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The Aerocom 1046 Transmitter is
designed to give superior perform-
ance for all point-to-point and
ground-to-air communications. It
is now in use throughout the world
in climates ranging from frigid to
tropical (operates efficiently at
—35° to +55° Centigrade).

As a general purpose High Fre-
quency transmitter, the 1046 sup-
plies 1000 watts of carrier power
with high stability (above —10°
Centigrade: £.003% for telegraph
and telephone. Temperature con-
trolled oven for FSK). Multi-
channel operation is provided on

3090 S.W.37th

AVENUE

WITH HIGH

telegraph Al, telephone A3 and
FSK (Radio Teletype). It can be
remotely controlled using one pair
of telephone lines plus ground
return with Aerocom Remote
Control Equipment. Front panel
switches and microphone are in-
cluded for local control.

Four crystal-controlled frequen-
cies (plus 2 closely-spaced fre-
quencies) in the 2.0 - 24.0 mega-
cycle range can be used one at a
time, with channeling time only
two seconds. Operates into either
balanced or unbalanced loads.
The power supply required is
nominal 230 volts, 50 - 60 cycles,
single phase.

The housing is a fully enclosed
rack cabinet of welded steel, force-
ventilated through electrostatic
filter on rear door.

Telegraph keying (Al): Up to
100 words per minute. Model 1000
M Modulator (mounts in trans-

The world-famous

AEROCOM 1046
TRANSMITTER

1000 W CARRIER POWER

STABILITY

mitter cabinet) is used for tele-
phone transmission; a compression
circuit permits the use of high
average modulation without over-
modulation. Model 400 4 Channel
exciter is used for FSK.

Output connections consist of
4 insulated terminals (for Mar-
coni antenna) and 4 coaxial fit-
tings Type S0-239, which can be
used separately or in parallel in
any combination. For 600 ohm bal-
anced load, Model TLM match-
ing network is used, one for each
transmitter channel.

As in all Aerocom products,
the quality and workmanship of
Model 1046 are of the highest. All
components are conservatively
rated. Replacement parts are al-
ways available for all Aerocom
equipment.

Complete technical data on
Aerocom Model 1046 available
on request.

MIAMI 33, FLORIDA
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- PRECISION MICROWAVE EQUIPMENT

July 28,

[T s ———3u

Il
SECTTONS

convenient and positive

conveniently interchangeable waveguide sections

no slope adjustment required

vernier position scale readable to 0.1 mm.

dial gauge holder and movable stop

fapered slots to minimize residual VSWR

INTERCHANGEABLE WAVEGUIUE SECTIONS

i
3 I
¥ /-\}
===

l ’L

= Model No. CI15A

-
S

Model No, Z116A

— T —

Like the finest camera with a precisely fitted set

of lenses, the FXR Universal Carriage and family

of five
matched to perfection.
unrivalled modular waveguide system gains new
meaning . . .

Interchangeable Siotted Sections are

“Togetherness'' with this

more rapid interchange of each
section without tools or need for alignment, and

more dependable performance over the entire

frequency range from 3.95 kmc to 18.00 kmec.
with quality and

Another fine FXR
reliability buiit into it—from the first mark on

the drawing board.

‘‘package”’

SERIES 115 PRECISION SLOTTED SECTIONS

R | BT | omasios [ feeso | e
H115A 3.95- 5.85 2 x1 10% in. | RG-49/U |UG-149A/U
ClisA 5.85- 8.20 12 x Y% 10% in. | RG-50/U | UG-344/U
V‘VI 15A1 7.05-10.00 1V x % 10% in. | RG-51/U | UG-51/U
X115A 8.20-12.40 1 x% 10% in, | RG-52/U | UG-39/U
YI15A {12.40-18.00 ]0.622 x0.311 B 10% in. | RG-91/U | UG-419/U

1961

ACCESSORY: FXR Model no. B200A Tunable Probe

All units when mounted in Z116A Carriage:

Slope—1.0. max.

Irregularity—1.005 max.

Write for Bulletin No. SS115 or contoct your local FXR representative.

FXR a division of

Amphenol-Borg Electronies Corporaiion

SEE US AT OUR WESCON SHOW BOOTHS 220, 222

® HIGH-POWER PULSE MODULATORS @  HIGH-VOLTAGE POWER SUPPLIES @

25-26 50th STREET
WOODSIDE 77, N. Y.

RA. 1-9000

TWX: NY 43745

ELECTRONIC TEST EQUIPMENT
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CROSSTALK

CURRENT

COOLANT FLOW

BREAKTHROUGH IN MAGNETICS. In an article on page 43 of our October 2,
1959 issue, Henry H. Kolm, of MIT, predicted that a solenoid designed
like the one in the diagram would produce a continuous magnetic field of
130 kilogauss. The magnet has now been built and is operating at the new
National Magnet Laboratory. It generates 126 kilogauss and should do
better when more operating power is available. The achievement is
expected to spur developruents in fields as diverse as superconductivity,
microwave tubes and magnetohvdrodynamics. For a report on this new
magnet in a new laboratory, see New England Editor Maguire’s report
on page 24,

MOBILE MISSILE RANGES. Many of the islands in the Atlantic Missile
Range are not in the right position for best monitoring of long-range
ICBM test shots. Ships can be put in the right place at the right time.
On page 22, Associate Editor Mason details how two more ships will be
readied for this important work. at a cost of $60 million.

EXPANDING FIELD of electron-beam technology is finding application in
such areas of direct interest to our industry as microminiaturization and
data recording. These and other applications of electron beams are dis-
cussed in this issue by Robert Bakish of Alloyd Electronics Corp. in
Cambridge, Mass. His article begins on p 39.

Coming In Our August 4 Issue

PLASMA ENGINEERING. One of the major problems in plasma research is
the accurate measurement of parameters such as temperature, density
and velocity of the ions and electrons. This subject, referred to as plasma
diagnostics, is surveved next week by Assistant Editor WolfZ in the second
article in his series on plasma engineering. You’ll learn about the use of
electrical and magnetic probes, microwaves, high-speed photography.
spectroscopy and other techniques for studying plasmas.

ADDITIONAL FEATURE MATERIAL to appear next week includes: sonar for
surveying the ocean through arctic ice by Assistant Editor Dulberger: an
infrared curtain system that detects and counts various moving objects
by P. A. Tove and J. Czekajewski of the Institute of Physics in Uppsala,
Sweden; and computing noise levels in microwave receiver systems by H.
H. Grimm of General Electric Co.

electronics
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graphs in (B) show resolution better than 0.1 u for electron machiving

text of the Bible could be recorded
on a fraction of the area of a post-
age stamp.

Among the most promising ap-
plications to microelectronics is the
processing of a wide range of ma-
terials at a fine resolution with a
low level of stress and structural
damage.” Resolutions as good as
1/10 x can be obtained.

In microelectronic fabrication,
the electron bheam can be used as
either a tool to heat materials for
evaporation or as a probe for ob-
taining information from the work-
piece.

IFor example, in the thermocom-
pression bonding that attaches lead
wires to transistors, electron beams
can be used as a source of heat to
carry out the weld, or in the manner
of a scanning electron microscope.
to obtain information from the
workpiece so that the technique of
using a mechanical tool to press a
wire down into the workpiece could
be carried out more accurately or
made more automatic. Figure 1B,
which shows images obtained with
a scanning electron microscope. il-
lustrates the possibilities for qual-
ity and process control on small op-
erations. The lefthand photo shows
the thermocompression-bonded lead
attachments of an unbiased silicon
mesa transistor: the right-hand
photo shows these leads with the
emitter junction back-biased 4.5 v.

Operation of a scanning electron
microscope is shown in Fig. 1C.
Resolution to 300 A has been at-
tained. Resolution of an electron-
beam microanalyzer, whose output
of characteristic x-rays is moni-

40

tored for the positive identification
of workpiece materials, is limited
to a region of 1 p.

Electron beams are also used for
welding and  drilling, cutting
grooves in metal films for produec-
ing resistors, and forming p-n
junctions.

Figure 2A shows an electron
beam used for cutting grooves in
metal films to produce resistors.
The resistive material, a nickel-
chrome alloyv tvpically 100-A thick,
is deposited on a ceramic substrate,
and the beam removes areas from
the allor to form nonconducting

paths. Resolution is of the ovder of
10 u. Resistance can be monit red
while the cutting proceeds. Theve
seems to be no reason why a con-
ductive coating laid down by vapor
deposition could not be cut by this
process.

It is not unlikely that an eleciron
beam svstem for dicing semicon-
ductor materials will be developad.

For electron-beam forming of
p-n juncticns, a laver of impurity
is depoxited onto the semiconductor
and temperature is raised locally to
produce alloying. Unalloyed impur-
itv laver is then selectively etched
away, Resolution of the order of
5 u may be obtained.

In elect:ron-beam activated mi-
cromachining (Fig. 2B) electrons
are used in nonthermal manner and
limitation of resolution imposed by
thermal canduction is avoided. A
magnetic lens projects the electron
image onto the workpiece. whose
surface has heen covered with a
laver of a chemical such as tri-
phenylsilanol. Electron bombard-
ment produces a latent image which
can be converted into a silica mask
by heating specimen to 200 C. A
gaseous etch then removes unpro-
tected parts of workpiece.

Other nonthermal electron-beam
fabrication techniques include mo-
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The Raytheon CK1354 and CKI1355 display cathode
ray tubes, used in the SAC “Hustler,” are designed to
operate in unpressurized areas of aircraft at altitudes
up to 100,000 feet without corona. The CK1354, a
three inch tube, is used for photographic purposes and
the seven inch CK 1355 is used in a direct visual ap-
plication. Quick disconnect features eliminate potting
of high voltage terminals and allow rapid replacement.

Both tubes are designed to mut exactlno mechanical
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the high altitude requirements of Mil-1-6181-B.

If the development of airborne radar equipment is
currently of interest to you, then investigate the many
advantages offered by these remarkable tubes. Also in-
quire about the other types of industrial and military
cathode ray tubes in Raytheon’s comprehensive line.

For technical information or design assistance please
write to Raytheon, Industrial Components Division,
&8 Mhanel Qtreet. Newton 58, Massachusetts.
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FIG. 2—Flectron-beam cutting of resistor; resolution is 10 u (A). Micro-
graphs in (B) show resolution better than 0.1 p fer clectron machining

text of the Bible could be recorded
or: a fraction of the area of a post-
age stamp.

Among the most promising ap-
plications to microelectronics is the
processing of a wide range of ma-
terials at a fine resolution with a
low level of stress and structural
damage.” Resolutions as good as
1/10 u can be obtained.

In microelectronic fabrication,
the electron heam can be used as
either a tool to heat materials for
evaporation or as a probe for ob-
taining information from the work-
piece.

For example, in the thermocom-
pression bonding that attaches lead
wires to transistors, electron beams
can be used as a source of heat to
carry out the weld, or in the manner
of a scanning electron microscope,
to obtain information from the
workpiece so that the technique of
using a mechanical tool to press a
wire down into the workpiece could
be carried out more accurately or
made more automatic. Figure 1B,
which shows images obtained with
a scanning electron microscope, il-
lustrates the possibilities for qual-
ity and process control on small op-
erations. The lefthand photo shows
the thermocompression-bonded lead
attachments of an unbiased silicon
mesa transistor; the right-hand
photo shows these leads with the
emitter junction back-biased 4.5 v.

Operation of a scanning electron
microscope is shown in Fig. 1C.
Resolution to 300 A has been at-
tained. Resolution of an electron-
beam microanalyzer, whose output
of characteristic x-rays is moni-

40

tored for the positive identification
of workpiece materials, is limited
to a region of 1 pu.

Electron beams are also used for
welding and drilling, cutting
grooves in metal films for produc-
ing resistors, and forming p-n
junctions,

Figure 2A shows an electron
beam used for cutting grooves in
metal films to produce resistors,
The resistive material, a nickel-
chrome alloy typically 100-A thick,
is deposited on a ceramic substrate,
and the beam removes areas from
the alloy to form nonconducting

paths. Resolution is of the ovder of
10 x. Resistance can he monitared
while the cutting proceeds. There
seems to be no reason why a con-
ductive coating laid down by vapor
deposition could not be cut by this
process,

It is not unlikely that an electron
beam system for dicing semicon-
ductor materials will be developed.

For electron-beam forming of
p-n junctions, a layver of impurity
is deposited onto the semiconductor
and temperature is raised locally to
produce alloying. Unalloyed impur-
ity layer is then selectively etched
away. Resolution of the order of
5 p may be obtained.

In electron-beam activated mi-
cromachining (Fig. 2B) electrons
are used in nonthermal manner and
limitation of resolution imposed by
thermal conduction is avoided. A
magnetic lens projects the electron
image onto the workpiece, whose
surface has been covered with a
layer of a chemical such as tri-
phenylsilanol. Electron bombard-
ment produces a latent image which
can be converted into a silica mask
by heating specimen to 200 C. A
gaseous etch then removes unpro-
tected parts of workpiece.

Other nonthermal electron-beam
fabrication techniques include mo-
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ELECTRON BEAM
Versatile Tool

and Mushrooming

Technology

Describes the application of electron beams

to electronics manufacturing, microminia-

turization, recording information, and to

the analysis of materials and processes

By ROBERT BAKISH

INTENSIVE laboratory efforts in a
half-dozen nations is steadily wid-
ening the applicability of electron-
beam technology and fashioning the
electron gun into one of the most
versatile of engineering tools.
Already linked with research and
production in microminiaturization
and thin-film component technology,
electron beams are opening up
prospects in tangential fields.
Among these fields are: microprobe
analysis for quality and process
control in submicron ranges; hol-
low beams for increased efficiency
in high-power microwave and mil-
liammeter-wave tubes ; microrecord-
ing and microprinting at high den-
sity; specialized closed-system
welding of metals; and formation of
junctions in thermoelectric and
other semiconducting materials.
Many microminiaturization ap-

July 28, 1961

Alloyd Electronics Corp., Cambridge, Mass.

plications can use the electron-
beam’s properties. Since absorp-
tion takes place on solid bodies in a
small layer below 300 Kev, nearly
100 percent of the incident energy
is converted to heat in the material ;
additionally, beam intensity, shape
and position, lend themselves to
high precision and instantaneous
control'. A further advantage is the
high energy-density that an elec-
tron-beam can accommodate.

In cutting slots on thin layvers of
silicon, the milling cuts stripped
off material to a depth of only 0.5 u
(micron) and to a width of 3 .
Figure 1A shows milling work of
this type.

Use of positive ions instead of
electrons removes the X-ray handi-
cap in high-voltage operations, and
gives promise in three-dimensional
deposition processes for micro-
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FIG. 1—Interference microscope pic-
ture of 5 and 3 p-wide slots (A). Ap-
plying a reversc bias to emitter junc-
tion (D) renders p-n junction visible
(40 p shown) and demonstrates irregu-
lar diffusion. Scanning electron wmi-
croscope (C)

circuits and in shallow-penetration
machining and cutting operations
where extremely short-range en-
ergy is needed.

The future of electron beams for
microstorage of infermation was
illustrated at the third Alloyd Elec-
tronics Electron Beam Symposium.
G. Mollenstedt of the University of
Tubingen demonstrated abilities to
resolve recorded information to 5
angstroms. At this resolution, the

39



Need a

PRACTICAL

semiconductor
strain gage !

DESIGNED for

small area |
measurement? .

Tang Industries, Inc. has the answer.
Employing a filament sliced to exacting
specifications from a single silicon crys-
tal, Tang Industries makes possible the
of microstresses in

measurement pre-

vioysly impossible regions.

The filament, whose controlled im-
purity
tivity close to 50-65 times that of metal-

content produces strain sensi-
lic gages, is bonded to high-purity gold
lead wires by eutectic weld. While the
thermal stability and mechanical strength
of conventional gages is retained, the
semiconductor strain gage offers minia-
turized construction, increased tempera-
ture range, ease of thermal compensa-
tion, higher output level, high resolution,
freedom from hysteresis, chemical inert-
ness and geometric flexibility.

This is but one example of the devices
and services available from Tang Indus-
tries, Inc., an integrated combine of
complementary talents working toward
a common purpose; performance to your
specifications.

Tang Semiconductor Materials Inc., a
subsidiary of Tang Industries, is engaged
in development work to improve
lapping
and polishing silicon and germanium

methods of growing, slicing,

for the semiconductor industry.

Integron Inc., another subsidiary of
Tang Industries, Inc. has four divisions,
engaged in Engineering Services; Equip-
ment Manufacturing; Semiconductor Ap-
plication and Processing, and Systems
and Instrumentation. This last division
has been engaged in ASW development
work for major

government agencies

for more than ten years. In addition,

it is producing energy conversion
products to customer specifications, in-

cluding semiconductor strain gages.

FOR FURTHER INFORMATION,
CALL OR WRITE

G. S. HAYDEN
TANG INDUSTRIES, INC.

400 Main Street
'@nq Waltham, Massachusetts

performance to your specifi cations
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ACADEMICALLY SPEAKING

Engineers Examine Nervous System

INTRODUCTION to the Function and
Structure of the Nervous System,
a course to be given at UCLA Med-
ical School this Fall, is reported to
be an attempt to “bridge the gap
between engineering and biology”.
Engineers and physicists taking the
course will examine the human ner-
vous system in a search for solu-
tions to problems in space travel,
communications systems and mech-
anical brains. George P. Moore of
the Department of Physiology is
the course organizer and instructor.
He sayvs the course will benefit
three classes of engineers: those
concerned with information stor-
age: those studying subjects anal-
ogous to the nervous syvstem. such
as communications; and a few who
want information to build plastic
models. It is conceivable.
Moore, that more will be learned
about the development of the ner-
vous svstem during the course, and
that in the future damaged nervous
svstems may be repaired with en-
gineering methods and in engineer-
ing terms.

Savs

OFFICE OF NAVAL RESEARCH hus do-
nated a 10-foot dish radio telescope
to UCLA. It will tune in on 4 to 8
millimeter waves. The system’s
beamwidth is between 1 and 2
tenths of a degree, enabling it to
be directed toward specific regions
of the sun or moon. This will pro-
mote research on variations in
activity at different portions of the
sun, localized differences in temper-
ature on the moon and lunar
volecanic activity.

THOMAS ALVA EDISON FOUNDATION
and representatives from electron-
ics and other New Jersey industries
have cooperated with educators in
producing a science program that
has become a part of the state edu-
cational svstem. Foundation Exec-
utive Director George E. Probst
hopes the project will gain the at-
tention of science-based industrial-
ists across the country to bring
about similar enterprises in other
states. One example of industrial
participation is that by New Jersey

Bell Telephone Company. Producing
and sponsoring a lecture-demon-
stration entitled The Science of
Semiconductors, the company high-
lights the principles underlying de-
velopment of transistors. Designed
for high school physics classes, the
lecture-demonstration is given to
both public and private high schools
by the company’s traveling lecturer
who uses company-supplied appara-
tus and materials.

CRITICAL PATH SCHEDULING is the
subject of a training and workshop
course 0 be given by Univac Divi-
sion of Sperry Rand at Purdue
University from July 31 through
August 4. Similar to PEP and
PERT. Critical Path Scheduling is
a technique for tighter manage-
ment control. Course includes ses-
sions on: Fundamentals of Critical
Path Scheduling, Relationship of
Time and Cost. Selection of
Optimum Schedules, Multiproject
Scheduling, Manpower Allocation
Procedures, Project Control. Util-
izing an Electronic Computer.

Space-Age Transmitter

Solid-state microwave transmitter
developed by General Telephone &
Electionies for space communica-
tions. Firm says unit has 10 times
frequency stability of conventional
transmitters, operates with about
two watts of output power within
S-band (1,700 to 2,300 lMc)

electronics
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Probing Automatic
Speech Recognition

SYLVANIA’S Applied Research Lab-
oratory is working toward an auto-
matic speech recognition system
this week. Future applications of
system would include voice-oper-
ated typewriters, voice-dialing of
telephones, voice-programming of
computers and voice routing of mail.

A speech sound analysis method
is being tested by introducing a
tape recording of the human voice
into a digital computer where the
sounds are mathematically analyvzed
and resynthesized.

The method analyzes the wave
forms that comprise speech in
terms of a fixed set of orthonormal
(uncorrelated) functions, chosen to
resemble sound waveforms that oc-
cur naturally in speech.

All sounds are represented as the
sum of the same 30-odd orthonor-
mal functions, with only the coeffi-
cients of the functions changing
for different sounds. An infinity of
functions would be required to
simulate perfectly the countless
variations that occur in actual
speech, but the set of approximately
30 functions should result in suffi-
cient fidelity for most purposes,
company says.

French Solar Battery
Goes Into Operation

ENERGY CONVERSION devices are re-
ceiving attention from French sci-
entists. An operational solar bat-
tery set up near Toulon is currently
being observed.

The project is the result of stud-
ies carried out for the Bureau of
Investment in Africa by the Phys-
ico-Chemical Research Center of
the Compagnie Generale de Tele-
graphie sans Fil (C.8.F.), and sup-
ported by the Technical Service of
Air Telecommunications.

The battery uses solar energy
only as heat, first converting light
waves to heat and absorbing visible
radiation in black collectors. Elec-
tric energy is produced by using
thermoelectric material.

A square meter of a solar battery
can deliver 50 watt-hours a day.
Seventeen square meters of the
C.S.F. battery, for example, pro-
vide 100 w at noon on a clear day.
The on-load voltage is 24 v.
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(Advertisement)

' Solid-Electrolyte
Tantalex® Capacitors

' Now Auvailable in
Non-polarized Design

The Sprague Electric Company, a
pioneer in the development of solid-
electrolyte tantalum capacitors, has
announced the availability of Type
151D non-polar Tantalex Capacitors.

The famous Type 150D polarized
capacitor, outstanding for miniature
size, excellent performance charac-
teristics, and reliable service life, is
now joined by the non-polarized
Type 151D, which consists basically
of two hermetically-sealed, metal-
clad polarized sections, with their
cathodes connected back-to-back
and enclosed within an outer metal
tube. This results in a single homo-
geneous capacitor insofar as out-
ward appearance is concerned. Where
required, supplementary insulating
sleeve of polyester film is applied.

Non-polarized Type 151D Capac-
itors are usefi! in many new appli-
cations, such as phase-splitting in
small low-voltage motors, in servo
systems, in low-frequency tuned cir-
cuits, in crossover networks, and in
bypass applications where high ripple
voltages are encountered.

Unmatched experience in this
field has enabled Sprague to estab-
lish the largest and most complete
production facilities in the capacitor
industry. Producing more solid-
electrolyte tantalum capacitors than
all other supplies combined, the
Sprague Electric Company offers, in
addition to reliability of product,
reliability of source of supply.

For complete technical data on
Type 151D Capacitors, write for
Engineering Bulletin 3521 to Tech-
nical Literature Section, Sprague
Electric Company, 35 Marshall
Street, North Adams, Massachusetts.

CIRCLE 209 ON READER SERVICE CARD

VALUES OF
CAPACITANCE

IN SMALL PHYSICAL SIZE!

Sprague offers two series of "block-
buster’ electrolytic capacitors for use in
digital power supplies and allied applica-
tions requiring extremely large values of
capacitance.

Type 36D Powerlytic® Capacitors pack
the highest capacitance values available
in their case sizes. Intended for operation
at temperatures to 65 C, maximum capac-
itance values range from 150,000 uF at
3 volts to 1000 uF at 450 volts,

Where 85 C operation is a factor,
Sprague offers the Type 32D Compulytic®
Series, the ultimate in reliable long-life
electrolytics for digital service. These re-
markably trouble-free units have maxi-
mum capacitance values ranging from
130,000 uF at 2.5 wvolts to 630 uF at
450 volts.,

Both 32D and 36D Capacitors have low
equivalent series resistance and low leak-
age currents, as well as excellent shelf
life and high ripple current capability.

If you'd like complete technical data
on Type 36D units, write for Engineering
Bulletin 3431. For the full story on the
"blue ribbon’ Type 32D Series, write for
Engineering Bulletin 3441B to the Tech-
nical Literature Section, Sprague Electric
Company, 35 Marshall Street, North

Adams, Massachusetts,

SPRAGUE
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TWO OUTSTANDING
HIGH-TEMPERATURE

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

For continuous operation at hot-
test spot temperatures up to
200°C (392°F) and up to
250°C (482°F) for short periods
of time—depend upon TETROC
—an all Teflon-insulated wire
available in both single and
heavy coatings.

CEROC is Sprague’s recom-
mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482°F) and
up to 300°C (572°F) for short
periods of time. Ceroc has a
flexible ceramic base insulation
with either single silicone or
single or heavy Teflon overlays.
The cerumic base stops “cut-
through’’ sometimes found in
windings of all-fluorocarbon
wire. Both Tetroc and Ceroc
magnet wires provide extreme-
ly high space factors.

Write for Engineering Bulle-
tins 405 (TetrocWires)and
400A (Ceroc Wires).

SPRAGUE ELECTRIC COMPANY |
35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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Defense . . .

where the wavelength intervals are:
0.01 micron up to one micron; 0.1
micron from one to two microns:
one micron at wavelengths greater
than two microns.

The carbon arc and the high-
pressure mercury-xenon bulb have
already been ruled out as energy
sources for operational reasons.

In addition to being integrally
designed with the source, the opti-
cal system must have an intensity
variation of less than = 5 percent
over the whole test area extending
from 3 to 30 feet in diameter.
Ideally, it should be collimated so
that all of the high-intensity en-
ergy incident upon any point is re-
ceived within a cone of half angle
of 0.4 degree and so that 50 percent
of the energy is received within a
cone of half angle of 0.3 degree.
For the lower intensity, these half
angles would be 0.2 degree and 0.13
degree. During the next five years,
however, half angles one order of
magnitude larger are acceptable.

Surfaces of the optical system di-
rectly exposed to thermal radiation
from the test object should appear
as diffused black bodies at near
liquid-nitrogen temperatures.

Being sought in the radar, track-
ing, and tv fields are:

e An expendable and inexpensive
technique of having an aerial vehi-
cle—balloon, parachute, rocket—
sense and telemeter its own posi-
tion (X, Y and Z) without ground
tracking and preferably without a
cooperative ground transmitter.

e An indicator showing closing-in
rate of air or ground vehicles. Only
the two closing objects must be
shown in the output and, if possible,
the evasive action to be taken.

e A surface navigation system
for hydrographic and oceano-
graphic survey. It must have long-
range capabilities for midocean
surveys, and must be accurate
within 1,000 feet regardless of dis-
tance from shore. Preferably. it
should be self-contained, but, if it is
ground-referenced, the shore equip-
ment should be portable and rela-
tively inexpensive.

e An image orthicon camera tube
with nonlinear transfer character-
istic. Present orthicon tubes are
sensitive in their control adjust-
ments to varying light levels: high-
lights produce, in accordance with

their linear transfer characteristic,
comparatively too many transfei
electrons that partly hide or drown
the weaker signal and destroy sensi-
tivity. The Council feels that a non-
linear transfer characteristic would
cut dowr. the excess production of
transfer electrons at high light lev-
els. Comparable contrast sensitiv-
ity for low and high light levels
should be maintained.

e A missile-borne vehicle detec-
tor for finding small, supersonic ob-
jects in space or the atmosphere at
ranges of thousands of feet. Pres-
ent radar and infrared principles
and equipment are not adequate for
finding small, high-velocity space-

craft. A passive detector is pre-
ferred.
e A practical instrumentation

syvstem capable of tracking missiles
during the early phase of launch—
the first 30,000 feet. It should not
suffer from the geometric dilution
of precision afflicting present track-
ing systems. It must produce data
as precise as that following the first
30,000 feet.

e An acceptable standard for the
check-out of trajectory measure-
ment systems. Presently, missile
trajectory measurement system are
checked by independent systems
that seldom agree on the accuracy
of the system being checked.

e A small, self-contained stable
frequency standard occupying a
cubie foot of space or less and oper-
ative in a missile-borne environ-
ment.

