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"ULTRAMINIATURE TRANSISTOR

TYPICAL DIT200 PERFORMANCE
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@ 100 200 400 IKC 2KC 4KC 110OKC 20KC 40KC 100KC
FREQUENCY
DCmal Pri. Mw
Type No. Pri. Imp. in Pri. Sec. Imp. Res. Level Application
1-1225 80CT| 12 32split| 10 | 500 | Interstage
S - 10CT| 10 | 40splity | |
| DI-T230 | 300CT| 7 600CT | 20 [ 500 | Outputorlinetoline
DI-T235 400 CT 8 40 split| 50 | 500 | interstage
4 500CT| 6 |  50Split| = Iy
DI-T240 400 CT 8 400 split | 50 | 500 | Interstage or output
[x 500 CT 6 - | 500 split | (Ratio2:1:1)
DI-T245 500CT| 3 50 CT 65 | 500 | Output or matching
- _600CT) 3 | e0CT | L R |
D1-T250 500 CT 585 600 CT w 35 | 500 | Outputor line to line ]
i = =k e | or mixing
DI-T255 | 1,000 CT 3 50 CT 110 | 500 | Output or matching |
I 1200€CT| 3 60CT | i
i DI-T260 | 1500CT] 3 | 600CT 90 | 500 | OQutput to line B
DI-T265 2,000 CT 3 8,000 split | 180 | 100 { Isol. or interstage
i | 250CT| 3 | 10000split] | (Ratiel:1:1)
DI-T270 | 10,000 CT 1 500 CT | 870 | 100 | Output or driver
. Jl2ec0CT| 1 | 600CT ~ ] 2 I
DI-T273 | 10,000 CT 1 1,200 CT | 870 | 100 | Output or driver
s 12500CT | 1 | 1500CT | | - -
I DI-T276 | 10,000CT [ 1 1 2,000 CT | 870 | 100 | Interstage or driver
| laoo0CT [ 1 | 2400 cT 1
DI1-T278 | 10,000 CT 1 2,000 split | 620 | 100 | Interstage or driver
|| 12500CT | 1 | 2,500 split o -
DI-7283 | 10.000 CT 1 10,000 CT 970 | 100 | isol. or interstage
E 12000CT| 1 12000C€T | | | (Ratiol:l)
| Di-T288 | 20,000 CT 5 800 CT 870 | 50 | interstage or driver |
| ~ ] 30,000 CT s k20 c T RS |
DI-T204 | Split inductor § .1 Hy @ 4 maDC, .08 Hys @ 10 maDC, DCR 250
I_ {2 wdgs)  §§ .025 Hys @ 8 maDC, .02 Hys @ 20 maDC, DCR 6Q
| DI-T208 | Split Inductor § .9 Hys @ 2 maDC, .5 Hys @ 6 maDC, DCR 1050
(2wdgs) & .2Hys @ 4 maDC, .1 Hys @ 12 maDC, DCR 26Q
DI-T212 | Spiit Inductor § 2.5 Hys @ 2 maDC, .9 Hys @ 4 maDC, DCR 630Q
, (2 wdgs) §§ .6 Hys @4 maDC, .2 Hys_@ 8 maDC, DCR 157Q
DI-T216 | Split inductor § 4.5 Hys @ 2 maDC, 1.2 Hys @ 4 maDC, DCR 23002
(2 wdgs) §§ 1.1 Hys @ 4 maDC, .3 Hys @ 8 maDC, DCR 575Q

fDCmashown s for single ended useage (under 5 %, distortion—100mw—1KC). .. for push pull,
DCma can be any balanced value taken by 5W transistors (under 5¢; distortion—500mw-—1KC)
DI-T200 units have been designed for transistor applicationonly ... not for vacuum tube service.
U.S. Pat. No. 2,949,591 other pending.

w_hedr_e windings are listed as split, % of the listed impedance is available by paralleling the
winding.

§Series connected; §§Parallel connected.
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TRANSFORMERS
& INDUCTORS

DUMET LEADS
(gold plated, weldable and solderable)

STRAIGHT PIN TERMINALS

{printed circuit application)

HIGHEST PERFORMANCE

for size in the industry

METAL ENCASED
(Grade 4, Ruggedized)

—
—
—

ALL STOCK UNITS MIL TYPE TF4RX
Class “S” Available on Special Order

up to 100 times greater.
twice as good at low end. |

reduced 80%.

up to 30% better . .. compare DCR.

hermetically sealed to MIL-T-27B.

5/16 Dia. x %" H, 1/15 Oz

High Power Rating ...
Excellent Response .. Ny
Low Distortion ... .
High Efficiency ... ..
Moisture Proof
Uitraminiature Size

The unique structural design of the DI-T200 series transformers and induc-
tors provides the excellent electrical characteristics, high reliability and wide
application possibilities inherent in the UTC DO-T family of miniaturized
units. The DI-T200 series units employ the same high quality design found
in UTC's DO-T, DI-T, and PIP lines. This unique transformer constructural
concept affords unprecedented power handling capabilities coupled with
extremely small size. Further, the high degree of reliability has been
dynamically proven in the field. These characteristics are basic in the struc-
ture, which is ruggedized, hermetically sealed, employing a completely rigid
bobbin, eliminating stress and wire movement. The turns are circular in
shape rather than square, eliminating turn corner stress, and effecting
uniform wire lay. The coil wire and external lead are rigidly anchored
terminal board fashion, employing no tapes and brought out through strain
relief. The curves illustrated indicate the superior performance of these
units compared to similar size units now on the market.

The leads are uninsulated 17 long, .017 Dumet wire, spaced on a .1”
radius circle to conform to terminal spacing techniques of the “T0-5" case
semiconductors and micrologic elements.

IMMEDIATE DELIVERY
FROM STOCK

150 VARICK STREET, NEW YORK 13, N.Y.

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
I EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.

: UNITED TRANSFORMER CORP.

CABLE: “ARLAB"
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[ EDITORIAL

INDUSTRIES

To Engineer Better Means to Manage Better

3

“MANAGEMENT” 1s THE PassworD that [Federal
Government administrators and Congressmen
are passing along to defense and aerospace con-
tractors. And, defense contractors are passing
along that admonition to their engineers. In a
word : to engineer better means to manage bet-
ter. The government is demanding more value
and lower costs.

President Jolinson set the tone in his first speech to
Congress when he called for “frugality.” Defense
Secretary McNamara re-echoed that word with a
major cost reduction program. ‘“Major contractors
indicate that they plan to decrease the cost of defense
procurement by 5% to 10%. Much of this improve-
ment will result from the use of more competitive and
tightly controlled subcontracts—through which half
of the prime contract dollar is spent.”

In turn, outspoken advocates for top spending
now are moderating their approach. Ior ex-
ample, Congressman Melvin Price, head of the
R&D Subcommittee of the House Armed Serv-
ices and Joint Congressional Atomic Energy
Committees, has outlined four points that Con-
oress will consider in evaluating the R&D fed-
eral budget that rose from $1 hillion to $15 bil-
lion from 1930 to 196+4. He notes:

I“irst, establishment of clear-cut objectives for
R&I) projects.

Second, a realistic cost estimate for the entire
project—not just the nnmediate year.

Third, centralized responsibility and continuity
of management.

[Ffourth, a plan to follow-through—to put the
results of R&D to actual use.

Iere, for example, the National Aeronautics
and Space Administration is spurring efforts of
its technology utilization speed-up program. The
main idea is to hurry government-funded tech-
nology into the commercial-industrial pipelines
of the nation for “The Great Society.”

Such activities make sense. \Western [lectric
Co., for example, recently reported that about
33% of its current product line (including many
electronic devices) were unknown 10 years ago.
After all, today’s new products are tomorrow’s
old products—so that todav’s R&D must be
hastened along into the pipeline of new products
for new prolits.

But all of this i1s easier said than done. How-
ever, several and varied steps are being taken

ELECTRONIC INDUSTRIES « November 1964

to initiate improved management into engineer-
ing activities. One approach was cited before the
R&D Subcommittee of the Joint Congressional
Comimnittee on Atomic Energy by Dr. Harold
Brown, director of Defense Research and Engi-
neering, Defense Department. He said, in part:

“During this coming year (1964), one of
our primary concerns will be to scek out and
identifv those management conditions which
have in the past proven to be highly pro-
ductive of militarily useful results. e
then intend to initiate new policies which
will make these favorable counditions more
widespread than they have been in the past,
in the expectation that this will result in
more defense for each exploratory develop-
ment dollar expended.”

Quite naturally, the experience of Rear Admi-
ral “Red” Raborn’s team in developing the Po-
laris submarine rushes to mind. Studies of PPo-
laris have been made and will be applied to
utilize this relativelv recent experience which
already is a classic in government management
in our time.

Sharp admonitions by Congressman Daniel
Flood called the Navy to task for not doing as
well with its lingering anti-submarine warfare
program, during a session of the Defense Sub-
committee of the [House Appropriations Commit-
tee. Within a month, the Navy put Vice Admiral
Charles B. Martell into the job as Director of
Anti-submarine Warfare DPrograms to get re-
sults.

In this vein, Senator Hubert H. Humphrey
recently introduced a joint resolution providing
for the cstablishment of an agency in the Execu-
tive Office of the President to be known as the
President’s Advisory Staff on Scientific Infor-
mation Management.

Clearly, pressure is building up from Congress
and the Presidency for suppliers to manage
better. As major participants in defense and
aerospace programs, electronic manufacturers
will feel the eflects of this trend. Engineers. too,
will feel the pressure for better management in
all their activities.




New from Sprague!

A MOLDED SOLID TANTALUM CAPACITOR THAT MAKES SENSE

CONSTANT

HEIGHT
CONSTANT

ONLY THE

DEPTH CHANGES!

WIDTH

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS

INTEGRATED CIRCUITS
THIN-FILM MICROC{RCUITS

(3x actual size)

TYPE 190D
RECTANGULAR

@ Only the depth changes from case to case—face
arca remains constant, making Type 190D Capaci-
tors extremely well-suited for automatic insertion.

@ Carefully selected height (0.350") corresponds
with most acceptable maximum height in normal
printed board spacing.

@ Uniform width (0.375") permits neat, space-
saving alignment on wiring board.

@ Present lead spacing based on popular 0.100”
printed board grid. In anticipation of the 0.125”
grid, Type 190D Capacitors will also be available
with new lead spacing when required by future
circuit designs.

@ Encapsulated in tough molded case with excel-

SPRAGUE COMPONENTS

TANTALEX® CAPACITORS

1‘ Especially qualified for applica-
tions such as printed circuits,

E where board space is at a pre-
mium and must be fully utilized.

lent dielectric properties, Type 190D Capacitors
fully meet environmental test requirements of Spe-
cification MIL-C-26655A.

® Capacitance values from .0IuF to 330uF—
voltage range, 6 to 50 vdc.

® Stand-off feet at base of capacitors permit com-
plete circulation of air, preventing moisture and
solvent traps.

® Unlike many solid tantalums, these new capaci-
tors exhibit the low impedance at high frequencies
desired for high-speed computer applications.

® Low dissipation factor (high Q) permits higher
ripple currents.

1L
ik

For complete technical data write for Engineering
Bulletin. 3531 to Technical Literature Service,
Sprague Electric Company, 233 Marshall Street,
North Adams, Massachusetts.

TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

4SC-176-64R2

2
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CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

THE MARK OF RELIABILITY

‘Sprague’ and @ are registered trademarks of the Sprague Electric Co.
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The STATE-OF-THE-ART* Magazine
for Electronic Engineers

EDITORIAL: To Engineer Better Means to Manage Better . .. . ... . .. .. ... 1

STATE-OF-THE-ART FEATURES:

A Guide to Future Airborne Radar Antennas . .

Understanding Integrated Video Detectors . .

Delay Lines in Time Sequential Circuits

.R. E. Lawrie & R. C. Rudduck 34
.. F. McDonnell & L. F. Konrad 42
................ H. F. Najjar 60

DESIGN/DEVELOPMENT:

An Engineering Approach to Cost Estimating . ... ... ... = . W. J. Atkins 52
Matrix Algebra Simplifies Circuit Analyses .. . . . . = . A. S. Audeh 67
Engineer’s Notebook %74 ... Parallel “T" Filter Chart . . . ... . . R.K.Re 71
MEASUREMENT/TEST:

Establishing A Microwave Calibration Laboratory .. = .. = . P. Tucciarone 74
Microwave Spectrum Analyzers .. ... .. . .. .. . . . M. H. Feigenbaum 102
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WHAT'S NEW
Greater Bandwidth in Scopes . ... ... 72 Large Area Color TV Tube .. = . . .. 82
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New Concept in Switch Design . ... = 73 Parts Protection .. ... ... ... . .. 130
Solid State TV Xmtr./Receiver . .. . .. 80 Laser-Excited Spectrometer ... . . . .. 130
DEPARTMENTS COVER
ighli Group of typical microwave antennas sets the
:ngdhllghts e g theme for this 12th Annual Microwave Issue
ol e v W MR SR e SR of ELECTRONIC INDUSTRIES. At the same
Coming Events . ... ... .. .. ... .. .. . .. 16 time, we spotlight that part of the frequency
Washington Trends = . ... .. . . .. 20 spectrum where the bulk of microwave ac-
Snapshots of the Electronic industry . . w22 tivities are being carried on.
Marketing: Fact & Figure Roundup ... .= . . . .. 27
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Measurement News v‘ B 101
Editor’'s Notebook .. . . . .. . . 106 = ==
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New Products . . ... ... ... .. . .. .. .. ... . ... .. 140 = — =
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New from Sprague!

DUE T 23 o ous.emrree

E, B fratiseioec 12
OXIDE
PASSIVATION

COLLECTOR

=
J,%, B
FOUR-LEADJ"\TO-IS CASE FOUR-LEAD ﬂl‘w\ T0-18 CASE
| \
il il

i

!t for maximum protection... '
3 times the emitter voltage previously available!

Sprague DUET* low level dual-emitter chop-

COMPARE THESE PARAMETERS pers are fully passivated PNP silicon planar

epitaxial transistors. They feature guaranteed

WITH THOSE OF emitter voltage of up to 50 volts, three times the

emitter voltage previously available.

ANY OTHER DUAI." EMITTER! The Sprague DUET* is ideally svited for appli-

cations such as low-level chopping, multiplexing,
comutating, etc., where low leakage current, low

?TypeNo. BVEEO lEEO VO saturation resistance, and close matching are
required. The DUET* is a product of Sprague’s
3N93 50V T1nA 50V extensive research effort in silicon planar epi-

taxial and silicon based microcircuit technology.

3N94 50V 1nA 100V

The high emitter voltage ratings mean circuit

3N95 50V 1nA 200,V design simplification, improved circuit reliability,
and reduction in the number of components re-

3N90 30V 1nA 50V quired. When designing chopping circvits where
maximum voltage is required, do it with DUET*,

3N91 30V 1nA 100,V " - o

3N92 30V 1nA 200,V For complete information, write to Technical

Literature Service, Sprague Electric Company,
233 Marshall Street, North Adams, Mass. 01248

*Trademark

SPRAGUE COMPONENTS

TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

BiLl
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIAB Y
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS
4554158 *Sprague’ and " (2)' are registered trademarks of the Sprague Electric Co.
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A GUIDE TO FUTURE AIRBORNE RADAR ANTENNAS 34

Improved aircraft performance is accelerating the search for better antennas
for airborne radar applications. Several classes of antennas, such as the leaky-
wave, lens, and array antennas are being considered as a solution. The ad-
vantages and limitations of each are discussed.

2

UNDERSTANDING INTEGRATED VIDEO DETECTORS 42 e e thtemnas

Significant improvements in mounts and crystals are leading to wider use
of crystal video detectors. This form of detection is considered a modern
approach to communication systems. The information here will lead to a
good understanding of integrated video detectors and indicate the present
state-of-the-art.

AN ENGINEERING APPROACH TO COST ESTIMATING 52

The average engineer regards any cost estimating task as an extremely dis-
tasteful one. His attitude is that estimating is an unimportant chore. This is
far from the truth, especially now when more and more contracts are being
awarded on a “Fixed Price’’ basis. This article presents usable information
to aid the engineer in this task. The method described should make the task
less painful.

Imtegrated Video Detectors

USING DELAY LINES IN TIME SEQUENTIAL CIRCUITS 60

This article tells how to design the circuitry used with a delay line memory.
Here, Boolean input functions are simplified through the use of Vietch dia-
grams. Two practical examples are given to aid the designer and to prove
this method’s validity.

MATRIX ALGEBRA SIMPLIFIES CIRCUIT ANALYSIS 67

This method of analyzing circuits may be applied to any network whether
active, passive, bilateral or unilateral. The method is particularly useful when
several linear systems must be combined.

ESTABLISHING A MICROWAVE CALIBRATION LABORATORY 74

Calibration equipment normally found in the lab will not perform many
needed measurement and calibration functions. This is due to the difference

in measurement methods between lumped constant, low frequency circuits Calibration Laboratory
and distributed parameter, high frequency or microwave circuits. Equipment
and methods described here enable VSWR and impedance, attenuation, Microwave Markets

power and frequency measurements to be made in the frequency range of
500 MC to 10 GC.

MICROWAVE GROWTH HINGES ON EXPANDING MARKETS 118

Once a booming and blooming market, microwaves now find most U. S.
agencies either well equipped or low in money, buying only replacement parts.
To prop up the market, microwave firms are turning to industrial, business,
and consumer products—and rapidly growing exports. The market may
bloom again—but not exactly tomorrow.

ELECTRONIC INDUSTRIES -+ November 1964 5



A STEP
FORWARD...

.+ -With The New 500 Series

Power Controllers

At Crydom Laboratories, SCR’s are made to perform a
wide variety of power control functions in the new “500”
Series Power Controllers — designed to afford maximum
flexibility in industrial control. Outstanding features in-
clude: Three Control Windings Zener Regulated Bias
Supply Current Limiting Transient Protection
“Flyback” Rectifier DC Models.

Eighteen standard (18) models are available with output
power ratings from 375 watts to 30 KW. Both AC and DC
outputs are provided with 120 and 208 volt (suitable for
240 volt operation) inputs. Current capacity ranges from
4 to 120 amps output. All models include a current limit fea-
turc as an option. High voltage ratings on the SCR’s plus
thyrector transient protection assures greater reliability.

The DC units are suitable for inductive loads since a fly-
back rectifier is included in the output. Three low resist-
ance high gain control windings are provided for operation
from a wide variety of signal sources. A 7 volt DC 10 ma
zener regulated source is also provided for biasing and
reference functions.

The prices start at $162 — an unmatched combination of
low cost, high rehability and performance. Please write or
call for new Bulletin #21-5.

CRYDOM LABORATORIES, INC.

12850 WESTERN AVENUE ¢ GARDEN GROVE, CALIFORNIA
Area Code 714 » 893-2453 ¢ 534-6217
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On a new Transistor Tester
(with in-circuit test capability for
Field Effect Transistors)

A capital performer:

Sierra’s 219C performs better and costs less capitzl at e
a new low price of $275 (complete with in-circuit test y
cable and sturdy carrying case).

A versatile performer:

20

Performs in-circuit and out-of-circuit. () BT aa *"-_.‘j
: o 000 5'\’; . 'e e o
« Beta measurements on all standard transistors G TR e
0 &5 ;

from 3-1000

@s

« reverse-to-forward ratio measurements of diode
currents

« transconductance tests of FET,
0-2500 micromhos

Performs out-of-circuit tests of leakage cur-
rent (l..) on 0-50 or 0-500 na scales.

PP
i REV % N’N

O TESTg

DIODE Fwp AD}

A self starter:
Powered by readily available standard batteries.

In excellent condition:
No excess poundage on this trim 73-pound frame;

o
i

rugged, dependable all-solid-state circuitry. £D ET b
y 3
A detailed report on the Sierra 219C's performance b “:g,:“f_g':o»«.c owisioy, | M REDL
features and capabilities awaits you in the product ] e ‘°A° COBF ‘COARSE

bulletin, available now from Sierra or from your near-
est Sierra sales representative.

SIERRA ELECTRONIC DIV.

OF
PHILCO
A SUBSIDIARY DF c%\r;gd/!@&rr?cmm%

Sierra Electronic Division / 3879 Bohannon Drive / Menlo Park, California
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ELECTRONIC

RADARSCOPE

INDUSTRIES

Analyzing current developments and trends
affecting the State-of-the-Art of technol-
ogies throughout the electronic industries

ELECTRONIC RADAR WATCHER

Technician checks circuit in Sperry Gyrosco~e new video processor,
a radar monitor that rivals human reliability, according to the
company. All technical problems involved in replacing human scope
watchers are solved, engineers report. Remaining hurdle is build-
ing human confidence. The machine uses digital computer techniques.

DO-IT-YOURSELF INTEGRATED CIRCUITS
are now possible through an approach developed by
Norden Division of United Aircraft Corp. Based
on an Apollo design, it includes a single-crystal
“Master Dice” breadboard circuit with all elements
of an advanced microcircuit, but without connec-
tions. Designer can make his own circuit by bond-
ing connections, or by giving Norden a lavout.
Circuit can be mounted on a TO-5 header, with 8-
10- or 12-lead packaging, or in a flat pack. Circuit
measures .065 by 085 inches.

ELECTRONIC DATA PROCESSING in banks
s moving toward second geuneration systems, which
may adapt techniques used in large-scale imilitary
command-control systems. Robert Bosch, of Auer-
bach Corp., said the next major advance in auto-
mated banking may be systems in which a central
file of data about all customer accounts will help
banks improve planning and operation. e sug-
gested two possible systems. One is the Coninion-
Data-Base-Systent, a military-tvpe system that in-
cludes a common data pool. The other would he
to simiply add a central index to systems now in use.

8

SINGLE CRYSTAL FERRITES must be made
from a solution, conclude researchers at Airtron
Division of litton Industries. They find that
growth of high quality. uniform, large single crys-
tals of high melting oxide materials is not practical
from a melt. Ferrites are not stable at high temper
atures, making crystal growth of ferrite-like mate-
rials very difficult. During the research for the
Navy, scientists used a pressure vessel with a float-
ing zone mechanism. Materials examined included
nickel ferrite, magnetite, manganese ferrite, and
nickel aluminum ferrite.

LIGHT MODULATOR, for optical transmission
of signals, is reported by engineers at Harvard Uni-
versity for the Navy. The device, a new kind of
travelling-wave-like modulator, is made up of a
stack of crystals. They are so oriented that modu
lation increases with optical path even though the
microwave field 1s a standing wave with no spatial
variation in direction of light propagation.

LONG GAS LENSES that show promise for long-
distance laser communication have been invented at
Bell Telephone [.abs. Lenses, which use variations
m refractive indices of gases to guide light. do not
reflect or absorb light nearly as much as do con-
veuntional optical components. Tong gas lens, or
series of lenses, can confine a laser beam to a path
near the center of a pipe. Based on principle of
decreasing refractive index and prisms, such a
pipe could be the transmission line for long-dis
tance laser transmission.

ULTRA-HIGH SOUND WAVES almost a mil
lon times higher than the highest sound waves
ordinarilly heard by human ear have been gener-
ated by a new technique at Westinghouse Research
Labs. Doing work for the Air Force, Westing-
house engineers predict the technique will eventu-
ally take sounds 100 times higher than the present
9.000 million crs. Vibrations are made by a radical
form of piezoelectric transducer. containing a
“orown” thin film of crystalline cadmium sulfide
built up atom by atom.

TWO-WAY DATA LINK, a long-distance. man
machine data commniunications systeni, has been
developed by Information Products Corp., of South
Hadley Falls, Mass. In a public test in New York,
the system, called BuCom, was used with a Univac
490 located in Pittsburgh. IPC officials fired ques
tions at the 490 and received instant visible answers
on the BuCom’s display screen. Svstem includes
compact, desk-top-typewriter-size iuterrogator-dis-
play unit, and a long-distance, high-speed Data-
phone link with any computer where business data
are centrally stored and processed.

ELECTRONIC INDUSTRIES + November 1964



FAST-SCANNING IR MICROSCOPE that can
forecast possible failure of electronic space devices
without long, complex tests is being developed by
Raytheon Co. for NASA. Performance analyzer,
which senses minute amounts of infrared radiation,
will reveal integrated circuit or semiconductor de-
vice reliability and probable life expectancy. Po-
tential failure can be pinpointed in microcircuits
and thin-nlin assemblies.

TELETYPE COMMUNICATIONS system at
Armeco Steel Corp. newly installed by General Tele-
phone & Electronics Corp. transmits laboratory test
data on composition of steel in production to 10
production control stations. System helps prevent
costly production delays, according to Armco and
GT&E. System was installed by GTXE of Ken-
tucky to maintain precise control of continuing
steel production, replacing automatic handwriting
and voice-paging equipment.

