-
nician, unable ro think in conceptual terms in the field
i 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. owever, 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 basie knowledge in the engi-
neering principles for biological systems.

The foregomg exposition has been presented  to
lustrate the need for bio-medical engineers as dis-
tingaitished from the instrument engineers, and to dis-
tinguish engineering from  instrumentation. There s
ample evidence that the number of individuals in either
of the above groups is small. In order to secure a con-
tinuing supply in suthicient number, training programs
must be expanded. As training programs can only be
conducted on a satislactory level by the Ph.D. bio-
medical engineer, it is apparent that the number of such
people must he increased. At the present, the time re-
quired for training a Ph.D. in bio-medical engineering
alter high school is about 9 vears. On this time scale, it is
obvious that any plans made now will reach fruition in
the vear 1930 when the present entering group will
finally enter active work in the area. Al plans must be
based on numbers to be expected approximately 10
vears in the future rather than on present demand. .\t
the present time and for the last 10--15 vears, the size
ol the bio-medical engineering area has been doubling
every 2} vears. On this basis, about three generations
of doubling will occur by 1970 At the moment, about
$20,000,000 per vear is spent on research in this area
which suggests a budget of $130,000,000 per vear by
1070.

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
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possible cooperation between the life science and engi-
neering faculties. Programs of this tvpe are under de-
velopment (Table ),

TABLE 1

PARTIAL LisT OF PROGRAMS IN B1O-MEDICAL ENGINEERING NOW (N
OPERATION OR IN DEVELOPMENT IN THE UNITED STATES

Operating Programs Programs Under Development

Bowmaun Gray School of Medicine

University of California
(Berkeley)

Case Institute of Technology

Duke University

University of Kentueky

Marquette University

University of Michigan

University of Missouri

University of Nebraska

New York University

University of North Carolina

Univerzity of Wyoming

University of California (1..A))
Drexel Institute
University of Hlinois
lowa State University
Johns Hopkins University
Massachusetts Institute of
Technology
University of Minnesota
Northwestern University
University of Pennsylvania
University of Rochester
Stanford University
University of Washington
(Scattle)

[t 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 he 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 crained engineer who can pro-
duce mathematical models of biological svstems, De-
mands exist today 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 vear. 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




1760

in biophyvsiecs) when trained individuals hegin 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 vears. The newer work in cvbernetics and
dealing  with the interaction of man and
machine, mav lead to a technical revolution and a
greater demand for workers in the bordertand between
the two arcas. We have now reached the stage where
physical devices are necessary to provide extension of
sensory manipulative capability in order to observe

bionics,

new phenomena. Only the researcher conversant with
the coupling of man and machine can make significant
contributions in this new field.

Not only must the increased production of bio-
medical engineers be considered, but the type ol research
which is carried out must be considered. There are sev-
cral methods of approach to research in this general
area:

1) Aninstrument 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 lormulate 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 transdhicer 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
rescarch, and carry out an independent investigation.
This is the highest form of engineering science.

LZach of these is necessary and each performs a vital
function. If the feld 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 clectrical 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,
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4) A center where the members of the group are mem-
bers of independent departments (physiology, engineer-
ing, cte.) and come together with a common aim for
rescarch and training.

The National Institutes of Health supports about 40
per cent of the health-related rescarch 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 carrving out a given re-
scarch 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 ol rescarch. Such a grant presupposes the
existence of several individuals competent in the gen-
eral area of rescarch, and further presupposes active re-
search in progress. Such a grant would supply major
items for use by an entire group such as an clectronics
shop, a tube making facility, a machine shop, a com-
puter, and other items necessary for carrving out the
research aims of the group.

3) The Special Resource Grant will supply a facility for
general support of rescarch in an arca 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 rescarch. Regular Rescarch  Pellowships are
awarded for the full-time research training of scientists
m  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 vear 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 carly age. This level of train-
ing has proven to be a source of stimulation to quali-
fied students interested in a career in research n the
health sciences.

Postdoctoral Iellowships are awarded to sclected,
promising holders of the Ph.D., D.Sc., M.D.,
D.VAL, D.D.S,, and D.P.H, degrees who are mter-
ested in undertaking advanced rescarch training in
the basic health sciences,

Special Pellowships are awarded to accomplished
rescarchers for from six months to a vear who require
further specialized training or knowledge of new
techniques or disciplines in order to increase their re-
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scarch productivity and to broaden their fields of

scientific interest.

The Carcer Development Award 1s made to young
faculty members to allow greater freedom in the
development of a career of research.

The Carcer Rescarch lward is made to senior fac-
ulty to increase research time,

IZach of these has ditferent requirements in that some
can be applied for by the individual and others must be
directly requested by the institution.

3) 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
arca. Such grants will supply funds for stipends, tui-
tion, supplies, modest equipment, laculty for teaching
and other items necessary to the program,

Any or all of these sources of support may be utilized
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by a group interested in the development of biomedical
engineering, IFurther information can be secured from
the Division of General Medical Sciences or the Division
of Research Grants, National Institutes of lealth,
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 scientitic
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 11

B1o-MEDICAL ENGINEERING PROGRAMS IN EXISTENCE AT THE PRESENT TiME

Location ! Director Degree
Uiniversity of California John Lyman I’h.D.
(LAY
Baylor University .. L. Geddes | ML
| Ph.D.
Drexel Institute James Dow : MLS.
|
lowa State University Victor Bolie LS.
Ph.D.
Johns Hopkins University S. AL Talbot Ph.D.
University of Kentucky K. O. Lange | M.S.
|
O . 8 | cw |
Marquette University Saul Larks | M.S.*
|
University of Minnesota O1to Schmitt [ Ph.D. |
| MS. |
New York University J. L. tirsch ’h.D.
|
North Carolina State College | A. R. Eckels Ph.D. |
|
Northwestern University J. E. Jacobs Ph.D.
| |
University of Pennsylvania Herman Schwan | Ph.D.
: None*

Ph.D. |
(EE)

University of Rochester Daniel Healy

|
Ph.D. |

University of Washington R. Rushmer
(Seattle) MLS.
None*

regular courses. Summer courses in bio-
medical engineering are short term offer-
ings

* A nondegree course ts also offered.

may include M.D.,
I’h.D., Engincers, [
| Graduate students |

N
I . | m
Curriculum Students [ I\Q::ll(:iﬁ:lfr
Engineerin Engineers 20
g £ .
Psychology PPsychologists
Human Factors Basic Scientists
Largely experimental physiology Any eligible graduate 3
| student
1 biology, anatomy at Drexel, § joint | Engineers, Life scien- | 20
courses in control systems, computers, ete.| tists (M.D.)
Special courses in basic sciences and bio- | Any eligible graduate 12
medical engineering taught by group student
Work in engincering but take special | Engineers (Electrical, 6
courses in physiology, biochemistry | Mechanical, Chemical)
Largely mechanical engineering. Little | lingincering students | 10
physiology. Aeromedical in content |
1
Illectrical engineering Electrical Engineers 4
Fetal physiology [
Biophysics and bio-medical engineering | Engineers, Physicists, 8
Biologists, M.D.’s
Not formalized M.D. 1
Routine engineering with biology taken | Engineers (E.E.) 2
! ering l ology 4
| at North Carolina Medical School | |
| |
Engineering and medical basic science | Mostly 1S.E. May be 15
courses | biology majors or M.D.
[
Math 11 hrs. Bio-Medical Engineering | Engineers (Electrical, 13
as joint course, Organic Chemistry, Phys- | Mechanical, Chemical)
| ivlogy, Biochemistry
Seminar in Bio-Medical Engineering. 15 | 6
hrs. Chemistry and Biology, 33 hrs. In- |
gineering '
Graduate students in physiology take = Any eligible student | 25
phy £ 3 4
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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.

1t is apparent that most of the programs in the arca 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 lor rescarch. The primary function of a
university is teaching and rescareh, 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.

IFrom the above discussion, it is apparent that the
unit for hio-medical engineering will have to be above a
certain size in order to be effective. Rather elaborate
cquipment and shop facilities are uvsually 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 ona very
few extremely large projects which are less produce-
tive in terms of unit cost.

