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TYPICAL DOT PERFORMANCE CURVES

Power curves based on setting output power at 1 KC,
then maintaining same input level over frequency range.
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*DOT units have been designed for transistor applications
only . .. not for vdcuum tube service
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Conventional miniaturized transistor transformers have inherently poor electrical character- ‘
istics, perform with insufficient reliability and are woefully inadequate for many applications. '
The radical design of the new UTC DOT transistor transformers provides unprecedented power
handling capacity and reliability, coupled with extremely small size. Twenty-two stock types [
1

cover virtually every transistor application. Special types can be made to order.

High Power Rating . . . up to 100 times greater.

DOT-1 has 5% distortion at 100 mw, other mfr. 6% at 1 mw.
Excellent Response . . . twice as good at low end.

DOT-3 is down 1 db at 200 cycles, other mfr. is down 3 db.

Low Distortion . . . reduced 80°.
DOT-1 shows 3% distortion where other mfr. shows 20°%.
High Efficiency . . up to 30% better.
DOT-1 has 850 ohm pri. wesistance, 125 ohm sec.; other
mfr. approx. 1200 and 200.
Moisture Proof . .. processed to hermetic specs.
DOT units are hermetic sealed compared to
other mfr. open structures.
Rugged ... completely cased.
DOT units can withstand all mechanical stresses.

1.3X ACTUAL SIZE
e

Anchored leads . .. will withstand 10 pound puil test. BOT CASE
'Lead sFralr? completely |splalted from coil winding. Diameter. . . . . 5/
Printed Circuit Use . . . plastic insulated teads at one end. Length 135,"
Other variations available. 2 22
Weight . . . . .. '/m 0z.
]
i .C. d Pri.
T::.e Application LD::I Ipn'llp chﬂ PMrI‘t Res.
DOT-1 " Interstage 50 720,000 5 850
30,000 5 )
DOT-2 Output o 100 500 3 60
600 3
DOT-3 ~ Output ) 100 1000 3 115
- ) o 1200 3
0oT-4 Output 100 600 3 60
DOT-5 Output 100 1200 2 115
00T “Output 100 10,000 1 1000 R S
0017 input 2 200,000 o 8500 100} !
ooT-8 “Reactor 3.5 Hys. @ 2 Ma. DC I 630 ) -
DOT-8  Output or driver " 100 10,000 1 930 L] S—
e w o 12,500 1 o 60
DOT-10 Driver 100 10,000 1 930 1200 .
B 12,500 1 1500 CT
DOT-11 Driver 100 10,000 1 930 2000 CT
— = 12,500 1 2500 CV
DOT-12 Single or PP output ~ 500 150 CT 10 11 127
o - o 200 CT 10 16
DOT-1 Single or PP output 500 300 CT 7 20 127
) ——— 400 CT 7 16
DOT-14 Singte or PP output 500 600 CT 5 43 12
_ - 800 CT 5 16
DOT-15 Single or PP output 500 800 CT 4 51 12
L = 1070 CT 4 16
DOT-16 Single or PP output 500 1000 CT 35 71 127
S 1330 CT 35 16
DOT-17 Single or PP output o 500 1500 CT 3 108 127
o e 2000 CT 3 16
00T-18 Single or PP output 500 7500 CT 1 505 127
o e 10,000 CT 1 16
00T-19 _Output to line ] 500 ~ 300cT 7 19 600
007-20 _Output or matching to line 500 500 CT 55 3l 600
00T-21  Output toline 500 900 CT 4 53 600
007-22 Output to line T 500 1500 CT° 3 86 600

$DCMA shown is for single ended useage (under 5% distortion—100MW—1KC) . .

- . for push pull, DCMA can be
any balanced value taken by .SW transistors (under 5% distortion—S00MW—I1KC)
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CEROC is an extremely thin and flexible ceramic
insulation deposited on copper wire. This ceramic COMPARATIVE SPACE FACTOR OF MAGNET WIRES
base insulation is unaffected by extremely high 100 I N A |
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In this, the fourth AIL article in our current series
of news features about the Laboratory, you will
find subjects which range from heartbeats to the

very young in heart.

Medical Electronics

Some months ago, you heard
and read about the development of an
automatic scanning microscope which
we were developing for the purpose of
discriminating between normal and
malignant cells on slides containing
castoft cells from the human body.
Today we would like to tell you about
some of our other problems in the field
of medical electronics which may be of
interest to some of you.

Most of you have heard about, and
some of you have seen, electrocardio-
graphs in operation. Although these
instruments have been in use for some
time, the interpretation of the record
is not always clearcut, and considerable
effort is being put into the study of
new methods of presentation and
analysis.

The electrical activity of the heart
is generated by successive polarization
and depolarization of the heart muscle
during each beat. A group of research
workers at the New York University
Medical School became interested in
the problem of computing the manifest
electrical work done by the heart in
each phase of the cycle. They obtained
some evidence, from tedious manual
measurements and computations, that
the ratio of the work during depolariza-
tion to that of repolarization has a
diagnostic significance.

They then presented AIL engincers
with the problem of building a com-
puter to measure this ratio auto-
matically. This was done, and resulted
in the AIL Cardiac Vector Integrator,
which takes its input directly from a
set of orthogonal leads attached to the
patient, amplifies and squares each

component, and then adds and inte-
grates them over intervals set by re-
lays and triggered by the patient’s own
heart beat. A few months of clinical
testing should reveal whether the
hunch of the N.Y.U. research workers
will result in any improvement over
the present method of diagnosis.

To show the variety of problems
which may come to a group engaged in
Medical Electronics, let us tell you
about our “baby timer.” During the
birth of a child, there is a brief period
before it starts breathing. There is
some danger that the lack of oxygen
during this period may cause brain
damage. A pair of obstetricians at
Kings County Hospital wanted to col-
lect data on this subject, and were
interested in getting an automatic de-
vice. which could measure and print
out the time interval between the birth
of a child, its first breath, and its first
cry.

We put together such a device which
we call the AIL Birth Event Interval
Timer. It is operated from explosion-
proof foot switches in the Delivery
Rooms (of which there are five), and
prints out the room number and time
intervals to the nearest hundredth of a
minute. The interlock circuits, re-set-
ting devices and stepping relays,
needed to assure that the signals reach
the printer in the right order and at
the right time, give a merry accom-
paniment to the baby's cries. The ap-
paratus has been in operation for some
months, and, despite the attraction of
the switches, push buttons, and flash-
ing lights, has been pronounced
“nurse-proof.”

If this research pans out, we may be
able to rate our engineers some 25 years
hence by checking their birth records
and finding out how long it took them
to cry out.

Another of our devices, which goes
still further back on the birth scale, is
the fetal cardiotachometer. This black
box measures the heart rate of the
fetus during the eighth and ninth
months of pregnancy. The behavior
of the fetal heart rate when various
stresses are applied to the mother is a
good indication of the health of the
unborn child. It is hoped that with the
aid of this instrument the obstetrician
will be able to judge how the fetus
is developing and whether emergency
measures are necessary to aid either the
mother or child.

A device which we have designed
for some West Coast doctors covers
still another field of medicine. This
has to do with the amount of calcium
in bone. Certain drugs, illnesses, and
types of malnutrition cause loss of
calcium from bone. The standard test
is to take a small sliver of bone out of
the hip (ouch!) and determine t
amount of bony deposits in the mar-
row by microscopic examination. The
total area of all the tiny little islands
of bone in the marrow is a good meas-
ure of the calcium present, Our bone
density scanner, which will measure
the quantity on a microscope slide in
about one minute, should save many a
pathologist or medical technician weary
hours at the microscope.

Space does not permit further
discussion of our other projects,
but they are all as interesting as
the ones above, and we predict a
great future for medical electronics
and confidently expect that AIL will
have its share in this future.

160 OLD COUNTRY ROAD, MINEOLA, LI, NY. v
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now- « « magnetic shift registers from SPRAGUE

SHIFT PULSE AMPLITUDE
IN MILLIAMPERES

1 ' 1 ' [
0.5 1.0 1.5 20 25

SHIFT PULSE DURATION
AT % AMPLITUDE-WSEC

Now, from one reliable source, you
can get a complete series of magnetic
shift register assemblies . . . with read
and write provisions . .. terminal
wired and packaged to your special
needs. Plus complete field engineer-
ing service for arriving at specifica-
tions and procuring registers that
meet them.

Sprague’s new registers are not
oniy suitable for counters in com-
puters and industrial controls, but
for a wide variety of logical functions
in “and”, “or”, and *‘not

L3

circuits

Five packages are standard, with
others avaiiable if needed. The 71Z

series have mounting ears. that sim-
plify assembly of large arrays of bits
in a single rack or frame. Series 70Z
registers can be had in several ter-
minal designs for mounting on etched
wiring bourds, or may be plugged
into each other for permanent sys-
tem flexibility. All 71Z units are
mounted in hermetically scaled,
corrosion-resistant metal cases with
glass-to-metal solder-seal terminals
for complete humidity resistance.
Type 70Z units are embedded in
resin for less demanding environ-
ments. Semi-conductor diodes may
be externally connected between ter-

operating frequency 0-200 ke
shift pulse
Nominal Operating Current 300 ma
Voltage Drop Per Stage 6.5 volts
Duration (at half amplitude) 1.2 usec
Rise Time 0.3 usec
Fall Time 0.3 psec
Peak Pulse Power 2 watt
input pulse
Amplitude 10 ma
Duration 3 usec
parallel output pulse
Amplitude I5 volts
Ratio (Minimum) 10:1
Load Impedance (Minimum) 1500 ohms
diode
Type T-5 or equiv.

minals, or integrally packaged in
each assembly.

All Sprague shift register cores are
subjected to rigid tests. assuring re-
liable operation in the final circuit
use. Finished assemblies are 100%
pulse performance tested to assure
conformity with engineering specifi-
cations. Specifications for a typical
200 ke shift register, are shownabove.

Complete specifications for all
standard registers are in Engineering
Bulletins 550C and 551, available on
request to the Technical Literature
Section, Sprague Electric Co., 235
Marshall St., North Adams, Mass.

Expert for the Americas- Sprague Electric Infernational Lltd., North Adzms, Mass. CABLE: SPREXINT

PROTEEDINGS OI' THE IRE
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A TRIUMPH OF TELEPHONE TECHNOLOGY

CLARENVILLE, NEWFOUNDLAND

NAUTICAL MILES

OBAN, SCOTLAND
NAUTICAL MILES A

0 200 490 690 8?0 4

1000 1200 1400 1600 1800 2000
| | — — —— -

Contour of ocean bed where cable swiftly and clearly carries 36 conversations simultancously.
This is deep-sca part of system — a joint enterprise of the American Telephone and Telegraph
Company, British Post Office and Canadian Overseas Telecommunications Corporation.

\ great new telephone cable now links North America
and Europe—the first transoceanic cable to carry voices.
To make possible this historic forward step in world
communications, Bell Laboratories scientists and engincers
had to solve formidable new problems never encountered
with previous cables, which carry only telegraph signals.

I'o transmit voices clearly demanded a much wider

More than 300 clectron tubes of
unrivaled endurance operate con
tinuously, energized by current
sent from land.

frequency band and efficient ways of overcoming huge

attenuation losses over its more than 2000-mile span. The

complex electronic apparatus must withstand the trer -

mendous pressures and stresses encountered on the ocean A

floor, far beyond adjustment or servicing for vears to comc;d“
Iere are a few of the key developments that made

this unique achicvement possible:

Precisely designed equalizing net-
works and amplifiers compensate
for the loss in the cable every 40
miles and produce a communica
tion highway 144 kc. wide.

A unique triple watertight seal
protects the amplifiers frem pres-
sures as high as 6500 pounds per
square inch.

PGy

s

A ‘

Ny j World center of communications research and development
S

Power supplies of exceptional re-
liability send precisely regulated
current zl]nng the same coaxial
that carries your voice to cnergize
the amplifving units.

BELL TELEPHONE LABORATORIES
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Untransistorized l)igital Differential Analyzer?

Tue sacus has qualities much sought after in today’s qualities found in the unique electronic digital computa-
eleetronic computers: ease and reliability of operation, tion equipment created by Litton Industries. The military
leiv investment, and minimal maintenance. These are and industrial applications for this equipment are many.

A

L —

' LITT()N INI)USTRII‘:S BEVERLY HILES, CALIFORNIA

Plants and Laboratories in California, Maryland, Indiana and New York

DIGITAL COMPUTERS AND CONTROLS RADAR AND COUNTERMEASURES INERTIAL GUIDANCE MICROWAMVE POWER TURES
PRECISION COMPONENTS AUTOMATIC DATA PROCESSING SYSTEMS SERVOMECHANISMS SPACE SIMULATION RESEARCH
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packaged
reliability
in
frequency
conirol

Now HEEMCO offers you, in a volume of § cu. inches and
up. frequency sources from | c.p.s. to above 100 M.C., employing
a quartz crystal—the recognized component for precise and reliable
frequency control.

The heart of this package is HEEMCO'S crystal, produced in the
frequency range of 400 c.p.s. and up.

In the audio frequency range these sources have proved highly suc-
cessful because of the HEEMCO duplex crystal which operates in
a fundamental mode from 400 c.p.s. to 15 k.c.

Output frequencies below 400 c.p.s., down to | c.p.s. are accom-
plished through the use of recognized highly stable, binary, count-
down circuits.

STANDARD UNITS AVAILABLE AS FOLLOWS:

¢ Transistor or vacuum-tube.

¢ Milliwatts to watts output power.
* Low or high impedance output. fleemeo
* Sine-wave, square-wave or pulse.

* Operation under MIL Spec. shock and vibration.

* Stability: .01% —40° to 4 70°C. less than .025%
—55°C. to +105°C. 1 PPM using oven control.

* May be hermetically sealed.

¢ Compact standard units, as shown, 1%’ dia. x 3.175""
and 1%2" Sq. x 4''. Weight: less than V2 |b.

Write or phone for further engineering data or name of nearest representative.

HILL ELECTRONIC

ENGINEERING & MANUFACTURING CO.,

\ Meelings with Exhibis

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

Nov. 14-16, 1956
Symposium on Applications of Opti-
cal  Principles to Microwaves,
George Washington University, Wash-

ington, N.C.
Exhibits: Mr. Coleman Goatley, Melpar,
Inc., 3000 Arlington Blvd., Falls

Charch, Va.

Nov. 15-16, 1956
New  England Radio-Electronics
Meeting, Bradford Hotel, Boston,
Mass.
Exhibits: Mr. Richard M. Purinton, 43
Leon St., Boston 15, Mass.

Nov. 29-30, 1956
Annual Meeting of the Professional
Group on Vehicular Communica-
tions, Fort Shelby Hotel, Detroit,
Mich.
Exhibits: Mr. W. J. Norris, Michigan
Bell Telephone Co., 118 Clifford St.
Detroit, Mich.

Dec. 5-7, 1956
Second IRE Instrumentation Con-
ference & Exhibit, Biltmore Hotel,
Atlanta, Ga.
Exhibits: Mr, W. B. Wrigley, Eng. Exp.
Sta., Georgia Inst. of Techn., Atlanta,
Ga.

Dec. 10-12, 1956
Eastern Joint Computer Conference,

Hotel New Yorker, New York, N.Y.
Exhibits: Mr. A. B. Meacham. Reming-

s

ton Rand, Inc., 315 Fourth Ave., Now=®

York 10, N.Y.
Jan. 30, 1957

Electronics in Aviation Day, Sheraton-
Astor Hotel, New York, N.Y.

Exhibits: Mr. R. R. Dexter, Institute of
Aeronautical Sciences, Inc., 2 East 64th
St., New York 21, N.Y.

March 1821, 1957
Radio Engineering Show and IRE
National Convention, New York
Coliseum, New York, N.Y.
Exhibits: Mr. William C. Copp, 1475
Broadway, New York 36, N.Y.

April 1113, 1957
Ninth Southwestern IRE Conference
and Electronic Show, Shamrock-
Hilton Hotel, Houston, Tex.
Exhibits: Mr. Karl O. Heintz, P.O. Box
1234, Houston 1, Tex.

May 20-21, 1957
Armed Forces Communication &
Electronics Association, Convention
& Exhibits, Sheraton Park Hotel,
Washington, 8, D.C.
Exhibits: Mr. William C. Copp, 1475
Broadway, New York 36, N.Y.

Note on Professional Group Meetings: Some
of the Professional Groups confuct
meetings at which there are exh N
Working committeemen on these groups
are asked to send advance data to this
column for publicity information. You
may address these notices to the Ad-

£ . -557 vertising Department and of course

New Kingstown, Penna. . Phone: POplar 6-5578 listings are Tiee to IRE Professional
Groups.

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF TIIE IRE Nozember, 1956
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“lﬁ“ ““Ip“l (1.0 v. RMS inte 70 ohms)

wm[ “ﬂﬂﬂﬂ (2:220 Megacycles. Al At Fundamental)
ﬁ"NS"\NI DUTPUT

(Fast Acting AGC)

t

Vari-Sweep

ALL-ELECTRONIC HIGH LEVEL
SWEEPING OSCILLATOR OR,
(with sweep off) CONTINUOUSLY
TUNED CW SIGNAL SOURCE

1.0 VRMS
INTO 70 OHMS

e Operates On Fundamental Frequency,
i Therefore Stable Narrow-Band Sweeps
Range: Fundamcneal frequency 2 to 220 mc, con- e 1.0 v. RMS (into 70 ohms) Output Flat

tinuouasly variable tn 10 swirched over- A
lapping bards. Direct reading frequency dial to =0.5 db Over Widest Sweep
calibrated to #=2.0%.

RF Output: 1.0 v. RMS into 70 ohms, metered. Fla
within 0.5 db over widest sweep and
frequency band.

Sweep Width: Continuously variable o = 30%
of center frequency to maximum of at least
30mc. Direct Reading Frequency Dial

Sweep Rate: Continuously variable 10 to 40 cps.: Accurate To =2.0%
aiso locks at linc frequency.

Attenuator: Switched 20, 20, 10, 6, and 3 db plus @ Sweep Repetition Rates Down to 10 cps
continuously variable 6 db.

Power Supply: Elcctronically reguiated 105 to 125 Price: 5695. FOB Plant
v. A.C. 50 - 60 cycles

Output Automatically Held Constant
(AGC) Over Complete Range

Variable Sweep Width (to 30 mc. PLUS)
— Variable Center Frequency

—  NEW KAY Mﬂfkﬂ'SWffﬂ MODEL VIDEO 50

Combined Video and IF Sweeping Oscillator with Marks
SPECIFICATIONS

Frequency Range: Continuously vari-  Attenuvators: Switched 20, 20, 10, 6

able, 50 kc to 50 mc. and 3 db, plus continuously vari-

Sweep Width: Liaear, continuously able 3 db.

variable, 4.0 mc to 50 mc. Markers: Eight sharp, pulse-type, crystal-

Sweep Rate: Variable around GO cps; positioned, internal and external

locks to line frequency. markers.

Amplitude: 1.0 v, peak-to-peak, into Price: $695.00 F.O.B. Factory. Substi-
nom. 70 ohms. Flat wichin +0.5 tute markers, $10.00. Additional
db over widest sweep. markers, $20.00 each.

' LP < &ﬂv ELECTRIC COMPANY o ..
14 MAPLE AVENUE PINE BROOK, N. J. CAldwell 6-4000

PROCEEDINGS OF THE IRE November, 1756 7A



Note these special features:

o AM, FM, CW, MCW, and PULSE reception.

o Uni-dial control.

o Direct reading.

e Broadband coverage.

= Output level reading directly in db.

» High sensitivity.

« Seven interchangeable plug-in r-f tuning units cover the
entire frequency range.

o Low noise figure; excellent gain stability.

o Microwave preselection, tracked and double-tuned, used in
the plug-in tuning units covering the range 400 to 11,260 mc.

» Audio, video, and trigger outputs.

» Special recorder output.

o High video output—low impedance.

» AGC and AFC circuits.

8a WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Model R

. 7,260-

— 11,260 m¢
4,190-7,720 mc

For these applications:

® General communications. ;

® Field intensity meter. f

® Frequency meter. =’

© Measurement of radiation and leakage of microwave devices.

® Measurement of bandwidth of microwave cavities.

® Measurement of relative power of fundamental and
harmonic signal frequencies.

© Measurement of noise figure.

® Antenna field patterns.
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EXTENDED RANGE
MICROWAVE

RECEIVER!
400 to 22,000 mc

9,500-15,600 me

SPECIFICATIONS:

Basic Receiver; Mode! R-B

Tuning Unit Frequency Ranges:
Model RR-T 400 — 1,000 mc
Model RLT. ..950 — 2,040 mc
Model RS-T. .1,890 — 4,320 mc

Model RM-T 4,190 — 7,720 mc
Modei RX-T. ... ... 7,260 — 11,260 mc
Model RKS-T. ... .. 9,500 — 15,600 mc

Model RKU-T. .. .. 14,700 — 22,000 mc
Signal Capabilities:
AM, FM, CW, MCW, pulse
Sensitivity:
(a) For Model RR-T: Minus 85 dbm
(b) For Models RL-T, RS-T, RM-T, and
RX-T: Minus 80 dbm
(c) For Models RKS-T and RKU-T:
Minus 65 dbm
Frequency Accuracy: *=1%
IF Bandwidth: 3 mc
Video Bandwidth: 2 mc
Image Rejection:
(a) For Models RR-T thru RX-F:
Greater than 60 db

Three new r-f tuning units double the frequency range of the well-known
Polarad Microwave Receiver. Now more than ever the Model R becomes a
basic multi-purpose instrument for microwave research and production in the
field, in the laboratory, and in the factory.

This receiver is designed for quantitative analysis of microwave signals and
is ideal for the reception and monitoring of all types of radio and radar
communications within the broadband 400 to 22,000 mc. It permits compara-
tive power and frequency measurements, by means of its panel-mounted
meter, of virtually every type of signal encountered in microwave work.

It is compact and functional, featuring 7 integrally designed plug-in, inter-
changeable RF microwave tuning units to cover 400 to 22,000 mc; non-
centacting chokes in pre-selector and microwave oscillator to assure long
life and reliability; and large scale indicating meter for fine tuning control.

Csll any Polarad representative or direct to the factory for detailed
specifications.

(b) For Models RKS-T and RKU-T:
Spurious response rejection
obtained through the use of a
bandpass filter
Gain Stability with AFC: =2 db
Automatic Frequency Control:
Pull-out range 10 mc off center

Recorder Qutput: 1 ma. full scale (1,500 ohms)
Trigger Output:

Positive 10-volt pulse across 100 ohms
Audio Qutput:

5 volts undistorted, across 500 ohms
FM Discriminator:

Deviation Sensitivity: .7 v./mc

Skirt Selectivity:
60 db — 6 db bandwidth
ratio less than 5:1

IF Rejection: 60 dh

Input AC Power:
115, 230 V ac, 60 cps, 440 watts
Input impedance:
Models RR-T through RX-T: 50 ohms
Models RKS-T & RKU-T: waveguide

AVAILABLE ON EQUIPMENT LEASE PLAN

VSWR: Less than 4:1 over the band
Range of Linearity: 60 db
Receiver Type: Superheterodyne

Maximum Acceptable Input
Signal Amplitude: 0.1 volt rms, without
external attenuation

Video Response: 30 cps to 2 mc
Size: 17" wx 23”dx19” h

Weight: 180 Ibs. for basic unit with
one tuning unit.

Price:
Model R-B (basic unit) $1,500
Model RR-T . .... .. .... ,500
Model RL-T .. .... .. .... 2,500
Model RS-T .. ... .. .. -2,500
Model RM-T. .., .. ....2,500
Model RX-T . .. ... 2,500
Model RKS-T ... 2,500
Model RKU-T. .. . .2,500

Note: To the basic cost of $1,500 add cost
of tuning units required.

Prices subject to change without notice

maintenance.

available by field
service specialists

o  W.1: 7.1 8 ELECTRONICS CORPORATION
43-20 34th Street - Long Island City 1, New York

o (4}
VEN peLia®'t

REPRESENTATIVES: Albuquerque, Atlanta, Baltimore, Boston, Buffaiv, Chicago, Cleveland, Dayton, Denver, Fort worth, Kansas City, Los Angeles, New York, Philadelphia, Portland,
St. Louis, San Francisco, Schenectady, Syracuse, Washington, D. C., Winston-Sa'em, Canada; Arnprior, Ontario. Resident Representatives in Principal Foreign Cities
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Industry’s
Highest Power
Transistors

100 Va

AN

80 N

60 N

2N
I/
o \\73
S
40
Z ~
= \N
g \.\‘
@ \\N
-
Zz 20
w
o
o
)
®)
@) ! 2 3 4 6 7 8 9 10 (] 12

COLLECTOR CURRENT (AMPERES)

Delco Radio "High-Power” Transistors set a new industry standard of performance —

Produced by the thousands each day !

Delco Radio alloy junction germanium PNP
power transistors 2N173 and 2N174, now
in volume production, are characterized by
high output power, high gain and low dis-
tortion. Stabilizing processes eliminate the
effect of time on performance characteristics.

The high power handling ability does not
exclude applications for low and medium
power levels. Performance at low levels
exceeds that of many low power transistors
and will provide a higher degree of safety
and stability to equipment design.

D E Lc 0 R A D | 0 DIVISION OF GENERAL MOT

KOKOMO, INDIANA

TYPICAL CHARACTERISTICS
2N173 2N174
Properties (25°C) 12 Volts 28 Volts
B Mcximum current 12 12 amps
Maximum collector voltage 66 80  wvolts
Saturation voltage {12 amp.) 0.7 0.7 wvolts
Power gain (Class A, 10 watts) 38 38 db
Alpha cutoff frequency 6.4 0.4 Mc7 .
Power dissipation 55 55 watts
Thermal gradient from junction
to mounting base 1.2° 1.2° °C/watt
" Distortion (Class A, 8 watts) 5% 5% )
ORS
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. Your blueprint
tells only half
the story...

... tell us .

your performance .
requirements and .
Formica will save S
you money! .

°
°
e oo 000000 °?®

There’s never any compromise with grade selection at Formica. With 52
standard grades, and a competent research staff to develop special new
ones — you won’t ever have to settle for “something just as good” — or
something more expensive than necessary.

Formica fabricating engineers study your blueprints, sure. But they’ll also
delve into where and how you’ll be using your fabricated part. Then, with
a thorough understanding of your requirements, they’ll select the one grade
that’s best and most economical for you.

And the design modifications recommended by Formica fabricating engi-
ncers will further help to produce a better part, frequently at big savings.

This fabricating service is part of Formica-4, designed to give you the best
grade at lowest cost for your application. Call your Formica district office
or send us your blucprints and your performance requirements. Formica
Corporation, 4669 Spring Grove Ave., Cincinnati 32, Ohio.

15t choice in laminated plastics

APPLICATION ENGINEERING « RESEARCH o FABRICATING o CUSTOMER STOCK SERVICE
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General Electric Tantalytic’ capacitors

operate at+125 C ambient

for 1000 hours at full rated voltage

To help you solve difficult space problems
in design functions demanding high reli-
ability miniaturized equipment capable of
operating in ambient temperatures ranging
from —55C to +125C at full rated voltage,
General Electric offers a variety of shapes
and sizes of high temperature Tantalytic
capacitors.

The Tantalytic capacitor is built for at
least 1000 hours operation at +125C with
no more than 20% loss in capacity. Below
+125C, capacitor life is extended in pro-
portion to the reduction in ambient tem-
perature.

Whatever your capacitor requirements
might be, there is a General Electric sub-
miniature capacitor for most applica-
tions. Take, for example, the metal-clad
tubular capacitor — mineral oil impreg-

nated, built to MIL-C-25A — often ap-
plied to “work horse” applications in
military electronic circuits. Or, capacitor
pulse forming networks, adhering to strict
capacitance tolerance and temperature
range, are engineered for missiles and radar
equipment.

New permafil capacitors, built to meet
the characteristic “K"” requirements of
MIL-C-25A, are now available in rectan-
gular case styles. These solid dielectric
capacitors can withstand the violent shock
and vibration found in today's missile and
airborne electronic systems.

For assistance with capacitor applica-
tions contact your General Electric Ap-
paratus Sales Engineer or write to the
General Electric Company, Section 442-40,
Schenectady 5, New York.

*Registered Trode Mork of General Electric Ca.

Progress Is Ovr Most Important Prodvct

GENERAL @3 ELECTRIC

METAL-CLAD TUBULAR CAPACITORS— +85C, min-  PERMAFIL RECTANGULAR solid dielectric in case ~ CAPACITOR PULSE FORMING NET-

eral oil impregnated. Built to MIL-C-25A. Ratings: styles CP50, CP60, and CP70 series. Built to elec- WORKS — for missiles and radar

001 to 1.0 uf, 100-600 v. d-c. Tol: = 5%, = 10%, trical requirements of characteristic “K", MIL-C-  equipment. Capacitance tolerance: +

or = 20%. Write for GEC-1390. 25A. Ratings: .01 uf to 10 uf; 100 v. d-c to 1500 7% (at +25C). Temp. range: —55C
v. d-c, Temp. range: —55C to +125C. to +125C. Write for GEA-4996.



NEW PRODUCTS

@NEWS and

NOVEMBER 1956

Magnetic Core Tester

Burroughs Corp., Electronic In-
struments Div., has developed a
new Magnetic Core Tester (BCT
301).

Designed expressly for testing
tape wound bobbin cores, the BCT
301 provides precise control over
the frequency, pattern, amplitude,
and rise time of the core driving
signal, and allows accurate meas-
urement of the switching time of
the core as well as the amplitude of
the output voltage.

Mounted on a single six-foot re-
lay rack, the BCT 301 consists of :
A Core Mounting Jig. To mount
the test core, a low noise jig has
been provided which approximates
a tight loop around the core for in-
put and sense winding. It has been
especially designed to minimize
not only pickup by the secondary
but also other disturbances caused
by air flux. Pattern Generator.
Comprised of standard Burroughs
Pulse Control Units, this portion
of the system allows flexibility in
generating pulse patterns which
are to be applied to the core. Cur-
rent Drivers. Two new Burroughs
Current Drivers—Types 3003 and
3004—convert the voltage pulses
from the Pattern Generator into
the positive and negative constant
current pulses used for driving the
cores. Front panel controls pro-
vide: Variable Current Amplitude
from 0 to 1 ampere; Variable Rise
Time from 0.2 usec to 1 usec; Vari-
able Pulse Duration from 1 usec to
10 usec. Calibrator. The Bur-
roughs Calibrator, Type 1810, is

14A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF TIIE IRE

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your affiliation.

designed to measure the currents
and voltages associated with the
evaluation of magnetic cores under
pulse conditions. In the BCT 301,
it permits the measurement of the
driving current and the core out-
put voltage amplitude with an er-
ror of less than 1 per cent. When
used with a calibrated oscilloscope,
it makes possible highly accurate
reading of switching time. Power
Supply. The BCT 301 is powered
by the Burroughs Power Supply,
Type 9102, which provides seven
regulated d-c voltages.

Two Slotted Lines Cover En-
tire VHF-UHF Range

Two new slotted lines which, to-
gether, permit measurements to be
made over the entire VHF-UHF
range of frequencies have been in-
troduced by the Federal Telephone
and Radio Company, a division of
International Telephone and Tele-
graph Corp., 100 Kingsland Road,
Clifton, N. J.

The lines are designated as
Type FT-LMM and FT-LMD re-
spectively.

The type FT-LMM covers the
frequency spectrum from 80 to 300
mc. It has a residual voltage stand-
ing wave ratio of 1.03 to 1 and the
probe location can be read to an
accuracy of +1 millimeter. The
Type FT-LMI) covers the range
from 300 to 3000 mc and has a
VSWR of 1.02 to 1. Its probe lo-
cation can be read to an accuracy
of +0.1 millimeter. Both lines

have their own built-in detectors
and indicators.

The Type FT-LMM is approxi-
mately 2% inches in diameter and 7
feet, 2§ inches long. With its indi-
cator, it weighs approximately 291
pounds. The Type FT-LMD is ap-
proximately 21 inches in diameter
and 24 inches long. With its indi-
cator, it weighs approximately 14}
pounds.

Complete electrical and physical
specifications may be obtained
from the Instrument Division,
Federal Telephone and Radio.

Wide Range Resistance
Bridge

The Model 605 manufactured
by Shasta Div., Beckman Instru-
ments, Inc., >.0. Box 296, Station
A, Richmond, Calif., provides a
means for rapidly and easily check-
ing resistances to an accuracy of
£0.15 per cent+4.05 per cent full
scale. Seven ranges from 100 ohms
to 100 megohms full scale are se-
lectable by front panel push but-
ton switches. The lowest measura-
ble resistance is 5 ohms. In opera-
tion, the unknown resistance is
connected to the appropriate ter-
minals, the range switch set, a key
depressed and the Helipot preci-
sion potentiometer turned to ob-
tain a null indication on the large 4
inch zero center galvanometer.
The value of the unknown is then
read directly from the Helipot dial
setting and multiplied by the ap-
propriate factor of ten. Price:
$170.00 F.O.B. Richmond.

(Continued on page 184)
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Raytheon — World’s Largest Manufacturer of Magnetrons and Klystrons

QK546 - QK518 -
1.000-2000 M| 2,000-4,000 Me
ENEERR

QK544
1,600-3,200 Mc.

L
10,000 1,000 12,100

QK518
specifications

frequency: 2,000-4,000 Mc.
Rapid electronic tuning by vary-

ing delay line voltage from 150-
1,500 Volts.

Power output: 0.1 to 1 watt.

Complete with compact perma-
nent magnet.

Approximate maximum dimen-
sions: 10”7 long, 43%" high, 478"
wide.

Raytheon Backward Wave Oscillator Series
for wide, rapid electronic tuning —1,000 Mc. to 15,000 Mc.

The tubes in this revolutionary new line of Raytheon Backward Wave Oscillators give you
four outstanding performance advantages:

1. Electronically tunable over an extremely wide range of frequencies

2. Frequency insensitive to load variations

3. High signal-to-noise ratio

4. Can be operated under conditions of amplitude or pulse modulation

These new tubes are finding fast-growing applications in microwave
equipment, including radar and signal generators. Excellence in Electronics

Write today for free Data Sheets on this series of Backward Wave
RAYTHEON)

Oscillators. We'll also be happy to answer any questions you may have
on this new line.

RAYTHEON MANUFACTURING COMPANY

Microwave and Power Tube Operations, Section PT- 66, Waltham 54, Mass.

Regional Sales Offices: 9501 W. Grand Avenue, Franklin Park, Illinois; 622 S. LaBrea Avenue, Los Angeles 36, California

Ray'heon makes: Magnetrons and Klystrons, Backward Wave Osciliaters, Traveling Wave Tubes, Storage Tubes, Power Tubes, Receiving Tubes, Picture Tubes, Transistors



You may
be eligible
Jor a

HOWARD HUGIIES FISIITOWSIIIP

IN SCIENCE
AND ENGINEERING

i at one of
these leading
universities

It you have completed one year of graduate work in physics or

ﬁ [" engincering—and if you qualify for graduate standing at California
AT Institute of Technology, University of California (Berkeley) or
X X Stanford  University—you are cligible for consideration for a

Howard Hughes Fellowship.

Awards in this program are open to candidates interested in study
leading to a Doctor of Philosophy or Doctor of Engincering
degree or in conducting post-doctoral rescarch.

Each Fellowship provides a cash award of no less than $2,000. . .
a minimum salary of $2,500 for work at the Hughes Rescarch and
Development Laboratories during the summer or academic vear
... up to 81,500 for tuition, books and research expenses . . . and
moving and transportation costs.

Applications nuust be received no later than January 15, 1957. The
awards will be announced on April 1, 1957, and winners are
expected to begin the year’s program in July, 1957.