NERVE CELL COMPUTER, which simulates
nerve cell hehavior, interconuecting hbers, and in-
trinsic impulse sources, has been built by cyber-
netics engineers at Rand Corp. Built in collabora-
tion with neurophysiologists, the digital unit works
with a continuous time parameter. Graded poten-
tials and satisfactory root-searching add to run-
ning time for most problems, but they need only
small amounts of added storage, so added realism
can be incorporated in larger networks.

SUN PUMPED LASER

Paraboiic concentrator provides energy for sun pumped laser devel-
oped by Electro-Optical Systems, Inc. Unit requires no electrical
power, needs no cryogenics and has already produced a cw outout of
25 mw at 300°K in ground level sunlight. In background is Robert
). Conaon, co-developer of unit in firm's Quantum Phycics Division.

o

i

READY FOR THE SHOOT

Syncom 111 getting last check at Hughes Aircraft by engineer Wil-
liam Penprase before recent launch at Cape Kenncdy. The communica
tions satellite has 3,840 silicon solar N and P cells around its
surface. Transponder has 10MC i-f bandwidth for TV. Communications
system is redundant, frequency-transiation, active repeater system.

MONITOR OSCILLOSCOPE, solid-state, with
high resolution, introduced by I'TT Industrial Prod-
uets Division. Designated NM702, scope is fully
solid-state except for the CRT: it gives off very
little heat. ITT claims exceptional stability. It is
expected to have wide use in telemetry systens. [t

offers 7xc full-screen undistorted detlection and
100n1v /cm input sensitivity.

TV ELECTRON MICROSCOPE tcchnique, an
nounced by RCA, increases magnification power
to 2,000.000 times. C. H. Colledge, general mana-
ger of RCA Broadcast and Communications Prod-
ucts Division, described the new system as “the
most important single advance in microscope de-
sign since perfection of the microscope itself.” Con-
ventional eclectron microscope is capable of direct
magnification only up to 200,000 times.

PERFECT TITANIUM OXIDE becomes n-tvpe
upon slight reduction, concludes researchers at
Northeastern University from tests in behalf of the
Air Force. Studies included work on thermoelectric
power and conductivity of TiO., as functions of
temperature and oxygen pressure. Scientists say
conduction results from excitation of electrons from
donor centers intp a narrow d-conduction band.
Doping of single crystals of oxides like MnO and
CoO by H-ion bombardment results in significant
clectronic property changes.

(MORE RADARSCOPE on Page 10)
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SOLID STATE MONITOR f{or studying perform-
ance of electronic systems has been developed by
EMCO Systems, Inc. The new performance moni-
tor, reports EMCO, is an economic means to do
jobs where the expense for computers or complex
machines is not justitied. The monitor is a “go/no-
20" evalnation instrument for fault detection and
isolation. The firm says the unit may be used with
any electronic system without major modification
to prime equipnent.

EXPERIMENTAL COMPUTER SYSTEM to
instruct students in a number of subjects is being
studied by TBM. System includes standard IBM
hardware and a new computer langnage to allow
educators to feed course material into computer.
Penn State University faculty is preparing several
courses for use. Instructions, questions, and guid-
ance are stored m computer and presented to stu-
dents on mdividnal tvpewriter consoles.

ELECTRON BEAM WELDING has been suc-
cessful with materials in fabricating and assembling
clectron tubes, according to a report {rom Office of
Technical Services, Department of Commerce. Ma-
terials welded include stainless steel, nickel, copper,
titaniun, columbium, molybdenum, rhenium, tan-
talum, tungsten and kovar. ‘The process. according
to United Aircraft Corp.,, can drill holes {rom
0.0005” to 0.25” in dia.

RADAR SIGNAL PROCESSOR

Producing an enhanced video display, new radar signal processor
(right) generates video output on plan position indicator (PPl) for
improving target detection location. The processor, developed by
Cornell Aeronautical Laboratory for Navy Bureau of Ships, is de-
signed to reduce noise, yet maintain high detection probability,

SEMICONDUCTOR FILMS, intermetallic, and
of a good variety, can be made by the independent
evaporation of the separate elements onto a heated
substrate, according to engineers at the U. S. Naval
Ordnance Lab. They also report good polyerys-
talline films as well as mixed crystals by this meth-
od. “Techniques and Apparatus for Evaporating
Compound Semiconductors,” (AD 600 676) (30¢).*

LASER SCIENTISTS at Honeywell Research
Ceuter have modulated a ruby laser beam at micro-
wave frequencies (3x10%ces) by applving a dec mag-
netic field to a ruby resonance absorber. Dr. John
N. Dempsey, director, said a microwave laser sys-
tem could send much more data than a conven
tional system.

GaAs MOS TRANSISTORS offer some advan-
tages over silicon, especially at high frequencies,
RCA engineers found during Air Force-sponsored
research. Feasibility has been established and a
making process developed for n-channel depletion
devices. When varactor analysis is put to Gallium
Arsenide-silicon dioxide system, importance of sur-
face treatment and oxide growth condition regard-
ing density and frequency response of interface
states is apparent. “Gallium Arsenide MOS Transis-
tors,” (AD 602 440) ($4.00-Microfiche 75¢).*

VACUUM EVAPORATION of indium antimonide
films 550 to 3750 A thick on glass substrates from
a graphite crucible at 1400°C. is now possible, re-
port scientists at Kansas State University. In tests
done for the U. S. Air Force, films were deposited
ou substrates at room temperature. Thev were an-
nealed at temperatures up to 250°C. Average stoi-
chiometry is preserved by evaporating small pieces
in toto. “Preparation and Properties of Thin Films
of Semiconductors,” (AD 600 725) ($2.50).*

MICROWAVE OSCILLATOR, light weight,
rugged, with high efficiency developed at Harry
Diamond Laboratories. Oscillator uses distributed
properties of strip transmission line and h-f char-
acteristics of ceramic planar triodes. The circuit is
made with low cost printed circuitry. Peak powers
up to 1000w are possible at 1200sc with up to 33%
eficiency. [Frequency stability is Imc over —30°
to 80°C. variation. “Low Cost, High-Efficiency
Microwave Oscillators,” (AD 422 900N—30c) .*
(More RADARSCOPE on Page 13)

*Office of Technical Services, U. S. Departmert of Commerce, Washing
ton, D. C., 20230. )




A MATCHED PAIR OF FETs

ON A SINGLE CHIP...

.. for differential amplifiers demanding
close thermal tracking.

The newest advancement from Siliconix is a pair of
tetrode FETs diffused into a single silicon chip. With
the resulting tighter thermal coupling, we realized
this performance in the experimental circuit shown:

A, =20 db
Input Voltage Drift < 1 mv (25-100°C)
Common Mode Rejection = 70 db

The new 3N96-7 series is ideal for d-c differential
amplifiers working from source impedances greater

than 10K ohms, due to the very low differential Ic.

The low input capacitance and the separate control
element (gate #3) extend its application to wide
band and AGC amplifiers. Here are a few typical

characteristics that may stimulate your own applica-

tions thinking:

ELECTRONIC INDUSTRIES November 1964

TEST CONDITIONS:

Voe1 = Vo2 = Vogs = —5v Ipy = 1p; = —300ua

CHARACTERISTIC 3N96/3N97
Min Max
AWVgis1 — Vazsz)] AT = 25 to 100°C 1/8 mv
AT AT = —50to +25°C 2/8 mv
W == T, = 100°C 1/3 na
L] i 0.99/0.95 1.0

Yes2

Preliminary data is now available on this device; our
expanded applications group is ready to serve you.
Write, wire, or phone for further information today!

Siliconix incorparated

1140 West Evelyn Avenue « Sunnyvale 14, California
Phone 245-1000 » Area Code 408 « TWX 408-737-9948

Circle 6 on Inquiry Card 11



New COLOR BRIGHT 85 picture tube brings more natural color to television and increases monochrome brightness 43%

The startling news in the television industry
is Sylvania’s new picture tube, and its new,
truer red phosphor.

The new red is a europiume-activated rare-
earth compound developed by GT&E Labora-
tories specifically for color TV application.
Because the new red is brighter, the vivid
full-strength properties of blue and green
can now be used.

Sylvania's own screening and dusting

processes bring about uniformity of true

SYILVANIA

SUBSIDIARY OF
GENERALTELEPHONE & ELECTRONICS

NEW CAPABILITIES IN! ELECTRONIC TUBES

COLORTV
HAS A NEW
RED STANDARD

o & o

Sylvania’s new EUROPIUM RED

color over the entire screen, as well as a
whiter screen face when the set is turned off.
The unique screen coating process results
in improved phosphor dots. This makes for
superior registration which can simplify set-
up procedures for TV-set manufacturers.
The revolutionary COLOR BRIGHT 85 pic-
ture tube is being made available to manu-
facturers of original equipment now. They,
as well as their distributors and dealers, will
share in the heightened consumer interest

¢ SEMICONDUCTORS ¢ MICROWAVE DEVICES ¢

Circle 7 on Inquiry Card

/

*

and increased demand that this new color
tube is creating. Dealers can display color
television in brightly lighted showrooms.
You can get complete information on
new COLOR BRIGHT 85 picture tubes from
your Sylvania sales engineer. Or write Elec-
tronic Components Group, Electronic Tube
Division, Sylvania Electric Products Inc.,
P.0. Box 87, Buffalo, New York 14209.

*Tests show the Color Bright 85 tube is 43% brighter,
on the overage, thon standord color picture tubes.

Gl

SPECIAL COMPONENTS ¢

DISPLAY DEVICES




RADARSCOPE

TUNABLE OSCILLATORS
that offer high performance char-
acteristics in a very small pack-
age have been developed by Mi-
crowave Products Department of
Sanders Associates, Inc. The
miniature solid-state oscillators
cover a range of 30mc to 4+00mc.
Designated series 00, the units
operate on 10v-40ma input power.
IFrequency stability is better than
120 parts per million, per degree
centigrade, over operating tem-
perature  range of —30°C to
4+60°C., engineers report.

RELIABILITY ANALYSIS
method using a computer has
been developed by ARINC Re-
search. Called CRAM (Comput-
erized Reliability Analysis Meth-
od), the method needs no new
computer programming, accord-
ing to Dr. Do E. Van Tijn, di-
rector of the project at ARINC.
Reliability diagrams are the basic
informational input to the meth-
od. They are converted to ap-
propriate inputs to the computer
program, which then turns out a
reliability equation, in the usual
second program uses
the derived equation and addi-
tional data on subsystem or part
failure probabilities to wvield a
numerical value for system reli-
ability.

sense. /

MASER RECEIVER, hqud-
helium-cooled, has been sug-
gested as a means to overcome
major weakuess of low signal
power in air-to-ground communi-
cations links. Suggested as fea-
sible links are orbiting belt of i-
poles, spherical reflectors, or the
moon. DBased on favorable re-
sults from an analog computer
simulation, performed Dby Air
[Force researchers, an air-ground
digital  communications system
using some form of post detection
signal integration is workable for
an elfective cross-sectional area
of at least 500 sq.m.

ELECTRONIC INDUSTRIES -
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NO. 2 IN A SERIES OF INTERNATIONAL RECTIFIER SEMICONDUCTOR QUIZZES

- JEsT ZENER IQ!

See answers at bottom of page

QUESTION 1: The dynamic impedance ! QUESTION 2: Defining the “knee” char-
of a voltage regulator Zener diode acteristic of a voltage regulator diode is
with an increase in hest accomplishd by specifying i

current. A—lg (@Vg=98% of V,) and the knee
A —increases impedance

B —decreases B_lg (@Vg —80% of V,) and the knee
— i n impedance

e 00 U C—lg (@Vy —50% of Vz) and the knee
impedance

"""1 b e
Diffused-junction Zeners span the volt-
age range of 6.8 to 200 volts with IR’s
1 wati flangeless (IN1767-1802 and

W:E;T@

Dependable voltage regulation begins
with IR’s subminiature glass Zeners at 1N3016-3051 series) and 10 watt stud
150 milliwatts and continues up to mounted (1N2970-3015, IN1805- 1836
rugged, stud-mounted 50 watt units to and 1N1351-1375 series) units. Stud-

include almost all popular JEDEC mounted 50 watt Zeners are in the
*types. ‘i 1N3305-3340 series.
QUESTION 3: Temperature-compensated QUESTION 4: Generally speaking, the*

reference elements are actually two or noise voltage generated by a voltage
more diodes connected in series. One regulator diode as the
diode is a standard breakdown voltage rating (V,) in-
and the others are creases. ;
compensating diodes operated in their A —increases
forward direction. A —diffused rectifier B —decreases
B —alloyed rectifier C — voltage regulator C —remains constant

(- (=
IR's reference elements consist of series- (B
connected voltage regulator diodes—one 3¢5

with a positive temperature coefficient
operating in a reverse direction, the
others with negative temperature coeffi-
eients in a forward direction. The result
is a near-perfect cancellation of any drift
as the temperature changes.

Subminiature glass Zeners from IR are
in 150, 200, 250 and 400 mw series with
5, 10 and 209, voltage tolerances.

QUESTION 6: The stability of a refer-
ence element is greatly affected by

QUESTION 5: The noise voltage gener-
ated by a voltage regulator diode

_ _as Zener current increases
above 0.5 milliamps.

A —increases

B —decreases

C —remains constant

—_n
i 1102y
s s e x  i (=

You get immediate delivery on IR’s
lines of temperature-compensated ref-
erence diodes—from the 1IN821-827 (5.9
to 6.5 volts) and 1N3154-3157 (8.0 to
8.8 volts) glass series, to the stud-
mounted 1N430 and 3-leaded 1N1530
types. Delivery’s immediate with the

‘ other lines, too. J

A —the ambient temperature

B — the stahiilty of the reverse operating
current through the diode

C — the thermal resistance of the diode

Rugged. stud-mounted IR voltage regu-
lator diodes in 3.5 and 10 watt alloyed
packages are available in the popular
IN1588-1598 and 1N1599-1609 series.
Axial-leaded, alloyed Zeners come in
the 750 mw 1N1507-1517 and the 1 watt
1N1518-1528 series.

HOW GOOD A ZENER MAN ARE YOU? If you got all the answers right, or even just
6 out of 7. you certainly do know your Zeners. But do vou know, too, that IR has
portable Zener diode Lab Kits that can save you hoth time and money during vour
breadboarding? The kits —there are three types—contain a wide sampling of the
more than 640 tvpes of IR Zeners. They’'re there when vou need them —with each
diode hand calibrated, and their cost? Well, they can save vou as much as 60%,
compared to the individual 1-99 Zener prices! Write for IR’s Zener Lab Bulletin
Z1L-100A and 1964 Short Form Catalog. Only IR Zeners give you this performance
assurance . ..99.988% demonstrated industrial reliability!

== INTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL SEGUNDO, CALIF., PHONE OR 8-6281 + CABLE RECTUSA
. REGIONAL OFFICES IN NEW YORK CITY, CH 4-0748 « FORT LEE, N. J.. WI 7-3311 -+ SYRACUSE, N. Y., HE 7-8495
. CAMBRIDGE, MASS., UN 4-6520 - ARDMORE, PA., Mi 9-3667. GR 3-3932 : SILVER SPRING, MD., JU 9-3305 - MIAMI,
FLA., 445.5201 - CHICAGO, ILL., OR 6-4090 + CLEVELAND, OHIO, 734.4100 + DAYTON, OHIO. 223.7691 + HUNTING-
TON WOODS, MICH., LI 8-1144 « ST. LOUIS, MO, TE 86333 + MINNEAPOLIS, MINN. 920-1200 + DALLAS, TEX.
LA 1-0110 - LOS ANGELES, CALIF., 750-0550 - IN CANADA: TORONTO, ONT., PL 9-7581 - MONTREAL, QUE.. 861-0562
Contact the International Rectifier Regional Office nearest you for the Authorized Distributor in your area.

9-9 '8°G 'v-¥ 'O-€ ‘92 Q-1 :SiomMsuy
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Why Ticor II
has a name
instead
of a number

Because it deserves it. Because
it’s the first and only recorder
of its kind. Because of the
simple fact that it can do what
the others can’t.

Record on any standard sys-

tem, play it back on TICOR II.

Your data analysis will be a thousand times better. This
is backed up by months of day-to-day operation in data
labs since we put this system on the market last March.

With time displacement error held within +0.5 ysec,
TICOR II updates all your data reduction equipment.

Write for specs. Ask for a demonstration.

Mincom Division S

300 South Lewis Road, Camarillo, California

Circle 9 on Inquiry Card ELECTRONIC INDUSTRIES -+ November 1964



THAT
SOMETHING

Y i I 5=

. mcy no. coene n a flourish, k=t in the qu.et hours ¢
aome wher. tae job is done. That something =xtra, too, s
tie thing that Soerry strives to provide. It has made 1s

a leader in !cw level PNP/NPN silicon trans: stcrs.

LOW LEVEL AMPLIFIER
PROBLEMS? Use a 2N2524
and its PNP complement,
2N2605. Beta of 100 @ 10
microamps — both in TQ-46
package.

Circle 120 on Inquiry Card

NEED HIGH YOLTAGE?
You'll get 100v collector to
emitter with the 2N2600A
and its NPN complement,
2N2519..

Circle 121 on Inquiry Card

DESIGNING A MICROWATT
SWITCH? With the 2N3340
and 2N3341, you'll get 10
microwatts per flip-flop.

Circle 122 an Inguiry Card

PNP LOW COST, LOW LEVEL
INDUSTRIAL NEEDS? Use
our 2N3579-80-81 and 82
— with voltages up to 60
and beta up to a minimum
of 100 @ 100 microamps.

Circle 123 on Inquiry Card

Here’s something extra, for instance, popular NPN’s, such as the 2N930A
(typically in TO-18 cans) come to you at na extra cost in TO-46 package (2N2524).
The transistars mentioned above represent a few ways to solve problems in designing

circuits for military and industrial products.

As a leader in low level silicon

transistors, Sperry Semiconductor has developed the most complete line of PNP/NPN

Complementary Silicon Planar Transistors — more ways to do the best job. []
For complete information on the Sperry complementary line, circle the reader-service
number below. [J"SPERRY SEMICONDUCTOR, Norwalk, Connecticut 06852.

ELECTRONIC INDUSTRIES

November 1964

SEMICONDUCTOR

DIVISION OF
SPERRY RAND
CORPORATION

Circle 124 on Inquiry Card 15



IRIP!

Standard MicroCoax is a miniature solid-jacketed coaxial cable. It
strips easily. No “fuzz” from braided ends.

We list advantages here. If you're not acquainted with them, we hope
that brevity will help.

Close tolerance, total shielding, environmental stability, easy soldering.
Also: it’s easily formed into bends or coils, ideally suited for use with
stripline or waveguide. We verify mechanical and electrical properties.

MicroCoax has been used for microwave transmission and delay lines,
totally shielded connections, high-speed computer leads. Other de-
signers have chosen to use it for audio crosstalk suppression, or low-
noise amplifier isolation. Or in mixers and klystrons.

Conductor materials are varied. To fit your application, we stock
aluminum, aluminum alloys, copper and its alloys, iron alloys, nickel
and nickel alloys, Beryllium-copper, precious metals, reactive metals
and stainless steel.

Choose organic or inorganic dielectrics, silver-plated copperweld (or
silver plated solid copper) plus Tophet C and BeCu center conductors.

Impedances vary in sensible steps from 1 to 125 ohms.

Our Bulletin 202B is more chatty, with columns of technical data.
Send for it.

MicroDelay [L)visiorm

UNIFORM TUBES, INC.

Collegeville, Pa.  (215) 489-7293 « TWX 215-277-1673

For distribution outside the Continental U. S. o
—Ad. Auriema, Inc., 85 Broad St., New York

Circle 12 on Inquiry Card
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COMING EVENTS

NOVEMBER

Nov. 4-6: NEREM (Northeast Elec. Res.
& Engineering Mtg., Reg. 1 IEEE;
Commonwealth Armory & Somerset
Hotel, Boston, Mass.

Nov. 9-10: Optical & Electro-optical inf.
Proc. Technology Symp., PTG-EC
IEEE, ACM, OSA, ONR; Statler Hilton,
Boston, Mass.

Nov. 16-18: 17th Annual Conf. on
Eng’'g in Medicine & Biology, |EEE-
ISA, PTG-BME; Cleveland-Sheraton
Hotel, Cleveland, Ohio.

Nov. 16-18: Space Simulation Testing
Conf., AIAA, PTG-AS IEEE; Pasadena,
Calif.

Nov. 16-19: 10th Conf. on Magnetism
& Magnetic Materials, IEEE, AIP;
Radisson Hotel, Minneapolis, Minn.

DECEMBER

Dec. 3-4: 15th Annual Vehicular Comm.
Symp., PTG -VC IEEE; Cleveland-
Sheraton, Cleveland, Ohio.

January 1965

Jan. 6-8: 13th Annual Ind. Elect. &
Control Instrumentation Conf., IEEE,
ASME, ISA; Phila., Pa.

Jan. 12-14: 11th Annual Symp. on Re-
liability and Quality Control, IEEE,
ASQC; Fontainebleu Hotel, Miami
Beach, Fla.

Jan. 31-Feb. 5: IEEE Winter Power Meet-
ing, |EEE; Statler-Hilton Hotel, New
York, N. Y.

==
'65 Highlights

IEEE Int’'l Conv., Mar. 22-25; Coliseum,
New York Hilton, New York, N. Y.
WESCON, Western Electronic Show &

Conv., Aug. 24-27, IEEE, WEMA; Cow

Palace, San Francisco, Calif.
NEREM, Northeast Research & Eng.

Mtg., Nov. 3-5, IEEE; Boston, Mass.

February

Feb. 3-5: 6th Winter Conv. on Military
Electronics, 1EEE; Ambassador Hotel,
Los Angeles, Calif.

Feb. 15-17: 5th Electrical/Electronic
Trade Show, ERC, ERA; Denver Au
ditorium Arena, Denver, Colo.

Feb. 17-19: Int’l Solid State Circuits
Conf., IEEE, Univ. of Pa.; Phila., Pa.

March

Mar. 22-25: IEEE Int'l Conv., IEEE; Coli-
seum & N. Y. Hilton Hotel, New York,
N. Y.

Mar. 31-Apr. 4: Electronic Parts Distrib-
utors Show, EISC; N. Y. Hilton &
Americana Hotels, New York, N. Y.

April
Apr. 5-6: Rubber & Plastics Industries
Conf., RPIl; Sheraton-Mayflower Ho-
tel, Akron, Ohio.
November 1964
Circle 13 on Inquiry Card ——3



trying to work with two grades of resistors
is a headache—and not cheap

Such 1wo grades of resistors are hound to get mixed up in
production —and correcting such a nustake is expensive. It
can’t bhe expected of the asscrubler that he tell one grade
from the other by merely looking at the resistor!

The Allen-Bradley hot molded resistors whose all-around
quality has not heen cqualed 1o date — may cost a bit more
but when. for instance, RCA wired us: *“The resistors fur-
nished by vou were parr of the highly successful Ranger 7
mission to the moon”—doesn’t this tell its own story? To
satisly top quality requirements, Allen-Bradley hot molded
resistors were made available and are found in use all over
the world. Now these resistors — presurnably in A-1 condi-
tion —are available on the moon.

The secret of the superiority of Allen-Bradlev resistors lies
in craltsmanship, manufacturing know-how, and the spe-
ciallv desigred, fully automatic production machinerv. This
combination produces such complete unifority rom one
resistor (o the next that their long term performance is accu-
rately predictable. This has been true during the last 30 vears

and will remain true for the next 30 years. Further-
more, the conservative ratings and stable characteristics of
all Allen-Bradiey hot malded resistors guarantee superior
and reliable performance even in the most critical cireuits.

Vor over three decades Allen-Bradley has been supplving
hot molded resistors — not by the millions but bv the billions

10-4E \‘Wr

—and there has never been one instance ol catastrophic
failure. You should not expect to obtain such standard ol
performance and dependahility from resistors whose onls
“advantage” consists of a lower price. Remember, you get
whar you pay for!