3) Money should be spent on a number of projects
which mayv vary widely in scope but where rea-

PROCEEDINGS OF TIE IRIL
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sonable return for outlay can be expected.

4) Money should be available to those groups de-
veloping  a conceptual  approach to bhio-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-mmedical engineering
are now in operation and others are in the planning
stage. Table [l summarizes information about the cur-
rent programs which have actually graduated students
in the general area. To 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 (Bavior Uni-
versity, University of Washington, and lowa State Uni-
versity) are centered in departiments ol physiology.
There is no reason why such programs could not he 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 sciences and
engineering. The National Institutes of tealth is pre-
pared to provide support for both research and graduate
training to worthy programs in this arca. The responsi-
bility for the quality of the research and training rests
as squanrely 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 NUSSBAUM®, ASSOCIATE, [RE

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, 1901; revised manuscript received
March 15, 1962, ‘This work was supported in part by the U, S. Air
Force Office of Scientific Research.

1 Department of Electrical Engineering, University of NMinne-
sota, Minneapolis, Minn,

[. INTRODUCTION

OR N SPECIAL issue of the ProceebiNGs de-
voted to solid-state physies, 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 ervstal structure of semiconductors. The

'F. Herman, “The electronic energy band structure of silicon and
germanium,” Proc. [RE, vol. 43, pp. 1703-1732; December, 1955,
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methods emploved for energy band caleulations involve
taking advantage of the symmetry of the crystal to re-
duce the quantity of tedions calculations necessary:
the branch of mathematics which enables us to express
svymmetry properties in a quantitative way is called
group theory. Hence, our first step will be to examine the
basic concepts of this subject.

H. ALGEBRA OF GRrOUPS

A group is defined? as a collection of elements .1, B,

C, - - - which obeyv 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 /2 (from the German einkeit, unity) such that
EA=_1E=_]for every element.

3) The associative
(ABYC=_1(BC).

4) Lvery element o has a unique inverse A~ which
is a member of the collection. That is, 447!
=" =L.

law of multiplication holds:

Example: Consider the equilateral triangle of I7ig. 1,
The operations which leave this triangle congruent to
its original position are:

1) I, the identity.

2) A, areflection in line .la.

3) B, a retlection in line Bb.

4) C, a reflection in line Ce.

5) D, a 120° clockwise rotation.

6) I, 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 .« and that the lines .1a, Bb, and Ce
remain fixed in the plane. \WWe note that

DA = C# B.

All such products are summarized in Table [, 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 1 shows that some subgroups
of the group £, A, B, (, D, Fare a) I, b) E, .1, and
c) I£, D, I. 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 2 and Q

211, Eyring, J. Walter, and G. E. Kimball, “Quantum Chemis-
try,” John Wiley and Sons, Inc., New York, N. Y.; 1944,
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Fig. 1—The symmetry axes of the equilateral triangle.
belong to the same class if
Q= X1PX, (2)
TABLE 1
MuLTIPLICATION (OR CAYLEY) TABLE FOR SYMMEIRY
OPERATIONS OF AN I2QUILATERAL TRIANGLE
First Operation
A B C D F
g E A B C D F
s A A E D F B c
5 _ . |- — B
) B B F E D c 4
= - i - - R
§ c G D F E A B
% D D c A B :
\ F F B C A E D

where .Y is any member of the group. For example
ADA = A7C = AC = F,
A7 A AB D,

so that D and I constitute a class. Similarly, so does £
and also /1, B, C. Hence, the group is broken down into
three classes: retlections, rotations, and the identity.
IFor 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).

IHI. TieE REPRESENTATIONS OF A GrRouUp

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 8, and the two sets of coordinates of
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(x2 .y2)

(x; %)

(a)

> =

YW/ ——— - i ‘\‘d

(h)

Fig. 2—(a) .\ rotation. (b) .\ reflection.
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J .r-_»} N l:c()s 2¢ )

sin 2¢ JR

sin 2¢ —cos 2¢] 1 ,\‘1‘ ‘
Using the matrices given in (3) and (4}, we can obtain
the representation denoted by Ty in Table 11 (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 Iy multiply as required by Table 1. Note
that the matrices belonging to I'y are based on the axes
NOY being oriented as shown in Mg, 1.

The representation 'y is two-dimensional; that is, it
consists of 2X2 matrices. Every group also has a one-
dimensional representation of the form fi=.1=8=C
=D =['=1,denoted by I'y in Table I'1. This representa-
tion is said to be unfaithful; it leads to all the entrices of
Table I, plus many others which violate the table. An-
other onc-dimensional representation, denoted I’y in
Table 11, is also unfaithful. We shall show later a syvs-
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 «, as shown in I'ig. 3. The symmetry operations of
Section 11 can then be represented as 6 X6 matrices.

TABLE H
IRREDUCIBLE REPRESENTATIONS FOR THE GrouUr o ‘Tasi |

E A B

the vector are related by?
| [cosb —sin @ JRaT|
U’g} B I:sin 0 cos 0:| ‘)’1(
Iig. 2(b) shows the reflection of a point (xy, 1) ina line

making an angle ¢ with the x axis to produce a point
(x2, ¥). The two sets of coordinates are related by

(3)

Xy = ¥y + 2d sin ¢,

Yo = ¥y — 2d cos ¢,

from which

3 An excellent discussion of matrix algebra is given in ch, 6 of
R. S. Burington and C. C. Torrance, “Higher Mathematics,” Mc-
Graw-Hill 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).

IFor example, the effect of € (a reflection in the line OC)
can be denoted by

0 0 1 0 0
0O 1 0 0 0 0 rs
i 0 0 0 0 0 ry | r

0o 0 0 0 01 @) ] asy | -
0O 0 0 0 1
LO 0 O 1 0 04 lay

[731

A similar 6 X6 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 I'y. We shall denote the
matrices in ['y by T'y(C), ete.
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Y

> r3
a,

C

B

Fig. 3—The coordinates used to establish the reducible representation
for the equilateral triangle symmetry group.

Now consider the matrix

(1/\/3 0 —V2/v/3 0 0
1//3 1/4/2 1/4/6 0 0
. 1/v/3 —1/4/2 1//6 0 0
I 0 0 1/v/3 0 -
0 0 0 1/4/3 1//2
0 0 0 1/v/3 —1/2
Let us define a new matrix I')'(C) obtained from
I'4(C) as follows:
P4I(Ci = S"I\((‘)S =
(1 0 0O 0 0 0
0 1/2 3/2 0 0 0
0 V32 —-1/2 0 0 0
0 0 0 1 0 0
0 0 0 0 1/2 3)2
L0 0 0 0 V32 =172
‘This is of the form
o |
\ 1
O =1 10 0
X |
bomme o e
L (T,
Lﬂ___: ______ Q
| t
1 !
1 ry(C) !
| I
| |
0 1 :
______ -
y(C))!
[ R |
L J

0
V2/V3
1/4/6
1//6

(8)
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and the matrix y(C) is said to be reduced. The matrix
I’y (C) is said to contain the representations I'y and I'g
twice cach, It will be found that the same matrix §
and its inverse reduces all the 6 X6 matrices in I'y to
the form of (8). It is not possible to find any other
matrix which will further reduce the six matrices in
I') nor further reduce Py to 1 X1 matrices Iving on the
main diagonal. Hence I'y, Ty, and 'y are grreducible
representations, whereas I'y is a reducible representation
containing Iy and Ty,

IV, Tie CHARMCTER SYSTEM OF A REPRESENTATION

In applyving group theory, it is seldom necessary to
know the matrices which form a representation. Gen-
erally, all that is needed is the trace of cach matrix (the
trace is defined as the sum of the elements on the main
diagonal); the set ol traces of the matrices in a repre-
sentation is called the character of the representation,
Table 111 is the character table for the four representa-

TABLE NI

CHARACTERS OF THE REPRESENTATIONS FOR
me Grove o Tasre |

D A B C D r
T 1 1 1 1 1 1
T 1 = -1 = 1 1
T 2 0 0 0 1 -1
T o 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

= Ryxi(R) | / &, 9
: [;ﬂ)x(q/ ()

where
2, =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.

(We 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.)