University of California {Berkeley)

For application forms and further information,
write: Office of Advanced Studies
Scientific Staff’ Relations

HUGHES

RESEARCH AND DEVELOPMENT LABORATORIES

Hughes Airerast Co., Culver City, Los Angeles County, Caliy.

Stanford University
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FAST SWITCHING

HIGH VOLTAGE

HIGH TEMPERATURE OPERATION

HIGH REVERSE RESISTANCE

FAMOUS HUGHES SUBMINIATURE GLASS PACKAGE

[]U CK RECUVERY Silicon Junction Diodes by Hughes

DESIGN ENGINEERS—Hughes Semiconductors now offers a new family of silicon junction

diodes—especially designed to provide you with a device having significantly faster recovery

characteristics than eveu germanim computer diodes and, in addition, capable of operating at high

voltages and high temperatures. For the first time, this particular combination of characteristics—

hioh speed + hioh temperature + high voltage)—is available in a semiconductor.
ALY, A4 ! AY ¢

Excellent high-frequency characteristics of the new diodes enable you to use them instead of

vacuum or germanium diodes in such applications as: TLIP=rLOP CIRCUITS . . . MODULATORS
AND DEMODULATORS . . . DISCRIMINATOR CIRCUITS . . . CLAMPING AND GATING

CIRCUITS . . . DETECTORS. So, whenever you need a diode for pulse or computer circuitry to

perfornt under conditions that are marginal for vacumi or germanium diodes, use the

new QUICK RECOVERY Silicon Junction Diodes—by nuGues!

With a wide variety of gernzanium and silicon diode types
available for computer and other fast switch:ng applications,
we are in a position impartially to recommend the best type
for your particular requirements. Our field sales engincers
near you are ready to assist you in making the best possible
sclection. For further details, or for specifications covering
the new Quick Recovery Silicon Junction Diodes, write:
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HUGHES PRODUCTS
SEMICONDUCTORS
Interuational Airport Station

Los Angeles 45, California

RECOVERY

All types recover to 400K ohms in one
usec when switched from 30mA forward
to 35V reverse. Special types with faster
recovery are available if required.

WORKING INVERSE VOLTAGE
From 30 to 200 volts.

OPERATING TEMPERATURE RANGE
—55°C to +135°C.

ACTUAL sizg, Diode Glass Body

Length: 0.265-inch, max.
Diameter: 0.105-inch, max.

TYPES NOW AVAILABLE
IN625, IN626, IN627, IN6E28, IN629.

HUGHES

Bk

SEMICONDUCTORS

©19%, H, A. C.
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N for MINIMUM SIZE

...the exceptionally reduced sizes and light-
weight of Aerovox metallized-paper capaci-
tors makes them ideal for those applications
where 3pace i3 at a premium.

< for MAXIMUM T
N PERFORMANCE

... the unique properties of Aerovor metal-
lized-paper capacitors—ruggedness, reliabil-
ity, and high safety factor assure you of
longer equipment life.

 for WIDEST OPERATING .
TEMPERATURES

... Aerovoxr metallized-paper capacitors are

- available in a wide variety of case styles for
operation at temperatures ranging from
—65°C to +125°C.

Aerovox metallized-paper capacitors were developed specifically
to meet today’s critical requirements for capacitors of improved
reliability and reduced size. Complex electronic gear such as
guided missiles, computers, airborne receivers, telephone switch-
boards, transistorized radios and color TV have successfully
applied Aerovox metallized-paper capacitors.

|
|

IR O T e e e S RN T
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

(Continued from page 14A4)

Transistor Tester

A general purpose Transistor
Tester for laboratory, field and in-
dustrial use has been developed by
Sonex, Inc., 245 Sansom St., Upper
Darby, Pa.

It measures and reads on a four
inch meter; small signal beta, col-
lector leakage current, and collec-
tor resistance. These parameters
may be measured on all NPN,
PNP, surface barrier, grown or dif-
fused junction transistors. The
tester is self calibrating and tran-
sistor under test is operated in a
temperature stabilized circuit in-
suring each unit is tested under
identical biasing conditions.

The instrument employs three
transistors, one as a stable local os-
cillator having a nominal frequency
of 1,000 cps, the other two as a
special purpose, low level, syn-
chronous detector. The unit is
powered by one battery with very
low current drain.

Power Transistor

A new germanium p-n-p audio
power transistor to operate from
12-volt battery is being manufac-
tured at the Semiconductor Prod-
ucts Plant, Red Bank Div., Bendix
Aviation Corp., 201 Westwood

Ave., Long Branch, N. J.

This transistor can readily dissi-
pate 5 watts at a 75° C mounting
base temperature and 25 watts at

Novewmber, 1956




room temperature. The collector
current rating is 2 amperes at 75°
C. Its power gain is 30-40 db and
it has ac current gains up to 100 at
0.5 ampere collector current and
50 at 2 amperes. 2N235:\ is the
JETEC designation reserved for
this transistor. It features welded
construction with a vacuum tight
seal to insure long life and stable
operation.

The 2N235A is suitable in appli-
cations where the 6AQ5, 6V6 or
similar beam power amplifier tubes
are now used. It can be used to
drive automobile radio speakers,
small motors and servos. There are
numeronts applications to regulator
circnits, power supply circuits and
high current switching circuits,

Computing Indicator

PPrecise measurements of speed,
RPM, pressure, thickness, and
numerous other quantities can
now be read directly in the desired
units without conversion calcula-
tions by using the DY-2500 coun-
ter developed by Dynac, Inc., sub.
of Hewlett-Packard Co., 395 Page
Mill Rd., Palo Alto, Calif.

The new DY-2500 is an elec-
tronic counter with a variable gate
time that functions as a multipiier
of the transducer input to provide
direct readings. IFeatures include
a front panel plug-in board that
automatically sets any predeter-
mined conversion multiplier. Gate
time may also be selected manually
and is adjustable from 0.0001 to
0.9999 in 0.0001 sccond incre-
ments. There is also provision for a
second input to permit measuring
ratios of two independent variables
and direct readings of such quan-
tities as engine revolutions per gal-
lon.

A push button on the front
panel permits a quick check of
proper operation. The instrument
is casily operated without highly
skilled personnel and reliability is
assured by time-tested, conserva-
tive design and dependable com-
ponents. The DY-2500 is available
i cabinet or standard rack mount-
ing.

(Continued on page 68A4)
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Your ONE source of supply for ALL types of metallized-
paper capacitors is Aerovox. Available in hermetically-sealed
metal cases, bathtubs, cardboard tubulars and many other
case styles, standard and specials, for standard or

elevated operating temperature requirements.

Aerovox pioneered the metallized-paper capacitor art

in this country and its many years of experience and
know-how has provided valuable application-engineering
information to many leading electronic equipment
manufacturers. You are invited to consult with our
metallized-paper capacitor specialists for assistance in
selecting the right capacitor for your particular
requirements. Complete detailed specifications, quotations,
delivery information, available on written request.

¢Du Pont Trademark

NEW BEDFORD, MASSACHUSETTS

In Canada: AEROVOX CANADA LTD., Hamilton, Ont.

AEROVOY CORPORATION

:.w.ru Auriema., 89 Broad St.. m-v«unv-c&hmni

T
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PRODUCTS

JK SULZER FREQUENCY
STANDARD

Y PACKAGED
///FREQUENCY MANAGEMENT

JK Sulzer Frequency Standard: For your most precise
laboratory measurements, the JK SULZER 1 megacycle
Frequency Standard provides stability of better than 1 part
in 109 per day. Frequency is variable over a range of 0.9
cycles or more, and capable of being reset to 5 parts in 1019,

JK THERMYSTAL

JK TRANSISTOR
OSCILLATOR

JK Thermystal: An advanced-design frequency control
unit combining plug-in simplicity with extreme precision.
Frequency stability: 30 to 900 ke, +.0001%; 1000 ke to
150 me, £.00005%.

JK Transistor Oscillator: Complete, compact, precise
plug-in signal source providing fixed temperature and
humidity environment for transistor and circuitry elements.
Frequency stability: (24-hr. period) 1 part in 108,

JK
CRYSTAL FILTERS

JK Crystal Filters: Compact, rugged, hermetically-sealed
and stable, JK CRYSTAL FILTERS (band pass filters) have
a Frequency Range: 1 mc to 17.5 mc., and are available
for special filtering purposes to 150 mc. Band Width at 6
db: 0.01% to 4% of nominal on all frequencies, and up to
129 for certain frequencies.

JK
GLASLINE CRYSTALS

JK Glasline Crystals: For ultra stable frequency control,
JK GLASLINE CRYSTALS provide unprecedented stability
and reliability. Compact, evacuated and hermetically-sealed
against moisture, contamination, shock, and barometric pres-
sure. Over a complete range of 800 cycles to 5 mc. and up.

JK
MILITARY TYPES

JK Military Types: Hermetically-sealed, JK MILITARY
TYPE CRYSTALS are metal-cased and in Frequency
Ranges: 16 ke to 100 me.

JK OVENS

JK Ovens: Capable of maintaining set temperatures
around components or cicuitry with less than +1° C. varia-
tion over the range of —55°to +100° C., JK OVENS are

light, compact, inexpensive, uniform and reliable.




/—\ A new and important

) RELIABLE
WY SUBMINIATURE

TWIN TRIODE
CK6832

The FIRST SUBMINIATURE TUBE
designed for precision D. C. Amplitier
and Computer Service

The Raytheon CK6832 is a subminiature
version of the popular and brilliantly successful
CK5755. In addition to the reliability and

ruggedness for which Raytheon Subminiatures

are famous, this expertly designed, precision

produced tube features:

LOW MICROPHONICS Vibration output at 40cps, 15G . .. .10 mVac

extreme ELECTRICAL STABILITY Ei,- Ean; E 6.3V t0 5.9V.... 0.3V

Extreme MECHANICAL STABILITY k.. -E., after 400 to 600G shock. . . 0.5V

LOW GRID CURRENT.........ciiiiiiiiiiiiiteeeeeeeees 3XT08A

FINE BALANCE between sections plate current balance....0.15 mA

All of the above are maximum ratings

s P Ec lA L T u B:E D l vl s' o N NEWTON, MASS.: §5 Chapel St. »  Blgelow 4.75

l.FI.lAILI MINIATURE AND SUBMINIATURE T:Ul!! » VOLTAGE REFERENCE TUBES NEW YORK: 589 Fifth Ave. . PLaza 9-3
VOLTAGE REGULATOR TUBES . PENCIL TUBES . NUCLEONIC TUBES CHICAGO: 9501 Grand Ave., Franklin Park » TUxedo 9-54!
L0$ ANGELES: 5236 Santa Monica Blvd. « NOrmandy 5-4221
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. RE remembers the man

Markets were made when he helped
set national color TV standards/

IRE congratulates Frank J. Bingley for his important
technical contributions to electronic television. Begin-
ning his career with Baird TV in London, England
almost 30 years ago, Mr. Bingley is well-known in the
radio-electronics field as an outstanding color TV re-
search engineer. Truly, he is a color scientist. As a mem-
ber of the National TV Systems Committee, he helped
formulate National Color Television Standards and, in
turn, helped launch the color TV industry! He is also an
active member of a panel on color TV transcription and
has received the Gold Medal Award of the Television
Broadcasters’ Association. This leadership must be rec-
ognized...that’s why IRE always remembers the man.

FRANK J. BINGLEY, recipient
of the IRE Vladimir K. Zworykin The Institute of Radio Engineers is a professional

e s Society of 50,000 radio-electronic engineers devoted to

:;:;:;b::':';l;:d ::':l;"'v: ::‘c the advancement of their field of specialization. Their
official publication, Proceedings of the IRE, is concerned
solely with these men and their accomplishments. And
Proceedings of the IRE is the only engineering journal
in the radio-electronic industry exclusively edited by
and for radio-electronic engineers.

Earth satellites, FM, TV, radar, computers, color TV,
transistors, scatter propagation, solid state electronics
. all that is history making in radio-electronics is first
presented, then followed step-by-step in its develop-
ment, on the pages of Proceedings of the IRE in authori-
tative articles by the men behind these advances.

IRE remembers the man! Is it any wonder that the men
remember IRE ? Best way to get products remembered,
if they are sold in the radio-electronics field, is through
advertising in the pages of Proceedings of the IRE for
... you want to sell the radio industry, youw’'ve got to
tell the radio engineer!

THE INSTITUTE OF RADIO ENGINEERS
Proceedings of the [ IRIE

: r Adv. Dept., 1475 Broadway, New York 36, New York
e ® Chicago * Cleveland ¢ San Francisco * Los Angeles @
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KEEP UP-TO-DATE ON MAGNETICS

what are the new Performance-Guaranteed laminations?

Whenever our tungsten-carbide dies have produced
enough nickel-iron laminations of a new shape to permit
stocking them for immediate delivery, we let you know,
because we get so many requests for “what’s new in
Performance-Guaranteed laminations?”

It’s rather sensible, the emphasis our customers put on
this “Performance-Guarantee.” They know it’s a guar-
antee based upon our kigher quality hydrogen annealing,
vital for high permeability laminations.

You see, small percentages of impurities, particularly
carbon, oxygen and sulphur, have a deleterious effect on
magnetic properties—and they are present in every alloy
at the beginning despite the most rigid control of the
metallurgy of the heats. In this as-rolled state, the steel
will develop as little as 5% of tts ultimate permeabilaty.

Now everyone “hydrogen” anneals—but not everyone
dry-hydrogen anneals. You can’t use bottled hydrogen,
without leaving a surface oxide injurious to magnetic
properties and making soldering virtually impossible. So
we dry our hydrogen to a dewpoint of —60° C, removing

24A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

the water vapor which is produced by the reduction of
hydrogen. Carbon reduces to methane, sulphur to sul-
phur dioxide, and both are removed by the continuous
flow of dry hydrogen during the 24-hour cycle.

As a result of our superior annealing, we develop better
magnetic properties and clean lamination surfaces, and
you get that valued “Performance-Guarantee.”

New Performance-Guaranteed shapes, in stock, immedi-
ately available: EE 28-29, UI-312, F-21, DU-1, DU-37,
rotor, stator and head laminations. Why not write today
for Catalog ML-201 and full information on these and
all other clean, flat, burr-free laminations we manufacture.

Magnetics, Inc., Dept. 1-33, Butler, Pennsylvama.

' [ [ |
MAGNETICS inc

N

CABLE: MAGNETICS

November, 1956




how large 1s small?-f;

DAVEN'S NEW MINIATURE WIRE

WOUND RESISTORS PROVIDE AS

MUCH AS 400K RESISTANCE IN
14" X 316" SPACE

DAVEN's fully encapsulated, miniature, precision wire
wound resistors offer the design and development
engineer the solution to critical space limitation
problems. DAVEN's advanced techniques provide the
needed resistance value in a minimum »of space,
without sacrificing reliability. Where space conser-
vation is a prime factor in your design, specify DAVEN
miniature wire wounds.

Types and Specifications

1
Max. Max.

Type Dia. | Length | Ohms Watts
1274 3/16 3/8 100K 0.25
1273 1/4 5/16 | 400K 0.25
1283 1/4 5/16 | 400K | 025
1284 174 27/64 | .5Meg. 0.25
1250 174 172 900K 0.33

W70A | /16 | 12 | 12Meg| 050 : @ THE DA VE N co.
1170 1/2 1/2 1.8 Meg. | 0.50

528 West Mt. Pleasant Ave.

* Fully encapsulated « Meet and exceed all humidity, Route 10, Livingston, N. J.

salt water immersion and cycling tests as specified

in MIL-R-93A, Amendment 3  Operate at 125°C
continuous power without de-rating « Can be obtained

Special temperature coefficients can be supplied on request.
Write for our new resistor catalog.

in tolerances as close as +-0.02% < Standard tem-
perature coefficient is ==20PPM/°C.

\ ._‘z'
World Radi? Hi




New trends and developments
in designing electrical products ...

General Electric thermistors and Thyrite* varistors have unique

properties that apparently contradict normal

electrical laws.

Here’'s how they can be harnessed to improve your product.

General Electric thermistors and
Thyrite varistors are ceramic-like
semiconductor resistance materials.
Each has unique properties — appar-
ently disobedient to normal physical
laws — that enable it to perform
tasks in electrical and electronic cir-
cuits which otherwise would require
costly, complex components.

The distinguishing feature of
thermistors is their thermal sen-
sitivity. Thermistors have large neg-
ative temperature coefficients of
resistance (i.e., their resistance de-
creases tremendously when heated,
instead of increasing slightly like
other materials).

Thyrite varistors, on the other
hand, are voltage-sensitive. Contrary
to Ohm’s law, a current through a
Thyrite varistor varies as a power
of the applied voltage (i.e., doubling
the voltage through a Thyrite var-
istor can increase the current from
15 to 25 times, instead of the normal
2 times).

The applications based on the
unique properties of these materials
are almost limitless. In general terms,
thermistors are used in the detection,
measurement, and control of minute
energy changes; Thyrite varistors
are used to protect, stabilize, and
control circuits.

To give a clearer understanding
of the ways thermistors and Thyrite
varistors can be applied, here’s how
they have solved two of the electrical
engineer’s most vexing problems —
temperature compensation and surge
suppression.

e —
‘ COPPER COIL

[
E 3

I

vy
L‘ — — 4 -

FIGURE 1 — Typical thermistor
temperature-compensation circvit

The resistance of a conventional con-
ductor is so affected by ambient
temperatures that steady current
flow cannot be maintained. For ex-
ample, as the temperaturc of copper
swings from —60° C to +80° C, the
resistance increases 53%.

However, when the copper is com-
pensated with a properly selected
thermistor, the maximum deviation

from the total average resistance at
25° C is only 3v2% — despite the 140
swing in temperature.

In the circuit in Fig. 1, the ther-
mistor’s negative temperature co-
efficient of resistance offsets the
positive temperature coefficient of
the copper to stabilize current flow.
In other circuits, thermistors can be
utilized for signal and warning de-
vices, sequence switching, and other
time delay applications, because of
the inherent thermal inertia involved.

— }_. S —
CONTACTOR

K

THYRITE
VARISTOR
INDUCTIVE

ELEMENT

.

FIGURE 2 — Thyrite varistor
surge voltage suppression circuit

Sudden interruptions of inductive
circuits cause surge over-voltage,
arcing, and high-frequency oscilla-
tions — all of which can cause trouble.
The circuit in Figure 2 shows how a
Thyrite varistor can be connected to
hold these effects within safe limits.

With the Thyrite varistor out of
the circuit, the surge voltage caused
by interruptions of the current may
rise to 9 times applied peak voltage
(Oscillogram, Figure 3).

A

OVER 9X APPUED PEAK VOLTAGE

FIGURE 3

But with the Thyrite varistor in the
circuit, (Figure 4), the surge voltage
is limited to less than 3 times the
normal applied peak voltage.

PPROX. 3 X APPLIED PEAK VOLTAGE

FIGURE 4

The Thyrite varistor draws negligible
current at rated voltage, yet offers
sufficiently low resistance at the peak
current to limit the surge voltage
to a safe value and to reduce arc-
ing. Also, the Thyrite varistor quickly
discharges circuit energy by provid-
ing increasingly higher resistance as
the inductive current decays.

If a linear resistor were used to
provide the same voltage suppression
level, it would have to draw a cur-
rent equal to more than 309 of the
inductive element current.

In addition to surge suppression, a
Thyrite varistor can be used as a
nonlinear resistance parameter. a
potentiometer, and a frequency
multiplier. It can also be used as
a bypass resistor to protect per-
sonnel and equipment from circuit
faults.

Technical literature giving com-
plete data on properties, applications,
sizes. and shapes of G-E thermistors
and Thyrite varistors is available.
And, for the experimenter, there are
two engineering test kits on each.

To obtain kits, literature, or the
assistance of a General Electric
Engineer on your problem, write:
Metallurgical Products Department
of General Electric Company, 11139
E. 8 Mile Road, Detroit 32, Michigan.

Progress [s Qur Most Important Product

GENERAL @B ELECTRIC

*Registered trademark of General Electric Company
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RADIO

INTERFERENCE

AND FIELD INTENSITY
measuring equipment

Stoddart equipments are svitable for making
interference measurements to one or more of
the following specifications:

AIR FORCE—MIL-1-6181B
150 ke to 1000 me

BuAer-MIL-1-6181B

150 kc to 1000 mc

BuShips —MiL-1-16910A (Ships)
14 kc to 1000 me

SIGNAL CORPS—MIL-I-11683A
150 kc to 1000 mc

SIGNAL CORPS —MIL-S-10379A
150 kc to 1000 mc

The equipments shown cover the frequency
range of 14 kilocycles to 1000 megacycles.

Meosurements may be made with peak, quasi-
peak and average (field intensity) detector
functians,

F.C.C. PART 15— Now in effect, the revised
F.C.C. Part 15 places stringent requirements
upon radiation from incidental and restricted
radiation devices. Stoddart equipment is suit-
able for measuring the radiation from any
device copable of generating interference or
c-w signal within the frequency range of 14 ke
to 1000 me,

Write Stoddart Aircraft Radio Co.,
Inc., for your free copy of the new
revised F. C.C, Part 15.

NM-10A (AN/URM-68)
14 kcs to 250 kes

NM-208 (AN/PRM-14)
150 kcs to 25 mcs

NM-30A (AN/URM-47)
20 mcs to 400 mcs

NM-50A (AN/URM-17)
375 mcs to 1000 mcs

o —— . — o — ——

\
The Stoddart NM-40A is an entirely new radio |
interference-field intensity measuring equipment. |
It is the commercial equivalent of the Navy type |
AN/URM-41 and is tunable over the audio and )
radio frequency range of 30 CPS to 15 kc. It per- |
forms vital functions never before available in a

tunable equipment covering this frequency range. |
Electric and magnetic fields may be measured |
independently over this range using newly [
developed pick-up devices. Measurements can be |
made with a 3 db bandwidth variable from 10 CPS !
to 60 CPS and with a 15 kc wide broadband !
characteristic. /'

ALBUQUERQUE-LOS ALAMOS

“The Development of Color Television Stand-
ards,” by A. V. Loughren, President, IRE; August
7, 1956.

“Nuclear Power Today and Tomorrow,” by
Dr. Samuel Glasstone, Atomic Energy Commission;
September 12, 1956.

BALTIMORE

“Theory and Instrumentation of Inertial Navi-
gation Systems,” by Joseph Statsinger and Bernard
Litman, ARMA Div. of American Bosch; Septem-
ber 12, 1956.

BINGHAMTON

“Operational Problems of Airborne Radar,” by
M. E. Balzer, United Airlines; September 10, 1956.

BUENOS AIRES

Films on Technical Subject. Talk and demon-
stration by Raul Vuilliomenet: “Iligh Fidelity Pho-
nograph”; July 5, 1956.

“Color Television,” by J. P. Calvelo; July 19,
1956.

“Tele-Cables Net,” by Armando Chornobroff;
August 2, 1956.

“Artificial Satellites,” by C. C. Papadopulos.
Presentation of “Guillerino G. Guntsche” Reward
for the Best Paper to Luis F. Rocha, Student; Au
gust 23, 1956.

EmporIUM

“Radioisotopes in Non-Contact Measure-
ments,” by F. H. London, Curtiss-Wright Com-
pany; August 24, 1956.

“The Inductronic Amplifier,” by John Nagy,
Jr., Weston Electrical Instrument Co.; “Unusual
Electron Tube Effects” by W. E. Babcock, R.C.A.;
August 25, 1956.

HamiLTON
“Portable TV Set Trends Requiring Efficient

Sweep Component Miniaturization,” by C. E.
Torsch, The Rola Company; September 10, 1956.

Hawanu

“A Comparison of High Quality Home IIi-Fi
Systems, Including Stereophonic Tape and Profes-
sional Quality Stereophonic Tape Systems,” by
B. J. Hastin, Brenna & Browne, Inc, and J. J.
Harding of J. J. Harding Co. Ltd.; August 8, 1956,

HunTsvILLE

Tour of General Electric Vacuum Tube Plant;
August 24, 1956.

Los ANGELES

“Nuclear Energy Progress Since Geneva,” by
Dr. E. L. Zebroski, Stantord Research Institute,
and “Electronics and the Atom,” by Dr. J. W,
Clark, Hughes Aircraft Company. Dinner speaker:
“IRE-WCEMA relations and WESCON,” by T. P.
Walker, Gertsch Prod. Co.; September 4, 1956.

MILWAUKEE

Tour of WITI Television Station conducted by
D. W. Gellerup; September 18, 1956.

(Continued on page 32A4)

J0000000000000000000000000
J0000000000000000000000030

Use your
IRE DIRECTORY

S TODDART Aienage Radio Co., Ine.

It's valuable
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- NOW
- o . . RELEASED!

MOTOROLA
£ performance proven POWER TRANSISTORS

MASS PRODUCED More Motorola
Power Transistors have been pro-
duced and are now in use than all
other comparable types.

“"PRODUCTIONEERED' Basic

design and manufacturing process
engineered for quality in quantity.

PERFORMANCE PROVEN Hun-

dreds of thousands have successfully

withstood the only real test of reli-

ability—months of customer use with -
virtually no failures! L 4

i MORE TO COME Motorola’s Semi-
conductor team, which has already de-
‘ veloped one of the first diffused base
= high-frequency transistors, created
the industry standard power tran-
sistor design and produced more pow-
er transistors than all others, is now
“productionecring’”’ new semiconduc-
tor products for many other practical
applications. These will be released
only when they, too, are performance
proven.

Write today for specifications, applica-
tions information and prices on the
Motorola family of hi-power and
medium power transistors.

MOTOROLA, INC.

SEMICONDUCTOR PRODUCTS DIVISION
5005 E. McDOWELL ROAD
PHOENIX, ARIZONA




FIRST OF A SERIES

What is reliability?

Industry in the United States is becoming more
and more complex... we’re getting automated
... computers are computing. .. the missiles

are flying... the digits are digitizing. ..

And the word “Reliability” takes a new and / |

different meaning. .. what does it mean to you? {

It’s time to stop and take a look!
Ask three of your friends how they
. - define “reliability?” You’ll be sur-
prised at the different answers you receive. And
when you quiz them further on how much relia-
bility is needed in a particular product...how
they would control the design and manufacture
of that product to obtain the amount of reliability
they want...youll be even more surprised by
the variety of the answers.

So...let’s define reliability. Let’s start off with
a definition that is gaining the most acceptance in
the technical field ..

The reliability of a particular component
or system of components is the probability
that itwill do what it is supposed to do under
operating conditions for a specified operat-
ing time,

Looks simple enough!

But what hazards it presents! The first impor-
tant challenge is that word “probability”.. . it
takes you seriously into the field of data collec-
tion and statistical analysis. Then you check into
the phrase “do what it is supposed to do”...some-
one must define these objectives. And, look at the
“operating conditions”. .. pause briefly and reflect
on the many different conditions under which
products operate. And, finally, note the phrase
“for a specified operating time”. . . does one nor-
mally, consciously, define reliability in terms of
time ?

These considerations pose problems for all of
us .. .the manufacturers of components, those
who assemble components into other products,
systems personnel, designers, industrial engi-
neers, production workers purchasmg agents
quality control...and users!
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Let’s look at the word “probability”

Picture a chain, with its successive links. Many
of today’s systems, simple or complex, comprise
such a chain of components. However, as we all
know, that chain will be only as reliable as its
weakest link. And, statistically, the over-all reli-
ability of the chain or system is the mathematical
product of the reliabilities of the individual links
expressed as...

Over-all Reliability, Ry—=ry x r2 x rs...ry

As an example, assume a product has a chain
of 100 components in which each component has
a reliability of 99 per cent...which assumes that
only one out of a hundred units of each compon-
ent will fail. These are relatively high standards
established by past practices. But what happens?
Multiplying .99 by itself one hundred times
(.99') " note that our chain of components will
have a reliability of only 36.5 per cent! Two out
of three of our chains would probably fail!

As another example, let’s look at contacts in a
multi-contact electric connector. If, for instance,
we are to assemble connectors containing 25 simi-
lar contacts from a 1% defective contact popula-
tion, we can expect 22% of the connector
assemblies to contain one or more defective con-
tacts! See how the multiplication of probabilities
presents a major challenge to both designer and
manufacturer?

But all is not lost! There is another side of the
picture. With proper care, analysis, and control,
our organization at Cannon has actually achieved,
in special “missile quality” contacts, a known level
of only 2.85 x 10% defective...or one defec-
tive part in 35.000! Naturally, we don’t achieve

n"-‘-i: E
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that with all our contacts .. .but we do try to design and
manufacture the utmost in reliability required for specific
applications.
However, to return to your problems and to go a step
further in demonstrating “probability” of uncontrolled
contacts . . . and the challenges it poses to youand to us. ..
consider the case where we have three groups of contacts,
each group with contacts of different sizes. Let us assume,
also. that each group has different percentage defective pop-
ulations and that the three groups are assembled in a 90-
contact connector as follows:
50 No. 16 contacts with a population reliability of .59;
25 No. 12 contacts, reliability .60; and 15 No. 8 con-
tacts, reliability .04.

Then. ..

Rc
(90 contact
connector)

= Ty16 X Ty12 X T'ge

or,

Rc
(90 contact
connector)

=(.59) (.60) (.64)=.23

It is apparent from the above that connector contact
populations must be maintained at extremely low values
of percentage defective. This is of extremely vital impor-
tance if we are to produce connector assemblies which will
perform satisfactorily in systems utilizing series circuitry,
where the failure of one contact pair can cause failure of
the entire system.

We have been talking only about a contact . .. just one
of the many different materials and parts tsuch as contact
pins, insulators, shells, and couplings) goirg into the more
than 20,000 different connector and electrical items we
manufacture. Think of the “product of reliabilities” rule
in systems comprised of tens, hundreds, or thousands of
electrical components connected by connectors such as
ours. Regardless of whether they design, manufacture, sell,
or use washing machines or guided missiles, everyone faces
the same problem. That’s why we’re taking some of your
valuable time to present the important subject of relia.
bility here.

| / All of us, when we specify materials, parts
&2 | or components must constantly keep in mind

the (a) “probabilities]” (5) what the part is
supposed to do, (c) the operating conditions, and (d) the
time it must operate satisfactorily. Let’s see what we can
do to increase reliability in relation to these four factors:
(«) Probabilities. To increase the reliability of any
component, and thereby the system as a whole, it is nec-
essary to think in terms of statistical distribution of im-
portant physical properties. From field reports of failure
and laboratory test results, we must first isolate those
properties which most frequently cause trouble. It is then
necessary to determine whether poor performance is due
to lack of process control to keep the product within speci-

*
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fied tolerance limits, whether the dollar sign has entered
into the picture too far —cutting reliability down for the
sake of a few cents here or there—or whether
D-%—E] the design itself is inadequate for an end-use
application. In any case, the use of the sta-
tistical approach to problem solution offers a positive
method of obtaining known levels of reliability.

(b) Definition of Function of Product. Each com-
ponent and each system ... both civilian and military ...
in each different field of endeavor, in each product
produced, has different functions. None of us should “over-
build”. . . nor should we “under-build’” We should look at
our specifications closely.

(c) Operating Conditions. Temperature and pressure,
humidity, corrosive atmospheres, stray electric and mag-
netic fields, low and high frequency noise, shock and vibra-
tion . .. all must be considered plus conditions prior to
product use.

(d) Operating Time. This varies both for different
products and different fields of application. Have you set
reasonable lengths of operating time for your product or
system, from the viewpoints of both usage and economics?

0 00 e *
M We at Cannon Electric are proud of our
historical emphasis on quallty and relia-
4 RN bility. Since our inception in 1915 we have
conslslenlly adhered to a design philosophy embracing the
highest quality and reliability in each Cannon Plug for the
specific application for which it is to be used. /f we cannot
design to that principle, we don’t make it! In manufacture,
we are proud of our know-how in depth, proud of our fine
quality control systems, proud of our personnel, and proud
of our reliability control group. The “Cannon Credo”. ..
part and parcel of the everyday life of each Cannon em-
ployee . .. is posted in all offices and all departments of
all eight Cannon plants around the world. Three of its
sections read as follows:

To develop an organization of exceptional people
possessed of respect for the dignity of the individ-
ual and imbued with the spirit of the team.

To provide a facility with which we can produce
to our utmost in an efficient and pleasant environ-
ment.

To develop and produce products of such qual-
ity, and render such service, that we may always be
proud of our efforts.

b3

Whenever you have an electric connector reliability
problem . . .in design, engineering, production or proto-
type phases . . . we would welcome the opportunity of dis-
cussing it with you.

Cordially,

J @M President

Cannox ELectric COMPANY
3208 Humboldt St., Los Angeles 31, California

5 @ EANION PUUSS

Eight plants around the seven seas!

31a



Section Meefings

(Continued from page 28A4)

The answer to your current project
...0r your next one...may he easier
with one of these S

a . ]
“Brainstorming,” by C. F. Chowenhil
- a Ion ns rumen s BRBD&XO. Panel of IRE members. September 1
1956.

OkraHoma Cniy

NORTHWEST FLORIDA

“The Influence ot the Cathode Base on Oxide
Cathodes,” by Dr. W. D. Shepherd, University of
Minnesota; August 28, 1956.

“Tactival Air Navigation System {(TACAN).
by G. F. Gaa, Federal Electric Corp ; September 11,
1956.
PITTSBURGH

“CYPAK A New Concept in Industrial Con-
tiol,” by H. A. Perkins, Jr., Westinghouse Corp;
September 10, 19506,

REGINA

“Development of Color Television Standards,”
by A. V. Loughren, President, IRE; September 12,
1956,

SACRAMENTO

“Color Television Standards,” by A, V. Lough-
ren, President, IRE; August 31, 19506.
SaN Dieco
“Future of the IRE,” by A. V. Loughren, Pres-
ident, and “Physiological Effects of lonized Air,
and Methods ot Generation,” by Dr. T. L. Martin,
Jr., University of Arizona; August 17, 1956,

SaN Fraxcisco
“Considerations Leading to the Development
of Color TV Standards,” by A. V. Loughren, Presi-
dent, IRE; August 29, 1956,
ToLEDO

“The American Kconomic System and fts Re-
lationship to the Electrical Industry.,” by G. ).
Lyons, Toledo Edison Company; Setpember 12,
1956.

If you think Stromberg-Carlson makes telephones only for office TuLsa
or home conversation, you should know how many instruments “The ‘lorac’ System,” by K. S. Finn, C. V.
we offer for specialized jobs. o 20 g Tismosraph Service
Shown above are just a handful, developed for somebody’s : o
special project.
Suspended-type ’phones, great space-savers; used either in i L e I
. . Loughren, President, IRE; September 13, 1956,
dial or manual service.
Remote-control instruments, such as we make to work with SUBSECTIONS
dictating machines. “Press-to-talk,” ‘“Press-to-receive” and
“Press-to-control” handsets, very popular in two-way radio

WINNIPEG

Fort Huachuca

“Development of Digital Computers,” by John

applications. “1574” telephones, with a special Luke. IBM; July 19, 1056,
key for transferring calls (or other functions) = —
from one line to another. T Camon Moxsou

Boeid .";:"'"- == " :T;)ecl:\méo;;il(:;;ll x[\gdvgl.mc?: i.n .I’re;ent—l’)ay Rus-
NEW CATALOGUE, with compiete descripticn of all & h](‘-lr'wywén.' ol frendix Aviation Labs. Septem-
special-project instruments, sent you on request. Or (Continued on page 344)

for a specific problem, just write

S'C g
: THES, 1957 Radi
T .

oty = Engineering Show
STROMBERG-CARLSON COMPANY March 18-21, 1957
A DIVISION OF CENERAL DYNAMICS CORPORATION New York Coliseum

Telecommunication Industrial Sales » 115Carison Rd. » Rochester 3, N. Y.
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specify RMC DISCAPS

fOl" the mitimate

If you want to improve the quality of your
electrical or electronic product you will do well
to investigate the advantages of RMC DISCAPS.
Modern research methods and strict quality
controls have made DISCAPS the outstanding
ceramic capacitors for a wide range of
applications.