Gems Protect Cells
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Man-made sapphires protect solar
cells from space radiation on iew
Bell Labs communication satellite
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Bendix-Pacific 300 Series Telemetry

Experience earns leadership.

There are fifteen years of design and application
experience behind Bendix- Pacific telemetry compo-
nents —a depth of experience unmatched by any
other manufacturer.

July 28, 1961

This is why the 300 Series equipment is the recog-
nized standard — complimented by look-alike copies,
but standing alone in accuracy, performance and
extended reliability.

Bendix-Pacific Division

NORTH HOLLYWOOD CALIFORNIA

~ Gondit”

CORPORAT ION
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Defense Needs Electronics Inventions

DEFENSE PROBLEMS areas recently
outlined by the National Inventors
Council of the U. S. Department of
Commerce stress requirements for
improved electronic  equipment,
ranging from a low-noise radar an-
tenna to a touch-tuning control for
all airborne radio sets.

Need for the low-noise antenna
points up a limitation of radar sys-
tems having low-noise parametric
or maser amplifier receivers: low
svstem sensitivity due to high an-
tenna noise temperature.

Other antenna needs:

e Improved transmitting anten-
nas in the 3-30-Mc band. for ground
vehicles and aircraft. Physically
short antennas using materials de-
signed to reduce propagation ve-
locity are suggested by the Council
as one approach. Ferrite materials
like those used in receiving anten-
nas may provide another approach.

e Readily constructed hardened
antennas that will maintain dimen-
sional tolerances of a few tenths of
an inch over temperature ranges
that could exceed 100 F are needed
for long-range ground applications.

e Improved radiation efliciency
is being sought for 100-Ke, pulsed,
high-power transmission antennas.
The antenna type now in use is a
625-foot top-loaded unipole with
radial ground syvstem. While im-
proved radiation efliciency is a con-
sideration, designs must conform to
practical considerations of height,
ground space limitations and cost.
Suitable antenna insulators that
will not arc under adverse climatic
conditions are also needed.

A simple method for coherent
frequency multiplication from 10
Ge to 1,000 Ge is being looked for.
Technique would have to produce an
output power of not less than 1 mi-
crowatt at 100, 300 and 1,000 Ge.
Spectral width due to phase jitter
introduced by multiplier chain
should be less than 1 part in 10"

High-frequency power sources
having average powers of 10-15 Kw
must be found for Z-band, K-band
and millimeter regions to fully ex-
ploit high-frequency advantages of
wide bandwidth, directivity, size
and weight compactness and resist-
ance to jamming.
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A lightweight, simple, reliable
and inexpensive process for commu-
nicating through plasma sheaths
generated by reentry vehicles, one
that would use phenomena already
available in space, is urgently
needed. It should be almost inde-
pendent of vehicle-borne devices.

The Council is shopping for elec-
trocardiogram electrodes for semi-
permanent (perhaps up to a vear)
attachment without skin penetra-
tion. Thev must not irritate the
skin, change resistance nor create
clectrical noise. Presently, such ecg
electrodes require an electrically
conductive paste which dries and
irritates the skin.

Present sawtooth generator de-
signs that have a field linearity of
not bhetter than approximately 1
percent are not good enough for
many applications. A new design
is desired that would give at least
0.1-percent linearity under all con-
ditions and that would use tran-
sistors where advisable.

Airborne communications equip-
ment is wanted that would provide
a greater use of the vhf spectrum
of 108 to 136G Mc¢ to satisfy air-

control needs of the future. Closer
frequency spacing must be achieved
while maintaining receiver selec-
tivity, transmitter frequency sta-
bilitv and operational reliability.
The equipment should be small,
lightweight and need low power.

Simulation of solar illumination
in outer space is required for en-
vironmental testing of spacecraft
and spacecraft equipment. Atten-
tion is being given to duplicating
illumination in the portion of space
between the orbits of Venus and
Mars. The problem can be divided
into simulating the source of radi-
ant energy and developing an opti-
cal syvstem to present the energy to
the test specimen.

The energy source must be capa-
ble of producing energies variable
betwen 30 and 200 Kw multiplied
by the inverse of the transmission
and collection efficiency of the opti-
cal system, usually less than 10 per-
cent. The spectrum of the radiation
should be as close as possible to
that of the sun (Smithsonian
Physical Tables, 9th Edition). De-
viations of 10 percent in each wave-
length interval might be tolerated

Testing Lightweight Solar Concentrator

Solar concentrator mounted on aireraft searchlight housing is tested with
cryogenic calorimeter. Thompson Ramo Wooldridge Inc. developed wunit
for Alr Force as part of thermionic poweyr system

electronics
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particles and more effective use of
bubble chambers. It will result in
higher resolution for mass spec-
trometers and will advance atomic
beam experiments, it is reported.

Other potential applications are
thermonuclear fusion containment,
magnetic shielding of space trav-
elers without prohibitive amounts
of mass shielding, inductive storage
of large amounts of electrical en-

ergy in space, construction of
superconducting gyroscopes with
absolute accuracy for inertial

navigation in space, and loss-less
generation and transmission of
electrical power.

Advances in magnetism are also
increasing interest in biomagnetics
—particularly since it has been
established within the last two
vears that magnetic fields exert
significant effects on biological en-
tities at the organismic and cellular
levels. In addition, higher resolu-
tion for electron microscopes may
clarify body processes that can now
be only deduced.

Computer Runs Self From
Program to Program

ITS NEW OPERATING SYSTEM enables
an electronic computer to virtually
run itself from one program to
another without human interven-
tion, Minneapolis-Honeywell’s EDP
division reports.

The system, known as Executive
Scheduler and Monitor, is designed
to achieve economy and efficiency
in running a series of parallel
programs on the Honeywell 800.

The system reads schedule infor-
mation, locates programs on the
program tape, checks that the pro-
grams can be run simultaneously,
converts them to working programs
with memory, tape unit and pe-
ripheral equipment addresses. and
inserts label information into the
programs and places them on the
production-run tapes.

The system then automatically
loads the programs from the pro-
duction-run tape into the computer
and turns them on and itself off.
As each production program ends,
it calls on the system to initiate
loading of the next program. Any
long-running program may call on
the system to restart without loss
at a later time.
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Seagoing recorder
helps tame
the tempest

To poet and pilot alike, the sea is unpredictable. But
a long step toward fathoming its mysteries has re-
cently been taken, in the form of an idea which will
provide data on the effects of turbulent seas on ship
motion. Among the benefits will be the design of
hulls and ships better able to meet the challenges of
wind and wave.

To help the U.S. Maritime Administration and the
David Taylor Model Basin collect data for performing
statistical analysis of ship motion, a "“Seakeeping
Instrumentation System'’ was designed by Sierra Re-
search Corp. of Buffalo, N.Y. Operating completely
unattended for periods of several weeks at a time,
the system automatically goes into operation at 4.
hour intervals, recording a short run if the weathep
is calm or a longer run if the weather is rough,
Heart of the system is a 14-channel P.l. instrumentde
tion magnetic tape recorder, capturing such data as
wind velocity and direction, ship's heading, roll and
pitch, wave height, vertical acceleration, time pulses,
and propeller shaft RPM and horsepower. The P.I,
recorder was chosen for the system because of its
superior reliability — no attention was required dur-
ing its entire first cruise of four months — and be-
cause its compact design involves far less weight,
space, and power than conventional recorders.

For details on other P.l. recorders used above and
below the seqa, check with your local Precision engi-
neering representative or write direct.

S. S. MORMACPRIDE, which
gathers data at sea through
the automatic, unattended
operation of the “Seakeep-
ing Instrumentation System,*

. BB
i JHE
Clock, contro! unit, and re-
corder mounted in the Gyro
Room of the Mormacpride's
Bridge Deck.

P.1. Invites inquiries from senior engineers seeking a challenging future.,

PRECISION INSTRUMENT COMPANY

101l Commercial Street o
Phone LYtell 1-444| -

San Carlos
TWX: SCAR BEL 30

¢ California

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD
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New Magnet to Spur Solid-State R&D

By THOMAS MAGUIRE

New England Editor

GENERATION of a continuous mag-
netic field of 126 kilogauss in a
solenoid magnet recently at MIT
(ELECTRONICS, p 11, July 14, 1961)
signals the advent of an exploratory
tool expected to have widespread
scientific implications. It can, for
example, help develop electron mi-
croscopes of unprecedented resolu-
tion, broaden solid-state resonance
experiments, and influence magneto-
hydrodynamic power generation.
investigation of superconductivity,
creation of higher-power micro-
wave tubes and space travel.

Magnetic fields approaching a
million gauss have been achieved
with pulsed apparatus. but such
fields have durations of only a mi-
crasecond or millisecond. The previ-
ous record for a continuous field
has been 100 kilogauss. Fields pro-
duced in iron laboratory magnets
have been limited by practical gap
size and by the value at which iron
saturates. Elimination of the iron
requires approximately 1,000 times
as much current to generate a field
of equal intensity.

Design principles for the new
solenoid were presented in ELEC-
TRONICS October 2, 1959 (p 43) in
an article by the inventor, Henry
H. Kolm of MIT Lincoln Labora-
tory. Kolm is now a staff member
of the National Magnet Laboratory
under construction at MIT under
an Air Force Office of Scientific
Research contract.

The magnet consists of a tapered.
135-foot-long ribbon of copper
scored with 3,000 square slots and
wound with insulation into a cy-
linder. Cooling water is forced be-
tween the aligned slots at 320 gal-
lons per minute. In the center of
the coil is a tube, one inch in diam-
eter by two inches long. An intense
field is produced in the tube as
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Tnventor Kol and his 126-kilogauss, continnous field solenoid. Grapefruit-
sized mugnet is surrounded by coolunt pipes and 10,000-wmpere cables

10,000 amperes of current
through the coil.

The solenoid was built by High
Voltage Engineering Corp., Bur-
lington. Mass. The precision and
small size—the Kolm magnet is
about the size of a grapefruit with-
out auxiliary apparatus—requiireu
special fabrication machinery. The
operating version difers from the
originzl design (see illustration on
page 4 of this issue) in that insula-
tion ‘s carried on a second and
thinner tave instead of the copper
ribs.

Kolm points out that the prin-
ciple limiting factor now is the
amount of well-regulated d-c power
available. Total test power available
wus 1.88 megawatts. Higher flelds
may be produced when a source of
eight megawatts becomes available
at the laboratory. Ceoling also im-
poses limitations, since all the
power must be dissipated as heat.
The tests were 1run in the summer;
the magnet may produce higher
fields in the winter.

D. Bruce Montgomery, of the
laboratory staff, and Professor
Francis Ditter are developing a
250-kilogauss magnet. This level
probably will not be achieved until
the new fucilities at the National

pass

Magnet Laboratory are available in
1963.

Higher fields will be of special
significance to creation of new
structures of crossed-field devices
for operation between 4 mum and the
stthmillimeter lavel.

Amonyg solid-state experiments
that can take au giant step forward
with high fields are the cyclotron
resonance meastremen{: of semi-
conductors, a project of special in-
terest to Benjamin Lax, director of
the National Magnet Lab. To get
cvelotron resonance at submillimeter
or infrared wavelengths, a field cf
at least 200 kilogauss is needed.
In the far-infrared frequencies.
work with pulsed fields is difficult
and inaccurate, so contiruous fields
are needed.

Problems in superconduetivity
research that the newly-attaiued
fields can help solve include the
quenching of superconductivity in
new materials. At Bell Telephone
laboratories recently, rescarchers
were unable to quench the super-
conductivity of a compasite of tin
and niobium, although they used a
field of 88 kilogauss.

Iligher fields are expected to aid
the advance of nuclear pnysics, spe-
cifically the analysis of high-energy

electronics
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has the prime responsibility under
a contract with Patrick AFB, Fla.
Equipment and cost breakdown is
as follows:

(1) $12.6 million for modification
and stabilization of the two ships.
Equipment will be furnished to
determine geodetic position, ship
heading, and provide stable orien-
tation information for the com-
puters and recorders.

(2) $23.3 million to develop and
furnish equipment to provide target
trajectory and C, X and l.-band
radar reflectivity data on targets.
The equipment will also determine
location of impact point relative to
ship and detection trail from pri-
mary target.

(3) $930.000 to provide and in-
stall  all  radio  communications
equipment on board ship.

(4) $2 million for telemetrv: to
furnish and install a four-channel
recovery and recording svstem with
100-percent backup. An antenna
system will be supplied with the
telemetry equipment which will
have both manual and automatic
tracking capability.

(5) $5.9 million to furnish con-
soles for operation and coordination
of the instrumentation syvstem. In-
cluded in this arrav is data han-
dling, recording, display and com-
puter equipment; optical director;
boresight camera, and infrared
tracking systems for alignment and
calibration of the instrumentation.

(6) $400,000 for furnishing and
installing a shipboard meterological
system to provide precise measure-
ments of meterological parameters
ot surface and in the upper at-
mosphere.

(7) $4 million for the engineer-
ing effort to plan. design and super-
vise the installation and integration
of all equipments and svstems.

(8) $1.4 million for technical
progress reports, engineering data,
determining and providing initial
replacement parts requirments and
indoctrination training of instru-
mentation operating personnel.

(9) The remaining $9.47 million
will go for instrument modification
of C-130 aireraft, communications
equipment being installed. a U. S.
Coast and Geodetic Survey of the
range and approximatelv 80 mis-
cellaneous electronic devices for in-
stallation throughout the range.
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Soviet Component Lag Seen

AMBITIOUS SOVIET PLANS for rapid
growth of electronic output may be
threatened by the failure of com-
ponent production to maintain the
required pace. The onset of this
problem is suggested by scattered
and fragmentary data which the
Soviet regime has permitted to
filter through the Iron Curtain.

These data indicate that original
Soviet plans called for an annual
production rate of 200 million elec-
tron tubes of all types to be reached
by 1960. Actual output in 1960,
however, amounted to only 125 mil-
lion units. By comparison, accord-
ing to EIA estimates, U. S. manu-
facturers’ sales of receiving tubes
alone have ranged between 400-480
million units per year since 1955.

While the USSR could bridge its
electron tube gap by large-scale sub-
stitution of transistors and crvstal
diodes, there are growing indica-
tions that the Soviet semiconductor
industry also is lagging substan-
tiallv behind the needs of equip-
ment manufacturers. In contrast to
a4 high degree of public optimism
shown earlier, the Soviet press has
grown increasinglv obscure in re-
cent vears concerning current levels
of semiconductor output in the
USSR. The most recent information
available relates to 1957 during
which year, according to official
statements, Soviet industry pro-
duced approximately 20 million
semiconductor elements of all types.
These announcements provided no
further information as to how this
output  was distributed between
transistors and diodes, Correspond-
ing U. 8. production for 1957 to-
taled approximately 100 million
vnits, including 29 million transis-
tors and 71 million semiconductor
diodes.

Since the 1957 announcements,
the USSR has studiously avoided
the publication of hard figures on
achieved levels of semiconductor
output. There appears to be some
significance, however, in the fact
that late-model Soviet electronic
computers are still based on vacuum
tubes rather than transistors and
that transistorized radio receivers
are only now beginning to trickle
into Soviet retail outlets,

In the mid-fifties, when compo-
nent production was forging ahead
very rapidly, the Soviet electronics
press appears to have been en-
couraged to publish indexes show-
ing the rapid overall growth of elec-
tronics production in the USSR.
With the apparent failure of tube
and semiconductor manufacturing
to advance in accordance with
earlier expectations, however, So-
viet press media have fallen silent
in recent yeurs concerning the
actual record of electronics indus-
try growth.

Given the historical devotion of
Soviet leaders to the most rapid
possible expansion of Russia’s war
potential, it seems a virtual cer-
tainty that every effort will be made
to assure that the military elec-
tronics program in the USSR does
not falter. The brunt of any slow-
down in the growth of Soviet elee-
tronics  production would most
likely be reflected in those branches
of the industry responsible for pro-
duction of civilian equipment. In
this connection, it might be noted
that, in contrast to earlier Soviet
plans, announcements scheduling
an output of 10.2 million home
radios and tv sets in 1960. actual
output last vear amounted to only
5.9 million units.

Infrared Binoculars

Infrared binoculars for night vicw-
ing are under development «t the
U.S. Army Engitneer R&D Labora-
tories, Fart Belvoir, Va. The optical

system utilizes an infrared con-
verter tube
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This touched-up photo shows how Sperry Rand will convert two troop carrier ships to floanting missile ranges

Missile Ranges Expand at Sea

AN IMPORTANT STEP in the chang-
ing shape, size and requirements of
the nation’s missile ranges takes
place with the demothballing of two
retired C-4 tvpe troop carrier ships.

These ships will become Mobile
Atlantic Range Stations (MARS)
to extend the Atlantic missile range
beyond the last island outpost at
Ascension Island, 4,300 nautical
miles from the Cape. This will take
care of tests such as the recent
Atlas shot from Canaveral that
went 9,000 miles to the Indian
Ocean.

Mobile stations such as these can
also monitor the actual flight path
of long-range missiles, which is east
of the island chain. Since the earth

22

By JOHN F. MASON, Associate Editor

rotates 7! degrees east during a
missile’s 30-minute flight, the mis-
sile lands 7! degrees west of the
point it’s heading for as it is
launched. For this reason, long
shots are fired in an easterly direc-
tion toward Africa. By the time the
missile gets there, Africa has moved
on to the east: the missile misses
Africa and lands in the Indian
Ocean. The practical importance of
these physical phenomena is that
many of the islands in the AMR
chain are not in the right place for
long-range shots. Mobile ships can
be put in the right places.

Another application for ship-
board missile ranges is in space
flights. A group of four ships might

be instrumented with an inter-
ferometer system and placed under
the point in a parking orbit from
which a lunar probe would take off
for the moon.

The Pacific Missile Range has six
ships used for tracking. telemetry
and recovery. The Atlantic Missile
Range now has two tracking ships.
The two new MARS ships will make
four. Two more will probably be
needed for the range’s normal
workload. If AMR is assigned the
task of becoming the official range
for space launches, eight to ten
motre ships will be needed.

Estimated cost of converting and
instrumenting the two MARS ships
is $60 million. Sperry Rand Corp.

electronics
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WITHOUT DARKENING THE ROOM!

The new, advanced S-C 2000 bright display
system developed by General Dynamics/
Electronics produces an entire large screen dis-
play less than two scconds after data are trans-
mitted from the computer. The unique yet simple
principle of the S-C 2000 results in high-contrast
storage displays with unsurpassed brightness and
resolution for information prescntation on both
console and large screens.

The S-C 2000 will display both video and
alphanumeric data of all kinds simultancously
with any type of overlay. Display information
necd be transmitted only once from the data
sourcc owing to the inherent storage capability
of the S-C 2000. The unit also provides both fail-
safe retention of data and various types of per-
manent hard copy. Completely dry processing is
incorporated with data rates of 40,000 separatc
characters per seccond. Scale changing, category
commands and display sclection are accom-
plished at the control console, without interrupt-
ing the computer.

A capability exists for seven color displays or
data may be viewed as white against black or
black against white. Resolution is 2000 lincs on
cach axis. The S-C 2000 was developed under
the auspices of the U. S. Air Force and Mitre
Corp. If your requirements include computer
display systems, we invite you to write for more
information on the S-C 2000, a product of the
company that produced the display control
center for Project Mcrcury. General Dynamics/
Electronics, Information Technology Division,
Dept. B-51, Box 2449, San Diego 12, California,
or contact the representative in your arca.

The first
developmental
S-C 2000
console delivered |
to Mirre Corp.
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BARNSTEAD
ENGINEERED ’

TRANSISTOR
WASHER
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WITH GREATER CAPACITY
for

WASHING and RINSING
e TRANSISTORS

e DIODES

e MISSILE PARTS

e LARGE POWER TUBES
e ELECTRONIC PARTS

The new Barnstead Model TW-50X
Transistor Washer, completely enclosed
in stainless steel cabinet, was engineered
for washing and rinsing transistors,
diodes, missile parts, large power tubes
and other electronic parts in hot, ultra
pure water with continuous repurifica-
tion. It produces best results with faster
rinsing and fewer rejects.

The purification system continuously
repurifies the water by (1). removal of
organic impurities, (2) demineralization
and (3) filtration of submicroscopic par-
ticles to 0.45 microns., RESULT: Ultra-
pure final rinse water which is not only of
high electrical resistance, (15,000,000 to
18,000,000 ohms @ 18° C., but also
free of organic impurities and minute
particulate matter which often interfere
with thorough cleaning.

A minimum amount of heat is required
since the system contains its own regen-
erative heat exchanger, The water is
continuously recirculated and repurified,
thus saving thousands of gallons of pure
water daily, and eliminating the need for
a larger capacity purification system.

Reduce your costs . . . cut down on
rejects . . . write Barnstead for literature
on the Transistor Washer Model TW-50X,

Barnstead

STILL AND STERILIZER (0.
84 Lanesville Terrace, Boston 31, Mass.

FIRST IN PURE WATER

14 CIRCLE 14 ON READER SERVICE CARD

WASHINGTON OUTLOOK

THE ADMINISTRATION'S new defense plans came out this week. As ELEC-
TRONICS went to press here was the outlook: Procurement of tactical arms
and equipment, including electronics gear, will be accelerated in an effort
to bolster the nation’s capacity to fight limited wars. Exact cost of the
added electronies buying is still unknown, but total price tag of Kennedy’s
expanded defense plans is expected to run from $2-billion to $3-billion.
The sum will cover many readiness measures other than major procure-
ment items. The size of the expected boost indicates that some long-range
programs will be added. It had been anticipated, earlier in the defense
policy review, that the Pentagon was to be limited <o additional production
only of items to be delivered over the next 12 months.

CHANGES MADE in the “Liberty Bell” Mercury-Redstone 4 space capsule
included a new rate stabilization and control system (RSCS). Astronaut
Alan B. Shepard’s Freedom 7 capsule relied on a straight manual control
system to maneuver the capsule in space by opening and closing 6 gas jets
at the base and neck of the capsule. MR-4 carries the new RSCS, backed
up by the manual system. Using the new system last Friday, Astronaut
Gus Grissom (in the capsule, above, during a checkout before the flight)
could control the jets by a control-stick. The stick actuates electrical
signals that open and close solenoid valves at the jets.

SOVIET AIRPOWER REVELATIONS have intensified pressures on the adminis-
tration for a massive stepup in aircraft development and production. Con-
siderable support exists for the Air Force’s plea for another wing of B-52
bombers, a doubling in B-70 development effort this year (including rein-
statement of electronic subsystem work), and proecurement of 275 extra
Republic F-105 fighter-bombers. There is also sentiment for reinstating
the F-108 project—in which electronics work figured so prominently. But
so far there is no sign of change in administration policy.

ELECTRONICS MAY SOON provide additional “eyes” for piloting submarines
deep in the ocean depths. A system known as Contact Analog (CON-
ALOG). under development, will display a safe course on a tv-tvpe screen.
The operator merely keeps an indicating dot properly positioned on the
electronic “highway” to keep the submarine on course.

Basically, the system works like this: as the submarine dives below the
ocean surface, course, speed and depth information is fed into a display
generator which transforms the data into a visual display. When a course
change is ordered, the indicated course curves along the desired path.
Changes in depth cause the displayed course to rise or drop.

In recent tests on the nuclear attack submarine Shark (SSN-591) the
CONALOG system has been highly successful.

electronics
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rectifiers and Zener diodes

July 28, 1961

An average of 16 separate life, electrical, mechanical
and environmental tests prove out the quality that has
been built into General Electric low current rectifiers
and zener diodes. The use of “getters”, the finest her-
metic seal available, hard soldered joints, and welded
main and tube seals are only a few of the reasons they
test out so well. Silicon rectifier type 1N538, for ex-
ample, was put through torturous life test studies over
a period of 10,000 hours at maximum temperature,
current and PRV . .. and came through with a 99%
survival percentage.

For complete technical information, just call your
Semiconductor Products District Sales Manager. Or
write Rectifier Components Department, Section
25G26, General Electric Company, Auburn, New York.
In Canada: Canadian General Electric, 189 Dufferin
Street, Toronto, Ont. Export: International General
Electric, 150 E. 42nd Street, N.Y. 17, N.Y.

For fast delivery of selenium, germanium,
and silicon rectifiers at factory-low prices,

see your authorized G-E distributor

Progress [s Ovr Most Important FProduct
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tronics Corp., West Germany. It
projects a three by 43-foot picture
on a home wall screen, from a 23i-
inch crt. Scan lines are eliminated
by a plastic sheet placed under the
face of the picture tube. Sony dis-
played an eight-inch, 13}-pound
transistor tv set operating from a-c
or battery power. It costs just un-
der $250.

Westinghouse has an “instant tv”’
standby circuit which keeps the set
warmed up while it isn’t used and
protects it against initial power
surges. Sound can be transferred
remotely to a radio or earphone
while the set is muted.

Solid-State Oscilloscope
Reads Out Automatically

CALIFORNIA INSTRUMENTS Corp. re-
ports development of a lightweight
(10 to 12 pounds) fully automatic
oscilloscope. Automatic functions
are performed digitally with solid-
state circuits. The San Diego firm
told ELECTRONICS that it has licked
the problems of obtaining stability
from low-level amplifier input and
getting sufficient dynamic voltage
swing from transistors to operate
the scope tube. Early models will
be demonstrated at Wescon. full
production is expected in October.

Automatic features reported in-
clude: vertical sensitivity adjusts
so waveform of a circuit under test
alwayvs appears on the screen: a
given number of cycles, from d-c
to the megacycle range, will appear
on the screen; the image is auto-
matically centered and d-c offset
can be read exactly; vertical scale,
sweep speed and other parameters
are shown digitally on Nixie tubes.
The instrument, costing about
$1.500, is expected to reduce errors
in laboratory work, allow produc-
tion testing by inexperienced
workers and simplify training of
military personnel.

High School Students
To Operate Computer

COMPUTER PROGRAMMING and oper-
ating techniques are being taught
16 students at a Westport, Conn.,
high school. They’ll work with the
computer three and one-half hours

10

daily for four weeks. Similar pro-
grams have been started at several
other high schools. The program
will test feasibility of computer
training at precollege level. Royal
McBee is providing an LGP-30 com-
puter and and instructor.