IFor our example, k=6, so that for I'y, (9) becomes

ne=[6(1) + 2(1) + 2(1) 4+ 2(1) 4+ 0(1) + 0(1)] ‘6
= 2,

PROCEEDINGS OF THE

IRE August

Similarh

iy = 0, ny = 2

which means that I'y and I’y are cach contained in I'y
twice, whereas T'y is not contained at all. This agrees
with (&) and shows that (9) eliminates the necessity for
finding the matrix which reduces a representation,

It can also be seen that

2 =g
I

(10)

where

[, =dimension of kth irreducible representation,
g =order of group.

In our example, g=6, so that (10) is verified as follows:
124124 22 =0,

This theorem then shows that a group with six elements
can have onlv two one-dimensionat and one two-dimen-
sional irreducible representation, so that I'y, I'y, and Iy
are the only possible irreducible representations for our
example.

Vo THE FrEe ELECTRON APPROXIMATION
In present-day phyvsics, 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 clectron is governed by the Schroedinger or wave
cquation,? which is

[(=12/2m)%2 + V(o) |¥(r) = Fy(r). (1)

where
Ir="lanck’s constant divided by 2w,
m=mass of the clectron,
I =total energy of the electron,
I”=potential energy of the electron,

and the solution ¢ is called a wave function.
Referring to Herman's paper,' the sotution to this
cquation in a perfectly periodic ervstal is

Yilr) = e*"u(r), (12)

where k is called the propagation constant. The aim of
energy band calculations is to determine /2 as a func-
tion of k in a given range of & values. Along the cubic
axes of silicon and germanium. lor example, the range is

—2r a £k £ 2n/a.
Substituting (12) into (11) gives

Vi + 2ik-Nu + Qm/ )| — (k2 2m) — V|

n =0,

(13)

U An introductory discussion of the Schroedinger equation will be
found in R. L. Sproull, “Modern Physics,” John Wiley and Sons,
Inc., New York, N. Y.; 1956, 2\ more extended treatment, at an ele-
mentary level, is given in A, Nussbaum, “Semiconductor Device
Physics,” Prentice-Hall, Ine., Englewood Cliffs, N. |.; 1962,
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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. 1 a,, as, as, are three noncoplanar vectors con-
necting lattice points, and if ny, ns, 13 are an arbitrary
set of integers (positive, negative, or zero), then the
direct lattice 1s mapped out by the points (ma,+m.a.
+msaz). As Jones® has pointed out, if the nine com-
ponents of the three vectors ay, as, aj are considered as
a matrix A, then the lattice points are determined by
the relation

a1z a2 A3 | (g

(14)

An =\uay,, as ay |0

Ay, A2, Az, My

The reciprocal lattice is determined by a set of vectors
by, b, by defined by

li,j=1,23], (15)

where §,, is the Kronecker delta. The planes which aet
as perpendicular bisectors of the nearest-neighbor dis-
tances in the reciprocal lattice Torm the first Brillouin
zone, which is illustrated in IFig. 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

a,"b, e 27I'6,,‘

zone are determined by

— 2r/a £k

IIA
IIA

27/a, (13a)

where a is the lattice constant (for a cubic crvstal ¢y =a.
=qaz=a).
The reciprocal lattice can be specitied by a matrix
B, analogous to A, such that
blt bly blz
IB i (!], [-_', [1) b;g: b‘_)y bgz
b!{z bﬂu bﬂz

(16)

where the /; are integers. Then it follows from (15) that

BA = 2rl (17)

where |is the unit matrix.
We now introduce the free electron approximation by
letting 17=0 in (13). The solution in this case is

uw = exp |—i(IB)-r], (18)

and by substituting (18) into (13) for V=0, the energy
vahies become

E = (h*/2m)(k — IB)®. (19)
Combining (12) and (18), the wave {unctions are
Vi = exp [i(k — IB)-r]. (20)

wr

5 1. Jones, “The Theory of Brillouin Zones and Electronic States
in Crystals,” North-Holland Publishing Co., Amsterdam, 1’he Neth-
erlands; 1960).
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Fig. 4—The Brillouin zone for silicon and germanigm.

VI, THE APPLICATION TO TELLURIUM

Tellurium is a semiconducting element lving in Col-
umn Via of the Periodic Table. The other members of
this colummn are the insulators oxvgen 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 extensivelve? and
provides a reasonably simple example of the applica-
tion of group theory.

The erystal structure and symmetry of tellurium are
iltustrated in Iig. 5. The atoms are arranged in spiral
chains, with three atoms to each turn, so that the fourth
atom in Iig, 5 hlies 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 erys-
tal is trigonal because of the threefold nature of the
chains, The spiral arrangements are called serew axes,
since they are generated by combining a 120° rotation
with a displacement of ¢/3 along the rotation axis.

The symmetry operations of the tellurium lattice are
very similar to the simple example of Section T1. They
are:

1) £, the identity.

2) Cy, a 120° rotation about the z axis, followed by a

translation ¢/3 along the axis.

3) C5.

4) G, a 180° rotation about the axis XV of I'ig.

5(b), followed by a translation ¢/3.
5) G, a 180° rotation about X, 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.

A, Nussbaum and R. J. Hager, “Galvanomagnetic coefficients
of single-crystal tellurium,” Phys. Rev., vol. 123, pp. 1958-1964;
September 15, 1961,
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(a)

. First gtam in chain | = Firsi nearest neighbor
to O atom

@ Second atam in chain 2 - Secand neares!
neighbar ta O atom

OThnrd otam in chein 3 ~ Third neorest
neighbor ta O otom

(h)

Fig. 5—The crystal lattice of tellurium, showing (a) the lattice
i perspective view and (b) an end view.

6) (¥, a 180° rotation about X®, followed by a
translation 2¢/3.

These six operations do not form a group, however,
because ol the screw axes. For example. (303 (or
(3%(3) is equivalent to a pure translation ¢, which is not
listed above. We shall show shortly that group theory
may nevertheless be applied.

Using ¢ and ¢ to denote the lattice constants, as
shown in Fig. 5, the matrices specifving the direct and
reciprocal lattice are

a —a 2 0
A=]|0 V32 0
0 0 c
l'a 1/4/3¢ 0O
B=2x] 0 23 0 (21)
0 0 1/¢

and the Brillouin zone is iltustrated in Fig. 6. The center
ol the zone is customarily labelled T, and some other
points and axes of svmmetry are also labelled. The co-
ordinates ol the symmetry points shown are (0, 0, 0),
A0, 0, w/¢), and M, 2m/v/3 a, 0). Using B as given
by (21), the wave functions and encergies become

Y= etrimia Horin—(h+202) N Bly+(afe) G—13)2] (22)
Eg = (2 2ma)[(E = 1)+ 1 — (L + 22)/v3)2
+ (a0 =W (23
wlhere
k = (27£ a, 2mn «, 270/C).

2. (23) permits us to plot the /£ vs k curves for the free
cleetron approximation. For example, along the A axis
of Fig. 6, E=7=0 and (23) reduces to

1= (F 2mae?) [/1'-' + (I 4 212 3 4 (a0)2¢ — 1), (24

IFor tellurium, the value of (¢ ‘¢ is 0.75, and we can plot
Fovs £ for various combinations of (I;, ls, [5), as shown
in the lower hall of Fig. 7. Note that the curve for
which ££=4/3 at { =0 has six possible sets of [-values,
the notation (010) being used {or [, =0, [h=—1, I;=0,
and this energy curve is therefore sixfold degenerate.
The valence electrons of tellurium have the configura-
tion 5s35pY, and since there arce three nonequivalent
atoms in a single turn of the spiral chain, this corre-
sponds to cighteen valence electrons. (These three
atoms comprise  what is known as a wnit cell; by
placing such an arrangement at cach lattice point, we
generate the tellurtum ceryvstall) Considering spin al-
lows two clectrons 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 /2 vs &
curves along the PAL direction, shown in the upper half
of the figure. The significance of the symbols along the
cdges will be explained shortly,
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VI Toe Tignr-Binping M ETHOD

One of the earliest methods to be devised for caleu-
lating energy bands is the tight-binding or Bloch method,
and group theory has been very useful in simplifving
the associated analysis. To briefly explain this proce-
dure, following Dekker,® 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 R;, 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

l//(f, 0; d’) = Rnl(’) ylm(ey d’)y

where r, 8, and ¢ are spherical coordinates. For multi-
electron atoms, the assumption that the potential
energyv 7 is a function of r only leads to solutions like
these, with the angular part being identical to that of
hvdrogen. Such solutions are called atomic orbitals, and
the angular parts of the first few are expressed as
follows:

Fig. 6—The Brillouin zone for tellurium.