RMC offers standard temperature compensating,
heavy duty, high voltage frequency stable, and
temperature stable as well as special types.

If you use ceramic capacitors look to RMC,
DISCAPS are our only business.

Write for complete information on your company letterhead.

DISCAP
CERAMIC
CAPACITORS

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, lil.
Two RMC Plants Devoted Exclusively to Ceramic Capacitors

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.

R
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WHATEVER YOUR UHF
ATTENUATION NEEDS...

AT-104: 12 POSITION STEP ATTENUATOR
USING AT-50 ELEMENTS.
0C TO 4000 MC.

A COAXIAL UNIT FROM
EMPIRE DEVICES
WILL MEET

YOUR REQUIREMENTS

AT-103: 6 POSITION STEP ATTENUATOR
USING AT-50 ELEMENTS
0C TO 4000 MC.

Empire's UHF attenuators
are resistive coaxial networks for the
frequency range from DC to 4000

Accuracy is held to =Y, DB, VSWR
1s better than 1.2 to 1. Any attenua-
tion values up to 60 DB are available.
Deposited carbon elements are used
for stability and operations at higher
pulse levels. Standard impedance is
50 ohms, other values upon request.
These units have excellent tempera-
ture characterist'cs and are vibration
and shock resistant. Standard con-
nectors are type "N, attenuator pads
are also available with type “C".

AT-50: ATTENUATOR PAD,
0OC TO 4000 MC.
1 W AVERAGE, 1 KW PEAK.

The attenuators may be obtained as
individual pads (AT-50, AT-60),
or as multi-position step attenuators
AT-103 (six positions) and AT-104
(twelve positions) . For even greater
flexibility, several step attenuators
may be series connected.

AT-60: ATTENUATOR PAD,
DC TO 3000 MC.
2 W AVERAGE, 2 KW PEAK.

For complete technical information
about attenuators for your
laboratory or production needs,
write for free catalog.

NEW YORK—Dlghy 9-1240 ® SYRACUSE—SYracuse 2.6253 ¢ PHILA-
DELPHIA—SHerwood 7-9080 e PITTSBURGH—ATIantic 1-9248 e
BOSTON—TWinbrook 4-1955 e WASHINGTON,  D.C.—DEcatur
2-8000 © ATLANTA—EXchange 7801 e VALPARAISO, FLA.—5937 e
DETROIT—BRoadway 3-2900 e CLEVELAND—EVergreen 2-4114 e
DAYTON—FUlton 8794 e CHICAGO—EStebrook 9-2700 e ST. LOUIS
—EVergreen 5.7728 e DENVER—MAin 3-0343 e FORT WORTH—
WAInut 3-8811 e ALBUQUERQUE—ALbuquerque 5-9632 e LOS
ANGELES—REpublic 2-8103 e PALO ALTO—DAvenport 3.4455 e
PORTLAND—CApitol 7-3830 e STITTSVILLE, ONT., CAN.—HAzel-
dean-56 ® EXPORT: NEW YORK—MUrray Hill 2-3760

EMPIRE DEVICES
PRODUCTS CORPORATION
38-15 BELL BOULEVARD * BAYSIDE 61 * NEW YORK

manvufacturers of
FIELD INTENSITY METERS * DISTORTION ANALYZERS * IMPULSE GENERATORS * COAXIAL ATTENUATORS - CRYSTAL MIXERS

R Section Meeings

(Continued from page 32A4)

ORANGE BELT

“Some Remarks about the Engineer Shortage,”
by John Byrne, Motorola Research labs.; “Some
Problems of Inter-Continental Ballistic Missiles,”
by Dr. Sidney Browne, Lockheed Aircraft Corp.;
July 18, 1956.

QUEBEC

General meeting; July 3, 1956.

USAFIT

“The Mathematical Justification for the Ny-
quist Stability Criterion,” by Dr. Judson Sanderson,
USAFIT; July 2, 1956.

Professional Group Meelings

ANTENNAS AND PROPAGATION

Denver—August 28
“[urbulence in the lonosphere,” by
H. G. Booker, Cornell University.
Denver—August 8

“Recent RDF Research at the Uni-
versity of Hlinois,” by H. D. Webb, Uni-
versity of lllinois,

Denver—July 19

“A Survev of Current lonospheric
Research at the Cavendish Laboratory,”
by G. Keitel, Cambridge Univ.

Denver—N>May 23

“Backscatter of Radio Waves,” by
A. D. Wheelon, Ramo Wooldridge Corpo-
ration.

MEDICAL ELECTRONICS

San Francisco—May 17

“The Biological Effects of Microwave
Radiation,” by H, P. Schwan, University
of Pennsylvania.

San Francisco—April §
“Ultrasonics in Medicine: ‘Therapeutic,
Diagnostic, and Surgical,” by O. Dallons.
San Francisco—February 3

“Paper Electrophoresis and Its Clinical
Applications,” by E. Durrum, Stanford
University, F. Williams, Beckman In-
struments, Inc.

New England Radio-
Electronics Meeting
November 15-16, 1956
Bradford Hotel, Boston
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T’S HERE...
BIGGER!

BETTER!

Avuthoritative
Up-To-Date
REFERENCE DATA
for
RADIO ENGINEERS

Single Copy

$690

An order of 12 or more
Some of the New or Completely . m: fi:;ei:'o':d?':l: *°
Revised Subjects

$
Modern Network Filter Design 489
eac

Semiconductors and Transistors
Coming off the presses is the long-awaited 4th edition of this

Transistor circuits
Probability and Statistics

well-established technical reference book on radio, electronics,
and communications.

Magnetic Amplifiers

Feedback Control Systems

Metallic Rectifiers

Scattering Matrixes in Waveguides
Helical Antennas

Forward-Scatter Propagation
Television Pickup Tubes

Digital Computers

The new Reference Data for Radio Engineers is based on the

previous edition published by Federal Telephone and Radio Com-
pany, division of International Telephone and Telegraph Corpora-
tion. Revision and expansion of the existing material and the
Patent Practices addition .ox' 9 cor.npletely new chal.:)t'ers have resulted in a book
Information Theory about twice the size of the third edition.
Nuclear Physics In publishing this book, the International Telephone and Tele-
graph Corporation is making available to other engineers in prac-
tice as well as to those in training in universities much practical
knowledge of radio engineering acquired over the years in its
research, development, manufacturing, and operating activities
throughout the world.

® 9 Completely New Chapters

e 29 Chapters Brought Up-to-date

® Over 1100 Pages

® Cross Index of Over 3500 Terms

e Approximately 1000 Graphs, Tables, and lllustrations

e About 233 Pounds

® 13 by 5% by 8% inches

® Used by electronics students in more than Q‘“AT/O\\
200 leading colleges and universities 2’,\ A

e Over 150,000 copies of previous editions (= Z
distributed to date '\' '/

O
gy =Y

mme GET YOUR COPY NOW —USE THIS COUPONusmmpy

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
Publication Dept.R-11,67 Broad Street
New York 4, N. Y.

]
|
|
: I enclose dollars, for which send me____ copies
|
|
|
i

=

/‘

of "Reference Data for Radio Engineers,” at $6.00 per copy.®

Name

Address

City Zone State

g = o= = = #For 12 or more copies, sent in bulk to a single address, the price per copy
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION I is $4.80,

67 Broad Street, New York 4, N. Y. I----------------------‘

PROCEEDINGS OF THE IRE Novemter, 1956 35



°

What Does VACUUM

Do For a Relay?

SPOT

RD1

RD2
N/C

RE2
SPOT

RE3
SPDT

JGF-RE2
SPOT

RM4
4PDT

A high vacuum positively insures clean contacts that

stay clean. The high temperature processing required
to achieve an insulating vacuum drives off all vapors that
might contaminate the contacts. The permanent vacuum then
keeps the contacts clean during their storage and service life
since all sources of contamination (such as organic matter,
metallic oxides, etc.) are excluded from the evacuated con-
tact enclosure. Contact resistance actually tends to improve
with use.

A high vacuum permits antennas, pulse forming net-
works, and dc circuits to be switched ‘‘hot” if necessary
without the danger of sticking or welding. The arc time is less
than in any other interrupting medium. Since there is nothing
to burn or to ionize, arcing ceases as soon as the contacts are
parted enough so that field emission is no longer possible.

A high vacuum is excellent high voltage insulation per-
mitting the construction of small, efficient contact actu-
ating mechanisms that resist vibration and shock forces.

In Jennings' Transfer Relays this high vacuum is combined with an efficient
magnetic circuit that has no air gap losses except those of the armature
itself. Sufficient contact pressure is provided by the small 5 to 10 watt
coil to permit rf current ratings of 10 to 15 amperes and contact resist-
ances of less than .01 to .02 ohms.

Two new transfer relays have recently been developed by Jennings. The
type JGF-RE2 relay is a 10 kv, 10 ampere RE2 vacuum relay enclosed in
arugged gas-filled container so that it can be mounted in exposed loca-
tions. The Type RE4 relay is for higher operating voltages up to 25 kv.
It has a 5 watt actuating coil and like all Jennings transfer relays it
has a simple flange mount so that the high voltage terminals can be
sealed into a pressurized or oil filled container with the low voltage
terminals and the coil accessible from the outside.

If you have difficult switching requirements that can-

not be easily met by conventional relay types, we

would like the opportunity of suggesting a suit-

able vacuum relay. Literature mailed upon
request.

enmin

=RADIO ©

VACUUM ELECTRONIC COMPONENTS

JENNINGS RADIO MANUFACTURING CORPORATION - 970 McLAUGHLIN AVE. P.0.BOX 1278 - SAN JOSE 8, CALIFORNIA
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t]li progress report on silicon rectifiers

NEWEST ADVANCE... Isoo

VOLT

welded case
single junction
silicon rectifiers

You can now practically double the output of your
miniature high voltage power supplies . .. by designing
your circuits with TI grown junction silicon rectifiers . . .
with virtually twice the operating voltage previously
obtainable from silicon rectifiers. You get greater output
with fewer units . .. assuring greater circuit

reliability. The cases of these 1500-volt rectifiers are
welded for long service life and have single element
construction for more dependable operation. All this,
plus the tremendous savings in size, space,

power and weight that semiconductor devices can
contribute to your miniaturization programs.

TI miniaturized silicon rectifiers feature forward

current ratings to 125 ma . .. have high mechanical
reliability . . . and operate stably to 150°C. They

require no filament power ... no warm-up time.

Four production types give you a choice of axial and
stud half-wave types in welded cases. Axial

models allow point-to-point wiring. Stud models
provide maximum heat dissipation . .. are made with
either an anode or a cathode stud so no high

voltage insulation is necessary between stud and chassis.

Also in production and immediately available
—TI 1500-volt full-wave plug-in model
in hermetic soldered case...
" replaces JAN 6X4 rectifier tube
in many applications.

For exacting circuit requirements, select from TI's line
of 65 SILICON JUNCTION DIODES, including:
]

60 Ul

All these devices are
available now!

im

VOLTAGE
REFERENCE

UNIFORM FORWARD
CHARACTERISTIC

GENERAL
PURPOSE

PROCEEDINGYS OIFF THE IRE

TEXAS INSTRUMENTS
I NCORPORATED

DALLAS 9. TEXAS

Write todoy for

complete dato
6000 LEMMON AVENUE
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ELECTRON TUBES

BATTERIES
TEST EQUIPMENT

ELECTRONIC COMPONENTS

_ SWITCHING

IRF « IF - CONVERTER

RCA TRANSISTORS

NEW RCA HIGH-QUALITY TRANSISTORS
—for HIGH-FREQUENCY...COMPUTER...MILITARY APPLICATIONS

TRANSISTOR MEETS MIL-T-25380/4 (USAF) SPECS ... RCA.2N206. Manufactured under
rigid controis to insure extreme stability and uniformity of characteristics both ini-
tially and throughout life, this transistor undergoes temperature cycling and mais-
ture-resistance tests, to give reliable performance even under severe environmental
conditions! RCA-2N206 is a hermetically sealed, germanium p-n-p type intended for
use in military and commercial audio-frequency applicatiors. In a common-emitter
type circuit with base input, the 2N206 has current transfer ratio of 47, low-frequency
power gain of 46 db, noise factor of 9 db, and max. collector dissipation of 75 mw

‘'DRIFT'” TRANSISTOR OFFERS NEW CONCEPT IN TRANSISTOR DESIGN FOR HIGH-FRE-
QUENCY APPLICATIONS...RCA-2N247 germanium p-n-p type with "built-in" accel-
erating field is intended for use as an rf amplifier in military, commercial, and
entertainment-type equipment operating at frequencies covering the AM broadcast
band and up into the shorl-wave bands. Also useful as intermediate-frequency ampli-
fier or mixer-oscillator (converter). This transistor features low base resistance and
very low feedback capacitance (1.7 uuf) which permits the design of rf amplifier cir~
cuits having high input-circuit efficiency, exceilent operating stability, good auto-
matic-gain-control capabilities over a wide-range of input signal levels, and gcod
signal-to-noise ratio. RCA-2N247 has four flexible leads and utilizes shielding to min:-
mize interlead capacitances and coupling to adjacent circuit components. The RCA-
2N267 drift transistor having three flexible leads and intended for compact designs,
is also available.

TRANSISTOR FOR COMPUTER AND OTHER ‘‘ON-OFF'" CONTROL APPLICATIONS...
RCA-2N269. Having excelient stability and uniformity of characteristics during life,
this hermetically sealed germanium p-n-p type transistor is especially suited for use
in low-level, medium-speed '‘on-off’’ control applicatiens such as flip-flop and gating
circuits. Careful control of the characteristics of the junctions with respect to satura-
tion current, leakage cusrent, and breakdown voltage insure dependable performance
in switching applications. Max. emitter and collector currents, 100 ma; minimum
alpha cut-off frequency, 4 Mc; large-signal current transfer ratio, 35 at a collector-
to-emitter voltage of -0.35 volt.

WHEN WRITING TO ADVERTISERS PLEASE MENTION

SEMICONDUCTOR DEVICES

DATA

NEW MASTER VOLTOHMYST
Features WIDE-VISION METER FACE

RCA-WV-87B...designed for high accuracy, this new
instrument is well suited to general laboratory use
as a portable or rack-mounted vacuum tube volt-
meter/ohmmeter and ammeter. The 7Y2-inch meter
face provides large, easy-to-read scales. A mirror-
strip on the meter face enables the reader to elimi-
nate needle-to-scale parallax. Tracking error of the
meter movement is onily ==1% or less. The meter
movement is accurate to ==2%. Overal} accuracy is
=3% full-scale on all ranges. RCA-WV-87B is supplied
compiete with WG-299C probe with built-in switch for
selecting DC/AC-Ohms. The probe has an exception-
ally flexible low-capacitance cable. Frequency re-
sponse 30 cps to 3 Mc (for source impedance of 100
ohms) on ranges to 500-v. rms, 1400-v. peak-to-peak.

(o] (o) o (o}
(o) Oo
(o)

o) o O
NEW HIGH-SPEED o)
(o] TOROIDAL FERRITE CORE o
RCA-221M1 .. . is characterized by a hys-
terisis loop which permits the core to O
reverse its magnetic flux polarity when

o the correct current combination from two

associated windings is coincidentally ap-

o plied. Because of this characteristic, the o

221M1 is used in matrices of the coinci-
dent-current type as a storage device for o
digital computers. Diameter is 0.081 inch.

Static Characteristics at
Ambient Temperature of 25°C

O Magnetizing Force required for
optimum squareness 1.8 oersteds o
Maximum Flux Density 1730 gausses
Maximum Remanent Flux O
Density 1620 gausses
Coercive Force 1.2 oersteds O
o Squareness Ratio 0.86 o

o
o OOOO o
o o o o

o
o o 0
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FOR DESIGNERS

THREE NEW “PENCIL” TUBES FOR UHF EQUIPMENT DESIGNS

These new A’ versions retain the desirable characteristics of their prototypes but, in addition,
undergo special tests for fracture, vibraticnal acceleration, low-frequency vibration, heater-

&
Tmﬂ-a
v

cycling, survival, and one-hour stability life performance. All of these tubes can be operated at ANOTHER

altitudes up to 60,000 feet in unpressurized equipment and are particularly suitable for use in

mobile equipment and aircraft transmitters. TUBE TYPE
RCA-5876-A is a general-purpose, high-mu triode for use in cathode-drive circuits as an rf power =+ Mo ADDED TO
amplifier and oscillator, if amplifier, or mixer tube at frequencies up to 1000 Mc; to 1500 Mc as RCA’s

a frequency multiplier; and to 1700 Mc as an oscillator. It is capable of giving a useful power -

output of 5 watls at 500 Mc as an unmodulated class C rt amplifier; 3 watts at 500 Mc and 750 COMPREHENSIVE

milliwatts at 1700 Mc as an unmodulated class C oscillator.
“PREMIUM’’ QUALITY LINE

RCA-6263-A is a medium-mu triode with integral plate radiator, and is intended primarily for use
as an rf power amplifier and oscillator in cathode-drive applicaiions. At 500 Mc, it is capable of
giving a useful power output of 10 watts (1CAS) as an unmodulated class C rf power amplifier, or
7 watts (ICAS, as an unmodulated class C oscillator. The tube may be operated with reduced

RCA-5749 .. .is a remote-cutoff pentode of
the 7-pin miniature type designed espe-
cially for use as an rf or if amglifier in

ratings up to 1700 Mc.

RCA-6264-A

RCA OFFERS f E
NEW 1
PICTURETUBE . ' | & o
with 110-DEGREE W } Nt
DEFLECTION ANGLE \,‘ U ==

RCA-21CEP4 .. . first commercially available 110" ce-
flection-angie picture tube developed by RCA enzi-
neers, establishes new concepts 1n TV-set styles
Tube depth i1s approximately 5t2’’ shorter than 9

deflection tvpes. New '‘straight gun’’ with ‘“‘grefocus
lens”' marntains image sharpness over the entire
screen area The new small neck diameter makes
possible the design of a more efficient yoke requining
only slightly more power than is needed for 30 de-
flection. Tube 1s aluminized; needs no ion-trap magn=t

Designed for use in 110° defiection-angle systems
for horizontal deflection, RCA-6DQ6-A; for vertical
deflection, RCA-6CZ5. Both of these types wre now
commerciaily avaslable. In addition, a developmental
norizontal deflection transformer and a develop-
mental deflecting yoke--both designed especially for
use with 110¢ tubes—are available on a sampling
basis to TV equipment manufacturers.

similar to the 6263-A, and is interded for use particularly as a trequency multi- .
plier. 1t 1s also useful as an rf power amplifier and oscillator. As a frequency tripler to 510 Mc,
RCA-6264-A 15 capable of 3.4 watts output; at 500 Mc it is capable of 10 watts output as an un-
modulated class C rf power amplifier, and 6 watts as an unmodulated class C oscillator.

»

=

s

CERAMIC BUSHINGS—
DESIGN FEATURES
OF NEW UHF

BEAM POWER TUBES

RCA-6816 and -6884 ... capable of 80 watts cw out:
put at 400 Mc and 40 watts cw at 1200 Mc and only
178" high, 1%a” in diameter, and¢ 2 ounces in
weight- RCA-6816 and RCA-6884 are exceptionatly
well suited for oscillator, multipiier, and amplifier
use in compact mobile and fixed equipment. Coaxial
electrode structure and low-inductance large-area rf
electrode terminals insulated from each other by
low-loss ceramic bushings facilitate the use of these
tubes in circuits of the coaxial-cylinder cavity type.
Eficient cooling of the plate is effected by a forced-
air-cooled integral “adiator. RCA-6816 has a 6.3-voit
heater. RCA-6884 has a 26.5-volt heater.

For sales information on any of the RCA products shown, please contact the RCA District Office nearest you:

EAST: Humboldt 5-3900
Newark 2, N.J.

MIDWEST: whitehall 4-2900
744 Broad Street Suite 1181
Mzrchandise Mart Piaza

WEST: RAymond 3-8361
6355 East Waskington Blvd.
Los Angeles 22, Calif.

Chicago 54, Il

RADIO CORPORATION of AMERICA

Tube Division, Harrison, N. J.

Semiconductor Division, Somerville, N. J.

® Components Division, Camden, N. J.

critical military and industrial applications
where dependable performance under con-
ditions of shock and vibration is paramount.
Characteristics are similar to RCA-6BA6.

“RCA

POWER & GAS TUBES"

BOOKLET-

ach REVISED

="« Up-To-Date Edition

2 ,_;‘ NOW AVAILABLE
-

PG101C ... contains descriptions, terminal
connections, technical information on RCA
vacuum power tubes, rectifier tubes, thyra-
trons, ignitrons, magnetrons, and vacuum-
gauge tubes. The most up-to-date booklet
of its kind in the industry. 23 pages. Please
use coupon for your copy.

For copy of the PG-101C Booklet, or for
technical data on the following RCA items
please use this coupon. Check the items in
which you are interested. Mail to

RCA, Commercial Engineering,
Section K35R, Harrison, N.J.

[]PG-101C [] 6816,° 6884°

[]5876-A,* 6263-A," [ 5749
62644 (] 2N247, 2N267

(] 221M1 [ 2M205

] WV-878 ] 2N269

[121CEP4 [ 625

[ 600Q6-A

NAME I ——

TITLE

COMPANY

ADORESS oo

*Bulletin in preparation.

304



FREED

MAGNETIC
AMPLIFIERS

IMMEDIATE DELIVERY

FAST RESPONSE
MAGNETIC AMPLIFIERS

response Phase reversible
Supply | Power | Volt. | AC or DC signal
Cat Freq. Out. Out. | voltage req'd for
No C.P.S. | watts | V. AC fulf output.
MAF-Y | 60 | 13 |10 | 10 | — |
| MAF-6 400 5 57.5 1.2 0.4‘4
| 40 | 10 | s15| 16 | os
SINGLE ENDE

AGNETIC AMP

I Supply |Power| Sig. req'd | Total res | Load
| Cat. | Freq. | Out. for full |contr. wdg.| res.
| No. |C.P.S. | Watts outp. MA-DE| K © ohms
| MAQ-1| 60 4.5 | 3.0 1.2 3800
| MAD-2 P 60 20 1.8 1.3 700
! MAO-4| 60 |400 9.0 10.0 25
— 1 - =
MAQ-5| 60 |575 6.0 10.0 25
Supply | Power | Voit. | Sig. req'd | Total res.
Cat. | Freq. | Out. | Out. for fuil |contr. wdg.
No. |C.P.S. |Watts | V. AC |outp. MA-DC| KO
map-1 | 60 5 [ 11s 1.2 1.2
|Map.2 60 15 115 1.6 24
map3 | 60 | so | 11s| 20 | os
MAP-3. A 60 | 50 115 | 7.0 29
i 1 L il
MAP4 | 60 | 175 | 115 8.0 6.0
115 0.6 2.8
1.75 0.6

SATURABLE TRANSFORMERS

Phase reversible

[ Supply Sig. req'd | Total res.

(:at Freq. in for fult  Icontr. wdg.
.c. outp MA-D c Ko

MAS 1] 60 | 15 115 5 0 27

'MAS 2 a0 [ 6 | 115 40 10|
MAS-S 400 2.7 26 4.0 3.2
MAS-6| 400 | 30 115 4.0 8.0 N

(Mas7| 400 |40 | 15| 55 | g0 |

All units designed for 115V-AC operation

Write for detailed lis'ling. or special
requirements, and copies of complete
Transformer and Laboratory Test In-
strument Catalogs.

FREED

TRANSFORMER (0., INC.

1720 Weirfield Street
Brooklyn {Ridgewood) 27, New York

The appointment of H. B. Dickinson
| (A’56) as assistant to the president, Con-
solidated Electrodynamics Corporation,
| Pasadena, Calif.,
was announced re-
cently.
Mr. Dickinson
| until recently was
a  vice-president,
treasurer, and di-
rector of Telecom-
puting  Corpora-
tion, North Holly-
| wood, Calif. For
| the  past nine
months he has been
a special consultant
to the Wm. R. Whittaker Company, which
now controls Telecomputing, an electronic
equipment manufacturer.

Prior to joining Telecomputing in 1948,
Mr. Dickinson spent eleven years with
Lockheed Aircraft Corporation in various
| engineering capacities. He headed a group

engaged in special aerodynamic research
| and for a time was in charge of engineering
flight testing the P-38 and the Constella-
tion.

Mr. Dickinson holds B.S. and M.S.
degrees in engineering from the California
Institute of Technology and is a registered
professional mechanical engineer in the
state of California.

He is a member of the American Man-
agement Association and the Society of
Automotive Engineers, and is an associate
[ fellow of the Institute of Aeronautical

Sciences.

H. B. Dickinsox

S
<

’ Chief sales engineer W. H. Budd
(M’53), an electrical engineering graduate
from the University of Michigan who came
to CTS twenty
years ago, has been
elected vice-presi-
dent in charge of
marketing at Chi-
cagoTelephone Sup-
ply  Corporation,
Elkhart, Indiana.
The company spe-
cializes in the pre- o~
cision mass produc- I
tion of variable re-
sistors.

Mr. Budd’s first
| assigmment was in the inspection and pro-
duction department. From there he pro-
gressed to the test and development labo-
ratory and then into the engineering de-
partment working in sales, procict plan-
ning, and customer service. He was
appointed chiel sales engineer in 1942,
Since 1950 he has been a member of the
board of directors.

\W. H. Bupp
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Important functions of Mr. Budd’s
department are providing the technical
training of sales engineers, marketing re-
search and product planning, and product
and customer services.

KX

H. W. Lance (M'47-SM’54) has re-
joined the staff of the National Bureau of
Standards as Chief of the Calibration
Center now under construction at NBS
Boulder Laboratories.

Formerly head of microwave systems
research at the Naval Ordnance Labora-
tory in Corona, California, Mr. Lance’s im-
mediate duties will concern securing equip-
ment and personnel for the center as well
as preparing general plans for operation.
The center has the status of a section in
the organizational structure of the Boulder
Laboratories.

The Calibration Center is being set
up as a central government agency
equipped with master standards for cali-
brating many types of transfer or inter-
laboratory electronic standards through
which industry, the Government, and
scientific laboratories may assure the ac-
curacy of their own on-the-job electronic
“yardsticks.” Eventually the Calibration
Center aims to measure and standardize
all usable electrical and radio quantities
from direct current, or zero frequency, to
at least 100,000,000,000 cycles per second.
To begin with, calibration will be done at
frequencies already in wide use ranging
up to 10,000,600,000 cycles per second.
Later on as the need arises measurements
will be extended to the higher frequencies.

Mr. Lance is a graduate of Berea Col-
lege. He did advanced study at Cornell
University where he was on the faculty
as assistant in physics for three years. He
began his career as radio engineer and
physicist with the Naval Research Labora-
tory in Washington, D. C. in 1942,

Beginning in 1948, he was physicist
and electronic scientist with the National
Bureau of Standards in Washington, D. C.
in charge of microwave research on equip-
ment for missile guidance systems.

He went to the NBS Laboratory in
Corona, Calif., in 1951, and was made
chief of the electronics section the next
year. When the Corona Laboratory was
transferred to the Naval Ordnance Labo-
ratory in 1953, Mr. Lance became head of
the microwave systems division.

Mr. Lance's research work has been
primarily in the fields of high-current-
density electron beams, very-high-fre
quency and microwave antennas, and
guided missile systems. He holds member-
ships in the American Physical Society
and the American Association of Physics

Teachers.
(Continued on page 44A4)

November, 1956




PROCEERNINGS OF THE IRE

\10'

| st

\‘, ation

have
an idea
in your
hip
pocket?

Then we have an idea you’ll be
happiest at Firestone. ..

where ideas are most likely to see
the light of day and breathe the air
of success. Here, too, you'll
discover benefits and attitudes
inspire more ideas, more success.

Ideas—and men with ideas —
have kept Firestone at the top of
the pioneers-in-progress list for 56
years. Right now, we’re carrying
forward the Army’s vital
program for the “Corporal,”

first surface-to-surface ballistic
guided missile. This includes
development engineering, field
test and service, and missile

and component production.

But the need for good men with
good ideas grows . . . because
Firestone plans to keep growing
in this field. For instance,

here are just a few specific
needs — a few from a list too
long to show in full:

Component Design
Electronics Systems
Mechanical Systems
Flight Simulation
Field Engineering
There’s a man at Firestone

with ideas —good ideas —on your
future. Why not write today?

GUIDED MISSILE DIVISION

RESEARCH *DEVELOPMENTe* MANUFACTURE

“Find your Future at Firestone'’— Los Angeles « Monterey

November, 1956

WRITE: SCIENTIFIC STAFF DIRECTOR, LOS ANGELES 54. CALIF.
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Single Sideband employed in new Air Force project to improve

Birdcall is the nickname of the U.S. Air Force’s new project to advance
greatly the effectiveness of intercontinental communication. The System will
handle the increased traffic now dictated by national defense, and employs
single sideband as the primary technique to improve the quality and
reliability of the long range (HF) signal.

Collins Radio Company, pioneer of SSB, is providing the entire research,
manufacturing and installation on a systems engineering basis for
ARDC’s Rome Air Development Center.

Collins is integrating existing equipment with new Collins designs, both
airborne and ground, of all radio, remote control and antenna facilities —
three types of which are illustrated here — to assure the

K highest possible performance.

Transmitting and receiving facilities are the most advanced in the art, Typical installation has tronsmitting site with 4 ontennos
mony of which represent over 10 yeors of intensive development in SSB. covering 2 to 30 mc opproximotely 20 miles from RECSE:1YE|NG

receiving site with 3 poirs of steeroble and omni Py
directionol antennos. Control circuits by | /.
microwove connect command console. ~
¢ \
\
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BUILDING
“BRAINS”
IS OUR
BUSINESS

w/ AN AN

-

For more than 40 years North has pioneered
in engineering and manufacturing “brains”
for switching, supervising and recording, in
communications and in systems or com-
ponents for:

Computation

Remote supervision and control of wun-
manned equipment.

Data input and output sequencing.
Memory and reporting functions.
Missile guidance.

Other airborne automatic controls.

Many other “automations.”

When you must meet critical industrial or
military specs which go beyond the wvsual
meaning of “dependability” call on North to
collaborate in or take over your problems.

NORTH ELECTRIC

INDUSTRIAL DIVISION

Our field engineers are strategically located
J/‘ in the important industrial areas.

COMPANY

551 SOUTH MARKET STREET, GALION, OHIO

(Continued from page 40A4)

N. L Hall, vice-president and director
of Weapon Systems Development Labora-
tories, Hughes Aircraflt Company, Culver
City, California,
has announced for-
mation of the Sys-
tems AnalysisLabho-
ratory (formerly the
Svstems  Analysis \ B
Department), to be
headed by R. K.
Roney (A’52).

Dr. Roney for-
merly headed the
Syvstems  Analysis
Department at R. K. Roxgy
HAC. He joined the
company in 1950 in the Guided Missile
Laboratory. He was graduated from the
University of Missouri in 1944 with a B.S.
in electrical engineering, and received his
MLS. in 1947 and his doctor’s degree from
Califorunia Institute of Technology in 1950,
During World War 11 he served as a
lieutenant in the U. S, Navy and worked
in radar maintenance.

2,
<

F. G. Miller ($'43-A\’15) has been ap-
pointed head of the engineering labora-
tory of Hughes Aircraft Company’s guided
missile laboratories in  Tucson, Ariz.,
Nathan L. Hall, vice-president, announce!
recently.

Until his recent appointment, Dr.
Miller was head of the systems engineering
department of Hughes' guided missile
laboratories in Culver City, Calif.

Graduated from Harvard College with
a bachelor’s degree in science in 1943, Dr.
Miller continmed his studies at General
Electric Company in an advanced engi-
neering course. In” 1948 he received his
master’s degree in applied physics and
acoustics from Harvard and a doctor’s
degree in 1950,

Before joining Hughes in 1950, Dr.
Miller was engaged in microwave circuit
development at General Llectric and later
was associated with the Naval Rescarch
Laboratory. At Hughes he worked in
guidance and control development before
his systems engineering assignment.

Dr. Miller is a member of the Rescarch
Society of America.

*,
<

J. A. Goetz, Jr. (A'19-M’'55) has re-
cently been promoted to the position of
division manager, Component Engineering
and Technical Services, at the Internation-
al Business Machines Corporation engi-
neering laboratories in San Jose, Cali-
fornia. A\ senior engineer, Mr. Goetz was
formerly manager of the IBM Electrical
[aboratories in Poughkeepsie, New York,
and was active in the coordination of elec-
tron tube and other component part im-
provement programs within IBM.

In his new capacity, Mr. Goetz is

(Continned on page 46A4)
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Precision Instruments...
backed by the
RCA reputation

for engineering
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excellence

Precision Impedance Bridge
Type LB-52

Precision Impedance Bridge

Now ...From RCA ... One of the Most Versatile
Impedance Bridges In Its Price Class

Incorporates these important advances: A metered tility facilitates measurement of incremental inductance
variable DC source of voltage and current. AC detection and electrolytic capacitors.

for all measurements including DC measurements via
“magic eye” null indicator. Provisions for use of ex-
ternal standards. Measures resistance, capacity, induct-

A utility impedance bridge available at a lower price.

RCA Instruments of Laboratory Precision

ance, dissipation factor and “Q”. PULSE GENERATOR % RF POWER METERS % NULL VOLT-

METERS % IMPEDANCE BRIDGES % SIGNAL GENERATORS *
Bridge may be excited: DC, GO cps or 1000 cps inter- VACUUM TUBE VOLTMETER  MULTIMETER * CRYSTAL
nally; or from 50 to 10,000 cps externally. Such versa- MODULATOR AND OTHERS.

*Price in US.A.,
subject to change
without notice,

USE COUPON BELOW FOR COMPLETE INFORMATION

Radio Corporation of America
® Precision Electronic Instruments
S

Dept. L-94, Building 15-1, Camden, N. J.
[ Please send me complete information on the following instruments:

RADIO CORPORATION of AMERICA

CAMDEN, N.J.

In Canada: RCA VICTOR Company Limited, Montreal [ Send name of nearest representative

NAME TITLE
COMPANY
ADDRESS
<y ZONE STATE




NEW! SUB-MINIATURE 3-POLE

P& B RELAY
FOR MULTIPLE SWITCHING

P&B's KM relay (not much larger than a nickle) was engineered
to meet the pressing demand for miniaturization and multiplicity
of action. Application possibilities cover a wide field of diverse
products.

This P&B relay is one of more than 20,000 design variations. Re-

member, you have one dependable source for ALL your relay

needs ... P&B!
KM RELAY ABOVE SHOWN ACTUAL SIZE

P&B STANDARD RELAYS ARE AVAILABLE AT MORE THAN
500 DISTRIBUTORS IN ALL PRINCIPAL CITIES

'”]F/J Subsidiory of AMERICAN MACHINE & FOUNDRY COMPANY

(B Ftter e Prumfield

The microwave development facilities of Wheeler
Laboratories are being augmented by an antenna
range at Smithtown, Long Island. These new quar-
ters, now under construction, will be equipped
and staffed to solve unusual antenna problems.

Inquiries are welcomed; a brochure describing
our services is available.

WHEELER LABORATORIES, INC.
122 Cutter Mill Road ® Great Neck, N. Y.

HUnter 2-7876

IRE People

(Continued from page 44A4)

responsible for all component application
and evaluation facilities at IBM, San
Jose, Calif. These include component
laboratories and related technical engi-
neering departments devoted to the proper
selection, application and source qualifica-
tion of all electro-electronic, plastic, chemi-
cal and metallurgical component parts
employed in IBM equipments or designs.