< 3

Protect both the “name’ and the “quality’ of vour
procduct by standardizing on Allen-Bradley hot molded
resistors. [or complete specifications, please write for Tech-
nical Bulletin 5050: Allen-Bradlev Co., 222 W. Greentield
Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradlev
Canada Ltd., Galt, Ontario

— L = ———
TyPe BB 1/8 WATT NEeEw

=== —— ):.ﬁ.‘u.l——-—zﬁzsa ———

TYPE CB 1/4 WaTT MIL TyrPe RC O7

-

=&
TyPE EB 1/2 WaTT MIL TyPe RC 20
__mowesm.
. MIL TyrPE RC 32

TYPE GB 1 WaTT

TYPE HB 2 WATTS 9 ‘(=-_MILTVPE RC 42

HOT MCLDEC FIXED RESISTORS avaiiable in all standard EIA
and MIL-R~11 resistance values and tolerances, plus values
above and below standard Iimits.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



RODGERS 36-E
CUSTOM THEATRE ORGAN

“Allen-Bradley ferrite cores
have made an important
contribution to our

electronic organ”
—Rodgers Organ Company

B Since the permeability of Allen-Bradley Type W-03 ferrite
material remains constant over a practical working range of
flux values, this enabled the Rodgers Organ Company engineers
to design stable inductors for use in a simplified tone generator
that “stays on frequency’” —one of the basic requirements of an
clectronic organ. In addition, proper grinding of the center air
gap surfaces of the cup core and matching cover assembly
permits the inductance and the resulting frequency to be adjusted
by simply rotating the cover.
Allen-Bradley ferrite materials offer a wide choice of character-

istics to meet the design requirements of such applications as:

1. TV flyback transformers

2. Broad band transformers

3. TV deflection yokes

4. Transistorized inverter power supplics

5. Pulse transformers

6. Ultrasonic frequency transformers

Allen-Bradley cngineers will be pleased to work with you in

the selection and application of an Allen-Bradley ferrite with
the exact properties to fit your design requirements. Please let
us hear from you. Write: Allen-Bradley Co., 222 W. Greenfield
Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada
Ltd., Galt, Ontario.

Rear view of Rodgers organ with panel doors open showing extensive use of Allen-Bradley
Type W.-03 ferrite material in the form of cup cores and covers for tone generators.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

42.11-4E

Typical Allen-Bradley ferrite cup core and cover. These
are available in sizes from 0.368" to 2.400" in diameter.



Con Avionics

$65 power supplies meet military specs

Made With Silicon Transistors, They Are Unconditionally Guaranteed For 5 Years

These dc regulated power supplies are avzilable in nearly 200
different voltage-current combinations. Silicon transistors are used
throughout and the units operate in ambients as high as 75°C,
with a small external heat sink.

The Mean Time Between Failure of the modules is 100,000 hours,
calculated according to Mil Handbook 217. They are certified to
meet the environmental tests of Mil-E-5272, and most of the require-
ments of three other mil specs. In addition, they meet the RFI
requirements of Mil-I-6181.

Prices start at $65. Every time you specify one of these supplies,
instead of a comparable germanium unit, you save considerable
money. If you're using commercial supplies, typical savings-per-
unit are about $40. For military supplies it's much more.

The fastest way to get complete technical information and prices
is to write, call, TWX or wire Gerry Albers at Con Avionics.

SPECIFICATIONS
STANDARD A
MODEL MODEL

Total Requlation
{(LineandLoad) #0.5% +0.05%
Ripple {(rms max.) 10 mv 1 mv
Temperature
Coetficient 0.079%/°C 0.03%/°C

ALL MODELS
Input 105-125 v ac, 47 to 440 cps
Temperature 75°C ambient max.

90°C base plate max.
Response Time 10 microseconds
Militg{y Certified to meet the envi-
Specifications ronmental requirements of

MIL-E-5272 and the RFI re-
quirements of MIL-I-6181

-
¥ A Member
of The Condec Group

CONSOLIDATED AVIONICS CORPORATION

800 SHAMES DRIVE / WESTBURY, L.I, NEW YORK /516 ED 4.8400 TWX:333-1097

For complete details and visit with engineering representative, circle number 40.
For product data and general information, circle number 80.



HONEYWELL ADVANCED TECHNOLOGY REPORT NO. 8

& | i
“BIG BENDER" is one of the most compact low-frequency sonar transducers ever built. Designed by Honeywell as a research sound source for the U. S. Navy
Underwater Sound Laboratory, New London, Conn., this three-ton unit is made up of 90 bender bars, each of which uses 52 elements of Honeywell K-12 precision
ceramics that are machined to within two-thousandths of an inch. The ceramic bender bars are able to withstand high internal stresses resulting from the large excur-
sions necessary to prodace a four-kilowatt output at 117 cycles per second. The “Big Bender” has an electroacoustic conversion efficiency of greater than 50 per
cent and is capable of operating for one year at depths to 1000 feet. Similar Honeywell bender transducers operating at somewhat higher frequencies have shown
effic’encies as high as 60 per cent.
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NAR TRANSDUCER TECHNOLOGY

High-efficiency ceramics extend the
range and durability of sonar transducers

Through significant advances in under-
water acoustic technology and high-
efficiency ceramics, Honeywell has been
able to design sonar transducers that
provide lower frequencies, lower oper-
ating depths and higher power for
some of the nation’s most advanced
underwater sound programs.

To meet these requirements, Honey-
well is producing three types of
ceramics that are now available to the
industry:

e L.ead zirconate/titanate

s Modified lead zirconate/titanate

¢ Barium-titanate

This range of basic materials, cou-
pled with Honeywell’s unique capabili-
ties in custom-building elements of
various piezoelectric properties, pro-
vides a selection of quality ceramics
that meets the demands of the most
advanced sonar transducer designs.

Although it is common practice to
test each ceramic element before it is

included in a system, the quality of
Honeywell ceramics is so consistently
uniform that many customers use the
sampling technique of testing. To
achieve such quality, Honeywell main-
tains stringent control procedures
throughout its ceramic manufacturing
process. All ceramic materials meet
IRE standards for electrical properties
and are guaranteed to meet minimum
standards. When the ceramic materi-
als are processed, automated equip-
ment controls and records the process.
The result is uniform ceramics which
permit sonar transducers to reliably
meet design specifications at high
power over long periods.

ADVANCED TRANSDJCERS FOR ASW VEHICLES are being developed
and produced by Honeywell. The multi-element array shown is a highly direc-
tional transducer designed for use in a sonar projector-receiver system.

CERAMIC TRANSDUCERS of various shapes, sizes and characteristics have
been brought to a high degree of development by Honeywell. Having a high
rate of exact reproducibility of electrical and mechanical properties, these
<ceramic elements meet specifications for a variety of acoustic applications,

ELECTRONIC INDUSTRIES -+ November 1964

Honeywell transducers operate in
all types of undersea conditions

The ultimate performance of a sonar system depends criti-
cally on its transducer, and a transducer is no more effective
than its ability to meet system requirements in the prevail-
ing acoustical conditions of a body of water.

At Honeywell, achieving the best combination for a par-
ticular application results from close cooperation between the
transducer designer and the systems engineer who consider
trade-offs such as bandwidth, efficiency, depth capability,
and the electrical system parameters governing the per-
formance of transmitters, receivers, and beam-forming and
signal-processing networks.

During ten years of participation in the Navy’s sonar
programs, Honeywell has gained a thorough understanding
of underwater acoustics, undersea warfare systems and sonar
instrumentation. This has resulted in the design and produc-
tion of a successful family of sound projectors and hydro-
phones including:

¢ Longitudinal vibrators

e Circumferential vibrators

¢ Flexing-disc transducers

e Flexing-beam projectors (‘“bender bars’)
¢ Extensional-flexural elements and arrays
¢ Reference hydrophones

Each of these configurations requires ceramic materials of
the highest uniformity and quality to meet the exacting
demands of the particular application. As an example of the
capabilities of the ceramics in its systems, Honeywell today
produces transducers covering a range of frequencies from
45 cycles through several hundred kilocycles per second,
acoustic power ratings of several kilowatts and operating-
depth capabilities to the bottom of the deepest ocean trenches.

WE INVITE YOUR REQUEST for further information on Honey-
well ceramics or sonar transducers. Please specify your
interest by writing on your letterhead to Honeywell, M.S,
847, 600 Second Street North, Hopkins, Minnesota 55343,

Honeywell

Circle 14 on Inquiry Card 19
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“EARLY BIRD” ON SCHEDULE-—Communica-
tions Satellite Corp., has been keeping an eagle eye
on the “IKarly Bird” schedules. So far, the March
launch date, using a thrust-augmented Delta, is
still good. Stations in U.K., France, Germany, and
Ttaly are gearing up, and the International Consor-
tium participating in the program is satisfied that
the program will meet its decadlines.

DATA RETRIEVAL DIRECTORY — The Li-
brary of Congress has set up a National Referral
Service for Science and Technology. The agency
plans an initial publication of some 3000 Informa-
tion Retrieval Centers this summer. Listings are
expected to reach 50,000 ultimately.

BILL TO LIFT LIMIT TO ‘LORAN’—Senate
Committee on Commerce may amend the law that
limits the Coast Guard to “loran” stations only.
Revision would allow the service to develop and
use other electronic navigational aids. Electronic
aids to air commerce, however, would be allowed
only upon a Coast Guard request to FAA. Naviga-
tional aids to serve the armed forces would be
allowed on request from the Defense Secretary.

NASA EASES PATENT RULES—Following up
a year-old White House order, NASA is easing patent
rules to give contractors a better crack at invention
rights. As of September 28, NASA is giving field offi-
cers carte blanche to waive commercial rights on a con-
tract during its life, especially where development would
help commerce. If invention is not commercialized
within a set time, the waiver may be withdrawn.

NAVY'S VALUE ENGINEERING—A new Navy
instruction pinpoints value engineering and fixes respon-
sibility for effectiveness. In a policy statement, the Navy
says its program must be “both Navy and contractor
oriented.” VE embraces all weapons, end items, equip-
ment, installations, components and manufacturing.
The new instruction advises contractors to assign quali-
fied VE persons to oversee programs.

OCEANOGRAPHY BUDGET GROWTH — Na-
tional Oceanography Plan sees an annual growth of
about 10% over the next ten years. This would put
Federal investment at more than $400 million by 1974.
Interests of industry and some states is mounting as
scen, for example, by recent seminars in Maryland and
California. Major problem areas: Modern instruments,
underwater engineering for fishing, mining, and recre-
ation, weather prediction, transportation.

20

WASHINGTON TRENDS

BUDGET SUBMISSIONS DUE—Annual DOD
budget requests from military services enter crucial
stages this month and next. Overall trend is ex-
pected to be down slightly. Diggest change may be
in allocation of money. More specialization in al-
most all fields appears to be certain. Budget experts
agree that, barring unforeseen emergency, defense
money will show another slight decline.

DEFENSE COMMUNICATIONS SYSTEM —
Secrecy-shrouded defense communications system
is taking shape but little is known about its stage
development. There appears to he negotiation with
other countries on communication stations at va-
rious points around the globe. Indian Ocean sta-
tion is getting priority in view of heavy U. S. com-
mitments in Southeast Asia.

MARINES AID SMALL FIRMS—The Marine
Corps recently agreed to buy, among other things,
portable diesel-electric generators from small busi-
nesses ‘“indefinitely hereafter.” Other marine busi-
ness “set aside” for small firms includes radio
equipment. In one case, a price of $45,000 bid by
a big house on a radio test set was severely under-
bid at $17,850 by a small firm.

FCC CONTROL ON CATV Reversing a usual
pattern, a segment of the television equipment in-
dustry is asking for FCC control over community
antenna TV industry. Under law, [FCC can regu-
late broadcast signals but not all-wire transmis-
sions. FCC is delighted by the request. TV equip-
ment manufacturers tell FCC that CATV is simply
“a backdoor to pay TV—and the door is swinging
wider day by day.”

ENGINEER ‘SHORTAGE' EXAGGERATED—
A congressional committee says the “so-called
shortage” of enginecers and scientists is exaggerated.
While it is true that the demand for engineers and
scientists may outrun the supply within 10 years,
the supply is adequate for now, according to the
House committee on govermment research.

DOD STANDARDIZATION HIT — Progress in
standardizing military electronic parts and hard-
ware has been negligible, and has been kept hidden
because of “gross overstatements” by services in
reports to Congress, General Accounting Office
Charges. In one case the Army Signal Corps lost
$17 million in savings by failing to coordinate and
climinate unnceded electronic items.
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Mach 5...Mach 10...and Beyond
STEVENS (%r7ified THERMOSTATS

Up where the “wild blue yonder” becomes inky black, you can’t afford to gamble on precise, reliable

temperature control. And that’s the natural domain of Stevens Thermostats. They are compact and
lightweight . . . withstand high G’s...are utterly reliable even under wide temperature swings. For
Stevens Thermostats are a product of creative engineering. . . coupled with the most stringent environ-
mental testing and quality control programs in the industry. If space is your dimension, take the
measure of Stevens Thermostats first.

2° to 6°F Differential Standard
I° to 4°F Differential Special

*Maximum spread of 6°F including differential
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ELECTRONIC
SNAPSHOTS...

The Changing
STATE-OF-THE-ART
in the electronic industries

CRYSTAL “TREE” from the “tree” on which they were grown. The crystals will be sliced
Electro-optic crystals of potassium dihydrogen phosphate are examined into plates and sold to laboratories throughout the country for use
at Clevite Corp.’s Electronic Research Division prior to being removed in various types of research, including work in laser modulation.
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“GREEN BEAM"

Dr. Fred Johnson examines a laser system for frequency doubling at
very high repetition rates. Developed by Dr. Johnson at Electro-Optical
Systems, Inc., Pasadena, Calif., the unit shown here will convert a
wavelength of 1.06 microns in the infrared to 0.53 microns in the
visible at a repetition rate of more than 10 CPS. The new device
could possibly be used in underwater signaling and other oceanographic
applications where coherent radiation in the green region of the
spectrum is most suitable. The system could also be used with slight
modification to mix optical frequencies in coded military applications.

COMPUTER AID

Carter C. Collins of the Presbyterian Medical Center Eye Research
Institute, San Francisco, Calif., uses a TR-20 analog computer to
simulate tracking and converging eye movements and some possible
mechanisms of their malfunction. Researchers at PMC are using the
camputer (made by Electronic Associates, Inc., West Long Branch,
N. J.) to simulate a series of eye disorders such as strabismus, im-
pzirment of acuity and glaucoma. The computer is a desk-top model.

MAP MAKER

Enginecer operates new Automatic Point Marking, Measuring and
Recording Instrument (APMMRI) made by the Link Group of
General Precision, Inc., Binghamton, N. Y. The photogrammetric in-
strument is used in the process of making very accurate maps.

% ‘_ﬁ.‘\' j = &
ULTRASONIC TRANSLATOR
Inspector Graydon Bailey checks for radio and TV interference
at a Tacoma (Wash.) City Light Co. distribution sub-station.

He is using a Delcon Corp. (Palo Alto, Calif.) Model 117 Ultra-
sonic Translator detector to pinpoint the source of trouble.



PROBLEM SOLVING PRECISION SWITCHES AND CONTROLS

ILIGQO

24

AP
IN PLAC!

TYPE 01 ONE-LITE

The new ‘‘Square Bezel'* Type 01 LPB has
an integral plastic housing that ‘‘snaps-in’
from panel front without hardware or bush-
ing. Offered in one and two pole, momen-
tary and alternate (push-push) action.
Switches rated at 10 Amps.

o Integral lite and switch.

o Selection of lens cap colors.

e %" or %" lens cap,

square or round.

ACTUAL
SIZE

VAP
OR CLAMP!

TYPE 04 FOUR-LITE

Completely re-designed Type 04 LPB has
a four-sided square bezel for dressy panel
appearance. Available in no-hardware
‘‘spap-in"’ or two-screw ‘‘clamp-on’’
mountings, both applied front-of-panel.
A snap-on switch module is also offered.
Switches rated at 10 Amps.

o Four bulb illumination.

o Selection of panel and screen
colors.

o Easy lamp servicing.

ACTUAL
SIZE

Send for new Licon full-line

REALLY
SMALL!

TYPE 18 DOUBLE-BREAK
SUB-SUBMINIATURE

All the reliability and performance of the

famous Licon® Type 16 has been packed

into this new sub-subminiature switch.

It offers a big switch rating and a 20

million cycle life in a package. Size:

.500” x .350” x .200"!

ELECTRICAL RATING
125/250 VAC: 10 Amps

30 VDC: Form X or Y 10 Amps Res.

5 Amps Ind.

Form Z 10 Amps Res.

3 Amps Ind.

GENERAL CATALOG
- = =

LiC0% PRECISION ELECTRICAL SWITCHES

:
§ it

catalog and distributor list. |

Contains complete Licon switch |&=
specifications, details, dimensions.
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INTRODUCES
SIX NEW SWITCHES

DOUBLE-POLE | VERSATILITY

MIDGET

TYPE 26 DOUBLE-POLE,
DOUBLE-BREAK
SUBMINIATURE

A new-to-the-industry switch that packs
double-pole performance in an absolute
minimum of space; has the durability and
versatility of quality switches twice its
size. Simultaneous break eliminates com-
plicated multipole actuator mechanisms.
Size: 2%4," x 761" x .250"]

ELECTRICAL RATING

125/250 VAC: 10 Amps

30VDC: Form XX or YY 15 Amps Res.

PLUY!

TYPE 19 SINGLE-BREAK
CRICKET™"
SUBMINIATURE

The new Type 19 Cricket™-M- subminiature
switch provides a long-life 5 million cycle
snap-action switch enclosed in an accu-
rately molded plastic case. Wide choice of
terminals and actuators. Size:.780" x.360”
x .250".

ELECTRICAL RATING

125/250 VAC: 5 Amps

28 VDC: 4 Amps Res.

2.5 Amps Ind.

MORE
ABLt!

TYPE 23 SINGLE-BREAK
HI-CAPACITY

A competitive switch that brings Licon's
well-known 20 million cycle reliability to
the field for the first time. Available in a
wide selection of terminals, actuators and
circuitries. Size: 1.344” x 625" x .410".
ELECTRICAL RATING
125/250 VAC: 10 Amps
30 VDC: 10 Amps Res.
6 Amps Ind.
6 Amps Motor

Form ZZ 10 Amps Ind.

] ACTUAL
] SIZE

ACTUAL i ACTUAL
— SIZE S SIZE
- —

Six different switches—all new—are now added to the Licon line of precision switches
and controls. They include two completely re-designed lighted push button switches;
two new-to-the-industry double-break switches with exclusive Licon® butterfly™*- action,
and two new competitive single-break switches. Get the cataloged facts on the complete
Licon line—and see for yourself. Request sample/demonstration on your letterhead.

DIVISION ILLINOIS TOOL WORKS INC.
6615 WEST IRVING PARK ROAD — CHICAGO, ILLINOIS 60634

IN CANADA: CANADA ILLINOIS TOOLS, LTD. « 67 SCARSDALE ROAD « OON MILLS, ONTARIO, CANADA

Circle 16 on Inquiry Card 25
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Silastic rubber...no stranger to an alien environment

CIRCLE READER SERVICE CARD NO. 25

Silastic® brand silicone rubber is often the
right material —if not the only elastomer—to
use for rubber parts in electronic gear that
must operate in harsh environments. Parts
made with this rubber retain their physical and
dielectric properties over the wide temperature
span of —90 to 250 C and are virtually un-
affected by ozone, corona or corrosive
atmospheres initial properties are un-
changed despite rapid thermal cycling or
long term storage.

Use it for O-rings, connector inserts, antenna
seals, lead wire insulation . for anti-
corona moldings on flyback transformers,
gaskets. Use sponge made from Silastic rubber
for vibration dampers and to isolate
delicate instruments.

Write for your free selection guide to Silastic
silicone rubber and a list of manufacturers
who can fabricate parts to your specifications.

Silicone laminates... high performance, low dissipation

Laminates of Dow Corning® silicone resins assure
circuit performance as designed in electronic applica-
tions because of their continued low dissipation {actor
and dielectric constant under widely varying conditions
of frequency and temperature. In printed circuit
boards, in terminal boards and strips, antenna con-
nectors . . . wherever these laminates are used in elec-
tronic packaging, they assure greater performance
and reliability.

The graphs below show conclusively the superior dis-
sipation characteristics of silicone resins over epoxy
at all temperatures and in the widest range of fre-

EFFECTS OF TEMPERATURE ON DISSIPATION FACTOR
(AT 105CPS)
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CIRCLE READER SERVICE CARD NO. 26

quencies. Even at moderate temperatures, silicone
laminates outperform most other resin laminates,
especially at high frequencies. At higher temperatures
their superiority is well known. Silicone laminates also
maintain reliability despite moisture, aging, vibration
or rapidly changing ambients.

Write for additional information on silicone laminating
resins and a list of silicone laminate manufacturers
who can fabricate parts to meet your specifications.
Address Dept. F311, Fabricating Materials Department,
Dow Corning Corporation, Midland, Michigan, 48641.

EFFECTS OF FREQUENCY ON DISSIPATION FACTOR
(AT 23°C)
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EXCISE CUT COULD BOOST
TV SALES TO 10,000,000

Annual sales of TV sets could reach
10 million units if the proposed reduc-
tion of excise tax from 10% to 5%, at
a limit of $8, is adopted, declared
Mort Farr, director of the National Ap-
pliance and Radio-TV Dealers Associ-
ation. Before the House Ways and
Means Committee, he also said that
sales could drop below the current
eight million level if the reduction is
not enacted.

Mr. Farr testified in support of TV
manufacturers and the Electronic In-
dustries Association. He said that TV
saturation is at 939 of viewing in
homes today. The market is now
mainly for second and third and re-
placement sets. “Everyone knows that
such purchases are easily postponed,”
he observed.

Consumers are now paying from $10
to $30 for all-channel sets. Mr. Farr
stated that ‘“we dealers are on the fir-
ing line and will have to bear the brunt
of customers’ complaints in buying
something that most them cannot use
or may not want.”

CLOSED-CIRCUIT TV MAY HIT
$70 MILLION BY 1968

Sales in closed-circuit television may
reach $70 million by 1968, predicts
Robert E. Brockway, vice president/
marketing, Commercial Electronics for
Sylvania’s Home and Commercial Elec-
tronics Division.

Mr. Brockway made the observa-
tion during dedication for a mobile
TV studio developed for the school sys-
tem of Darien, Conn. The town’'s 10
schools are now linked by telephone
lines and TV cameras. At a cost of
about $23,500, the system may be the
nation’s first mobile studio for educa-
tional-TV.

COLOR TV SALES EXPECTED
TO SHOW RECORD IN 1964

Makers of color television receivers
may be enjoying technicolor dreams of
prosperity. An optimistic estimate is
that 1,200,000 or more color sets will
be shipped out of a total of nearly
9,000,000 TV sets in 1964,

Joseph S. Wright, president of
Zenith Radio Corp., observed that this
year's output far exceeds the uncer-
tain 1963 estimates of color TV sets
which ranged from 500,000 to 750,000.

Mr. Wright said that no one really
has any good figures on past years’
color sales except RCA, and ‘‘they
haven't really said, which probably
means they were actually smaller than
commonly reported.”’

As the Christmas season approaches,
most firgis anticipate record sales.

ELECTRONIC INDUSTRIES -

ELECTRONIC
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Using its own airborne trade fair, Hi-G,

products, is touring 11 European cities

MARKETING

TO MARKET, TO MARKET

Inc., makers of relays and other electronic

a grand-style international sales effort.

COMPUTER MARKET GROWING FAST IN WEST EUROPE

The computer field is more than 20
years old, but most computers have
been sold in the last four years. Three-
fourths of 19,000 EDP units now used
in the U. S. and in West Europe were
made since 1960, Chase Manhattan
Bank estimates.

Fastest rate of growth has been in
West Europe, racing to catch up with
the U. S. West Europe sales sky-
rocketed from 25 units in 1955 to more
than 3,200 units at 1963 end. Euro-
pean sales are expected to reach
15,000 units by 1970, Chase estimates.

Most major U. S. makers already

U. K. HAS MARKET PROSPECTS
FOR U. S. GEAR, MISSION FINDS

Challenging business opportunities
in the United Kingdom await U. S.
vendors of advanced electronic and
automatic equipment, concludes a six-
man U. S. Electronic and Automation
Trade Mission.

Products offering the best markets
include instruments, computers, proc-
ess and numerical control systems,
and advanced microelectronic circuits.

Mission members warn that the
United Kingdom is not a good market
for ‘“shelf” items. Standard products
face severe handicaps because of
duties up to 33 1/3%.

U. S. firms who sell in the United
Kingdom were advised that sophisti-
cated marketing and management help
in negotiating licensing or joint-ven-
tures.

The Mission reports that the United
Kingdom produces only about 8%, of
the world electronic output, but is
nevertheless second to the U. S. which
leads the world with about 609% of
production. Figures show that U. K.
output in 1962 was $842.8 million.

November 1964

have, or plan to have, plants in West
Europe. Since 1960 U. S. firms have
set up about 20 plants in West Europe,
according to another estimate. Other
firms have made extensive sales and
license agreements with European
counterparts. The six major European
computer manufacturers are relatively
small firms.

The European computer market is
about one-fourth the size of the U. S.
market. U. S. firms had about $1.24
billion in computer sales in 1963, says
Electronic Industries Association. We
can assume, then, that the European
market is about $300 million and
growing.

By comparison, an estimate indi-
cates that of about 700 computers
used in Japan today, about 609% are
Japanese-made. It is somewhat gen-
erally known that the Japanese tend
to be fond of and prefer their own
products, until their domestic market
fills up. Then they look abroad.