§ = const

p1 ~ sin e

pu ~ cosf
po1 ~ sin fe— @, (23)
'  k{IN UNITS OF 2TI/0) M It is convenient at times to replace these p functions by
() normalized linear combinations, denoted by
30 Pz = () + p-1) V2~ sinbcos ¢~ x
Py = — i(p1— p-1)/V2~sinfsing ~y

Pz = po~ cosf ~ z (206)
T, The five d functions can also be expressed as the linear
I combinations d, d,., d.., d2_2, d.2, where the sul)scril_)ts
| indicate the symmetries in the same way as they do for
I35 I A Al Al A the p f‘un(“l.i()ns. These nine atomic orbitals are illus-

I { "AZ'A3'A3 trated in Ig. 8.
Iy A "AZ' LI Denoting the atomic orbitals by ¢(r —R;), we try a

I's Lol et general solution
oo vk = D explik-R,}¢(r — R), (27

J
I3 . ) ) 1 the ¢ Al
00y where the sum is taken over all the atoms in the crystal.
The form of (27) leads to the alternate namme for the
N | (000 i As method: linear combination of atomic orbitals (LCAO).
0 A 2 3 4 5 Multiplving (11) by the complex conjugate ¥§ and
' kK {(INUNITS OF 2TI/c) A integrating over all space gives
(h)

fn//k*[(—fl"/Zm)V? + Vgudr + l’lfn//k*n//k«l-r 0. (28)

Fig. 7—The free electron energy bands for tellurium.

8 A, J. Dekker, “Solid State Physics,” Prentice-Hall, Inc., New

York, N. Y.; 1957.
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FFig. 8—"The s, p, and d atomic orbitals,

We separate Tinto two terms

I(r) = 1r — R)+ V"(r — R)), (20)

where 1, is the potential energy which an clectron
would have ina single, isolated atom and 17 is the addi-
tional potential energy it acquires when the atom s
incorporated into the ervstal. The second integral on the
left side of (28) involves the sum of products of atomic
orbitals, Using the assumption that the atoms are
widelv spaced, the integrals involving functions cen-
tered around two different atoms will vanish. On the
other hand, integrals involving a single atom will re-
duce to unity i the orbitals are normalized, and since
there are .V such integrals, where A is the number of
atoms, this term becomes N, Similarly, substituting
(29) into (28) gives a term N2, This Teaves only the
integral involving 17 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

g
[

S {¢*(r — R)V'Y(r — R))dr

-V / v¥*(r — R)V'Y(r — R))dr, (30)

PROCEEDINGS OF TS IR

Adugust

where 7 and m are neighbors and where the negative
signs are used to make a and B positive. Il we assume
for the moment that ¢ is spherically symmetric, corre-
spouding to the s function of Fig. &, then the 8 integrals
are the same for all nearest neighbors. Using (29) and
(30), (28) becomes

li=F, —a—B82 explik-(R,— R},

m

(31)

where the sum is over the nearest neighbors of atom j.

As asimple example of the application of this result,
consider a square lattice with lattice constant a. The
nearest neighbors are then the four points (fa. 0),
(0, +a), and (29) reduces to

L= [, = a— 28(cos ka + cos k).

Sinee the constants do not affect the form of the reliation
between /£ and k. we can introduce a reduced energy
I, given by

F, = (K — FE, + a) 28 = = (cos kv + cos k,v).

Curves of k. vs k, for various values of £, are shown in
Fig. 9. These curves are traces in the x, v plane of three-
dimensional energy surfaces, and we see that the sur-
faces close to the origin are spheres.

The tight-binding method has bheen applied to telu-
riuvm by Reitz,? who took the p functions as those pri-
marily involved in the valenee and conduction hands.
IFor convenience, denote the functions ¢ by ¢ =p..
¢2=p,. ¢3=p.. Then there are three expressions of the
form

Vo = L oexp Lik-R\oulr — R)  |n =

?

1, 2, 3|.

and the solution to the Schroedinger equation is taken as

Yilr) = X B.explik-R,.|¢.(r — R,),

J.on.3

(RPA)

where the 3., are constants to be determined. and the
subscript v refers to a4 summation over the three non-
equivalent lattice sites in the unit cell. Again writing
Pas I+ 17, introducing ¢ above into the Schroedinger
ecquation, and multiplving it in turn by ¢&/*, ¢.*, and
¢é;* followed by an integration, we obtain nine homoge-
neous cquations in the unknowns B,.. The condition
for a solution to exist is that the determinant of the
coctheients vanish, leading to what is known as the
secular equation. \s a first approximation towards solv-
ing this 9X9 determinant, Reitz made the simphifying
assumption that the interbond angles between ajacent
atoms in a chain were 90° instead of the true value
102.6°. Referring to Iig. 10, we label the three atoms
ina unmt celt as .1, B, and Cand let Ry, R,, and R, de-
note the three nearest-neighbor directions, so that the
lattice constant along the trigonal axis can be expressed

c=—-—R + R, +R.

¢ |, R, Reitz, “Electronic band structure of selenium and telluri-
um,” Phys. Rev., vol. 105, pp. 1233-1240; February 15, 1057,
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Fig. 9—The constant-energy contours for the tight-binding
method applied to the square lattice.

Fig. 10—The tellurium chain assuming 90° bonds,

\We then orient the p functions so that they lie along the
N, i, and » axes. Because there are so many integrals of
the form e and B, above, we use the special symbol

@] V| ¢n) = X f ol (33)

Considering only nearest-neighbor integrals and denot-
ing the location of a function by a subscript .1, B, or C,
the following are the integrals involving py functions:

(Paa | V' oaa) = (ac| V71 pro) (34a)
(Pml V'| i) (34b)

(Braa | V'] o) = (D] V| pra)
= (Pm| V'\ He) = (Pw| V'l Pan) (3+4c)
(Px(" V'I i) = (Pml V" o). (34d)

Nussbawum : Group Theory and Energy Band Sitructure
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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 (paa] I"|p,,,.) vanish in this approximation, and
the 9 X9 determinant reduces to the form

[ A 0O 1 0 I

| — _
0 " 0 =0, (33)
0 0 v

where N denotes a 3X 3 block involving py functions only
and 0 denotes a 3 X3 block composed entirely of zeros.

Equating the X block separately to zero gives a cubic
equation for /2, which can be solved by making some
further approximations. It is estimated that integrals of
the form (/’Ml V'l/)“,) are about one third the magni-
tude of those like (/)u; V'| Pae) and we assume that the
integrals in (34a) and (34b) are the same. Introducing
a relative energy Eg by

Eo= = (| V'] pas)

Lr =
and the abbreviation

g = (p)\_‘J I’I P)\(y),
the secular equation becomes

—Ed+ (119 Era® + (2/9)a* cos ke = 0. (36)

The dotted curves of IFig. 11 show the three roots of
this equation as a function of k.. The same set of curves
will also come from the w and v 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 (/)M! V| pu) into the
secular equation. Reitz has solved this 9 X9 equation by
making further approximations and obtained the solid
curves of IFig. 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 9 X9 determinant can also be broken down into
smaller ones by the methods of group theory, and this
has been done by Asendort,! 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 Tellurinm,” Ph.D. dissertation, Umversity of Pennsyl-
vania, Philadelphia, Pa.; 1956.
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VL SivMeLiricATioN oF ThIS
SECULAR DETERMINANT

Group theory has been applied to the secular deter-
minant arising in a tight-hinding calculition for heta-
brass by Amsterdam.? This alloy in its ideal form con-
sists of cqual numbers of copper and zine atoms, with a
unit cell as shown in Fig. 120 Although this particular
example is a metal, the method is essentally the same
as for semiconductors, and we shall use it because of its
stmplicity. The unit cell contains one zine atom and the
cquivalent of one copper atom, and the fattice is simple
cubic, with one atom of cach kind assigned to every lat-
tice point.