Electronic Yelper Is
New Ambulance Helper

HIGH PITCHED AUDIO signal. de-
scribed as a cross between a yodel
and a war whoop, is emitted by a
50-watt oscillator introduced by
Federal Sign and Signal Corp,,
Blue Island, T1l. It is intended as an
attention-commanding supplement
to sirens or public address systems
carried by ambulances, police. fire,
defense and other emergency vehi-
cles. Company expects velper to
provide police and public safety
agencies with greater flexibility in
meeting emergencies.

Electrostatic Printer
May Make Circuits

HIGH-SPEED, noncontact process for
printing on irregular surfaces
shows promise in several electronics
applications. Using an electrostati-
cally charged stainless steel or con-
ductive nylon screen of 200 to 400
lines per inch, the machine trans-
fers the charge to dry ink or other
material. The material travels in a
straight line toward a plate of op-
posite charge. Particles are inter-
cepted by the surface to be printed
and are fixed by heat or vapor.

The machine uses about the
same voltage at a tv set, is capable
of 300 impressions an hour and has
printed 3,600 linear feet a minute.
It was developed by the Graphic
Science Lab at Stanford Research
Institute and sponsored by Electro-
static Printing Corp., San Fran-
cisco.

Applications reported by the
company include depositing con-
ductive material for printed cir-
cuits, printing irregularly shaped
dials, labeling small components,
and-—since no pressure is exerted—
it may even be used for printing on
eggs and filled burlap bags. De-
posits can range from a few mils
in thickness to one-eighth inch.

In Brief . . .

SANDERS ASSOCIATES, in one day this
month, got $40 million in mili-
tary prime contracts for aireraft,
antisubmarine warfare and mis-
sile defense systems. Company’s
backlog is now $90 million.

AVCO RECEIVES $29.6 million in new
prime contracts for Titan and
Atlas ICBM work. Contract,
from the Air Force Ballistic Sys-
tems Division. is split 50-50 be-
tween R & D and production of
reentry vehicles, backup equip-
ment and site activation.

UNIVERSITY OF MICHIGAN's Institute
of Science and Technology has a
$287,000 Air Force contract to
investigate wayvs of protecting
aircraft and space vehicles from
hostile missiles. Program in-
cludes study of ir-guided missiles
and computer simulation of mis-
sile attacks.

FAA WILL TRACK down interference
with four mobile vans, one for
each FAA region. Astronautics.
Inc.,, Melbourne, Fla., will pro-
vide the vans for $198,600.

AEC IS REPORTED ready for seismic
testing with an underground tele-
metry system. Transmitter and
receivers will be located at
bottoms of three 500-foot holes
in a salt mine at Winnfield, La.
Signal reception will be studied;
there’ll be no explosion.

GE INSTALLS two solid-state super-
visory, control. monitoring and
alarm system linking three sub-
stations of the Western Massa-
chusetts Electric Co. GE says it
is the first solid-state installation
in the utilities industry.

EIA IS SOLICITING quarterly market
data from some 1,800 industrial
electronics manufacturers, will
feed back industry totals to con-
tributors. New committee chair-
man is Robert E. Peterson. of
Philco.

SUMMER LECTURE program in super-
conductive computer ecircuit de-
sign and related physics will be
given Aug. 14-25 at MIT.

electronics
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Stereo Bonanza Predicted at Chicago Show

I M stErReo poun by National Association of Broadcasters led to
prediction last week by John F. Meagher, NAB vice president for
radio, that stereo radio receiver sales are a “potential bonanza”.

The survey of 381 representative
stations showed 185 planning f-m
stereo broadcasts. Of these, two
were on the air, 77 more will broad-
cast this year, 46 more in 1962.
There are 866 licensed f-m stations
on the air today and another 210
are under construction.

Stereo is already being broadcast
in New York, Caicago, San Fran-
cisco, Seattle, Dallas and Detroit.
A San Francisco station. planning
to broadcust stereo this month, ex-
pects its listeners to buy 25,000
multiplex receivers in 1961, Meu-
gher said.

But Meagher added a big “if” to
his report before the National As-
sociation of Music Merchants con-
vention in Chicago. Although f-m
stereo opens the door for promotion
on the scale that greeted tv and
stereo phonographs, ‘“chicken and
egg’’ indecision could delay full ef-
fect up to five years.

Quick success, he explained, de-
pends on aggressive development
and cooperation between set manu-
facturers, distributors and dealers,
and broadcasters. Cost, doubts
about receiver availability. quality
of monophonic reception or quality
of new receivers could dampen the
market. Broadcasting economics
depend on advertiser interest,
which in turn follows public inter-
est, he pointed out.

FCC Commissioner Robert E.
Lee, speaking at the EIA-sponsored
stereo symposium at the conven-
tion, said stereo would be frozen
in the f-m band for several years.
The a-m band isn’t adequate, he
said, and tv stereo sound won’t be
available in the foreseeable future.

Television Camera
Sees in the Dark

IMAGE ORTHICON television camera
for night battlefield surveillance
has been developed by Admiral
Corp. for the Army’s Signal Re-
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search and Development Labora-
tory. The camera, using transistors
and a low light level tube, weighs
35 pounds. A miniaturized version
is planned. The camera can see a
person several hundred yards away,
in almost total darkness. One unit
has already been delivered to White
Sands Missile Range, N. M.

CRT-Fiber Optics System
To Print Computer Output

INFORMATION TECHNOLOGY division
of General Dynamics/Electronics
told IELECTRONICS a few days ago
that it has successfully welded a
full-page-width fiber optics bundle
to the face plate of a cathode-ray
tube. The development is said to
significantly increase brightness
and resolution in computer readout

... Uhf Tv Boom too?

DURING HIS TALK at the EIA
symposium on stereo last
week, FCC Commissioner
Robert E. Lee added a strong
plug for uhf tv. A changeover
from vhf to uhf would, he
said, create new markets for
millions of uhf receivers.
“All tv must ultimately be
moved to uhf,” he said. “The
Commission has determined
we must utilize uhf if we are
to have competitive service.”
Lee predicted that educa-
tional and subscription tv
would build public demand for
uhf and “may even persuade”
manufacturers to make all-
channel sets. The Commis-
sion has as a “last resort”
asked Congress to require all
sets shipped in interstate com-
merce be all-channel, he said.

and recording instruments. Fuzzi-
ness and halo effect are virtually
eliminated for line-at-a-time print-
ing.

The fibers, each one-half inch
long and 0.0008 inch in diameter,
are stacked in a bundle eight and
one-half inches wide. Two of the
requirements for successful image
transmission are that each fiber
occupy the same relative position at
both ends of the bundle and that
each fiber be smaller than the
finest detail of the image to be re-
produced.

Operating as light conductors by
internal reflection, the fibers trans-
mit light with loss of only a frac-
tion of one percent per inch. Thev
are made of transparent dielectric
clad with glass having a lower re-
fractive index. Reduction in light
scatter and diffusion makes reso-
lution a function of sharpness of
the electron beam on the inner sur-
face of the tube face. Brightness
is limited only by saturation of
screen phosphors.

Multiplex Dominates
Chicago Exposition

TIIERE WAS JUST as much action as
talk on f-m stereo at the DMusic
Merchants convention in Chicago
last week. Dozens of manufactur-
ers offered prototype multiplexers
and adapters ranging in price from
330 to $50, including several Japa-
nese and Canadian models.

Major shipments of stereo con-
soles are expected to start about
October, to be followed later by
end-table radios. The full sales
surge is anticipated in 1962.

Capehart introduced a mobile
system to rebroadcast stereo at any
electric outlet in a home. Device
installed in any stereo receiver
transmits A and B channels to float-
ing speakers, reproducing stereo
or monaural records or radio. Pilot
Radio used a multiplex synthesizer
to demonstrate its new receiver.
Broadcasting less than 100 feet, the
transmitter included a ecrystal-
controlled 19-Kc¢ oscillator, fre-
quency doubler, add and subtract
circuits, suppressed carrier ampli-
tude modulator and monitor for the
FCC standard composite signal.

Among television introductions
was Telerama, made by Saba Elec-
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Sprague’s Koolohm Resistors are de-
signed to meet military and industrial
requirements for insulated power
wirewound resistors that will per-
form dependably.

New axial-lead Koolohm con-
struction features include welded
leads and winding terminations. Ex-
clusive Ceron® ceramic-insulated re-
sistance wire, wound on special ce-
ramic core makes possible multilayer
non-inductive windings and extra-
high-resistance-value conventional
windings. Dense, non-porous ceram-
ic outer shells provide both humidity
and mechanical protection for resist-
ance elements. All resistors are aged-
on-load to stabilize resistance value.

The advanced construction of
these improved Koolohm Resistors
allows them to operate at ‘“hottest
spot” temperatures up to 350°C.
You can depend upon them to carry
maximum rated load for any given
physical size.

SendforEngineering Bulletin 7300A
for complete technical data.

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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COMMENT

Interservice Data Exchange

I should like to express our ap-
preciation for the article on our
Interservice Data Exchange Pro-
gram (IDEP) which appeared in
your 2 June 1961 issue. The facts
on the IDEP program were excel-
lently presented.

This office is constantly seeking
methods and techniques of present-
ing to the public the importance of
reliability in our ballistic missile
and space programs, and particu-
larly industry which is vitally con-
cerned in this area. Articles such
as this one aid us in this effort.

VINCENT J. BRACHA,
MAJOR, USAF
BALLISTIC SYSTEMS DIVISION
AIR FORCE SYSTEMS COMMAND
LLos ANGELES, CALIF.

Small Business Administration

... We are . . . appreciative of
the recount on the SBA Research
and Development program (p 26,
June 16). As pointed out, many
small firms as well as the larger
prime electronic systems contrac-
tors are somewhat unfamiliar with
the broad service nature of this Ad-
ministration. Your coverage of just
one facet of our operations should
prove enlightening to your sub-
scribers.

. .. One section in your magazine
has always attracted my special at-
tention—the Flectronics Newslet-
ter. These factual briefs help to
keep a busy executive abreast of
current happenings . . . more effec-
tively than monthly publications.

ALBERT WIEBE
SMALL BUSINESS ADMINISTRATION
NEw York, N. Y.

Secrecy

The remarks by Admiral Rick-
over directed at a toy manufacturer
with the assertion that their 18-in.
toy replica of the Polaris carrying
atomic submarines had given to
the Russians the secrets of the Po-
laris atomic submarines are sur-
prising in view of Admiral Rick-
over’s acknowledged outstanding
technical knowledge, keen intelli-
gence and talent, I believe that the

Polaris atomic submarine system
is one of our greatest deterrents to
attack in addition to being an out-
standing defensive weapon system
and our country owes much to Ad-
miral Rickover for having the cour-
age of his convictions and fighting
through the entangling red tape to
see this project a reality. However,
the charge in itself points up the
frustration, confusion, ignorance
and inadequacy under which the
armed services operate in the realm
of secrecy. The toy manufacturer
had not purloined the secrets nor
engaged spies for this purpose; but,
in reality had only assembled the
information that had been previ-
ously released by the Department
of Defense.

It has been asserted that copious
numbers of documents on all cate-
gories have been stamped Top
Secret, Secret and with other re-
stricting symbols in a wild endeavor
to cover up the errors, malpractice
and waste in the national services.
. . . On occasion, several concerns
will be doing R & D work without
the benefit of knowledge gained by
others doing similar work, result-
ing in much time consuming and
expensive duplication of research
activities. The fact that a docu-
ment has a secret stamp upon it
does not necessarily mean that this
will prevent the Russians from ob-
taining this same information. As
a matter of fact, foreign govern-
ment embassy officials are permit-
ted to search and have access to
documents that the average engi-
neer is not permitted access to or
knowledge of, even though such a
person might like to have this in-
formation for reference or to evalu-
ate the information in conjunction
with some project upon which he
may be interested or working.

... I do not mean to infer that
our secrecy stamps should be de-
leted from all technical data; but,
rather it should be applied to that
data that is actually in the category
of information that has not been
discovered by or generally used and
known to a foreign government.

. . . Is the secrecy label a deter-
rent to our advancement in the
technological field and a cover up
for Washington and contractor
blunders or is it mostly to keep
foreign governments from knowing
what they already know?

ENCINO, CALIF. T. R. SLocuM
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The Raythcon CK1354 and CK1355 display cathode
ray tubes. used in the SAC “Hustler,” are designed to
operate in unpressurized areas of aircraft at altitudes
up to 100,000 feet without corona. The CK1354, a
three inch tube, is used for photographic purposes and
the seven inch CK1355 is used in a direct visual ap-
plication. Quick disconnect features eliminate potting
of high voltage terminals and allow rapid replacement.

Both tubes are designed to mect exacting mechanical
dimersions for rotating deflection yoke assemblics, and

the high altitude requirements of Mil-I-6181-B.

If the development of airborne radar equipment is
currently of interest to you, then investigute the many
advantages offered by these remarkable tubes. Also in-
quire about the other types of industrial and miiitary
cathode ray tubes in Raythcon’s comprehensive line.

For technical information or design assistance please
write to Raytheon, Industrial Components Division,
55 Chapel Street, Newton 58, Massachusetts,

RAYTHEON COMPANY

RAYTHEON

INDUSTRIAL COMPONENTS DIVISION
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FIG. j—Letters 0.5u high recorded with electron-probe microrecorder (A). Electron interference pattern produced by five
microslits (B). Method for producing contact copics and evwmples of fine nets made by copying (C). Production of

nets with regulated mesh width (D)

lecular-beam etching for thin film
work, direct decomposition to give
either an insulating or conducting
deposit depending on the type of
vapor. and use of electron irradia-
tion instead of visible light for the
exposure of photoresist coatings.

Electron-beam cutting of resis-
tive and conductive paths on a
ceramic substrate is an example of
a process that can now be used for
production, However, improvements
in instrumentation are needed so
that closed-loop control can be ap-
plied. It would also be useful to
have electron beams of submicron
diameters; such beams could be
used in a nonthermal manner for
high-resolution fabrication. Sub-
micron beams are desirable, not so
much for extremely small compo-
nents or for extremely high packing
densities, but so that components
of present-day size might be fabri-
cated to closer dimensional toler-
ances.

In one approach to improving the
efficiency of microwave tubes, dense
hollow beams of electrons arve
passed through longitudinally uni-
form structures.” For high-power
traveling-wave tubes and other
tube tvpes, it is desirable to in-
crease the coupling between the
electron beam and the wave sent
along the helix configuration. Use
of a hollow beam improves the in-
terchange of energy by getting as
much of the beam’s energy as pos-
sible close to the helix. The toroidal
electron gun shown in Fig. 8 is one
method of generating a hollow
beam. Another possible application
of hollow electron beams is to weld
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transistor cans or other parts hav-
ing circular symmetry; here, a
variable-radius high-intensity beam
would be used.

The electron beam microprobe
analyzer competes with conven-
tional chemical-analysis techniques
which must use a sample many
times larger.® When a specimen is
irradiated with a finely focused
electron beam, about 1 x in diame-
ter, an X-ray spectrum is produced
which consists principally of char-
acteristic radiations of the ele-
ments present. This spectrum is
analyzed with an X-ray spectrome-
ter to determine the elements and
their respective concentrations. De-
tectability limit is about 100 parts
per million for elements like Cu, Ni
and Co in steel. Principal advan-
tage of the electron microbeam
probe is ability to analvze an ex-
tremely small quantity of material,
so its most promising application
is in diffusion. Analysis of indi-
vidual particles in aerosols is an-
other application. Smallest particle
detectable is one that would weigh
only 107" gram.

Electron-beam tape-recording
techniques are being explored in
dozens of laboratories with promis-
ing results in information density
and speed.” Among these techniques
are:

(1) Recording directly with elec-
tron beams on photographic film
in a vacuum with subsequent wet
development; this technique is usu-
ally confined to electron-microscope
work.

(2) Using a thin-window c-r
tube to let light from a phosphor

directly affect (without lens imag-
ing) a light-sensitive Electrofax
tape, thus allowing a dry-image de-
velopment. R. E. Olden of RCA re-
cently made satisfactory exposure
under conditions equivalent to 150,-
000 characters per sec with no loss
of definition of 200 photographic
lines per inch. The limit to print-
ing speed is the ability to handle
and process Electrofax paper.

(3) Using fine wires in the end
of a c-r tube to applv beam charges
to Videographic tape for subse-
quent dry development. Litton In-
dustries’” Printopix and A. B. Dick
Co.’s Videograph printing use this
approach.

(4) Thermoplastic recording,
such as the method of W. E. Glenn
of G.E. The electron beam writes
divectly. in a vacuum chamber. on
a plastic consisting of a high-melt-
ing base film coated with a trans-
parent conductor which has a thin
film of thermoplastic on its surface.
When the film is heated. the charge
pattern laid down by the electron
beam causes ripples to form in the
thermoplastic and these ripples are
frozen in place when the plastic is
cooled. Recorded information may
be nrojected on a screen by a modi-
fied Schlieren optical system.

(5) Writing, in a vacuum. on
untreated plastic and then exposing
the invisible beam trace to a slight
nucleation deposit of evaporated
silver followed by a heavier deposit
of evaporated zinc. The metals
either prefer or abhor the area
acted on by the beam, so a record
of the beam path is obtained. This
method was briefly examined some
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FIG. 5—Electron bombardment cvaporator (A). Ion-beam gun (B). In
(C), a magnetic bottle is produced by two opposing solenoidal fields, this
forming a sharply defined lens-shaped ion plasma
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years ago at Bell Telephone Labo-
ratories.

For comparative evaluation of
processes, a figure of merit is
needed regarding ability to record
fine detail. Other considerations
might be: the stage reached in de-
velopment: initial and operational
equipment costs; simplicity and
practicability; speed not only of
recording but of development and
read-out:; storage capacity per unit
area and per unit volume; ease of
access to the information; erasi-
bility and correctability of the rec-
ord; usable life of the record;
environmental conditions for stor-
age; the need for special equipment
to read the information.

A modified electron microscope
and beam-guidance system is ad-
vancing microrecording, fabrica-
tion of fine gratings for a variety
of applications, and production of
mesh grids for image orthicons and
of microresistors." An electrical or
magnetic lens can produce electron
beams of about 200 A in diameter.
1t is difficult to guide these beams
and to record them. Recording is
difficult because photographic plates
are not suitable. Collodion layers
of about 500 to 1,000 A are suit-
able as recording film. Effect of the
irradiated charge quantity on col-
lodion foil results in different
colors when observations are made
through an interference filter, or
in different shades of gray in black-
and-white reproduction.

With a platinum aperature of 4-p
diameter in the specimen plane, an
electron beam was guided along a
stencil pattern on the fluorescent
screen to write letters of 0.5 p on
collodion foil (Fig. 4A). With this
size letter, it would be possible to
write the text of the Bible on a
fraction of the area of a postage
stamp. Recording was effected by
a mechanical lateral displacement
of the aperture above the objective
lens, but in a new instrument the
gratings and letters can be pro-
duced by magnetic deviation of the
beam. The collodion foil can also
be used to make contact reproduc-
tion by electron, ion, ultraviolet or
X-ray beams of a specimen which
can be viewed neither in the light
nor in the electron microscope.

A polymerized hydrocarbon layer
can be deposited on surfaces that
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are irradiated by ion, electron,
ultraviolet or X-rays in a vacuum
of 10~ mm Hg. With this deposition
effect, it is possible to make self-
supporting microslits that are fine
enough to use as gratings for mul-
tiple-beam interferometry experi-
ments (Fig. 4B).

Fine mesh grids for image orthi-
cons and other electronic applica-
tions can be produced or copied by
electron beam methods. For contact
copies, the original is laid on sil-
vered glass plate and irradiated
with ions. A polymerized hydro-
carbon layer is formed that has an
electrical conductivity much below
that of silver. Therefore, precipita-
tion of copper in an electrolytic
bath is prevented, permitting dis-
tinct contact copper copies of the
original grid to be obtained (Fig.
40).

To produce grids of any desired
mesh size, a narrow linear ion beam
(Fig. 4D) formed by a fine slit
produces a polymerized hydrocar-
bon strip on an evaporated copper
layer on a glass plate. A precision
displacement mechanism with in-
terferometrical control can displace
and turn the slit. If the copper
layer is then treated with gaseous
chlorine, copper is transformed to
copper chloride at all places not
protected by the polymerized layer.
When the copper chloride is dis-
solved in water, only the copper
grid remains. The grid is then im-
mersed in an electrolytic copper or
nickel bath to thicken it and make
possible its removal without de-
struction. By the same method, it
is possible to produce microresis-
tors of copper 1 x in width, 1,000
A in thickness and 1 mm in length,
and with resistance values of 300,-
000 ohms.

High-accuracy thickness meas-
urement of evaporated silver films
can be obtained by electron-absorp-
tion measurements in an electron
microscope.” This method is par-
ticularly applicable to detecting the
removal of surface layers of elec-
tron-transparent thin-film speci-
mens. Removal of one monolayer
can be detected. The technique is
suitable for any type of thin film
of equal thickness over an area of
at least 3 sq mm. Capability of
the method is very effectively dem-
onstrated by measuring the spatter-
ing-yield constant of silver bom-
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barded by argon ions inside the
electron microscope.

There are electron-microscope
applications to studying the growth
and structure of thin films. In
epitaxy, quantitative data concern-
ing the removal or growth of addi-
tional surface layers is badly
needed, as is data regarding a con-
trolled-etching process of thin-film
substrates in vacuum. For experi-
ments, an auxiliary appartus is at-
tached to the specimen chamber of
the electron microscope, permitting
the thin-film specimen to be etched
by sputtering or coated by evapora-
tion without being removed from
the vacuum.

Experiments substituting evapo-
ration for cathodic sputtering in
processing tantalum thin-film com-
ponents indicated no apparent dif-
ference in the capacitors and
resistors produced by the two
methods.*

Work is continuing toward
higher power inputs and lower
pressures to increase film-produc-
tion rates at lower background
pressures and thereby produce films
of higher purity.

Tantalum films have a special ad-
vantage for component use due to
their refractory nature, ability to
form either thermal or anodic oxide
films, inertness to chemical attack
and unusual electrical properties.
Thin-film capacitors, for example,
show a high capacitance per unit
area (5 microfarads per square ¢m
per rated volt), low leakage cur-
rents (about 750 ohm-farads at 1.5
times working voltage), dissipation
factors of 1 percent or less, and a
dielectric breakdown strength of
about 5 x 10" volts per em.

Most of the work done until re-
cently was based on tantalum de-
posited by cathodic sputtering—a
relatively slow process which re-
quires a moderate gas pressure and
is hard to measure and predict ac-
curately. A simple evaporator is
seen in Fig. 5A. A commercial
coater with 14-in. glass bell jar is
used for the vacuum system. The
gun is an annular type.

An experimental ion source has
been built as the first step in
developing a three-dimensional de-
posited-circuit system using a di-
rected beam of ion (Fig. 5B and
5C)." Fabricating microminiatur-
ized circuits by deposition from an

ion beam would eliminate the prob-
lems encountered in vapor deposi-
tion. The high-current (100 ma)
ion source is to produce a beam of
ions that are focused and deflected
magnetically and/or electrostati-
cally and are deposited on a sub-
strate in a prescribed configuration.
The system, still in the research
stage, would take advantage of the
short-range energy, shallow pene-
tration of ions to provide a three-
dimensional deposited network. The
proposed technique would eliminate
most connections and assembly op-
erations, and thereby improve re-
liability. Layers would be smaller
in volume than an equivalent stack
of substrates with two-dimensional
deposits.

Results thus far indicate that
the jion-beam gun deposition system
can be completely automated. An
ion gun system could fabricate elec-
trical components, protective coat-
ings, produce special alloys and
high-purity materials. Possibilities
for modifying properties of semi-
conductors are being explored.

Among the major problems yet
to be overcome are efficient con-
tainment of the plasma from
which the ions are extracted,
deflection and focusing techniques,
deposition of ions on the substrate
in such a way as to prevent sput-
tering, and beam neutralization be-
fore particles strike the substrate.
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Varistor Network Controls

Oscillator has a range of 10 times lowest frequency,
with an upper limit of several kilocycles. Output
amplitude varies about 10 percent and harmonic dis-

tortion is negligible

By MASAMI UNO.

Chiba University, Iwase Matsudo City,
Chiba Prefecture, Japan
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FIG. 1—Phase-shift oscillator (A) uses two varistors for each resistance
element in the phase shift circuit. Control voltage amplifier (B) feeds
phase-shift circuit at points A and B
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THE SMALL SIGNAL resistance of a
nonlinear resistor (varistor) varies
with the voltage applied to it.
Hence, if varistors are used for the
phase-shift resistors in a phase-
shift oscillator, the frequency can
be controlled by the magnitude of
the voltage applied to the varistors.

At least two circuits of voltage-
tuned oscillators have been pub-
lished, one by McGaughan' and an-
other by the author®. The first is a
simple circuit having negligible
harmonic distortion and less than
5-percent amplitude variation, with-
out using a filter or limiter. The
range of linear frequency variation,
however, is only three-to-one. A lin-
ear variation range of ten times
can be obtained with this circuit.

The complete circuit is shown in
Fig. 1. The phase-shift circuit is
of the parallel resistance type;
nonlinear resistors, silicon-carbide
(SiC) varistors, are used because
of their uniform characteristics.
Each resistance component is a set
of two SiC varistors of the same
characteristic, connected differen-
tially to reduce harmonic distor-
tion.* * Voltage gain of 29 is ob-
tained by the first-stage differential
amplifier and second-stage cathode
follower; the latter works as an
impedance converter.

The control circuit for the SiC
varistors is shown in Fig. 1B. In-
put control voltage is amplified,
ther applied to the SiC varistors in
the phase-shift circuit, changing
their a-c resistance and thus the
oscillation frequency.

A triode differential amplifier V,
is the first stage of the oscillator
instead of the usual pentode. One
input grid is for a-c amplification
and is connected to the output of
the phase-shift circuit; the other
grid is connected to a centertap
across the SiC varistors in the
phase-shaft circuit.

Since both grids are at the same
d-c potential with respect to ground.
regardless of the voltage applied to
the varistors, transients in oscilla-
tion frequency and output voltage
are reduced. Transients are caused
by voltage applied to input of the
first stage amplifiers when a sweep

electronics
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Voltage-Tuned Oscillator

voltage controls the oscillator. In
the circuit in Fig. 1. the d-c¢ tran-
sient voltages impressed on both
grids of the differential wmplifier
are equal, hence transients are sup-
pressed.

The voltage-current characteris-
tic of a SiC varistor can be ex-
oressed over a limited range by

I =¢ K« (1)

where F is the impressed voltage,
I is the current, and ¢, and a are
2onstants of the varistor.

If two varistors having the same
characteristic are connected in
series as shown in Fig. 2 and are
controlled by voltage E.. the a-c re-
sistance » seen from terminals A
and B is

1 Y,
"=2cm<2>l E. 2

since r is the parallel a-c resistance
of two varistors. The configuration
reduces harmonic distortion and the
two varistors in parallel may be
considered as a linear a-c¢ resistor
varyving approximately with E..