Prior to joining IBM in 1949, Mr.
Goetz was associated with the NACA
Ames Aero. Laboratory, National Union
Electric, Electronic Enterprises, Inc., and
the Kip Electronics Corporation.

A native of Oakland, California, he
received his Bachelor of Science degree in
clectrical engineering from the University
of Nevada in 1942, and has since completed
graduate studies at Stevens Institute of
Technology and Columbia University.

Mr. Goetz is a member of the PGCP
and several RETMA and JETEC technical
committees. He is also secretary of the
AIEE Committee on Electronics and a
member of the AIEE Joint Committee on
Data Processing.

Daniel Haagens (A’50-M'33) has
joined the Electronic Computer Division
of Underwood Corporation as Staff Con-
sultant assigned to
new systems de-
velopment and inte-
gration of Elecom
data processing
equipment with the
business machine
company’s electro-
mechanical prod-
ucts, it was an-
nounced recently.

Formerly  at-
tached to Under- D. HAaGENS
wood’s General Re-
search Laboratory at Hartford, Con-
necticut, Mr. Haagens also served with
the Arma Division of American Bosch
Arma Corporation and with the Control
Instrument Company. While at Hartford,
Mr. Haagens concentrated in the digital
data processing field for civilian and mili-
tary applications.

He is a graduate of Stevens Institute
of Technology as a Mechanical Engineer
with an M.S. degree in electrical engincer-
ing.

A native of Nymegen, The Nether-
lands, Mr. Haagens served in the Nether-
land Army Signal Corps during World
War II.

Mr. Haagens has served as Chairman
of the New York and Long Island Chapter
of the IRE Professional Group on Elec-
tronic Computers, and is presently an IRE
representative on the Joint Computer
Committee. He also is a member of the
Association for Computing Machinery,

(Continued on page 48A)
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-hp- 400AB, for general ac
measurements. Covers 10 ¢ps
to 600 KC, 0.3 mv to 300 v.
Accuracy £ 2%, 20 cps to 100
KC. 10 megohm input imped-
ance plus 25 ppf shunt insures
circuits under test against dis-
turbance. Readings direct in
volts or dbm. $200.00

-hp- 400D, highest quality,
wide range, maximum useful-
ness. Covers 10 ¢ps to 4 MC,
0.1 mv to 300 v. New amplifier
circuit provides 56 db of feed-
back, (mid-range) for ultimate
stability. 10 megohm input im-
pedance prevents disturbing
circuits. Sealed or long-life elec-
trolytic condensers; rugged,
trouble-free. $225.00

-hp- 410B, industry’s stand-
ard for vhf-uhf voltage meas-
urements. Wide range 20 cps
to 700 MC, responsc flat within
1 db full range. Diode probe
places 1.5 paf capacity across
circuit under test; this plus 10
megohm input impedance pre-
vents disturbance, Instrument
combines highest quality ac
voltmeter with dc voltmeter
(122 megohm input imped-
ance) and ohmmeter covering
0.2 ohms to 500 megohms.
$245.00

PROCEEDINGS OF THE IRE November, 1956

New -/p- 400H Vacuum Tube Voltmeter combines
broadest usefulness with wide voltage and frequency
coverage, and the greatest accuracy ever offered in a

multi-purpose voltmeter.

On line voltages of 103 to 127 v, accuracy is + 1% full
scale, 50 cps to 500 KC; == 2%, 20 cps to 1 MC, =+
5%, 10 cps to 4 MC. Readings are direct in db or volts
on 5” mirror scale meter; 12 ranges cover 0.1 mv to 300
v. High 10 megohm input resistance minimizes loading
to circuits under test. Stabilized amplifier-rectifier with
feedback loop gives high long-term stability; line volt-
age changes as great as 4= 10% cause negligible varia-
tion. Overvoltage protection is 600 v on all ranges. High-

est quality, rugged construction throughout. $325.00.

CALL YOUR -hp- REPRESENTATIVE
FOR COMPLETE DETAILS

HEWLETT-PACKARD COMPANY

3691D PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U.S.A.
CABLE “HEWPACK’ * DAvenport 5-4451
Field Engineers in all Principal Areas

Data subject to change without notice. Prices f.0.b. fuctory.




MODEL FCR 250

WHEN WRITING TO ADVERTISERS PLEASE MENTION PROCEEDINGS OF THE IRE

NOW - PORTABLE
400 cycle power

This new frequency changer makes
it possible to provide well regulated
400 cycle power conveniently and
quickly. This unit, Model FCR 250, is
extremely useful in a wide variety
of applications including testing,
production, airborne frequency con-
trol, computers, missile guidance
system testing, and in practically
any application where the use of
400 cycle power is advantageous.

Model FCR 250 is only one of a com-
plete line of frequency changers
available from Sorensen ... the
authority on controlled power for
research and industry. Write for
complete information.

ELECTRICAL CHARACTERISTICS
Input  105-125 VAC, 1
phase, 50-65 cycles
Output voltage 115 VAC, adjustable
105-125V
Output frequency  320-1000 cps in two
ranges
Voltage regulation +1%

Frequency regulation 1% (+0.01% with
auxiliary frequency
standard fixed at
400 cycles)

Load range  0-250 VA

o®
- ® ¢ ®» -l

oaegnses

SORENSEN & COMPANY, INC. - STAMFORD, CONN.

(Continued from page 46A)

H. W. Houck, President of Measure-
ments  Corporation, has recently an-
nounced the appointment of G. R. Mezger
(V37-VA'39-SMI
'54) as a vice-presi-
dent of the corpora-
tion.  Administra-
tion and expansion
of sales of the cor-
poration’s line of
precise  electronic g i
laboratory  equip- 1
ment will be Mr.
Mezger's  primary
responsibilities.

Mr. Mezger was
formerly  general
sales manager of the Technical Products
Division of Allen B. Du Mont Laboratories
Inc., Clifton, N. J., wlere he was responsi-
ble for the sale of television transmitter
and studio equipment, mobile communi-
cations equipment, and electronic test
cquipment. lle also served that company,
at various times, as assistant division
manager, sales manager, and chief engi-
neer.

During World War I, Mr. Mezger was
assigned to active duty by the U. S. Navy
where he participated in instrument de-
velopment work at the David W. Taylor
Model Basin and, later, in the develop-
ment of radar equipment. lle retired from
the U. S. Naval Reserve with the rank of
commander. He is a member of the Ameri-
can Institute of Electrical Engineers.

~

5. R. MEZGER

0,
<

The Telecommunication Division of
Stromberg-Carlson, a division of General
Dynamics Corporation, bhas announced
the recent appoint-
ment of M. P. Her-
rick, (S A5\
"50-SA1'53) former-
Iy staff assistant, to
Assistant to the
Vice-President,with
present responsibil-
ity for guidance of
policy  concerning
industrial products.

Mr. Herrick
joined  Stromberg-
Carlson in August,
1944, after receiving a degree in electrical
engineering from the University of Maine.
He served in the engineering department
of the Radio-Television Division until
1952, when he became a stafl engineer in
the production manager’s office of the
same division. He was advanced to chief
engineer of the Radio-Television Division
in 1953, and served in that capacity until
November, 1955, when he was appointed
staff assistant to the vice-president of the
Telephone Division, and was assigned to
coordinate the development of Pagemas-
master, a selective radio paging device.
He is a member of the Radio-Electronics-
‘Television Manufacturers Association.

(Continued on page 50A4)
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More Materials. Alumina, Cordierite, Forsterite, Mag-
nesium Silicate, Steatite, Titanium Dioxide, Zircon, Zir
conium Oxide ... to name a few! Custom formulations

of special-characteristic materials to meet special needs. =

DD D -

More Latitude in Design. Simplest to most complex.

m/ ::,d ﬁ Broad tolerance shapes supplied at prices below those
J_:b MA=n3% — R — @ A .

of almost any other material. Precision tolerances on

intricate shapes. Ovar half a century of specialized

More Production Facilities. The right combination of experience in producing ‘‘impossibles.” Free redesign
equipment for efficient and economical production in service for lower production costs, easier assembly,
any quantity, large or small! FAST DELIVERIES! Great- improved performance. AlSiMag Extras: High tempera-
est lineup of high-speed automatic presses in the ture metalizing, metal-ceramic combinations.

industry: Small tablet varieties, multi-impression rotar-

ies, huge hydraulics. Tooling from our cwn die shops. Why not see what AlSiMag can do in your application?
Vast kiln space —including controlled atmosphere, Blueprint or sketch plus outline of operating procedure
centinuous firing. will bring you complete details.

o 1% AMERICAN LAVA

CHATTANOOGA 5, TENNA7
Minnesota Mining and

X 55TH YEAR Of CERAMIC LEADERSHIP !
Manutfacturing Company f’..’,‘ C o R P 0 R A T l O N { 7:7 _“R“a-—u ‘

For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston Newton

Center, Mass. * Buffalo, N. Y. ° Chicago, lil. * Cincinnati, O. * Cleveland, O. * Dalias, Texas * Detrois, Mich * High Poini, N C * los Angeles

Calif *+ New York: Ridgefield, N. J. * Philadelpnia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So San Francised, Caiif. *+ Seatle Wast

anada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other expor:: Minnesota Mining & Menufacturing Co ,
international D vision, 99 Park Ave , New York, N. Y.
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WE ARE SPECIALLY ORGANIZED

7.3 150 .36
Cll | 6.3 | 173

.36

T0 HANDLE DIRECT ORDERS OR c2 |

6.3 171 .44’

ENQUIRIES FROM OVERSEAS T
SPOT DELIVERIES FOR U.S.

€22 5.5 | 184 | .44
C3 [ 5.4 197 | .64

BILLED IN DOLLARS— (€33]

4.8 220 | .64’

SETTLEMENT BY YOUR CHECK ca

4.6 229 1.03

CABLE OR AIRMAIL TODAY €44

4.1 252 [1.03]

NE

TRANSRADIO LTD. 138 Cromwell Rd. London SW7 ENGLAND

‘MX and SM’ SUBMINIATURE CONNECTORS
Constant 50n-63n2-70n impedances

CABLES: TRANSRAD, LoNDON

amplitude.

—60 db.

to use,

BRIEF SPECIFICATION

MARCONI SPECTRUM ANALYZER

3 to 30 Mc

Designed by GPO

Precision-built
by Marconi

In transmitter hall or loboratory,
Mode! 1094 will measure side-
bands only 40 cycles off carrier
frequency and 60 db down in

illustration shows spectrum width
set to 600 cycles, range —-30 to

Hand calibrated and extremely
stable, Model 1094 is o delight

Frequency: ... 3 to 30 Mc in 9 ranges
Amplitude Range: .......... 0 to =30 and -30 to —60 db
ACCUraCy: ..., +1 db

Selectivity at 3 db points: ... ................... 6, 30 and 150 cycles
Spectrum width: ... ... variable, 100 cycles to 30 kc
Sweepduration: ... 0.1,0.3, 1, 3,10 and 30 secs

4 Page illustrated brochure on request

MARCONI Instruments

44 New Street, New York, N.Y.

L
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(Continued from page 48A)

The Telecommunication Division of
Stromberg-Carlson, a division of General
Dynamics Corporation, has announced
the recent appoint-
ment of W, W. =
Weedfall (\'44), F
formerly staffassist-
ant, to be As-
sistant to the Vice-
President,withpres-
ent responsibility
for the guidance of
policy  concerning
carrier, multiplex,
and microwave sys-
tems. ) WEEDFALL

Mr.  Weedfall
joined Stromberg-Carlson in September,
1953, when the company acquired the
Southern Electric and Transmission Com-
pany, Dallas, Texas, where he was chief
engineer. Shortly thereafter he was ap-
pointed general manager of the Dallas
manufacturing  branch, and came to
Rochester when that operation was trans-
ferred to that city in October, 1955,

A native of Kansas City, he is an elec-
trical engineering graduate of the Uni-
versity of Kansas. Prior to his affiliation
with Stromberg-Carlson, he had exten-
sive experience in the Southwest and Mexi-
co as a radio broadcast engineer, trans-
mission and equipment engineer for the
Southwestern Bell Telephone Company,
Dallas, communications engineer for the
Phillips Petroleum Company, and the
Texas & Pacific Railway, and in other
engineering capacities for several American
and Mexican firms.

e is a member of the American PPhysi-
cal Society, the Acoustical Society of
America, the Microwave Committee of
the Radio-Electronics-Television Manu-
facturers Association. He holds a profes-
sional engineer’s license in the state of

.

°,
e

P. J. Schenk (\'43-SM'52), who re-
cently was named manager of the projects
section for TEMDPO, the new Technical

Military  Planning
Operation in the
General Electric

Defense Electronics
Division, joined the
company in 1954
after thirteen years
of military service.

Heentered Gen-
eral Electric follow-
ing Air Force as-
signments as execu-
tive officer to Lt.
Gen. J. H. Doo-
little, technical assistant to the Secretary
of the Air Force; assistant military direc-
tor of the Air Force Scientific Advisory
Board; and executive officer to the Chief
Scientist, USAF.

Mr. Schenk was manager of market
rescarch and product planning for the

I’. J. SCHENK

(Continued on page 52A)
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has hard-to-find HIGH CONDUCTANCE

Germanium Diodes with
low forward resistance

STANDARD TYPES OR TO YOUR SPECIFICATIONS

The extremely desirable diode characteristic of high conductance
with low ‘orward resistance offers no problem to Radio Receptor
due to our special gold bonding process. Without sacrificing im-
portant low leak ige in reverse current we are able to produce these
dependable, low cost glass units on a production basis.

The four tvpes shown below only suggest the comprehensive
range of standard high conductance tvpes we are equipped to make
—Bulletin G-60 :ists them all. Besides, we will be glad to evaluate
your particular needs and quote on any specials called fcr by your
specifications. For full information, without obligation, write
today to Dept. 1-18

MINIMUM FORWARD PEAK

MAXIMUM REVERSE
CODENO. | CURRENTAT +1v | INVERSE
(MA) VOLTAGE CURRENT (UA)
| DR 309 400 100 10 @ 10V; 50 @ 50V
Available in
volume quantity DR 327 300 125 100 @ 50V
for immediate
delivery DR 330 300 100 10 @ 10V; 50 @ 50V
DR 308 200 100 10 @ 10V; 50 @ 50V

Semiconductor Division

RADIO RECEPTOR COMPANY, INC.

Radio and Electronic Products Since 1922
Really

Reliable 240 WYTHE AVENUE, BROOKLYN 11, N. Y. EVergreen 8-6000

Other Rodio Receptor Praducts: 3elenium Rectifiers, Thermatron Dielectric Heating Equipment,

Radar, Navigation and Communications Equipment

PROCEEDINGS OF 1H!I IRE Yo 1956 S1A



BACKED by the
finest engineering
Nand manufactur-
ing facilities.

BACKED by Scin-
tiltka Divisian field
service specialists.

BACKED hy effi-
cient distributors,

When you specify Bendix Scinflex* elec-
trical connectors you can be certain of
receiving the finest possible service from
a product that is the result of advanced
engineering design and the most modern
production techniques.

Significant proof of the outstanding
performance and reliability of these con-
nectors is given by the fact that, within
a relatively short period of time after the
start of manufacturing operations, Scin-

% ”';/

THE FINEST

ELECTRICAL CONNECTOR

MONEY CAN BUY!

tilla Division of Bendix has achieved a
recognized position of prominence in the
electrical connector manufacturing
industry.

Further reassurance is offcred the user
by the fact that Bendix Scinflex electrical
connectors are backed by a nation-wide
ficld service organization and by especially
rained, well-staffed and adequately
stocked distributors.

SCINTILLA DIVISION of ?em//)/

SIDNEY, NEW YORK

 Electrically

Conductive Cloth

A New Engineering Material for
Many Applications in Electronics

RF SHIELDING

RADAR REFLECTION
MICROWAVE GASKETING
WARNING SYSTEMS

SUGGESTED

USES:
ATTENUATORS

STATIC DISCHARGE

Buy it by the yard and sew it to shape on any
sewing machine. Or, have vs sew it for you.

WRITE OR PHONE

Smift
; INDUSTRIES, INC.

10 Love Lane, Hartford 1, Conn.
JAckson 2-1181
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(Continued from page 52A)

has been engaged in research, design, de-
velopment, product engineering and field
testing of electronic and electro-mechani-
cal instruments. He comes to Sterling
from Edo Corporation where he was chief
engineer for the past ten years. Prior to
joining Edo, Mr. Levine was a senior
engineer with Bendix Aviation Corpora-
tion and a physicist with the Signal Corps
Laboratory, Fort Monmouth, New Jersey.

A Bachelor of Science graduate of
Waynesburg College in 1938, Mr. Levine
received a Master of Science degree in
1948 from New York University.

Mr. Levine is a member of the Ameri-
can Institute of Electrical Engineers,
Acoustical Society of America, and Ameri-
can Physical Society.

°,
<

The appointment of U. C. S. Dilks
(M’45) as manager of the Research Di-
vision of the Burroughs Corporation’s
Research Center in
Paoli, Pa. was an- - =
nounced recently.

In his new posi-
tion Mr., Dilks will
have responsibility
for the applied re-
search and tech-
nique development
in areas fundamen-
tal to the corpora-
tion’s electronic
and electromechan-
ical data processing
equipments and components in both the
commercial and military areas. He will
also direct the basic work in support of
long-range corporation product objectives
particularly those utilizing transistors,
magnetic materials, and other advanced
technical approaches.

Prior to his appointment, Mr, Dilks,
who joined Burroughs in 1948 as manager
of the Electromechanisms Department,
was an associate director of the Research
Activity. He had also been a technical con-
sultant and a member of the Research
Activity’s technical planning staff.

A former research associate with the
Moore School of Electrical Engineering
of the University of Pennsylvania, Mr.
Dilks was also on the staff of the Bartol
Research Foundation and in 1945 was pre-
sented with the National Ordnance Award
as a result of his special work at the Frank-
lin Institute Laboratories where he par-
ticipated in wartime developments under
the NDRC.

A graduate of Drexel Institute of Tech-
nology from which he received a Bachelor
of Science degree in electrical engineering,
Mr. Dilks obtained a Master’s degree in
the same field at the University of Penn-
svlvania in 1946.

He is a member of Eta Kappa Nu and
Sigma Xi.

U. C. S. DiLks

(Continued on page 66A1)
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FIXED MOLDED RESISTORS—In 1/10,1/2,
1, and 2 watt ratings at 70C ambient. Avail-

able in standard RETMA values.

WHERE ELECTRONIC RELIABILITY IS

LI

e —

.\ £

The Allen-Bradley type of
packaging prevents leads
from tangling or bending.

Reel pockaging on pres-
sure sensitive tape for
automatic assembly lines.

HERMETICALLY SEALED RESISTORS—Com
position resistors sealed in o ceromic tube
Ys And 1 watt, 10 ohms to 500,000 megohms.

A “*MUST”

... STANDARDIZE ON THESE ALLEN-BRADLEY COMPONENTS

>

RADIO & TELEVISION COMPONENTS

ALLEN-BRADLEY!

-
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VARIABLE RESISTORS—
Type J molded resistors, rated
at 2 watts ot 70C ambient.
Total resistance values from
50 ohms to 5 megohms, Out-
standing for low noise charac-
teristics. Taps can be provided
ot 40, 53, and 68% of effec-
tive rotation, Metal parts are
corrosion-resistant. Have solid
molded resistor element.

VARIABLE RESISTORS—
Types G and F molded re-
sistors are 4 inch in diam-
eter. Total resistance from
100 ohms to 5 megohms.
Ideal for use in printed cir-
cuits. The Type G all metal
variable control is rated Y2
watt; Type F control with
molded end is rated Y
watt. Standard tapers.

VARIABLE RESISTORS—
Type T solid molded resistors
for rheostat and potentiome-
ter applications. The molded
plastic actuator serves also as
the cover which makes this unit
extremely flat and compact.
Rated at Y2 watt at 70C am-
bient., Available in maximum
resistance values from 100
ohms up to 5 megohms.

INDUSTRIAL POTENTIOME-
TERS— Type H rated at §
watts at 40C ambient. Resist-
ance range 50 ohms to 2
megohms. Good for 100,000
cycles with less than 10% re-
sistance change. Derate tozero
at 120C. Maximum voltage
750 v, d-c. After 100 hrs. at
40C and 98% humidity, resist-
ance change notmore than 5%,

COPPER-CLAD FIXED RESIS-
TORS—Type GM rated at 3
watts at 70C and 4 watts at
40C. Type HM rated at 4
watts at 70C and 5 watts at
40C. Mounted in heavy cop-
per clamps, Must be mounted
onsteel panel to radiate heat, S
Will not open circuit or exhib-

it erratic changes in resist-

ance. Send for Bulletin 5002,

CERAMIC CAPACITORS—
Available in nominal capaci-
tance values from 10 mmfd to

.022 mfd in continvous d-c o NN
voltage ratings of 500, 1000, NN M
2500, and 5000 volts, Also NN N\
available in ceramic enclo- @ NS o
sures for greater mechanical N

strength and higher insulation i -
dielectric strength, Operate — -
up to 150C ambient temp.

FEED-THRU & STAND-OFF >

CAPACITORS—These rugged N 4t 3
capacitors exhibit no paral- ‘i - '&‘/’ \

lel resonance effects normal-

ly encountered with tubular . pd
capacitors in the VHF and ’

UHF frequency ranges. Avail-

able in standard nominal
values from 4.7 mmf to 1000 q
mmf with solder tabs or B

with screw-thread mountings.

FERRITE CORES—In various
shapes and sizes to fit needs
of black and white, color tele-
vision and general applica-
tions. There are U and L cores
for color canvergence and O
cores for color convergence
shields; also U and E cores for
flyback transformers, and QR
cores for deflection yokes.
Many other shapes available.

Allen-Bradley Co.
114 W. Greenfield Ave., Milwaukee 4, Wis.

Please send me technical data on
Name -
Address.

City -



wasting money
when you
“over-specify”

To avoid the costly pitfalls of “‘over-
specification” of custom-designed delay
lines, take advantage of the consultation
and lab reports offered by ESC. As pio-
neer manufacturers and specialists in
this field, ESC offers a complete engi-
neering consultation service on the con-
struction and equipment application of
fixed and variable delay lines. “You tell
us the problem .. let us recommend the
realistic and economical specifications
for your delay line requirements.” The
well-rounded equipment background of
the ESC Engineering Staff makes this
possible.

A lab report, submitted with the ESC
prototype, will include your submitted
electrical requirements, photo-oscilio-
grams, which indicate input and output
pulse shape and output rise-time; the test
equipment used, and evaluation of the
electrical characteristics of the prototype.

"vn/ﬂ

Write ESC for an informative
catalog and complete information

TESI

CORPORATION

538 BERGEN BOULEVARD
PALISADES PARK, NEW JERSEY
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AERONAUTICAL

The government has unveiled its latest
answer to the recognized need for a com-
mon system of air navigation to be used by
both military and civilian aircraft. The
long conflict which has surrounded the
“common system,” however, ended in a
virtual tie for the military advocates of
TACAN and the civilian proponents of
VOR/DME. What came out of a morning
meeting of the Air Coordinating Commit-
tee was a combined system to be known as
VORTAC, which is termed an “integrated
navigation system.” Basically, civilian
aircraft will continue to use VOR for direc-
tion information while distance informa-
tion will be derived from that portion of
TACAN. The military will continue its
use of TACAN but its facilities will be
integrated operationally into the domestic
Federal Airways and the Air Traffic Con-
trol System. VORTAC is expected to be
in operation in 1959. Presently-installed
DME ground equipment will be retained
in operation until 1960, “except as a fre-
quency or other conflict makes this im-
practical.” It was noted that there are at
present only 123 licenses outstanding for
airborne DME equipment and less than
$10 million has heen spent for ground
equipment. As of June, approximately $42

[ million had been spent for VOR ground

equipment and present plans call for an
additional $120 million in equipment to
meet growing needs through 1965, Assist-
ant Secretary of Commerce Louis Roths-
child, in his capacity as Chairman of the
Air Coordinating Committee, said it was

| expected that in fiscal years 1959 and 1960

it would cost the government approximate-
ly 865 million for the ground distance
measuring equipment to be installed by
CAA as part of the integrated program.
An additional $10 million per year would
be needed for several vears thereafter, he
added. For the necessary airborne equip-
ment, he estimated an expenditure of
approximately $3.25 million in both 1950
and 1960. By 1965, he said, 1,087 VORTAC
stations are expected to be in operation,
of which295 are scheduled to be operational
by July 1, 1959. At the present time the
military has in process or completed 181
TACAN installations, which are not in-
cluded in the number of stations expected
to be installed by CAA. The military has
invested $274.7 million in TACAN equip-
ment, excluding research and develop-
ment costs. Of this, $87.6 million was for
ground equipment and $187.1 million for
airborne equipment. Specifications for the
new civilian ground equipment now are

* The data on which these NOTES are based were

| selected by permission from Industry Reports, issues

of August 27, and September 4, 10 and 17, pub-
lished by the Radio-Klectronics-Television Manu-
facturers Association, whose helpfulness is grate-

| fully acknowledged.
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being formulated by the CAA and are
expected to be ready early in 1957. It also
was noted that the government will lend
technical assistance in the development of
a low-cost, airborne, clear-channel DME
for general aviation and other users. Al-
though VOR will continue to be expanded
as planned both at present and in the long-
term future, the Air Coordinating Com-
mittee pointed out that “a decision as to
possible use of the ultra high frequency
azimuth portion of VORTAC for civil
purposes will be considered after this ele-
ment of the system has undergone wide
operational use in military operations, as
well as civil in-service evaluation.”

CiviL. AERONAUTICS

A long list of locations for new air navi-
gation and traffic control facilities to be
installed during fiscal 1957 was released by
the Civil Aeronautics Administration—the
first step designed to telescope the CAA’s
five-year program into three—in which
$250 million will be spent to increase avia-
tion safety. Highlight of the CAA's 1957
program is the establishment of long-range
radar at 26 locations at a cost of nearly
$1 million each. These early contracts are
a part of the total of 73 such units to be in
operation by the end of the 3-year period.
In addition, the CAA announced that 17
airports will get traffic control towers esti-
mated to cost $90,000 each; 82 locations
will get very high frequency omnidirec-
tional radio ranges (VOR) at a cost of ap-
proximately $86,000 each; airport surveil-
lance radar will go immediately to Miami
and Colorado Springs at a cost of $200,000
each, and 16 locations will get automatic
weather broadcasting equipment at a
cost of $4500 cach. CAA said contracts
will be let by November and installations
of some of the less complicated equipment
should be started by late spring 1957, and
will consume the $75 million appropriated
by Congress for the current fiscal year. . . .
E. P. Curtis, Special Assistant to the
President for Aviation Facilities Planning,
announced through the White House the
organization of a team of ten scientists and
engineers to draw up a comprehensive
plan to meet the nation’s future require-
ments for aviation facilities. “The master
air trafhic control plan should be developed
by this team of scientists by January,
1957,” Mr. Curtis said, and will “include
recommendations for such testing and de-
velopment facilities as may be necessary
to implement it.” He futher stated that
“as they analyze the data and possible
systems concepts and as they progress in
the step-by-step development of the com-
prehensive plan, regular meetings will be
held with those who commonly use the
nation’s aviation facilities system to be

(Continued on page 58A4)
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= GENERATORS

Damping
to your precise specifications.
MANUFACTURED UNDER CLOSE QUALITY CONTROL INCLUDING 100% ELECTRICAL INSPECTION.

MOTOR GENERATOR
o " —
TYPE . ,E_ Es R g . - § Rated Volh:: _ Eg § - == E
CENERRIOE w| by 2| 28 | §3 |2 38z |33z(32 3 Eé‘iggf- i%s| 22 353 2
a| 8 g | 9z | &3 |83 232 [2E5|EE 85| 883882 |Ss&| I3 | >F £ ”
10-MTG 12.5 200~
A.C. Tachometer | 10| 6227-01 | Face | 2.9/16 | 400~ | .1 | 9,500 |10 |115 115 | at 6000RPM | — = =
10-MTG | Syn- 26V
inm 10| 6226-02 | chro | 2-9/64 | 400~ | 3 | 6500| —~ | 26 26 24 | 4500 a00~| 23| —
10 Mech. 18V
Rate 10 | 6677-01 | Face |1-3/8 Driven| — - - - — ) 8000 400~ | 50| —
10-MTG | Syn 26V
Rate 10 | 6231-01 | chro |2-3/16 | 400~ | .26 |19.400 |14 | 26 26 34 |8000 400~ | 23| 7°
10-MTG | Syn- 18V
Rate 10 | 6226-04 | chro | 2-15/16| 400~ | .3 | 6.500| 6.2 | 26 26 45 | 4000 a0~| s0| —=| =
Syn- 18V
Inm 10| 6229.03 | chro | 2-1/8 | 400~ | .25 |10500] 6.0 | 26 26 3 4000 400~ | 12| - -
Syn- 01-55 18V
Rate 10 | 6229-02 | chro | 1-5/8 | 400~ | .25 [10,000 | 6.0 | 26 26 |@2 115 | 4000 400~ | 12 jo=5 3
18V =
lme 10 | 6229-05 | Face |2-1/8 | 400~ | — |10,000| 6.0 | 26 26 3 4000 400~ | 12| -
Tachometer 10-T6 Sgn- Mech. 6.3V
Squirrel Cage Rotor | 10 | 6676-01 | chro | 1-0/16 j Driven| — | — [ — = - 3 4500 100~ | — | —
Tachometer 15 Syn- Mech. | 115V ’
Squirrel Cage Rotor | 15 | 5151-01 cgro 1-13/64 | Driven | — - - | = - 13 4500 400~ | 50| — ~/ (7
A.C. Tachometer 15-MTG | Syn- 1 115V
D.C. Motor 15 | 6276-01 | chro |3-7/16 |D.C. |2 [11,000] — [28DC.| — 25  |5000 |400-1200~| 25 |15°
] 26V
Ju i 21 | 5851-01 | Face | 2-11/16 | 400~ |35 | 7,500 |40 [115 115 1022|6500 400~ | — | - ;
890 e e = b
D.C. Tachometer | 12| 8301-02 | Face |2-1/4 | Driven} — | — | — | — — 27 8000 pMm. | —| — ———
s =¥ Vs VT .-g = <
gE5 | g2% | $35| 2B | 23 | $E| =23 23 :
£3s | £33 | £33 | £33 | 3= L3 |1 =2 | 88 s
Syn- Mech. /
Dual Output 10 | 6702-01 | chro {1-5/8 |Driven| 67 | .011A 14 | 150a | 400~ | 12000 | P. M =
—/
Syn-
ro Mech. T =
A.C. Power 17| 6951-03 | Spec.|1-9/16 | Oriven | 24 | 854 2 | 85a 420~ | 12600 | P. M. | 35 0zin. | Dl 34
23-TG | Syn- Mech.
[neuunce 251 6776-01 | chro | 4 Driven | 40 | .0375A | 40 0375A | 3~ | 2100 (P.m -
3 e
Many other variations available. Your detailed spec governs: : >
EXCITATION VOLTAGE « OPERATING TEMPERATURE RANGE °® =

INPUT AND OUTPUT « IMPEDANCE ¢ PHASE SHIFT « HU- s
MIDITY RESISTANT « FUNGUS RESISTANT « MIL SPEC TO
BE MET « GEAR TRAIN AVAILABLE « BRAKE AVAILABLE ¢

Consult Oster specialists on
your generator problems.
Write today for further infor-
mation, stating your detailed
requirements.

ONISILHIAAY ANMOUHE NOLYNdg

Other products include Actuators, Servos,
AC Drive Motors, Servo Mechanism Assem-
blies, DC Motors, Motor-Gear-Trains, Fast
Response Resolvers, Servo Torque Units,
Synchros, Motor Driven Blower and Fan
Assemblies and Synchro Indicators.

MANUFACTURING CO.

Your Rotating Equipment Specialist
Avionic Division Racine, Wisconsin

)

PROCEEDINGS OF THE IRE November, 1956 57A



ACEPOT™: ACETRIM™  sub-miniature,

precision wire-wound potentiometers
and trimmers are shooting to
new highs!

X-500 “Hotpot” operates
from —55° C. to 150° C.
" size

up to 250K

=+ .39% linearity

proved in use

Sub-Miniature

ACEPOT

rated to
150°C.

ACEPOTS and ACETRIMS meet unusually rigid func-
tional and physical requirements and are setting new
standards for dependability in sub-miniaturization.
The designs are the result of 4 years’ development and
over a year of swccessful use by leading electronic

and aircraft equipment manufacturers.

Resistance Range
Size

Linearity

Resolution

Ambient Temperature
Torque

Condensed Engineering Data

ACEPOT ACETRIM

{potentiometer) {trimmer)
200 ~~ to 250K =% 29, 10~ to 150K =+ 3%
Ya x Yo" Ya x "
+.3% +3%
extremely high excellent
—55° C 10 150° C —55° Cto 125° ¢
low or high low or high

The above specifications are standard — other values on special order.

All units sealed, moistureproofed, and anti-fungus treated. Meet ap-
plicable portions of JAN specs and MIL-E-5272A standards,

Ace also offers larger size precision potentiometers, to RETMA specifica-
tions, manufactured to highest standards to meet your most rigid requires

ments, Expedited delivery from special order section,

For applications where you must be positive,
answer your potentiometer and trimmer needs
with space and weléht saving, highly accurate

and dependable ACEPOTS and ACETRIMS.

Available in threaded bushing, servo, flush
tapped hole or flange mounts, and ganged
units, Special shaft lock is self-contained.
Internal stops and taps as required. Indexing
pin provides non-rotational mounting.

Expedited delivery on prototypes; prompt servicing of production orders.
Write for Fact File and application data sheets.

~ Dept. IR, 101 Dover St. o
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(Continued from page 56A4)

sure that the plan is developing in a practi-
cal and realistic manner.” P. R, Bassett, a
member of the National Advisory Com-
mittee for Aeronautics, has been appointed
temporary chairman of the scientific group.

GOVERNMENT PUBLICATIONS

The range and growth of scientific re-
search activities by government depart-
ments and agencies in carrying out their
public responsibilities is indicated in a
new report issued by the National Science
Foundation titled, ‘‘Organization of the
Federal Government for Scientific Activi-
ties.” The booklet points out that 38
agencies of government are engaged in the
conduct of and support of basic, applied,
and developmental research, as well as
scientific data collection in the physical,
life, and social sciences. These activities
range from missile tests to the search for
a cancer cure, from collection of population
census data to the study of radio astrono-
my. The report presents information and
organization charts for each of the agencies
and their principal bureaus, offices, and
other major subdivisions. A description of
the general functions of each unit is pro-
vided as well as a discussion of the scientific
activities in which they are engaged. Copies
of ,“Organization of the Federal Govern-
ment for Scientific Activities” may be
obtained from the Superintendent of Docu-
ments, Government Printing Office, Wash-
ington 25, D. C., for $1.75 each. . . . Other
government publications now available
from the Radio Technical Commission for
Aeronautics, Room 2036, Building T-5, 16th
& Constitution Ave., N.W., Washington
25, D. C. are: “The Use of Standard Pres-
sure Altimeter Settings at Altitudes of
29,000 Feet and Above,” 20 cents each;
“Potential Methods of Remoting ATC Ra-
dar Beacon System Information,” 20 cents
each; “Operational Requirements Proxim-
ity Warning System,” 20 cents each;
“Minimum Performance Standards Air-
borne Radio Receiving and Direction Find-
ing Equipment Operating Within the
Radio-Frequency Range of 200-415 Kilo-
cycles,” 40 cents each. From the Office of
Technical Services, Commerce Department
Washington 25, D. C.: “Airborne Radio:
Results of Engineering Performance Tests
on Model AN/ARC-12 VIIF Communica-
tions Equipment” PB 120727; microfilm,
$6.30; photostat, $19.80; “Antenna Pat-
tern Measurements” PB 120745; micro-
film, $4.50; photostat, $12.50; “Design of
Linear Slot Antenna Arrays with Linear
Phase Shift” PB 120280; microfilm, $3.60;
photostat, $9.30; “Effect of a Ground Dis-
continuity ona VOR” PB 121228; 50 cents
each; “Electromagnetic Waves in a Mag-
netized Ferrite” PB 121126; $1.25 each;
“Method for Determination of the Specific
Charge on an Electron” ’B 120005; micro-
film, $2.70; photostat, $4.80. From the
National Bureau of Standards, Govern-
ment Printing Office, Washington 25, D.