Consider a cube with its center located at the origin
of a set of coordinates OXN VZ and its edges parallel to
the axes. If we label the cight corners .1 through /7, we
can see that the group of symmetry operations has 48
clements, as lTollows:

T o
Operation Multiplicits Deseription

The identity

E 1
“C' 0 90° rotation ;llmu—l: :vk(lr(llhll(’lt(;.l.\i\ o
(&N 3 1807 rotation about a coordinete asis
7(' 6 1807 rotation about an axi of the ;;'1)0
x=y, =0
( 8 120° rotation about :kl‘;ulr)c_(liugnn;nlk
-J 1 Inversion through Ec center a
e e T
—_— | ~ . .
N o it
- —J('» 6 - ‘rl(l))l‘.,l‘ﬁz'('nl.\
JC 8

We can set up a mualtiplication table for these 48
operations like that of Table T and it will be found that
cach of the ten types listed above constitutes a class.
To find the representations and the character table as
we did in Seetion IV is a tedious process, but fortunately
it 1s possible to determine the character svstem for the
irreducible representations without explicitly knowing
the matrices in these representations. The method is
given by Margenau and Murphy' and can be explained
by referring to Table 1. I we denote the three classes in
this group by

Ky = [ Ke= 1, B, C;

K:= D, F

then we see, for example, that

M. F. Amsterdam, “The Band Structure of Beta-Brass,” Ph.D).
dissertation, Temple University, Philadelphia, Pa.; 1058

2 H. Margenauand G, M, Murphy, *The Mathematics of Physics
and Chemistry,”™ D, Van Nostrand Co., Ine., New York, N. Y., 1943
a proof will be found in M. Hamermesh, “Group Theory and Its
Applications,”™  Addizon-Wesley  Publishing Co., Reading, Mass.,
1962.

World Radio Histo
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TABLE 1V
CHARACTER SysTEM For THE Cunic Grour
E 3¢ 6C | 6G 8¢, J 3JCe | 6JC | 6JC, | g€, | sedated
o T R I 1 I i o1 | s
o o 1| -1 | 1 | - | = | -
e 2 Y o 0 1 2 : o 0 —1 d2 dz2 2
I',‘;T' ; —1 1 - —1 - -() 3 —1 ; ——-1 -()
T ; —1 —1 i 0 3 -1 1 1 0 oy o don
Y O 1 1 1 1 —1 1 —1 -1 -1
o 1 K IR 1 —1 —1 ) 1 -
o 2 2 0 0o —1 —2 =) 0o 0 e o
o I 3 —1 1 —'IA a —() o —:1 7 1 —1 1 0 Pr. p,,',p—,—
I 3 -1 T N O 1 t 1o o
K.K3 = (A, B, O)(D, F) TABLE Y
SyYyMMETRY OprEraTioNs oF tHE Crisic Group
= (B, C, A, C, 1, B) = 2K, . ]
E AV,
Similarly
3C2 £§5, A9, WvE
K2 = 3K+ 3K 60Cs $xs,  y¥s,  xZy,  XSH O SyE, Sy
KRy = 2Ki + Ky 6C, vag,  siv,  gsy,  §6E,  E9E, 5§
S &C; sxy,  vaov,  oF§, §Ax,  ERv,  §of, Eu9,  yiE
or, in general _ ‘ ‘__ o _.
(37) acters xy for £ are determined by

KKy = KK = 2 haih ;.
j

Now let xi be a character associated with class kand let
7. be the number of elements in this elass. Then it can
be seen from Table T that

X ixXs = Xa Z lIikj'jX; (38)
i
so that
33t = xal3-1x + 3-2-x3)
-1')(32 = XI[-ZXI + lx:;]
Oxaxs = OXixs- (39)

The characters x, are 1, 1, and 2. Substituting these
values in turn into (37), we find that xs and x3 are as
given in Table 1, thus verifving (38).

We can work in the opposite direction and determine
the character svstem by realizing that the operation £
will alwayvs be ina class by itself and the characters asso-
ciated with any matrix representing 2 will equal the
dimensionality /; of that representation, since /£ has the
form [d:], where 8y is the Kronecker delta. Hence,
from (10), the sum of the squares of the characters x,
must cqual 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-

12 124 124 124 22 22 32 4 32 4 32 4 3= 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.” (T'he 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,® and consider
the effect of the cubic symmetry operations on an arbi-
trary point with coordinates x, y, z. For (y, for example,
a 90° rotation about the OZ axis will convert x, v, z into
either —y, v, 3 (which we will denote by faz) or into iz,
and the inversion J on xyz gives &, ¥, Z. 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 funetions in crys-
tals,” Phys. Rev., vol. 50, pp. 58-67; July 1, 1930.
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A reducible representation can be generated in terms
of xvsz, as was done in connection with (5). For example,
the matrix /£ must have a character of 3 and any one
ol the three matrices for C2 will have a character of —1,
since two of the coordinates are converted into their
negatives and the third one stays the same, so that the
matrix must have the form

—
=
-t =
-
Il
- =

0 ()~1l:j ]

The full set of reducible charactersis then 3, — 1,1, —1,
0, —3,1, —1, 1,0, which we see is identical to the repre-
sentation 'y of Table TV, Since the orbitals p,, p,. p. are
proportional to x, v, 5, respectively, we say that the set

in

ol triply-degenerate p functions belongs to the represen-
tation 'z, Using the same arguments, the completels
svmmetric s orbital belongs to 'y, and by considering
the hehavior of the products, we can show that ., d,.,
d.. belong to Duyy and d 2, d2 2 belong to ' This infor-
mation 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
crvstal, the d state has been split into a twofold and a
threefold state. This phenomenon is known as crystal
field splitting.

Sa far, we have been considering the syummetry of the
direct Tattice. Let us turn now to the Britlouin zone, as
shown in Fig. 13, which is also simple cubic. The points
and axes of high symmetry are fabelled and we shall be
interested in the character tables corresponding to the
X axis. Along this axis, for which k. =k, and k. =0, there
are only four svmmetry operations in the group, and the
associated coordinate transformations are

{6 Tvs

¢y s
JC¢ xvs
JCo s

The character table (Table V1) cau then be determined
by the method described above. For the point I on the 2
axis, the character table is Table 1V, as determined for
the cubic group in direct space. The point M at the
other end ol the 2 axis is of lower symmetry than I' 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-hinding calculation on the use of d functions since
both Cu and Zn have ten 3d valence electrons. He also
negleets Zn—Zn  nearest-neighbor interaction,  since
the distance between these two atoms in the alloyv s
smaller than between two Cu atoms or between Cu-Zn
neighbors. The integrals of the form (¢,*| 17| ¢.) are
more complicated than those in (34), since the lines

PROCEEDINGS OF TIHIE IRl
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Fig. t3—"The Brillouin zone for the simple cubic erystal.
TABLE VI
. R Associated
| E G JCe JC d Function
5 1 1 1 1 Xy, 2*
>, | 1 =i =i Vo—y
Sy 1 1 Sl t Vo
= i =l 1 =l V=t

joining two ncarest-neighbor atoms do not he parallel
to the coordinate axes. It has been shown by Slater and
Koster' that some ol these integrals vanish lor geometric
reasons. Applving (27) as we did for the square lattice,
it is found that (x| 17]¥s), for example, is converted
into an expression involving sin k.. Since k, =0 along the
axis k. =k, this integral vanishes. (We remind the read-
cr that this example refers to the 2 axis.) Using letters to
denote the integrals, the
scecular equation are

nonvanishing elerients in the

(rve | V' aeve) = G

(vae | V' vsey = (asel V' ase) = 1
= ye?) = K

(5('2 l” 5('2) = [,

(e — yet | 17

(.\'_\'z' 1’ l.l"\'z) = (_\’Sz’ l" _'Sg) = (S.l‘z‘ V'I S.l'z)

= (= )| 1 et = ) = @2 Vs = D

eve | 7 avs) = (evz | ] wve) = (se | 17 v22)
= (sve| V'lzvg) = M
(x? — _\’c-"'l 178 — v = (5¢* I"I:Z'-') =X
(vs¢ | Vilsxyp =P
(ve | 1] 522 = Q. (40)