If the nonlinear resistor config-
uration is used for each resistance
component in the phase-shift cir-
cuit, oscillation frequency is given
(from Eq. 2) by

C o 1 - _
— - a-1i F ta=1)
f nC \’(i(‘-’) ®)

where C is the capacitance in the
phase-shift circuit. Varistors with
a = 2 are needed wher a linear rela-
tionship between f and F. is re-
quired. This condition must also
be met to eliminate harmonic dis-
tortion due to the nonlinearity of
the varistors. Harmonic distortion
is completely eliminated theoret-
ically, provided the characteristic
of the varistors connected differen-
tially are identical.

Since SiC varistors behave as
linear resistors in a range of about
ten volts. . must be 20 volts min-
imum. And, for linear variation of
oscillation ten times the lowest fre-
quency, E, must vary from 20 to
200 volts. To obtain a wide varia-
tion of frequency with a small
control voltage, a d-¢ amplifier is
used; its output voltage is used as
E.. However, a d-c amplifier with
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a plate supply voltage of three hun-
dred volts or sc cculd not develop
a linear output of two hundred.
Thus, for a wide frequency range
of linear variation, the condition of
o« = 2 will be inadequate.

A new control circuit of SiC
varistors, called a compound control
circuit,® is used in the voltage-tuned
oscillator.

If SiC varistors having « of more
than 2 are used, the value of FE,
will be smaller but the linearity of
frequency will be reduced. By using
the compound circuit in Fig. 2B,
linearity of frequency can be ob-
tained with SiC varistors having
greater than 2.

In Fig. 2B, the combination of
D, and D’ in parallel is a resist-
ance component in the phase-shift
circuit; the two in series are con-
trolled by the terminal voltage of
another SiC varistor D’. Further-
more, D" is controlled by a current
I. which varies with control voltage
E.. such that I. = K E., where K
is a constant. If the voltage-current
characteristic of D is

E'=c'lFf ®

where ¢, and 8 are constants, then,
since E” corresponds to E, of Eq. 3,
oscillation frequency f s obtained
from Eq. 3 and 4 as

S\ (a1}
f)) Kfta-1 EBa-b  (5)

\
1l
K
B
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=)
N
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FIG. 5—Gutpat waveforms for sawtooth control signal. Circuit follows

If 3=a =1/{e — 1 6
then Eq. 5 becomes

fm—t "")W KE.=kE. (7
T Ve \ 2 Voemhbe

If the condition for o and «’ given
by Eq. 6 is satisfied, it is possible to
vary oscillation {requency linearly
with control voltage, even if a is
more then 2. Therefore. the range
of E, for a wide variation of fre-
quency will be small compared to
that required when « = 2. In the

21,300 CPS
’ (£:=0.01 uF)
(B) *

’ t=260 CPS
€20.05 uF
(D) wF)

FIG. 4,—Output waveforms for constant contrel signal

a6

circuit, a d-c amplifier is inserted
between points A’-A” of Fig. 2B.
An arbitrary SiC varistor can be
used for D', subject only to the
limitation of Eq. 6. The amplifier
does not require a large linear out-
put voltage; the amplifier circuit is
shown in Fig. 1B.

The constant current flowing
through D’ is provided by a cur-
rent feedback triode amplifier, the
first stage of the control circuit in
Fig. 1B. The voltage change in IV,
caused by the input control voltage,
is applied through the midstage am-
plifier to the final stage differential
cathode follower, to which the varis-
tors of the phase-shift circuit are
connected.

The gain of the amplifier must
be selected so that the percentage
of variation in voltage across D’
will be the same as that applied to
D, and D’ in series. Hence, if A is
the required voltage gain (consider-
ing the reduction of gain in the
divider resistors at the input and
output of the amplifier), and FE.’
and F ., the voltages across D’ and
that applied to D, and D/ in series
respectively, when the control volt-
age is zero. A is given by
E.
E

The control voltage [, re-
quired for the range of oscillation
frequency n times the lowest is
given by

E. =m—=—DEp u 9
where x and E.” are the amplifica-

A e =1 (69

electronics
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tion factor and plate supply voltage
of the constant current valve re-
spectively.

The a-c resistance of SiC varis-
tors varies with ambient tempera-
ture, and the oscillation frequency
will vary accordingly. When the
compound control circuit is used,
oscillation frequency will vary with
temperature because one source of
variation with temperature is the
change in a-c resistance of the
varistors in the phase-shift circuit;
the other is variation of voltage
across D’, which causes a variation
in the output of the d-¢ amplifier.

The temperature coefficient of
frequency, df/dt-1/f, is obtained by
differentiating Eq. 8 with respect
to temperature t¢.

Assuming ¢, and E, are functions
of t

‘(}{ -%=f+(a—1) aapf" . ,', (10

In Eq. 10 » = 9¢,/9t+1/¢, and
is the temperature coefficient of c,.
The temperature coefficient of E.
in the second term is expressed as

oF, 1

o " E.
where + is the temperature coeffi-
cient of ¢/, the conductance of D’.
Considering 8 (¢ — 1) = 1 and
A°E’/E, = 1, which are the condi-
tions for compound control, the
temperature coefficient of frequency
becomes, from Eq. 10 and 11

VA S (12)

-—s By

at "7 T
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The a-c resistance variation with
temperature of D’ and the SiC varis-
tors in the phase-shift circuit act
in opposite ways to reduce the tem-
perature coefficient of frequency.
The coefficient will be reduced to
zero provided that SiC wvaristors
with equal temperature coefficients
of conductance are used. This is
difficult in practice but the tem-
perature effect on oscillation fre-
quency is smaller than both r and
7. and is of the order of 10 or less.

In Fig. 3A the voltage-current
characteristics of the varistors are
shown. Curve I shows the charac-
teristic of the varistor used for
D’, which has an « of 2. Curve II
shows the average characteristic of
the six varistors used in the phase-
shift circuit, which have a of 8.

The variation of frequency with
control voltage is shown in Fig. 3B,
where curve I is for C = 0.01 nf
and curve II is for C = 0.05 pf. A
linear variation ten times the low-
est frequency is easily obtained in
each band with a control voltage of
about twenty volts. The variations
of output voltage are shown in Fig.
3C. In each case the amplitude
change from maximum is less than
10 percent over the frequency
range. Figure 4 shows output wave-
forms, which are all very nearly
sinusoidal.

The photographs in Fig. 5 show
the variations in amplitude and fre-
quency when the oscillator is swept
by a control voltage that increases

\lineariy with time from zero to a

maximum of about 22 volts. For a
sweep velocity less than 50 v per
sec, amplitude variation is similar
to that shown in Fig. 3C. At a
sweep velocity of 100 v per sec,
neither frequency nor amplitude
follow.

The temperature coefficient of
frequency variation was from —1.9
X 107 to —1.7 x 107 at tempera-
tures from 20 to 65 C, while that
calculated from Eq. 11 is from —0.8
%X 107 to —0.78 X 107° using meas-
ured values of r and + from 7.9 X
10~ to 6.3 x 10~ and from 8.9 X
10 to 7.1 x 107

The performance of the voltage
tuned oscillator in summary:

(1) Linear oscillation frequency
range of ten times for a control
voltage change of about 20; varia-
tion of amplitude over the range is
about 10 percent.

(2) Harmonic distortion is neg-
ligible over the range.

(3) Oscillation follows sweep
control vontage changes of less than
50 v per second.

(4) Temperature coefficient of
oscillation frequency is less than a
few parts per thousand.

(5) Frequency and amplitude
stabilities for changes in cathode
and plate supply voltage of 5 per-
cent are 2 and 10 percent respec-
tively.

Although oscillation frequency is
limited to from 26 cps to 1300 cps
in the circuit shown, it may be ex-
tended higher or lower by changing
C. However, the upper frequency
is limited to several Kc because the
small C required for high frequency
reduces the frequency stability be-
cause of stray capacity; also, the
capacitance of SiC varistors used is
about 300 pf, based on a dielectric
constant of 200. This capacitance
can be important at 10 Ke, since
the lowest a-c resistance of the
varistors is about 3,500 ohms.

The author is grateful to Dr. Z.
Abe and Mr. S. Chiba of Hitachi
Lab. for many suggestions.

REFERENCES

(1) H. S. McGaughan & C. B. Leslie,
A Resistance-Tuned Frequency-Modulated
Oscillator for Audio-Frequency Applica-
tions, IRE 32, p 974, Sept., 1947.

(2) M. Uno, CR-Oscillator Using Non-
Linear Resistors, J. Inst. Elect. Commun.
Engrs, Japan, 42, p 155, Feb., 1959.

(3) M. Uno, Voltage Controlled CR Fre-
quency Selector Using Non-Linear Resis-
tors, Research Report of Faculty of
Technology Chiba University, Japan, 11,

No, 20, p 9, Oct,, 1960,

(4) F. Ashworth et al, Silicon Carbide
Non-Ohmic Resistors, PIEE 93, Pt. I,
p 385, 1946.

47

|
L

™ . O N A

w?l, L .

FY



Tunnel-Diode Fast-Step Generator

For tests of wideband systems, this tunnel-diode step generator

provides steps that are fast and that are free from overshoot

By RODERICK CARLSON,

Hewlett-Packard Co..
Palo Alto, 'California

DYNAMIC RESPONSE of a wideband
system is commonly and conveni-
ently specified in terms of the out-
put waveform (10 to 90 percent
rise time, and percent overshoot
and undershoot) resulting from a
step input. When speed character-
istics of a system are specified in
terms of step response, the input
step should be free of overshoot and
should make its step transition at
least twice as fast as the output
step.

One type of reliable step genera-
tor is the mercury-wetted relay.
However, this device has serious
drawbacks: steps can be generated
only at relatively low repetition
rates of a few hundred per second;
and the relay cannot be triggered
with a value of jitter that would be
low enough to be compatible with
its rise time.

The step generator described here
does not have these limitations. It
was developed for testing a Hew-
lett-Packard 185A/187B sampling
oscilloscope with a rise time of 0.5
nanosecond and bandwidth of 800
Mec. However. it is useful with sys-
tems of rise times up to 35 nano-
seconds or 10 Mc bandwidth. The
unit (Hewlett-Packard model 213A)
can deliver positive and negative
100-mv steps of approximately 0.25
nanosecond rise time into a 50-ohm
system. It can be triggered with
! volt signals to produce steps at
repetition rates of 0 to 100 Ke, or
it can free run at about 100 Kec.

The step generator does not gen-
erate an actual step, since that may
be done but once, but rather a pulse
about 2 microseconds long. The
pulse is flat within 1 percent for
100 nanoseconds following the %
nanosecond rise time. Step testing
is limited to this portion of the
pulse. This rise time and flat dura-
tion cover frequency domain effects
from about 800 Mec to 10 Mc. The
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spectrum can be filled in practically
down to d-¢, if necessary, with a
20-nanosecond rise-time low-fre-
quency square-wave generator.
The basic generator (Fig. 1A)
consists of an RCA 1N3130 50-ma
germanium tunnel diode switching
into a 50-ohm load. To minimize
conneetion inductance. the tunnel
diode is mounted between conduc-
tors within the hollowed end of the
outpuf 50-ohm coaxial connector.
Bias is supplied to the tunnel diode
from a low impedance voltage
source through an inductance. This
arrangement makes the circuit d-c
stable at just one point to take care
of the tunnel diode reset problem.
A resistor in series with the trigger
signal supplies a current trigger.
Referring to Fig. 1B and 1C the
voltage bias provides a trigger
sensitivity control and is adjusted
to a point A, just short of V,. Ap-
plication of the trigger increases
the current to I, at point B which
is unstable so a rapid transition to
quasistable point C oceurs. During
this time, in effect. the 10-xh in-
ductor and trigger supply a con-
stant current 7, to the tunnel diode
and load. The load and tunnel diode
conduction action wili not accept
all this current and the excess rep-
resented by the separation between
the load line and the diode char-
acteristic flows into the diode ca-
pacitance. This rate of charging

Oscillogram of fast step produced

by tummel diode step generator.
Display is on sampling oscilloscope;
vertieal scale, 100 mv/em; hori-
zontal scale, 0.5 nsec/cm

the diode capacitance determines
the rate of transition from B to C.
which is the rise time of the step.
This is an accelerating process due
to the negative resistance charac-
teristic up to the valley voltage V..
then decelerating to point C. The
1N8130 specification states that the
rise time switching with a constant
current bias typically is 0.2 nano-
second and maximally 0.5 nanosec-
ond. An approximate relation for
tunnel diode 10 to 90 percent rise
time reported to be in good agree-
ment with measured results for
slower diodes is f, = (V, — V,) C/
(I, — I,) second, where C is the
diode capacitance.

Typical values for the 1N3130 in
this relation give ¢, = 0.15 nano-
second and the most unfavorable
give +. = 0.8 nanosecond. Switch-
ing into a 50-ohm load approaches
this constant current mode as the
load line is nearly horizontal. The
combined rise times of the genera-
tor and 185A/187B sampling oscil-
loscope observed on the oscilloscope
display is typically 0.5 nanosecond.
The oscilloscope’s measured band-
width is 800 Mec which corresponds
to a rise time of 0.44 nanosecond.
Using the relationship T, (total) =
VT e + Tracon, the generator rise
time works out to be about 0.24
nanosecond. Step amplitude is about
400 mv, the voltage distance be-
tween points B and C.

At point C the current starts to
decrease slowly toward D at a rate
determined by the 10-xh inductance.
This rate of current change through
the tunnel-diode incremental resist-
ance determines the slope at the top
of the step following the rise. The
slope is less than 1 percent in 100
nanoseconds. The total time for the
current to fall to D is about 2 mi-
croseconds. Point D is unstable and
there is a rapid transition to quasi-
stable point E. During this tran-
sition the inductor supplies a
constant current /.. which is con-
siderably less than the load and
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Produces Positive or Negative Steps

tunnel-diode conduction action re-
quire. This deficiency of current,
represented by the separation be-
tween the tunnel-diode characteris-
tic and the load line, is supplied
from the diode capacitance. This
rate of discharge determines the
time of transit from D to £ (about
1 nanosecond). From point E the
current increases slowly toward
point A; again the rate is deter-
mined by the inductor. At point A
the circuit is again at steady state
and ready for another trigger.
Since the whole sequence requires
about 8 microseconds, the maxi-
mum repetition rate is about 100
Ke.

If the voltage bias is increased
from point A to point B, or slightly
beyond, the generator will free run
as a relaxation oscillator at a repe-
tition rate between 100 Kc and 200
Ke. The voltage bias supply must
have an output resistance, R,, less
than a certain value to allow the
circuit to free run and be triggered
with maximum sensitivity. The re-
quirement is that with the voltage
bias adjusted to point B. the voltage
bias load line must not intersect
the diode characteristic at any
other point. For the 1N3130 this
resistance is about 5 ohms. Figure
1D illustrates what happens if this
value is exceeded. After one trig-
gering the operating point does not
return to B but stops at X which is
also a stable d-c¢ point, and the diode
cannot be triggered again. If the
bias voltage is reduced to permit
resetting, a large current, the ver-
tical distance between Y and B. is
required to trigger.

The basic generator produces
only a positive step output. Figure
2 shows the circuit of the 213A
generator, where two tunnel diodes
back-to-back permit the generation
of both step polarities at a single
output. These diodes are mounted
inside the output connector. Tunnel
diode conductance is so high in the
reverse direction that the charac-
teristic of a back-to-back pair is
only slightly different from the for-
ward characteristic of a single tun-
nel diode. Output polarity switch
S. provides a positive bias and trig-
ger to tunnel diode D, to generate a
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FIG. 1—DBasic circuit of step generator (A); tunnel diode character-
istic awith operating path superimposed (B); output waveform of
generator (C); and illustration of how bias supply output resistance
determines triggering characteristics (D)
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FIG. 2—Final circuit of fast step generator which produces either
positive or negative steps at single output

positive step, and inverts the bias
and trigger to negative for diode
D, to generate a negative step. A
2N 383 emitter follower provides the
low output impedance required of
the voltage bias source. The power
supply is floating to permit bias
reversal. Switch S, and transformer
T, permit triggering on either po-
larity. Diodes D, and D. and the
200 ohm resistors limit trigger cur-
rents to 5 ma to prevent large trig-

gers from influencing the step wave
form.

Acknowledgment is due Victor
Van Duzer who saw the application
of the tunnel diode as a step gen-
erator, and demonstrated it with
the basic circuit.
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Physically Short High-Power Balun

This continuously variable impedance transformation has a physical length as short as
A/30. It has operated at 5 Mw peak power over a frequency range of 10 megacycles
to 30 megacycles. Complete design details are given

By JAMES T. COLEI\’IAN, Defenie Electronics Products, RCA Moorestown, New Jersey
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FIG. 1—Simple coaxial line balun
(A) is usually N/4 long. Broad
band balun (B), lvmped constant
equivalent (C), alternate equivalent
(D) and final design (E)
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BALUN is an abbreviation of bal-
ance-to-unbalance transformer' and
it includes any r-f device requiring
a transformation from a balanced
voltage to one unbalanced to
ground. One example is a dipole
antenna connecting to a coaxial
line. Another would be a push-pull
amplifier driving a coaxial trans-
mission line, The latter example
puts a more exacting demand on a
balun, as vswr’s of more than 1.2
to 1 may create excessive changes
in the plate load impedance of the
amplifier as it is tuned over its fre-
quency range. The amplifier would
then have to have some system that
would both resonate the tube out-
put capacitance and provide imped-
ance transformation. This usually
requires two sets of pi-networks
with six tunable elements to main-
tain the desirable plate load and
circuit Q. The balun described pro-
vides tuning and matching func-
tions with two controls over a wide
frequency range. It could also be
used to resonate tube output ca-
pacitance, and it will also permit
matching an improperly terminated
coaxial line. With proper design Q
can be maintained nearly constant
in value.

There are many types of baluns
appearing in various physical con-
figurations. One type suitable for
many applications is constructed
from coaxial transmission line and
is a quarter wavelength long at the
design center frequency’. Figure
1A illustrates the device. The outer
shield has been removed. This
balun has limited broadband per-
formance and has a fixed imped-
ance transformation, being a one-
to-one impedance transformer.
With 50-ohm coaxial line it will
transform fifty ohms unbalanced to

a fifty-ohm balanced load.

The performance of this balun
may be improved by adding a series
compensating reactance as shown
in Fig. 1B**. The broadband prop-
erties of the balun may be en-
hanced by using a tuned inner line
section. Starting from terminals
1 and 2 of Fig. 1B the following
impedance is seen

7= i vt Bl 45 N b
where R, is the balanced impedance
across terminals 1 and 4, Z, is the
characteristic impedance of the
upper coaxial line, inner to outer
conductors and Z, is the character-
istic impedance between outer
coaxial line conductors.

The device may be represented
by the lumped-constant equivalent
circuit shown in Fig. 1C.

Here C, represents the equivalent
capacitance of the open-circuited
line section between terminals 3
and 4, and L, represents the equiva-
lent inductance of the short-cir-
cuited 2-wire section between ter-
minals 1 and 4.

Note that C, and L, are variable
with frequency because of the re-
actance properties of transmission
lines at high frequencies. Alternate
representation is shown in Fig. 1D.
where the reactive variation with
frequency is now specified.

At the design center frequency
of this Roberts balun, X, = = and
X, = 0. It must be A/4 long at this
frequency. On the upper side of
this frequency, X, is some value of
capacitive reactance and X, is some
value of inductive reactance. The
result is an input impedance that
is resistive, but will deviate from
R, in value. At frequencies below
the design center, X, is capacitive,
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Is Continuously Variable

Prototype of variable-transformation balun.

X, is inductive and Z tends to be
resistive. This produces broad-
banding and a4 more nearly pure re-
sistive transformation than given
by the balun of Fig. 1A. The
Robert’s balun is a one-to-one im-
pedance transformer.

The balun described uses these
concepts in a different approach,
resulting in a device that will give
exact impedance matches by ad-
Justing C. and L, to present the
desired X and X, for a given fre-
quency.

The required conditions for an
exact transformation with unity
power factor are started by solv-
ing for the unbalanced input im-
pedance Z. in Fig. 1D.

Zw = jN 0 (R.GXD] R+ )Y,
= JV + XN 45X, (R
R+ X,
= X2k (R4+ N2+

X R (R:+ X1

The network transforms bal-
anced impedance R, to

(LR,
(R 4+ (X))
For unity power factor

. _ = X, (R
o= =@ AWRE

For the above conditions, the
value of unbalanced impedance R.

is a function of X, for a given R..

RS =
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The value of Y. is also determined
by X .

Should the balun be terminated
on the unbalanced side and the
value of balanced impedance re-
quired, the conditions for an exact
transformation are

RS (X

i R’

- RS (X)R

X = X )
Different physical forms are

taken by X, and X,. One approach
is to construct a device similar to
that of Fig. 1B but consider the
line lengths 1. and 7, as variable.

A variable length of open-cir-
cuited transmission line /.. pre-
sents a reactance of —;Z. cot
Bl. between terminals 3 and 4
where Z. is the charvacteristic impe-
dance of line /. between inner and
outer conductor, and — i\ = —;Z
cot Al..

The two outer conductors of the
coaxial lines have a reactance at
terminals 1 and 4 of jX, = 1Z, tan
Bl, where Z, is the characteristic
impedance between outer conduc-
tors of the coaxial lines.

Line lengths / and /, are ad-
Justed to =satisfy the expressions
given above. Transformations of

Input is shown at lejt and vacunwm-capacitor output end shown on »ight

impedance up to 20 to 1 have been
achieved.

To use this device at low vhf tre-
quencies and simultaneously keep
physical dimensions small. portions
of transmission line are replacad
with variable lumped capacitors as
shown in Fig. 1E.

Here., —/X = —j 1/wC, where o
= angular frequency and

- JZ, tan 31, (~j | w(’)
JEbk = JZ tan 8, — 7 17 wC,
where 8 = 2z '\

The general reactances X. and
X, are replaced by the specific cir-
cuit reactances of Fig. 1E.

This configuration has some ad-
vantages over the previous config-
uration —/, can be made less than
A/30, and still give excellent match-
ing characteristics with good bal-
ance and C. and C, can be vacuum-
variable  capacitors that  are
capable of wide ranges of capaci-
tance. Along with compactness, this
configuration eliminates the need
for sliding contacts. The adjust-
ments will be the settings of C, and
C,. The main limitation on the
length of the balun /, is the matter
of @ and its effects on bandwidth
An operating Q will be defined as
reactive volt-ampere storage/power

s
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dissipated in R, neglecting capaci-
tive line storage.

I'or the above device this be-
comes
1 1 (R )P+1 w2
Qun= 7| —m+- -
b= [ L O o ]
3 ".
Af

If C, is small, Q will be nearly
constant with frequency as 1/wC,
= X, always has the same value
when a given impedance transfor-
mation is desired. Usually Q will
be low even when C, is not small.

As an example of the degree of
foreshortening of the line /, and its
effect on Q, transform fifty ohms
unbalanced to one hundred ohms
balanced at 20 Mc with a Q of 2.
Substituting

(R.)2 (N )? _ (.-')0)3+(.\',)';’_R
R 50 T

X, =50 ohms

v o P GO+ (0

o X, 50

—= 100 ohms

1 - (50)* + (50)2
Q) 20 [.)O-I- Tl ) ] 2

100 =

—Final layout of balun showing some construction details

thus 1/eC, = 100 ohms.
Choose Z, arbitrarily as 200 ohms.
A length of 0.58 meters for /, will
give 50 for the reactance of the
two conductor line. This will be
magnified by the parallel 1/uC, to
give 100 ohms for X,.

It should now be possible to have
a balun with an ideal impedance
transformation of 2 to 1 less than
2 feet long and with a Q of 2 at
20 Mc. The Roberts balun would
have to be nearly 4 meters long at
this frequency. The balun is now
reduced in length by over 6 to 1 and
a fair bandwidth is still obtained.
Impedance may be transformed con-
tinuously to 50 ohms balanced by
adjusting C, and C,, without ex-
ceeding a Q of 4. The length is not
too short in terms of power han-
dling capability and voltage break-
down. A Q of 2 would dictate a
bandwidth of 10 Mc. If a broad-
band match is desired, note that
for a bandwidth of 5 Mc the vswr
will not exceed 1.08/1. A balun con-
structed similar to the above unit
has performed at peak power levels

of 6.5 megawatts and average
powers of 120 kilowatts. Figure 2
shows typical construction details.

A full-scale balun was con-
structed from nine-inch coaxial
transmission line. A variable posi-
tion shorting plate was included to
permit variation of I, Lumped ca-
pacitor elements were used. With
a fixed shorting plate set at a length
of three feet, a balanced load of
120 ohms was transformed to an
exact 53 ohms over the 10 to 30 Mc
range. Figure 3A shows a compari-
son of calculated and experimental
results for a balun with 140-ohm
balanced load with vacuum-variable
capacitors and a fixed 35-in length
(1,). Since C, determines the im-
pedance transformation, C, is not
shown. The match is exact and the
performance of the balun can be
predicted with reasonable accuracy.
Another balun was constructed
from smaller coaxial line and trans-
formed 600-ohm load to 50-ohms
unbalanced. Both were capable of
handling the full power capability
of the coaxial lines from which they
were constructed.

Figure 3B shows high-power
balun design parameters.
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Automatic Servo-Driven Bridge
Measures Analog Voltage Ratios

Uses servo system to drive balancing arrangement; maintains 0.002 percent

accuracy despite quadrature components in voltage being measured

By S. SHENFELD
H. R. MANKE,

U. S. Navy Underwater Sound
Laboratory, Fort Trumbull,
New London, Connecticut

THIS AUTOMATIC ratio bridge meas-
ures the ratio of analog voltages
in a 400-cycle analog computer.
The bridge provides readings, ac-
curate and repeatable to 0.002 per-
cent, that can be made easily and
rapidly by untrained operators.
The maximum slewing time to
cover its entire range is 30 sec-
onds. The main difficulty in accu-
rate performance is measuring
voltages having an appreciable
quadrature component.

One method of measuring volt-
age ratio is to use a cireuit similar
to that of Fig. 1A.

While the circuit is straightfor-
ward, it is difficult to ircrease its
resolution capabilities. If the dec-
ade divider has high-resolution,
and this capability is to be fully
used, extraneous noise in the com-
puter must be prevented from
masking the true signal. The noises
that interfere with the null balance
are quadrature voltages, harmonics
and other residual fluctuations in
the computer. These voltages,
while small in comparison with the
signal voltage, can be high enough
to interfere with accurate balance.

With a base computation voltage
of 35 volts and a resolution capabil-
ity of 0.001 percent, the null de-
tector circuit should be capable of
detecting a voltage of 350 micro-
volts. Noise voltages of this mag-
nitude will tend to mask the null
and obscure a precision adjustment.
A phase shift of one hundred thou-
sandth of a radian at 35 volts will
give a quadrative component of this
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Authors demonstrate high-accuracy automatic bridge used to measure
ratios of analog voltages in an analog computer

magnitude and, with an uncorre-
lated type of null detector, will
mask the true null adjustment.