(Continued on page 60A4)
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from QA s great store of switch tooling

countless switching combinations
can he readily built

In producing over 250,000,000
switches in over 70,000 varieties for
manufacturers of electronics, OAK
has developed the world's most ex-
tensive inventory of tooling for switch
making.

An OAK switch can be designed

for every low capacity application,

and produced in most cases from
existing tooling . . . your assurance
of best possible delivery service.

Whatever your switch application,
greater engineering experience and
production facilities will work for you
when you bring your switching prob-
lems to OAK.

We invite your inquiry regarding rotary, slider, rotary slider, pushbutton, plug or

snap switches . . .

OAK MFG.

C 0.

1260 clybourn ave. « chicago 10, ill.

simple or complex, commercial or military.

also manufacturers
of OAK tuners,

vibrators, choppers
and other electro-
mechanical devices.
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4 j C.: “Electron Physics Tables” Circular
. | 571, issued March 30, 1956, 50 cents each;

“Amplitude and Phase Curves for Ground-
| Wave Propagation in the Band 200 Cycles
Per Second to 500 Kilocycles” Circular
[ 574, issued May 21, 1956, 20 cents; “Units
| and Systems of Weights and Measures”
Circular 570, issued April 1956, 25 cents
l each.

MOBILIZATION

The Technical Advisory Panel on Elec-
tronics, Office of Assistant Secretary of
Defense (Research and Development),
has announced the publication of a new
report “‘Basic Research in Electronics.”
In explaining the issuance of the report,
C. C. Furnas, Assistant Defense Secretary
for R & D, stated that since there is a
continuing concern that basic and funda-
mental research be supported adequately
in order to provide a continuing founda-
tion for the development of advanced
weapons systems for the military depart-
ments, a report for the area of electronics
was deemed necessary. The report covers
all basic and specific areas in the field of
electronics and is designed to serve as the
basis for further discussion and action by
all segments of the Defense Department.

RESEARCH

The Office of Technical Services, U. S.
Department of Commerce, has just issued
seven technical reports of possible interest
to the electronics industry. Brief descrip-
tions of the reports, available through
OTS, follow: An Experiment in Universal
Coding—(Order PB 121055, $2.25) Re-
sults are reported of a machine experiment
with a simplified, semi-automatic system
of universal coding, or a code system com-
= mon to a large class of different types of

e modern high-speed digital computers.
PLUG-IN MOUNT : : High-Speed Reader for Perforated Tape—
(Order PB 121057, 50 cents) A perforated-

NEON LIGHT ILLUMINATED DIGIT FROM 0 TO 9. BN s e o i
AUTOMATIC RECYCLE BUT DISPLAYS REMAINDER [ si i il bt

121060, SO cents) A shift register is de-

UNTIL RESET. MODEL scribed for application to computing ma-
. chines which operate in the parallel,

Max. (Counting) Rate 140-40 140-100 e T e Rt e

" Resolution 40 Kc/sec 100 Kc/sec ORDVAC. The central feature of two de-
signs illustrated is the use of a single-phase

Tubes @ 8 microseconds 4 microseconds shifting pulse which allows optimum utili-
zation of the information-handling rate of

4 — 5963 4 — 5963 the register flip-flops. Medium-Speed

s . Digital Plotter—(Order PB 121056, $1)
Dimensions 12" x 5%" x 5%" An inexpensive solution is given for the

problem of digital plotting at medium
speeds. Built around a commercially avail-
able cutting machine, the system will plot
six points per second on a stencil suitable
for reproduction by mimeograph or offset.
Sonar Digital Recorder—“Digiter”—(Or-
der PB 121220, 50 cents) A system called

(Continued on page 624)

northeastern engineering

Manchester New Hampshire
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District Offices: Atlanta; Chicago;
Dallas; Dayton; Los Angeles;

Montclair, New Jersey (New York Aren);
Palo Alto, California; Silver Spring,
Maryland (Washington D.C. Aren);
Toronto, Ontario {Ampex-American}.

DIVISION

INSTRUMENTATION

THE NEW AMPEX FR-1100
The best things

magnetic tape recording can do
combined in a single instrument

of moderate cost

THIS RECORDER IS YOUR BEST CHOICE

® IF you are equipping a laboratory
and want facility for everything
that comes along.

® IF you are an expert
improving your methods before a
bigger equipment purchase,

® IF you are starting from scratch
to evaluate magnetic tape as a
data or control technique.

® IF you have a specific need
for an instrumentation recorder
with a maximum of two tracks.

Features of the IFR-1100 include inter-
changeable plug-in amplifiers, interchangeable
heads and four tape speeds. It can equal
(and surpass) five standard two-track
recorders in Ampex’s familiar 300 Series
(303, 306, 307, 309 and 311 — also a
303/306 combination). Photograph shows
a two-track FR-1100 equipped with

a meter panel and Servo Speed Control.
Both tracks are available for data,

even when the Servo Speed Control signal
is recorded on one of them.

In addition to its versatility, the FR-1100
has basic improvements in performance
over the previous models it supplants.
Specifications and a complete description
should be in your information files.
Write today to Dept. (i-2968

FIRST IN MAGNETIC TAPE INSTRUMENTATION

AMPEX

CORPORATION 934 Charter Street + Redwood City, California
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COMPLETE LINE for every Military and Special purpose.
® Yokes for 7/8",1-1/8",1-1/2",2-1/8" neck diameter
CR tubes.

e Rotating and fixed coil designs.
e Core material to suit your requirements.

~ Special test instruments can establish your yoke
Lig deflection parameters to an accuracy of +0.1%.

[ K Consult Dr."Henry Marcy or Bernard Cahill on
Series aiding field and parallel your new app"cations mday'

(bucking) field designs. .
SYILLTONIC

Phone: Terrace 4-6103

170 Industrial Road * Addison, Ill. INSTRUMENTS, INC.
I N I
| X-Y Il CURVE || POINT :
! RECORDER , : FOLLOWER H PLOTTER I

THE fMOSELEY
AUTOGRAF

Now offered in four versatile models, the
Moseley AUTOGRAF X-Y recorder is a

high quality, precision instrument providing
economical means for plotting data quickly, '
easily, and accurately. It is widely used in
research, development, and test laboratories
where quantities of mechanical, physical

and electrical data are being collected daily.

Features include ranges from 5 millivolts
to 500 volts; 200,000 ohms per volt input
resistance; zero set and full scale zero off-set;
speeds up to ¥4 second, full scale; better
than 0.25% accuracy.

A complete line of accessories is available
for almost any data translation problem.

Write for
complete
specifications:

F.L. MOSELEY CO.

409 N. Fair Oaks Ave.
Pasadena, California

MODEL 4 rack type — e e e —
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the Digiter was developed for automatic
processing of sonar data at sea and may
have applications in studies other than son-
ar. RF Wattmeter—(Order PB 121096,
$2.25) Covers the investigation, develop-
ment, and design of an RF wattmeter to
be used in field and depot testing. The
watt meter measures powers in the high
and medium power ranges over the 20

| to 1000 mc frequency band. Magnetic

Arbitrary Waveform Generator—(Order
PB 121157, 50 cents) Describes develop-
ment of a generator which will produce
periodic waveforms in which the magni-
tude, slope, polarity, slope polarity, and

| pointsof inflection may be controlled at witl

by simple resistance or voltage changes.
Effect of a Ground Discontinuity on a
VOR-—(Order PB 121228, 50 cents) Tests
were conducted atop a high bluff along the
shore of Lake Michigan to determine the
effect of an abrupt ground discontinuity
on the course accuracy of a very high-
frequency omnirange. It was indicated
that satisfactory operation isattained when
the antenna is located four feet above the
terrain and not less than 63 feet from a
ground discontinuity. ... A call to in-
ventors, professional or amateur, was
recently issued by the National Inventors
Council, U. S. Department of Commerce,
to assist in solving current problems affect-
ing national defense. The Council said
many of the nation'’s civilian inventors
have contributed their brainpower toward
solution of problems for the Armed Forces
and have conceived ideas which have
saved many lives and dollars. It noted
that over 200 successful inventions have
been channeled through the Council since
its formation in 1940. The Council pub-
lishes a cumulative list of technical prob-
lems turned over to it by the military
agencies, the problems ranging through
the fields of aeronautics, electronics, me-
chanics, plastics, chemistry, instrumenta-
tion, materials, handling, metallurgy, and
others. To obtain a copy of the current
“Technical Problems Affecting National
Defense,” write to NIC, U. S. Department
of Commerce, Washington 25, D. C.

RETNA ACTIVITIES

Col. H. H. Frost, first President of the
Radio Manufacturers Association, parent
organization of the RETMA, died Sept.
10 after a five-month illness. Funeral ser-
vices were conducted on Wednesday,
Sept. 12, in Fort Myer Chapel, and burial
followed in Arlington National Cemetery.
Col. Frost, organizer and co-founder of the
RMA in 1924, was elected its first Presi-
dent that year. He subsequently served
as President of RMA for three terms, 1924,
1925, and again in 1928. lle was Director
of the Association in 1926, 1927, 1929,
1931 and 1932. From 1938 until his death,
Col. Frost was an Honorary Director of
RMA, an honor bestowed upon him for

(Continued on page 64A)
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FROM: Bomac

SUBJECT: The new BL 719 pressurizing wincow

o

Full X-band coversze: 8200-12,400 MC

.VSWR: not over 1.03 over the entire band
fER———

,Temperature range: —75°C to 100°C

Truly nonresonant to handle higher powers

Pressure differential: 17 lbs.,/sq. in.

Solders directly tc waveguide IZliange

BOMAC produces a complete line of windows

Bomac manufactures a complete line of mica, glass, or ceramic pressur-
izing windows for all waveguide sizes — and offers cxperience and
facilities unmaiched in the industry for developing special windows to
meet individual requirements. Bomac pressurizing windows are
pressure and vacuum-tight — shock and vibration-proof — built

withstand pressurcs of 45 Psi, or more, and temperature ranges of
—35° C 10 100° C

IWrite tod s

for complete ) dé - ‘9

oot fma OZ oralories. Yne
BEVERLY, MASSACHUSETTS

Cflices in major cities:—Chicago « Kansas City « Llos Angeles « Dallas « Dayton) {-Washington,/* [Seattle « San Francisco « Toronto Export:—Macrice I. Parisier, 1860 Broadway, N.Y.C



AMERICAN TELEVISION &
RADIO CO. ST. PAUL, MINN

For those who
want the finest!

U&'
UNSURRPASSED
IN ;‘BEA}UTY

UNEQUALLED
IN PERFORMANCE

UNMATCHED IN

/  QUALITY
CONSTRUCTION
r 4
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// $ ex::;!uswe
,'1' ﬁ"rojitabj,
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franchises
now awaulabl

WRITE TODAY FOR COLORFUL
BROCHURE SHOWING THE
NEW LINE OF ATR TV SETS

ALSO MANUFACTURERS OF DC-AC INVERTERS,
A" BATTERY ELIMINATORS, AUTO RADIO VIBRATORS

American Tewevision & Raoro Co.
Quality Praducts Since 1937
SAINT PAUL I, MINNESOTA-U.S. A

(Continued from page 62A)

Industrial Engineering Notes

life by the RMA Board of Directors. Col.
Frost, who more recently was Washington
Representative of the Buda Co., of Harvey,
ll., a subsidiary of Allis-Chalmers Co.,
lived to see a fledgling industry of the
early '20s, supported then by a small num-
ber of parts manufacturers, grow to the
present stature of the multi-billion dollar
radio-electronics-television industry. A
native of Alabama, Col. Frost is survived
by his widow, Ferne Louise Frost, of
Washington, D. C.

TECHNICAL

A small, all-transistorized transmitter,
developed by scientists at the Naval Re-
search Laboratory, has been announced
for use in sending signals from the scientific
earth satellite to radio tracking stations
located on the ground. Weighing only
13 ounces, the “Minitrack” transmitter
has a 10 milliwatt output and operates
on a fixed frequency of 108 mc. Quartz
crystal controlled, the transmitter’s oscil-
lator is fully transistorized. The “Mini-
track” is powered by seven 1.2 volt Mal-
lory mercury batteries. The transistors
used in the small satellite broadcasting
station were developed by the Western
Electric Co. and the Philco Corp.

TELEVISION

The Federal Communications Commis-
sion has granted the first three television
‘‘translator’’ stations under its new rules
which became effective July 2. At the
same time and for expeditious reasons, the
Commission postponed certain require-
ments for type approval of translator
equipment to Jan. 1, 1958 and agreed to
give limited type approval to equipment
meeting certain minimum requirements.
The “translators” granted are: Mt. Grant
Television Booster Service Corp., Haw-
thorne, Nev., to operate on Channel 70
to “translate” (rebroadcast) the prograns
of station KRON-TV, Channel 4, San
Francisco, Calif. This station will use a
maximum ERP of 98 watts with 8-foot
antenna; and J. R. Oliver for two trans-
lator stations to serve Bishop, Calif., one
to operate on Channel 70 to retransmit
programs of TV station KNXT, Channel
2, Los Angeles, and the other on Channel
73 to carry programs of TV station KRCA,
Channel 4, Los Angeles. Mt. Oliver will
employ 83 watts and 30-foot antennas in

| both operations, the FCC said.

O0000000000000000000000000
OO000000000000000000000000

Use your
IRE DIRECTORY
It's valuable

O0000000000000000000000000
O0000000000000000000000000
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microwave
dielectrometer

for measurement
of duelectric
constant and loss

Ideal for investigating all types
of dielectric materials in the
microwave region, Dielectrom-
eters designed by Central Re-
search Laboratories, give defi-
nite aid in research on new
materials, the propagation and
utilization of microwave energy,
and the correlation of dielectric-
loss data with other properties.

Microwave Dielectrometers
measure the dielectric constant
and loss of materials at 1, 3 and
8.5 kilomegacycles. Range of
measurement extends from 1 to
100; of dissipation factor, from
0.0001 to 1.0. Accuracy can be
kept within 2 per cent.

Controls and meters are de-
signed to eliminate complicated,
time-consuming operations. Easy
to service. Includes built-in test
features for checking and adjust-
ing critical circuit parameters.
Electrical components are as-
sembled in functional groups
easily removable for further test-
ing. Handsome cabinet 28" x 17"
x 32”. Weight: 300 pounds. Pow-
er required: 115 volts, 60 cycles,
500 volt amperes—other voltage
and frequency specifications to
order.

For complete information, write to

A

laboratories, inc.

Dept. 205  Red Wing, Minn.
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how these new

pAN“RAM": instruments

provide high speed,

o Tae TINIONDI4N MeTE 200D
4B 060 17K 3 Sax M
FREQUENCY e €0

Typical view of
5 adjacent channels

The Panoramic Telemetering Indicator, Mode! TMI-1, and Panoromic
Telemetering Subcarrier Deviation and Tkree Point Calibrator, Model
TMC-1, are designed specifically to provide a high speed yet reliable method
for checking system operation and subcarrier deviation limits of FM/FM
telemetry systems.

Model TMI-1 panoramic Telemetering Indicator offers a directly
read overall visual analysis of the frequency distribution and leve! of subcar-
riers oscillators from 350 c¢ps to 85 kc. Magnified views of individual chan-
nels, or groups of adjacent channels, are readily obtained with front panel
controls. This facilitates minute analysis and measurement of distertion prod-
ucts, noise, signal spillover and other spurious effects, down o magnitudes
insufficient to disturb system operation. Cost-saving routine inspections can
be made with the telemetry system in full operation.

By comparing subcarrier frequencies with precise markers generated by the
TMC-1 or TMC-211, the TMI-1 also enables rapid calibration of subcarrier
deviation limits well within a 1% tolerance.

USES FOR MODEL TMI-1 - Analysis and measurement of cross modulation,
hormonic distortion, noise interference, hum, microphonics, etc. *+ High speed
adjustment of subcarrier levels Monitoring overall subcarrier spectrum

Analysis of switching fransients Calibration of subcarrier deviotion
limits (when used with TMC-T or TMC-211).

Mcdel TMC-1 panoramic Telemetering Subcarrier Deviation and
Three Point Calibrator is a source of accurate, crystal derived center, up-
per and lower limit frequencies for all 18 chainels. Frequency accu-

racy is +0.02%. Limit frequencies are =7, % or
+15% on five optional chonnels. Other limit frequen-
cies are available on request. o=

USES FOR MODEL TMC-1 Three point calibration of
subcorrier discriminator linearity.

See Panoramic at
ATLANTA INSTRUMENTATION CONGRESS
DECEMBER 5, 6, 7

MAKERS OF PANORAMIC SUB-SONIC ANALYZER e

SONIC ANALYZER

PAVORAMIC

RADIO PRODUCTS, INC.

reliable checking of
FM/FM telemetry systems

Model TMC-211 panoramic Simultaneous 11-Point
Calibrator is an instrument especially designed to colibrate
the FM/FM Telemetering Subcarrier Discriminator linearity
simultaneously, accurately, quickly and conveniently. Eleven
equally spaced frequency points are provided within the
72 % or the =15% limits.

A TMC-211 consists of compact individual chassis, each in-
corporating wherever possible, two compatible subcarrier chan-
nels and a self contained power supply. A master control unit
is also provided for linear mixing and simultcneous switch-
ing of all chanmels. By combining various subcarrier channel
chassis, it is a simple matter to assemble a system fo suit
specific needs.

For each chamnel there are 11 calibrating frequencies pro-
vided which are at equal frequency differences. Calibrating
frequencies are generated from frequency standaids which have
an inherent long-time stability of 0.002 % . The linearity error
is guaranteed to be not more than .002 % of the total band-
width for any one channel. The colibrating frequencies of all
channels are controlled synchronously by solenoids provided in
each rack and the synchronizotion can be turned off and the
calibrating frequencies may be selected manwmally. An auto-
matic timer is provided which can be adjusted from V4
to 8 seconds per switching step. Warm up time is less

than 5 minutes.

Write for complete information
on Panoramic’s new and
important instruments.

12 South Seco::d Ave., Mount
Vernon, N.¥Y. MOunt Vernon 4-3970

Cables: Panoramic, Mount
/ Vernon, N.Y, State,

-

R e
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ULTRA-SONIC ANALYZER e PANADAPTOR, PANALYZOR
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Looking
for the right
resistor?

you can find it
in this catalog...

v

e / r, 3 _} /s i

...along with everything you'll
want to know about the com-
plete standard line of Speer
Resistor Products ~ specifica-
tions, characteristics and
applications:

* Fixed Composition Resistors
* Phenolic Coil Forms
* Iron Coil Forms

Be sure to send for your copy
today.
Other Speer Products
for the Electronics Industry

onodes e contacts ¢ fixed carbon resistors
coil forms e discs ¢ brushes ¢ battery
carbon e graphite plates and rods
also R. F. coils ¢ fixed composition capa-
citors o chokes made by Jeffers Electronics

-l -
: g; SPEER RESISTOR DIVISION !
: LY Bl SPEER CARBON COMPANY :
H Bradford, Pennsylvania )
: Send copy of the Speer Resistor Catalog. :
| Name I
1 Title i
| Company i
U Address :
'\ City. State. !

L e
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(Continued from page 54A)

Irven Travis (SM’46-F’53), who has
been vice-president of research for Bur-
roughs Corporation since 1952, has heen
named  vice-presi-
dent  of rescarch
and engineering, it
was announced re-
cently.

Simultaneously,
it was announced
that R. G. Bower,
vice-president  of
engineering, will re-
tire, effective Sep-
tember 1. Mr. Bow-
er had been associ-
ated  with  Bur-
roughs for 37 vears and, more specifically,
as vice-president of engineering since 1946.

Dr. Travis joined Burroughs in 1949
as director of the corporation’s research
activities at Paoli, Pa. lle was made a
director of the company in 1950 and in
1952 became vice president of rescarch.

A native of McConnelsville, Ohio, he
is a graduate of Drexel Institute of Tech-
nology, Philadelphia. He received his
master’s degree and the degree of doctor
of science at the University of Pennsyl-

IRVEN TRavis

COSMIC CONDENSER CO.
853 WHITTIER ST., BRONX, N. Y.

Phone: LUdlow 9-3360

DE MORNAY.-BONARDI!

».

DEMORNAY.BONARDI

- 780 SOUTH ARROYO PARKWAY -

vania where he was a member of the facul-
ty from 1928 to 1949,

From 1941 to 1946 he was on leave
from the university and served in the U. S.
Navy. In 1945 he went to Japan for the
Navy as chief investigator of Japanese
fire control systems. From 1946 to 1948
he was supervisor of rescarch at the Moore
School of Electrical Enginecring at the
University of Pennsylvania.

.
D)

A. C. Beer (A’44), has been appointed
an assistant technical director at Battelle
Institute, Columbus, Ohio.

Dr. Beer, who has been active in semi-
conductor research at Battelle since 1951,
will concern himself with the continued
growth of Battelle’s research in the fields
of semiconductors and solid state physics.
Among his previous contributions to the
field are theoretical interpretations of the
effects of semiconductor band structure
on electrical transport phenomena. While
at Battelle, he participated in research on
the properties of germanium and indium
antimonide and aided in the development
of aluminum antimonide.

Dr. Beer has served as a member of the
American Society for Testing Materials
Task Force (F-1-VI) on Semiconductors.
He was chairman of the session on semi-
conducting alloys and compounds at the
Fourth Annual Semiconductor Symposium
of the Electrochemical Society. Among his

(Continued on page 68A)

CONDENSER
SPECIALISTS
SINCE 1923

first in
ultramicrowave
equipment

A complete line of research instruments
covering frequencies up to 90,000 mec...
proved in laboratories the country over.

BONARDI

PASADENA, CALIFORNIA
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SINGLE LEAD ALDEN

@ POSITIVE MOISTURE SEAL
@ PERFECT STRAIN RELIEF
@ ARC-OVER PREVENTION
©® CORONA SUPPRESSION

4—l'rnm‘r reten

tion force of
resilient
punch prese
contacts
maintained
by insulation
rehieving
feature

Contacts and lead assembly molded as integral
invert

“IMI'Y CONNECTORS

Alden “IMI”” High Voltage Disconnects

10V (tmmate) 01018 (male)

=], gt W=

YOI (tnmmle) 2101 (male)
=i —=—
¥ AveC

45KV flashover
dintance

no flashover
allowance
needed here

811107 (femete} 19100 (wmate) S1I100 omelel 111N imate)
2 vec
2 Ko

Now you can lick hi-voltage connecting prob-
lems in electronic applications. Alden *IMI”
technique using low-loss polyethylene insulation
bonds the conductor and contact insulations,
effectively sealing the wire hole and forming a
barrier to dust. moisture. and flash-over. This
method eliminates potting, making possible
more compact assemblies with less weight.

Alden "“IMI” Tube Cap Connectors

7L 7 1580
AR | R
Sl nasroe
MICCSL fIcCsL
. .
COROMA 9 LOBeG i

These are a serics of new Alden “IMI” Tube
Cap Connectors for 177, (", and ¥4” plate
caps. Because Alden “IMI technique provides
sealed construction, these connectors are ideal
for reetifier. pulse, output, and transmitter
tubes operating at hluh voltages or at high
altitudes. Available in a varviety of insulation
types to meet all types of operating conditions.

Mini-iesi Point Jacks and Test Prods

;*' n.;.:

Bw S

Here's the latest in m~nl|ln~d test prods and
Jumper pairs, Using the Alden “IM1” technique,
prod tip and lead are integrally mo'ded in a
shot  of low joss  polyethylene. Qupn rior to
phenolie insulated test prods, they won't break,
crack or chip. They're ideal for instruments,
meters, patch boards, and program panels.

2 TO 5 LEAD ALDEN “IMI’” CONNECTORS

“&
v

3

?
S

@
E'GE

i©

“IMI” Synchro Camera Flash

Cable

.i

| AMen 1M1~
|

Precision designed and precision
molded vable for ayachronizing
flash gun to camera. Reliable
design  ansures

“JMI’’ Miniature Disconnects

Here's a series of compact, polarized Alden
“IMI" miniature disconnects with 2 to 5 con-
tacts. For the first time in so little space you
get a connector with all the advantages of pot-
ting without added bulk, lengthv curing time,
and intricate assembly. They can be used as
individual disconnects or made into complete
unit cabling assemblies . , . all tailored to your
specs and productinn requirements. For a choice
of layouts, see sketches.

in SIMPLE, RUGGED CONNECTORS using
ALDEN ,'IMI rn ({integral molded insvlation)
TECHNIQUE

NOW-—for the first time—you ecan have sealed connectors
without tedious preparation, intricate assembly, or lengthy
curing time.

INSTEAD—Alden “IMI’* using the patented techniques
shown above make it possible to mold the insulation directly
around the contacts and leads in one eompact, lightweight
assembly.

This advaneed technique has now made possible a whole new
series of reliable eonnectors and unit eable assemblies. Write
today for the new Alden “IMI” Connector Guide.

2 TO 3 LEAD ALDEN “IMI’ CONNECTORS

[ ) CEHO
% 9021 @ 4021 ﬁ 90281 402 8!

= -' JoL -
“/IMI”’ Antenna Connecfors

Designed originally as 300 ohm transmission line connectors, these com-
pact, unbreakable two and three (polarized) lead Alden “IMI™ connectors
are useful in many types of low voltage applications. Available in low-
loss polyethylene or polyvinyl (standard) insulation.
3
H

“IMI’’ Power Disconnects '

Solve your AC/DC power input or extension problems
with this new two-wire Alden *'IMI'* Detachable Power
Disconnect. Compact design eliminates bulk, saves
space, yet each resilient punch-press contact is com-
pletely insulated with wear resistant polyvinyl.

P02PMTH 202FIACF

&9

. .

sowmm  200mmcr ' IMI’Y Grounding Power Disconnects
o

a% Eliminate shock hazard in your equipment with a new:

. Alden “IMI” Grounding Power Disconnect for power

5 {1l, input or extension. Female contacts are ‘top con-,

1 nected” for positive strain relief, and e~ch sits in a

u]l Q protective pocket of polyvinyl insulation for maximium

m 5151 protection against mechanical or electrical failure. '

1 LEAD ALDEN “IMI" CONNECTORS

M 200-

5

T Non-Interchangeable Connectors

Replace your potted AN connectors with this series of
M1
having from 2 to 11

rugrged Alden non-interchangeable connectors

contacts. Keyed bosses that
usually crack or break off have been eliminated.
Polarization is effected by short, stubby pins in non-
Contacts,

ductors are completely sealed by the Alden

interchangeable pattern. inserts, and con-
“IMI”

technique.

CUSTOM LEAD ALDEN ““IMI” CONNECTORS

“IMI” 12 Pin Piloting Plug

= This spacesaviag Alden “IM1

——g 12-pin connector can be used
alone or as part of a multi-
cannector unit cable assembly.
Keyed boss provides easy pilot.

“IMI* Flat Cable Plug “IMI“ Std. 7 Pin Plug

Standard small 7-pin  Alden
“IMI” plug fits standard small
7-pin tube socket or connector.

Compact 12-pin  nkht  angle

plug uses popular flat lead

Fits 12 contact {octal type) | Tenite insulation is standard

$251A || positive resulta with - every N2pst :§ o wocket. Standard plug insula.  JO7AMy  for lowet cost. other types

| fash. snd rugged construetion {’ti; inates "‘""'l"' -NT'M:'TY" available. Provides 100°% in-

makes this a lifetime con- . Handien up 10 12 louds tailored V2cEsy (RIS T ORI LI sulation of contacts, sealn wire

: nector. t your specs. available entrance, and resists breakage.

.\:_______..____ _______________ -

for FREE BOOKLETS . . . \Qg\ TEAR OUT THIS COUPON !

‘ \/ \

., 117 NORTH MAIN ST.

What’s New at Alden’s ) . f:‘ ALDEN PRODU(TS (OMPANY « BROCKTON, MaAsS. |

Four page illustrated booklet describes IMI” Technique, PLEASE SEND ME FREE BOOKLETS .. .”What's New’ and *‘IMI Handbook SUpplemcn"'

gives application stories and shows various unit cables and/ -~ ¢ NAME TITLE |
connector combinations. \

% CHIEF PRODUCT OR SERVICE !

Alden 1M1’ Handbook supplemenf | of your Group ot Division: '

, ' cCOMPANY 1

Designed as a supplement to be added to the Alden Hand- | ADDRESS ]
book this four page booklet illustrates many Alden “IMI” 1

Connector Designs with complete specs. ! CITY STATE :
'
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Instead of
10 Components...

10 INSERTIONS

SIMPLIFIED AUTOMATI

with EE

There are still
10 Components
BUT...
ONLY 1 INSERTION
Result: Reduced Costs

A

,—7—"4‘ > ;
= A=

*4PAC” modules can contain up
to 90 Resistor and Capacitor
elements per unit.

WRITE FOR ENGINEERING BULLETIN 450-1 and
INFORMATION ON OUR *'PAC’'' EXPERIMENTAL DESIGN KITS

ERIE ELECTRONICS DIVISION
ERIE RESISTOR CORPORATION

Main Offices and Foclories: ERIE, PA.
Manufacturing Subsidiaries
HOLLY SPRINGS, MISSISSIPPI « LONDON, ENGLAND * TRENTON, ONTARIO
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(Continucd from page 66A4)

published works are papers on germani-
um, indium antimonide and aluminum
antimonide, magunetoresistance, and
mathematical developments involving the
Fermi-Dirac functions.

Prior to joining Battelle, Beer worked
at the Applied Physics Laboratory of
the Johns Hopkins University, conducting
research on the proximity fuse and on air-
borne guidance systems. te has studied
both at Oberlin College, from which he
obtained an A.B. degree and at Cornell
University, from which he received his
Ph.D. degree. He is a member of the
American Physical Society (Solid State
Physics Diviston), Sigma Xi, and Phi
Beta Kappa.

| l News-New Produrts

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

(Continwed from page 19-)

Digital Volt-Ohmmeter

A new low cost Model 352 Digi-
tal Volt-ohmmeter designed and
manufactured by Non-Linear Sys-
tems Inc., Del Mar Airport, Del
Mar, Calif., is said to have high
accuracy and excellent resolution.

The new 3-digit instrument, de-
signed especially  for industrial
uses, is available in both portable
and rack mount models.

NLS

provided by
Model 352, dc volts, +£0.1 per
cent; ac volts +£2 per cent of full
scale from 30 cps to 3 mc for volt-

Accuracy

(Continued on page 70A)
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Periodic recalibration of your oscilloscope assures the high degree
of measurement accuracy so important in research and development
work. Your convenience in this infrequent but critical operation was
the motivation behind the improved mechanical construction of
these five laboratory oscilloscopes. Either side of the new cabinet
can be lowered out of the way or quickly removed by merely releas-
ing two quick-opening fasteners. No need to disconnect or move the
instrument from its operating position. Internal adjustments and
tube replacenients are now really easy to make, enabling you to keep
your oscilloscope at its peak of precision with a minimum of effort.

These five oscilloscopes, although improved in appearance and
accessibility, are unchanged electrically. The basic oscilloscope spe-
cifications are such that one of the general-purpose plug-in vertical
preamplifiers adapts the instruments to practically all ordinary ap-
plications. Six additional plug-in units are available for the more
specialized applications frequently encountered in many research
and development activities.

TYPE 541 OSCILLOSCOPE — dc ta 30 mc with Fost-Rise Plug-In Unit. Cali.
brated sweep range fram 0.02 psec/cm ta 5 sec/cm. 10-KV accelerating
patential. 0.2-usec signal delay, 4-cm linear vertical deflectian, electranically
regulated pawer supplies, square-wave oamplitude calibratar. Price, withaut
plug-in units, $1145.

TYPE 545 OSCILLOSCOPE — Same as Type 541 plus triggered and canven-
tianal sweep delay, rate pulse generatar, and manual or electr.cal lock-aut
release far single triggered sweeps. Calibrated sweep-delay range, 1 usec to
0.1 sec. Price, without plug-in units, $1450,

TYPE 531 OSCILLOSCOPE — dc ta T1 mc with Fast-Rise Plug-In Unit. 0.25.
Husec signal delay, 6-cm lineor vertical deflectian. Other characteristics same
as Type 541, Price, withcut ptug-in urits, $995.

TYPE 535 OSCILLOSCOPE — Same as Type 531 p'us sweep delay and ather
characteristics of the Type 545, Price, withaut plug-in units, $1300.

"TYPE 532 OSCILLOSCOPE — dc 10 5 mc vertical respanse. Calibrated sweep
range fram 0.2 psec/cm ta 5 sec/cm. 4.KV accelerating patential, 8-cm
linear vertical deflectian, electranically regulated pewer supplies, square-wave
amplitude cal bratar. Price, withaut plug-in units, $825.

PROCEEDINGS OF THE IRE November, 1956

improved three-piece cabinet
lets you make internal adjust-
ments faster, easier. Five pop-
ular Tektronix Oscilloscopes
... TYypes 541, 545, 531, 535, and
532...are now manufactured in
this new mechanical form.

-~

PLUG-IN PREAMPLIFIERS

Type 53/54K Fast-Rise Unit .. ......... .. $125
Type 53/54A Wide-Band Unit ... ... .. 85
Type 53/54B Wide-Band High-Gain Unit . ... 125
Type 53/54C Dual-Trace Fast-Rise Unit .-, . . . . 275
Type 53/54D High-Gain Differential Unit . ... 145
Type 53/54E Low-Level Differential Unit. . . . . 165
Type 53/54G Wide-Band Differential Unit . 175

Prices f.o.b. Portland, Oregon

Yaur Tektranix Field Engineer or Rep-
resentative will be happy ta furnish
complete specifications and arrange o
demonstration at yaur convenience.

J

ENGINEERS —interested in fur-
thering the advancement of the
oscilloscope? We have openings
for men with creative design abil-
ity. Please write Richard Ropiequet,
Vice President, Engineering.

I
Tektronix, Inc.

P. 0. Box 831

Portland 7, Oregon

Phone CYpress 2-2611 « TWX-PD 265 « Cable: TEKTRONIX

69a



S NEW
HIGH-WATTAGE
RHEQSTATS

Now the full Hardwick. Hindle line in-
cludes H-50, H-75, H-100, H-150, H-225,
H-300, H-500, H-750 and H-1000.
Our H-50 -75 -100 and -150 watt models have established in the field a
great reputation for unusual ruggedness under abnormal conditions. They
have proved themselves to be thoroughly dependable in service.

Their many improvements are all incorporated in these 5 new models,
together with added new features including our recently patented
contact arm.
All are designed to comply with current standards of : —
e Military Specifications MIL-R-22 ¢ N.EM.A,
e R.E.T.M.A. e Underwriters’ Laboratories, Inc.
W rite today for Rheostat Bulletin 355

HARDWICK, HINDLE, INC.
Rheostats and Resistors ® 40 HERMON ST., NEWARK 5, N.J., U.S.A.
The mark of quality for more than a quarter of a century

Engineers
-SPECIFY

'A-27 SUPERFINE

¥ LOW-LOSS RF LACQUER

* Q-Max, an extremely low loss dielectric impregnating and
coating composition, is formulated specifically for applica-
tion to VHF and UHF components. It penetrates deeply,
seals out moisture, provides a surface finish, imparts
rigidity and promotes stability of the electrical constants
of high frequency circuits. Its effect upon the “Q" of RF
windings is practically negligible.