UL Coslater and Go I, Koster, *Simplitied 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 sccular 10X 10 equation as fol-

lows:
Cu Zn
xXv Y3 2x xt—y? z? vy yz 2X x?—y? z?
G—L j‘ M ,
vy [ | | 0
| H—F | uor |
¥z | l
‘ |
— I A‘ b4 v, |
Cu AN { =1 | ' poyou |
S ‘ |
| e l K-Fr | N
xtoyt | | | |
| | 1
' | L—E ) l N
SN S S N N Bl N | ‘
| | p_ .
‘ l N r| | ' Dk | |
Yol S i o
> | | l ) |
AR A | ‘ ! . M | ‘ ! b=r
i | [ . | ' |
Hlaz—y? | ‘ i A ! J ‘ ] O
Low IR L
L 22 —()‘— | .’V | _‘ - _i - | D—Iﬂ
b 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
Xve Xy z¢2 2> xXP—yet XP—vit yze V32 X3¢ X3z
G—FE M | 0 | | |
: |
| |
M 'D-E| Q | | |
; [ | \
0 |- ~ | | » |
] | e
Q | Y D—} |
[ |
N l K—E AY i | |
‘ N D—-E | ' | 1
| | - A | R
| ’ Vv o D-F | | |
} ‘ P H-E | M
. . |
|
i | | ’ P ’ v 1)"li,
[World Radio History|
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(41)

(42)
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TABLE VI

SYMMETRY OFERATIONS FOR THE 2 AXIS OF THE
Sivere Cusic BriLLoUiN ZoNg

Nys

TABLE Vi1
The Quaxtiries Re For e Simee Cosie Bruor iy Zoxe

P C.
xv av
\i %
\iS \iS —-x
\ 2 .\v‘. \-‘.! ..\v'.' _(_\~..

The 4 X4 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 fast column of
Table V. Tt is possible to obtain the same results by
using a theorem from group theory which states that
the function ¢, associated with the ith irreducible rep-
resentation can be obtained from the atomic orbitals ¢
by the refation

¢/ = C D x.(R)R¢,

R

(43)

where x,(R) is the character associated with the oper-
ator Rand Cisa constant. For example, for p., Table VY

shows

I v
Pl :d)’ = l(/’.r) + l(_Pl) + l(/’l) + l(_l)l) + cte. =0

¢ C

Po: @’ = 3(p) — 1(=p) — Up) — W(—=p) —etc. =0
l'l-—b: d), - ‘;(/’1) - l(_l)l) - l(/)f) - l(_pf) + ete, = (\‘/);.
M representations exeept 'y give 0(p,), and similar re-

sults are obtained with p, and p., verilving Table VI
Turning now to the operations of Table VI and the
five d functions, Table V1T gives the results correspond-
ing to Table V, and from this information. we obtain
the quantities R of Table VI From Tables V' and
VI we see that (43) gives for the representation I

JC JCs
vy AR
VS 5
AV v
-y SR EIES))

xve Ley) + 1yxe) 4+ Tay) + 1) = 4oy

s 1(ws) + 1(—as) + 1{—yz) + 1(xz; =0

mn sy + 1(—ws) + 1(—uxz) + 1y} =0

X =yt T = ) 10— ) 1 — )

+ (¥ =29 =10

220 1(z2) 4+ 1(3%) + 1(5%) + 1(5?) = 47

Henee, xy and g2 helong to Zy, but this representation is
not degenerate (this point will 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 fve
lincar 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 sce this, consider for example the
integral (va —ase| 17 vz4aze). Then

(s — xze| V'] vs 4 xze) = (yae V| voe) = (e | V7] v2e)
+ (vze | V'

Vo) — (.\'5(; l’| yS(')

and by (40), this expression vanishes, On the other hand,
by similarhy expanding, we see that

(v + wse| Vs + xse) = 20
and
(vo 4+ vse L 17| s + xsp) = 20 + 20

Dropping the factors of 2, the secular equation now
becomes
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X¥e Xvz LA 3z° XP=yet x—yz® az4vze x34vsz X3—¥3¢ X3—V¥5z
, (}—)C M ] Q _ h 7 _ -
l_ M EID _O B _
- ) l -1 Y o o
¢ N ——I) -/ -
- K-—1I
N Dk | ' =0. (44)
A =1 M4+P
M+r  D-E o o
‘ D ;I—;—I’—
7 _ - M M-r D- I—
|« >, S — S — o | — % — | —— S —|

The application of group theory has thus reduced one
of the 4 X4 subdeterminants into a pair of 2X2 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:

I C. JCE JC
x5 0 1
so that
me = [ 22 x4}
and
ny = 2, na = 1, =1, iy = 1,

so that the irreducible representation X is contained

twice in the reducible representation and the other three
are contained once. We note that the character for /< in
any irreducible representation automatically gives the
degeneracy, aird in the case of Xy, we must therefore
have two nondegenerate states, rather than a single
doubly-degenerate one.

INL. Toe NEARLY-IREE FELECTRON APPROXIMATION

As we pointed out in the previous section, the presence
of a cubic crystalline field splits the fivefold d function
tevel into a twofold and a threefold level. Similarly, if
we consider the energies we have determined for the
{ree electron anproximation and examine what happens
when a cryvstal field of a given symmetry is applied, we

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.

[n our introductory discussion on symmetry, we coun-
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 Brillouin zone, point .1 (0, 0,
m/c) ol Fig. 6, a wave function of the form (12) will be

Yi(s) = e ().

I we now perform the operation Gy on this function
three times, s becomes s+¢, and

Ve = et C T i(z) = —

(43

since iy is periodic with period ¢ and

(,,rr(:+r);’r e (,/n:/r

A second such operation returns ¢, to its original value,
and hence at this point in the Brillonin zone, we have
an additional svmmetry element 77, a displacement of ¢
along the g axis, such that

(46)

The operations and classes associated with this special
point are then indicated on the top and side of Table
INX, which is the multiplication table for this group of
twelve elements aud six classes. To see how this table is
established, consider the two operations 77 and Gy In
Fig. 14(¢a) there is shown a single turn of a chain with
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the three levels in the ¢ direction labelled 0, 1, and 2.
This denotes their height above the xy plane as 0, 77/3
and 277/3, respectively. The corresponding atoms are
labelled .1, B, and C. Now consider the effect of the two
operations 7" and G, on the lattice. The result of 7 is
shown in IFig. 14(b), where the new levels are denoted
3, 4, and 5 to indicate that each atom has moved a dis-
tance 37°/3 along the z axis. Applying G to this ar-
rangement gives the result shown in Fig. 14(¢). Now,
going in reverse order, Co® produces IFig. 14(b’) and the
inverse 771 of 7" once again gives Fig. 14(c¢) so that
C,OT = T-1C, M,

From this we may casily show that
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This result, however, can also be obtained from the as-

sumption that

or

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 I'. Then we have simply

Yo(z) = u(2)