In minimizing the masking ef-
fects, the computer should have a
base computation voltage with low
harmonic distortion and noise, and
the phase shift of all components
used in the computer should be
minimized. It is, however, virtually
impossible to achieve zero phase
shift at all settings for compo-
nents such as potentiometers, re-
solvers and tachometers; therefore,
the operator must determine a true
null in the presence of noise and
quadrature components.

A Dblock diagram of the auto-
matic ratio bridge is shown in Fig.
1B. The main components of the
system are the nulling transformer,
transistor  preamplifier, phase-
sensitive detector (chopper de-
modulator and modulator), high-

gain, transistorized servo amplifier,
servo motor, and a high-resolu-
tion rotary auto-transformer with
counter. Measurements indicated
that a voltage of approximately 7
volts at the control phase of the
servo motor was necessary to over-
come the stiction in the output
shaft. For a resolution capability
of 0.001 percent and a base voltaze
of 35 volts, it is necessary that 7
volts at the control phase of the
motor be produced for an unbal-
ance voltage of 350 microvolts. This
indicates a gain requirement of
20,000 times, Since the input trans-
former has a step-up ratio of 1:4,
gain of the servo amplifier and its
output transformer should be 5,000.

The main features of the auto-
matic ratio bridge are the phase
sensitive detector, rotary auto-
transformer with direct indicator,
and the servo system for automatic
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nulling. The standard decade di-
vider of Fig. 1A, which is manually
operated, is replaced by the motor-
driven rotary autotransformer
having a resolution of 0.0005 per-
cent. The high-impedance null de-
tector in Fig. 1A is now the input
preamplifier of the servo system of
Fig. 1B. In Fig. 1B the 400-cycle
signal input comes from the poten-
tiometer or booster amplifier to be
adjusted and the symbolic differ-
ential represents the transformer
circuit of Fig. 1A. The overall sys-
tem of Fig. 1B provides a highly
sensitive, fast response, automatic
nulling system of high accuracy
which minimizes operator fatigue
in checking out analog computer
adjustments.

Quadrature rejection is impor-
tant in the servo-system design
since voltages several times higher
than the 350-microvolt maximum
sensitivity voltage will saturate the
amplifier. If quadrature voltages
exist at the null point, the high-
resolution capability is lost. One
method, using choppers for remov-
ing the quadrature component, is
shown in Fig. 2. An investigation
was made of the phasing and filter
network to be inserted between the
demodulator and modulator of the
choppers.

One filter network investigated
uses a short time-constant in the
filter section and switching of the
chopper at approximately 90 deg
with respect to the reference
phase.! The phasing of the chop-
pers is adjusted to maximize the
quadrature rejection of the chop-
per circuit. The input and output
switch arms are so connected that
if the first arm is connected to one
filter, the second arm is connected
to the other. Waveforms in the net-
work, for a high-impedance load,
are shown in Fig. 2B. This circuit
has several advantages over a chop-
per circuit that incorporate a long-
time-constant filter.? Among these
advantages are an extremely fast
response in the demodulator sys-
tem, an output shifted 90 degrees
with respect to the reference phase,
and a square-wave output whose
peak-to-peak value is close to the
peak-to-peak value of the input sine
wave,

The first feature is important
where it is necessary to avoid long
time-constants that may affect the
stability of the servo system. The
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feature second permits the line
voltage to be connected directly to
the line phase, thereby avoiding
phase shift networks, while the
third factor permits high sensitiv-
ity in the chopper circuit.

The circuit shown in Fig. 2A
samples the 400 cyvcle information
supplied to the chopper arm and
holds this value of voltage on one
of the 0.05-microfarad capacitors
while the arm is connected to the
other filter section consisting of a
similar 1000-ohm resistor and 0.05-
microfarad capacitor. Phasing of
the input chopper arm switching
ix important for maximum quad-
rature rejection, As shown in Fig.
2A a 90-degree excitation source is
applied to the switching coil of the
chopper. Due to phase shifts in the
chopper, as well as the amplifiers,
the applied voltage to the switching
coil of the chopper is made variable
in phase. To check the adjustment
of the switching time of the chop-
per, the circuit of Fig. 2C was used.
Initially two resistors, orne a 7,500-
ohm and the other 2,500 ohm, were
connected across the reference
phase. The input probe of the
bridge was now connected to the
junction point of the tws resistors
and the ratio of these two resistors
was directly read to five places
from the front panel dial as shown
in Fig. 1A. Next either phase lead
or phase lag networks were ob-
tained as shown in the figure, With
the value of capacitors shown the
phase shift will be in the order of
0.1 degree. The in-phase compo-
nent of the voltage at the junction
point remains constant within the
accuracy of this bridge; however a
quadrature voltage is now present.
By adjusting the excitation voltage
on the switching coil of the chop-
per the dial reading on the auto-
matic ratio bridge could be made
to remain constant. If the phasing
of the switching of the quadrature
arm is not correct, connection to
the three circuits will give varia-
tions in readings outside the toler-
ance of the bridge. The correct
phase for switching the input
chopper is that which will give
zero output voltage from the chop-
per circuit when a quadrature volt-
age with respect to the reference
phase is applied at the input of the
automatic ratio bridge. This means
switching the input arm when the
voltage across the 0.05 microfarad
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capacitor is zero for an impressed
quadrature voltage at the input.
The simplest check for this was
the circuit of Fig. 2C. Phase shifts
up to 0.5 degrees were checked by
using different value of capacitors
in the circuit of Fig. 1A. For
phase shifts greater than 0.3 de-
gree the phase-shift networks in
Fig. 2C will change the magnitude
of the in-phase voltage by a value
greater than the accuracy of the
bridge. In interpreting the read-
ings of the bridge for such phase
shifts, correction was made for the
change in in-phase voltage.

The idealized diagram of Fig. 2B
shows the conditions in the de-
modulator and modulator circuit of
Fig. 2A. The upper sketch shows
the waveform of the input signal
at the chopper arm; the next lower
waveform shows the voltage across
one of the 0.05-microfarad capaci-
tors when the excitation for the
chopper has been adjusted. When
the input contact opens, the volt-
age across this capacitor is held
at the same value and is trans-
ferred through the output chopper
contacts at 180 degrees out of
phase with the input chopper (See
Fig. 2A). The next lower wave-
form in the sketch shows the wave-
form on the other 0.05-microfarad
capacitor. The open time in the
break-before-make type of chop-
pers used is not shown, nor is the
charging time of the 0.05-micro-
farad capacitor.

The open time delays the appli-
cation of the input waveform to the
filter; once applied however the
short time constant enables the ca-
pacitor to charge close to the full
value of the applied voltage. If the
phase balance of the chopper is not
zero adjustment of the switching
time will compensate for this. The
output waveform applied to the
subsequent servo amplifier is as
shown in the last diagram.

Despite the above considerations,

a filter network with a lower cut-
off frequency was selected (see Fig.
3). This lower frequency filter
gave superior performance in re-
jecting noise and distortion com-
ponents existing at the null bal-
ance point. Since this feature was
of the utmost importance, lower
conversion-gain and lower cutoff
frequency were accepted. The cut-
off frequency of the filter was set as
low as possible without introducing
instability into the system. This
low cutoff frequency was satisfac-
tory in the filter, as noise reduction
was more important than achieving
a shorter settling time. Measure-
ments made on quadrature, distor-
tion, and noise rejection after the
long time-constant filter, indicated
rejection ratios greater than 60 db.
Theoretically, with proper phasing,
the rejection of the quadrature
component should be 100 percent.

In Fig. 3, the phasing of the
chopper arm is shown as zero.
However, because of phase shift in
the transistor preamplifier and
production tolerances of the tran-
sistor choppers, it is necessary to
adjust the phase of the input chop-
per to be in phase with the in-phase
error signal at the input to the
chopper. This adjustment is done
by setting the input chopper so that
the same reading is obtained in the
presence of a small quadrature
voltage. The main source of error
in the automatic bridge occurs
when measurements are made on
voltages having phase shifts
greater than +0.5 degree. This situ-
ation produced readings outside the
accuracy quoted.
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Differential Amplifier
With Regulator Achieves
HIGH STABILITY, LOW DRIFT

Unique circuit configuration of this direct-coupled differential amplifier makes pos-

sible low drift and high common-mode rejection ratio. Meets requirements of mis-

sile telemetry systems

WHEN d-c signals are to be ampli-
fied, the usual approach is to use a
direct-coupled circuit. The diffi-
culty of maintaining sufficiently
low drift in a direct-coupled con-
figuration led to the development
of chopper and chopper-stabilized
circuits, where a mechanical chop-
per reduces drift to low values. Un-
fortunately, other shortcomings
arise, and in most applications the
direct-coupled d-c amplifier would
be preferable if the drift could be

By R. D. MIDDLEBROOK,

California Institute of Technology,

A. D. TAYLOR,

Microdot, Inc., So. Pasadena, Cal.

reduced to an acceptable value. The
advantages over the chopper or the
chopper-stabilized types include
rapid recovery from overload, free-
dom from hash, simplicity and
small size due to absence of trans-
formers and capacitors.

A d-¢c amplifier for airborne or
missile telemetry use must meet
many specifications. The usual re-
quirements for differential input,
single-ended output, signal levels
and linearity are easy to meet.

75K
+E,017V) 4 +E,07V) ¢,
3
INPUT — Q, Qy, ouTPYT
1 100K
y
+E, TEMP 100 e
4 R Rs
COMP i)
—E, CIRCUIT Rg
Q
INPUT L
2
Ry R
4
+EUTV) +E,
75K +ENTV) (10V)

FIG. 1-—Basic circuit of the amplifier.

Voltages E, and E. are obtained

from a reference diode string fed from the power supply. Resistor R, serves

as a gain control
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Those which are difficult to achieve,
especially simultaneously, are low

drift over a wide temperature
range, stable though adjustable
gain, wide frequency response,

high input impedance, high com-
mon-mode rejection factor, insensi-
tivitv of performance to source re-
sistance, small size, weight and low
power requirements. The d-c am-
plifiers described here provide ex-
ceptional performance in all these
respects simultaneously. There is
no unique set of specifications,
since the design can be tailored
for particular applications.

The following figures are typical:
gain stability +0.75 percent; fre-
quency response *+1 percent to 10
Ke, 3 db down at 50 Kc; differential
input resistance greater than 1
megohm; common-mode rejection
factor 120 db to 400 cps, 100 db to
2 Ke, for common-mode voltage *+5
v peak and for a gain of 1,000. The
gain is adjustable over a 2-to-1
range with maximum preset to any
value between 200 and 1,000. For
a gain of 1,000 the maximum dif-
ferential input signal is +=5 mv
peak. The output capability is =5
v into 20,000 ohms with output re-

electronics
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The low-drift transistor d-c amplifier under test. To alleviate temperature problems, differential amplifier uses o
pair of matched transistors in one can

sistance less than 100 ohms, and
with up to 100 percent offset ad-
justment. The drift is to some ex-
tent a function of the signal source
and a typical equivalent input drift
is £100 uv for eight hours over a
temperature range of 25 C to 100 C.

For extreme temperature en-
vironments, an amplifier is avail-
able with an internal heater so that
eight-hour input drifts of =100 uv
can be maintained over ambient
temperatures from —55 C to 100
C. Size and weight are tailored to
meet environments, and are typic-
ally 3 cubic inches and 4 ounces for
the heaterless models. Required
power supplies are 20 ma at plus
and minus not less than 18 v =1
percent. The model containing a
heater is about 7.5 cubic inches,
weighs 6 ounces, and requires an
additional input of up to 300 ma
(for —55 C ambient) at +28 v
unregulated.

The circuit of the heaterless d-c
amplifier is shown in Fir. 1. Tran-
sistors @, and Q., form a differen-
tial first stage, @., and Q. a differ-
ential second stage, and @, and Q,
form the single-ended third and

July 28, 1961
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fourth stages. Overall negative
feedback is taken from load resist-
ance R, and applied in series with
the differential input. Resistance R,
is an internal load; any external
load is connected between output
and ground. The circuit is inher-
ently capable of converting a differ-
ential input to a single-ended out-
put, and is superior in three
respects to a circuit which is differ-
ential throughout and in which only
one output of the two is used: the
output resistance is considerably
lower for the same loop gain, much
better common-mode rejection is
obtained, and fewer transistors are
required.

With zero input signal, there is
no voltage between the output ter-
minal and ground. Internal load
resistance R. is connected to nega-
tive supply voltage E, to permit
operating current to flow in out-
put stage @, under quiescent condi-
tions.

With a differential input signal,
input 1, for example, goes positive
and input 2 goes an equal amount
negative. The current in Q.. in-
creases while that of Q,, decreases.

The current changes in resistances
R, (both) cause the input voltage
to Q.. to decrease and that of Q..
to increase. The increased current
in Q.. causes an increased voltage
drop across R,, and reduces the in-
put voltage to emitter-follower
stage Q.. The lower emitter volt-
age of @, causes an increase in the
base-emitter voltage of Q,, hence Q,
conducts more current through R,
and the output voltage goes up. A
resistance from the emitter of Q,
to negative supply voltage —FE,, to
provide correct operating current,
is not shown in the schematic. A
fraction of the voltage between out-
put and ground is injected in series
with the input through negative
feedback path R.,, R.,, R, and R...

Transistor Q. does not act as a
constant-current sink for the cur-
rents in R,, and R,,, as it would
if resistance R, were returned to a
fixed supply voltage. Instead, the
connection allows Q. to fulfill two
important requirements. Imagine
that the half of the circuit contain-
ing Q,» and Q. is folded over to lie
on top of the half containing Q..
and Q.. (see Fig. 2)., The path
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FIG. 2——Di1felrential stages folded

over and drawn to reveal a voltage

regulator circuit

|

from point X through Q;, Q.. » and
Q... » back to point X is a voltage
regulator circuit in which (E, —
E,) is the reference, and (E: +
E)) is the regulated output voltage.
Transistor @, is the error ampli-
fier, and @, is the series element
whose current is controlled by Q..
Transistor @, does not contribute
to this mode of operation of the
circuit, and serves merely to trans-
mit the collector current variations
of Q. to the base of Q..

The voltage between X and the
negative suply —FE, is constrained
to be closely équal to (E, — E.)
(R, + R.)/R;. The higher the com-
mon-mode loop gain, designated G.,
the more highly regulated will be
the voltage E; at X. Since the volt-
age across each R, is approximately
E, — E;, the collector currents of
Q.. and @,, are stabilized, which is
the first of the two functions of Q..
Each collector current is set to 100
wa, this low value being chosen to
make the noise contributions of
Q.. and Q,; small, and to allow a
large value of R, which makes the
common-mode loop gain G. large.

To understand the second func-
tion of Q., it must be recognized
that in the presence of arbitrary
voltages at the two amplifier inputs,
the collector current of @; contains
both differential and common-mode
components. These result from
conditions imposed by the feedback
path. A high value of G. permits
the collector current of Q; to adjust
as required to the inputs, while
the collector currents of Q.. and
@.s, and hence their base currents,
hardly change. Thus, the second
function of Q; is to maintain high

58

signal impedances at the inputs to
Q.4 and Qs

There is typically about 45 db of
overall negative feedback in the
complete amplifier, which implies a
differential loop gain of about 200.
This high value ensures low output
resistance, high differential input
resistance, and stable gain deter-
mined essentially by the feedback
elements. Close, but not necessarily
exact, equality between R,, and R,
and between R., and R.., is re-
quired. Under these conditions,
gain G, from input 1 and gain G.
from input 2 may be written G, =
(R4 + Ru)/Ru

-G R (AR _ AR
G?—("['“L'R.,( R R,)]

where R,, =~ R, =~ R,, R. =~ R
=~ R, R, — R, = AR, and R., —
R., = AR.. For a gain of 100, typi-
cal values are R, =1 K and R, =
100 K, hence for small percentage
unbalances AR,/R, and AR./R. the
gain G, is very nearly the same as
G,. Both gains are determined by
R,, and R,, with only weak de-
pendence on R,, and R,,. The fre-
quency response of the amplifier
can be controlled by capacitance
C., with only weak dependence on
Cy.

The degree of rejection of com-
mon-mode input signals is sensitive
to asymmetry in the resistance
pairs R, and R,. The amplifier com-
mon-mode rejection factor C, de-
fined as the ratio of the common-
mode input voltage to the differen-
tial input voltage which produces
the same output voltage, is given
by

1 AR, 1 AR,

T =[T(1 - Gt)’ R ]/G
where G, = G, ~ G, and G, is the
common-mode loop gain previously
defined. The value of C is maxi-
mized by adjustment of R., and Cs,
which may be designated as com-
mon-mode adjustments with neg-
ligible effect on the gain or on the
frequency response. However, the
converse is not true. Any attempt
to alter the gain by changing R.,
would have a disastrous effect on
the common-mode rejection factor.
Means must be found to change the
effective ratio of R,, to R.. without
destroying the symmetry.

Gain variation can be accom-
plished by bridging a gain control
resistance between symmetrical
tapping points on R., and R., as
shown in Fig. 3A. In the gain equa-
tions, R.. (or R.s) should then be
replaced by the effective value R.r
given by R, = Rz + 2(R| + Ru)
(R, — RJ)/R.

It is possible to achieve gains
variable over a two-to-one range
without interaction between the
gain and common-mode adjust-
ments.

Care must also be taken to avoid
upsetting the optimum common-
mode rejection when changing the
quiescent output level. The most
convenient way to introduce an out-
put level control which satisfies this
requirement is to remove R., from
its ground connection and to return
it to the slider of a potentiometer
across the supply voltages. The im-
pedance level of the potentiometer
must be low enough that the effec-
tive value of R., is changed by an
acceptably small percentage
throughout the desired level range,
to avoid undue degradation of the
common-mode rejection factor.
Alternatively, the common-mode
adjustment can be reset for a par-
ticular output voltage level.

In the presence of a level control,
the lower output terminal remains
at ground, as shown in Fig. 3B.

The amplifier common-mode re-
jection factor is sensitive to un-
balance in the signal source re-
sistances. If the rejection factor is
adjusted to be infinite with equal
source resistances, the common-
mode rejection factor C’ in the
presence of an unbalance AR, in the
source resistances is given by 1/C”
= AR,/BR.G. where B, is the com-
mon-emitter current gain of Q. or
Q.». It is the absolute and not the
percentage unbalance of the source
resistances which is significant. A
typical value for C’ is 10° or 120
db, for AR, = 100 ohms, therefore
the common-mode rejection factor
is little affected by normal source
resistance unbalances.

Although the above description
of the amplifier indicates excellent
characteristics with respect to its
signal-handling capabilities, the
crucial test of a d-c amplifier is its
drift performance. Drift in a di-
rect-coupled d-¢ amplifier origi-
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nates almost exclusively in the dif-
ferential input transistors, and
arises primarily because of aging
and temperature changes in the
saturation currents, the base-emit-
ter voltages, and the current gains.
Use of silicon transistors with
room temperature saturation cur-
rents in the order of 1 na (milli-
microamp) effectively eliminates
this source of drift with normal
low-impedance signal sources such
as strain gages and thermocouples.
However, the other two drift
sources are important.

The base-emitter voltage of a
silicon transistor is stable with
time but exhibits marked tempera-
ture dependence, decreasing by ap-
proximately 2 mv for every degree
centigrade rise in temperature.
Even though the base-emitter volt-
age drops of Q,, and Q,, are in
series opposition, and even if Q..
and @, are exactly matched, an
equivalent input drift of 20 pv will
result for every 0.01 deg C tempera-
ture differential between these two
transistors. The availability of two
matched transistors in one can, the
FSP-2 of Fairchild Semiconductor
Corp., has alleviated the problem of
temperature differentials.

In addition to this effect, there is
also a drift source due to unavoid-
able unbalance in the temperature
dependences of the base-emitter
voltages in @,, and Q... In the
double unit, the values of dV,./dT
are typically matched to about 1
part in 100, but even this would
give rise to an equivalent input
drift of 20 uv for every degree
change in ambient temperature.
This is unacceptable, but because

ouT

(A)

the base-emitter voltage at constant
current is closely linear with tem-
perature, compensation is possible.
The compensation function is pro-
vided by an auxiliary circuit which
supplies a current linearly depend-
ent on temperature.’ As shown in
Fig. 1, this current is injected at
a tapping point on the resistance
R,, or R,; thus generating a volt-
age in series with the inputs which
is linearly dependent on tempera-
ture. Adjustment of the tapping
point permits the inherent un-
balance of dV,./dT in Q.. and Q..
to be reduced by a factor of as
much as 100. The equivalent input
drift from this cause can be held
to about 20 uv over a range of 100
deg C. This high degree of cancel-
lation depends upon closely equal
temperatures of @.,, Q. and the
compensating circuit, an equality
which is in turn limited by the
thermal design.

The remaining source of drift is
the variability in the current gains
of Q,, and Q,,. Since the collector
current of each transistor is stabil-
ized by Q., each base current flows
through the resistance of its signal
source and thereby gives rise to a
spurious input signal. It is appar-
ent, that the drift performance of
the amplifier cannot be specified
independently of the signal-source
characteristics. However, perform-
ance can be so specified that the ex-
pected drift can be determined for
a particular source configuration.
A typical value for the current gain
of a double unit is 40 at 25 C, with a
possible unbalance between the two
units of about 10 percent. Since in
the amplifier each collector current

(B)

FIG. 3—Introduction of a gain control by bridging resistance across sym-
metrical tapping points on R. and R.s, in (A); introduction of a level
control by connecting R to a low-impedance potentiometer across a bias

voltage, (B)
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is stabilized at 100 pa, each base
current is nominally 2.5 xa at 25 C.
If the ambient temperature in-
creases, each base current decreases
fairly linearly at about 15 na/deg
C, again with a possible unbalance
between the two units of about 10
percent. These figures make pos-
sible an estimate of the tempera-
ture drift in the presence of given
source resistances. For example,
if the source resistance in series
with each input is 0.5 K, then an
equivalent input drift up to =0.1
(0.5 X 15) = =*=0.75 uv per deg C
could be expected. The fact that this
drift is approximately linear with
temperature permits compensation.
If the source resistance is known,
drift due to current gain changes
can be cancelled along with that
due to base-emitter voltage changes
and it is necessary to set the tem-
perature compensation adjustment
in the presence of the desired
source resistances, There then re-
mains only drift due to the varying
base current flowing in any un-
balanced source resistance. For ex-
ample, if the 500 ohm source re-
sistances were unbalanced by 5
ohms, an uncompensated equivalent
input drift of about 0.075 uv per
deg C would result.

The examples indicate the de-
pendence of the amplifier drift per-
formance on the signal-source con-
figuration. If the drift thus obtain-
able is undesirably great, or if in-
dependence of the source configura-
tion is desired, it is necessary to
use an internal heater to eliminate
temperature-dependent changes in
the amplifier parameters. The
heater used in these amplifier
models is continuously controlled
by an internal subsidiary amplifier
referenced to a thermistor sensor,
and the main amplifier temperature
is maintained very nearly constant.
As a result, low drifts can be
achieved over wide ambient tem-
perature ranges.

The assistance of C. E. Everest is
gratefully acknowledged.
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How Optimum Dwell-Time
Reduces Converter Harmonics
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Diagrams of converter (A) and bridge converter (B); timing sequence
(C) shows dwell-time as equal to 2A; and graph (D) of total power,
useful power and conversion efficiency plotted against dwell-time

By D. D. WILCOX, Senior Staff Engineer.

Ampex Data Produets Co., Redwood City, Calif.

IN USING silicon-controlled recti-
fiers, switching transistors and
similar devices in d-c to a-c con-
verters, it is often necessary to re-
duce the harmonic content of the
output when a squarewave form is
employed. A dead time or “dwell-
time” is usually inserted into the
square waveform between the time
a given end of the load is connected
to positive and negative volts.

The circuit is generally as shown
in (A) or (B). The silicon-con-
trolled rectifiers or transistors are
symbolized by switches, X and Y,
which are closed alternatively. Har-
monic content is reduced by control-
ling the switches so that a dwell-
time exists between the opening of
the X switches and the closing of
the Y switches, and conversely
(Fig. C). The timing sequence is:
X, 0 (neither closed), Y, 0, X, 0,
Y, 0, etc. A dwell-time of 60 deg
yields an output wave containing
no third harmonic.
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Dwell-time is a variable, selected
by the circuit designer, and system
specifications can require mini-
mization of total harmonic content
rather than a specific harmonic
power. It is desirable to calculate
percentages of harmonic as dwell-
time is varied. By determining the
Fourier series for the waveform in
dwell-time, the power in each of
the harmonics can be evaluated.
Since total power must equal the
sum of the harmonic powers, ratios
can be established among total
power (P,), desirable power at
fundamental frequency (P,) and
undesirable harmonic power.

With dwell-time equal to 24
(Fig. C), the conversion efficiency
(F) will be:

] 2 A
gobi_ OF 7 8 iticos2l
TP, (r—20) 7 = =24
_4 . 14cos 24
T r—24

With A variable, maximum effi-
ciency will occur when
dE 4
a1 =0=5
(r—24)(—2sin 24)42(14-cos 2.1)

D2

44 sin 24 =27 sin 24 4-24-2 cos 24 =0
(r—2A4) sin 24 =14-co0s 24

By trial and error, A = 0.405 rad
= 232 deg and optimum dwell
angle = 24 = 46.4 deg.

Total power (P,), useful power
(P,), and conversion efficiency (F)
are plotted against dwell-time
(24) in Fig. D.

The best dwell-time for maxi-
mum conversion efficiency and low-
est total harmonic content is about
45 deg, with dwell-time not critical
at this angle. Conversion efficiency
is 90 percent or better over almost
a 40-deg spread, and varying the
output voltage by controlling dwell-
time does not result in large varia-
tions in total harmonic content.

Where minimum total harmonic
power is the criteria, 46.4 deg is
optimum dwell-time. This angle is
not critical, and high efficiency can
be maintained over a wide range
of dwell angle.

To demonstrate, for a conversion
efficiency of 90 percent, dwell-time
can be varied from about 28 deg to
about 65 deg, with output voltage
controllable from 56 percent to 75
percent (from curves). Using these
figures, a converter capable of con-
verting d-c and a-c can be designed
so that rms a-c voltage can be
varied from 112 v to 150 v, with
d-c supply voltages of 200 v, and
with conversion efficiency of 90 per-
cent or better over the entire range

112 _ 150 _ 200
E I 100
Similarly, 90-percent etliciency
can be maintained in a converter
designed to deliver 115-v a-¢ over
an input d-c voltage range
15 15
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% 100 Ohms to 200K Ohms Resistance . . .
% Meet Full Range of Military Specifications . . .

4 NEW SINGLE-TURNS

Feel the fine construction by turning the shaft . . . action
1s smooth, continuous . . . a feel of jeweled precision. See
the extra strong design in the one-piece aluminum housing
and front bearing mount. Note the rear covers fit precisely
into machined shoulders to seal out dirt, vapors, corrosive
atmospheres according to applicable mil specs.