THE * Q-Max applies easily by dipping or brushing, dries

ol quickly, adheres well; meets most temperature require-
IDEAL COIL _ ments. Q-Max is industry's standard RF lacquer. Engineers
IMPREGNANT " who know specify Q-Max! Write for new illustrated catalog

COMMUNICATION PRODUCTS COMPANY « INC El P)

MARLBORO, NEW JERSEY — Telephone: FReehold 8-1880
Pacific Coast Branch: 120 SANTA BARBARA ST., SANTA BARBARA, CAL.—WOodland 2-1712-4

*Registered
Trademark

l'r News-New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

(Continued from page 68A)

ages greater than 1 volt; ohms,
+0.1 per cent of value read +1
digit. lLong-term accuracy is
claimed since balance is achieved
by switching fixed precision resis-
tors in and out of the circuitry-.

This new instrument offers these
manually-selected ranges: ac, 0.01
to 999; dc, 0.001 to 999; and ohms,
1 ohm to 9.99 megohms. High in-
put impedance (dec volts, 11 meg-
ohms; ae volts, 1.5 megohms) pre-
sents very small load to circuit un-
der measurement. Short balance
time of 1 second (average) permits
high readout and printing rates.
Printer connection and autematic
printer controls are available for
use with parallel entry data print-
ers. Scanner for use with serial en-
try data printers and complete
printing svstems also are available.

The portable instrument is 11
high, 8% wide and 15} inches deep.
Rack mount: 5 high, 19 wide, 15}
inches deep. Full description and
characteristics available from the
manufacturer.

Multi-Purpose Ratemeter,
Probe, And Lead Shield

The UAC #522A, a completely
hand-portable self-contained ratc-
meter, and 1 inch thick lead-shield-
ed scintillation probe that weighs
22 pounds, including the lead-
shielded probe, is now available
from Universal Atomics Corp., 19
E. 48 St.,, New York 17, N. Y.

The basic package includes a 1
inch X1 inch sodium iodide crys-
tal, ratemeter circuit, photo-mul-
tiplier tube, and lead-shielded
probe. 2X1} inch sodium iodide
crystal and interchangeable Slow
Neutron, Fast Neutron, Alpha,
Beta and X-Ray detectors also
available.

The unit is used for radiation
monitoring, tracer work, contami-
nation control, densitv measure-

Continued on page 72A4)
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RADAR PULSE PACKAGES

pulse system,
problems with

FILTRON

FILTRON DUAL PULSE PACKAGE

Part No.PP 2218

CHARACTERISTICS

Input: 500 VDC.

Output Pulse: 3 KV. posi-
tive at 2.5 amps.

Pulse Width: 0:84 sec. at
half power points.

Repehhon Rate: 410 nom-

inal in each of two chan-
nels.

Operating Temperature:
—55°C to +70°C ambi-
-ent,

Altitude: 65,000 ft,

Shock & Vibration: Per MIL
Specifications.

INTERFERENCE FILTERS

PROCEEDINGS ¢}" THE IRE A\ o

Let Filtron engineers design, build and test pre-engineered pulse packages
for your radar transmitter system. Saves tedious trial-and-error develop-
ment work. Eliminates assembly and testing. Reduces inventory.

FILTRON'S TRIGGER-PULSE PACKAGES are designed around a carefully matched
and balanced (1) pulse network (2) charging choke and (3) pulse trans-
former of the line-type modulator. They can be engineered to generate
pulses having sufficient power and impedance to trigger any high power
hydrogen thyratron.

FILTRON'S HIGH-POWER PULSE PACKAGES are schematically similar, but will
generate an optimum required pulse shape for specific radar system trans-
mitted-pulse parameters. Call on Filtron’s field engineers . . . they will visit
your plant to assure optimum performance of the pulse package in your
system.

All Filtron pulse packages are balanced, inspected and 1009, tested before
leaving the plant. Don’t take chances on unmatched components purchased
separately. Don’t waste valuable engineering man-hours. Find out what
Filtron’s pre-engineered pulse packages can do for you.

- Canadian Representatlve Aircraft Appllances & Eqmpment Ltd., 585 Dixon Side Road, Toronto 15, Ont., Car\ada

€0., IHC., FEUSHING, IONG ISLAND, NEW YORK

1t

PMNTS IN rwswnc, NEW YORK, AND CULVER CITY, Q‘"FOR'"‘

« FIXED CAPACITORS + PULSE NETWORKS +» DELAY

LINES
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fAlmerican Beauty

ELECTRIC SOLDERING

TIP: pure
copper. Easily
removable.

Element-in-tip
type also
available.

HEATING
ELEMENT:
Corrosion-
resistant,
nickel-
chromium
with mica
insulation

CASING

AND BODY:
One-piece
construction.
Has safety
baffle.

TERMINAL
CONNECTOR:
Permits easy
removal of cord
or element.
Cord clamp.
3 wire-ground
connection.

HANDLE: Cool,
light weight,
durable
wood handle.
Rubberoid
coated.

CORD:
Super-flexible,
prevents drag,
withstands
abuse.

6-foot length.

Electrical Heater Company

IRONS

LONG-LIFE,

Quolit

IN EVERY DETAIL

MORE THAN 60 YEARS of constant
testing and improving have produced
the very best soldering irons money
can buy—American Beauty! Crafts-
men trust their quality, whether it's
the rugged 550 watt model with 1% "
tip or the featherweight pencil type
with %" tip. A complete range of
sizes and types, with replaceable,
hi-efficiency plug type tips handles
any type of soldering job in shop,
service or full scale production. Avail-
able in standard voltages and for 32
volts. Also models for 6, 12, 24 and
64 volts.

STANDARD COPPER TIPS, heavily
nickeled to resist corrosion. Pyramid
or chisel-shaped. Many sizes and
shapes available. Write for descrip-

tive literature or see your Electronics
Jobber.

—, $'NCC

157-H

DETROIT 2, MICHIGAN N

American Beauty
CLECTRIC IRONS

LL‘ News-New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical

information. Please mention your IRE affiliation.

(Continued from page 72A)

scanned by an external drive mo-
tor. The stepping switch is non-
shorting type and accordingly, the
output of all filters can be simul-
taneously transmitted to readout
equipment.

Additional information may be
obtained from Brush Electronics.

DC Power Supply

Large current, close regulation,
fast response are the claims made
for a new de power supply pro-
duced by Dynamic Controls Co.,
31 Davis Ave., Arlington 74,
Mass.

Balanced design in a new thyra-
tron de power supply controlled by
fast-acting circuits results in per-
formance that has been exceeded
only by series-tube supplies: Rip-
ple, peak to peak, 0.1 per cent;
Load regulation, no load to full,
0.15 per cent; Line regulation, +10
per cent variation, 0.15 per cent:
20 per cent step of load, 0.15 per
cent; S per cent step of line voltage,
0.15 per cent; Response time, 10
ms.

These supplies operate from 60
cps power and are available for
output voltages up to 500 volts and
for currents larger than 3 amperes.
They come in sturdy frames for
floor or rack mounting with all
parts easily accessible. Several vol-
tage units can be packaged in one
frame. Covers are optional.

Typical applications are found
in large-scale digital and unalog

(Continucd on page 78A)
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These EL-MENCO Dur-Mica Capacitors
will still be on the job!

In rigid life tests in which the applied voltage was 12
times rated voltage and the ambient temperature was 125°
centigrade, El-Menco DM-15, DM-20 and DM-30
capacitors out-distanced all normal ratings with each
lasting over 10,000 hours. Because of the acceleration of
these tests, the life of these capacifors may be equivalent
1o 15 years or more under normal operating conditions,

New, toughened phenolic casing prolongs life, increases stability
over wide temperature range. Made to meet environmental and

electrical requirements of RETMA and MIL-C-S specs. Parallel . 430 11097;; @
leads simplify use in television, computors, minia- D
ture printed circuits, guided missiles, and countless .
by ELMENCO civilian and military applications. . r ]
‘ El-Menco Dur-Mica DM15, DM20, and DM30 ( 1
2 | Capacitors Assure:
e ] ] 1. Longer Life 4. Excellent Stability —
o 2. Potent Power Silvered Mica
"""" E 3. Smaller Size 5. Peak Performance %E) ??AD‘SS
==l We'll be glad to advxsF you on your specific needs. Crimped leads specially designed
1 v Put El-Menco Dur-Mica Capacitors to your own for printed circvits . . . Available
Write for free tests. See for yourself. for immediate delivery. And lead
samples and lengths cut to your specifications.

catalog on your
firm's letterhead.

THE ELECTRO-MOTIVE MFG. CO., INC.

WILLIMANTIC, CONNECTICUT

¢ molded mica ® mica trimmer
e tubular paper ® ceramic

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers ond Distributers in the U.S. ond Conada

~1
n
e
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Northern Radio

FREQUENCY
SHIH
REYER

New! Highest Stability achieved Sets a new standard for
by any Frequency Shift Keyer the Industry. It supersedes and

New! increased Frequency Range directly, replaces its

1.0to 7.0 mc LEADER PREDECESSOR,

The new Northern

Radio Frequency Shift Keyer New! pre-selection of Proper the Type 105
Type 105 Model 6, is a very high Frequency Shift for any Model 4.
stability RF oscillator which provides particular transmitter fre-

a means for shifting an RF carrier quency multiplication

in accordence with the intelligence. This

exciter replaces the crystal oscillator in a transmitter ”ew" Permits use with
and produces “Mark’’ and “Space” carrier shift external oscillator
for transmission of teleprinter or telegraph signals,or a linear W GLLULIN R LT RI X T [T LT
carrier shift for transmission of FM telephone, facsimile or telephoto ?
In addition to the technical advancements mentioned above, this new ”eWO Improved
Keyer continues to embody the following performance-proven features: Accessibility —

o Direct-reading frequency calibration e Direct-reading frequency calibration for even gasner
of shifs from 0 to 1000 cps. of mixer and output tuning dials maintenance

e Frequency shift dial adjusts “Mark”’ from 1.0 to 7.0 mc.
and ‘‘Space’’ frequencies equally e Direct-reading calibration of output
above and below the carrier posi- frequency vernier + 600 cps.
tion, which remains fixed. e Pulse-shaping circuit to permit oper-

e Simplfied frequency setting makes ation within assigned bandwidth e linear carrier shift up to 1400 cps
only the upper sideband tuning with no adjacent channel radiation. for Fax operations.
indication visible on the meter over e Highly stable temperature- o Component ratings according to
substantially all of the tuning controlled oven with control of JAN specs for greater assurance of
range. + 0.1°C. at 60° trouble-free operation.

Pace-Setters in Quality Communication Equipment

Nerrzizry RADIO CORMPANY , ine.

147 WEST 22nd ST.. NEW YORK 11, NEW YORK
In Canada: Northern Radio Mfg. Co., Ltd., 1950 Bank St., Billings Bridge, Ottowa, Ontario.

i i e, el RIEE—— )
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INSTRUMENTS

COMPACT

5in1

can meet your design

Why compromise on your instrument
needs? Whether your design calls for
miniature size, or an insirument with sev-
eral mechanisms withir 2 compact case . . .
instruments with kigh torque, high sensi-
tivity, internal shielding, special ballistics,
or with pointers of special size or shape
. . . Weston's wide variety of designs no
doubt includes an instrument which will
fit your needs exactly. But for new or

WESTO
Niluormenld

PROCEEDINGS OF THE IRIZ Nowen

OR

... Instrument headquarters

requirements, exactly!

unusual needs, engineering cooperation is
freely offered to assist you at the drawing
board stage. In either case, Weston’s long
leadership in instrument design is your best
assurance of obtaining instruments tai-
lored to your specific requirements. Ac-
quaint your local Weston representative
with your problem, or write Weston Elec-
trical Instrument Corporation, 614 Frel-
inghuysen Avenue, Newark 5, New Jersey.

SINGLE UNIT
MIDGETS

77A
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PLUGS-JACKS:- CONNECTORS Y o=

78A

7

(LE
TR

lwee mercalivee

Plugs, jacks and connectors in true miniature sizes are
now available for all electronic and industrial applica-
tions. The tiny plugs, 2 conductor type with combina-
tion clamp and solder lug terminals, pass the same 500
volt breakdown test as do plugs many times larger. Min-
iature jacks are also 2 conductor type, with either open
or closed circuit. Tiny microphone connectors are avail-
able in both cord mounted and panel mounted types.

For plugs, jacks and connectors . . . standard or minia-
ture . .. call on Electrocraft.

\
{

ocﬂﬂfr Richards Electrocraft, Inc. —~

I ® 1)

TR \
¢ 3145 N, Kedzie Avenue, Chicago 18, lllinois ‘-

SANGAMO “GY” FLATPAK

Small Size
High Efficiency
Fast Starting

High Power
Output

compact, efficient, dynamotor

The FLATPAK is a rugged, precision engineered
dynamotor that is designed for mobile radio and
general commercial use. It is of laminated field
design, and its compact size makes it ideal for
applications where space is a problem. Available in
ratings through 110 watts continuous duty and 300
watts intermittent duty. Qutput to 650 volts.

Bulletin 1530 gives full information on these and other
Sangamo Dynamotors. Mail the coupon for your copy.

S$G56-6
SANGAMO Generators, Inc.
Dept. C, Springfield, IIl. DYNAMOTORS
Please send me Dynamotor Bulletin 1530. ROTARY CONVERTERS
NAME MOTOR GENERATORS
COMPANY GAS ENGINE
GENERATORS
ADDRESS K
1A MoT
D - SPECIAL DC MOTORS

\
(Y

{1 / >
a¢l Yews-New - Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

(Continucd from page 74A)

computers which require close
regulation for both slow and tran-
sient fluctuations of the line vol-
tage and load, and in servo devices
which require high speed of re-
sponse.

Electronic Component
Data Service

Asatime-saving aid to electronic
engineers in their continual search
for the proper component to do a
particular job, Derivation and
Tabulation Associates, Inc., will
quickly and economically provide

by means of a machine-card sys-
tem-—precise data on available
components having specific char-
acteristics.  For further details,
send for free brochure to DATA,
Inc.,, 67 Lawrence Ave., West
Orange, N. J.

Rack Cooling Fan

McLean Engineering Labora-
tories, Princeton, N. J.. is now in
production with their new Model
31240 Rack Cooling Fans for clec-
tronic cabinets. The new maodel
fits standard 19 inch racks but oc-
cupies a space 5} inches high. It
has RETAA notching for ready
installation and is complete with
filter and 5!X19 inch stainless
steel grill. No color matching is
required. Air delivery is 140 CFM.
The motors are placed at an angle
so that the unit may be installed
with either downward or upward
angle of air discharge. This con-
struction enables the unit to be
used where space is at a premium.
Moditications are available to cus-
tomer’s specification. For details
and further information contact
the firm

Continued on page 86A4)

WHEN WRITING TO ADVERTISERS PLEASE MEXNTION-—PROCEEDINGS OF THE IRE




Meet or surpass today’s critical

performance requirements with

Packaged for

convenient assembly...
MANUAL or AUTOMATIC

Conservatively rated
at 70°C.

Low noise level.

i

Unsurpassed humidity = = STACK-PACK

protection.

\
\

i

i
A

W

REEL-PACK

Easy-to-solder, firmly
anchored leads.

Wl

)

S
M

4.  STRIP-PACK

Drawings available
for detailed
packaging
specifications,

Electronic Components Division
STACKPOLE CARBON COMPANY

St. Marys, Pa.

Canada:

Canadian Stackpole Ltd.,

550 Evans Avenve, Etobicoke,
Toronto 14, Ont.

Stackpole Fixed Composition Resistors are stocked by leading parts distributors

PROCEEDINGS OF THE IRE November, 1956
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PRECISION

down to
the
Spot Size®

In one phrase, that’s the story of the Du Mont Type 329-A. From the input attenuators, right through to the
cathode-ray tube, tolerances have been held to a level that means what you can read — you can trust. Accuracy
of measurement is limited primarily by the size of the fluorescent spot (and with the superb characteristics
of our mono-accelerator cathode-ray tubes, that's an especially significant statement).

P:zove to yourself what the extra precision and convenience of the Type 329-A will mean to you. Call your
nearest Du Mont representative for a demonstration, or write to Technical Sales Dept. at the address below.

CONTINUOUS SWEEP CALIBRATION. If you can read numbers you can
make precise time measurerents. Adjust the event to be measured to
fill exactly a major interval on the screen. Then read time directly from
the large legible dial with no interpolation, no need to count squares.
Accuracy? Better than 5% (including sweep generator and cathode-ray
tube).

REAL SWEEP LINEARITY. Our test spec reads “no 10% increment of
sweep shall vary from anothes 10% increment by more than 5% in time
interval represented.” In short, any non-linearity of sweep will be less
than a trace-width!

CALIBRATED SWEEP EXPANSION. Exclusive Du Mont “Notch” speeds a
segment of the sweep by a factor of exactly 10. Result — effectively
two calibrated rates during the same sweep. Expanded portion is dis-
played in proper relation to the unexpanded portion. Uncalibrated notch
offers greater expansion (up to 100 times on lower sweep ranges).

AMPLITUDE CALIBRATION. Accurate (+-2%) voltage standard is applied
by a flick of a convenient front-panel switch to calibrate screen in any
of 11 full-scale ranges from .2 to 400 volts.

HIGH PRECISION TYPE 5ATP- CATHODE-RAY TUBE. Only a tube built
to our stringent tolerances could exploit fully the precision inherent in
the circuitry of the Type 329-A. Based on the mono-accelerator principle,
the Type SATP- offers the superb deflection linearity as well as the
freedom from spot and field distortions required to render measurements
valid right down to the resolving power of the trace.

DC TO 10 MC (30% DOWN) YERTICAL RESPONSE is the nominal band-
width of the Type 329-A. But owing to the gradual fall of the frequency
response beyond this point, the amplifier is usable to 20 mc and beyond.
Unique amplifier design assures display of d-c signals with no d-c slump.

*Spot Size = 0.02" (approx.)

nu M nNI Technical Sales Department o ALLEN B. DU MONT LABORATORIES, INC. 760 Bloomfield Ave., Clifton, N.J.
80a
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HIGH-LOW-GAIN SELECTOR permits doubling deflection sensitivity (at
some sacrifice in bandwidth) to 0.05 volt per major scale division for
studies involving very low signal levels.

DUAL INPUT CONNECTORS permit switching from one signal source to
another without changing leads.

MAJOR SPECIFICATIONS
Frequency response: dc to not more than 3 db down at 10 mc; rise
time, .035 usec
Deflection factor: 0.1 d-c volt/major divisiont; high-gain switch gives
optional double sensitivity at 5 mc bandwidth approx.
Sweep rates: driven or recurrent sweeps, continuously variable, calibrated
from 1 sec to 0.1 usec/major div.t; max. rate, 7*/usec (20 milli-micro-
seconds/minor scale division).

Sweep expansion: notch expansion, variable or calibrated rate, 10 times
sweep rate on most ranges with calibrated notch and up to 100 times rate
with uncalibrated variable notch

Amplitude Measurement: 11 full-scale ranges from 0.2 to 400 volts full
scale

Cathode-ray tube — Type SATP- Mono-accelerator, operated at 6000
volts (equivalent light output to post-accelerator tube operated at 10KV.
Price $1090.00

TYPE 336-A
The Type 336-A offers all of the superb measuring facilities of the
Type 329-A, but has a vertical frequency response extended to 18
mc (3 db down) at a sensitivity of 1 dc volt full scale. With pulse
response of 0.02 usec, the Type 336-A is particularly well suited for
measurement of very high-speed phenomena. Price, $1125.00

tMajor scale division = 0.7 inch (10 minor divisions)

November, 1956
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THESE ARE ONLY
THE BEGINNING...

Can you

help us
create more?

The superior performance of these typical
CBS semiconductors is acknowledged. De-
mand is growing fast . . . for them and for
an ever increasing variety of new CBS tran-
sistors and crystal diodes. We need more
scientists and engineers to help create them:

Specialists — physicists, chemists,
metallurgists, as well as electrical and me-
chanical engineers for research on ma-
terials, devices, fabrication techniques,
applications, and instrumentation.

Project engineers — men with
broad capabilities to administer all the
phases of research and development of
new products.

To join us, you do not have to be experi-
enced in semiconductors. We prefer for
these positions, competent, intelligent men
who welcome challenging problems. To
them, we offer:

Attractive salaries

Opportunities for rapid advancement
Association with leaders in the field
Local educational advantages

Many employment benefits

e © o & 0 O

Positions with an established
organization of unexcelled reputation

If you are interested in a creative engineer-
ing opportunity in the growing field of semi-
conductors, write us today. Send your
resume to our manager of semiconductor
operations, Dr. Ben Il. Alexander, CBS-
Hytron, Lowell, Massachusetts.

Reliable products
through Advanced-Engineering

semiconductors

CBS-HYTRON
Semiconductor Operations, Lowell, Mass.

A Division of
Columbia Broadcasting System, Inc.

8la



FREQUENCY

STANDARDS

- PRECISION FORK UNIT
d TYPE 50
Size 1”7 dia. x 3% " H.* Wght., } oz.

Frequencies: 240 to 1000 cycles
ie: Accuracies:—

Type 50 (£.02% at —65° to 85°C)
Type R50 (£.002% at 15° to 35°C)
Double triode and 5 pigtail parts required
Input, Tube heater voltage and B voltage

Output, approx. 5V into 200,000 ohms

*314” high
400 - 1000 cy.

FREQUENCY STANDARD 4
TYPE 50L Ay
Size 3%"” x %" x 5%"” High '\-T ¢
Weight, 2 Ibs. A4

Frequencies: 50, 60, 75 or 100 cycles
Accuracies:—
Type 50L (x.02% at —65° to 85°C)
Type R50L (£.002% at 15° to 35°C)
Output, 3V into 200,000 ohms
Input, 150 to 300V, B (6V at .6 amps.)

PRECISION FORK UNIT

“ll TYPE 2003
=
Size 1%" die. x 4':" H* Wgyht. 8 oz.
' Frequencies: 200 to 4000 cycles
| Accuracies:—
Type 2003 (.02 at —65° to 85°C)

Type R2003 (x.002% at 15° to 35°C)

*315” high Type W2003 (.005% at —65° to 85°C)
400 to 500 cy. Double triode and 5 pigtail parts required
optional Input and output same as Type 50, above

FREQUENCY STANDARD
TYPE 2005
Size, 8" x 8" x 714" High
Weight, 14 lbs.

Frequencies: 50 to 400 cycles
(Specify)

Accuracy: *=.001% from 20° to 30°C
Output, 10 Watts at 115 Volts
Input, 115V. (50 to 400 cycles)

FREQUENCY STANDARD
TYPE 20077
TRANSISTORIZED
Size 1%” dia. x 4%" H* Wght. 7 ozs.
Frequencies: 240 to 1000 cycles
Accuracies:—Same as 2003, above

Type 2007S—Silicon type

Input, 28V.

Output, Multitap, 75 to 100,000 ohms
*312” in 20078, 400 to 800 cycles.

FREQUENCY
STANDARD
TYPE 2121A
Size
8% x 19" panel
Weight, 25 lbs.
Output: 115V
60 cycles, 10 Watt

Accuracy:
+.001% from 20° to 30°C

Input, 115V (50 to 400 cycles)

FREQUENCY STANDARD
TYPE- 2001-2
Size 3%" x 4%" x ¢ H., Wght. 26 ox.

T
| - :
3 fues Frequencies: 200 to 3000 cycles
- “| Accuracy: +.001% at 20° to 30°C

Output: 5V, at 250,000 ohms
Input: Heater voltage, 6.3-12-28
B voltage, 100 to 300 V., at 5 to 10 ma.

FREQUENCY
STANDARD
TYPE 2111C

Size, with cover

10" x 17" x 9" H.
Panel model

10" x 19" x 83" H.

Weight, 25 lbs.

Frequencies: 50 to 1000 cycles
Accuracy: (=£.002% at 15° to 35°C)
Output: 115V, 756W. Input: 115V, 50 to 75 cyeles.

ACCESSORY UNITS
for TYPE 2001-2
L —For low frequencies
multi-vibrator type, 40-200 cy.

o
)' D—For low frequencies
counter type, 40-200 cy.

H—For high freqs, up to 20 KC.
M—Power Amplifier, 2W output.
P —Power supply.

This organization makes frequency standards
within a range of 30 to 30,000 cycles. They are
used extensively by aviation, industry, govern-
ment departments, armed forces—where maxi.
mum accuracy and durability are required.

WHEN REQUESTING INFORMATION
PLEASE SPECIFY TYPE NUMBER

American Time Products, Inc.

580 FIFTH AVENUE, NEW YORK 36, N.Y.

WHEN WRITING TO ADVERTISERS PLEASE MENTION
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Crucible
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CRUCIBLE ALNICO MAGNETS lapped
to a flatness of better than 22-
millionths of an inch assures true
hermetic sealing of gases and
fluids.

i

in magnetic seals, too

CRUCIBLE worked with the Magnetic
Seal Carporation in the development
and desiga of a special Alnico magnet
for this application.

FIELD REPORTS indicate Alnico has
3 to 4 times better wear resistance
than other materials for metal to
graphite applications.

CRUCIBLE PERMANENT MAGNETS

mean Maxrimum energy— minimum size

The consistently higher energy product of Crucible
Alnico magnets allows smaller parts — greater com-
pactness in special applications like this magnetic
shaft seal. What’s more, the superior corrosion and
wear resistance of Crucible Alnico insures far
greater serviee life.

You can regularly get Crucible permanent

Alnico magnets sand cast, shell molded, or invest-
ment cast to exact size, shape or tolerance require-
ments . . . and in any size from a mere fraction of
an ounce to hundreds of pounds. Crucible Steel
Company of America. The Oliver Building, Mellon
Square, Pittshurgh 22, Pa.

first name in special purpose steels

Company of America

hRAN




the delicate touch ...

of times in many different ways to build a rugged Varian klystron cathode.
In airborne use. the cathode must operate with complete reliability . . .
withstand constant shock and vibration without malfunction or failure.
It takes a delicate touch in the use of intricate fabrication techniques to build
small yet rugged cathodes. For example, the tiny cathode buiton — often
not much larger than the head of a pin — is carefully eleciropolished, then
spray-coated with a precisely conirolled mixture of rare earth oxides. Why?
To assure uniform emission of electrons . . . vital factor in reliable performance.
Optimum structural rigidity is achieved by skillful metallic bonding of each
electrode to a ceramic disc . . . connections are individually brazed with a
copper-gold alloy. Pressure-ventilated assembly benches are used to
keep air superclean . . . prevent contamination from microscopic particles
which might affect performance or cause failure.
Painstaking techniques like these exemplify Varian's manufacture of
more than 60 different klystrons for every application.
77N\ :
/(“@ VARIAN associates
1 ]
AR

//PAaLoO ALTO, CALIFORNTIA

THE
MARK OF
LEADERSHIP | |

NN

~—""  Representatives in all rincipal citie:
N P P p s

FOR COMPLETE INFORMATION. .. write for the Varian Klystron Catalog . .. address Applications Engineering Department K-2.

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R.F. SPECTROMETERS MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES
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Isolated microwave relay installations must
be reliable and require the extra performance
factors of mechanical and electrical design
found only in ANDREW Parabolic Antennas. - %
Thousands of installations serving over a mil-

lion channel miles of microwave have proven ‘
their superiority.

ANDREW offers a complete range of sizes e
and frequencies. Specify ANDREW Antennas for W
your microwave system. Here is a representa- |
tive selection of stock antennas. i

TYPE NUMBERS OF STOCK PARABOLIC ANTENNAS

Frequency Range ANDREW Type Number

(ME) aft.dia | 6ftdia | 8ft.dia | 10t dia.
_890- 920 100441 1006A-1 | 101081
920- 960 1004A-2 |  1006A-2 1010A-2
17001850 2004A-1 2006A-1 2008A-1 2010A-1__
1850 - 1990 2004A-2 |  2006A-2 2008A-3 2010A-3
1990-2110 2004A-3 2006A-3 | 2008A-3 2010A-3
2450-2700 [ Pe-2a | _P1o-24_
3750-4200 | | - PS8-37 | 5
15925-6425 Pa-59 P6-59 P8-59 | P10-59
LYRERR 6575-7125 | P4-65 |  P6-65 P8-65 P10-65
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Type H-14A
Signal Generator

Type H-16
Standard Course Checker

Type H-12
UHF Signal Generator

Radio technicians and pilots trust ARC test
equipment to keep airborne instruments in tune
for precision navigation and communication.

The Type H-14A Signal Generator has two uses:
(1) It provides a sure and simple means to check
omnirange and localizer receivers in aircraft on the
field, by sending out a continuous test identifying
signal on hangar antenna. Tuned to this signal, in-
dividual pilots or whole squadrons can test their own
equipment. The instrument permits voice transmis-
sion simultaneously with radio signal. (2) It is
widely used for making quantitive measurements on
the bench during receiver equipment maintenance.

The H-16 Standard Course Checker measures the
accuracy of the indicated omni course in ARC’s
H-14A or other omni signal generator to better than
Y4 degree. It has a built-in method of checking its
own precision,

Type H-12 Signal Generator (900-2100 mc) is
equal to military TS-419/U, and provides a reliable
source of CW or pulsed rf. Internal circuits provide
control of width, rate and delay of internally-gener-
ated pulses, Complete specifications on request.

Dependable Airborne Electronic Equipment Since 1928

/]ircrnﬂ Radio Corporation

OmnifILS Receivers o

Course Directors o

BOONTON, NEW JERSEY
UHF ond VHF Receivers ond

Tronsmitters o LF Receivers ond Loop Direction Finders ¢ 10-Chonnel Isolotion
Amplifiers o 8-Wott Audio Amplifiers o Interphone Amplifiers » Omnirange Signol
Generotors ond Stondord Course Checkers o 900-2100 Mc Signal Generators

KO
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
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(Continued from page 78A4)

CORRECTION NOTICE

UHF Klystron Transformer

Complete 225-t0-400 mc Model
PC 33 Transmitter developed by
Levinthal Electronic Products,
Inc., 2821 Iair Oaks Ave., Red-
wood City, Calif.,emplovsa unique
form of high-efhciency amplitude
modulation in the audio range from
7 to 20 ke. System is capable of
90 per cent modulation on a 10-kw
carrier with overall harmonic dis-
tortion of the order of 4 per cent.
Under amplitude modulation con-
dition, rf efhciency is up to 40
per cent. Klystron is the Eimac
X59015 which incorporates a mod-
ulating anode to make high-level
high-efficiency amplitude modula-
tion possible. Svstem is also cap-
able of up to 20 kw in cw operation
and can be used for {fm or sk by
modulating the rf drive in the usual
way,

Equipment consists of four units,
a beam power-supply unit, a mod-
ulator unit, a heat-exchanger unit,
and an rf unit. The beam power
supply is rated for 30 kv at 2 am-
peres de with less than 0.04 per
cent ripple. The modulator unit
includes a low-level audio amplifier
and a high-level 1-kw-plate dissi-
pation modulation tetrode, a 0- to
15-kv bias supply, a dec filament
supply for the klvstron, a dc focus-
clectrode supply, five well filtered
focusing-magnet supplies rated for
150 volts at 4 amperes cach, and a
complete performance monitoring
system. The heat exchanger is
rated for 50 kw at 115°1° ambient
and provides up to 30 gpm at 60
psi. The rf unit consists of the
X590k klvstron, focus  coils,
mounting hardware, tuning boxes,
air blowers, rf dummy load, and
input and output directional cou-
plers.

Unit is completely interlocked
to protect both equipment and
personnel. Complete system moni-
toring is provided by appropriate
indicator lights, metering, rf test
equipment, and a built-in oscillo-
scope. Operation is from a 208-
volt, 3-phase, 60-cps source.
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Electronic Housing Equipment...

Maximum Versatility and Flexibility in Every Application

[ : HEARD EVERYWHERE 2 2
®

MANUFACTURERS OF FAMOUS LOWEL

For Industry . . . Schools . . . Airports

For Broadcasting . . . Recording . . . Testing
Apparatus

Lowell-designed electronic housings and equip-
ment offer you every advantage. It is a complete
line that offers maximum versatility and fiexi-
bility to meet your needs. Advaneed mass produe-
tion techniques hold prices to the lowest practi-
cable levels. Prompt delivery from stock.

1. Transmitter Racks for 19”7, 24” and 30” panels
—181%” and 24” deep. Standard and deluxe
models. All models are furnished with front, and
rear doors which are fitted with a lock-type catch
and handle. Each rack is constructed of heavy
16-gauge steel with extra heavy No. 12 gauge steel
bottom. Heavy monunting angles are drilled to
standard 1Y4”-14” spacing. Mounting angles are
adjustable from front to back by means of chan-
nel slides. There is a 41%4” wide rectangular hole
in the bottom for leads. Mountiug hardware fur-
nished with each unit. Silver gray hammertone
finish with bright metal trim on top and bottom.

2. Deluxe Desk Cabinet Racks for standard 19”
Rack Panels—15” deep. Made of heavy gauge
cold rolled steel, completely welded together.

PROCEEDINGS OF THE IRE November, 1956

Pazel mounting angles are drilled to standard
114”- V4" spacings. Enough No. 10/24 speed clips
antd machine serews are furnished to mount sev-
eral raek panels. Door at tep permits easy aceess
to equinment; choiee of ninged door or solid back.

3. Amplifier Cabinet for recessed applications.
Made of 16-gauge steel with a grille cover of
L thick sheet steel. Grille has door with loek
and piano hinge and hot air vent opening in top
to let hot air escape. Adequate knockouts for all
wiring purposes. Back is finished in a protective
zine chromate.

=

1. Cabinet Relay Racks for standard 19” Rack Panels
2. Standard Steel and Aluminum Blank Chassis
3. Relay Racks——TR Desk Type

b
i
I‘
1
I\
|3

2

For complete information and specifications, write:

MANUFACTURING COMPANY

3030 laclede Station Road, St Lowis 17, Missouri
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave, Toronto 10, Ontario

L “EAR LEVEL” SOUND SPEAKER BAFFLES, PROTECTIVE ENCLOSURES INTERCOM EQUIPMENT,
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The Mullard EL34 can be rightly acclaimed as the
most efficient high fidelity output pentode tube yet
produced in Britain. It is being fitted in many of
the British sound reproducing equipments which
are becoming increasingly popular in the United
States and Canada.

Used in push-pull ultra-linear operation (dis-
tributed load), two EL3y tubes will give 32 watts
output at a total distortion of less than 1°,. The
application of negative feedback reduces distortion
even further.

The EL34 is equally capable of supplying higher
power outputs where an increased distortion level
1s acceptable. Under class B conditions, 100 watts
arc obtainable from a pair of EL3y4 tubes in push-
pull for a total distortion of §5°,.

Another significant feature of this tube s its high
transconductance value of 11,000 pmbhos, resulting
in high power sensitivity and low drive require-
ments.

Supplies of the EL3j are now available for
replacement purposes from the companies
mentioned below.

Available in the U.S.A. from:
International Electronics Corporation,
Dept. P11, 81 Spring Street, N.Y. 12,
New York, U.S.A.

Mullard

MULLARD OVERSEAS LTD., CENTURY HOUSE, SHAFTESBURY AVE.. LONDON, ENGLAND

Mullard is the Trade Mark of Mullard Ltd., and is registered
in most of the principal countries of the world.

Available in Canada from:—

Rogers Majestic Electronics Limited
Dept. KN, 11-19 Brentcliffe Road.
Toronto 17, Ontario, Canada,

K S

ELECTRONIC TUBES

The British Electronics Industry is making
giant strides with new developments in a
variety of fields. Mullard tubes are an
important contribution to this progress.