U. S. FIRMS INVITED TO SHOW
CONTROL HARDWARE IN U.K.

Of the many booming areas of the
United Kingdom'’s electronic market,
none exceeds the rate of demand for
electronic control equipment—expected
to triple by 1968.

American firms are invited to show
their products to this $10 million mar-
ket through a show of ‘‘Electronic Con-
trols for Industry,” at the U. S. Trade
Center in London, December 8 to 18,
1964, the U. S. Department of Com-
merce announced.

U.K. imports of electronic control
devices for mechanical industrial proc-
esses climbed 475% between 1958
and 1962. The U, S. currently supplies
639 of imports, 129 over 1960.
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1 Report from

BELL

LABORATORIES

"UNDULATED” CORE

MAKES SELF-SUPPORTING CABLE PRACTICAL

ABOVE: Drawing of new self-supporting cable structure shows ““undulated” core of telephone wires encased in aluminum and poly-
ethylene sheath members. Edges of corrugated aluminum sheath are butted along top of cable. Polyethylene sheath extends over steel
strand on top to provide built-in cable support. BELOW: Photographs show, left to right, older-type ring-supported cable, present lashed
cable, and new self-supporting cable,

Telephone cables strung along pole
lines need mechanical support.
Heretofore, this support has been
provided by a separate, strong steel
strand from which the cable is sus-
pended—either by wire rings or by
a lashing wire wound helically
around the strand and cable.

For ease of installation it is desira-
ble to design the cable and strand
into a single self-supporting struc-
ture. Butin such designs the cable
sheath and its core of telephone
wires, as well as the strand, may
be placed under tension when sus-
pended between poles. With the

wires under tension, craftsmen
have no readily available slack wire,
which is needed in making con-
nections for bringing service to a
customer’s house,

To solve this problem Bell Labora-
tories engineers, working in close
cooperation with engineers of the
Western Electric Company, manu-
facturing unit of the Bell System,
“built the slack into the cable.”
The slack is provided by an undula-
tion incorporated into the core of
telephone wires. To help prevent
the polyethylene cable sheath from
tightening around the wires during

manufacture, the longitudinal
edges of a corrugated aluminum
sheath member are butted up
against each other, rather than
overlapped as in other cables.

The new cable permits both effi-
cient and economical construction
methods. It is rapidly raised, ten-
sioned, and clamped to poles.
Craftsmen easily pull slack wire
from the cable and, using plastic
“ready access" terminals, make
the required connections.

@ Bell Telephone Lahoratories
Research and Development Unit of the Bell System
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Make your choice RCA Ceramic-Metal Tubes

for more RF Power in UHF Communications

Here are four members of the newest RCA family of ceramic-metal tubes. ..
tetrodes already designed into compact, high-power equipment for airborne,
fixed station, and mobile communications applications.

The four—each packing more RF power than previously available in tubes
of comparable size—are designed expressly for UHF power use. Designers
have specified them for use in aircraft communications systems, SSB linear
amplifiers, localizer gear in GCA equipment, high-power deflection amplifiers
for radar, mobile ground communications equipment and amateur radio
transmitters.

RCA-8072 is conduction cooled and can be an ideal choice where space
is at a premium. RCA-8462 features ‘‘quick heat”” warm-up capability of less
than 100 milliseconds in push-to-talk equipment. RCA-8121 and -8122 are
air-cooled versions of the 8072 and offer higher power in devices of com-
parable size.

Special characteristics can be custom-designed to fill individual needs.
For more information, see your RCA Representative. For technical data on
specific types, write: Commercial Engineering, Section K-50-Q,

RCA Electronic Components and Devices, Harrison, N. J.

ALSO AVAILABLE FROM YOUR AUTHORIZED RCA !NDUSTRIAL TUBE DISTRIBUTOR

Typical CW Operation

Maximum

Useful
Plate Fre-
Type Cooling | Dissipa- | Plate quency | Fover
tion (Volts) M) Output
(Watts) (Watts)
50 110
8072 | Conduction 100* 700 175 105
470 85
. 50 275
8121 Forced-Air 150 1500 470 235
. 50 375
8122 Forced-Air 400 2000 470 300
8462 50 110
(Quick- | Conduction 100* 700 175 105
heat) 470 85

*May be higher, depending on heat-sink design.

The Most Trusted Name in Electronics
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...and for modern, low-profile Mobile Communication Equipment
there's the new ultra-low profile, single-ended Amperex 8505
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With an envelope profile that's shorter. ..
with a power gain that’s higher...with con-
struction that's finer. .. and with all this at a
price that's lower...the new single-ended
indirectly-heated Amperex 8505 beam power
tetrode is just what the designer of mobile
communications eqguipment ordered.

Designed for use as an RF amplifier, fre-
guency multiplier, oscillator, AF power am-
plifier or modulator at frequencies up to 250
mc, the 8505 fills a long-felt need for a VHF
tube in the 35 to 55 watt power output cate-
gory that is truly new.

Because it is so much shorter than equiva-
lent types, and because its single-ended con-
struction eliminates top-of-chassis circuitry,
the 8505 permits the design of appreciably
more compact communications packages. Its
high power gain just 2.2 watts drive power
will deliver 55 watts to the load at 175 mc—
results in major savings since low cost driver
components can be used. lts professional
construction techniques and materials—in-
cluding longer exhaust and aging, kovar and
molybdenum pins, gold plated grids, molyb-
denum grid wire, hard glass envelope, mag-
noval powdered-glass base, and heavy
gold-plated anode pin terminal—insure ex-
ceptional reliability, uniformity and long life.

SIGNIFICANT CHARACTERISTICS
CLASS C RF AMPLIFIER AT 175 Mc

PUSH-TO-TALK

ccs SERVICE
‘DC Plate Voltage ......... 450. .. ... 500 volts
DC Grid No. 2 Voltage ..... 220...... 247 volts
DC Grid No. 1 Voltage ..... —50...... —50 voits
DC Plate Current ... ... .. 134...... 175 ma
Useful Power Qutput ... ... 38 . apame 55 watts
Drive Power . .......... w 16 el 2.2 watts

The special low-cost socket required in con-
junction with the 8505 is available from Amperex.

For complete data on the new 8505, write:
Amperex Electronic Corporation, Tube Divi-
sion, Hicksville, L. 1., New York 11802.

AmMmperex

Circle 17 on Inquiry Card
ELECTRONIC INDUSTRIES ~

LETTERS

to the Editor

Antenna Power Gain

Editor, FLECTRONIC INDUSTRIES :
Unless there is sonie technical detail
niissing in the article “Antenna System
for H-F Band,” page 89, August 1964,
I Delieve that the curves in Tig. 3
should crest at less than 3 db at about
7mc for the 64 ft antenna and about
10 Mc for the 48 ft antenna.
M. L. Shapiro.
Project Engineer
Sylvania Ilectronic Systems
63 Second Ave.
Waltham, Mass. 02154

Editor, FLECcTRONIC INDUSTRIES:

With reference to my article “An
Antenna System for the Entire H-F
Band,” in the August 1964 issue and
Mr. Shapiro’s letter to you, I am
happy to ‘provide additional informa-
tion in regard to the power gain data
provided by Fig. 3 of the article. In
addition to Mr. Shapiro’s inquiry, I
received several questions from other
engineers, all of whom were surprised
that a simple dipole antenna can pro-
vide the indicated gain.

The power gain data provided in
Tig. 3 of my article was the result of
computations made of the radiation
patterns and radiator currents as in-
fluenced by the mutual impedance be-
tween the image radiator and the ac-
tual radiator.! A recheck of these com-
putations reveals an error which re-
sulted in the power gain shown by
Fig. 3 being about 2.5 db too high in
the region of 6 mc. Mutual impedance
data were not available for all radia-
tor lengths and some approximation
and interpolation were required to ob-
tain the gain by this method.

In view of the questions raised by
Mr. Shapiro and others, a new deter-
mination of power gain has been made
and the results are shown in Tig. 3a.
The new figures are based on hemi-
spherical integration of radiation pat-
terns computed with a digital com-
puter.

The radiation patterns and the
power gain figures arc based on a
simple horizontal dipole antenna of the
indicated length mounted at a height
of 225 ft above a perfect ground
plane. Simple sinusoidal current dis-
tribution was assumed with a 5% in-
crease in effective dipole length as-

November 1964

sumed to account for finite velocity
and end effects. As stated on both the
original and revised Fig. 3, the power
gain is expressed with reference to an
isotropic radiator and dissipative losses
were neglected.

Examination of Tig. 3a shows gains
ranging from 7.5 to 8.5 db over the
lower portion of the frequency range.
The maximum power gain occurs at
about 18 mc for the 64 ft antenna and
24 mc for the 48 ft antenna. At these
frequencies, the effective half length
of the dipole is 0.62 wavelengths which
is the length that provides maximum
radiation in the direction normal to
the dipole orientation. The power gain
in the forward direction diminishes
rapidly at the higher frequencies for
each length because of the loss of
powecr occurring in the large side lobes
which are evident in the highest fre-
quency radiation patterns of I'ig. 2a of
my article.

(£

T 48 FT ANTENNA ‘
o €4 FT ANTENNA \4\
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Fig. 3a: Revised h-f Antenna power gain.

Perhaps most of the questions con-
cerning power gain arise from the con-
fusion sometimes caused by the sev-
eral different methods of rating the
power gain of antennas.? I choose the
JEEE standard of reference of power
gain, which is the isotropic radiator.
It is my understanding that the iso-
tropic reference is used by most manu-
facturers of h-f antennas when quoting
power gain figures. The power gain
referred to a half-wave dipole in free
space would be 2.15 db less than the
figures shown. The power gain re-
ferred to a half-wave dipole at the
same lieight above ground would be
8.15 db less, although this is not pre-
cisely true because the influence on
gain of the mutual impedance from the
image radiator varies with dipole
length.
Stephen W. Kershner
President

Delta Electronics, Inc.

4206 Wheeler Ave.

Alexandria, Va.

1See chapter 21, pps. 21-3 to 21-4, Jasik’s
Antenna Lngineering Handbook for details of
this method.

2 An article on this subject by M. F. Radford
appears on p. 48 of the June, 1964, issue of the
Marconi publication Pownt-to-Point Telecommiu-
nications,
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ALL dry-reed
switches offer

B Maximum contact reliability. Hermetically
sealed contacts eliminate failures due to air-
borne contamination and fumes.

B Contact rating from dry circuit up to 50 volt-
amperes, resistive. ldeal for the very low energy
loads.

B High speed ... intermediate between electro-
mechanical circuitry and solid-state electronics.
B Long life... from millions of operations at
full rated loads to over a billion for dry circuits.

32

only

offer.in addition,

1 Rectangular capsule arrangement (2 x n)
increases efficiency by placing each
switch capsule in the optimum position
within the coil. This results in uniform
timing for high-speed circuits.

2 “*Snap-Clip’’ mounting springs provide
fast, low-cost installation on standard
panel cutouts without the use of screws.

3 Each unit can be mounted directly against
the next, providing maximum packaging
density.

Large coil area has capacity for multi-
wound coils. Separate ‘‘pick’ and ‘‘hold"’
windings available to permit fast pickup
and minimum holding current.

N~

High heat dissipation capability increases
coil life for continuous duty.

Individual shielding strap for each reed-
capsule reduces magnetic interference.

Magnetic return on each reedcapsule pro-
vides a low reluctance coil circuit, thus
reduces power consumption.

No iron frame to promote coil corrosion
under conditions of humidity.

Molded bobbins support and orient the
reedcapsules and biasing magnets.

]0 Wire-wrap terminals offer high speed,

reliable connections. Terminals may be
wire-wrapped only, or wire-wrapped and
soldered.

0w OO -] OO QN
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AE

CORREEDS

FOR PANEL MOUNTING

all these features

1 Terminals will accommodate two indi-
vidual wire-wrapped connections, reduc-
ing the need for terminal blocks.

12 Solderless wire-wrapped connections
maintain reliable, low-resistance termi-
nations without the heat, flux and splash
of soldered connections.

]3 Reedcapsules use straight terminals,
avoiding sensitivity variations that may
result from forming or bending the ends
of the terminals.

]4 No strains or fractures of the glass
envelopes from bent terminals.

]5 Form A and Form B contact assemblies
are available in several bobbin capaci-
ties. A combination of Form A and Form
B contacts may be strapped to provide
transfer action.

]B There is no reduction in reliability of
Form B contacts. Normally-closed con-
tacts have pressure and resistance equal
to operated normally-open contacts.

]7 Biasing magnets used for Form B con-
tacts are precision-located in a molded
well within the bobbin. Accurate adjust-
ment of Form B contacts is assured.

18 Time delay is available with double-
wound coils. This can be done by prop-
erly short-circuiting one winding or by
the use of diodes. Since either ‘‘slow-
release’’ or ‘‘slow-operate’’ can be
obtained, sequence operation between
Correeds is easily accomplished.

ELECTRONIC INDUSTRIES + November 1964

Specify AE CORREEDS for your control
equipment. For application and specifica-
tion data, phone or write your nearest AE
representative. Ask for Circular 1051. Or
write the Director, Electronic Control
Equipment Sales, Automatic Electric Com-
pany, Northlake, lllinois 60164,

AUTOMATIC ELECTRIC

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS GVEIE
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A Guide To
Future Airborne

Radar Antennas

By R. E. LAWRIE and Dr. R. C. RUDDUCK

Antenna Laboratory, Dept. of E. E.
The Qhio State University
1320 Kinnear Rd., Columbus, Ohio 43212

THE NORMAL APPROACIH to designing antenna sys-
tems for airborne radar is to employ a parabolic or
shaped reflector antenna. This is protected by a
radome cover.

In view of the steady increase in aircraft perform-
ance and requirements imposed upon the radars, the
conventional approach to airborne antenna design is
limited by several factors. These factors depend, to
some extent, on the function of the radar.

* * *

For hombing and navigation systems which include
terrain avoidance, ground search and doppler velocity
sensing radars, the conventional approach is limited
by several factors:

(1) the nose cross section of the aircraft provides a
small frontal area and hence, a limited aperture size
for the antenna

(2) environmental and structural factors such as high
temperature, high-temperature gradients, thermal
shock and rain erosion, present severe problems to
radome designers

(3) highly streamlined radomes create diffraction
problemis which are difficult to overcome.

For airborne intercept systems operating against
targets such as Dballistic weapons, the sector to be

Improved aircraft performance is

accelerating the search for better antennas

for airborne radar applications.

Several classes of antennas,

such as the leaky-wave, lens, and array antennas,
may hold the solution.

The advantages and limitations of each are discussed.

searched extends to extreme elevation angles, while
the velocities attained by such targets require a radar
data interval of not more than a few seconds for
accurate target tracking. Thus, conventional airborne
radar is limited by the relatively slow scan rates ob-
tainable with scanned reflectors. Furthermore,
scanned reflector antennas require a large volume in
a situation where volume is at a premium.

Several classes of antennas which are capable, at
least in theory, of overcoming some or all of the
limitations of the reflector-radome system are leaky-
wave antennas, lens antennas and array antennas.
These three classes have some common features which
overcome the limitations of the conventional system.
All three classes of antennas may be flush or nearly
flush mounted. They radiate through a fixed aperture,
L.e., the radiated beam may be scanned or stabilized
without any motion of the antenna itself. Finally, any
radome used can be placed directly on the antenna or
constructed as an integral part of the antenna.

Leaky-Wave Antennas

Leaky-wave antennas are essentially transmission
lines from which energy fed at the beginning of the
line radiates or leaks off as it propagates along the

A geodesic lens is flush mounted in a simulated nose cone to permit tests and design studies under operating type conditions.




HORIZONTALLY
POLARIZED
FEED

Fig. 1: The inductive-grid leaky-wave antenna consists
of parallel wires supported above a metallic plate as shown.

line. A two-dimensional leaky-wave antenna may be
formed by arraying a set of linear leaky-wave struc-
tures, such as slotted rectangular waveguides, or by
using a two-dimensional waveguide structure formed
from two parallel surfaces, usually a leaky surface
supported above a conducting plate. An example is
the inductive-grid structure! shown in Fig. 1. This
consists of a grid of parallel wires supported above a
metallic plate. The spacing between the wire grid and
the metallic plate basically controls the phase velocity,
whereas the spacing between wires basically controls
the amount of leakage, although there is some inter-
dependence between the two.

The beam position § measured from the normal to
the antenna is given by

sin § = ¢/v

where v is the phase velocity. A pencil beam can be
obtained from a parallel-surface structure by using
a wide-angle sectoral horn feed or an array of wave-
guide feeds. Consequently, the beam is steered in one
principal plane by control of phase velocity and is
steered in the transverse coordinate by the feed
excitation. Control of the phase velocity may be
achieved by varying frequency. Non-frequency meth-
ods of beam steering involve control of spacing be-
tween the two surfaces of the leaky-wave structure
or control of the dielectric constant or permeability of
the medium between the two surfaces. Possible tech-
niques are mechanical or hydraulic schemes for vary-
ing spacing, or electronic schemes using ferrite, ferro-
electric or semiconductor materials.

Leaky-wave antennas are basically steered-beam
structures, although multiple beams can be formed in
one dimension by arraying a set of feeds with con-
ventional array techniques. No practical methods for
non-frequency beam-control have been developed to
our knowledge. Leaky-wave structures can be flush-
mounted and are much simpler in construction than
conventional arrays.

Lens Antennas

In circularly symmetric or Luneberg lens antennas
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Fig. 2: The geodesic lens antenna focusses
the energy by design of the lens contour.

the symmetry properties can be used to advantage
for electronic beam steering. There are two basic
types: spherical lenses and two-dimensional lenses.
Focussing in spherical lenses is achieved by variation
of the index of refraction. A spherical lens structure
is usually constructed from concentric shells; the
index variation required by the lens design is approxi-
mated by choice of the dielectric constant for each
shell.

Two-dimensional lenses are usually parallel-plate
waveguide or surface-wave structures. Focussing may
be achieved by variation of the index of refraction
as in spherical lenses, or by design of the lens contour.
The lens contour may be designed to focus energy
with a uniform index of refraction throughout the
lens. This type of lens is denoted a geodesic lens
because the ray paths follow the geodesics of the lens
surface.2 A lens antenna is shown in Fig. 2.

A lens antenna is usually fed by waveguide or horn
feeds placed at its focal radius. Since the beam posi-
tion is diametrically opposite the feed, beam steering
or multiple beams can be obtained by positions of
feeds.

Lens antennas are basically multiple-beam struc-
tures. If beam steering is desired, it must be achieved
by switching multiple beams or by feed motion. In
two-dimensional lenses beam steering transverse to
the plane of the lens rim may be achieved by a set of
stacked lenses in which each lens gives a specific beam
angle or by the technique in which the beam angle is
controlled by radial feed positioning.® Of course, any
methods suitable for controlling the phase velocity
of a leaky-wave structure would probably be useful
for beam steering transverse to the plane of the lens
rim in two-dimensional lenses.

Current limitations on dielectric materials restrict
spherical lenses to relatively low power. Spherical
lenses are not flush mountable and radomes similar
to those used for reflector antennas are required.
Two-dimensional lenses can be flush-mounted and
geodesic lenses, which employ no dielectric material,
have potentially high power handling abilities. Like
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ARBORNE ANTENNAS (Continu

ed)

Fig. 3: Diagram shows a frequency scanned linear array.
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leaky-wave antennas, the construction of lens antennas
is much simpler than array antennas,

Array Antennas

An array antenna consists of a number of separate
radiating elements properly spaced with respect to
one another. The radiation pattern of an array is ob-
tained through the combined action of all the ele-
ments. The amplitude and phase distribution over
the array aperture, and therefore the shape and the
direction of the radiated beam, are controlled by the
relative phase and amplitude of the excitation applied
to each of the radiating elements,

Array antennas are probably the most versatile
antennas available. They may be operated in one of
three possible modes. An array can be used to gen-
erate a single beam of variable shape which may be
scanned by continually varying the relative phase
of the excitation applied to each element. An array
may also be used to generate simultaneous, fixed,
multiple-beams which may be dispersed throughout a
search sector to provide instantaneous coverage of
that sector. In the third mode of operation an array
can be used to generate several simultaneous beams
which may be scanned individually or as a group.

Scanniug of an array is done by varying the rela-
tive phase difference between the elements. The two
basic methods are called frequency scanning and
phase-shift scanning. Frequency scanning is done by
feeding the elements of the array through unequal
lengths of transmission lines. Thus, as the frequency
is changed the phase shift per unit length of feed
line changes. This alters the relative phase of the ele-
ments. A frequency scanned linear array is shown in
Fig. 3. Phase-shift scanning is done by inserting
phase-shifting devices into the transmission lines
feeding the elements. Extremely fast scan rates are
attainable with electronically controlled phase shift-
ing devices. The schematic of one possible method
of implementing a phase-shift scanned, square array is
shown in Fig. 4.

The use of electronically controlled phase-shifting
devices results in an extremely complex antenna sys-
tem. For instance, a gross approximation to the num-
ber of array elements (N) required to produce a
desired beamwidth is given hy*

104

0¢

where 6 and g are the half-power beamwidths in the
principal planes of the beam, and a spacing of one-
half wavelength between elements is assumed. Thus,
a square array producing a 3° pencil beam requires
about 1100 elements. The complexity of a scanned-
beam array is apparent in the tremendous number of
phase-shifting devices required and in the circuitry,
components, and driving power needed to control the
phase shifters. At present, a phase-shift scanned ar-
ray for airborne use is not practical due to the lack
of suitable phase shifting devices. Although there are
many phase-shifting devices®® and techniques™8?

UE
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available, none can completely satisfy the require-
ments of size, weight, low driving power, and high
power handling for airborne use.

Multiple-Beam Antennas

A multiple-beam array is achieved by using vari-
ous types of coupling devices. These devices allow
the elements of an array, to be excited through sepa-
rate isolated inputs. If the phase difference between
elements is different for the different inputs, each
input will produce an independent heam pointing in
the direction associated with the particular phase dif-
ference. There are several techniques for intercon-
necting the elements in an array to generate multiple
sinntltaneous beams.!® One technique,’* attributed
to Butler, is shown in Fig. 5. This system uses hy-
brid couplers and fixed phase shifters. When the
couplers and phase shifters are properly intercon-
nected, an N-element array can form N overlapping
heams,

Each of the electronically scanned antennas solves
most or all of the typical problems encountered by
mechanically scanned reflector antennas and is gen-
erally more versatile. However, as previously noted,
the physical realization of tliese antennas for airhorne
radar presents other problems. The vast number of
components required for array antennas and their
size and weight represents a severe hardware limita-
tion. Leaky-wave and lens antennas are better in this
regard, but lack the versatility of arrays. The tech-
niques for achieving the required versatility with
these antennas will also complicate their hardware.

[lectronically scanned antennas may he used in
either single or multiple beam operation although
some types are more adaptable to a particular mode
of operation.

Ii a multiple-beam antenna is to be used in a
duplexed system a transmitter and receiver are re-
quired for cach heam. The most advantageous appli-
cation appears to be in using the multiple-beam an-
tenna as a receiving antenna while using a low gain,
broad beam transmitting antenna to cover the same
sector as the receiving beams. This system removes
the hurden of high power handling capabilities from
the array components. Thus, the array network may
he fabricated of passive, non-variable components.
These components can be made more reliable and
cheaper than the components used in scanned arrays.

Generally, only single heam antennas have been
seriously considered for airhborne radar because of
the number of receivers required for multi-beam
operation. However, the advances taking place in
microelectronics may produce extremely small and
lightweight receivers. Consequently the near equiva-
lence, in terms of the radar’s performance, hetween
single and multiple beam systems should be noted.
This near equivalence may be established if it is
assumed that the total transmitted power, the effec-
tive receiving aperture and the losses in the receiving
antenna are the same.® However, the propagation
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time of each pulse for the two-way path from antenna
to target may limit the scan rate available from a
single heam antenna. On the other hand, a multiple
beam system may be inefficient if only a small por-
tion of the total sector needs to be covered at one
time, for example, in tracking a few targets without
a search mode.

For uses in which steered-beam and multiple-heam
antennas are electrically equivalent, i.e., neither the
echo delay time nor the coverage efficiency are lim-
itations, other considerations such as those of hard-
ware dominate. The major distinction between steered
beam antennas is that many components with high
power capabilities are needed for steered beam an-
tennas, whereas multiple receivers are needed for
multiple beam antennas. Not only must the transmit-
ting components in the array proper (phase shifter,
etc.) handle high power, hut associated circuitry for
the transmitting portion, such as control circuitry
for steered-heam antennas and switches for switched
multiple-beam antennas must be capable of high
power.