TABLE IX

MurtierLicamoN TaBLE ¥or THE Stact Grouvr oF TELLURITM

First Operation

K,

K| R } K, K. Ks
E T (G I TGy C:2 IC G re» | TG® | TGW 1 G Co®
| K, E E T C; Ty Cy? TG (a1 ey rG® | TGO | o C ()
K. | 1 r E ra | o ce | G TGY | o | 6o | G | Tew | Teo
. & wc_, 7°C, G2 ' E T TG | G® | 1@(1) [ C;m - TCs :a)i' 'Cm '1'('2@)
1\'3 - - o - - - T . T D
I TGCs? 1C2 | Ci? E 1Cy G T G (',.,(3) ré,m | 7Cs | s fi C 3| G
= e & | ter | T | G G | E | Tee) 16| G | Ge | e | roo
= K, : = - f(—— S :
g ¢y | TG Cs I TCs? T E [ rae o Gow r¢,® C-,,“” 7 Cz b Cy®
g ] _ _ _ |
O G GO | TGO | G® | G TG | TCx» | E 7Cs (3 | T | & 1C2
el [— - — I [ —
§ Ks TG | TG | G | Cm ' 1Cw G TG | G E IC;« : TC? : 75 Cs
[ - . —— —— | ——— - — _ N — S
" : e ey | G® reym | Gy reym | G TCs G E I G | TCe? T
I S IR _ =
7‘(‘,.,(“ | '[‘C_,(l) | C‘__,(l) i '['01(2) | '1'(4‘,:(3) | C_,(ﬂ) C'__,(?) ’[‘ C:i 1 Cs E | I‘C.’i (:‘,‘2
[\'n ’ (‘,_,12) (:-_"’2‘ | T(‘._.(I) '1‘(;.,(3) | Cz(l) Y'CJ(I) C.,(ﬂ) '1‘(‘32 7‘ (:3 | C32 | E TC’!
' ! G W TC® ‘ G I re.m J C"‘“ 16 Gy | res? T i TG G 4
( b) TABLE X
l \\\ CHARACTER TABLE FOR THE PoINTs A AND T
(For the point I, the operation T is deleted)
(l) - h —
/ Cg)/ Coth TC»
(c)
.\ (0) \ .\ ¢ TCw ¢ Cf)
E TC2 TG T Cs? G3
I 7 |
p @, I 1 1 1 | 1 1 1
( J_: j !
\ @ / I, 1 R -
|
I's 2 -1 0 2 -1 0
— —— e —nn | — . R — -—
| , A 1 -1 1 =1 1 =]
- |
”~
A, 1 -1 -1 I =1 1 1
| |
(b) 1 2 1 0 [ —1 0

Fig. 14—The geometrical proof that T*=E,
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and the operation 77 s equivalent to 2. Therefore, the
character table for the point I’ is the upper left-hand
corner of the tabte for the point .1 and we notice that it
has the same structure as Table T Thus, at the origin
of the Brillouin zone, the screw axis does not enter the
analysis, whercas at the top, it doubles the size of the
group.

Next, let us examine the situation along the A axis,
excluding the end-points I' and 1. Suppose for the mo-
ment that the only syinmetry 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 hent into a circle to insure that the
lattice is completely periodic. The only symmetry opera-
tion is the translation 7" from one atom to its neighbor,
so that the group consists of £, 1T, 12, - - - T and
1% =[5 This group is commutative or abelian; that is,
Iy =TT for every m and #n. It is simple to show
that for such a group, every clement is in a class by it-
self. Henee, all the representations are one-dimensional
and there are N of them. It D(7T) denotes the determi-
nants in the representations, they must obey

DY(T) =1 (47)
and the solutions to this equation are
D(T) = 11N = ggitiy, (48)

where

I=0,1,2 -,V =1.

ET .. TV

l‘l I P‘.!!r:I/A\’ t,lx:l/\ ()(1\' [REFTFA
and this is also the character table, since all the repre-
sentations are one-dimensional.

The above result shows that all the representations
can be expressed in the form exp (2wl N |. This can be

rewritten as

exp [.’m’u(l .\'u)] = exp (ikR) (49)
where ¢ 1s the lattice constant and
k= 2xl/Na, R = lu. (30)

To see the origin of (30), we apply the condition that
the wave function (12) must also obey the evelic bound-
arv conditions, so that

(,il.'(.r+Nai”(x + ,\'(I) =) ("vk‘rlt(.\')

Nussbaum: Group Theory and Energy Band Structire

or

¢ (AN |

or

k= 2rl Nu

Using the definition (15) of the reciprocal fattice, ab=2m,
and defining R=la as a typical displacement, verifies
(19).

Along the A axis of tellurium, we have both transla-
tional and rotational symmetry. Considering lirst the ro-
tational part, the symmetry operations are a 120° rota-
tion, a 240° rotation, and a 360° rotation (cquivalent to
the unity operation). These three operations form a com-
mutative group and, by the procedure outlined above,
we can determine the characters to be the cube roots of
unity, whichare 1, w, and w?, where w =exp (2wi/3). The
translational characters, from (49), have the form 1, 9,
and 82, where d§=cxp (1kR). It is shown in group theory
that the characters for the two tvpes of operations
can be combined by direct multiplication, leading to
Table X1

TABLE X1
CHARAMCTER TABLE FOR THE A XIS

(w=e2m'3, §= ki)

/2 Cs c

7 7.\1—__- 1 8 . 8
Ay | «d wd®
A l w* w?§?

In applyving this table, we must introduce the addi-
tional concept of com patibility, which has the following
meaning. The svmmetry of the wave functions at ' and
at some adjacent point on the A 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 I'and along the axis is given by the rule
(which we shall not prove) that the sun of the char-
acters of the compatible representations along the axis
be equal to the corresponding characters at the center.
For example, Tables [V and V show that the characters
of X1, X, and I3 add up to equal the characters of Ty
for the four operations £, (y, JC#, and JCy. This means
that the triply-degencerate energy level at I'is split into
three nondegencerate levels as soon as we move out onto
the axis. The basis of this rule, as given by Jones® is
that a 3X 3 irreducible representation at I' may become
reducible along the axis, which is of lower symmetry.
However, even though the associated 3 X3 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 I', the quantity & in Table X1 is
unity, so that w4w?*=w?*+w= —1. It is then seen that
Ay +A4Aj corresponds to I's, which we designate by

I's — A + Ay

At o, we have k=r/c and the translation R corresponds
to ¢/3, so that

§ = ¢i(FlI)eld) = pi2w[6,

The character table for this particular point is then

E Cs Cy?
Ay 1 g2ril6 e2ril3
Ao 1 etrile 3emifa
Ay 1 eowils el

It is then casy to verity the compatibility relations of
Table X11.
TABLE X1
CoMPATIBILITY RELATIONS FOR A AND ¥ \XES

l‘] ad }.:1 band .‘[1

Iy —> 23— L
I‘; -3 + }.:2
' — 4 Ay - A
Iz =4 A2 — Ay

I's —A: + 4y Ay > A + Ay

The functions we shall use for tellurium are those of
(22). As an example, consider the functions at I for
{=(001) or (001), which are then

.¢/ — e‘.!n'z/c.

In applyving formula (43) at this point, we need consider
only the six symmetry operations of Table T and can
ignore the screw displacements, as we have already
shown.

However, the twofold degeneracy of 'y makes it nec-
essary to use the complete representations in Table 11
rather than the characters (this is about the only in-
stance where it is necessary to know the matrices ex-
plicithyv). Let

Ly = ridle = ¢y
Cp = etriteteldie = ¢y = @y
(w = eril?)
Gy = ¢3 = 'y
CoOY = ¢y = emit=zteld)
G = ¢s = wy
C:' = ¢ = w'ey,

Il
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then
¢ = 161+ 1¢2+ 1é3 + 1o + 165 — 196 = 0

so that no function goes with I'.. Similarly, nothing goes
with I's, and for I'; we find the two linear combinations

, jbr — ¢ 2—¢3/2+ ¢y — 5 2 — /2

BT VA D (=6 + 6 — b5 + 60,

It is interesting to note that, although Table X is ob-
tained from Table 1X in the usual fashion (the six
classes producing a 6 X6 character table), only the last
three representations A4y, s, 13 will be found to have
associated functions at the point A, and only the first
three will have functions at I'. Hence, the character
table for the point I' is automatically gencrated when
we find the larger one for the point ..

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 1. The higher-energy
curves in IFig. 15 are sketches based on the curves of
I'ig. 7 plus the use of the compatibility relations. IFor our
example, Table X11 shows that I's—A,4+A; and 13-4,
+4;, so that the curve joining I'y and .13 can only be-
long to A;.

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 Iving about halfway
along the A axis, rather than at the top. This means, as

r %y
A
| \Ml
A3 z 2 Ml
I3 ' M,
AZ
As I 2 N xz
z
A, Iy % : Mlz
T /\ M,
As £
r3 Z2 M[
A, MZ
a2
pY] MI
P N ry 0< )
As 2
A I Ml
r, I
r A r M
Fig. 15— The band structure of tellurium tor the

nearly-free electron approximation.
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shown by Herman, that the energy surfaces are cllip-
soidal and the svmmetry of the crvstal 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,” and stmilarly, Herman! has discussed ger-
manium and silicon,

Finallv, 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

Y= 2. explilh+ k)-r}.

hyhah
where
h = b, + b, + hib,

and the b, are the primitive vectors of the reciprocal
fattice. These functions have the form ol plane waves
and the procedure is called the method of orthogonalised
plane waves (OP\V). Onee again, group theory is used to
determine the linear combinations of proper symmetry
aud also to simplify the secular determinant. An exanme-
ple of a calculation for the point I' in the diamond lat-
tice s given by Mariot.?