Britain’s
foremost pentode

for 25W high

fidelity equipment

Principal
Ratings

Heater
6.3V, |.5A

Max. plate voltage
800V

Max. plate dissipation

Max. screen voltage
425V

Max. screen dissipation
8w

Max. cathode current
150mA

Base
Octal 8-pin
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SILICON
POWER
DIODES

A complete
line of diodes
for military,
automation,
communication
and
entertainment
fields.

Silicon - Germanium - Selenium

Diodes

Years of intensive research have preceded the production of
International diodes for every electronic application, in the mili-

Write on your
letterhead for
complete information
on all diode
types acvailable.

tary, automation, communication and entertainment fields.
Resistance of these diodes to humidity, shock and temperature-
cycling has been rigorously demonstrated in hoth laboratory and
industrial applications. In addition, International diodes exhibit
a uniformity of characteristics and quality far exceeding the
minimum requirements of RETMA specifications. For a practical
solution. submit your special diode problem to our Application
Advisory Department. You are assured of a rectifying unit that
provides long life and dependable service.

International Rectifier

C o R P o R AT ! o N

EXECUTIVE OFFICES: EL. SEGUNDO, CALIFORNIA « PHONE OREGON 8-.-6281

THE WORLD’S LARCEST

PROCEEDINGS OF TItF IRE Nezember

NEW YORK: 132 E. 70TH ST., TRAFALGAR 9-333D * CHICAGO, 205 W, WACKER DR., FRANKLIN 2-3889
IN CANADA: ATLAS RADIO CORP., LTD., 50 WINGDLD AVE. W., TORONTO, ONTARIO, RU 1-6174

SUPPLIER OFfF INDUSTRIAL METALLIC RECTIFIERS
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Spectrol’'s problem:

0 join .0006" n'ckel wire

to gold-plated brass...end
how a weldmatic solvecd it

PROBLEM: to join .0006" nickel tap
leads to gold-plated brass terminals in
Spectrol's single- and multi-turn preci-
sion potentiometers.
Connections must be ex-
tremely strong for reliabil-
ity in severe environments.

SOLUTION: Using a
minute ‘‘sandwich’" of
beryllium copper, Spectrol
sandwich-welds tre three
metals firmiy and in milli-
second time. Because the
potentiometers must withstand heavy
vibration and shock, Spectrol's cus-
tomer specifies welding for this work.
Weldmatic stored-energy welders are
best, Spectrol finds, because they are
easy to use (only two simple adjust-

ments)—they time each weld automati-
cally, and they have very low mainte-
nance factor.

Weldmatic stored-energy welders do
many precision metal-joining jobs faster,
better and cheaper than soldering, silver
brazing, riveting or staking. Weldmatic-
welded joints offer better mechanical
performance, higher tensile strength and
better fatigue resistance.
Dissimilar metals, ‘‘prob-
lem' metals, and parts of
widely varying thicknesses
are easily joined without
discoloration, metallurgi-
cal change or excessive
deformation. Easy set-up
and operation. Write for
descriptive literature and
details of sample welding service.

(SPECTROL

S ——

Electronics Division of Carrier Corpora-
tion, manufaéturers of high precision
single—and multi-turn potentiometers.

WEILDMATIC

A DI VISI|I ON O F U N

I' T E K

CORPORATION

256 NORTH HALSTEAD AVENUE « PASADENA, CALIFORNIA
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(Continued from page 86A)
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Non-Blocking Linear Pulse
Amplifier

New Model 348 Lincar Amplitier
manufactured by Franklin Elec-
tronics, Inc., Dept. 135, . Fourth
St., Bridgeport, Pa., is used for
ampliflying adjacent low and high
level pulses at high duty eyeles
from scintillation detectors, ioni-
zation chambers, and other radia-
tion detectors. This unusual ampli-
fier is ideally suited for use in scin-
titlation  counter spectrometers.
Measurements may be made of the
kev Cs'¥ X-Ray peak in the pres-
ence of a 1,200,000 ¢/min Cot*
(1.13,133 mev.) background.

The Model 348 Lincar Amplitier
(Oak Ridge type DD2) utilized
double differentiation and feed-
back stabilization to attain supe-
rior pulse amplification. This de-
sign provides extremely high gain
and stability, fast recovery, low
noise, and wide gain control range.
Other features include good linear-
ity at all gain settings and count-
ing rates, non-blocking operation
during high-amplitude input signal
and high duty cyele conditions,
and a flat-topped output pulse
which is ideal for pulse height anal-
vsis. LEnergy axis shift at high
counting rates is almost complete-
Iy eliminated. A built-in combina-
tion differential and integral pulse
height selector is also available.

Specifications of the Model 348
Lincar Amplifier are as follows:
Maximum voltage gain: 50,000;
gain control range: 1,000 to 1:
noise: 50 microvolts with input
grid grounded; output voltage: 100
volts (140 volts maximum); output
pulse width: 1.2 microseconds;
overload recovery: 7 microseconds
for 200 times overload : differential
linearity: 2.5 per cent; integral
linearity 0.15 per cent of output.

(Continued on page 94A4)
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For Extra Capacitor Life and Reliability —
Mallory Telephone and Computer Grades

Certain types of electronic equipment demand the ulti-
mate in reliability and long life in all components . . .
either because replacement would be highly expensive
or because complex circuits require extreme stability.
For applications of this sort, beyond the range of stan-
dard commercial products, Mallory manufactures elec-
trolytic capacitors known as telephone and computer
grade. These capacitors have premium characteristics
obtained by special techniques in processing.

To assure highest quality, extra precaufions are ob-
served in the selection of materials, and in manufacturing
... even beyond the extreme care normally practiced in
making Mallory commercial grade capacitors. Special
electrical processing operations produce exceptionally
low leakage current and series resistance. Rigid pre-
testing assures as much as twenty years’ life on a sta-
tistically high percentage of capacitors of this grade.

This extra measure of performance is available in three
different series of Mallory capacitors:

e Units manufactured to conform in appearance and
construction with current telephone standards.

e Capacitors of telephone grade performance, but
with physical design other than that called for in
telephone applications.

Serving Industry with These Products:

Electromechanical—Resistors ® Switches o Tuning Devices ® Vibrators
Electrochemical—Caopacitors e Rectifiers o Mercury Batteries
Metallurgical—Contacts ® Special Metals Welding Materials

Parts distributors in all major cities stock Mallory

standard components for your convenience.

92a WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

e Units similar to telephone grade but with recom-
mended voltage ratings lower in relation to anode
forming voltages: particularly useful for high sta-
bility and low leakage in computer circuits.

Mallory capacitor specialists will be glad to consult with
you on the selection and application of special grades
for your special circuit requirements.

For all capacitor needs . . . see Mallory first!

For the great majority of civilian and military elec-
tronie cireuits, Mallory supplies a complete line of
commercial and JAN grade electrolytic capacitors.
All can be counted on to render superior performance
at economical cost. Mallory also manufactures the
famous FP—the pioneer fabricated plate capacitor
rated for continuous duty at 83° C.; also miniature
and subminiature electrolytics, tantalum capacitors,
motor starting capacitors. Write or call for com-
plete data.

Expect more...get more from

MALLORY

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

November, 1956




This Pilot's Dead Reckoning Indicator will track

an aircraft's true flight over ranges up to 50

miles . . . and will indicate the position, motion and

heading of the aircraft in which it is carried by a

spot of light !4 inch in diameter, projected onto the surface

of a translucent grid disc. In the center of this spot

of light is an arrow that indicates the direc-

tion of the aircraft’s heading . . . which will rotate

t r u Q through 360°. Using fransistors and other miniature
- components and techniques our Pilot’s Dead
Reckoning Indicator is the smallest of its type.

flight

DA TROM This precision instrument is but one of
many which Daystrom engineers have devel-

oped—and Daystrom’s shop has

produced for the Armed Services and

industry. You, too, can.depend on the

INSTRUME NT “know-how" of Daystrom in development,
design and production . . . upon Daystrom’s
reputation for meeting rigid quality
standards and high reliability. Drop us

a line, and we’'ll be glad to have

our representative call on you. Or, better still—
PENNA pay us a visit, and see our modern
plant and complete facilities.

Division of Daystrom, Inc.

ARCHBALD
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. . . the bond is stronger
than the materials!

Stupalk off

METAL-BONDED

ALUMINA TERMINALS

<]

\

4,
S

Y

Right- Sample of a Stu-
poakoff Alumina Terminal
in test rig, tarsian-tested
to destruction, The foilure
accurred in the ceramic,
nat in the bond.

Left is similor terminal
befare testing.

Amazing bond-strength, and unequalled high-tempera-
ture ceramic-to-metal adherence are two outstanding
characteristics of Stupakoff Alumina Terminals. Avail-
able in six standard stock sizes and many special
designs, these terminals provide assurance of stronger,
tighter, soft-soldered assemblies. The alumina body
1s a Stupakoff development, processed under rigidly
controlled conditions.

The new Stupakoff metal-bond technique (patent
applied for) should not be confused with the ordinary
stlver metallizing process. This is not a plating, but
an intimate bonding of ceramic and metal. Its effec-
tiveness 1s proved by the photograph at the left,
showing the results of a typical torsion test. Ultimate
failure of the terminal occurred in the ceramic and
not in the bond.

Because the bond remains hermetically tight well
beyond the temperature limits of soft solder, assembly
processes are stmplified and more dependable.

Write for full information and prices on Stupakoff
Metal-Bonded High Alumina Terminals.

S'I'UPAI}\OFF DIVISION OF

94
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(Continued from page 94A

Two-Way FM Radio

The Bendix Radio Div., Mobile
Products Dept., Bendix Aviation
Corp., Baltimore 4, Md. has an-
nounced the Bendix Bantam, a
new low power two-way I'M radio
communication system for opera-
tion in the 144- to 174-megacyele
frequency range.

Designed  specifically for  low-
power limited range communica-
tion applications as cither a base
or mobile station, the Bantam is
designed to operate from a wide
variety of power sources 6, 12,
24, 32 volts de, or 117 volts ac,
without modification, adjustment,
or external converters. Choice of
input voltage is accomplished by a
front-panel sclector switch, provid-
ing complete interchangeability
between base and mobile applica-
tions.

The Bendix Bantam fcatures
dual-channel receiver and trans-
mitter facilities, more than one
watt of rf output power, 1.25 watts
of audio power to a built-in
phenolic cone  loudspeaker. The
complete unit is housed in i fully
enclosed, dustproof and weather-
resistant  reinforced  steel  case,
making 1t exceptionally rugged.
Limited space installation is facili-
tated by its compact size (6} high,
10} wide, 113 1inches long) and
light weight (total 24 pounds).

Under normal operating condi-
tions dependable communication
is achieved over a one to three
mile range and greatly in excess of
this in freespace antenna locations.
Low primary power consumption,
about 2 amperes at 6 volts de and
correspondingly less at the higher
voltages, provides long, continuous
operation with no danger of run-
ning down batteries in mobile in-
stallations.

(Continuned on page 100.1)
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Model 5571 0-42 mc Fre-
quency Meter; price,
$1,745.00

Model 5580 Reference Gen-
erator, with 5581 series
plug-ins, extends range to
515 mc. Price, Model 5580.
$300.00; 5581/4 plug-in
(42-155 mc) $150.00:
5581/15 thru 48 (152 to
515 mc in 33 mc bands),
$100.00 euach.

The Frequency Meter

That Grows With The Job
Berkeley Model 5571

Model 5585 Selective
Amplifiar provides 100
microvolt sensitivity
in the 0-42 mc range.
Price, $425.00

Model 5590 WWV re-
ceiver permits calitra-
tion of 5571 within +
2 parts in 10, for use
as secondary frequency
and time standard.
Price, $495.00

Model 1452 Digital Re-
corder automatically
prints readings on stand-
dard adding machine
tape. Price, (6-digit),
$850.00

Note: All prices f.o.b. factory, sub-
ject to change without notice.

FLEXIBILITY...

here's the one frequency meter that won't be out-dated as
your requirements grow or change. By adding matched
accessory units, you can extend its range to 515 mc, add
a WWYV receiver for calibration within =+ 2 parts in 10°,
or a digitol recorder to print measured frequency automati-
cally on standard adding machine tape.

Typical automatic frequency measurement
and logging system showing (top to bottom) V E R S ATl l- IT Y e
Mode: 5571 Frequency Meter, Model 5580

Reference Generator with Model 55&1 Plug- . 0 Q

in, Model 5585 Selective Amplifier, Model functions as a frequency ratio meter, 0-1 mc period meter,

3590 WWV Receiver, and Mode| 1452 Digital 1 psec to 10,000,000 sec time interval meter, or 0-2 mc
EPUT* meter as well as a 0-42 mc frequency meter.
"Trademark

Why not get the facts? Write now
for new Berkeley Frequency Meas- k I p 0 A
uring Equipment bulletin; please B e r e ey division
address Dept. N-11,

BECKMAN INSTRUMENTS INC,

113
Phone: LAndscape 6-773D * Richmond 3, California
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New 110-degree”

SHORT PICTURE TUBE RCA-21CEP4

...Sets a new concept

for compact TV receivers

Introdueing a new dimension in picture tube design for black-and-
white TV receivers, RCA-21CEP4 opens new possibilities for
designers looking for a compact tube capable of producing big, high-
quality pictures—in a smaller cabinet. Here, RCA has successfully
incorporated wide-angle 110° deflection and “straight”-gun design
into a compact unit at least 5% inches shorter than 21-inch
envelope types with 90° deflection.

Read these important facts about the new RCA-21CEP4:

(1) “Straight™ electron-gun design employing unique pre-focus
electrostatic lens maintains iinage sharpness over the entire
picture area (262 sq. in., minimum) —and eliminates need for an
ion-trap magnet. (2) Smaller neck diameter permits use of a
deflecting yoke having higher sensitivity—and requiring only slightly
more power than is needed for 90° deflection. (3) Super-aluminizing
produces bright, high-contrast pictures.

First of a new line of 110° wide-angle tubes for “black-and-white”,
RCA-21CEP4 is in production! For tube-delivery information, <
call your RCA Field Representative. For technical data on the
RCA-21CEP4. write RCA, Commercial Engineering, Section IX350)
Harrison, New Jersey.

'{/¢4)) Radio Corporation of America

; Tube Division Harrison, N. J.

(8)

Components Division, Camden, N. J.

Associated Tubes and Components
Designed for use in 110° deflection-angle systems:
For horizontal deflection, RCA-6DQ6-A; for ver-
tical deflection, RCA-6CZ5. Both of these types are
now commercially available. In addition, a devel-
opmental horizontal deflection transformer and a
developmental deflecting yoke~both designed es-
pecially for use with 110° tubes—are available to
TV equipment manufacturers on a sampling bosis.
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THE covER—The layout suggests the ideas of randomness
and variability—Dboth important in the field of quality con-
trol. Twenty-sided dice, each carrying two sets of numbers
from zero to nine, are used as a substitute for tables of
random numbers to insure that sample units are selected at
random. Variability, which is inherent in any manufactur-
ing process, may be controlled, and often reduced, through
the use of quality control techniques. An excellent survey
of quality control methods starts on page 1521 of this issue.
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Ernst Weber was born in Vienna, Austria, on Septem-
ber 6, 1901, and received his education there. He was
graduated with the diploma of electrical engineer from
the Technical University in Vienna in 1924, and joined
the Austrian Siemens-Schuckert Company as research
engineer. On the basis of several papers on field theory
applied to machinery, he received the degree of Sc.D.
from the Technical University in Vienna in 1927.

While still working for his engineer’'s degree, Dr.
Weber studied physics and mathematics at the Univer-
sity of Vienna, completing his Ph.D. in 1926 with a dis-
sertation on the diffraction of light on submicroscopic
spherical particles.

In January, 1929 he transferred to the Siemens-
Schuckert Company in Berlin-Charlottenburg, where he
was appointed lecturer at the Technical University. In
the fall of 1930 he accepted an invitation as visiting pro-
fessor to the Polytechnic Institute of Brooklyn, New
York, where he has since remained. He accepted in 1931
the permanent position of research professor of electrical
engineering in charge of graduate study. From 1942 to
1945 he was professor of graduate electrical engineering
and head of graduate study and research in electrical
engineering. From a few initial graduate courses offered
only evenings, the graduate program developed into
one of the largest in the country, adding to the master's
program a complete and outstanding program leading
to the doctor's degree in a combination of day and
evening courses.

Early in the Second World War, Dr. Weber organized
a group on microwave research in the electrical engineer-
ing department which expanded rapidly. In recognition
of the contributions of the research group, he was award-
ed the Presidential Certificate of Merit in 1948. Out of
this wartime research grew the Microwave Research In-
stitute of Polytechnic Institute of Brooklyn, primarily
engaged in projects under sponsorship of the military
services; and the Polytechnic Research and Develop-
ment Company, founded in 1944 and owned by Poly-
technic Institute of Brooklyn.

Since 1945, Dr. Weber has been Head of the Depart-
ment of Electrical Engineering and Director of the Mi-
crowave Research Institute of the Polytechnic Institute
of Brooklyn. Since 1944 he has also been a Director, and
since May, 1952 the President of the Polytechnic Re-
search and Development Co., Inc.

He has published many scientific papers on electro-
magnetic fields, linear and nonlinear circuits, and micro-
wave measurements; he contributed to several books,
and published Mapping of Fields and Linear Transient
Analysis. He is a Fellow of AIEE and the American
Physical Society, and a member of the American Math-
ematical Society and others.

Dr. Weber joined the IRE as a Member in 1941 and
attained Senior Member grade in 1943. He became a
Fellow in 1951. He had been chairman of the Standards
and Professional Groups Committees, the latter of
which he is presently Eastern Vice-Chairman.

November
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Poles and Zeros

Error. President M. S. Coover of the AIEE has written
to point out that the professional society membership
figures quoted in P and Z in the August issue were in
error. He is entirely correct, and we hasten to correct
the record. The second-largest praofessional society is not
the IRE. It is the AIEE. We took the figures from an
independent source without realizing that these figures
omitted the AIEE student membership, while taking
full credit for IRE students. As of April 30, 1936, the
correct AIEE figures are 49,949 members, 9,076 student
members and 382 student affiliates, total 59,407. As of
the same date the IRE membership, including students,
was 49,757.

We sincerely regret this error, particularly since it has
been construed as contributing to the spirit of ex-
cessive competition which, in some quarters at least,
afflicts the two societies. Such competition, while per-
haps inevitable between associations covering over-
lapping fields, raises the stature of neither. The many
thousands of engineers who are members of both socie-
ties (including 14 of the IRE Directors) can well take
pride in the fact that IRE and AIEE, with a combined
membership of over 100,000 engineers, are together
handling the affairs of the electrical profession in this
country completely and competently.

While decrying the competitive spirit to which we un-
wittingly added fire, we cannot shut our eyes to the
inter-society problem posed by the increasing interest of
“straight electrical” engineers in electronic techniques.
As AIEE Past President Hooven wrote last August in
Electrical Fngineering “the electrical engineer who was
formerly interested most in wires, cables, and switch-
gear is now showing an even greater interest in elec-
tronic tubes, semiconductors, and electronic com-
ponents.” This tendency may well explain the relative
growth rates of the two societies (the percentage in-
crease in total membership for the year ending April 30,
1956 was AIEE, 4.9 per cent; IRE, 16.4 per cent). More
important, it indicates that the group of electronics-
oriented engineers common to both organizations is in-
creasing rapidly and that the problems of duplication
and cross-purposes in committee effort, conferences,
student activities and publications are growing propor-
tionately. These, not size or rate of growth, are the
problems to which the officers and directors of the two
societies must address themselves—as allies in a com-
mon cause.

Correspondence. The August issue was noteworthy for
more than the reason noted above. The Correspondence

section (which follows imniediately after the technical
papers in each issue) ran to 19 pages that month and
comprised no less than 23 communications, most of
them received within the space of two months. This is
roughly four times the usual number and we are some-
what mystified, but highly gratified, at the outburst.
Whatever its cause, we would like to encourage more of
the same.

The correspondence columns of a technical journal
perform a unique function by virtue of being untram-
meled by the rules governing formal technical papers.
The Institute assumes no responsibility for the techni-
cal accuracy or for the opinions expressed in the com-
munications printed, although the editors must of course
reserve the right to reject items which are evidently off-
base technically or trivial in content.

Since no responsibility is assumed, no formal review
procedure is required and very rapid publication can be
arranged, usually within two to three months of receipt.
The Correspondence section is, therefore, the ideal place
to announce technical discoveries and developments in
the initial stages, prior to the preparation of a formal
paper. Another appropriate candidate for these columns
is the “small” item, which fills a chink in theory or tech-
nique, without in itself having sufficient importance to
warrant more formal treatment. Still another is the
commentary, which may observe a significance previ-
ously missed or draw a lesson from history. By no means
barred is the argumentative essay, with rebuttals and
surrebuttals, which brings into the open the conflicts,
all too often hidden, which attend the development of
our art.

The rules covering this section are simple. The items
should be short, preferably under 1000 words, and il-
lustrations used only when essential to the treatment.
Authors are furnished proofs before publication and
may order reprints. Anonymous communications will
not be printed. Technical treatments are preferred, but
letters on any subject affecting our profession will be
printed if deemed by the editors to have sufficient
breadth of interest. Finally, since the Institute receives
many lettersnot intended for publication, correspondents
should be explicit in extending permission to print.

No correspondence column amounts to anything if it
is read only by the authors of the letters. So we invite
the attention of all readers to this section. Much of
value and interest will be found there, quickly assimila-
ble and often indicative of important things to come.

—D.G.F,
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Quality Control in Electronics (Torrey, p. 1521)—This
month’s invited review paper discusses a subject whieh has
become of vital interest to an industry which must produce
quantities of highly complex apparatus that will operate re-
liably. It is the aim of quality control to produce products with
characteristics that are suitable and, within limits, pre-
dictable. How this aim is achieved and what role statistics
play in the process is unfolded in this instructive discussion.
With the aid of some well-chosen examples of the use of the
quality control operation and of statistical techniques in the
electronics industry, the author brings to the reader the in-
sight and experience of an organization which has been the
fountainhead of new ideas in this important field.

Frequency Control in the 300-1200 MC Region (Iraser
and Holmes, p. 15331)—The urgent need for making the most
economical use of our crowded radio-frequency spectrum has
made methods of obtaining very accurate control of frequency
increasingly important in recent years. Techniques for con-
trolling frequencies below 100 mc and above 1000 mc have
been fairly well developed. In the intermediate range, how-
ever, present methods are either more unstable or more com-
plex. The substantial improvement in the frequency stability
of coaxial-cavity oscillators reported here will be of consider-
able interest to the many engineers now working in the uhf

field.

IRE Standards on Solid-State Devices: Methods of Testing
Transistors (p. 1542)—The transistor art, although young and
still changing, has progressed so rapidly that it has become
highly desirable to standardize, without further delay, the
usages and procedures currently in force. This is the second
Standard which the highly productive IRE technical com-
mittees have produced in this important field this year. As the
title indicates, it deals with the methods of measurement of
important characteristics of transistors and covers tests for
dc characteristics, small signal applications, environmental ef-
fects and noise.

Common-Emitter Transistor Video Amplifiers (Brunn, p.
1561)—This paper presents simple and useful theories and
procedures for designing various types of transistor video am-
plifiers. Formulas, accompanied by examples, are clearly pre-
sented for determining such characteristics as gain, band-
width, optimum load resistor and maximum power gain.

Hazards Due to Total Body Irradiation by Radar (Schwan
and Li, p. 1572)—The authors investigate the manner in
which electromagnetic radiation is absorbed by the human
body at frequencies ranging from 150 mc to 10,000 mc and
the increases in body temperature that result. Their study
shows that at above 3000 mc radiation produees heating in
the skin where the sense receptors would be apt to give an
exposed person adequate warning, but that at frequencies
below 1000 mc the heating takes place in the deeper tissues
below the sensory elements and is, therefore, potentially
much more dangerous. Included in this report are estimates
of the amounts of radiated energy that can be tolerated at
various frequencies. The greatly increased powers that are
now produced by modern electronic apparatus make these
results of more than just academic interest. Moreover, this
study serves to draw well-deserved attention to a general field
of great future significance, namely, medical electronics.

An Analysis of Pulse-Synchronized Oscillators (Salmet, p.
1582)—In a number of important applications, most notably
in single sideband and telegraph systems, it is necessary to be
able to shift quickly from one working frequency to another,

and to maintain the new frequency with extreme accuracy.
This could be accomplished by providing a crystal to control
each working frequency, but in many applications this would
be impracticable because of the number of frequencies in-
volved. This paper analyzes a substantially improved version
of an carlier development in which the various harmonics of a
single crystal-controlled pulse generator are utilized in a
new type of phase comparison circuit to govern a variable
frequency oscillator, with the result that it will either pro-
duce a continuous range of very accurately controlled fre-
quencies or will synchronize exactly on any one of a large
number of closely spaced frequencies.

A Sideband-Mixing Superheterodyne Receiver (Cohn and
King. p. 1393)—A microwave receiver has been developed
that combines the advantages of the high sensitivity of a su-
perheterodyne receiver and the wide bandwidth of a crystal-
video receiver. The scheme involves the use of two local oscil-
lators, one microwave and the other vhi, to produce a large
number of sidebands centered on the microwave oscillator
frequency and separated from one another by the frequency
of the vhf oscillator. Each sideband acts like a conventional
local oscillator signal, and the received signal can mix with
any one of the many sidebands, spread out over a wide range,
to produce the desired IF signal. This multiple mixing tech-
nique thus presents a novel and useful method of magnifying
the bandwidth of microwave receivers.

Frequency-Temperature-Angle Characteristics of AT-Type
Resonators Made of Natural and Synthetic Quartz (Bech-
mann, p. 1600)—It has been found that while natural quartz
from different sources is remarkably uniform, various types of
synthetic quartz ditfer somewhat with respect to their fre-
quency-temperature characteristics and optimum cutting an-
gles. The author thoroughly investigates these differences,
producing new data that will be of substantial interest and
practical use to those working with piezoelectric materials
and, in a broader sense, contributing in an area that is hasic
to progress in frequency control.

Distortion in Frequency-Modulation Systems Due to Small
Sinusoidal Variations of Transmission Characteristics (Med-
hurst and Small, p. 1608)—A method of analysis is presented
which sheds new light on the important problem of minimiz-
ing intermodulation distortion in fm multiplex systems. The
analysis relates this distortion to various transmission char-
acteristics of the system in such a way as to provide the sys-
tems designer with a clearer picture of the limits within which
he may safely permit these characteristics to vary. These re-
sults will find important application in radio telephony and
probably other broad-band microwave systems involving data
transmission and telemetry uses.

Precision Electronic Switching with Feedback Amplifiers
(Edwards, p. 1613)—An excellent report is presented, cover-
ing both original and prior work, on a class of electronic
switches which has been developed in recent years to control
the transmission of signals within various types of equip-
ment. Unlike the on-off switches used in digital computers,
in these switches the primary concern is not the speed of
switching but rather the precise control of voltage or current
level. This precision is achieved by utilizing a high gain
feedback amplifier to minimize the ditferences and nonlineari-
ties in the electronicelements that are used toswitch the trans-
mission paths. Although the principal application of this tech-
nique to date has been in analog multipliers, it should find
increasing use in other ficlds as well, especially in signal com-
parison and communication switching schemes.
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Quality Control in Electronics™

MARY N

Summary—This paper reviews these two types of literature on
quality control: 1) books, pamphlets and articles that describe what
quality control is and what role statistics plays in quality control;
and 2) some published examples of the use of the quality control
process and of statistical techniques in the electronics industry.
The quality control process is described as a dynamic operation con-
cerned with all the coordinate steps in the specification, production,
and inspection of goods to satisfy consumer wants. This is in accord
with the writings of Dr. W. A. Shewhart, the originator of statistical
quality control. Progress is being made in the use of quality control
for improving the reliability of electronic components and equip-
meants.

INTRODUCTION
?J[HIE RELIABILITY problem that has plagued

manufacturers of complex electronic equipments

in recent years has stimulated their use of quality
control methods. The early tendency was to treat the
problem of reliability as a phenomenon peculiar to the
electronics industry; there was a suggestion that relia-
bility be controlled just as guality is controlled. Some
recent articles have shown that quality control methods
are being used for obtaining reliability.

The term reliability has been defined in many ways,
but basically, according to one author, reliability in-
cludes predictability and suitability ! Predictability may
be attained through statistical quality control, a
method of controlling the quality of a product through
the use of statistics. Suitability may be improved
through the feedback of information in the over-all
quality control operation.

Whereas quality control is often thought to comprise
only the control of production processes, or a combina-
tion of process control and some inspection functions,
the theory of quality control as developed by Shewhart
of the Bell Telephone Laboratories encompasses a
dynamic operation concerned with all steps in the speci-
fication, production, and inspection of goods having
characteristics desired by the consumer. In the Bell
System some of the activities referred to herein are con-
sidered to relate more to what is called guality assurance®
than to guality control, as for example, the standard pro-
cedure for using customer complaint information to im-
prove product design and quality which was used before
the conception of the quality control opcr;{lion with its
formalized svstem of feedback. Iowever, the term
quality control will he used quite generally in this paper.

Since World War 11 there has been notable expansion

* Original manuscript received by the IRLE, March 1, 1956; re-
vised manuscript received, June 14, 1956.

t Bell Telephone Labs., Inc., New York, N. Y.

1 k. B. Ferrell, “Reliability and its relation to suitability and pre-
dictability,” Proc. Eastern Joint Computer Conf., pp. 113-116; De-
cember, 1953.

2 E. G. D. Paterson, “An Over-all Quality Assurance Plan,” Ind.
Qual. Control, vol. XII, pp. 32-37; May, 1956.

. TORREY'}

in the use of quality control methods, both in this
country and abroad. This paper describes quality con-
trol as an over-all operation and gives some recent exam-
ples of its use in the clectronics industry. It also de-
scribes the role of statistics in quality control and gives
examples of its use in particular steps of the quality
control process.

Many references are cited, but they are by no means
exhaustive. The literature on quality control methods
and their use becomes more extensive every day. The
problem of selection is a difficult one, and its solution
depends, to some extent, on the background of the
selector.

QuaLiTy CONTROL AS AN OPERATION
Some Definitions

Since quality control is not a tangible object that can
be photographed and described in detail, like a particu-
lar type of vacuum tube, it is necessary to begin by ex-
plaining what some of the terms mean. Shewhart defines
quality and control as follows:

Quality : The quality of a thing is a set of character-
istics of that thing.® It does not imply “high quality”
necessarily; it is that which makes a thing what it is.

Control: A phenomenon will be said to be controlled
when, through the use of past experience, we can predict
within limits how the phenonemon may be expected to
vary in the future?®

The phenomenon referred to is a perceptible aspect
of a characteristic of the thing under consideration. No
two things are exactly alike. In production, each unit
is different from the ones produced immediately before
and after it. The object of control is to secure the high-
est degree of uniformity that is economically attainable
in the output of a process.

This type of control is attained through the use of
statistical methods and is usually referred to as statistical
control. The term statistical control is used in three
senses: 1) as a concept of a statistical state which con-
stitutes the limit to improving uniformity, 2) as an
operation or technique of attaining uniformity, and 3)
as a judgment of when uniformity has been attained.?
Experience has shown that product characteristics are
rarely in statistical control until some action has been
taken to get them in control.

Product quality includes all characteristics of the
product, mechanical as well as electrical. When the

3\W. A. Shewhart, “Economic Control of Quality of Manu-
factured Product,” 1. Van Nostrand Co., Inc,, New York, N. Y.;
1931.

€1\, A. Shewhart, “Statistical Method from the Viewpoint of
Quality Control,” Graduate School, Dept. of Agriculture, Washing-
ton, D. C., edited by W. E. Deming; 1939.
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characteristics are statistically uniform, the product is
predictable. But a predictable product is not necessarily
suitable for the customers’ needs, as for example, a
brand of components that can be depended on to fail in
a standard test.

The over-all operation required to provide product
quality that is predictable and suitable is referred to as
quality control. The aim of quality control is to provide
quality that is not only dependable (predictable) but
satisfactory and adequate (suitable) for the customers’
needs, as well as economic with respect to the use of raw
materials and available production processes.s:¢ There
are several related steps in the over-all operation.

Steps in the Quality Control Operation

Shewhart has given three basic steps in the quality
control operation:*

I. The specification of what is wanted.

I. The production of things to satisfy the specifi-
cation,

The inspection of the things produced to see if
they satisfy the specification.

ITI.

These three steps are not independent; rather, they are
interrelated in a circular manner as shown in IFig. 1 and

STEP I STEP I STEP @
SPECIFICATION © PRODUCTION INSPECTION 7
oLD

ey

Fig. 1—Contrast of static and dynamic concepts of the relationship
of the three basic steps in the quality control operation. (Repro-
duced from Shewart,! Fig. 10, permission of U. S. Dept. of Agri-
culture Graduate School.)

can be thought of as components of a system with
feedback. They might be pictured in the form of a spiral
gradually approaching a circle which would represent
the idealized case where no evidence is found in step

®W. A. Shewhart, “Some aspects of quality control,” Mech.
Engrg., vol. 56, pp. 725-730; December, 1934.

¢ W. A. Shewhart, “Statistical control in the conservation and
utilization of resources,” Proc. U. N. Scientific Conf. on Conservation
and Ulilization of Resources, vol. 1, pp. 188-192; August 17-Sep-
tember 6, 1949,
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IIT to indicate the need for changing the specification
or production process. This is a continuing and self-
corrective method for making the most efficient use of
raw and fabricated materials.*

The steps involved in the economic control of quality
of manufactured product have been increased in number
by broadening the three basic steps®—® and bringing to-
gether functions that, though they were already being
carried on, had not previously been presented as part of
the over-all operation. Thus Olmstead lists six steps:8

1) Determine the quality that is wanted through
consumer research.

2) Perform research and development work to devise
means for fulfilling these wants at a reasonable
cost.

3) Design and specify the product selected and in so
doing set tolerance limits.

4) Make the product that is specified.

5) Inspect the product for conformance to design and
specification.

6) Test the product in service (operational research) to
sce that it satisfies the wants of the user in an ade-
quate, dependable, and economic way.

Shewhart’s step I has been expanded into three
steps which include finding out what is wanted and how
to make it. The last of the six steps listed above enlarges
on the inspection function to include determination of
whether or not the product satisfies the consumer.

The economic control of quality may then be consid-
ered to constitute a complete operation, including all
steps necessary to make sure that consumers will get
satisfactory, adequate, dependable, and economic
quality.® 1t is a dynamic operation, flexible enough to
take advantage of improvements in methods of manu-
facture or information on changes in consumer wants.

In a manufacturing plant the quality control group
must be in a position to get and keep the cooperation
of all three operating groups—engineering, production,
and inspection.!® Prompt interchange of information
among these groups is a necessity if the quality control
operation is to function properly."! The quality control
group is a natural clearing house for such information,
usually in the form of data." To be most useful these
data should be statistically analyzed and interpreted
before being transmitted to the other groups for use as
bases for action.

TE. C. Hdrris, “Consumer Research for Quality Control,”
Master’s thesis, Faculty of Political Science, Columbia Univ., New
York, N. Y.; May, 1948.

8 1. S, Olmstead, “How to detect the type of assignable cause,”
Part T1, Ind. Qual. Control, vol. 9, pp. 22-32; January, 1953.

* W, K. Deming, “Statistical techniques and international trade,”
J. of Markel., vol. 17, pp. 428-433; April, 1953,

1 K. G, Olds, “The place of SQC in an industrial organization,”
Ind. Qual. Control, vol. 9, pp. 30-34; May, 1953,

'HL F. Dodge, “Inspection for quality assurance,” Ind. Qual.
Control, vol. 7, pp. 6-10; July, 1950,

12 C. E. Ellis, “How design quality control can help engineering,”
IRE Trans., PGEM-1, pp. 17-24; February, 1954.
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ExaMPLES oF THE USE oF QuaLITY CONTROL

The literature just cited tells what the quality control
operation should be; the examples that follow indicate
how much of the quality control operation is actually
being used in a number of cases. In the second example,
the name quality control is applied to only a small part
of the over-all program, but the program is similar in
many respects to the quality control operation. The
importance of communication and cooperation among
the design, production, and inspection groups is brought
out in each example.