Color-coded terminals are gold-plated for perfect solder-
ability, corrosion-free shelf life. Element ends and terminals
are welded to prevent loosening during application. All
models are wirewound and linear. Standard bushing mounts
have life-time lubricated sleeve bearings; standard servo
mounts have two precision ball bearings. Precious metal
contact and collector surfaces minimize noise, contact re-
sistance and thermal effects over a long, trouble-free life.
Complete data is yours by return mail.
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Upper and lower views of assembly card carrying the regulator
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Regulated Positive-Negative Supply
Delivers Low-Voltage Direct Current

By D. T. BIRCH and K. E. CHELLIS, Tallahassee. Fla.

THIS SUPPLY has many applications
where a source of constant low
voltage is desired. Its output volt-
age is adjustable from 11 to 15 v
d-c, and is nearly constant from no
load to 300 ma, or from 90-v a-c to
140-v a-c line-voltage variations.
Ripple at no load is 2 mv, and at
full load is 5 mv.

Maximum current can be in-
creased by substituting higher-
power transistors with better heat
sinks for the 2N1183’s (see the

schematic) and by using huskier
rectifier-filter components. The
ripple content can be improved con-
siderably with LC filters.

The half-wave voltage doubler
provides 35 v for the regulator. A
half-wave configuration was chosen
because the transformers were
available. The one used here iz a
Merit P3085 that has two separate
13-v 3-amp windings; 12.6-v heater
transformers would serve as well.
No variation in performance was

L i@ ° /\ ’ -15Y
= '5 a, l
?
el 3.9k 2N1183 (o 2.5%
q TZS = 56C
y 0 250 2 i
A 28187 T 2.5
L Ds
| T25 et ZX P
1sv A-C% . N B 7 =
3.9% w 93 I
. 2N1183 25 2.5
B i .
D a 2
L 2°5) T250 L Tz.sx
L 0
250 D4 25 6_ya.6y
i i T nas7 [ L

K=X 1,000 I

Identical sections comprise positive and negative d-¢ voltage supplics
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observed between half-wave or full-
wave doublers. Rectifiers D, to D,
are replacement-type 500-ma sili-
cons. Potentiometers R, and R. are
of the 2-w linear carbon type. All
components are mounted on ter-
minal cards. The rectifiers and
filter capacitors are on one board.
the regulator circuits on another.

Since the two regulators are
identical. only the functioning of
one will be discussed. Transistor
@, is in series with its load. The
bias of @., which controls its ef-
fective resistance, iz determined
by the parameters of d-c amplifier
Q.. Zener diode D, furnishes a ref-
erence voltage for the emitter of
Q.. Varving potentiometer R
varies the bias of Q. and hence, its
effective resistance. This in turn
varies the effective resistance of Q,,
thus varying the output voltage.
Any change in output voltage due
to load wvariations will cause a
change in the bias on Q., thus com-
pensating for the load variation.
Fast fluctuations in the load will be
transmitted to Q.’s base through
capacitor C..

electronics
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SPECTROL SOLVES EQUATIONS LIKE THIS...

=ATAN™ B

to design non-linear
potentiometers
—faster, more accurately

The above equation is the mathematical

expression for the non-linear function

required of a precision pot to relate

voltage ratio €2 to potentiometer shaft
' position O.

This is a typical non-linear problem applied to Spec-
trol's new 1BM 1620 digital computer. .. equipment
which eliminates days of design time. provides error-
free results and makes it possible for Spectrol to issue
quotations a day or two after receiving your request.
For the past three years Spectrol—and only Spectrol—
has used this technique.

Basically, it works this way: Computer input data is
in the form of programmed equations or tabulated X
and Y coordinates. Previously programmed tapes with
general equations for non-linear applications (on file
at Spectrol) operate on the data, to compute output
in terms of winding equipment settings, cam angles

(H—O 2[c+DE2

" AM £PN-8,01,10 03366 11

TE %+18,KOUNTS 03378 26

TFM  ,70,10 D3390 16

B~ NEGK 03402 49

EQUALK AM  KOUNTA,02,10 03414 11
TF *+18,KOUNTL 03426 26

TFM,70,10 03438 16
TF  *+30,KOUNTY 03450 26
TF  *+23,KOUNTS 03462 26
10 03474 25

AM  KOUNT5,01,10 03486 11
CM  KOUNTS,FPN,7 03498 14
BNH EQUALK 03510 47
'FLAGK BNF %424 ,FPN 03522 44
TOM DECK+21,2,10 03534 15
88 03546 42
PGSK MM FPN-B,02,10 03558 13
S KOUNT4,99 83570 22

02582 26
03594 16
03606 26
03618 26

03630 25

%,02,10 03642 11
475,01,10 03654 11
KOUNTS,FPN, 7 03666 14
*+96 03678 47
KOUNTL ,DECK, 7 03690 14

and radii. An electric typewriter prints out this infor-
mation on a form such as that shown above, which
is sent directly to production, eliminating delays and
potential transcription errors.

Speaking of production, Spectrol has precision equip-

ment for winding non-linear resistance elements at

its plants in New York and Toronto to supplement its

California facilities. Using the computer in California,

Spectrol can TWX winding instructions to either plant
.. another reason you can expect results sooner.

One more thought: Call us if you're in a bind. Letters
take time.

To assist engineers who have applications for non-
linear pots, Spectrol has prepared a detailed speci-
fications brochure. For your copy, contact your
Spectrol engineering representative or the factory.

ELECTRONICS CORPORATION
1704 South Del Mar Ave. - San Gabriel, Calif. < ATlantic 7-9761
Adams Court « Plainview, L. I.,

New York « WEIlIs 8-4000
TORONTO, ONTARIO, CANADA
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03123 00001
03396 03952
00000 00070
03318 00000
83952 00002
03444 03952
000CO 00070
03480 03952
03485 03957
00000 00000
03957 00001
03957 03137
03414 01100
03546 03137
03876 00082
00000 00000
03129 00002
03952 0009%
03600 03952
00600 00070
03636 03952
03641 03957
00000 00000
03952 00002
03957 00001
03357 03137
03774 01100
03952 03855
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RESEARCH AND DEVELOPMENT

Wind Tunnel Studies Are Made on Parabolas

By J. B. TIEDEMAN,

University of Kan.,

Lawrence, Kan.
SEVEREST aerodynamic loads on
parabolic antennas are produced by
winds forty-five degrees from the
axis of symmetry. Forces from
winds at this critical angle consis-
tently exceeded those from head-on
winds in a series of experiments
in the University of Kansas wind
tunnel. The project was initiated
and supported by the John A. Coste-
low Co., Topeka, to obtain data for
use in designing antenna tower
structures.

The tests were made fo deter-
mine loads produced by winds from
a wide range of directions on para-
bolic reflectors. Wind directed to-
ward the edge of a parabola fol-
lows the surface closely, but
head-on wind cannot change direc-
tion quickly enough at the edges
and flow is separated from the sur-
face, Transition from attached to
separated flow occurs at some angle
between the two conditions with an
abrupt change in aerodynamic
loading.

The 5-ft diameter wind tunnel
permitted a standard 18-inch micro-
wave reflector with 4.3-inch focal
length to be used as the model. The
unperforated sheet metal reflector
had a 13-inch deep reinforcing
flange around the circumference.
Two smaller models without flanges
(11 and 14 inches in diameter)
were also tested to reveal scale ef-
fects and determine the effects of
the flange.

Forces and moments were meas-
ured with a strain-gage balance
system that rotated with the model
to provide force components in the
model coordinate system. The bal-
ance system worked well for the
large force component along the
axis of symmetry, but transverse
forces and moments were so small
compared to tare drag on the model
support that errors were as large
as 50 percent.

No significant scale effects were
observed, and the effective Reynolds
number of 10 million is high enough
to suggest that scale corrections
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are unnecessary in applying results
to full-size antennas. The flange
seemed to affect only a small range
of angles near the head-on wind di-
rection, where it increased drag
about 20 percent.

Axial force coefficients of 2.3
were observed consistently at 45 de-
grees from the axis of symmetry,
compared with head-on coefficients
of 1.4 for unflanged and 1.7 for
flanged models. Lateral and moment
coefficients were also greater at 45
degrees but were only about 0.2.
Wind at this critical angle results
in force acting in a direction within
5 degrees of the axis of symmetry.

Use of the force coefficients can
be demonstrated by a 6-ft reflector
in a 50-mph wind at sea level
Projected reflector area A is 28.3
sq ft, standard air density is
0.002378 slugs per cut ft and con-
verted wind velocity is 73.3 ft per
sec. Dimensionless aerodynamic
force coefficients C are related to
corresponding forces by F = qAC,
where ¢ is dynamic air pressure
(half the product of air density and
square of wind velocity) or 6.38 1b
per sq ft.

With the maximum axial force
coefficient of 2.3 at the critical an-
gle, axial force is 415 1b. With the
maximum lateral force coefficient of
about 0.2, a lateral force of about
42 1b would act through the vertex
of the parabaloid.

The moment about an axis
through the vertex normal to the
plane defined by wind direction and
the axis of symmetry is related to
moment coefficient C, by M =
qADC,, where D is antenna diame-
ter. With the peak moment coeffi-
cient of about 0.2, the moment is
249 ft-lb in the form of a couple
to be added to the effects of the
lateral and axial forces acting
through the antenna vertex. Both
lateral force and couple reach peaks
at the critical angle. Their torsion
effects are cummulative in a direc-
tion tending to rotate the antenna
into the wind if it is mounted as
usual with the convex surface
toward the tower. If it is mounted

so the axis of symmetry intersects
the elastic axis of the tower, the
axial force will not twist the tower,
but some residual torsion created
by the lateral force and moment
cannot be completely eliminated.

The moment arm of the lateral
force can be minimized by mount-
ing the reflector as close to the
tower as possible, but the couple
associated with the moment coeffi-
cient cannot be eliminated.

System Shows Retrieved
Documents Immediately

INFORMATION retrieval from large
collections of documents can be
made more effective with a newly
developed electromechanical search-
ing device. The equipment is based
on the microcite system.'" It com-
bines design simplicity with auto-
matic features to make decentral-
ized search facilities possible.

The improved microcite machine
was developed by the National
Bureau of Standards under spon-
sorship of the Department of De-
fense. It will aid the instrument
reference service of the Bureau in
making available to government
and industry information about in-
struments and control systems.

Much current effort in the field
of information retrieval is directed
towards development of complex
systems to search vast memories
automatically and furnish docu-
ments in a desired form. High cost
of such machines requires central-
ized operation. which inhibits di-
rect participation of the researcher.

With the microcite equipment.
the researcher always controls the
search process and knows imme-
diately the nature of the informa-
tion recovered.

The new development can be
more fully appreciated if the mi-
crocite concept and the peek-a-boo
technique of which it is an adapta-
tion are understood. In the peek-
a-boo technique, punched cards are
used with each punched card repre-
senting an index word. The posi-
tions of the holes in the card

electronics
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TUNG-SOL ANNOUNCES:

DE IN U.S.A.

NEW MEDIUM-MU

SERIES REGULATOR TUBE

7802WB

Brings together an optimum combination of
characteristics that makes it ideal for applica-
tions in tough environmental extremes.

The 7802WB twin-triode, medium MU companion to the popular
6080WB, is the newest in the broad Tung-Sol line of rugged, high
temperature, long-life series regulators. It combines many out-
standing operational and design features in an optimum package
of peak efficiency and dependability.

CONSIDER JUST THESE FEATURES:

@ High perveance . . . Makes the 7802WB an excellent choice for
applications requiring high plate current at low plate voltage.

® Medium-mu . .. Makes only very small signal voltages necessary
for precise 7802WB control.

® Extra-tight tolerances . . . Plate current and transconductance
are held to rigid limits to provide greater balance between tube
sections. This is of %articu]ar significance where many sections
are operated in parallel.

® High temperature operation . . . Extensive use of ceramics for
heater-cathode insulators, anode standoff insulators and element
:-Yacers. The graphite anodes used are warp-free and dimension-
ally stable regardless of operating temperatures. Non-char,
glass-bonded mica material is employed in the tube base.

® Top-performance in environmental extremes . . . Where elec-
tronically regulated power supplies must perform under severe
conditions of shock vibration and high altitude, the 7802WB
demonstrates long, trouble-free life, assured by both tube de-
sign and specifications.

Complete technical details on the 7802WB will be furnished imme-
diately on request. A description of the full-line of Tung-Sol series
regulator tubes is also readily available. Tung-Sol also invites you
to outline your design needs to us. Our application engineers will
gladly evaluate your circuit and outline the component which will
best meet your requirements. Tung-Sol Electric Inc., Newark 4,
N. J. TWX:NK193
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(% TUNG-SOL

Technical assistance is available through: Atlanta, Ga.; Columbus,
Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.;
Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; Philadelphia, Pa.;
Seattle, Wash. In Canada: Abbey Electronics, Toronto, Ont.
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now...find,
identify, analyze

dependable
CERTIFIED %
| SPECIFICATIONS '.,‘

for accurate 1
data

Ly

noise : interference

1kcfe25mc

»

{

£l

...just one of the many ways to use

PANORAMIC'Ss
economical

SPA-3/25

SPECTRUM
ANALYZER

Widely ued for high-speed location, identi-
fication and analysis of random and discrete
signals, the SPA-3/25 automatically sepa-
rates and measures the frequency and amp-
litude of signals in spectrum segments up to
Ime wide, selectable anywhere between 1
ke and 25me¢ (usable down to 200 ¢ps). Di-
rect readouts of frequency distributions and
amplitudes of signals are provided respec-
tively on calibrated X and Y axes of a 5
long-persistence CRT. The SPA-3/25 samples
the spectrum at a 1-60 ¢ps rate,

Panoramic presentation of the
Model SPA-3/25

1. permits quick location of signals, mini-
mizes chances of missing weak signals or
holes in the spectrum

. speeds up by
tedious point-by-point plots

3. enables fast, reliable detection of com-
paratively low level discrete signals pres-
ent in random spectra through use of ad-
justable narrow I|F bandwidths and corre-
fation techniques

4. allows identification and subsequent an-
alysis of dynamic characteristic of modulated
signals and noise.

Panoramic

FORMERLY PANORAMIC RADIO PRODUCTS, INC,

530 So. Fulton Avenue, Mount Vernon, N.Y.
Phone: OWens 9-4600. TWX: MT-V-NY-5229

Cables: Panoramic, Mount Vernon, N.Y. State
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Noise spectrum analysis using internal video
smoothing filter presents noise envelope aver- |
age versus frequency in reodily appreciated |

form. Internal marker pips are 500ke apart.

SPECIFICATIONS:

Frequency Range: 1 ke—25mc in 2 bands
Sweepwidth: Variable, calbrated from 0 to

me

Center frequency: Variable, calibrated from
0 to 23.5mc

Markers: crystal controlled, 500ke and har-
monics to 25mc

Resolution: Variable, 200 cps to 30 ke

Sweep rate: Variable, 1 cps to 60 cps

Amplitude Scales: 20 db linear, 40 db log,
10 db square law (power)

High sensitivity: 20uv full scale deflection

Attenuator: 100 db calibrated

Response Flatness: = 109% or = 1 db

Input Impedance: 72 ohms. High impedance I
probe-PRB-1—Optional

The SPA-3/25's great flexibility makes it a
valuable tool in a wide range of applications.
Write, wire or phone NOW for detailed speci-
fications and NEW CATALOG DIGEST,

Put your name on our mailing list for “THE |
PANORAMIC ANALYZER,'” featuring applica- l
tion data.

identify documents pertaining to
the index word. One search tech-
nique, referred to as the logical
product, is performed by superim-
posing the appropriate peek-a-boo
cards and noting the positions of
the holes that are not blocked by
any of the selected cards.

More complex logical operations
can also be performed. In the peek-
a-boo system, hole position is usu-
ally interpreted as a document
serial number by a coordinate grid
printed on the card or on a trans-
parent overlay. The researcher is
directed by the serial numbers to a
file (serial list) of citations and
abstracts of the documents sought
or directly to a file of the docu-
ments.

The microcite concept eliminates
the document file step by imme-
diately providing a microfile image
of the citation and abstract. In-
stead of reading serial numbers,
a description of a document emer-
ging from the search can be viewed
directly at each hole position. In
a preliminary model, microimages
of the citations and abstracts were
reproduced on a film overlay and
read at the holes through a micro-
scope. Although this procedure
demonstrated the effectiveness of
the microcite principle, it is rela-
tively inefficient for large collec-
tions.

The new microcite equipment can
search millions of documents. At
the Bureau, it has been designed
for sets of 18,000-document peek-a-
boo cards with corresponding ab-
stracts for each set carried on a
15-inch square sheet of photo-
graphic film called the matrix. In
operation, the film matrix appro-
priate to the peek-a-boo set being
searched is selected and mounted
on a drum. The selected peek-a-boo
cards are placed on an illuminated
area of the machine.

Two control wheels position a set
of cursors successively on each un-
obstructed hole. Turning the con-
trol wheels causes rotation and
translation of the drum carrying
the film matrix so that as the
cursor is set on each hole, a full-
size image of the citation and ab-
stract corresponding to that par-
ticular hole is projected on a screen
in front of the searcher.

A copy of any abstract can be ob-
tained by moving a lever to record
the desired image on a roll of pho-

electronics




tosensitive paper. Alternately, se-
rial numbers of the document can
be noted or transcribed into
punched tape or printed on paper
tape. The electrically coded serial
number output made available for
this transeription could also be fed
into a document-storage machine
that would provide copies of com-
plete documents.

By making results available im-
mediately, detection and adjust-
ments can be made for contingen-
cies such as misinterpretation of
index terms, interference from
documents of which the researcher
was unaware. misconceptions about
the volume of relevant information
in the collection and even modifica-
tion of interest with more informa-
tion.

REFERENCE

(1) Microcite. An Aid to More Effective
Iteferencing, NI'S Tech News Bull, 41,
1057,

System Sorts Logs
According to Size

ELECTRONIC system has been de-
veloped that measures and sorts
timber at a sawmill according to
the Swedish International Press
Bureau. The installation is in the
Skutskar Sawmill near Gavle,
which is at the southern end of the
Gulf of Bothania.

The system does the work of 12
to 15 men, handling 600 logs an
hour. It was developed by Philips
Telindustrie. Stockholm, and is also
expected to result in considerable
savings in raw material because of
its high measurement accuracy.

Logs enter the mill on a conveyvor
at a speed of one meter per second.
Photosensitive detectors along the
conveyor feed data into counting
cireuits that use a total of 700 tran-
sistors. The information is later
used at the sorting line where logs
are pushed into different size
pockets from where they are
brought to the appropriate saw
frames.

An added feature of the svstem
is a metal detector to discover nails
or other metal objects embedded in
the timber. When metal is detected,
4 spray is automatically triggered
that colors the spot where the ob-
ject is located. The svstem later
pushes logs with colored spots from
the line automatically.
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AIRPAX

POSITIVE
PROTECTION

for
MULTI-PHASE
CIRCUITS

Protection is assured for components
in multi-phase or multiple circuits
which use this Airpax ganged circuit
breaker assembly. An overload in any
one of the circuits will trip all breakers
simultaneously. Actuation is electromag-
netic; action can be delayed to prevent line
surge trips or it can be instantaneous. Indi-
vidual breakers can differ in voltage, frequency,
current and delay ratings. Two-gang assemblies
also available as well as remote indicating types
of individual breakers.

CAMBRIDGE DIVISION ° CAMBRIDGE, MARYLAND
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COMPONENTS ANL MATERIALS

New microwave areas may be opened up for
crystal yttrinm iron garnets weighing 85 and 95 grams (left).
crystal surface is checked through binocular microscope. Differential-speed drives on two polishing heads cause sphere

held between them to tirn in random fashion.

study now that Adrtron has demonstrated the ability to grow single-
Garnets are polished by equipment (right) while

Resonance line width of crystal is « function of surface finish

Large Garnets Pave Way for New Devices

IN THE NEXT FEW YEARS, significant
advances will be made in the appli-
cation of improved ferrites, syn-
thetic garnets and rare earth ox-
ides for high-powered microwave
applications. And these develop-
ments will follow an improved un-
derstanding of relations between
the composition and structure, and
the magnetic properties of ferrites
and garnets.

Primarily of interest to labor-
atories studving narrow-linewidth
resonance phenomena, yttrium iron
garnet (YIG) crystals have already
found their way into devices such
as tunable filters and low-power
limiters. And these crystals are
being investigated under a variety
of experimental conditions.

Now, however, new applications
are opened up for study, since Air-
tron' has grown single-crystai YIG
weighing 85 and 95 grams. And
there is a continued effort on tech-
niques for the growth of single
crystals of ferrimagnetic and ferro-
electric materials having Thigh
degrees of purity.

At present, not much informa-
tion is generally available on just
where and how large YIG crystals
will be used. But recent inquiries
asking about the availability of
large crystals indicates that there
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are some knowledgeable device de-
signers around who have ideas for
these crystals that may open up
substantial new applications.

The purpose of growing large
crystals for microwave applications
is to provide the engineer with an
entire new class of materials with
sharply refined electromagnetic and
electro-mechanical properties, com-
pared to polycrystalline materials
previously used.

Without dwelling too long on the
physics involved, it is fairly easy
to gain an intuitive insight into the
reason for this improved behavior:

Fundamentally, there is an in-
terest in the magnetic effects as-
sociated with orbital orientation
and spin of electrons. Because the
atoms in single crystals are already
well ordered (organized), com-
pared to those in polycrystalline
materials, it follows that the mag-
netic behavior of single crystals is
more sharply defined, giving us
the improvement in performance.

Although the effects sought occur
in nature, (magnetite and lode-
stone), raw materials can be tail-
ored to suit specific device needs,
so that new effects can be induced,
or existing effects can be height-
ened by modifying the basic mix
from which the crystals are grown.

Principle crystal formulations of
interest in this area besides
vttrium iron garnet, include: modi-
fied YIG, lithium ferrite. and
vttrium gallium garnets.

Applications include a tunable
filter (microwave frequency) which
can be placed in a waveguide and
which will permit the flow of only a
narrow frequency range, rejecting
the remainder: a low-level limiter;
ferrite amplifiers (at present of
scientific interest, but not as practi-
cal as some of the more recent
microwave diode amplifiers); plus
possible application in ferrite cir-
culators and isolators at frequen-
cies much below those now feasible.
These last two are extensions of
classical applications, since there
have been polyvcerystalline ferrite
isolators and circulators around for
many years.

At Airtron, other crystals are
also being grown, some of which
are for quite different purposes.
For example, they are actively
studying zinc oxide crystals and
have grown some large ones. In-
terest in zinc oxide centers around
its piezoelectric behavior. This fact
is a fairly recent discovery, and
several significant applications are
expected, the most obvious is in
delay lines at frequencies over 100

electronics
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INS0,000LF

If a klystron lasts 20,000 If a klystron is still
hours before lying down on standing up after 50,000
the job, it’s exceptional. hours, it’s Eimac’s.

Fimac's 3K50,000LF Kklvstron is still going strong alter six vears of almost continuous
operation. That's longer than most companies have been building klystrons. But it's typical
of the way Eimac designs them: for peak performance, maximum life. For details on Eimac’s
complete line, write: Power Klvstron Marketing, Eitel- McCullough, Inc.. San Carlos, Calif. R
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HOGAN FAXimile recorders are available with up
to 2000 individual styli for simultaneous recording. A
wide range of stylus spacings is offered —up to 100 to
the inch for high-speed facsimile, television and radar
recorders and high resolution printers and plotters.
Chart widths to 30" and feed rates to 50" per second.

Hogan specializes in electrolytic techniques for event,
spectrum analysis, oscillograph and facsimile recording,
frequency time analysis and special purpose binary and
gray scale record applications. Hogan electrolytic fax-
papers provide a permanent high contrast black on white
record which is reproducible on most conventional office
duplicators.

Whatever your recording problem may be — contact
HOGAN FAXimile, a subsidiary of TELautograph
Corporation, 635 Greenwich Street, New York 14, N. Y.

EVENTS RECORDED
SIMULTANEOUSLY

HOGAN FAXimile Corporation « 635 Greenwich St., New York 14, N. Y.
A SUBSIDIARY OF TELAUTOGRAPH CORPORATION
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GUDELACE". ..

the lacing tape with
a NON-SKID tread

You can’t see it, but it’s there! Gudelace is
built to grip—Gudebrod fills flat braided
nylon with just the right amount of wax to
produce a non-skid surface. Gudelace con-
struction means no slips—so no tight pulls to
cause strangulation and cold flow.

But Gudelace is soft and flat—stress is dis-
tributed evenly over the full width of the tape.
No worry about cut thru or harshness to
injure insulation . . . or fingers.

Specify Gudelace for real economy—faster
lacing with fewer rejects.

Write for free Data Book.

It shows how Gudelace and
other Gudebrod lacing materials
fit your requirements.

GUDEBROD BROS. SILK CO., INC.
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ELECTRONICS DIVISION

225 West 34th Street
New York 1, New York

EXECUTIVE OFFICES
12 South 12th Street
Philadelphia 7, Pa.
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Mec. The piezoelectric coupling co-
efficient (a measure of the efficiency
of conversion from electrical to
mechanical energy or vice versa) of
zinc oxide is about four times that
of quartz. Jim Nielson, who is in
charge of Airtron’s crystal growth
program, worked with zinc oxide
before this piezoelectric effect was
discovered, so his lab had the abil-
ity to grow medium size ZnO crys-
tals when this need became ap-
parent.

Airtron has a broad capability
to grown single crystal ferrites and
garnet materials, using both the
molten salt and floating zone tech-
niques. Equipment includes four
pot-type ovens for molten salt crys-
tal growth, three of which have a
200 ml flask capacity, while the
fourth holds a 1,200 ml container.

Temperatures in these furnaces
are controlled to within =1 C or
better, at 1,250 C, while normal
operating range is 600 to 1,500 C.

With this equipment a broad
range of crystals can be grown in-
cluding: yttrium iron garnets and
substituted yttrium iron garnets;
single crystal ferrites such as lith-
ium ferrites, cobalt ferrites and
nickel ferrites; magnesium iron
spinels; zinc oxide; iron oxide;
barium and bismuth titanates; and
many others.

The crystal laboratory contains
high-polish sphere grinding equip-
ment using a refinement of the
Bond technique. Final polishing is
done with aluminum oxide powder
which has an average grain size
of 0.3 microns.

A precise statement of produc-
tion capacity for this equipment
depends upon the kind of material
produced and the size of the crystal
desired. For example, 400 grams
of garnets per month can be pro-
duced, which means 1.000 70-mil
spheres suitable for device use.

Guaranteed-quality single-crystal
materials of yttrium iron garnet
and lithium ferrite are now avail-
able from stock. YIG garnet is uxe-
ful for frequency around 2.000 to
4,000 Mc, with resonance linewidth
of 0.4 to 0.45 oersteds. YIG can
be furnished as polished spheres,
rough-ground spheres, cubes, discs,
or special shapes.