5 0., Mariot, “Groupes Finis se Symétrie et Recherche de Solu-
tions de I Equation de Schridinger,” Dunod, Paris, France: 1959,

N. CONCLUSION
In this paper, we have shown how group theory can
be applied o energy bhand caleulations in two difterent
Ways:
1) Tosimplify the evaluation of secular determinants,
2) To determine the degeneracies ol energy bands.

On looking back at our discussion, it will be seen that
group theory does nol give quantitative answers; it
merehy assists in their determination. 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 caleulation.
However, in the case of silicon and germanium and lor
materials still under study, 1t plavs an mmportant role
in the band structure determination. Further, for the
element tellurium, it has been possible to determine
some ol the general features of the bands without com-
plex calculations.
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Injection Currents in Insulators®

MURRAY A LAMPERTY

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, 19625 revised manuseript received May 11,
1962 This paper is an expanded version of a talk given at the 1961
Solid State Deviees Research Conference, Stanford University, Palo
Alto, Calif.

1 RCA Laboratories, Princeton, N |,

tions 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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l. INTRODUCTION

NSULATORS have the vital and pervasive role in

clectronics 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
clectronic 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 prineiple, 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 struce-
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 ol a thermionic
cathode into the “structure-less” vacuum.
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-

&

In an

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 bhand at the cathode
and, simultancously, hole injection into the valence band
at the anode. In the resulting two-carrter current flow,
a major limitation on one-carrier current flow, namely
space charge, is to some degree circumvented; the in-
jected clectrons and holes can largely neutralize each
other.2On the other hand an entirely new kind of limita-

tion is introduced — loss of current carriers. The injected

LOM 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 frequeney. We are not coneerned
here with this photoconductive behavior of materials.

? For the vacuum diode, it was shown by . Langmuir (“The
Interaction of Electron and Positive Ton Space Charges in Cathode
Sheaths,™ vol, 33, pp. 954 989; June, 1929) that the simultancous
emission of electrons from the cathode and positive ions from the
anode does not lead to a total current 7 substantially larger than the
one-carrier, electron SCL current 7, as given by Child's law. Indeed
the maximum possible value of 1/1,, for a planar diode, is 3.7. ‘The
reason why only limited space-charge neutralization, and therefore
limited aurrent 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 intensity. Thus, both
electrons and holes drift slowly in regions of low field mtensity and
there is maximum opportunity for mutual neutralization. Corre-
spondingly there can he much greater current enhancement from the
presence of carriers of both signs of charge.
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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 [1]-[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 11
we review the domain of one-carrier SCL enrrents. We
first discuss the insulator analog to the vacuum diode,
namely the trap-iree insulator. Next we consider the
cffect of thermally generated free carriers on the current
flow. Then we show how the presence of traps atfects the
injected current, first for the case of shallow trapping
and then for deep trapping. In Section 11 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 suthiciently high
imjection 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 [T and 1V is confined to those situations in which
the injected free carriers exceed the number of defect
states i 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 clectron 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, 1s the presence ol a marked negative resistance in
the current-voltage characteristic originating in a carrier
lifetime which #ncreases 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
ficld-driven currents provide an adequate description of
the current flow. Since diffusion currents are normally
relatively large near the injecting contacts, our analysis
presupposes o sufficiently large separation between
cathode and anode; just how large is discussed briefly
in the text at the appropriate places.

We 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 ol the trade
for those engaged in solid-state device work. These con-
cepts include energy localized delect states,
trapping, recombination, mobility, Fermi level, ete. We

bands,

shall not assume any Tamiliarity 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
number of free carriers, in thermal equilibrium, com-
pared toits number of localized defect states,

Throughout we shall use mks units, unless otherwise
specitied. Further  we shall confine owr discussion to
conhigurations supporting one-dimensional current tlow.
Finallv: we shall discuss only steady, de current tlow,
Although ac and transient conditions bring in further
complications, thev do not change the underlving phys-
cal mechanisms which are simpler to think about for
steadyv-state de currents.

The discussion throughout will employ a minimum
ol mathematics. Where in a few instances it has seemed
convenient to write down the differential equations
appropriate to the injection problen, these cquations
will be solved only in an approximate manner by simple
dimensional analvsis. That is, derivatives like dn dv,
*n dx* will be replaced by 7 L, i, L* respectively,
where 7 is a suitable average of # and L is the cathode-
anode spacing. \Where this procedure has been used, be-
low, the results so obtimned have, in each case, been
confirmed by rigorous mathematical solution of the
differential equations.

1, ONE-CarriEr SCL CURRENTS

FFor the suke of definiteness we discuss electron cur-
rents,

The conceptual basis for carner injection in solids is
casily established by inspection of simple energyv-band
diagrams. Fig. 1) shows a metal-vacuum contact and
Fig. 1(h) an electron-injecting, metal-insulator contact,
both contacts being in thermal equilibrium (no applied
voltage). Fis the Fermi level, Evae the lowest vacuum
level, and /<. the Towest conduction-band level. Around
1040, Mott and Gurney |7] made the important ob-
servation that the metal-vacuum and injecting metal-
msulator contact are really very similar, as we see com-
paring the two fizures. 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 encrgy step ® at the metal-insulator con-
tact can be subsrantially smaller than the corresponding
work function 1V for the metal-vacuum contact. As a
result, even at room temperature or lower there mayv be
a sufticient number of electrons available at the contact
to support SCL current tlow 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
tmportant observation that the localized defect states
inevitably present in the forbidden gap of any real
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Fig. 1-Schematic energy -band diagrams tor inpecting contacts: (a
metal-vacnumm, (b)) metal-insulator (free ol traps), (¢} Metal
insulator (containing traps), () metal-insulator under applied
voltage. Diagrams (a)-(¢) correspond to thermal equilibrinm (no
applied voltage).

insulator, for example at levels £ and £.in g, 1(e),
may strongly affect the SCL current How. Those local-
ized states which are initially empty [states at £, in
Fig. 1(e)]. if sufficiently numerous. will capture most of
the injected electrons and thereby drastically reduce the
Fig
contact of Fig. 1(c) under an apphed voltage, the con-

current from its trap-frec value () shows the
tact being negative. Just a= i the thermioic vacuum
tube under SCL current-ilow conditions, there s a
potential minimum, or energy maxmmum (at position
X u), near the contact interface. In both cases this poten-
tial minimun is the hallmark ol complete space-charge
limitation of a one-carrier current.

o The Perfect Insulator

We first derive the current-voltage characteristic for
the simplest possible situation, namely the perfect in-
sulator, tree of traps and with no (or negligible) free
carriers in thermal equilibrium. This is the closest solid-
state analog to the thermionic vacuum diode. Al in-
jected electrons remiaun free and all contribute to space
charge, as in the vacuum case. The current density J,
which is constant with position, may be written as

J = plv)r(x) ~ pt 1)

with p(x) the charge density at v, g the average charge
density, 2(x) the free-carrier drift velocity at x, and 7 the
average drift velocity, As mentioned earlier, diffusion-
current low is neglected.

Total charge Q (per unit arca) and applied voltage
are related, in the usual fashion® via the capacitance ¢

3 The reader might well question our use of the geometrie valie
¢/ 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 (9]
that, under very general conditions including electron trapping, field-
dependence of the mobility, ete., an error of at most a factor of two is
made through this approximation, for one-dimensionalt problems.



1784
(per unit area):

€
Q=plL=CV = 1% (2)

-

where L is the cathode-anode spacing and we have taken
for C its geometric value ¢/L, € being the static dielec-
tric constant. Combining (2) and (1), we obtain

31
J~ L 5 3)

The free-carrier drift velocity, dominated by frequent
collisions, is given by the product of the fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>