The receiving portion of a steered beam array is
much simpler in hardware terms than the transmit-
ting portion. In essence the tradeoff between the
two types of systems largely involves the comparison
of high power array components against multiple
receivers. Up to the present, the state-of-the-art has
been heavily in favor of steered beam systems because
of the volume and weight of conventional receivers.
However, in view of the anticipated state-of-the-art in
microelectronic circuitry it is apparent that consid-
erable improvement will be made in receiver cir-
cuitry.
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Exclusive Bourns SILVERWELD® termination,
shown magnitied 41 times BB
.Photo by California Instituta of Technology. J
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The termination that ended the chief cause
of potentiometer failure...a typical example of

BOURNS

TOTAL VALUE

Probably ninety per cent of potentiometer failures were
once the result of fragile terminations. 1f the connection
between the end of the resistance element and the ter-
minal couldn’t take the slam and shake of & missile ride
or hold up reliably under years of use in industrial
instrumentation, the potentiometer and its dependent
functions became casualties.

With the creation of its exclusive SILVERWELD® termina-
tion in 1959, Bourns ended the fragility problem. The
new termination proved virtually indestructible. To
create it, Bourns fused a broad band of metal to many
turns of the resistanece element, and fused the external

terminals to the band. A continuouselectrical circuit from
one external terminal to the other. No solder, no riwets, no
spot welds, no tabs, no pigtails, no weak spots, no hot spots.
The bond could not be broken without the destruction
of the element itself. Used with ceramic-card elements,
SILVERWELD termination has been tested to 1000°F and
cveled from room temperature to 450°F without failure.
Problem-solving innovations of this caliber mean extra
reliability in the potentiometer—and receipt of total value
for your potentiometer dollar. When the performance
must mateh the promise, remember . . . TRIMPOT Mmeans
Bourns—Bourns means quality.

THIS IS BOURNS TOTAL VALUE / Always your best value in potentiometers

EXCLUSIVE RELIABILITY
PROGRAM

The Bourns Reliability Assurance Program
is the only one of its kind in the potenti-
ometer industry. Its primary goal is
reliability! I't frequently requalifies all
standard models to insure conformance
with published specifications. It also makes
available free test data, saving youthe time
and expense of quality verification. Con-
ducted 1n addition to quality control. it
makes Bourns potentiometers the most
thoroughly inspected and tested units
available.

SUPLERIOR QUALITY CONTROL

One-fifth of all Bourns-employees work in
quality control or reliability monitoring.
This is one of the highest personnel ratios
of QC employees and inspectorsin the elee-
tronies industry. In addrition. all standard
Bourns products undergo extensive in-
process and 1009, final inspection. These
facts help account for the company’s return
rate of only 0.29, (2 units returned of each
1000 shipped!), one of the lowest on record.

MOST ADVANCED PRODUCTS

As the pioneer in adjustment potentio-
meters, Bourns has set the standards for
an entire industry—in new products, in
product improvements, in materials, in
processes. Innovations such as the
RESISTON® carbon and pavirivm® film

TRIMPOT is a registered trademark of Bourns, Inc.

elements and the virtually indestructible
SILVERWELD® termination demonstrate
that Bourns is constantly pushing the
standards higher.

LARGEST SELECTION

Bourns offers the world’s largest selection
of potentiometers and an extensive line of
precision potentiometers, relays and micro-
components. This single-scurce capability
means less shopping around, avoidance of
costly specials.

BEST AVAILABILITY

The factory maintains a eonstant reserve
of more than 500,000 urnits. In addition,
more than sixty distributors across the
nation earry complete stocks of Bourns
adjustment potentiometers. Whatever you
need in potentiometers, yvou can depend on
Bourns for an off-the-shelf answer.

OUTSTANDING APPLICATIONS
HELP

Bourns maintains a staff of ten professional
Application Engineers whose sole job is to
give vou technieal assistance. Each of these
specialists serves a specifie geographic area.
All are extremely able and anxious to help
you cut time, corners and costs.
LONGEST EXPERIENCIE,
RELIABILITY

Bourns—originator of the trinror® lead-
screw-actuated potentiometer—has

been making adjustment potentiometers
longer than any other manufacturer.
Bourns products have the longest reliability
record, too, having performed successfully
in every major U.S. missile and space pro-
gram. And the record continues: in today’s
world-wide markets, far more adjustment
potentiometers bear the Bourns lubel than
any other.

COMPETITIVE PRICES

Depth of product line and high production
efticiency allow Bourns to meet or beat the
prices of competitors—despite its heavy
extra expenditure for product reliability.
Furthermore, Bourns “holds the line”” on
prices while continually upgrading its
produets. In those cases where a Bourns
unit is slightly more expensive, you can be
sure that the small extra cost means con-
siderable extra value. It is a firm Beurns
policy never to compromise quality for price.

BOURNS, NC., RIVERSIDE, CALIFORNIA
Manufacturing Facilities
RIVERSIDE, CALIFORNIA; AMES, IOWA
Subsidiaries
TORONTO, CANADA; ZUG, SWITZERLAND

©1964, BOURNS, tnc.

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION
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New General Electric components

) COMPACTROY:

WADE (N B.SA

New G-E compactrons and miniature tubes provide
added design flexibility for color TV sets

General Electric’s new compactron and miniature tubes now offer
expanded design capability for color television receivers, and other
electronic applications. Four new types with added functions are
available, specifically designed to meet demanding color TV needs:

6JS6A—Pentode Compactron

With improved anti-snivet control, this horizontal output amplifier
can eliminate special circuitry and voltage needs. Its space-saving,
low-cost design offers more usable output, expanded application
possibilities in all-channel color television receivers.

6BH11—Twin-triode Pentode Compactron

This new general-purpose, twin-triode pentode combination gives you
the same quality and reliability as the popular miniature type 6GHS8A
tube. Its pentode and triode characteristics are identical to the 6GHSA.

6HB6—Low-cost High-gain Pentode Minijature

Low-cost video amplifier, with special grid construction, matches the
performance of its type 6KR8 companion. This general-purpose
miniature with test-proved, high-gain performance is ideally suited
for economical color circuitry.

6KR8—High-gain Pentode Triode

This tube will deliver 27,000 ymho in practical video circuitry. It fea-
tures a high-quality, 3-strap frame grid, and general-purpose high-
gain triode. Its rugged construction and high performance make it
particularly suitable for color TV.

General Electric compactrons and miniature tubes lower design and
manufacturing costs, increase reliability and performance. Compare
for yourself the many advantages they offer. Your G-E Sales Engineer
has the details and can provide application or prototype assistance.

Circle 20 on Inquiry Card
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New G-E 7911 ceramic tube
Size and weight reduced,
Performance increased

General Electric’s new 7911 minia-
ture planar ceramic microwave tri-
ode offers advantages in size, weight
and performance over previous
types. Weight is slashed at least
75%, height reduced to only 7%’.
You get up to 3 times greater tube
gain-bandwidth product and trans-
conductance /ma. It is ideally suited
for beacons and radar altimeters,
and new broadband concepts for
DME-TACAN-IFF equipment.

A comparison of the 7911 with
two other popular types is shown
below. For specific application in-
formation, contact your G-E sales
representative, or write to TIPS
for more information.

New Standard lighthouse
Character- | miniature planar types
istic ceramic
7911 6442 7815
Gn 27,000 16,500 25,000
wmhos umhos umhos
G./ma 1,080 470 360
Tube gain-| 2,900 mc | 1,150 mc¢ | 2,000 mc
bandwidth
W 33W 57 W 6.3 W
Cath. area| 0.34 cm? | 0.32 cm?* | 0.50 ¢m?
Length Y in. 2% in. 2% in.
Max. diam.; 3 in. ¥ in. 1% in.
F 6,0004 5,000 3,000
e mcs. mcs. mcs.
@ | 3% 25% 10%
Outin. | Cioded | Grognded | Grounde
Cox 5.0 pf 5.0 pf 6.3 pf
Cop 1.5 pf 2.3 pf 2.0 pf
Cep 0.05 pf | 0.045 pf | 0.035 pf
Trox. 250 C 175 C 250 C
Solderable|  Yes No No
Weight Y4 oz. 1oz 21 oz
W, 65W | T5W 10W
Wi/ area 97 W 178 W 126 W
B 3.0 Kv 3.0 Kv 3.5 Kv
I 8.2 ajcm 110.8 a/cm | 6.6 a/cm

Circle 21 on Inquiry Card
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expand design opportunities

G.E. expands reed-switch
line: Adds high-voltage
and miniature types for
design flexibility

When your application require-
ments call for higher voltages, check
the rating of General Electric’s new
type 2VR15 reed switch.

At 5,000 volts (rms), this vacuum
reed switch opens new design pos-
sibilities. It requires only
113 (=20) ampere-turns
for operate, 55 (=10)
ampere-turns release.
Maximum carrying
current is 3 amps,
contact rating is 15
volt-amps, and
contact resist-
ance is 0.05
ohms.

ACTUAL SIZE .mif

2VRI15

When it is small size you need, new
G-E miniature reed switches,
measuring only 2 inches over-all
(glass capsule 0.78 in.), offer field-
proved reliability and performance.

The type 1DR04, with diffused
gold contacts, is ideally suited for
either inductive or resistive loads.
Full load (160 ma, 25V d-c¢) life is
estimated to 25 million operations.

Type Y1292 miniature switches,
with rhodium-plate contacts, have
higher dissipation and current rat-
ings. In life tests by one major
manufacturer at 60 milliamps, 15
vde, no failures occurred after 1.75
billion operations.

Compare for yourself the ad-
vantages and operating character-
istics of General Electric vacuum
reed switches. Some 20 different
types are available in a variety of
sizes, ratings, sensitivity and speeds,
Ask your G-E sales representative
for prototype samples, or write to
TIPS for full details.

Circle 22 on Inquiry Card
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New cadmium-selenide
photoconductive cells

You can now get increased photo-
cell performance and longer life
with General Electric’s new cadmi-
um-selenide hermetically sealed or
plastic-encapsulated photoconduc-
tive cells.

Available hermetically sealed in
157 or 34" diameters, with encapsu-
lated equivalents, these new cadmi-
um-selenide photocells are ideally
suited for applications requiring
fast response time and high sensi-
tivity. They react to longer light
wave lengths, matching incandes-
cent and some other infrared light
sources—even a small change in
light level produces high resistance
change. See table for specification
details of present designs.

Response Time
Approx. 1000 to 1 resistance change in 10 millisec.
wlth 25 fc applied in darkness

Photocelt Description

T en | BT , %"
%" : %" :
hermetic p}gls)telc hermetic c%':tsot,':_

Type YIZOEL,’C{ZSPI Type Y1332 built
Operating Voltage
250 | 250 ' 30 | 30
 volts I _ volts volts volts
Sensitivity
" dark- |, . |dark-| . dark- dark-
ness |2f ness Z_fcl ness ‘ch ness | 2f¢
2.5 5 2 2
meg- meg meg- meg-
ohms 1?-00 ohms‘log00 ohms 10590 ohms 10590
or or ( : or or :
more more| more more |
Dissipation
250 rtr;ﬁu_ {
wartts B o any
Y| 200 milli- 75 milli- 50 milli-
\Svsaq(t)srwiltl;; watts watts watts
heat sink)

See your G-E sales representative,
or write to TIPS for more informa-
tion. Samples for prototype work
are available immediately.

Circle 23 on Inquiry Card
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G-E vidicon tube offers
high performance
and light weight

General Electric’s
new type Z-7845
vidicon tube com-
bines the high reso-
Jution performance
of all-magnetic vid-
icons with com-
pact size and light
weight.

Operating on a
new electron-opti-
cal principle, Focus
Projection and
Scanning (FPS),
this new vidicon
provides a resolu-
tion of 800 TV lines
with750-volts beam
acceleration.

The new Z-7845
is especially de-
signed for applica-
tions where space
and weight are critical, such as,
TV missile guidance, star trackers
and battlefield surveillance equin-
ment.

General Specifications (Approx.)
Length (exclu. pins). . .4 in.

Diameter
Body..............1in.
Target ring. .. .. ....13% in.

Weight
Tube.............. 80 grams
Magnet. . .. .. .. ... .120 grams

Heater power. .. .. ... .3 to 5 watts

Spectral response. ... . S-18

Focusing method . . . . .. magnetic

Deflection method . . . .. electrostatic

Usable target dia.. .. . .0.84 in. max.

Progress [s Qur Most Important Froduct

GENERAL @3 ELECTRIC

For more information, write G-E
Tube Dept., Technical Information
and Product Service (TIPS), Room

| E27002, Owensboro, Kentucky. Please

specify product(s).
Circle 24 .on Inquiry Card
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Fig. 1: Shown is an oscilloscope picture of what is normally considered the tangential sensitivity of a pulse in noise.

Understanding Integrated Video Detectors

Significant improvements in mounts and crystals are leading to
wider use of crystal video detectors. This form of detection is
considered a modern approach to communication systems. The

By Dr. FRANK McDONNELL

Section Head, Solid State Lab.

and LEONARD J. KONRAD

Staff Consultant, Equip. Div.

information here will lead to a good understanding of inte- AEL, Inc.
grated video detectors and indicate the present state-of-the-art. Eéngdalz?ng?z

THE DEVELOPMENT OF SMALLER COMPONENTS and
subsystems, together with improved reliability and
operational specifications is in continually increasing
demand, particularly in the communications industry.
Integrated video detectors is the modern approach to
improving crystal video communications systems.
* * *

According to Torrey and Whitmer, “The term
video crystal commonly means a crystal rectifier that
is used as a low-level, square-law detector of micro-
wave pulses. The video output voltage of the detector

is amplified by a video amplifier. Such a receiver is
commonly called a crystal video receiver.

“The crystal video receiver was developed some-
what later than the superheterodyne receiver to meet
the need for a wide band beacon receiver that would
respoid to pulses over the range of frequencies en-
countered in interrogating transmitters. The sensi-
tivity of the crystal-video receiver is low compared
with that of a superheterodyne receiver, but this is
not prohibitive in the beacon application, since the
signal level for one-way transmission is high com-

Fig. 2: The block diagram is given of the integrated video detector for establishing an analytical sequence.

R-F VIDEO
IMPEDANCE FREQUENCY
SHORT
CIRCUIT

MATCHING
CIRCUIT
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DETECTOR R-F
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]
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pared with the level of echoes at a comparable range.
Wideband superheterodyne receivers have been de-
signed for beacon reception and have been used in
some beacon sets. However, such receivers are diffi-
cult to adjust and are not so light and compact as
crystal video receivers—considerations which are of
importance in portable beacons. The crystal video
receiver has, therefore, found extensive use.”

There are other uses in which crystal video re-
ceivers offer advantages over superheterodyne receiv-
ers, such as in countermeasures equipment and milli-
meter wave radiometry. The former takes advantage
of wide input bandwidths when the exact frequency
of the incoming signal is unknown, and the radiom-
etry application avoids the difficulty of supplying
superheterodyne millimeter local oscillator
power in remote uses such as space probes.

As airborne and space communications hecome in-
creasingly important, the use of crystal video receiv-
ers should increase. Particularly in view of the R&D
programs presently overcoming the primary dis-
advantage of this type of receiver—sensitivity.

wave

Characterization of Video Detectors

The main parts of a video detector are the crystal
diode, the diode mount, and the video amplifier. Each
of these is closely related in the operational charac-
teristics of the detector. Considering the detector to
have an r-f input port and a video output port, these
terminal characteristics define the performance of
the detector. Important operational parameters in-
clude the r-f input VSWR as a function of frequency,
the detection sensitivity, normally denoted tangential
sensitivity (T.S.), the video bandwidth, and the
video output impedance.

The measurement of the input VSWR follows ac-
cepted slotted line techniques covering typical r-f
bandwidths of 5%, octave, and up to 20:1. When
the diode mount is properly designed, taking into
account the effect of the diode impedance, and op-
timized for minimum input VSWR, typical VSWR
readings are 1.5:1 for a 5% r-f bandwidth, 6:1 for
an octave band and 15:1 for a 20:1 bandwidth.

The detector video bandwidth can be found by the
standard techniques of measuring pulse rise time or
pulse width. Typical video bandwidths cover a very
wide range, such as 0.5mc for low frequency beacons
up to 100 »mc for microwave computer circuits.

Video output impedance characteristics are ob-
tained by resistance substitution methods. The mag-
nitude of this impedance at the preamplifier output
terminal is generally a design variable depending on
the post amplifier signal processing input require-
ments and the effect on bandwidth of the output
impedance along with the coupling network.

The most ambiguous of the operational character-
istics is the detector sensitivity. To avoid a mathe-
matical discussion of sensitivity, Fig. 1 shows an
oscilloscope picture of what is normally considered

ELECTRONIC INDUSTRIES - November 1964

the tangential sensitivity of a
pulse in noise. For an analytical
discussion, see Ref. 1.

Each of the components, the
diodes, mounts and amplifiers,

STATE-OF-THE- ART
contributes to each of the ter-

! e ‘ FEATURE
minal characteristics of the in-

tegrated detector mount. For example, the intrinsic
sensitivity of the diode is the maximum achievable
detector sensitivity. But, this is degraded by the
diode mount according to the design of the imped-
ance matching network coupling the r-f energy into
the diode. Likewise, the video amplifier input net-
work degrades the sensitivity as a function of its
noise figure and impedance. To accurately under-
stand the existing inter-relationships, an equivalent
circuit analysis can be made.

ELECTRONIC

INDUSTRIES

Analysis of Integrated Video Detectors

Consider Fig. 2, a block diagram of the integrated
video detector, for establishing an analytical sequence.

Since the most important operational character-
istic of the video detector is its sensitivity, and this
sensitivity is limited by the intrinsic sensitivity of the
diode, consider this component first. The most signi-
ficant diode properties are its current-voltage charac-
teristic, given in Eq. 1 and its low frequency equiva-
lent circuit of Fig. 3.

i=A V- 1] 1
where: © = current through the diode
log current intercept in the forward direction

log current slope in the forward direction

terminal voltage

~ <R &
I

spreading resistance

The circuit of Fig. 3 consists of a nonlinear barrier
resistance K in parallel with a nonlinear barrier
capacitance Cp, both of which are in series with a
linear spreading resistance 7.

At r-f frequencies the crystal diode can be repre-
sented by an r-f resistance R,_; which includes the
nonlinear barrier resistance, a resistive term result-
ing from the spreading resistance and the shunting
effect of the barrier capacitance, assuming the reac-
tive part of the crystal impedance is tuned out.

Then, for the purpose of analysis the diagram of
Fig. 2 can be represented by Fig. 4.

The components in the circuit of Fig. 4 can be iden-
tified as follows:

R,_; = crystal r — f resistance

e,_; = instantaneous signal voltage
R, = characteristic signal source impedance
Z1 = video shorting impedance
Z, = r — f shorting impedance, including both diode
mount, and amplifier input capacitance
R; = total resistive loading at the amplifier input
R., = equivalent noise resistance of the video amplifier
A = noise free amplifier gain
When each of the circuits is performing its design
objective, the complete circuit can be broken down
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VIDEO DETECTORS (Continued)

e

Rt R“'l
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Fig. 4: For analysis, Fig. 2 can be represented by this circuit.

Ry R, I
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=

Fig. 5: The circuit in Fig. 4 can be further broken down
into aquivaient r-f and video circuits as shown here.

\

into equivalent r-f and video circuits, shown in Fig. 5,
under the assumption of low level r-f.
The new terms introduced in Fig. 5 are as follows:

E,

R,

At this point it is possible to analyze the inter-
actions involved in the integrated detector.

For maximum sensitivity, R should approach in-
finity. But, for solid state amplifiers this imposes
some difficulty. Thus the sensitivity is a function of
the relationship between Rp and Ry.

Considering the r-c circuit, to maximize e,, R,
should be large. However, since R, _; is a direct func-
tion of Rp, neglecting parasitic components, there is a
conflict in the requirements of R, between the r-f
and video circuits. Further, the larger R;, the more
difficult to design broadband impedance matching
circuits between R, and R,_; for maximum r-f power
transfer from the signal source to R,_,.

If R,_; is made large by increasing Ry, to achieve
increased sensitivity, then R becomes large and a
further restriction becomes apparent in the video
circuit, which is the bandwidth limit due to the com-
bination of R, and Z,.

The noise sources in the circuit are a major factor
in the detector sensitivity. Since the video preampli-
fier, in addition to the diode, contributes to this

RrMS value of ¢,
diode equivalent video resistance (about Rp)

44

noise, and since R; and Z, are functions of the ampli-
fier design, the amplifier will now be considered.

It is well known that the input stage of an ampli-
fier is the critical one for low-noise operation. For
stages in cascade, the overall noise factor, F, is
given as:

F,—1  Fi—1

- F
F 1+ c. + o +

where: F,, F,, Fg, *** are the noise factors of the
individual first, second, third, etc. stages G;, G,
Gs, *** individual power gains of these stages.

The equation clearly shows the importance of mak-
ing the noise factor of the first stage small and its
power gain large. A point sometimes overlooked
pursuing the goal of reducing the noise factor of the
first stage, F,, the resultant power gain, G,, can be-
come low enough so that the noise factor of the
second stage, F,, cannot be ignored.

Noise sources of the active device employed in the
input stage are dependent on such factors as the
energizing dc current, temperature, and possibly the
generator source impedance. Additionally, an opti-
mum source impedance exists for low-noise operation
of the active device.

Noise models have been developed for vacuum
tubes and junction transistors. A model for
transistors, based on an equivalent noise current
and a noise voltage generator, was developed recently
and is finding wide acceptance, since it is amenable
to measurement techniques. It is convenient because
of the analogy to vacuum tubes—to develop an equiv-
alent noise resistance at the input terminals, operat-
ing in conjunction with a noiseless amplifier. The
resultant expression then indicates the parameters
which are important for low-noise operation.

A model using a shot noise equivalent circuit for
the diode and transistor, with output shorted, is
shown in Fig. 6.

To simplify the expression sought, operation is
assumed in frequency regions where the capacitance
and noise contribution of #, can be disregarded. The
effect at the output of all the noise sources of Fig. 6
can be replaced by a noise resistance K’,. The con-
tribution of the common-emitter amplifier noise re-
sistance, R, of silicon transistors

where: ¢, = 4KTrx Af KT
Ry =
= 4KTr 4 m
g A S
18l = 2q1D Af
hfeo
—— re = —
’ibz = 2(]IbA m
a3 rx = }1.‘,0 - I'nr
it = 2ql. Af
gl I. = collector dc current
Im = K Ip = diode dc bias current.

when the video impedance (R + r) is considered fixed,® is:
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S TABLE 1

T Integrated Detector Mount
¢ Typical Sensitivities

FOR 2 MC BANDWIDTH

Fig. 6: A model using a shot noise equivalent circuit for
diode and transistor, with output shorted is iflustrated here.

Ro= 1ot 5 | In | (e Ru+ 1)
r:+7rr + Bp + 7 \?
q
1] e
¥ 2KT ‘ < Gm Tx ) @
— h/e :
Recognizing that r« = —— and Rg >» 7, R, can be maxi-
gm

mized as a function of /. to give:

Ra (min) = 1, <1 + 1_> + Ry <71— + 1_> 3)
V hre e V hre

LY @
q (= + Rg)

Egs. 3 and 4 are the final expressions we wish to
discuss. First, I, and R, (min.) show a dependence
on the video impedance of the diode. This is an
important contrast to a vacuum tube, whose input
equivalent noise resistance is independent of the
source resistance. Second, since it is a characteristic
of a detector diode that as its video impedance is
increased the result is improved sensitivity. This
requires lower-current operation of the transistor.
As the video impedance increases, temperature sta-
bility should be given more serious consideration,
that is when the operating current beconies compara-
ble to base leakage current. The important point is
that as diode technology produces more sensitive
diodes, a corresponding improvement of transistor
technology for low-noise amplification is required. In
brief, Eqs. .3 and 4 point up the requirements of a
good low-noise transistor.

(a) High fr

(b) Small r,

(¢) High dc current gain, hpg = I1./1g

when:

'3

(d) High ac current gain, h;. = 7./4

The optimum noise performance of a good low
noise transistor, such as a 2N930, is roughly com-
parable to that of a vacuum tube. As an example, if
Rp is 4,000 ohms, r, is 100 ohms, and hgp and /iy,
are 100, then [, is about 60 pa, and R, ts 550 ohms.
This value of R, is comparable to a high performance
tube.

It was the intent of the above analysis to show the
more important parameters for low-noise operation
in crystal-video. It had been assumed that hpg, K.,

ELECTRONIC INDUSTRIES + November 1964

Freq. Band Tangential
(Ge) Sensitivity (db)
.51 —60 to —62
1-2 —59 to —gz)
2-4 —58 to —
5 4-8 —58 to —60
8-12 —58 to —60

and r, are independent of the emitter current, I,,
which, of course, is not quite correct. But they are
relatively slow functions and so there is a good deal
of validity in the calculations, particularly in view of
the spread encountered in transistors of the same
type. A more accurate prediction of the mean square
noise voltage of the transistor can be obtained by
[+ Rs + 12, 1]

plane. This would be very similar in form to noise
figure contours.