The larger crystals have been
made possible by changing the
growth process. One big erystal

electrcnics
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can be grown by controlling the
temperature distribution and using
a different shape of furnace. Be-
sides making larger crystals avail-
able for new device possibilities.
the larger chunks of single crvs-
tals also produce a higher yvield
for smaller erystals.

Lithium ferrite crystals are of
interest for frequencies between
5.000 Mc to 10,000 Me, with line-
widths down to 5 oersteds.

REFEREXNCE
(1) J. W, Nielson, Muanager, Solid itate
Materials lLaboratory, Airtron, n division

of Litton Industries, 200 Kast Hanover
Avenue, Morris Plains, New Jersey. Tele-
phone: Jlfferson 9%-5500,

More Money Spent
On Materials Programs

OVER A YEAR AGO. a committee of the
National Academy of Sciences, Na-
tional Research Coumnecil. recom-
mended that the Government ac-
cord high priority to the science of
materials, to the training of mate-
rials scientists and engineers. and
to programs for the development of
new and improved materials.'

Since then, the call for a mate-
rials push has been hearkened to
from many quarters.

In July 1960, the Advanced Re-
search Projects Agency, Depart-
ment of Defense, announced that
Cornell University. University of
Pennsylvania, and Northwestern
University were selected to set up
vastlt enlarged programs for the
expansion of basic research in the
science of materials®. This program
has been further expanded with, the
recent announcement that five more
universities will now participate.
Harvard, Brown, MIT, Stanford
and Chicago were awarded con-
tracts totalling $13.4 million.

What does this program hope to
accomplish?  Scientific objectives
lie in four active fields considered
likely to lead to important elec-
tronic devices, and likely to attract
an increasing number of students:
magnetic and low-temperature re-
search; semiconductors and their
applications to devices; electronic
materials development and prepara-
tion; and solid-state structure
studies by advanced techniques.

REFERENCES

(1) Uree Materials Push, ISLecTRONICS,
D N4 Apr 8, 1960,

(2) Program Sets Up Materials Science
Center, ELrcTrRONICS, D 80, July 22, 1960,
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QUICKEST, EASIEST WAY TO
MEET CRITICAL TEMPERATURE
CONTROL SPECIFICATIONS ... A

(o]

/]

305

HEB

U L

ACTUAL SIZE

M1 Precision Thermostat
Conforms with MIL-E-5272C

and MIL-T-5574A

PACKAGE!

*.008

powered magnetron

cone.

tecting airborne

ponents .
requisite.

options, send for
today.

SPECIFICATIONS FOR BASIC M1 THERMOSTAT

Ambient temperature range

Differential
Switch action

Acceleration & shock resistance
Vibration resistance

Weight, basic

Ratings up to 7 amperes

Ratings up to
Ratings up to

METALS & CONTROLS INC

6 amperes
3 amperes

5007 FOREST ST .ATTLEBORO. MASS
A CORPORATE DIVISION OF

TEXAS INSTRUMENTS

INCORPORATED
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located
radar antenna head of a missile nose

—65 to 450°F continuous
9°F minimum

SPST

60 G's

MIL-E-5272C

unit 3.7 gr.
30 V-ac/dc
125 V-dc
250 V-ac

KLIXON thermostat packages, cus-
tom-designed for your particular appli-
cations, save precious time on “hurry-
up”  projects — leave  you
“button up” the overall design problem.
Typical of the many KLIXON custom-
designed thermostat packages is this
specially developed elbow-type fitting.
With two built-in KLLIXON M1 preci-
sion, snap-acting thermostats. this unit
accurately senses temperature changes
of glycol in the cooling system of u high

to

the

This is just one of the many KLIXON
thermostat packages now in use — pro-
and  ground
systems; aircraft gencrators and con-
stant speed drives; air conditioning and
hydraulic systems; aircraft and missile
guidance equipment and many other
similarly vital electronic-avionic com-
. where reliability is prime

radar

It you have a thermostat design prob-
lem. send us your specifications. Our
special packaging team will design, test
and deliver to mect vour schedule. For
complete specifications and mounting
bulletin  PRET-1
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PRODUCTION TECHNIQUES

Tape Controls Precision Gaging Machine

MEASURING MACHINE, tape-con-
trolled to automate the inspection
or sizing of parts of any shape,
was recently demonstrated by The
Sheffield  Corporation, Dayton,
Ohio. The system can vrapidly
measure symmetrical parts such
as nose cones, over a range of
20 inches in diameter and height.

The huge gage will simultane-
ously measure inside and outside
dimensions or contours, compute
wall thickness, give a visual read-
oput of each measurement and

print deviations from nominal di-
mensions.
It will detect dimensional vari-

ations as small as 0.00001 inch.
Accuracy of wall thickness meas-
urement, according to Sheflield,
is 0.00005 inch, Electronic gaging
styli can be positioned within
0.0001 inch of any point or angle
in the measuring range. A typi-
cal measurement program for a
nose cone, with 795 measurements
plus 265 wall thickness computa-
tions., would take about two hours
to complete.

There are five axes of con:rolled
motien. The inside stylus moves
vertically, the outside stylus moves
horizontally and vertically, the
work table moves horizontally and

PART

ROTARY
TABLE

AXIS OF ROTATION,
TABLE AND PART

AY INNER Y SLIDE

MACHINE
FRAME
(FIXED)

Machine parts move in five axes
(arrows)

Demonstration of transparent dome
measurement
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the work part can be rotated on
the work table.

Under numerical control, the
machine will scan a plane as the
part is rotated. If a deviation out
of tolerance limits is detected, the
machine goes into point-to-point
measurements, Scanning is re-
sumed when dimensions return
within allowable limits. The ma-
chine will also measure at incre-
ments. Deviations within limits
are printed in black and deviations
outside limits are printed in red.

Under manual control, all the
conditions can be set up manually.
The operator can also explore a
part of unknown dimensions. Styli
slide positions are printed. The
printed record can be used as the
tape manuscript for reproducing
the part.

Nominal dimensions of a part are
used in tape-programming of
workpiece and sty}i positions, Po-
sitioned data on the tape is trans-
lated into command signals by a
Bendix Dyna Point numerical con-
trol unit. The sensing elements

are slide-mounted, rotating ball
Electrojet gage cartridges con-
nected to electronic amplifiers. Po-

sitioning of machine parts is han-
dled hydraulically by a power servo
system and monitored by an inde-
pendent instrument servo system.

The machine is used in a con-
trolled-temperature cabinet or
room to insure measurement ac-
curacy and repeatability. Heat-
generated support equipment is
located outside the room and the
hydraulic fluid is chilled to 68 F.

Pantograph Machine
Makes P-C Patterns

FREE-HAND SKETCHES are translated
into one-to-one printed wiring board
layout transparencies by a recently
developed machine. It mechanizes
the process of scribing wiring pat-
terns on coated plastic film like
Keuffel & Esser Stabilene (ELEC-
TRONICS, p 62, Aug. 29, 1958). The

electronics
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T.here’s more data in electronics, the magazine that
gives you the latest technical and engineering informa-
tion every week plus business and government trends.
Subscribe now. Mail the reader service card (postpaid)
to electronics, the magazine that helps vou to know and
tq grow! Rates: three years for 312, one year $6, Cana-
dian, one year for $10; forzign, one year for $20. Annual
glectronics BUYERS’ GUIDE (single issue price $3.00)
included with every subseription.

subscribe today to electronics!

DESIGN ENGINEERS

Sesem

Select the ~
Right Choke Ii
INGTANTLY! LHILd

ESSEX ELECTRONICS

R.F. Choke Kits

Epoxy-encapsulated, High-Reliability R.F. Chokes
available in 4 handy kits for design engineers:

RFC — WEE 0.1 xuHt0 1,000 xH  0.150 Dia.x 0.3751L

..

RFC — S 0.1 xH to 100 xH 0.188 Dia. x 0.44 L
RFC — M 1.0 xH 10 1,000 uH  0.25Dia. x 0.60 L
RFC —L 1.0 uH t0 10,000 «H 0.31 Dia. x0.90 L

Data sheets available on request both for the Choke
Kits and for the Essex Electronics Standard Line of
Chokes. Both the kits and production quantities of
chokes are available from stock.

INTIRONICS, INC.

550 Springfield Ave., Berkeley Heights, N. J.
Phone 464.9300 . TWX NJ 533

ESSEX ELECTRONICS DIVISION, BERKELEY HEIGHTS, N.J. * AUTOMATION PRODUCTS

DIVISION, LEXINGTON, KY. « ESSEX ELECTRONICS OF CANADA LTD.,TRENTON, ONT.
CIRCLE 201 ON READER SERVICE CARD

GREAT THINGS ARE HAPPENING IN

SUNNYVALE,

CALIFORNIA

[ Where 69 Industries have located in the past ten years.

UTC Dedicateésy'c}_!u"%ge Facility

% 3 Examiner
Misslle Expanslon

& [ Million Lab for

Lockheed Plant

Squ Yosr Hrroury

United Technol-

- BIG

ly Standarg

n building

Sunnyvale

ogy Corp-
Plant to Expand

THE BIG 4

, b1G LOCKHEED

GE to Build 81 Million

| Laboratory atSunny vale

TION_TOLD

EI R
‘*\ ittiont SE¥iilion

neton ”uihling

san

Fapd | )
\\\\ RN d Up for Bid

Sunnyvale Daly Standard

GE Plans Two New Bay Facilities

Tough competition and smart
selling demand that the electron-
ics man be reached and sold
wherever you find him: Research,
Design, Production, and Manage-
ment. Only electronics is edited to
interest and influence all four key
buyers. Put your advertising
where it works hardest... ..

adequate labor

= e aaciii_.. | Aarlchoad Ann&_\

Sunnyvale has a number of desirable sites with a total
of 3360 acres ready to serve industry, all planned,
controlled, and restricted.

SUNNYVALE FACTS — On an average of every 60 days during the last ten &
years a new industry located in Sunnyvale and found desirable land and
An efficient, understanding city government provides a healthy
atmosphere and taxes have remained low
of the International Foundation Science Center
a major gap in the large scale co-ordination of science and industry. The Uni- &
versity of California has accepted 4 acres of land and plans to develop an
Extension Center. General Electric will bring its Computer Development and

Rescarch Laboratory to this location :

SAN FRANCISCO CHRONICLE
Lab for Sunnyvale

Sunnyvale was selected as the site
This important concept Gl

Write for detailed, illustrated brochure E Al inquiries held confidential.

in @alectronics

July 28, 1961

SUNNYVALE CHAMBER OF COMMERCE, SUNNYVALE, CALIF,
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MASTERITE

PRINTED GIRCUIT
CONNECTORS

Total and continuous contact even under extremes
of vibration and misalignment is assured by bellows-

action contacts in the new Masterite printed circuit
connectors. Bifurcated bellows add redundant cir-
cuits for even greater reliability. Single and double
row connectors available in various multiples to 130
contacts. Used by leading electronics
firms. Delivery from on-shelf stock or
designed to your specs.

New Catalog Now Ready
Use reader’s service card

MASTERITE INDUSTRIES

835 West Olive Street, Inglewood, Calif. OR 8-2575 .

DIVISION OF HOUSTON FEARLESS CORPORATION

CIRCLE 203 ON READER SERVICE CARD

The waorldwide success of Jopon's
transistor rodios is o tribute to their
highly efficient yet minute components,
of which the vuitro-small Mitsumi IFT
Poly-vari-con is typical. With other
superb Mitsumi ports, it is being ex-
tensively used by leoding rodio monu-
facturers.

Intermediate Variable
Frequency Capacitor
Transformer

Mitsumi Parts

MITSUMI ELECTRIC CO,, LTD. ¢

1056-1, Koadochi, Komae-cho, Kitatoma-gun, Tokyo, Jopon,
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Routing tool scribes couted plastic
film

machine can also be used to drill
printed wiring boards.

Operating like a pantograph drill.
the machine steers a small routing
tool over the film. The tool removes
the film from wiring paths. Land
areas are punched in the film by
using another tool in the drill head.

Wiring paths are first sketched
on tenth-inch-grid paper. with con-
ductor widths, land or pad areas
and other details noted. The sketch
is placed on a template. The opera-
tor first guides the styvles through
each pad into the template. punch-
ing the holes in plastic film under
the drill head. Wiring paths are
then routed between holes.

The transparency can then be
used as artwork for normal sitk-
screen or photoetch processes. The
machine is made by the Special
Products Division. Melpar. Inc.
Falls Church. Va. The standard
model handles lavouts up to eight
by 12 inches.

Meter Relay Sorts
Photoelectric Cells

SOLAR CELLS are sorted into con-
version efliciency ranges by a ma-
chine developed by the Chrysler
Corp. Missile Division, Huntsville,
Ala. Cells are matched within 0.5

electronics

8




percent, in ranges of less than eight
percent, 8-8.5, 8.5-9, 9-9.5, 9.5-10,
and over 10 percent efficiency. Sort-
ing rate, in the prototype model, is
12 per minute.

Cells are loaded, from a feed tray,
into a test disc with four slots 90
degrees apart. At the test position,
the cell is exposed to a photoflood
lamp and the cell’s effective output
is measured by a meter relay. The
meter actuates a chute-gate device
and opens a receiving bin corre-
sponding to the measured efficiency.
The slots are stepped through load,
test and sort positions.

Photoflood intensity is regulated
and calibrated. A standard cell is
used for monitoring. The meter
relay is calibrated to read voltage
as cell efficiency.

Plastic Bins Provide
Portable Part Supply

=AY

B e sseyy

Portable parts storage bins are
handy for sctting up assembly sta-
tions. The bins and Carrying case
tustrated arve thevmoformed from
high density polyethylene (Grea, 11,
R. Graee & Co.) by Highland Prod-
ucts, Inc., Dover, N. J. Bing can be
removed or stepped in the cabinet
when parts are needed. A cleay
plastic front cover and handle male
the cabinet a carrying ease

July 28, 1961

semiconductor

products news

I Service with a smile

As more and more G-E germanium tunnel
diodes are being designed into low level
switching circuits, it becomes increasingly
apparent that many design engineers pre-
fer to determine their own electrical spec-
ifications. Your wish is our command, and
a section of our manufacturing line is now
exclusively utilized to “tailor make” your
tunnel diodes. Example: you can choose
your own specs for peak current from .25
to 250 ma. and one other important para-
meter, such as capacitance or peak voltage.

While you’re ordering your tunnel diodes,
you might be interested in another little
G-E gem of reliability data, compiled
on our computer-general purpose line.
Twelve units were subjected to 10,000
hours of life testing . . . with virtually no
degradation of characteristics. One more
example from over 3 million tunnel diode
hours of life testing, with truly remark-
able results.

25
TUNNEL DIODE 1K OHMS 1OOxHENRIES
OSCILLATING A
« 20+ Ll”:E ‘ b 0Hms -
= X
' MEDIAN | *——
4 LIFE TEST CIRCUIT

o o LLUNIT o ‘

04 ‘ ‘ J

[¢] 2.5K 5.bK 7.5K  10.0K
TIME IN HOURS

Incidentally, you can also order “A"
versions of these germanium tunnel
diodes, specifically designed for your
fastest switching applications, You'll
get speed so fast that it pushes the
capability of present sampling scopes.
You also get extremely tight control
of the three primary requirements for
switching tunnel diodes; peak point,
temperature stability and switching
speed.

0 ipplications are bustin’
out all over

A great deal has been written in recent
months on tunnel diode usage, particu-
larly in the UHF and microwave areas.
Now that practical tunnel diode devices
arc available, the circuit designer has a
real need for a comprehensive and author-
itative survey of this information, along
with a concentrated bibliography. If you'll
pardon a modest bow of the head and
downcast eyes, the job has been done.
Erich Gottlieb, one of G-E’s top tunnel
diode application engincers, has covered
the field of articles and papers published
over the last year on tunnel diode usage
at UHF and microwave frequencies. Over
90 pages of authoritative information, this
survey is divided into four main sections:
Amplifiers, Oscillators, Converters and
General Information. Particular attention
has been paid to noise figure and gain
bandwidth, and how they relate to stability.

If you have a “need to know,” drop us a
line to Section 25G101 for your free copy.

Friend Erich has also recently fin-
ished an application note of his own
called “Tunnel Diode Sinewave Os-
cillators’’ that we'll be glad to send
to you. And Dr. C. S, Kim has fin-
ished a “Tunnel Diode Converter
Analysis." For copies of either/both,
write to Section 25G101.

I More proof positive . . .

. . . that our 2N497A-498A and 2N656A-
657A medium power silicon mesa tran-
sistors are indeed the industry’s most
thoroughly characterized and tested! You
have probably seen our published 1,000
hour life tests. May we modestly bow our
head again while you look over the fol-
lowing 6,000 hour chart, and note the long
term stability and reliability that can
mean so much in your circuit designs?

CIRCLE 77 ON READER SERVICE CARD

238 MW INTERMITTENT LIFE TEST AT 150°C
w | SAMPLE =20 PCS |
T
2.
T
7 50m PERCENTILE
a0 | J0th PERCENTILE
w
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£w P _901th PERCENTILE
> 20 RCE ™
O TSR —1
- oW - A e — ===
0 2 4 6

THOUSAND HOURS OF TEST

Footnote to the above: the “‘A™
versions are exclusive from General
Electric, have higher power with
cooler operation (cool transistors are
reliable transistors), low input im-
pedance (200 ohms vs. the usual 500
means more signal gets into the tran-
sistor and more current flows out),
and lower saturation resistance (10
ohms vs. the usual 25 means less
power loss when you turn the unit
on). How can you go wrong?

B MIL types?

Can we put in a plug for USN 2N388?
Phone your District Sales Manager, or
buzz your G-E Semiconductor Distributor.

Semiconductor Products Department, Electronics
Park, Syracuse, New York. In Canada: Cuna-
dian General Electric, 189 Dufferin St., Toronto,

Ont. Export: International General Electric,
150 E. 42nd St., N.Y. 17, N.Y.

GENERAL
ELECTRIC
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New On The Market

Tri-Axis Accelerometer
ONE MILLIONTH TO 30 G

SPACE GUIDANCE instrument that
can measure forces of one millionth
to 30 times the pull of gravity in
any direction has been developed
by Sperry Gyroscope Co., Great
Neck, N. Y.

Weighing slightly over two
pounds, the accelerometer can re-
place a trio of single-direction ac-
celerometers, giving a substantial
weight and space saving. Equip-
ment presently needed to integrate

Small Trigger Tube
LOW COST; COLD CATHODE

SMALL, COLD-CATHODE trigger tube
is designed for medium-speed com-
puting and data processing applica-
tions, and in time delay, electronic
relay, trigger and counter services.
Tube requires no filament power or
keep-alive current, stands at full
sensitivity while consuming no
power. Tube has radioactive mate-
rial to insure operation in darkness.

Type Eii-38 tube in quantities of
1,000 is priced at $.80, at $1.50 in
small quantities. Manufacturer is
Electronic Industries Inc., 18 Mar-
shall St.. S. Norwalk, Conn.

CIRCLE 302 ON READER SERVICE CARD
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the information supplied by three
conventional accelerometers is also
eliminated.

One lightweight frame incorpo-
rates three separate accelerometer
axes, thus guaranteeing alignment
of the three axes.

The instrument is also suitable
for surface and airborne applica-
tions where miniaturization and uc-
curate performance are required.

CIRCLE 301 ON READER SERVICE CARD
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Lapped Ruby Rods
TO 3 INCH DIAMETER

LARGE VARIETY of ruby optical
masers is available for immediate
delivery by Adolf Meller Co., Provi-
dence, R. I. Lapped ruby rods can
be supplied in stock sizes up to 3
inches in length at 0 degrees with
C axis parallel to cyvlinder axix) to
2} inches at 90 degrees orientation:

and to £ diameter by 7% inches
length for standard oriented rubies.
All material is slow grown, annealed
for minimum strain, and guaran-
teed to lase. Measurements as low
as 0.18 wave numbers have been
registered; orientation within 1
degree; flatness | wave or better;
parallelism 6 seconds of arc. Dop-
ing is 0.04 percent chrome hy
weight, with nine other dopings
available. Rubies can be supplied
with polished diameters.
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Transistor Test Set
MEASURES »,/C.

DIRECT READING instrument is suited
for laboratory, production testing
and incoming inspection of me=xa,
surface barrier and drift transis-
tors.

Model 1824 provides direct read-
ings of the 7,/C, product, with range
of #./C.=0 to 30, 0 to 100 and 0 to
300 picosec; error in measurement
is 5 percent. Instrument accommo-
dates both long and short lead tran-
sistors. Three terminals on front
panel are for emitter current and
collector voltage biasing; bias sup-

plies are not included. The transis-
tor test socket is wired for grounded
base biasing. Size: 51 high x 19
wide X 8 inches deep. Price is
$590, with delivery in 30 to 60 days,
from Dynatran Electronics Corp.,
178 Herricks Rd., Mineola, N. Y.

CIRCLE 304 ON READER SERVICE CARD

Minuteman Transistors
MILITARY APPLICATIONS

RELIABLE mesa switching and am-
plifier transistors, developed s=peci-
fically for the Air Force Minuteman
missile, are now available for other
critical military applications. Two
transistor types are available im-
mediately in production quantities
to qualified firms.

Reliability goal for transistors
used in the project is a (guaran-
teed) failure rate of less than

electronics
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HEIGHT 20 IN. — WEIGHT 45 L8S.

NEW LITTON INJECTRON™ HOLDS OFF 150 KV, SWITCHES 20 AMPS

CONSTANT LURRENT CHARACTERISTICS — L-3408 CONTROL ELECTROOE CHARACTERISTICS — L-3408

CONTROL
VOLTAGE

8.0 KV

-~ 10
5 5
g 2
= =
= =
=16 = 8
= z
o o
9 o
3 J 6.0 kY 3
a 12| ¢ i} < .6
o o
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2 2
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3 3 8 4
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4 2
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T [ [ E N O L 5 ) q 6.0 Ky
o 0 X b m—— b S ¢ <—2.0 K
[] 20 0 60 80 100 120 T40 160 0 20 40 50 80 100 120 140 160
COLLECTOR VOLTAGE (Kv) COLLECTOR VOLTAGE (KV)

*An advanced concept by Litton for high power beam switching with high efficiency and fast rise time. Requires only low control
voltages. Collector current is largely independent of collector voltage, resulting in pentode-like current characteristics. Ideal for float-
ing deck modulators for switching modulating anode Klystrons. L-3408 is in field operation now. Other models for cathode switching
to 750 amps, 350 KV coming soon. Contact us at San Carlos, California, for more information.

LITTON INDUSTRIES
Electron Tube Division

MICROWAVE TUBES AND DISPLAY DEVICES
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0.0007 percent per thousand hours.
While analysis of data is not com-
plete, preliminary studies indicate
the objective has been attained.
The 101 is a high-speed germa-
nium mesa computer transistor
with a current-gain-bandwidth pro-
duce of 350 Mc¢. The 101B is fur-
nished with all test data; the identi-
cal 101A is available without sub-

stantiating data, at reduced cost.

Type 201 is for amplifier appli-
cations, is also available with and
without substantiating data.

Both transistors are available
in 100-up quantities from Motorola
Semiconductor Products Inec.,
Phoenix, Ariz.
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Digital Breadbhoarding Console

VARIETY OF NETWORKS

LOW-COST DIGITAL breadboarding
and training console is self-con-
tained, fully assembled with from
30 to 40 DigiBits—transistorized
digital elements—a complete com-
plement of controls including man-
ual pulser, manual reset, external
pulse input, clock frequency selec-
tor switch, indicator lights, power
supply and slide-on interconnecting
jumpers. Design features include
rapid network ussembly (decade

581 |

Primary Voltage Reference
GUARANTEED STABILITY
SOLID STATE, primary voltage ref-
erence has guaranteed stability of

2 ppm per 3 months and 3 ppm per
year. Model PVR-6 uses precision

80

counter in § to 10 minutes) and
solderless interelement connections.
Price of the 30 package Digilab
with two clock frequencies and
l-amp power supply is $755; 40
package unit with five clock fre-
quencies is $895. Delivery after
Sept. 1 is from 2 to 4 weeks. from
Tech Serv Inc., 4911 College Ave..
College Park, Md.
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Zener references; calibration accu-
racy is 0.0015 percent. Tests prove
the stability of the reference may
be equal to or better than the sta-
bility of the saturated cell (tem-
perature controlled). Priced at
$3,850, the reference is accom-
panied with readings showing sta-
bility for 3 months. Manufacturer
is Calibration Standards Corp.,
1025 Westminster Ave., Alhambra,
Calif.
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R-F Inteirference Set
1 TO 10 GC RANGE

INTERFERENCE-FIELD intensity meas-
uring equipment is a sensitive, fre-
quency selective, calibrated micro-
voltmeter and receiver covering 1
to 10 Ge. It analyzes and monitors
all conducted and radiated r-f en-
ergy within the frequency range.
Model NM-62A meets the require-
ments of all military services.

Features include: instant band
switching and automatic tuner se-
lection; automatic frequency scan-
ning; X-Y plotter output; video
output; 60 Mec i-f output; switch
for field intensity, quasipeak, di-
rect-reading peak or slideback peak
measurements. Oscillator radiation
is less than 290 picowatts (120
mv) ; shielding effectiveness is 70
db. Pick-up devices include four
horn-antennas and one broad-
band discone. Price is $17,750—Iless
antennas—with delivery in April,
1962. Manufacturer is Stoddart
Aireraft Co., 6644 Santa Monica
Blvd., Hollywood 38, Calif.

CIRCLE 308 ON READER SERVICE CARD

Core Tester
COMPACT UNIT

MAGNETICS INC., Butler, Pa. Model
D constant current flux reset tester,
used for production testing of tape
wound cores for magnetic ampli-
fiers, operates from 115 v a-¢, 60
¢ps, with no other power supply
needed. It is capable of testing ac-
cording to procedures defined by
AIEE, in frequencies of 60, 400,
and 1,600 cps.
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NEW. . .SOLID-STATE
MICROWAVE SOURCES

from 30 me to 10 kme!

REPLACE KLYSTRONS IN
FIXED-FREQUENCY APPLICATIONS!

Solid-state microwave sources from Texas Instruments
now give you a small, light-weight, reliable means of
generating crystal-controlled, low-power microwave
signals. Designed with TI XD-500 gallium arsenide
diodes, these devices can be used wherever reliable,
fixed-frequency, r-f sources are needed; for example,
local oscillators, parametric amplifier pumps, higher
frequency telemetry transmitters, microwave trans-
mitter exciters, laboratory and portable field test signal
generators and frequency standards, and phase-locked
oscillators. Modular construction lets you add new fre-
quencies by ‘stacking,” or modify frequencies by
changing multiplier units. Sources for your special
needs can be supplied by modifying standard TI designs.