Where large video bandwidths are a considera-
tion, such as in crystal video, the input coupling cir-
cuit can eventually become the limiting factor. When
video impedances are around 5 or 10K ohms, the r-f
hy-pass, detector mount, and amplifier capacitances
need to be minimized by means of special design
methods to extend the input circuit video bandwidth.
The low current operation of a transistor input stage
yields low noise, but it also contributes to bandwidth
degradation. The reduction of such characteristics
as ac and dc current gains stresses the importance of
measuring these characteristics carefully at low cur-
rents during the design phase.

For crystal video detection systems, and in general
for any system, the trade-offs should be very care-
fully considered due to the wide variety of receiver
designer’s criteria. Such criteria are r-f and video
bandwidth, signal-to-noise ratios, input-output im-
pedances, power handling, linearity, size, weight and
power needs. A critical step is finding those specifi-
cations which are important and those which can be
relaxed without performance degradation.

(Continited on page 48)

plotting R, contours in the

MICROWAVE COMPONENTS

Microwave components for 1963 brought in a
total of about $73.1 million in factory sales.

Major product categories:

Ferrite parts, semiconductor

and solid-state duplexer
assemblies: $21.915 million
Non-ferrite, non-semiconduc-

tor components: $51.174 million
(Source: ElA)

(Another source predicts that microwave com-
;l)onent sales may reach as much as $90 million by
967.)
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Day in, day out, there’s a Honeywell meter to do the job

Meet the Honeywell line. Quality meters. In every shape and size imaginable. Big meters.
Miniature meters. Edgewise meters. Contemporary-styled, medallion-shaped meters (Medalist).
New square-shaped meters with uncluttered dial faces for easy readout. Ruggedized meters
that shrug off vibration, are impervious to moisture, dust, fumes. You can get quick, off-the-
shelf delivery of any standard Honeywell meter by ordering direct from your Honeywell dis-
tributor. For the name of the distributor nearest you (or a copy of our latest catalog) write:
Honeywell, Precision Meter Division, Manchester, N. H. 03105. In Canada, Toronto 17, Ontario.

Honeywell
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Taday’s sensitive electronic equipment, in
most instances, cannot tolerate hum and
neise resulting from pickup and interac-
tion between conductors in cableand wire.
In an effort to assist electronic engineers
to meetthese requirements, Belden Manu-
facturing Company, in 1957, introduced
Beldfoil, a cable with total shielding. Frank
Timmans, Chief EngineeroftheElectronics
Divisian at Belden's Richmond, Indiana
plant answers a number of frequently
asked questions on Beldfoil.

Q How does a Beldfoil shielded cable differ
from other types of cable?

A Beldfoil cable is shielded with a lami-
nated material ... a sheet that is a combi-
nation of Mylar{ and aluminum foil, The
result is a high dielectric insulation that
gives total shielding ... 100% isolation be-
tween adjacent pairs.

Q Are Beldfoil shield cables smaller than
ather types of cables?

A Yes. Beldfoil shielding reduces the di-
ameter of some multiconductor cables by
a&s much as 66%4%.

The two cables shown above have the
same number of twisted pairs with identi-
cal AWG. The smaller of the two is the
Beldfoil shielded cable. Beldfoil helps elec-

ELECTRONIC INDUSTRIES -
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tronic engineers design for miniaturization.
It provides extra conduit, raceway, con-
sole, and rack space.

Q What about flexing ?

A\ Because Beldfoil shielding is applied
spirally (as shown below) instead of lon-
gitudimally, it will flex repeatedly and
maintain 100% shield coverage.

Q What is meant by “pressure points” in
a cable with braid-shields ?

A Braid-shields present a very irregular
surface to the insulations under, or beside
the shield. Pressures, withinthe cable, and
as a result of crushing forces upen the
cable, cause the braid to be forced into
insulation at these pressure points. These
conditions may be a cause of early cable
failure. Beldfoil shields are smooth and do
not contain these pressure points.

Q What about terminating Beldfoil shielded
cables?

A Every Beldfoil shield features a drain-
wire that contacts the aluminum porticn of
the shield along the fulllength of the cable,
draining any accumulated static charges
from the shield, This drainwire is a con-
venient ground wire with sufficientcircular-
mil-area so that it may be used as a con-
ductor for relay and annunciator circuits.

reduces hum—noise

By Frank Timmons, Chief Engireer, Electronics Division, Belden Manufacturing Company

Q What are some of the applications of
Beldfoil ?

ABeIdfoil is effective over the entire
audio and RF range (even to 1000 Mc).
Typical applications include instrumenta-
tion, data processing, and telemetering
equipment, as well as any information
measurement circuits. Recent specific ap-
plications have been for TV audio circuits,
Air Force communications systems, TV
receivers, radios, phonographs, aircraft
communications equipment, and mobile
communications equipment.

Q How would you summarize some of the
important benefits and properties of Beldfoil ?

A Beldfoil eliminates dirty (wide-band)
noise, and the problems of crosstalk. [t
saves space, it's easy to install, it is easy
toterminate,andithaslonglife. And users
report that it reduces end costs because
of minimurm maintenance or repair required
of installations after they are in the field.

Q 1 assume descriptive literature is available
on request,

AYes. Requests should be directed to
Belden Manufacturing Company, P.O. Box
5070-A, Chicago, lllinois 60680.

Better Built...Better Buy...

Belden

8.10-4

WIREMAKER FOR INDUSTRY
SINCE 1902 —~ CHICAGO

*Belden Trademark Reg. U.S. Pat. Off. T duPont Trademark
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VIDEO DETECTORS (Concluded)

To meet the needs of different communications
equipment, a detector is often designed to specific
requirements. However, in every case the detector is
custom-matched to the diode being used, to ensure
the maximum in sensitivity, as well as other speci-
fications.

For those systems in which a standard integrated
mount may be used, detectors designed to give high
sensitivity in octave bands from 500 »mc up to 12 cc
have been realized. The sensitivities which can be
achieved in these mounts, with a 2 Mc video band-
width are given in Table 1. A typical integrated
detector mount, designed for X-band use is shown
in Fig. 7. To show the possible trade-off of sensitiv-
ity with size, Iig. 8 shows a miniature mount de-
signed for X-band, compared with a standard car-
tridge type diode.

To estimate sensitivity for other bandwidths, the

Fig. 7: A typical integrated detector mount for X-band use.

approximate relationship can be used that for a 4:1
change in video bandwidth the change in sensitivity
is 3 db. Where operation is desired in less than
octave bandwidth, additional sensitivity is realized
because the r-f input can be impedance matched more
easily. A natural extension of the integrated video
detector is the physical integration of a detector and
band-pass filter. Operation of an integrated filter
and mount has been obtained up to 25% bandwidths.

The video-preamplifier used with the diode de-
tector mount constitutes an area of design where
bandwidth, overall sensitivity, and temperature sta-
bility must be carefully considered. Operation over a
wide temperature range, such as in military equip-
ment, necessitate stiffer biasing in the amplifier with
a consequent slight decrease in sensitivity. Large
video bandwidth requirements can result in some
trade-off with sensitivity because of the inability of
the input stage to maintain high current gains at low
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current operation. Also, where pulse droop is un-
important in subsequent video processing, the low-
frequency cut-off can be made higher to avoid the
flicker noise region. This permits a further increase
in overall sensitivity and improvement in amplifier
recovery time under signal overload.

Summary

Low-noise video preamplifiers have been built
which exhibit a 20 mc bandwidth and 17 db gain,
when working with a high sensitivity diode, such as
an AEL-12, which has a nominal 5,000 ohms video
impedance at 5 pa. bias. Such large bandwidths can
be obtained by integrating the detector mount and
preamplifier into a single unit. The integration of the
diode and amplifier allows optimum overall sensitiv-
ity with large bandwidths. Another advantage is
that the low-impedance output, typically 10 to 20
ohms, allows a long-coaxial cable to be run to a
post-video amplifier for maximum physical flexibility
without bandwidth deterioration.

Fig. 8: Miniature integrated mount compared to standard diode.

In the light of present state-of-the-art of crystal
detectors, a re-evaluation of existing systems for im-
proved performance is now practical. Further, when
new crystal video systems are being designed, in-
tegrated detectors can provide the ultimate in system
performance.
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CLAREED sealed-contact reed relays

inherent reliability « long life « switching speeds in ms range
power handling capability to 15 va « package design flexibility

Clareed switches, designed and produced to a rigid set of standards, are the basic

elements of Clareed Relays. The relay coils, mechanical assembly and enclosures

are manufactured to the same strict specifications.

These carefully controlled procedures, combined with proven packaging techniques

and application know-how, provide the unequalled relay quality you expect...and
n] ; get...when you specify Clareed Relays.

..for wired assemblies —

~% type CRA-CRB Cylindrical steel enclosures with plug-in
Gt |\ or solder-hook terminals provide up to 12 Form A, up to 6
Form B, 1 or 2 Form C, or 1 through 6 Transfer Contacts.

T |
for printed circuits —

type CRT Open construction molded bobbins provide
————— = up to 12 Form A, up to 6 Form B, up to 4 Form C,
or 3 Form A, 6 Form B contacts. Fixed terminals
are an integrated part of the bobbin.
type CBM Metal-enclosed modules provide up to 3
Form A, 2 Form B, or 1 Form A, 1 Form B
contact arrangements.

o OS. g 0 Clareed relays may be combined on printed circuit
p“nted circuit board boards (supplied by Clare or the customer) to provide
assemblies a wide variety of multiple circuits. Other components may
be incorporated when desired.

: Electrical Characteristics of CLAREED relays

Contact Rating: ......................... 15 va max, (1 amp max, 250v max)

Contact Resistance: .................... 50 milliohms max before life

Range of Coil Resistance Available: ....2.5-35,500 ohms

Nominal Operate Time: ................. 0.7-6.5 ms, depending upon assembly

Nominal Operating Voltage: ............ up to 220 vdc

Minimum Life Expectancy: ..... e 0.50 amp, 28 vdc resistive: 20 x 108 operations

0.25 amp, 28 vdc resistive: 100 x 10¢ operations
Low Level Minimum Life Expectancy: ,..1 uxa, 1 mv: 100 x 108 operations

CLAREED control modules

for counting, selection and logic functions

e me—— Clareed Control Modules,
! == rim e assemblies specifically
=7 = 2| designed for counting,
= = % g g ‘_; selection and logic functions
— _-°=-_-' within a control system,
— — .
I w “ﬁ are completely compatible

ﬁ!"—'!!'!;w with modern electronic

system techniques.

Use the Reader Service Card! Complete data, circle 106. Concise story, circle 107.

CLARE c.P.CLARE&CO., GROUP11D9,3101 PRATT BLVD., CHICAGO, ILLINOIS 60645

relays and related control components



Armco Steels /for electronic and electrical apparatus

100,000
o S EEEEY 0 10 D A2
o BT CORE LOSS
Sl ARMCO ORIENTED T
20,000 : 6 Mils Thick
|2sisise | Tests Made on Epstein Somples
10,000 S Annealed af 1325 F After Shearing

Flux Parallel to Rolling Direction

7.000

Assumed Density 7.65 grams per cu ¢cm

Curve No. 6824

1,000

Induction—Gausses

1 &l ! 'IEN < i Lo 1 1.1
00002 00004 00007 0002 0004 0007 o0z 004 007 02
.00001 .0001 .001 .01

Core Loss—Watts per Pound

Reduce size and weight of cores for 400 cps and
higher-frequency units with Armco Thin Electrical Steels

New edition of 56-page design manual, Armco Thin Electrical Steels,
incorporates latest data including curves on 6-mil Oriented T.

Armco Thin Electrical Steels provide core material that enables you to design
equipment with lower core loss—smaller and lighter cores—and savings incopper.

These special Armco Steels produced in non-oriented, oriented and super-
oriented grades, plus the extensive design data available from Armco, make it
possible to produce components that most precisely meet requirements at least
cost.

Use the valuable magnetic and physical properties of the Armco Thin Elec-
trical Steels for magnetic amplifiers, pulse gererators, radio and television trans-
formers and other equipment that operates at 400 cps or higher frequencies.

Write us for your copy of this valuable new design manual. Armco Steel Cor-
poration, Steel Division, Dept. A-1394, P. 0. Box 600, Middietown, Ohic 45042,

L
ARMCO

ARMCO STEEL

ELECTRONIC INDUSTRIES - November 1964
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SYLVANIA T0-51

Thisiswhy . . . . ..

Sylvania’s unique ‘‘double H'" epitaxial

structure is the key to the outstanding
performance summarized here. This
large-area, low-capacitance design is ex-
tremely efficient in current handling —
hence the unusually flat beta, high even
in the higher-current region. Leakage
currents are very low, and speed is ex-
cellent, too. Tested in 2N1132Bcircuitry,
the new Sylvania 2N3081 exhibits typi-
cal Ty, of 10 ns, Tyt 0f 15 ns, compared
to 2N1132B maximum limits of 45 ns
and 35 ns. Extremely tight manufactur-
ing controls, plus far advanced epifaxial,
planar and photolithographic tech-
niques, are Sylvania strong points that
make this design—and performance —
possible.

2N3081, 2N1132 family
and 2N1131 family available

The prime unit described is Sylvania’s
2N3081, a vastly superior core driver.

CO-PLANAR PACKAGE

ACTUAL SIZE

%k Kovar-Hard Glass Matched Seal

%k Reliable, Welded Closure

W

From Sylvania you can also obtain the
2N1132 and 2N1132A and 2N11328B,
plus the 2N1131 and 2N1131A. We can
also make special units with higher
speeds or higher voltages. And you have
a choice of packages: TO-51 co-planar,
and TO-5 with collector connected to
case.

2N2904 through 2N2907 ‘‘single H"
families also available

Sylvania’'s ‘“‘double H'' types represent
high current core drive additions to the
line, supplementing the medium current
“*single H'" types, 2N2904 through
2N2907. The 2N2904 and 2N2905 are
available in TO-5, while the 2N2906 and
2N2907 are supplied inTO-18 packages.

For complete information, see your
Sylvania sales engineer or write to Semi-
conductor Division, Sylvania Electric
Products Inc., Woburn, Mass. 01801.

|
b

% Only .060” High, .150” Dia.

%k Various Lead Configurations

ALSO IN
T0-5




- High beta out to 500 mA

DC CURIENT GAIN vs COLLECTOR CURRENT AT Ve =-10 VOLTS, T=25°C
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By WILLIAM J. ATKINS,

Project Engineer,

Sylvania Electronic Systems,
Western Operation,

P. 0. Box 188,

Mountain View, Calif. 94042

The average engineer regards any cost estimating task as an ex-
tremely distasteful one. His attitude is that estimating is an unim-
portant chore. This is far from the truth, especially now since more
and more contracts are being awarded on a “Fixed Price' basis.

This article presents useable information to aid the engineer in
this task. The method described should make the task less painful.

An Engineering Approach to Cost Estimating

INTENSE COMPETITION FOR DEFENSE CONTRACTS, to-
gether with the trend toward fixed price contracts,
has made accurate cost estimates a necessity. More
than ever hefore the engineer must assume an im-
portant role in the preparation of cost estimates.

This article shows how engineering problem solv-
ing methods can be applied to the problem of prepar-
ing cost estimates.

ok %

“Iixed Price Contract” used to be a term applied
to production or to component manufacturers, not
to R&D. Today, the Department of Defense (among
others) is awarding more and more contracts on a
fixed price basis for efforts previously considered
as “Cost Plus.” FEngineering is one of the areas
which is becoming fixed price. If used wisely, a fixed
price contract can be an advantage to a contractor
since the higher risk justifies higher profit. The ob-
ject of management, then, should be to minimize the
risk while maintaining the higher profit. One phase
of decreasing the risk is to insure that cost estimates
are complete and accurate.

An Engineering Problem

What does this mean to the engineer? For one

Fig. 1: Estimating engineering efforts is not an easy job.

thing, it means that he will be contributing more and
more to cost estimating efforts. Not only will he
have to estimate engineering time, but he will be
called on to provide guidance for the bids of produc-
tion and support activities. The average engineer
regards activities of this type as a task to be avoided
or done with minimum effort so that he can get on
with design work. His attitude has likely been that
estimating is an unimportant chore. “What if the
bid is off by a factor of 50%; we can always get
more money where that came from, can’t we?’ This
attitude was never defensible, but with a fixed price
contract it can be disastrous for the company. Obvi-
ously too many disasters of this type can jeopardize
an individual’s job.

Accurate estimating and bidding is a necessity
of modern business. If a contractor bids too high, he
can price himself out of competition. Too low a bid
can be just as bad, since it can reduce or eliminate
profit.

The engineer is trained to use the scientific ap-
proach to problem solving from the very beginning
of his education. It becomes second nature to him
to define the problem, break it down into its small-
est integral parts, find the knowns and then proceed
to logically solve the problem. If estimating costs is
regarded as another engineering problem, half the
battle is won. No one is expected to gaze into a
crystal ball and arrive at a cost figure for doing a
job. What is expected is that the engineer will
analyze the problem logically and then, based on his
knowledge and experience, give his best estimate
of the effort needed to accomplish the task.

Estimating engincering efforts is not an easy job
at best. This discussion offers no substitute for ex-
perience and hard work. But, it is hoped that it will
give the engineer an approach or method that will
assist in making the task less painful.

An Engineering Approach

In the engineering approach to problem solving,
the first step is to define the problem. In estimating
an engineering task, the same procedure is used. As
a first step, satisfy these questions:
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(1) Exactly what is needed?

(2) Who is going to do it?

(3) When must it be done?

The answers to these questions are found in many
places and need initiative to dig them out. Some pos-
sible sources are: A statement of work, the technical
proposal, a bidders briefing meecting, and the con-
tract administrator.

We are now getting to the heart of the problem.
With the above information at hand, get down to
specifics. What is the equipment to be designed? Is
it an adaptation of something already built? Or, is
it something which is new and different? Analyze
the information available. Start with a block diagram
of the system and break it down into its separate
entities. As an example, assume
that the equipment cost to be es-
timated is the power supply
drawer of a system. Referring to
Fig. 2, it is found that:

(1) The input power shall be
400 crs, 115 vac, 3 phase.

(2) The outputs must be 6.3,
10, 28 and 350 vdc, all regulated
to within ==5%, with 5% ripple
allowable.

Based on the technical pro-
posal, past experience and/or
other dictates, arrive at the break-
down shown in Iig. 3. This is
now the basis for the estimate.
Keep it in the files for reference.

For the present, forget about
the overall system and concen-
trate on the blocks, one at a time.
How about that high voltage
transformer? Does one now exist
of a similar design or must a
vendor search be conducted? Or,
will it be a special transformer,
for which specs miust be written?
This will take time, but how
much? Mark down an estimate,
and go on to the next block. Do

ELECTRONIC INDUSTRIES +« November 1964

Fig. 2: This excerpt taken from the engineer’s notebook illustrates
the first step in preparing to estimate engineering -effort.

Fig. 3: Breakdown of power supply portion for estimating purposes.
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the same type of analysis on the high voltage rec-
tifier. Has a similar circuit been used before that can
be adapted for this job? Again, write down the best
estimate of the design time and go on to the next.
Continue this process until each block has been con-
sidered. Again, keep this information, Ifig. 4.

The estimate is now in a form to “spread” the
design time by manhours, manweeks, or manmonths,
as needed. Total design effort is found by adding
up the blocks. Taking the schedule and available man-
power into consideration, this total time is spread

Fig. 4: Excerpt from engineer’s notebook shows method of considering each block
as an entity. This information is kept on file as justification for the estimate.
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You're looking
at an important
scientific first!

Sel-Rex Lectroless AU

The first commercially practical electroless gold process.
Produces a gold plate .001” thick or greater by chemical deposition.

Lectroless® AU is the first commercially practical electroless gold process. It deposits 99.9%
pure gold to a thickness of 1 mil (.001”) or more. It is ideal for discontinuous printed circuits, strip-
line waveguides, micro-connectors, etc. Lectroless AU is also excellent for plating parts with deep
recesses or narrow cavities. It should be considered for any application where it is advantageous
to plate without electrical connections.

Lectroless® AU is extremely stable and long lasting. It is simple to operate and maintain, and
meets all six classes of MIL-G-45204, Type |.

Find out more about this revolutionary plating process. Write, describing your application, to;
SEL-REX Corporation, Dept. EI-11,  Nutley, New Jersey 07110
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the effort for each portion. Again :
spread total hours over the de-
sired time span.

Material Needs

Besides manhours, components will he needed to
build the models. Check all of the work statements
carefully to determine if there are any ground rules
for the type of components which must be used. Re-
member that the engineer is the only one who knows
what parts are needed. Estimate the time needed to
list them, answer questions from Purchasing and
insure that they will arrive when needed.

In estimating the material needs, go back to the
basic block diagram and visualize what will be needed
in cach block. The exact parts count will probably
not be known, nor will the exact type of component
needed. But, the engineer knows more about that
block than anyone else. He should go through each
block and list his concept of the parts.

Usually the engineer will only be required to esti-
mate the type and quantity of parts. Most companies
will have experienced estimators who can supply the
prices. If so, make their work casier by giving them
all the information possible. Also, remember to plan
on spares.

Other Considerations

When the estimate is this far along, the hardest
part of the job is completed. But don’t let down with
an “engineering approach” yet. Many things are
expected of an engineer. These are sonictimes minor,
but time consuming details that should be considered
part of the job and estimated. Some of these details
to consider are:

(1) Travel—for conferences with customer, sub-
contractors, the field, etc.

(2) Meetings—technical and status reviews with
the customer and your own management.

(3) Reports—enginecring reports, status reports,
quarterly reports, final reports, both internal and for
the customer.

(4) Coordination with other internal activities,
not directly involved in the design. This would in-
clude handbook writers, spares people, spec writers,
factory engineers and others.

(5) Design Reviews—both customer and internal.
These take time for preparation.

ELECTRONIC INDUSTRIES <+ November 1964
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Fig. 5: This cost estimate spread sheet shows total effort broken down_ b; month.

When submitting a cost estimate, it is usually de-
sirable for the engineer to include his own statement
of work. This should tell exactly what he proposes
to do, and what assumptions he has made. This
serves several purposes. First, it enables a person
reviewing the estimate to know exactly what effort
has been hid. It will prevent duplication. Second, it
protects the individual in that any effort not included
in the bid is “out of scope” and should not he ex-
pected of him without additional funds. Last, it af-
fords the engineer a chance to review exactly what
he planned to do when asked to do the job which
e hid.

An engineering estimate should be as realistic as
possible. A middle of the road approach should be
observed. Estimates should not be overly pessimistic,
nor should they he overly optimistic. If management
feels that they need a cushion for protection, they
will add it overall. Conversely, if they want to gamble
in order to cut costs to insure winning the contract,
they are in a better position to do it.

Think ahead to the next project while still work-
ing on the present one. Observe how long it takes
to perform certain functions. How long did it take
the technician to wire that chassis? How long did it
take to design that amplifier circuit? How long to
test it? By building up experience, each bid should
be easier to estimate than the last.

If possible, when the engineer gets to work on the
jo which he estimated, he should compare actual
costs to estimated. Where were they high? And
where were they low? Why? Were any factors for-
gotten?

Each company has its own organizations, pro-
cedures, and forms for cost estimating. But, there
is one common denominator throughout the indus-
try. That is that the individual must provide his
evaluation of what it takes to do the job. For en-
gineering tasks, it falls upon the engineer. If it is
regarded as a part of the engineer’s duties and given
the same approach as a design problem, everyone
henefits. Bear in mind than an engineering approach
is applicable to all sorts of problems, and perhaps
the next time an estimate is needed it won’t appear
to be quite so imposing a task.
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EVERY SCOPE EXCEPT FAIRCHILD HAS NOW DEPRECIATED A BIT

New all solid state dual trace plug-in gives Fairchild scopes
100 mc bandwidth and 10 mv/cm sensitivity.

Fairchild has just extended the capabilities of Series 765 oscilloscopes to new ground. Now these
scopes — alone — meet the higher bandwidth and sensitivity demands of so many present-day appli-
cations. Every Series 765 scope, old or new, becomes an even more versatile instrument than ever.
And all solid state design affords size, weight and reliability advantages no tube scope can match.
Another first from Fairchild...a solid state scope that fully outperforms tube scopes in all specifications.
A new dual trace plug-in—Type 79-02A—provides full 100 mc bandwidth with sensitivity of 10 mv/
cm. This combination of bandwidth and sensitivity is unique; no other direct-reading scope available
today can approach it.

If the gap is widening between your oscillo- See it demonstrated in your plant. A
scopes and your measurement needs, you are limited number of Type 79-02A plug-ins
losing money. Update scope equipment today —have been allocated to Fairchild field
with the most advanced. most versatile ip- engineers for in-plant demonstrations.
strument you can buy—the fully transistorized T1one OF write toarrange for a showing

Y . T . to your staff. Your request will be tele-
Fairchild 765 Series with its choice of 20 graphed to the Fairchild field engineer

plug-ins—now including the Type 79-024  in your area, and he will call you to set
dual trace, 100 mc unit. a date.
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BEFORE YOU BUY ANY
HIGH FREQUENCY SCOPE
KNOW HOW FAIRCHILD
CANHELP WITH YOUR
TEST AND MEASUREMENT
PROBLEMS

Fairchild's new Type 79-02A dual trace 100 mc
plug-in for Series 765 oscilloscopes meets a
need for higher speed and sensitivity in com-
puter, radar and communications work, or for
solid-state investigations. The Series 765 with
its other available plug-ins is not only the most
versatile of present-day scopes; its capabilities
can always be updated because all functional cir-
cuitry is in the plug-ins—the main frame serves
only as a power supply and indicator. While the
Series 765 is in every sense a quality laboratory
instrument, its transistorized circuitry, rugged
construction, light weight and complete relia-
bility make it preferred for use in the field,

i

i

o

&
=

b
N

o
o

e

Compare these features of the Type 79-02A plug-in with the capabilities of any wide band dual trace scope.

BANDWIDTH

Direct coupled: 0.1V/cm DC to 100 mc down 3 db; 0.01 V/cm
DC to 90 mc down 3 db. Capacitively coupled: Down 3 db at
16 cycles. Rise time: 3.5 nanoseconds.

SENSITIVITY

Calibrated Operation Provided by frequency-compensated at-
tenuator in 8 steps of 1, 2 and 5 sequence from 10 mv/cm to

20 v/cm when Variable Gain Control is set to CAL. Attenu-
ator accuracy is 3%.

Uncalibrated Operation Continuously variable from 10 mv/
division to 50 v/division. Variable Gain Control permits 2%
to 1 continuous sensitivity adjustments between VOLTS/DIV
steps, extends the 20 v/div. range to 50 v/div.

Cascaded Amplifier Operation 1 mv/cm down 3 db at 50 mc.

Output Range Full 6 cm of vertical output scan. Overshoot and
preswing each less than 3% at 4 cm scan.

INPUT DATA

Input Coupling Channel 1 has 4-position lever switch for AC,
DC, Off, and Channel 2 cascaded input.

Channel 2 has 3-position lever switch for AC, DC and Off.
Polarity Inversion Provided in both channels.
Input Impedance 1 megohm shunted by 14 pf.

CALIBRATION
Attenuator includes CAL position which applies line-frequency
square wave signal directly to input amplifier. Calibration is

Let the Fairchild field engineer show you how you can update your
precision instruments with new generation Fairchild scopes. Call
your local Fairchild field engineer for a demonstration in your fab-
oratory or ask him for application assistance and detailed specifica-
tions. Write Fairchild Scientific Instrument Dept., 750 Bloomfield

Ave., Clifton, N. J.
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accomplished with 4 divisions of vertical deflection.

OPERATING MODES

5-position switch enables selection of following displays:
(1) Channel 1 only; (2) Channel 2 only; (3) Channels 1 and 2
switched alternately; (4) Channels 1 and 2 in chopped opera-
tion. Two chopping rates ara provided, selected by internal
slide switch. Chopping rates are 100 Kc and 1 Mc. Switching
transients on CRT are automatically blanked; (5) Channel 1
plus Channel 2. Use of palarity inversion switches give
Channel 1 minus Channel 2 or Channel 2 minus Channel 1
presentation.

SIGNAL DELAY

230-nsec balanced distributed bifilar helical defay line is suffi-
cient to view base line and leading edge of the signal trigger-
ing the time base.

INTERNAL TRIGGER SELECTION
Two-position switch provides trigger take-off after the switch
stage (Ch. 1 and Ch. 2} or take-off from Channel 2 only.

CASCADED AMPLIFIER OPERATION

An internal connection from Channel 2 OUT connector to
Channel 1 input connector can provide series connection of
Channel 1 and Channel 2 amplifier. Channel 2 OUT BNC pro-
vides output of 0.5v.

ENVIRONMENTAL SPECIFICATIONS (OPERATING)
0°C to 50°C; 30 g shock; 2 g vibration from 10 to 55 cps;
altitude to 15,000 ft.

e e
FAIRCHILD

DU MONT LABORATORIES
SCIENTIFIC INSTRUMENT DEPARTMENT

Circle 31 on Inquiry Card 57



bulletin

MAGNETICS inc.

o

New...Improved Line of High Purity Ferrite Pot Cores!

Research at Magnetics Inc. has paid off with the
most complete line of high purity ferrite pot cores
available in this country. New permeabilities and
new production methods give the design engineer
the very finest selection of cores for use in 1 KC to
2 MC frequency ranges.

Select from 173 Different Cores!

Design engineers can choose from all International Elec-
trotechnical Commission sizes, plus six additional sizes
—some never before available from domestic sources.
Core permeabilities: 650, 900, 1300 and 2000. This chart
shows typical relative loss factor characteristics.

Lo —

FREQUENGY (KC)

New Permeability Fills Big Gap!

Our new 900 permeability core steps into the no-man’s
land between the 650 and 1300 cores. Now you can pin-
point your requirements. The new 900 also gives you the
best combination of high Q and minimum change in
inductance over time in 200 to 500 KC frequencies.

58 Circle 32 on Inquiry Card

All Magnetics Inc. ferrite pot cores are guaranteed
for linear permeability over a wide temperature
range (—55°C to +70°C), high Q and minimum
change in inductance over time.

Check our innovations in ferrite pot cores, then
write for complete information.

New Snap-on Hardware Cuts Assembly Time!

Here’s a real assembly department time-saver. We're
supplying a one-piece spring steel housing that quickly
snaps into place and firmly holds the core on chassis or
printed circuit boards. You can even remove the core
without disturbing the clamp after it is in position.

New Catalog Gives You the Scoop!

Write Dept. EI-3 Magnetics Inc., Butler, Pennsyl-
vania, for Catalog FPC-104. Technical data enables you
to evaluate this new line of high purity ferrite pot cores
and compare it with others.
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Type 900-BT
Precislon Coaxial Connector
$35 in U.8.A.

o
Eg e
e SPECIFICATION
\
gﬁ 1.006 5
-z hT (""\
Zz
%8 1004 "] < —
° = “AVERAGE OF 500
1.002 —_ PRODUCTION CONNECTORS ——|
1000 A
0 2 3 4 5 € 7 8 9

FREQUENCY - Ge¢

the Precision Coaxial Connector that. ..

Meets the Requirements ot the
Proposed New IEEE Standard
Meets or exceeds all specifications of the new standard
for the 14-mm (9 l6-inch) connector, developed by the
Subcommittee on Precision Coaxial Connectors of the
Technical Committee on Electrical and High-Frequency
[nstruments.

Has Been Fully Evaluated:
Scores of GR900 production units (NOT prototypes) have
been evaluated by independent laboratories as required by
the Precision Connector Subcommittee.

Is Available Off-The-Sheltf:
Large production quantities available on short notice.
Thousands already in use.

Is Already Built Into A Line of
Adaptors, Standards, and Instruments:
Low VSWR adaptors to other popular connectors (N,
BNC, TNC, GR874), a precision slotted line incorporating

Newest Members of the GR900 **Family"’

this connector, terminations, VSWR recording system, air-
line standards and other components — all in production.

Has Guaranteed Repeatability:

VSWR consistency is better than 0.05%, as connection is
broken and remade.

Has Contact Resistance of 0.5 milliohm

or Less

The GR900 Precision Coaxial Connector meets the needs
and specifications of the most demanding requirements in
the coaxial-microwave band (dc to 9Gc). Its VSWR is so
low that it approaches electrical “invisibility”. Any two
connectors mate, positively index and lock, and form a
precisely defined electrical reference plane. Characteristic
impedance is 50 ohms = 0.1%. RF leakage is better than
130 db below signal level. 1007, inspection assures you of
specified electrical performance and mechanical stability.

Reference Beadless Air Lines — Standards For Coaxial Lines:

Now you can calibrate coaxial unknowns in VSWR and Impedance to Hundredths-of-One-
Percent. Electrical length is accurate to +0.002 cm, VSWR is less than 1.0005 + 0.0002 X fac/s-
These standards also permit high-precision dielectric measurements.

Six sizes avaiable from 5 to 30 cm. Prices from $60. fo $85.

GENERAL RADIO COMPANY

IN CANADA: Toronto 247-2171, Montreal {Mt. Royal} 737-3673
IN EUROPE: Zurich, Switzerland — London, England

WEST CONCORD, MASSACHUSETTS

NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA
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SYRACUSE DALLAS

WASHINGTON, D.C.
154-9323 FL 7-4031 (Los Altos) 948-8233 469-6201 425-4671 886-0150

(Ridgefieid, N. J.) 943-3140 (Oak Park) 848-3400 (Ft. Washington) 646-8030 (Rockville, Md.} 946-1600

SAN FRANCISCO LDS ANGELES ~ ORLANDO, FLA.  CLEVELAND
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Using Delay Lines

ELECTRONIC

INDUSTRIES

STATE- OF - THE- ART

FEATURE

In Time Sequential Circuits

This article tells how to design the circuitry used with

a delay line memory. Here, Boolean input functions are simplified
through the use of Vietch diagrams. Two practical examples

are given to aid the designer and to prove this method’s validity.

By HANN F. NA”AR Engineer, Minneapolis-Honeywell, EDP Divijsion, 151 Needh

A PROCEDURE IS DESCRIBED to show how sequential
circuits of digital counters can be logically designed
when using delay lines as memory devices. Logical
characteristics of a delay line memory are used to
derive the input functions pertaining to hinary stages
used in the design. These Boolean input functions
are simplified by means of Vietch diagrams to elimi-
nate all redundant variables. This minimizes com-
ponents of decision circuits (“OR” and “AND”
gates) and improves reliability of the overall circuit.
Significance of this approach lies in the manner in
which the subject matter is delivered. This is charac-
terized by a rigorous mathematical treatment shown
by two practical examples justifving the method’s
validity.

* * *

The approach is based on normal digital methods
to describe the performance of sequential operations
when using sonic delay lines. Time sequential opera-
tions are performed by counting circuits which are
either electronic or electromechanical.

The former uses sonic delay lines to store data
which, in this case, is in binary form. The concept of
storing digital information in delay lines is based on
the logical properties of a delay line flip-flop. These
properties can be best described in tabular form (see
Table 1).

Logical Properties

Q¢ and Q.. represent the states of a delay line at
two bit-time intervals t and ¢+1. D designates the
input to the delay line, which is normally in the form
of a Boolean function. Numbers in this table are
regular binary 1I’s and 0’s. “1” indicates the state
that is allowed (true state) and “0” the false state
(forbidden). If I's and 0’s are expressed in terms of
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their variables, then binary 1 is represented by
“normal” variable and binary “0” by “negated” vari-
able.

Stating the Problem

The input may be found if Q. and Q4 are known.
Thus, in all design problems, it is essential to know
precise needs of the problem before thinking of the
solution. The problem should specify the sequence in
which the digital counter is required to count. It
should also specify how far the count is to go. This
will lead the designer to write the counting states in
binary form, and also to find the minimum number
of binary stages needed. In other words, after the
problem is defined, the designer must be able to de-
termine the complexity of the circuit he is about to
design; thus knowing the amount of equipment in
the design and its inherent statistical reliability. Thus,
in almost all design problems of this type of digital
system, two things must be clear hefore the problem
is investigated. These are: (1) sequence of opera-
tion, and (2) value of “X” as to whether it is equal
or less than 27; where X is the number of counts in
the specified sequence and u is the number of binary
stages.

Operation

The delay line memory is usually used with a
driver amplifier and an output amplifier to form
a standard logic module, Fig. 1. The driver supplies a
constant drive to the delay line at a given pulse width.
Losses in the line are made up in the output ampli-
fier which consists of several linear amplification
stages, an emitter follower, and two threshold stages
used to set constant signal to noise ratio. Since the
output pulse is normally narrow, it must be applied
to a pulse stretcher circuit, such as that of Fig. 2.
This circuit is used as a set-reset circuit by applying
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LOGIC SYMBOL
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Fig. 1: Delay line circuit diagram and logic symbol.

inputs from clock pulse generator and delay line at
terminals .S and R respectively. Terminal R allows a
dc reset to be applied. This is provided from the out-
put terminal of the delay line circuit of Fig. 1. Logic
symbol for the combination of Figs. 1 and 2 is shown
in Fig. 3.

When reference is made to delay line, refer to
Fig. 3. When more than one delay line is used in a
circuit, the delay lines must be assigned weights.
These weights are decimal numbers 2 raised to nth
order ; where n is a positive integer (0, 1, 2, 3, 4, 5—
etc.). For example, the first binary stage will be
assigned 2° = 1; the second 2! = 2, the third 22 = 4,
and the n + 1 stage will be assigned 2". The number
of binary stages determines the maximum number of
counting states allowable, and vice-versa. Thus, if X
designates the number of counting states specified in
a design problem and # the number of binary stages,
the following two cases may arise:

(1) The case when X = 2#, i.e. when all the count-
ing states are needed. This is the simplest of the two
since no feedback paths exist. Thus, derivation of
the input-equations becomes simple. In fact, the de-
tailed procedure which is involved in the design, and
the use of Vietch diagrams may be eliminated when
such a case arises. The designer will soon find him-
self in a position to make certain judgements in
deriving the input equations.

(2) The case when X < 2% This is the case when
the feedback is to be provided from one stage to
another. This occurs because certain counts are
skipped, thus presenting redundant conditions which
must be taken into account during design. These
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unused counts, or “don’t-care” conditions, are used
to simplify the input functions. This minimizes the
equipment neceded and increases inherent reliability of
the overall system. The fact that redundant condi-
tions exist makes the design procedure more in-
volved. The difficulty presented in this type of prob-
lem is easily overcome by avoiding tedious methods
and pursuing, instead, the rigorous steps which are
presented later in the section on “Design Procedure
and Examples.”

A solution to any problem that falls under this
section requires the knowledge of Vietch diagrams
and their use in simplifying Boolean functions. Here
is a brief account of what they are and how one can
use them in logic design problems.

A Vietch diagram consists of a matrix of blocks.
The number of these is determined by numbers of
columns and rows which are each a function of the
number of variables involved in a problem. The vari-
ables correspond to the binary stages. The blocks
correspond to the counting states which result from
raising decimal 2 to the number of binary stages. In
other words, the number of blocks in a Vietch dia-
gram is always 2® regardless whether the problem
falls under case one or case two. Fach block cor-
responds to a number that can be expressed in terms
of its variables. Thus, the idea of using these dia-
grams is to combine certain blocks, under certain
rules, to eliminate one or more variables. This re-
duces the function to a minimum. The rules that
govern the combination of certain blocks are:

(1) Combine adjacent blocks to eliminate one
variable. (Continued on following page)
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Fig. 2: High power, high speed flip-flop circuit diagram and logic symbol.

(2) To eliminate two variables.

(a) Combine adjacent blocks in a full column
or row.
(b) Combine adjacent blocks in a 2 x 2 group.

(3) To eliminate three variables combine adjacent
blocks in a 2 x 4 group.

(4) To eliminate four variables combine the ad-
jacent blocks in a 4 x 4 group.

Examples in the next section show how minimiza-
tion is done through Vietch diagrams.

In the sequential circuits of delay line counters one
more factor has to be considered. This factor is the
input pulse or sampling pulse which is normally
carried from some switching circuit by an input
wire P, designating the pulse. At each bit-time, P
may be either binary “0” or “1.” The state of delay
lines in the circuit depends on whether P is “0”
or “1.” Their state changes when P is “1” and re-
mains unchanged when P is “0.” In general, there-
fore, if the states of the delay line memories are
designated at two successive bit-times ¢ and #+1 by
Q¢ and Q1 respectively, then the two states are
equal whenever the sampling pulse is a binary sig-
nal “0,” and are different whenever the sampling
pulse is a binary signal “1.” This important charac-
teristic is used in the examples of the next section.
It is evident that the sampling pulse “P” should be
treated as a separate variable, and thus one would
anticipate the input functions to involve P. There-
fore, the first thing to bear in mind is the signal
on P, as to whether it is “0” or “1.”
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Design Procedure and Examples

The method of performing logic design of sequen-
tial counter circuits using delay line memories is
demonstrated here.

Any design problem must specify the number of
counting states and their sequence. When this in-
formation is specified, the first step is to find the
number of binary stages necessary to fulfill the design
needs. These stages must then be assigned weights
to designate the first stage by the least significant
digit and the last stage by the most significant digit.
For example, if the number and sequence of the
counting states are “O” through “15,” then as the
number is “16,” a four bit-delay line counter is
needed to perform this operation. If these four binary
stages are assigned the weights 1, 2, 4 and 8 such that
the first and last stages designate least and most
significant digits, then the second step is to write
down the counting states and display them in tahular
form over two successive bit-times ¢ and ¢ + 1. The
“truth” table embracing these counts should also in-
clude the input pulse “P,” or the sampling pulse.
Remember that the states at bit-time ¢ + 1 differ
from those at bit-time ¢ only when P is carrying a
binary signal “1.” There will be no change if P is
“0.” Remember also that P is to be treated as a
separate and independent variable. Thus, in the
example under consideration the problem is treated
as if there were “5” variables instead of “4.”

If Q. represents the states at time ¢, and Q.
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those at next bit-time ¢ + 1, then truth table 2 should
show how the input-pulse P is related to the counting
states at the two successive bit-times.

As seen in Table 2, the states at hit-time ¢ remain
unchanged during next bit-time ¢ + 1 so long as P
is “O.” But, as soon as P changes from “0” to “1,”
the states Q, and Q. are no longer the same. Also,
for each state of Q. there are two corresponding
states of Q;.;, one when P = 0 and the other when
P = 1. Thus, Table 2 can be rearranged as shown in
Table 3. Table 3 can also be represented pictorially,
as shown in Fig. 4.

Fig. 4 shows the sequence of operation and also
progress from one state to another when the state of
the sampling pulse “P” is defined. The diagram is
an exact equal of Table 2 and its modified version,
Table 3.

The third step in design is to find the hinary input

.y m
2 7 -

P;ig. 3: Logic symbol for the combination of Figs. | apd.Z:

i L Jouseuryr
JL

conditions of each stage, corresponding to all the
states of Table 3. These binary input-signals are
found by comparing each state of Q; and Q1 with
those in Table 1. The comparison is made on the
basis of an individual delay line so that all the binary
signals pertaining to D1, D2, D4 and D8 are obtained
for the cases P = 0 and P = 1. Final input condi-
tions along with Table 3 are displayed in Table 4.
From Table 4, it is clear that the input binary sig-
nals are found by comparing states QO and Q.41 of
each delay line with those in Table 1. For example,

in the top row, Q: and Q¢..; of delay line 1 are both
“0” when P = 0, and thus, (from Table 1) such a
case occurs only when the input D is “0.” But when
P = 1, the state of this delay line at bit-time ¢ + 1
is “1” and thus, the input corresponding to this case
is “1.”” The remaining rows are compared by the
sanie reasoning to find the remaining binary signals
of D1 when P is “0” and “1.” The process is also
repeated for D2, D4 and D8.

Having completed all the input conditions of Table
4, the next step is to plot all the I’s pertaining to
each input in the Vietch diagram. The designer is
reminded again to consider the input pulse P as a
separate variable, thereby increasing the number of
variables to “5.”” Thus, two Vietch diagrams each
4 x 4 blocks, are needed; one pertaining to the case
when P = 0 and the other when P = 1. The two
diagrams are, in effect, one with 4 x 8 blocks. Thus, a
4 x 8 diagram is used for each input function, and the
I’s pertaining to each of these inputs is plotted.

For example, D1, the input function to the first
stage is plotted for P = 0 and P = 1 in the Vietch
diagram of Fig. 7. The left half of the diagram
(under P) is used to plot the 1’s pertaining to D1
when P = 0, and the right half (under P) is used
to plot the I’'s when P = 1.

The next step is to combine certain blocks to elimi-
nate one or more variables; thus reducing the input
function to minimum.

In this case, the first two columns are combined to
yield 1+ P, and the last two are combined to yield
1+ P. Thus, the overall input function designated by
D1 is the sum of the two.

Le. Dl=1-P+1-P o))
The form of Eq. 1 is well known to logic designers
since it expresses an ‘“Exclusive OR” function. This
function is characterized by the fact that a pulse ap-
(Continued on following page)
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Fig. 4: Diagram is an ex[ct equal of Table 2 and its modified version Table 3.
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DELAY LINES (Continued)

pears at the input D1 only when either of the two
variables is at the binary “1” level. In other words,
D1 is true when 1 or P are binary “1,” and false
when both 1 and P are either “1” or “0.”

The same procedure as that described for D1, is
applied to deriving the Boolean input function D2.
The plotted Vietch diagram for D2 is shown in
Fig. 8. The blocks in the first and second rows of
the left half are combined to yield 2+ P, and the four
blocks occupying the bottom left corner of the right
half are combined to yield 1+2+P. Also the four
blocks in the top right corner of each half are com-
bined with each other to yield 1+2. Thus, the Boo-
lean input function to the second stage designated
by D2 is given by: D2=2-P4+1-2-P+1-2

=2.1+P) +2-1-P

=2-1-P4+2-1-P (2

Eq. 2 also has the form of an “exclusive OR”
function if one looks upon the product 1+ P (1 and
P) as a new variable 4, and 1+ P as negated varia-
ble 4 (not A). As for finding the input equation
for the third stage, again we plot all the binary 1’s
pertaining to Dy and the result of plotting these 1’s
appears in Fig. 9. From this diagram the input func-
tion D4 can be written directly as

Di=4-P4+4-1+4-241-2-4-P

This is obtained by combining the second and third
columns to yield 4+ P, the third and seventh to yield
4 +1 and the eight blocks corresponding to 1 2 4 8 P,
1248P,1248P,1248P,1248P,T248P,
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Fig. 5: Standard four-bit delay line counter.
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1248P,and TZ 4 8 P to yield 4+2. Also, the
blocks corresponding to 1 248 P and 1 24 8 P are
combined to yield 1+2+4+« P. The above input equa-
tion can be rewritten as

Di=4-P+1+2 +4.1-2-P
=4-1-2-P+4-1-2.P

Eq. 3 also represents an “Exclusive OR,” since the
product 1+ 2« P could be considered as a new varia-
ble, B, and 1+2+P as B.

Last, but not least, the input equation to the fourth
stage can be derived in much the same way as the
previous three stages. The method again, is to plot
in the Vietch diagram all the binary ’s of D8 (see
Table 4). The final result appears in Fig. 10.

The middle two rows of the left half are combined
to yield 8 « P, the third row from the top is combined
to yield 2+ 8, and the eight-blocks corresponding to
1248P,1248P,1248P,124P,1248P,
1248P,1248P,and 124 P are combined to
yield 1+8. Also, the two middle blocks of the first
column are combined with those of the fourth, fifth
and eighth columns to yield 4 « 8 plus the block cor-
responding to 1+2+ 4«8+ P. Thus, the input Boolean
function corresponding to the fourth stage is given by

D8=8-P+2-8+1-8+4-84+1-2-4-8-P
=8 (1 +2+4+P)+8-1-2-4.P

=8 1:2-4-P48-1-2:4.P @)
This equation also represents an “exclusive OR”
function if the product 1+2+4« P is considered as a
new variable C and 1*2+4+P as C.
If a fifth stage is used, the input equation to this
stage would also be an “exclusive OR” function.
Thus, in general, one can make a justified assumption
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Fig. 6: Standard delay line binary decade.
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by stating that if the number and sequence of the
counting states follows the case X = 2", then the
input function to each stage is an “exclusive OR.”

The final step in the design is to find logic circuit
representation of all input equations. In the example
under discussion, the logic circuit representation of
input Egs. 1 through 4 is shown in Fig. 5. Inter-
connections are discarded for simplicity.

Tt can be concluded from the example that when
the number and sequence of the counting states is
0, 1,2, 3, 4, — 2~ and recycle to “0,” the Boolean
input function to each stage is an “exclusive OR.”
Thus, whenever such a case arises in the design,
write down the input equations directly, thereby elim-
inating all the tedious steps involved in the design.
But, if the number of states is less than 27, (i.e. cer-
tain states are to be skipped in the design) feedback
paths have to be provided. These can be easily found
by following the foregoing design procedure.