TYPICAL SOLID-STATE SOURCE CHARACTERISTICS

frequency accuracy Crystal, Standard models 0.005%

frequancy stahility 0.005%
hand pass 19 to 5% up to 3 kmc
Less than 1% above 3 kmc
spurious frequancies Down 30-40 db
output impedancs 50 ohms
primary power 28 v dc positive; power requirements, 1-20
requirements watts Gepending on frequency and power

output; 28 v regulated power supply operating

Harmonie generators — to frequency multiply existing
power outputs to frequencies as high as 20 kme — are
also available. For details on TI's Solid-state micro-
wave sources and harmonic generators, write for Bul-
letin No. DLA-1218. For information on other micro-
wave devices contact MARKETING DEPARTMENT.

TEXAS INSTRUMENTS

INCORPORATED
P. O. BOX 6015

APPARATUS
DIVISION
DALLAS 22, TEXAS

from 115 v 60 cps or 400 cps can be provided.

“Black CRYSTOLON*’grain

...crystals that
master lightning

Often referred to as “Black CRYSTOLON’, Norton E 179
CrRYSTOLON Electrical Grade silicon carbide grain is widely used
in lightning arrestors — and in a steadily increasing variety of
other nonlinear resistor applications in the electrical-electronics
field.

These applications include protection of coils from overvoltage,
protection of relay contacts, and general voltage stabilization . ..
with voltage or surge control requirements ranging from thou-
sands of amps to microamps . . . in resistors ranging in volume
from thick arrestor blocks to paper-thin varistors.

To control its semiconduction properties, E 179 differs from
regular CRYSTOLON silicon carbide grain by the addition of
alumina. But the most important control of E 179 is constant
control through each step of manufacture, from electric furnace
to shipping drum. Accurate, duplicable grain impedance (resis-
tivity) is assured by careful furnacing, grain processing, sizing,
blending and surge testing.

In loose pack or ceramic bonded form, E 179 CRYSTOLON grain
has the nonlinear current-voltage relation I = AEn, where “A”
and ‘“n’” are constants. For loose grain ‘“n”” may be as high as
10; for bonded grain it is usually between 3 and 7.

For surge tests, standard 280 ampere pulses are passed through
a column of compressed E 179 CRYSTOLON grain, 1” diameter x
17 long. Voltage across the cell is measured in kilovolts per inch.
E 179 CRYSTOLON grain is available in sizes of 60 to 240 mesh,
covering a surge test range of 1.6 to 13.0 KV/inch.

For further facts, contact NORTON COMPANY, Refractories
Division, 686 New Bond Street, Worcester, Mass.

*Trade Mark Reg. U. S. Pat. Off. and Foreign Countries.

NORTON

| REFRACTORIES

[ e ) Crystallizing ideas into products
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FOR MAXIMUM

PROTECTION

during shipment
and storage

APPLICATIONS : High Q circuits for
e Transformers-1.F., etc. o Precision filters
¢ Delay lines o Linear Networks

TOROIDAL FEATURES
1.

0 ONOOARWGN

82

Complies with MIL-C-22443 (WEPS)
THE NEW ZERO MODULAR PACKAGING SYSTEM

The new Zero Modular Shipping/Storage Container System combines
the advantages of light weight and great structural strength with
versatile dimensioning to provide trim and good appearing aluminum
shipping and storage containers with minimum weight and cube. Sensi-
tive electronic and mechanical gear, missile components...even complete
missiles receive requisite shock and environmental protection through
the use of this versatile system.

ZERO MANUFACTURING CO.

1121 Chestnut Street, Burbank, California
Factories in Burbank, Calif. and Palmer, Mass.
Telephone VIctoria 9-5521 « TWX BRB-9862

representatives in key cities covering the V.S,

CIRCLE 205 ON READER SERVICE CARD

POWDERED IRON
TOROIDS o

Reduces stray fields and proximity effects
to obtain better stability.

Permits small coil construction.

Higher effective permeability.

Coupling not effected by tuning circuit,
High stability with temperature and time.
Low harmonic distortion,

Improved insulation results in high Q.
Manufacturing methods permit close con-
trol of permeability and Q.

Finishes of tough thermosetting resins
minimize moisture absorption and pro-
vide insulation suitable for winding
enameled wire directly on core.

CORE SIZES
Cores are available in
diameters from 9/32

to 2" OD
Permeability:
From 8 to 60
Recommended
P frequencies:
Materials are avail- -
able which will pro-
vide good Q from

0.1 to 100 MC

/

O

(P Write today - ‘e 3
& 4 ’ for samples
and complete
The Iron Core Division of

information. Phone:
o Radio Cores, Inc. carden
. 9540 Tulley Avenue, Oak Lawn, lllincis 2.3353
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PRODUCT BRIEFS

STATIC INVERTER transistorized.
American Electronies, Inc., 1598 E.
Ross Ave., Fullerton, Calif. (310)

SERVO AMPLIFIER solid state. Elec-
tromation Co., 4254 Glencoe Ave.,
Venice, Calif. (311)

OSCILLOSCOPE high sensitivity. Allen
B. DuMont Lab., 750 Bloomfield
Ave., Clifton, N. J. (312)

PRESSURE TRANSDUCER low-range.
Consolidated Electrodynamics
Corp., 360 Sierra Madre Villa,
Pasadena, Calif. (313)

MODULAR RECEIVER phase lock.
Smyth Research, 3555 Aero Court,
San Diego 11, Calif. (314)

UNIVERSAL MOTOR for Mil Spec uses.
Globe Industries, Inc.. 1784 Stanley
Ave., Dayton 4, Ohio. (315)

ELECTRONIC TIMER instant vreset.
The Pioneer Electric & Research
Corp., 743 Circle Ave., Forest Park,
111, (316)

WAVEGUIDE ARC DETECTOR optical
sensing. FXR, Inc., 25-26 50th St.,
Woodside 77, N. Y. (317)

TELEMETRY FILTERS epoxy encap-
sulated. Key Resistor Corp., Gar-
dena, Calif. (318)

VACUUM FURNACES cold wall. Geo-
physics Corp. of America, Bedford,
Mass, (319)

MEASURING SET junction capaci-
tance. Summers and Mills, 1511
Levee St., Dallas 7, Texas. (320)

LINEAR ACTUATOR uniform long
stroke. Skinner Precision Indus-
tries, New Britain, Conn. (321)

COMPACT OSCILLOSCOPE many appli-
cations. National Union Electric
Corp., Bloomington, III. (322)

RELAY RECEPTACLE for plug-ins.
Precision Connectors Inc., P.O.
Box 96, Mineola, L. I., N. Y. (323)

EXTENSIBLE-RETRACTABLE CABLES 1
to 1,000 conductors. Spectra-Strip
Wire & Cable Corp., P.O. Box 415,
Garden Grove, Calif, (324)

TELEMETERING TRANSMITTER for
medical research. Sage Instru-
ments, Inc., 9 Bank St., White
Plains, N. Y. (325)
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Literature of the Week

A-C CAPACITORS General Electric
Co., Schenectady 5, N.Y. Publica-
tion GEZ-3305, four pages, illus-
trated, gives information on h-v
capacitors rated 0.25 through 17.0
uf, 1,000-2,600 v a-c. (326)

CONNECTORS Hermetic Seal Corp.,
4232 Temple City Blvd., Rosemead,
Calif. A three-color, four-page
brochure describes representative
models of the Atlas line of high
reliability plastic molded rack and
panel connectors. (327)

D-C AMPLIFIER  Microdot Inc., 220
Pasadena Ave., S. Pasadena, Calif.
A small, solid state direct-coupled
differential input d-c amplifier for
rugged environments is described
in bulletin DCA-1. (328)

MICROWAVE  WAVEGUIDE FILTERS
Microwave Development Labora-
tories, Inec., 15 Strathmore Rd,,

Natick, Mass. Catalog No. FP61
provides detailed electrical data in-
cluding band pass and insertion loss
on a series of standard waveguide
filter designs. (329)

DIGITAL INSTRUMENTS & SYSTEMS
Erie-Pacific, Div. of Erie Resistor
Corp., 12932 S. Weber Way, Haw-
thorne, Calif. A short form catalog
illustrates and describes electronic
counters, digital instruments, in-
terval timers and digital control
systems. (330)

SYNCHROS Vernitron Corp., 125
Old Country Road, Carle Place, L.1.,
N.Y.,, has published data sheet
CS/TS-4-11-1 to aid in the rapid
and correct selection of size 11
control and torque synchros for
servo applications. (331)

INSTRUMENTS & COMPONENTS  Al-
ford Mfg. Co., 299 Atlantic Ave.,,
Boston 10, Mass. Catalog SH-61
describes the company’s r-f instru-
ment and coaxial components.(332)

CRYOGENIC DATA Cryogenic Engi-
neering Co., 200 W. 48th Ave,,
Denver 16, Colo., has published a
cryogenic data card bringing to-
gether data from almost 100

sources into a simple reference
card. (333)
AUTOMATION SERVICES McDonell

Aircraft Corp., P.O. Box 516, St.
Louis 66, Mo. A 21-page brochure
outlines the scope of the company’s
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consulting, systems design, pro-
gramming and data processing
functions. (334)

ANTENNAS & ACCESSORIES Prod-
elin, Inc., 307 Bergen Ave., Kearny,
N.J. Catalog 598 describes a com-
plete line of 2-way antennas and
accessories. (335)

DYNAMIC RADAR SIMULATORS Re-
manco, Inec., 1805 Colorado Ave.,
Santa Monica, Calif. Four-page
brochure tells the reasons for dyna-
mic testing of radar, what it is and
what it can do. (336)

VARIABLE RESISTOR  CTS of Berne,
Inc., Berne, Ind. An advance data
sheet details technical specifications
on an insulated miniature preset
wirewound variable resistor. (337)

MICROWAVE ANTENNAS  Technical
Appliance Corp.. Sherburne. N.Y.
Complete technical data on a wide
range of spun and mesh microwave
antennas are found in catalog No.
100. (338)

MICROWAVE INSTRUMENTATION
Wave Particle, 150 South Second
St.. Richmond, Calif. A short form
catalog pictures and describes the
firm’s miecrowave signal sources,
levelers, amplifiers, low-noise am-
plifiers, and power supplies. (339)

TELEMETRY ANTENNAS Andrew
Corp., P, O. Box 807, Chicago 42,
I1l., has published a catalog cover-
ing over 30 antennas for missile
guidance, tracking and telemetry
operations. (340)

AMPLIFIERS  Lel, Inc., 75 Akron
St., Copiague, N.Y. A 48-page cat-
alog covers a line of microwave
receiver mixer-preamplifiers, para-
metric amplifiers, and laboratory
receivers, (341)

D-C POWER SUPPLY Magnetic Re-
search Corp., 3160 W. E]l Segundo
Blvd., Hawthorne, Calif., has issued
a 2-page bulletin describing a d-¢
power supply designed for solid
state computer and other digital
system applications. (342)

PRESSURE POTENTIOMETERS Trans-
Sonics, Inc., P.O. Box 328, Lexing-
ton 73, Mass. A complete line of
miniaturized pressure potentiome-
ters is described in technical bulle-
tin 1045. (343)

CARL J. JOHNSON
Hayes Research &
Development Engi-
neer, talks about

A\l A\
CRYSTAL \

GROWING

HOLDING TEMPERATURES
WITHIN *£1°C. was the chief re-
quirement for a crystal growing
furnace designed recently by Hayes
for a leading semiconductor manu-
facturer. Tight temperature control
at heats to 1100°C. now assures this
manufacturer high yields and high
quality . .. with the exact resistivity,
type dislocation density, and other
parameters specified by their

customers.
_ly_A - ,—r&_
—
‘ﬁe:iﬂ‘ﬁ s
9 9 97¢Q ©
| cevaoé |
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THE HAYES MODEL ZL-0316 is
a zone leveling furnace employing
| a new technique for monocrystal
production. The heating chamber
contains six U-shaped Chromel A
strip elements — 3 on top and 3 on
H bottom -— with a hot zone located
in the middle. The chamber is power
driven at any preset constant speed
from O to 12 inches per hr., and
surrounds a 2¥4 " quartz tube which
extends the full horizontal length of
‘ the furnace.

PROPER INCLINE OF TUBE can be
casily set with adjustable pads and
tube supports. A timer, set for initial
melting, automatically engages the
drive. Control of speed and tem-
’ perature, assures a plane solid-liquid

mterface between the crystal and
' melt . . . and correct distribution of

impurities.
| A COMPLETE PACKAGE, the
Model Z1-0316 features a com-
I pactly designed cabinet with all con-
trols (saturable core reactor) and
instruments mounted on a conven-
ient front panel. Access panels allow
for easy inspection or maintenance
of components.
MORE ELECTRONIC FIRMS TURN
| TO HAYES because they get con-
sulting assistance, free lab facilities,
| job-designed equipment . . . plus a
| RESULTS GUARANTEED “

v

answer to their heat treat problems.
Improve your product
quality, cut your costs,
increase your produc-
tion rates — write now
for Hayes Bulletin No.
ZL-1.C. 1. Hayes, Inc.,
845 Wellington Ave.,
Cranston 10, R, I.

| c. Io “AYES' INC.

Estoblished 1905
It Pays to See HAYES for metallurgical
guidance, lab facilities, furnaces, atmos,

generators, gas and liquid dryers, pHayes-
master (TM) power amplifier controls.

—
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PEOPLE AND PLANTS

Technical Research Group Adds Plant

ALAN F. KAY, vice president of
Technical Research Group, Inc.,
Somerville, Mass., announces the
purchase of a new plant in nearby
East Boston. The new 25,000-sq-ft
facility, in addition to the present
Somerville location, will be used by
the antenna and microwave depart-
ment. Alan Simmons, manager of
the department, reports the divi-
sion doubled its sales volume in the
last vear.

The antenna and microwave de-
partment of TRG has been engaged
in antenna research and prototyvpe
production since 1953, and in re-
search and production of milli-
meter microwave components since
1957. The new plant will be used
for large precision antenna and
microwave projects.

Corporate headquarters of TRG
are situated in Svosset, Long Is-
land, N. Y., where other tields of
activity include radio and optical
frequency spectroscopy, and navi-
gational and simulation equipment
and systems.

The Kast Boston facility features
a 60-ft by 160-ft antenna erection
and test area; 10-ton bridge crane:
truck and dockside shiploading fa-
cilities; 34-ft stud height; con-
trolled heating throughout. which
is important for precision fabrica-
tion.

Gerald Brown has been appointed
general manager of the new facil-
itv. He was formerly chief engi-
neer of the Diamond Antenna &
Microwave Corp. and also was with
the Gabriel Electronics divizion of
the Gabriel Corp. Bruno Pawlowski
has been named chief engineer. He
had been chief engineer and engi-

84

neering matrketing manager at

Gabriel.

Malech Takes Post
At Dorne & Margolin

ROBERT MALECH has been appointed
head of the advanced antenna devel-
opment section of Dorne & Mar-
golin, Inc., Westbury, N. Y. In this
capacity he will be responsible for
the development of new basic ap-
proaches for antenna syvstems and
components.

Mualech was formerly head of the
microwave syvstems group and sen-
ior project member at Radio Corp.
of America, serving as consultant
to RCA facilities at Camden and
Moorestown, N. J. (BMEWS).

Phileo Corn. Forms
Microelectronies Dept.

THE LANSDALE DIVISION of Philco
Corp. has announced the formation
of a new microelectronics depart-
ment for the development, manu-
facture and marketing of highly
miniaturized semiconductor cir-

cuits. and with it three personnel
appointments.

William F. Long. former man-
ager of marketing research for the
division, has been named to head
the new department.

John Roschen. section manager
of the division’s semiconductor
R&D laboratories, has been desig-
nated to supervise device develop-
ment.

Richard Wagner, formerly spe-
cialist on pilot production for the
division’s R&D laboratories, was
appointed production manager.

Boggs Moves Up
To R&D Director

APPOINTMENT of Gail E. Boggs as
director of research and develop-
ment at Page Communications En-
gineers, Inc., Washington, D. C., is
announced.

Formerly an assistant director of
R&D, Boggs joined the company in
1956. Since that time, he has been
engaged in system design studies
on the potential use of both active
and passive satellites for reliable
long distance communications in-
cluding consideration of satellite
detection and tracking problems.

Fairchild Camera
Appoints Levine

TO MEET the increasing need for
technical planning and coordination
at the corporate level, Samuel W.
Levine has been appoinied to the
newly created post of technical as-
sistant to the president’s oflice at
Fairchild Camera and Instrument
Corp., Svosset, N. Y. He has been
with Fairchild since 1953.

In his new position, Levine will
be responsible for the review and
coordination of technical develop-

electronics
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secientlists and engineers in
@ unique leadership role

The fronticrs of space science and technology are being expanded at
Acrospace Corporation. The scientists and engineers of this leadership
organization arc the critical civilian link uniting government and the
scientific-industrial team developing space systems and advanced ballistic
missiles. In providing broad scientific and technical leadership to every
clement of this team, they are engaged in a balanced program of activities
spanning the spectrum fron: basic research and forward planning through
general systems enginecring. Included in the latter are technical supervi-
sion, integration and review of the engineering, development and test
operations of industry to the extent necessary to assure achievement of
system concept and objectives in an economical and timely manner.
These people are privileged to view both the state-of-the-art and system
development in their totality. Now more men of superior ability are
needed : highly motivated scientists and engineers with demonstrated
achievement, maturity, and judgment, beyond the norm. Such men are
urged to contact Aerospace Corporation, Room 110, P. O. Box 95081,
Los Angeles 45, California.

Organized in the public interest and dedicated to providing objective leadership
in the advancement and application of space science and
technology for the United States Governiment.

AEROSPACE CORPORATION
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fci

the stabilized '
precision capacrtor
for critical applications

ke
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POLYSTYRENE and
TEFLON CAPACITORS
e Highest |.R. — Lowest
Dielectric Abserption and
Power Factor — Low T.C.
o Highest Capacitance
Stabitity
o Stable operation up to
85" C (Polystyrene) and
200° C (Teflon)
L #
H.V. CAPACITORS
e High reliabitity
paper — mylar@®
dielectric
® Small size—light
weight
e Operation up to
125C
® Voltage vp to
60,000 V

|

TYPE D CAPACITORS
(MYLAR)D

o High insulation
resistance — low
dielectric absorp-
tion

® Small in size —
available in styles
CP04, CPS3, and
CcP70

S

SUBMINIATURE
SELF-HEALING
METALLIZED
MYLAR CAPACITORS

® Available in ali
standard hcusings

gu. " ,'
Hermetically-sealed
Self-Contained Solid State

POWER SUPPLIES

Specially designed
by FCI for high volt-
age, low current DC
applications from 2
to 50 KV

Send for complete catalog

FILM CAPACITORS, INC.

3400 PARK AVE., New York 56, N. Y., CY 2-5180
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ment programs that are jointly
spunsored by two or more divisions
of the corporation. In addition, he
will aid in the evaluation of R&D
programs currently underway and
planned in all Fairchild divisions.
He will also be cancerned with the
appraisal of the technical capabili-
ties of companies being considered
for acquisition.

LaHiff Joins DCA
As Divisional Head

DYNAMICS CORP. OF AMERICA an-
notrces the appointment of William
J. LaHiil as general manager of its
Farmingdale Division (at Farm-
ingdale, N. J.), a development and
manufacturing facility added re-
cently to accommodate expanded
DCA production in the fields of
broadcasting and communications
equipment, transformers, and elec-
tronic medical instruments.

He was previously sales manager
in charge of research and develop-
ment for Budd Electronics Co.

Transitron Promotes
William E. Slusher

TRANSITRON ELECTRONIC CORP.,
Wakefield, Mass., has promoted Wil-
liam E. Slusher to the newly-created
position of director of electronics
for the semiconductor firm. Re-

LIONEL

Series S-20

Extra Reliability With-—

e Shell-Enclosed, Die-Cast
Housings

e Diallyl Phthalate Moldings

e Positive Alignment & Polarization

e Minimum Depth in Mated
Position

e Beryllium Copper Contacts
for Extended

| ¥ Insertion/Withdrawal Life

4 sizes: 20 to 41 high voltage
contacts, 2 to 8 coaxial contacts;
Meet applicable MIL specs;
Materials & specifications modified
to meet your special needs.

m Write Dept. 27-HW for Series S-20

Dimensional Data Sheets

Lionel
Electronic
Laboratories

(Formerly Anton Electronic Laboratories)
1226 Flushing Ave.
Brooklyn 37, N. Y.
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porting directly to the president, he
will have direct responsibility for
three departments: applications,
evaluations and life tests.

Slusher has been associated with
Transitron for seven years.

Willenbrock Accepts
Sperry Research Post

F. KARL WILLENBROCK, associate
dean of engineering and applied
physics at Harvard U., has been ap-
pointed senior consultant of the
Sperry Rand Research Genter in
Sudbury, Mass. He is also acting
as research director during the
summer university recess and will
return to Harvard in the fall.

PEOPLE IN BRIEF

Thomas E. Holland of Beckman &
Whitley, Inc., accepts the post of
corporate vice president for re-
search and engineering. Dean C.
Smith, formerly with Thor Power
Tool Co.. joins Oak Manufacturing
Co. as vice president of manufac-
turing. J. F. Clayton moves up to
staff engineer, weapon systems, at
the Bendix Corp. Gus J. Smyrnos,
ex-General Electric, joins the en-
gineering staff of Lynch Communi-
cation Systems. Harold E. Felixz
transfers from Douglas Aircraft to
Midwestern Instruments as vice
president and director of engineer-
ing. Ira Kamen, previously with
Portland Industries Corp., chosen
executive vice president of Tele-
globe Pay-TV System, Inc. Homer
J. Stewart, aeronautics professor
at California Institute of Tech-
nology, elected to the board of
directors of Bogue Electric Manu-
facturing Co. FEdgar G. Grant
promoted to director of new product
planning by the military electronics
division of Daystrom, Inc. John
Strella leaves Republic Aviation
Corp. to become a senior member of
Auerbach Electronics’ technical
staff. James L. Palmer, formerly
with Litton Industries, joins the
research and development dept.,
Huggins Laboratories, as direc-
tor of research. Howard Hamer,
ex-Electronic Measurements Co.,
appointed president and chief en-
gineer of Howard Instrument Co.
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| IDL “STANDARD”
TELEMETERING COMMUTATORS

| satisfy 98% of
| PAM and PDM
System Requirements

Within this case, IDL provides
sampling rates, channel density,
low noise level operations and v @
motor characteristics specified by IRIG
requirements in telemetering systems. The com-
binations offered by our production plan are so numerous that
most telemetering requirements can be met,

P

Case
Style No. 1

~

IDL “Standard” Telemetering Commutators offer these advantages
to the systems design engineer:

* Missile reliability = Shorter delivery schedules

| e Long, service-free unatiended life » Unlimited production capacity
* Uniform quality and workmanship for follow-on
e Uniform installation requirements e Uniform pricing

For complete information, write for IDL Brochure No. G361
describing “Standard” High Speed Rotary Switches.

® 98 2800 0rPsEAN Tt POEsEIVRBOSUSELTASTSE RS

INSTRUMENT DEVELOPMENT LABORATORIES, INC.

Subsidiary of Royal McBee Corporation

51 MECHANIC STREET, ATTLEBORO, MASS.
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This announcement is neither an offer to sell nor a solicitation of an offer to buy any of these
securities. The offering is made only by the Offering Gircular.

NEW ISSUE

| 75,000 Shares
| National Radiac, Inc.

Common Stock
(No Par)

Price $4.00 Per Share.

Copies of the Offering Circular may be obtained from the undersigned in any State in which the
undersigned may legally offer these shares in compliance with the securities laws of such State.

HARDY & HARDY

June 20, 1961
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| EMPLOYMENT OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION: COMPANY SEE PAGE
ENGINEERS, SCIENTISTS, PHYSICISTS ARMOUR RESEARCH FOUNDATION 42+

1llinois Institute of Technology
This Qualification Form is designed to help you advance in the elec- Chicago, illinois

tronics industry. It is unique and compact. Designed with the assistance
a P A q q q THE BOEING COMPANY
of professional personnel management, it isolates specific experience in Seattle, Washington

electronics and deals only in essential background information.

) ) . ) o CENTRA; RESISTOR CORP.
The advertisers listed here are seeking professional experience. Fill in Addison, Mllinois

the Qualification Form below.
CORNELL ASSOCIATES, INC.
Chicago, 1llinois

STRICTLY CONFIDENTIAL

Your Qualification form will be handled as “Strictly Confidential” by
ELECTRONICS. Our processing system is such that your form will be THE GARRETT CORPORATION

ESQUIRE PERSONNEL
Chicago, !llinois

forwarded within 24 hours to the proper executives in the companies AiResearch Manufacturing Division
. . Los Angeles, California
you select. You will be contacted at your home by the interested com-

panies. LOCKHEED
California Div.
Burbank, California

WHAT TO DO
MONARCH PERSONNEL 9

. Review the positions in the advertisements. Chicago, 1llinois

. Select those for which you qualify. REPUETTCHSVTaTIoN 89

. Notice the key numbers. Farmingdale, L. 1., New York
. Circle the corresponding key number below the Qualification Form.

WLAC.TV INC. 15*

. Fill out the form completely. Please print clearly. Nashville. Tenn

. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS,
Box 12, New York 36, N. Y. (No charge, of course). These advertisements appeared in the 7/21/61 issue.

‘cut here) {cut here
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Personal Background Education

NAME ... 3. cueethe e s oeloiaie s s oMo i J Rl aos oo ooelaisssalelaleass PROFESSIONAL DEGREE(S)..........ciiiiuiiiiiiiiiinnnnnnnnnnn

HOME ADDRESS.. ... ... .ttt ittt i iaiaaanaens MAJOR(S) .. i it i it et i e

CITY. .0 . o st onm .o ZONE. .. ... STATE. . .......... UNIVERSITY i i it it an i taeanaaeacneaanas

HOME TELEPHONE. ... .. ... ... ... ... i, DATE(S) . saflrm « « oo o imc oo amioes e me®aveoaseoss SEAEawittbw . B, .

FIELDS OF EXPERIENCE (Please Check) 7281 S5l (el ELIAEV e L]
Please indicate number of months
D Aerospace I:] Fire Control D Radar expertence on "T'::;:'ica"lnes'Supe"isory
Experience Experience
I:] Antennas I:] Human Factors D Radio—TV RESEA:CH (pure,b (Months) {Months)
. fundamental, bosic) ......  ......
ASW Infrared Simulators D

D D D RESEI-\RCH

I:] Circuits D Instrumentation D Solid State (Appliedy ... e
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts) elelolel el B
DEVELOPMENT

D Components D Microwave D Transformers (Model) - orn ois ocme
DESIGN

[:'j Computers D Navigation I:] Other ...... 0000000 (Product) TGO
MANUFACTURING

I:] ECM I:] Operations Research I:] ....... 8GA000080600 (Preduct) I
FIELD

I:] Electron Tubes D Optics I:] ................... (Service) Looooa  oooaoo

L . SALES
D Engineering Writing I:] Pockuging I:] ................... (Proposals & Products)  ......  ......

CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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