As an illustration to the case X < 27, let us con-
sider a practical example of a decade counter using
four-bit delay lines as binary stages. The counter is
to count 1 through 10 and recycle to 1. Since the
number of counting states is 10, four binary stages
are needed to perform this operation. But since the
four stages give rise to 24 states, six of these states
have to be skipped ; namely state of 0, and 11 through
15. These six states are used to simplify the input
functions, thus reducing the number of components
in the design to minimum. This greatly improves the
inherent reliability of the sequential circuit. To show
how the circuit of this type of counter can be de-
signed, let’s begin by writing the truth table for the
counting sequence over two bit-time intervals ¢ and
t + 1. The truth table at bit-time ¢ corresponds to
two tables at bit-time ¢ + 1, one for the case P = 0
and the other for the case P = 1. Also, write all the
input conditions of the four stages as binary 1’s and
O’s. The method of deriving the input conditions
here is the same as that applied to Table 4. These
results are shown in Table 5. The state diagram
showing the first three columns in Table 5 is shown
in Fig. 11.

As in the first example, the next step in the design
here also is to plot all the binary 1’s of each input.
For the first stage, the plotted Vietch diagram per-
taining to D1 when P = 0 and 1 is as shown in
Fig. 12. Diagram shows that the remaining unused
counts (0 and 11 thru 15) are treated as “don’t-care”
conditions, designated by letter X, and are plotted to
simplify the input function. The input Boolean func-
tion for D1 can be written as:

Dl=1-P+1-P (5)
This is obtained, as hefore, by combining the first
two columns to yield 1+ P and the last two columns
to yield 1+ P.

Tt should be clear how the unused counts can help
the designer to combine certain blocks (under given
rules) to eliminate one or more variables thus sim-
plifying the input function.
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Fig. 11: State diagram shows the first three columns in Table 5.

A similar approach can be applied to the remaining
three stages to obtain their input equations. Thus, to
avoid repetition, it suffices to present categorically,
the plotted Vietch diagrams of the remaining three
stages and their pertinent input equations. These are
shown in Fig. 13.

D2 —-2-P+1-2-P+1-2-8

2. P+1-8+2-1-P

I

2. P1+8 +2:1-P (6)

I
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DELAY LINES (Cﬂncluded) gan. His theorem can he demonstrated in the follow-

ing two examples:

(1) The complement of a sum of n variables, say

Di=4-P44-24+1-4+4+1-2-4-P N
L A+B+CH+D+F----- )=A-B-C-D--cn---
=4-P+2+D+4-1-2-P (2) The complement of a produet of n variables, say
=4-1-2.P+4-1-2.P @ (4B C-D-----)=A+B+C+D+----- .
D8 =8 P+8-2+1-2-4-P Going back to our design problem, we should

be able to draw logic circuit equivalent to Eqs. 5
o i through 8 This is shown in Fig 6. Interconnections
8:-2-P+1-2-4.-P have also been eliminated in this circuit for further

Throughout derivations of Eqs. 2 through 4 and 6  simplification. Note that the feedback path in this
through 8, certain well known theorems in Boolean problem exists between the last and second stages

8 (P+2 +1-2-4-P

]

Algebra were used to express these equations in their (see also Eq. 6). Inputs to the remaining stages are
final forms. The most often used is that of Demor-  somewhat parallel to those of the previous example.
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By AIMI S. AUDEH

Electronic Engineer,
Mincom Divisicm, 3M Co.
Camarillo, Calif.

Matrix Algebra

This method of analyzing circuits may be applied
to any network whether active, passive, bilateral
or unilateral. The method is particularly useful
when several linear systems must be combined.

Simplifies Circuit Analysis

THIS ARTICLE DEMONSTRATES the use of matrix al-
gebra in circuit analysis since the matrix notation
is a condensed manner of writing systems of linear
equations. Advantages of this notation are particular-
ly great when several linear systems have to be com-
bined.
# * *

Let us begin with some definitions and notations:

(1) A matrix is a rectangular array of scalar
quantities. An (man) matrix is an array of mn
elements consisting of m rows and n columns. This
is called a square matrix if m — #, a rectangular
matrix if m 5= n.

(2) Two matrices are equal if and only if all of
their corresponding elements are respectively equal.

(3) The product of any two matrices, (nn)
matrix 4 and (nxp) matrix 53, is an (map) matrix
C and is written

C=A4B

and obtained by multiplying #' row clements of A4
by corresponding p*™ column elements of 5 and add-
ing the resulting product to get Cnp. For example:

23\ . 8 3 2
AB=<1 4>( )=<941>=C
2 1 0
01 2 10

(4) The sum or difference of two (mxn) matrices
A and B is another (sm.rn) matrix every element of
which is the sum of the difference of the two elements
that occupy corresponding places in 4 and B.

(5) Multiplication by scalar. Multiply all elements
by the scalar symbolically.

B — KA if and only if Bmn = KAwmn for
all m and #.

(6) The transpose of a matrix A4 is that matrix
A, formed by interchanging the rows and columns
of A. Symbolically B = A, if and only if Bmn —
Amn for all m and n. For example:

5 4

4 6
& 5 (5 1 4)
4 2 6

A

I
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k)

Fig. 1: This electrical network is used for definitive purposes.

(7) Row matrix—only one row.

(8) Column matrix—only one column.

(9) Null matrix—all elements zero.

(10) Unity matrix—a square matrix of any order
in which the elements in the principal diagonal are
1 and all the other elements are zero and is given
the symbol I. For example:

100
I=<0 1 0>
0 01

(11) The inverse of a square matrix A is that
matrix 41 which when multiplied by A gives the
unit matrix /7, 1. e,

100
AA1 = AT A = <0 1 0> = I.
0 0 1

Applications to Electrical Networks

Let us consider an electrical network composed
of several elements of R, L, C. In this network we
define:

(1) Node—a terminal, it is usually common to two
or several branches. Examples are Nodes, A, B, C.

. of Fig. 1.

(2) Branch—one or several passive elements such
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MATRIX ALGEBRA (Continued)
e ]

as R, L, C, connected in series between two nodes.
Examples are branches AB, AD, DC . . . Fig. 1.

(3) Mesh or Loop—a closed contour arbitrarily
drawn on a network diagram. It may consist of any
number of branches in series, say contour ABCD,
Fig. 1.

(4) Current and voltage sources—every driving
element in our network can be considered either volt-
age or current source. This is true since some driving
elements are more naturally considered as current
sources than voltage sources. A pentode tube may
be cited as an example. Actually, in a linear network,
every constant-current generator has an equivalent
constant-voltage gencrator, and vice versa. Thus, as
far as conditions external to the generator are con-
cerned, it can be considered either as a current or a
voltage generator.

The equivalent generator forms are shown in
Fig. 2.

In the steady state at any one frequency, it is clear
that the voltage generator with its internal impedance
Zi, 1n series, will deliver the same voltage and current
to the external impedance Z., as will the current
generator with Zy, in shunt, provided that

e =L 1

Here ¢ is the strength of the voltage generator in
Fig. 2a and 1 is the strength of the current generator
in Fig. 2b. The voltage across Z, in either case is

Zere
Zey + Zin
while the current through Z,, in either case is
Zin i
Zew + Zin

Loop or Mesh Analysis

Suppose we have a complicated network that we
want to analyze. The complete solution for the cur-
rent and voltages in this network can be obtained by
finding the solution to the equations which we get by
applying Kirchoff’s Laws to the net.

Kirchoff’s Tirst Law is automatically applied by
using the concept of loop current. According to this
concept, the network is made up of a number of closed
loops, say loops I, 1T, ITI. . . . In these closed loops,
the currents 1y, iy, i3, . . . are all considered to be
positive when flowing in the same direction, either
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Fig. 2: Equivalent generator forms for voltage (a) and current (b) generators.

clockwise or counterclockwise. Accordingly, in any
impedance which is common to more than one loop,
the current which is flowing is the algebraic sum of
the circulating currents of all the loops of which it is
a common member.

Kirchoff’s Second Law will then be applied to the
network and it is applied successively to each inde-
pendent loop in the net. This gives us a number of
equations equal to the number of the independent
loops in the net. These equations had to be solved to
obtain all the unknown variables.

Applying the matrix method we can greatly sim-
plify the procedure. Here we had to write only three
simple matrices:

(1) Voltage of the network is a one column ma-
trix 7 whose components V' are the voltages summed
in the it loop.

(2) Current circulating in the loop is a one column
matrix [ whose component 7; is the current in the 7t
loop.

(3) Impedance of the network is the square ma-
trix Z, defined by

ZI =V
and looks like
le Zl‘.! Z13 . TAE Zln
Z?l Z22 Z23 T eEld Z2n
Z= Z:{[ Zag Z33 el Z.’{n
B B By wrs B

where Z,, is the sum of the impedance in the »t" loop.

Zuw s the common impedance between the ™ and
the n® loop. It is worth noting that the Z matrix is
symmetrical across its main diagonal.

To illustrate the above method let us solve the
following problem.

If C and D are short-circuited together in Tig. 3
and a unit step of voltage is applied between A and
B, find the current which flows through the shorting
bar (41(¢t)).

Assuming quiescent initial conditions and using
Laplace transformation with S = jo, we can write

s R -R 0 z Sia(s)z 51/5{
“R R+-1 8L —SLY i 0

Lo 0 wad bof Lo
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Fig. 3: Current which flows through L, is found by a method described in the text.

From here i;(s) can be obtained directly.

R — R 1/8
1
- R R+@+SL 0
L) = 0 — 8L 0
= R -R 0
1
= .4 8L —
B R+ <5 +5L SL1
0 — 8L SL
i) = C
a(t) = €8s ®
Node Analysis

The method of loop analysis is not always the best
method for solving network problems. It is some-
times preferable to use the complementary method
known as node analysis. In node analysis the poten-
tials of the various nodes with respect to some ref-
erence node take the place of the loop currents used
in loop analysis. Current generators are used instead
of voltage generators and admittances reciprocal of
impedances are used. Finally, the network equations
are the expressions of Kirchoff’s First Law, namely
the equality of currents going into and out of each
node.

Matrix method is very powerful using this method.
Here the three matrices are:

(1) Current entering a network is a one column
matrix I whose components I; are the currents into
the 48 terminal.

(2) Voltage of the network is a one column ma-
trix 77 whose components V; are the voltages between
the itt terminal and an arbitrary reference terminal.

(3) Admittance of the network is the square ma-
trix G, defined by

I =GV

Fig. 5: The G matrix
for a transistor is
derived in the text.

Fig. 6: The circuit
at the right is used
to illustrate the node
matrix method.

ELECTRONIC INDUSTRIES ¢ November 1964

Fig. 4: G matrix for a triode is derived.

where G is exactly as the Z matrix except instead of
impedances we use admittances.

Before illustrating the method let us derive the G
matrix for a triode and a transistor.

For the triode in Fig. 4 the matrix is

Yll Y12

ol (Y21 Yn)
oty o

| %eg Oen
- Jla Jta
deg  dea

0 0 0 0
o 1) (o )
gm E gm  gp
where gm is the transconductance of the triode and
gp is the plate conductance.

The indefinite admittance matrix of the triode is
obtained by adding a third row and a third column
to make the sum of every row and column equal to
zero.

0 0 0
G = gm gp — gm — gp>
—gm — gp gm + gp

For a transistor the matrix is (see Fig. 5)

e 13
- (v v.)
Y2l Y22

Where 1 denotes the emitter terminal and 2 the
collector terminal and the base is grounded.

(Continued on page 70)
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MATRIX ALGEBRA (Concluded)
N ————— ey el

The ¥’s values are obtained by measurements of a
certain operating point.

To illustrate the node matrix method let us analyze
the circuit shown in Fig. 6.

The admittance matrix is given by

G +jwChe —JjwCs 0
G = <—jw(‘12+([’m Gy +jwCro+gp —gm—gp >
—gm —gp Gs+jwCs+-gm-+gp
Gain of the circuit is given by
e GlZ
I, = 71' = on
where G'2 and G!! are the cofactors of G.
\ —jwCatgm —gm—gp
—gm G +joCs+gm—+gp ’
So H, = .
‘ Gy +jwCr+gp —gm—gp '
—gp Gy +juCsi4gm+gp

The input impecdance is given by

Gli
le = (G l)ll = T
and hence
G +jwCra+gp —gm—gp
Z, = —gp G’a+ija+gm+.(Ip
G +7wCie —jwCie 0
—jwCitgm  Gy+juCutgp —gm—gp
—gm —gp Gs+juCa+gm+gp
The output impedance is given hy
G22
Zy = (G Ny = e
and hence
Gy +jwCy 0
Zay — —gm Gi+jwCs+gm-+gp
G +jwChs ~jwCha 0
—JowCietgm  GatjwCr+tgp —gm—gp

—gm —gp Gi+jwCat-gm+gp
* A REPRINT of ANY ARTICLE in this
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department.

GIRGUIT=WTSEE

HV PULSE MODULATOR

AN EFFICIENT PARALLEL-CHARGING, high-voltage
pulse modulator, where low-voltage rating of com-
ponents is an advantage, was needed. Conventional
circuits for producing high-voltage output pulses dis-
sipate a portion of their theoretical output power
across the charging resistors. A modified circuit was

NASA TECH BRIEF No. 64-10024.

For further information contact: Technology Utilization Officer,
Manned Spacecraft Center, P.O. Box 1537, ilouston, Tex. 77001,
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designed using diodes that effectively disconnect the
charging resistors from the circuit during the dis-
charge cycle.

The diagrams of a conventional circuit and the im-
proved circuit show three parallel stages for charging
and a single stage for discharging the capacitors
C;, C;, and Cj in series through the load. Either
of the circuits can theoretically use as many stages
as needed to produce an output voltage of the desired
magnitude.

In the conventional circuit shown, C;, C,, and Cs
are charged to the B+ voltage through charging
resistors Ry, Ry, and Ry, A trigger pulse applied to
C; biases the four-layer diode D; to a low-impedance
state, opening a series conductive path from C;
through Dj to impress the sum of the voltages across
the 3 capacitors onto the load. The output pulse,
however, also appears across the charging resistors,
where 12R losses occur. Since the maximum voltage
drop occurs in Ry, this resistor cannot he a low-
voltage component, and the effect of voltage gradients
must be considered. Currents larger than the diode
holding current will flow through the charging re-
sistor, making it difficult to turn the circuit off before
the capacitors are completely discharged.

In the improved circuit, the diodes Dy, D5, Dg, and
D, effectively disconnect the charging resistors from
the circuit during the discharge cycle. This circuit
thus allows the use of low-voltage charging resistors
and eliminates power loss through these resistors, as
well as the problems of voltage gradients and power
turnoff associated with the conventional circuit.
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WHATS MEW

ELECTRON MICROSCOPE TV SYSTEM

A PRACTICAL SYSTEM WHICH APPLIES TV METHODS
to the electron microscope has been announced by
RCA. The new system can boost the instrument’s
visible magnification power ten-fold to 2,000,000
times.

The new TV system intensifies and displays on
standard TV monitors the images formed when
specimens are examined in the microscope. It was
recently demonstrated at RCA’s laboratories in Cam-
den, N. J.

The normal electron microscope is capable of di-

NEW CONCEPT IN SWITCH DESIGN

“MODULINE” IS A NEW CONCEPT in rotary switch
design and fabrication by Oak Mfg. Co. that makes
available more than 2 million variations of semi-
custom rotary switches which can be assembled and
shipped seven days after receipt of order. This com-
pares with a normal lead time of four to seven weeks.

Switches are quickly designed by the OEM engi-
neer using a unique catalog and easy-to-use order
card. Engineering drawings are eliminated since the

design characteristics of a switch are designated by a
series of eight numbers (16 digits), which are se-
lected from the catalog and written on the order card.

The first number entered in the order card desig-
nates the basic switch size and detent angle and the
engineer can select from eight sizes, numbers “01”
through “08.” The second number entered in the
order card designates the sections, contacts and
switching configurations — 104 choices. The third
number indicates the number of rotational stops re-
quired.

When all numbers have been filled in on the order
card, it is completed by including the name of the
company, quantity of switches required, delivery
date, and other details. The order is completed and
shipped back to the customer within seven days after
receipt of the order. Oak Mfg. Co., Div. of Oak
Electro/Netics Corp., Crystal Lake, Il

rect magnification of 200,000 times. Addition of TV
increases this potential to 200,000,000 times. But it
should be noted that most observations in electron
microscopy are made at magnifications well below
theoretical limits.

Major advantages of the system are:

(1) Radiation-sensitive materials, which until now
were destroyed or altered by the instrument’s elec-
tron beam, can now be examined. This is done by
directing a relatively weak beam at the specimen
and by electronically intensifying the correspondingly
weal image until it is visible.

(2) Changes which occur in specimens as their
temperature is raised or lowered, as they are stretch-
ed, or as a magnetic field is applied, can now be
viewed and simultaneously recorded on TV tupe for
playback immediately or at any future time. Thus,
events that happen only once or whose exact time of
occurrence cannot be predicted can now be studied.

(3) With image intensification, still photos now
can be be snapped in a fraction of a second. The nor-
mal method of exposing film directly to the electron
image requires several seconds per picture

(4) TV display, using multiple viewing monitors,
allows students to share the microscopist’s view of
the specimen. And, histories can be recorded on TV
tape for classroom showings.

The TV system enhances the usefulness of the
microscope image by providing a greater degree of
picture contrast. Specimens that are inherently diffi-
cult to distinguish because of poor contrast can be
made to project “good pictures” that are meaningful.

The TV system uses an all-transistorized TV
camera with a 3-in. image orthicon for pickup. The
system can be used with any RCA microscope in
the EMU-3 series which includes all instruments
delivered since 1954.

Specimen images appearing on the electron microscope’s screen
are brightened by an image intensifier and the resulting brighter
image is picked up by a sensitive TV camera. The TV pictures can
be shown on a TV monitor—as in this study of an oat leaf structure.




TI11S ARTICLE PROVIDES TECHNI-
CAL INFORMATION relative to the
organization and establishment of a
microwave sccondary standards lab-
oratory for the calibration of co-
axial equipment in the frequency
range 500 rc to 10 Ge. The methods
for making Voltage Standing Wave
Ratio (vswr) and Impedance, At-
tenuation, Power and Frequency
measurements are outlined and ac-

companied by block diagrams.
Xk %

Accuracies attainable using the
equipments and methods shown are:

Attenuation: Direct Method:
+0.1 db/10 db step with a maxi-
mum cumulative error of =#=0.2 db
over a 40 db range. Tf Substitution
Method: £.05 to 0.2 db/10 db
step; over a 100 db range, %=0.5
db maximum error.

Power: A maximum RrMS error
of £4% over a power range of 30
pw to 1w,

VSWR: For a vswr of less than
10:1, *=0.02; for a vswr greater
than 10:1, £1%.

Frequency: Accuracy is =0.002%
at 5 mc checkpoints; #=0.03% be-
tween 5 Mc checkpoints.

These accuracies apply to any
measurement in the frequency range
of 500 »c to 10.0 cc.

Much of the equipment specified
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Establishing a Microwave

Calibration Laboratory

Calibration equipment normally found in the lab

will not perform many needed measurement and calibration functions.
This is due to the difference in measurement methods

between lumped constant, low frequency circuits

and distributed parameter, high frequency or microwave circuits.

By PAT TUCCIARONE, Sr. Applications Engineer, PRD Electronics, Inc., 202 Tillary St., Brooklyn 1, N. Y.

will also be usable in making meas-
urements in waveguide systems at
the frequencies indicated as well as
at higher bands. Also, much of the
instrumentation is used in more than
one setup.

Measurement of Attenuation

Measurement of attenuation re-
quires that the attenuating device
be inserted into a matched system.
Fig. 1 shows the voltmeter-holo-
meter or direct method of calibrat-
ing attenuators. This method is
simple, fast, universal, and accurate
over a range of about 40 db. Tt 1s
used in many microwave calibration
labs to calibrate precision variable
attenuators.

The tuner is adjusted for a mini-
nmum VSwr to insure that the load
impedance, as seen by the unknown,
is a match. After the matched con-
dition is obtained a reference level is
established on the output indicator
(vswr amplifier connected to the
square law detector). The unknown
is then inserted into the transmis-
sion line and the value of the in-
serted attenuation is read directly
from the output indicator in dbh.

Fig. 2 shows attenuation cali-
bration using the i-f substitution
method. In this method, the r-f sig-
nal is heterodyned with a local oscil-
lator (LO) signal in a linear mixer.

ELECTRONIC INDUSTRIES -

After mixing, the resulting i-f fre-
quency (30 mc) passes through an
i-f standard attenuator so that a null
is established on the front panel null
meter of the receiver. The unknown
is then inserted into the line, and the
i-f attenuator is adjusted to restore
the null. The change in the setting
of the i-f attenuator is equal to the
attenuation introduced into the sys-
tem by the unknown. This method
1s most valuable for making attenua-
tion measurements up to 100 db
where signal levels are low therehy
needing amplification. The accura-
cies using the methods above are
0.1 db/10 db step (maximum cumu-
lative error 0.2 db) to 40 db using
the direct method, and 0.05 to 0.20
db/10 db step (depending upon
input signal magnitude) for the i-f
substitution niethod. However, the
maximum error for a 100 db meas-
urement in one step is 0.5 db.

Measurement of Power

The dry calorimetric method of
measuring power is one of the most
accurate methods known today.

The dry calorimeter is essentially
a block of aluminum into which two
r-f transmission lines have hbeen ma-
chined. Each of the lines is termi-
nated in a low reflection r-f load. A
thermopile, evaporated on a thin
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Fig. 1: Voltmeter-bolometer or direct method of calibrating attenuators is simple, fast and accurate over a range of about 40 db.

mylar sheet, is positioned close to
the two r-f loads. Orientation of the
thermopile is such that it measures
the temperature difference of the air
spaces surrounding the r-f loads.
When r-f power is fed into the ac-
tive line, the air space near its load
gets warm with respect to the air
space close to the dummy or refer-
ence load which terminates the other
r-f line. This temperature differ-
ence causes a dc voltage output from
the thermopile. Calibration data
which is obtained using accurately
monitored dc power relates the dc
voltage output to the r-f input
power.

The setup used for average power
measurenients is shown in Fig. 3. Of
the several sources of error that
exist, some can be compensated for,
while others can only be estimated.
Some of the compensable errors are
those due to mismatch (vswr) and
loss (attenuation) of power bhetween
input and load. When a measure-
ment is made, the vswr in the line
should be accurately known so that a
correction for this source of error
can be made. Thus, if the genera-
tor vswr is unity (generator im-

pedance, Zg, is equal to the charac-
teristic impedance, Z,, of the trans-
niission line) the power indicated on
the power meter, P, will be less
than the available power, P, being
transmitted by the generator. Avail-
able or incident power, P, can be
found from the equation

P, - P, (s 41

4,
where s is the vswr looking into the
power meter.

The loss error results from dissi-
pation of power as it is being trans-
mitted from the input port to the
resistive load. This error can be
compensated for by adding to the
measured r-f power the calculated
power dissipated in the line. This
correction factor is supplied in the
form of a graph of power correction
as a function of frequency.

The estimated errors are the sub-
stitution, calibration, and instrumen-
tation errors. The substitution error
arises from the minute non-equiva-
lence of the heating effect due to r-f
versus dc. The substitution error
must be kept small because the calo-
rimeter is calibrated at dc. The cali-
bration error is due to small in-

LOCAL
0scC.
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accuracies in the calibration of
the calorimeter. The instrumentation
error is the error introduced by the
dc amplifier which provides the
direct readout of power on the
power meter. The maxvimum errors
to be encountered are substitution
(#0.3%), calibration (+1.0%), in-
strumentation (*+2.0% full scale).

The instrumentation error may be
reduced to the order of tenths of a
percent by using a precision poten-
tiometer or differential voltmeter in-
stead of the dc amplifier. The total
errors involved should result in a
maximum Rras error of +4% over a
power range of 30 pw to 1 w.

VSWR and Impedance

Fig. 4 shows the measurement
setup using a coaxial slotted section
for the determination of the im-
pedance of a one port device over the
frequency range of 2.0-10.0 cc. From
0.5-2.0 cc, the slotted section is re-
placed by a Rotary Standing Wave
Detector such as the PRD 219.

Essentially, the determination of
impedance requires that both vswr
and reflection coefficient angle be

(Continued on page 77)

Fig. 2: Measurement of attenuation using
the i-f substitution method is shown at left.

Fig. 3: Setup for measurement of power.

SOURCE
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UNKNOWN METER

POWER
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“CLEAN SWEEP”
PANEL INSTRUMENTS

A fresh approach to ultra-modern instrument de-
sign provides a ‘‘clean sweep'’ of the pointer over
the full scale.

You get instant readability easier and at greater
distances—plus more attractive designs to
integrate into your equipment.

Self-shielded, accurate, reliable D.C.
instruments have the exclusive Triplett
BAR-RING movements.

Whatever your panel instrument
requirement, look to Triplett
for the right size and
style, the right
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