Example 1

This company develops and makes airborne gunfire,
rocket fire, and missile weapons systems. Their ultimate
consumers are members of the Air Force. In their ef-
forts to produce reliable systems, they have developed®®
a feedback approach to reliability which can be related to
Olmstead’s six steps® as shown below.

1) Determine the quality that is wanted through con-
sumer research: The authors do not mention how they
find out what is wanted before any systems have been
produced. However, the reports from the field on sys-
tems in operation give information on changes desired
by the consumers.

2) Perform research and development work to devise
means for fulfilling these wants at a reasonable cost: The
authors combine research, development, design, and
specification under engineering. The research and de-
velopment phase is carried out, to a large extent, by the
engineers in the parts application laboratory. They de-
termine what parts, from which vendors, are likely to
produce a system that will work properly under the re-
quired environmental conditions.

3) Design and specify the product selected and in so
doing set tolerance limits: The design engineers design
a system using the parts recommended and preproduc-
tion models are subjected to “rooftop” and flight tests.
The system may be redesigned many times before the
specification and tolerance limit stages are reached.

4) Make the product that is specified : The manufactur-
ing operation comprises machining and fabricating op-
erations and the assembly of component parts, many of
which are supplied by vendors. Changes are made as
need for them is indicated by information obtained in
the other steps.

S) Inspect the product for conformance to design and
specification: There are three types of inspection: a)
Receiving inspection of component parts supplied by
vendors. b) Inspection and tests during and at the end

13D. A. Hill and H. D. Voegtlen, “The feedback approach to re-
liability,” Proc. Natl. Symposium on Quality Control and Reliability in
Electronics, pp. 48-55; November, 1954.
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of assembly. ¢) Additional tests during installation of
the system in the aircraft. The receiving inspection is a
sample test to confirm the results of the vendor’s in-
spections and is part of the over-all program for assuring
that component parts conform to their specifications.
After the assembly operation the product from each line
for each unit is sampled and a demerit rating system is
used to evaluate and control the assembly quality.
Various tests are also made on the units. Thus problems
are discovered at the earliest point and are more easily
corrected than if inspection were made only after com-
pletion of the system. During installation the system
undergoes a battery of tests to make sure that it func-
tions properly with other systems of the aircraft.

6) Test the product in service: A technical liaison group
works with each air frame manufacturer to observe the
tests during installation and the subsequent flight tests.
Field engineers are stationed wherever squadrons using
the system are located to observe and report all quality
problems. A maintenance depot is operated for the Air
Force for repairing units which cannot be repaired in the
field. Here the effect of continued service can be studied.

The fact that the “feedback approach” parallels the
six steps of the quality control operation as defined by
Olmstead?® is important, but the most important aspect
of the operation is the conscious, systematic plan of
feedback of information. This plan consists of a closed
loop of clearly defined responsibility in 1) collecting and
reporting information, 2) analyzing and presenting
data in such a way that the results can be readily under-
stood, and 3) acting on the results.”

During the design stage, any group in the engineering
organization, including the quality control group, may
be called upon for information. When the system is
being manufactured, the quality control group receives
and analyzes all inspection data as well as information
on rejection and production problems from all parts of
the manufacturing operation. Corrective action re-
quests are initiated and followed up by the corrective ac-
tion unit within the quality control organization. A
weekly report listing all the current problems, responsi-
bility for action, and action being taken is circulated to
the manufacturing and engineering organizations.

Weekly reports of equipment failures in the field as
well as parts replacement rates are prepared by the field
engineering organization. These reports are sent to the
quality control organization to complete its picture of
the quality of the system. They are also used by the
system designers as well as the manufacturing group to
steadily improve the reliability of the equipment and
the ease of maintenance.”

Example 2

Another manufacturer of military electronic equip-
ment has an over-all program for improving the relia-
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bility of electronic systems. lis program comprises five
steps. !4

1) Designing the system for reliable operation.

2) Using manufacturing and quality control tech-
niques that are important in making the equip-
ment reliable.

3) Packaging the equipment is such a way that it
will reach the customer in a reliable condition.

4) Installing, operating, and maintaining the equip-
ment so that optimum advantage is taken of in-
herent reliability.

5) Establishing a system of feedback of data from the
field and taking action to improve reliability when
the nced is indicated by the results of analvzing
such data.

A product analysis unit analvzes and coordinates the
information received on various reports from the field.
Daily malfunction reports from the ficld service repre-
sentatives are used for determining which ¢ircuit com-
ponents have failure rates that are significantly above
expectancy.

A product analysis group!*:'* comprising heads of vari-
ous sections, such as Engineering, Production, etc.,
mecet regularly to review the report compiled by the
product analysis unit on components with high failure
rates. As a result of these meetings, many conditions
causing or contributing to malfunctions have been
climinated by such actions as changes in design, manu-
facturing processes or practices, inspection methods or
instructions, and vendor follow-up.’® In this organiza-
tion the Quality Control Department is concerned only
with the manufacturing phase, and a product analysis
group coordinates the action on field reports.

Including the product analysis group in the Quality
Control Department might lead to even greater relia-
bility improvement. This has been done by another
manufacturer of complex military electronic equipment
so that all failure data on complete systems can be com-
piled in one log and analyzed compositely.!6

Failure data from factory final systems tests, engi-
necring sample systems tests, air frame manufacturers,
who install and test the syvstems, and SAC bases are
analyzed to sce if a trend or isolated failure is present.!®
The Quality Control Department prepares a failure
report evaluating the failure and telling what corrective
action has been taken or is planned. This report is sent
to all interested groups who are asked to comment on
the corrective action.

1 G. M. Armour, “An integrated program for reliability improve-
ment,” Proc. Natl. Symposium on Quality Control and Reliability in
Electronics, pp. 31-40; November, 1954.

8 R. E. Landers, “Improving reliability of electronic equipment
by effective analysis of ficld performance,” 1954 IRE CONVENTION
REcorp, Part 11, pp. 2-8.

' F. A. Davison, “The Crosley QC program for improving equip-
ment reliability,” Electronic Applications Reliability Rev., RIST MA,
pp. 7-8; May, 1955.
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Example 3

A new 4000 mile broad-band transmission system is
being built by the Bell System. This L3 coaxial carrier
system is capable of transmitting either 1860 telephone
message channels or 600 message channels and a 4.2
megacycle broadcast television channel, in each direc-
tion, on a pair of coaxials.!” Auxiliary or line repcaters
are spaced at approximately 4-mile intervals along the
cable route. Equalization, power generating, and power
transmission equipment are spaced at 100-to 200-mile
intervals. This system requires not only a high degree
of reliability of its components, but also extreme pre-
cision of certain characteristics of the components.

In order to meet the stringent system cqualization
and signal-to-noise objectives, all important components
of the amplifier are subject to quality control procedures
to assure that the average gain of groups of amplifiers
will be held within narrow limits and that the gain
values of individual amplifiers will form a normal dis-
tribution around the average.!® The reason for the em-
phasis on the control of the amplifier components is that
the quality of the amplifiers which compensate for cable
and cqualizer loss determines, to a large extent, the
degree to which system objectives are achieved.

Besides specifying maximum and minimum engineer-
ing limits for important component characteristics, the
most important characteristic, from a system stand-
point, of each component is also subject to distribution
requirements.'® The aim of the distribution requirements
is to place a continuing limitation on the pattern and
the spread of measured values around their average and
to impose limitations on the deviation of the average
from a desired nominal value. Close cooperation be-
tween the element designer and the production engineer
is essential, since the compatibility of the specification
requirements and the process capability is one of the
basic provisions of the general plan.!®

Three methods are given for implementing the distri-
bution requirements: 1) Control chart method. 2)
Batch method. 3) Three-cell method. Sampling is used
in the first two methods and the product is considered
conforming if the sample values are controlled with re-
spect to standards which are based on the specification
limits. The third method requires 100 per cent inspec-
tion and, whereas the manufacturer may use it at any
time, its use is mandatory whenever the criteria for
cither of the first two methods are not met. After the
product has been inspected and sorted into three bins
(corresponding to the three equal cells into which the

17.C. . Elmendorf, R. D. Ehrbar, R. I1. Klie, and A. J. Gross-
man, “The 1.3 coaxial system—system design,” Bell Sys. Tech. J.,
vol. 32, pp. 781-832; July, 1953.

18 L. 1. Morris, G. H. Lovell, and F. R, Dickinson, “The 1.3 co-
axial system—amplifiers,” Bell Sys. Tech. J., vol. 32, pp. 879 -914;
July, 1953,

' H. F. Dodge, B. J. Kinsburg, and M. K. Kruger, “The 1.3 co-

axial system—quality control requirements,” Bell Sys. Tech. J., vol.
32, pp. 943-967; July, 1953.
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readings are grouped) it is packaged in groups of 5 units.
As shown in Fig. 2, these packages may either contain 5
units from the center bin or 3 units from the center bin
and one unit from each of the other bins (so that a low
one is always balanced by a high one).

ACCEPTABLE DISTRIBUTIONS IN PACKAGES OF FIVE
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Fig. 2——\cceptable distributions of units in packages of 5, three-cell
method. (Reproduced from Dodge, Kinsburg, and Kruger,!* Fig.
6, periission Bell Sys. Tech. J.)

Besides subjecting the key characteristic of a com-
ponent to distribution requirements, a procedure is also
provided for requiring that control charts be maintained
on one or more other characteristics. This gives a sta-
tistical record which indicates when remedial action
should be taken.

By the end of 1953, distribution requirements were
being applied to 90 components of amplifiers and trans-
mission networks of the L3 system. Of these about one-
third were being accepted by the control chart method
and about two-thirds by the three-cell method.?®

The use of distribution requirements encourages the
close cooperation of the design, production, and inspec-
tion groups as well as a constant interchange of infor-
mation among the groups. Extensive studies are now
being made of the performance of components, par-
ticularly eclectron tubes, in the field. Results are being
correlated with results obtained in the factory for the
certification of particular tube types for system use.?

The three examples cited illustrate how quality con-
trol methods are being used te increase the predicta-
bility and suitability of military and communications
equipment. This does not mean that its use is limited to
those arcas. Quality control as an over-all operation is

20 A, T, Chapman, “Application of quality control requirements
in manufacture of components for a coaxial-carrier system,” Trans.
Amer. Soc. Mech. Engrs., vol. 76, pp. §85-391; May, 1954.

20\\", Van Haste and B. J. Kinsburg, “The Application of Sta-
tistical Techniques to Electron Tubes tor Use in a 4000-Mile Trans-
mission System,” paper given at the meeting of the Electron Equip-
ment Reliability Group of the AIEE; February 3, 1955.

Torrey: Quality Control in Electronics

1525

being used more extensively in the consumer goods in-
dustries as the competition for the consumer’s dollar be-
comes keener.??'?

THE ROLE oF StaTtistics 1N QUALITY CONTROL

Many technical methods are needed in the over-all
quality control operation; among these, statistics has
an important role.2* This section reviews books and
articles on statistical methods that are applicable in
quality control.

Statistics includes methods of collecting data as well
as methods of analyzing, interpreting, and presenting
the results in a form that assists rational decisions.®
Statistical theory and techniques should be used in
every step of the quality control operation.*

Statistical work is not done by statisticians alone.
Ideally the statisticians work with the engineers as a
team, planning how, when, and where data should be
collected.® The supervision of data collection and analy-
sis is in the statistician’s domain but teamwork is
necessary in interpreting the results.

The actual collection of data and some of the analysis
are done by operators and inspectors in the factory and
technicians in the laboratory or in the field.

Data Collection

Some data comprise a set of observations on all units
under consideration, as in 100 per cent inspection; more
often data are a set of observations on a sample of the
units. (Units may be people, nails, electronic compo-
nents, systems, or whatever.)

In sampling, the choice of the statistical technique to
be used for analyzing the data determines how the
sample units should he selected. Many techniques, such
as lot sampling plans, point and interval estimates,
tests of hypotheses, etc., require that sample units be
selected at random (for example, by the use of random
numbers) from the universe.®® In continuous sampling
plans, sample units are selected at random from groups
of units in the order of their production.

For control charts, sample units are selected in
rational subgroups, which are subgroups within which
variations may be considered to be due to nonassignable
chance causes only, but between which there may be
variations due to assignable causes.?® Other special saum-
ple designs arc used in experimental work (designed
experiments) and in survey sampling.?

2 C. L. Gartner, “Quality control in television receiver manu-
facturing,” Ind. Qual. Control, vol. 8, pp. 7-17; November, 1951.

3 R, A. Posey, “Quality control in garment manufacturing,”
Quality Control Convention Papers 1954, Amer. Soc. for Quality
Control, Inc., New York, N. Y., pp. 427-441; June, 1954.

21 AV, Feigenbaum, “Quality Control—Principles, Practices and
Administration,” McGraw-11ill Book Co., Inc., New York, N. Y;
1951.

% \V. E. Deming, “Some Theory of Sampling,” John Wiley and
Sons, Inc., New York, N. Y.; 1950.

% ASQC Standard Al-1951, “Definitions and Symbols for Control
Charts,” Amer. Soc. for Qual. Control, Inc., New York, N. Y.; 1953.
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After the sample units are selected the data are col-
lected by one of two methods.?

Method of Variables: A characteristic is measured and
a numerical magnitude recorded for each unit of the
sample.

Method of Attributes: A count is made of how many
units of the sample have, or do not have, some charac-
teristic (attribute).

Whichever type of data is obtained, every effort
should be made to get reliable observations. Bad data
cannot be improved by any amount of analysis, but
good data become more useful when they are properly
analyzed, interpreted, and presented.

Statistical Techniques

Any statistical technique is appropriately a quality
control statistical method if it is useful in the design and
manufacture of a product the consumers want. Two
statistical techniques were especially designed for qual-
ity control use. They are control charts for variables and
attributes data, and statistically designed acceptance
sampling plans.?’

The control chart was invented and developed by
Shewhart® and is an important technique for attaining
statistical control. Perhaps the most important purpose
of the control chart is to provide an operational pro-
cedure for controlling quality in the manufacturing
plant or the laboratory.?®?® Fig. 3, on the preceding
page, illustrates this use of the control chart.

Another use of the control chart is the analysis of data
for the purpose of judging whether a state of control
exists or not.28?® Fig. 4 illustrates the use of the control
chart for analyzing a set of data. In practice it is usually
necessary to analyze past records before setting up the
procedure for controlling future operations.

A state of statistical control is said to exist when as-
signable causes have been eliminated from the process
(production, experimental, etc.) generating the data to
the extent that practically all the points plotted on the
control chart remain within the control limits.?® Before
eliminating assignable causes they must be identified.
Olmstead has classified several types of trouble com-
monly encountered®® and many of the statistical tech-
niques that may be used for identifying them.?

When a product characteristic is in a state of statisti-
cal control, that is, when it exhibits statistical uni-
formity, the observed values may be considered to come
from a parent statistical distribution or universe. When,

27 £, L. Grant, “Statistical Quality Control,” McGraw-Hill Book
Co., Inc., New York, N. Y.; 1952.

28 “\merican War Standard Guide for Quality Control,” Amer.
Standards Assn., Inc.,, New York, N. Y., Z1.1-1941.

2 [, B. Ferrell, “The control chart as a tool for analyzing experi-
mental data,” Proc. IRE, vol. 39, pp. 132-137; February, 1951.

30 P, S, Olmstead, “How to detect the type of an assignable
cause,” Part I, Ind. Qual. Control, vol. 9, pp. 32-38; November, 1952.

Torrey: Quality Control in Electronics

1527

in fact, there is a stable universe, statistical distribution
theory may be used with confidence for predicting what
values may be expected in the future.* Therefore, efforts
toward the attainment of a state of statistical control
can contribute importantly to predictability—hence to
reliability.!

Acceptance sampling plans, based on probability
theory, were also developed especially for use in quality
control. A sampling plan for inspecting a lot gives the
size of the first and subsequent samples, and the criteria
for accepting the lot, rejecting the lot, or taking another
sample.®

The use of sampling inspection, instead of 100 per cent
inspection, by a purchaser provides the vendor with an
incentive to control quality at a satisfactory level, be-
cause entire lots may be rejected and returned for cor-
rection or scrap.!! Acceptance sampling plans are de-
signed to provide a known degree of protection against
accepting defective product. Such sampling plans may
be compared by means of operating characteristic
curves as shown in Fig. 5.
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Fig. 5—Operating characteristic curves for three sampling plans.
(n=sample size and c=allowable number of defectives in the
sample of size 7. ¢; applies to 7,+n,.)

Several sets of sampling plans for the inspection of
lots, or batches, of product by the method of attributes
have been published.?” The first set of plans to be pub-
lished®® was developed for use in the manufacturing
plant. They are the only published lot inspection plans
which are designed to minimize the average amount of
inspection, including screening of rejected lots. Later

3t Proposed ASQC Standard, A2, “Definitions and Symbols for
Acceptance Sampling,” Amer. Soc. for Qual. Control, Inc., New York,
N. Y.; June, 1955.

2 H. F. Dodge and H. G. Romig, “Sampling Inspection Tables—
Single and Double Sampling,” John Wiley & Sons, Inc., New York,
N. Y.; 1944. (Originally published in the Bell Sys. Tech. J., vol. 20,
pp. 1-61; January, 1941.)
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sampling tables®® % were designed for use by the armed
services for the inspection of material submitted to
them for acceptance.

Sampling plans for the inspection of lots by the
method of variables have been designed to match the
MIL-STD-105A attributes sampling plans.®:*7 The
Armed Services specification for the inspection of reli-
able electron tubes, MIL-E-1B,%3% requires both attri-
butes and variables inspection.

There are also acceptance sampling plans for product
which is made not in discrete lots, but continuously,
either on a conveyor or by some other means of con-
tinuous production.i®4 These continuous sampling
plans were originally developed for use in the manu-
facturing plant but they have recently been adopted
for acceptance inspection by the military.*

There are published sampling plans available for
many inspection situations, but there is room for more
sampling plans which are tailor-made for particular
applications.

Control charts and acceptance sampling plans have
been reviewed at length because they are so important
to the quality control process, especially in steps 4 and §
given by Olmstead. In reviewing his six steps of quality
control® it is apparent that other statistical techniques
are nceded. For example, in steps 1 and 6 survey sam-
pling techniques® are necessary for consumer and prod-
uct research. Whereas control charts are useful for ana-
lyzing data in all six steps, such techniques as frequency
distributions, point or interval estimation, tests of sig-
nificance, analysis of variance and regression analysis®
are needed 1n steps 2 and 3, which include research, de-
velopment, design, and specification of the product.

No matter which techniques have been used for col-
lecting and analyzing the data, the results should be
interpreted and presented in such a way that they do
assist rational decisions and add to knowledge.?

8 G. R. Gause, “Quality through inspection,” Army Ordnance,
vol. 25, pp. 117-120; July-August, 1943.

# . A, Freeman, M. Friedman, F. Mosteller, and W. A. Wallis,
Eds., “Sampling Inspection,” McGraw-Hill Book Co., Inc., New
York, N. Y.; 1948.

3 MIL-STD-105A, “Sampling Procedures and Tables for Inspec-
tion by Attributes,” Supt. of Documents, Gov. Printing Office,
Washington, D. C.; 1950.

% A\, H. Bowker and H. P. Goode, “Sampling Inspection by
Variables,” McGraw-11ill Book Co., Inc., New York, N. Y.; 1952.

37 ORD-M608-10 Handbook, “Sampling Inspection by Varia-
bles,” Ordnance Ammunition Command, Joliet, Ill.; June, 1954,

38 MIL-E-1B, “Military Specification, Electron Tubes,” Supt. of
Documents, Gov. Printing Office, Washington, D). C.; May, 1952,

3 R, J. E. Whittier, “Inspection procedures for MIL-E-1B re-
liable electron tubes,” IRE Traxs., PGQC-3, pp. 15-27; February,
1954.

4 I1. F. Dodge, “.\ sampling inspection plan for continuous pro-
duction,” Annals of Math. Stat., vol. 14, pp. 264-279; September,
1943.

4 H. F. Dodge and M. N. Torrey, “\dditional continuous sam-
pling inspection plans,” Ind. Qual. Control, vol. 7, pp. 7-12; March,
1951.
2 ORD-M608-11 Handbook, “Procedures and Tables for Con-
tinuous Sanipling by Attributes,” Ordnance Ammunition Command,
Joliet, I1l.; August, 1954.

4 A. J. Duncan, “Quality Control and Industrial Statistics,”
Richard D, Irwin, Inc., Homewood, Ill.; 1953.
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Interpretation and Presentation of Data

The quantitative data, which have been analyzed,
constitute only a part of the information used in inter-
pretation; the judgments, or decisions, that are made
depend, as well, on all available relevant information
with respect to the precise conditions under which the
product was manufactured, the precise conditions under
which the data were obtained, etc. Such relevant infor-
mation is usually qualitative and not capable of numeri-
cal expression.*

The presentation of data, then, should comprise two
types of information.® 1) Essential information: func-
tions of the observed data. 2) Relevant information:
evidence that the data were obtained under controlled
conditions (if possible), as well as information on the
field within which the measurements are supposed to
hold, and the conditions under which they were made.
Graphical methods should be used as much as possible
in presenting the essential information.

EXAMPLES OF THE USE OF STATISTICAL METHODS

Examples found in published articles probably do not
reflect the actual extent of the use of particular sta-
tistical techniques in the electronics industry. They do
give a picture of what techniques are being applied for
the first time, or in a new way.

Data Collection

Vast quantities of data are being collected on charac-
teristics of electronic components and equipments. The
amount of time and cffort needed to collate and analyze
these data has led to the use of punched cards and
punched card equipment.

Many firms are using punched cards for records of in-
coming inspection of components.!** Punched cards are
also being used for process control inspections and tests
during manufacturing.®* An important use of IBM or
Remington Rand cards and equipment is for handling
failure data from the field, where the electronic equip-
mentsare in actual operation. 1¥-15.47=49 These field reports
have proved invaluable for improving the reliability of
equipments by determining which circuit components
have high failure rates.

4“4 1. F. Dodge, “Interpretation of engineering data: some obser-
vations,” Proc. ASTAM, vol. 54, pp. 603-638; 1954,

4% ASTM Manual on Quality Control of Materials, Part 1—
“Presentation of Data,” Amer. Soc. Testing Mats., Philadelphia,
Pa.; 1951.

#®\V_ I[. Bentz and R. G. Fitzgibbons, “The Bendix radio vendor
quality rating system,” Proc. Natl. Symposium on Qualily Control
and Reliabilily in Electronics, pp. 11--14; November, 1954.

47 F. A. Hadden and L. W. Sepmeyver, “Techniques in putting
failure data to work for management,” Proc. Natl. Symposium on
Quality Control and Reliability in Electronics, pp. 95-109; November,
1954.

48 [, J. Nucci, “The navy reliability program and the designer,”
Proc. Natl. Symposium on Quality Control and Reliability in Elec-
tronics, pp. 56-70; November, 1954.

4 . A. Voorhees and ]J. E. Culbertson, “Control charts and
automation applied to analysis of field failure data,” Proc. Second
Natl. Symposium on Quality Control and Reliability in Electronics,
pp. 18-45; January, 1956.
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The need for reliable data is even greater when the
data are processed by machine than when the analysis is
done “by hand.” A great deal of thought has been given
to the design of forms on which the data are recorded,
as well as to the training of the people who actually
collect the data,'®7 so that the data recorded will be
the same as those actually observed.

After the data are properly entered on the forms, the
next big problem is to get the data punched on the cards
correctly. Ways of minimizing mistakes are to: 1) Use
mark-sense cards as the report form and a mark-
sense machine to punch the cards automatically.®®
2) Have the report form filled out in the code used for
key punching the card.®® 3) Use report forms in the
punched card format that are designed so that the key
punches may be made directly into the cards without
obliterating the original notations.*’

There is a tendency to collect all available failure
data; it seems that sampling techniques have not yet
been used for the collection of failure data as they are
for the inspection of incoming and finished product.

In the collection of all types of data (failure data,
inspection data, laboratory data during research and
development, etc.) constant vigilance is needed for
getting results that are precise and unbiased. Variables
data for electonic components or equipments may be
inaccurate because of test set errors. In some cases the
test sct errors may be of the same order of magnitude
as the tolerance on the characteristic being measured.®
Test equipment is continually being improved,* but a
system for measuring the errors and compensating for
them may be necessary in many cases.*

Good attributes data may often be obtained easily,
but where judgment is necessary, as in the case of work-
manship defects in inspection or reasons for failure in
the field, different inspectors or technicians may report
different data for the same trouble. The goodness of
attributes data depends, to a large extent, on the de-
sign of the report form, the supervision and training of
the people who take the data, and the distribution to
them of a periodic report of the results.”

Statistical Techniques

There are many published exampies of the use of sta-
tistical techniques as an aid in obtaining the desired
quality of manufactured products. The examples given
here are limited to those in the clectronics field and are
classified with respect to Olmstead’s six steps of the
quality control operation.®

Step 1: This reviewer found no published example of
the use of consumer rescarch, or the related statistical
techniques of survey sampling, applied to any electronic

50 |, D. Stevenson, “Electronic data processing,” Natl. Cone.

Trans. 1955, Amer. Soc. for Quality Control, Inc., New York, N. Y.,
pp. 141-148; May, 1955.

st E. J. Althaus, S. C. Morrison, and W. R. Tate, “A method of
testing and evaluation of complex missile systems,” 1954 IRE
CoxVENTION RECORD, Part 11, pp. 23-28.

52 “Radio progress during 1953-—quality control,” Proc. IRE,
vol. 42, p. 745; April, 1954,
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devices. However, the importance of considering the
consumer idea of quality rather than the engineer’s idea
of quality has been recognized.®

Step 2 : Several examples of the use of designed experi-
ments for research and development have been pub-
lished. Analysis of variance techniques are generally
used to test which design of tube is best® or what
“treatment” combinations significantly affect the elec-
trical properties of encased transistors.® However, some
experimental data are analyzed more advantageously by
means of control charts.?®

Other statistical techniques which have been found
useful in the development of electronic components
are frequency distributions, for studying the effect of
moisture treatment on the moisture seal of a certain type
of capacitor, and regression analysis, for finding what
caused excessive coating on the leads of a capacitor.®

Step 3: Although no actual example of the applica-
tion of statistical methods in designing and specifying
the product was found, the use of designed experiments
to get information from prototypes for establishing a
practical design and setting tolerance limits has been
recommended.®’

Step 4: The use of control charts for controlling pro-
duction processes is widespread. A recent article de-
scribes the improvement in connector contact quality
by one manufacturer through the use of control charts
for variables data.®® Another manufacturer places
demerits-per-unit control charts, based on attributes
data, at the end of cach assembly line for cach unit as a
means of controlling the quality of assembly opera-
tions.!

Product characteristics may be controlled, but at un-
desirable levels. Designed experiments can be used for
determining what changes in production techniques are
needed to attain a desirable level. IFor example, infor-
mation gained from a designed experiment enabled one
company to increase the power output of hearing aid
tubes.%?

A series of designed experiments was used to find and
climinate the assignable causes of the uncontrolled
quality of the nitrocellulose lacquer film on aluminized
television tubes. The changes introduced as a result of
the experiments reduced the shrinkage rate in addition

8P, A. Robert, “Quality control of complex assemblics,”
Quality Control Conv. Papers 1954, Amer. Soc. for Qual. Control.
Inc., New York, N. Y., pp. 155-171; June, 1954.

5 [, Lutzker, “Statistical methods in research and development,”
I’roc. 1R1S, vol. 38, pp. 1253-1257; November, 1950.

8 M. Eder, F. Keene, and R. Warner, “Statistically designed ex-
periment of the factorial type applied to point-contact transistors,”
Proc. Natl. Symposium on Quality Control and Reliability in Electronics,
pp- 1-10; November, 1954,

5 N. Coda, “An engineer evaluates statistical methods,” Quality
Control Conv. Papers 1954, Amer. Soc. for Qual. Control, New York,
N. Y., pp. 509-511; June, 1954,

57 H, G. Romig, “Quality control techniques for electronic com-
ponents,” Ind. Qual. Control, \V'ol. 10, pp. 43-47; May, 1954.

58 J. Cannon and F. Maston, “Connector contact improvement
through quality control,” Proc. Second Natl. Symposium on Quality
Control and Reliability in Electronics, pp. 8-17; January, 1956.

8 D. Rosenberg and F. Ennerson, “Production research in the

manufacture of hearing aid tubes,” Ind. Qual. Control, vol. 8, pp. 94—
97; May, 1952.
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to improving the stability of the over-all process.®

Step 5: In the clectronics field inspecting the product
may include 1) incoming inspection of components pur-
chased from vendors; 2) inspection of subassemblies dur-
ing production; 3) final inspection of completed product;
and 4) additional tests to see if the equipment or system
is compatible with other systems after installation. Man-
ufacturers of complex assemblies do a lot of 100 per cent
inspection, but sampling inspection is often used for
the first two types. Manufacturers of electronic compo-
nents use sampling inspection for many of the charac-
teristics and, of course, for any destructive tests such
as life tests.

Since most of the literature refers to reliable tubes or
clectronic equipment for the Armed Services, the ac-
ceptance sampling plans which are mentioned are either
military sampling plans (taken from MIL-STD-105A
or MIL-E-1B) or plans patterned on those military
plans. 16.61.62

Life testing of electron tubes presents a special prob-
lem because it usually takes so long to get the results.
Several sampling plans for life tests are in use, and
special statistical techniques have been devised for esti-
mating whether the sample will pass the life test or not
in a fraction of the time required for the complete life
test.8% Under one plan, production lots may be re-
leased early, before the life test is completed.®

Some manufacturers are using the incoming inspec-
tion results for rating their vendors. One rate is based
on a statistical test of the significance of the difference
between the sample per cent defective and the AQL
value specified for the product.*® The computation of
the vendor rates is done automatically with punched
card equipment, and these ratings serve to pick out the
vendors who need corrective action.

Step 6: “Testing the product in service to sce that it
satisfies the wants of the user in an adequate, dependa-
ble, and economic way” is being done by many of the

®@ F. Caplan, Jr., “Statistical design in electronic production-
line experimentation,” Quality Control Conv. Papers 1954, Amer.
Soc. for Qual. Control, Inc., New York, N. Y., pp. 15-18; June,
195?‘ W. B. Hall, “Some Aspects of Quality Control in Computer
Tube Apphcatloms, Proc. Natl. Symposium on Quality Control and
Reliability in Electromcs, pp. 19-22; November, 1954.

62 R. D. Guild, “Statistical appralsal of vacuum tube reliability,”
Ind Qual Control vol. 11, pp. 12-15; March, 1955.

A. Davnes “How reliable is your life test procedure,”
Qualzty Control Conv. Papers 1953, Amer. Soc. for Qual. Control,
Inc., New York, N. Y., pp. 255-266; Nay, 1953.

8] A, Davnes, “I. 1fe test predlctlons by statistical methods to
expedite radio tube shipments,” Ind. Qual. Control, vol. 4, pp. 12-17;
July, 1947.

® \W. B. Purcell, “Saving time in testing life,”

Trans. AIEE, vol.
68, part 1, pp. 730-732; 1949,
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manufacturers of electronic equipment for the Armed
Services. As mentioned above, vast quantities of failure
data are being collected and collated by means of IBM
and Remington Rand equipment. However, the num-
ber of published examples of the use of statistical tech-
niques to analyze and aid in interpreting the results is
small.

In one reference that has been quoted extensively!
it is said that acceptable and unacceptable levels of
failures are set for various types of components by sta-
tistical analysis. Another source!’ gives equations for
limiting values of number of failures per month which
may be used for judging when the number of observed
failures is significantly higher (or lower) than the
average number for a given type of equipment compo-
nent. A recent article gives examples of the use of
control charts in the analysis of failure data and de-
scribes a method of plotting the charts automatically
by means of punched card equipment.*?

These examples indicate where statistical methods
are being applied in the quality control process and
where their use may profitably be expanded. Through-
out these examples there is interpretation of the results
of the statistical analysis to show how they may be
used by one or more groups for improving the pre-
dictability, or suitability, of the product. Graphical
methods or visual aids are often used for presenting the
results,!3:29.46.49.53.59 5 that they will be readily compre-
hended.

PROFESSIONAL SOCIETY SPONSORS

In this review of quality control in electronics the
Proceedings of the first National Symposium on Quality
Control and Reliability in Electronics has been quoted
and referenced often. That Symposium, held in No-
vember, 1954, was sponsored jointly by the Professional
Group on Quality Control of the Institute of Radio
Engineers and the Electronic Technical Committee of
the American Society for Quality Control.

The Second National Symposium on Quality Control
and Reliability in Electronics, held in January, 1956,
was sponsored by the same organizations, now entitled
the Professional Group on Reliability and Quality Con-
trol and the Electronics Division respectively. Both the
Professional Group and the Division arrange meetings
on the use of quality control methods, invite people to
write papers on quality control, and otherwise encourage
interest in the use of statistical methods for quality
control and reliability.

CTINE=TO
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Frequency Control in the 300-1200 MC Region®

D. W. FRASERY, SENIOR MEMBER, IRE, AND E. G. HOLMES}, MEMBER, IRE

Summary—The frequency stability of coaxial-cavity oscillators
in the 300-1200-mc range can be greatly improved by the addition
of a small capacitor in series with the frequency-controlling device.
The series reactance thus introduced magnifies the effective ca-
pacitance external to the vacuum tube by a factor which is dependent
upon the electrical length of the cavity. In theory the stabilization
factor can be very high, but practical limitations due to tank-circuit
losses, restrictions on reasonable values of cavity characteristic im-
pedance, and practical minimum values of output power restrict the
improvement of frequency stability over the nonstabilized oscillator
to an order of ten to twenty. In the 600-mc region a preferred form of
oscillator employs a tube type 6AF4 operating with an anode voltage
of 50~60 volts. In the associated cavity the ratio of diameters of the
outer and inner conductors is approximately 2:1 and the character-
istic impedance is about 40 ohms. This oscillator, in its better range,
exhibits a mean frequency stability of 0.3 cycles/mc/volt, thereby
comparing favorably with overtone crystal oscillators in their upper
frequency range. The oscillator produces about 80 mw of output
power with a plate efficiency of slightly less than 10 per cent.

In the frequency range of 700-1000 mc a preferred form is com-
posed of two cavities placed end to end and employs a pencil triode,
type 5876. In this oscillator the series capacitor takes the form of an
iris which is interposed between the two cavities. Power output and
efficiency are approximately the same as for the 600-mc 6AF4 oscil-
lator.

The effects of temperature changes upon frequency are mini-
mized by the utilization of materials with small coefficients of ex-
pansivity and low thermal conductivity. Commercially available
Invar has attractive characteristics and an Invar-based oscillator has
demonstrated the ability to maintain the frequency constant within
a hundred cycles at 600 mc when the mean ambient temperature is
constant. Improved Invar, such as super-Invar, may improve the
temperature characteristics by as much as 3:1, and a form of
ceramic, Stupalith, holds promise of even greater improvement if the
problems of fabrication of the cavity can be solved.

Compensated cavities have been widely used in AFC devices, but
are commonly single-frequency resonators. This paper describes and
illustrates a tunable compensated coaxial cavity which covers a fre-
quency range of +15 mc at a center frequency of 600 mc and which
exhibits a temperature sensitivity of not greater than 0.3 ppm/°C.
at any point in the tuning range.

INTRODUCTION

greater utilization of radio facilities and com-
munication channels has made it necessary to
employ more advantageously existing frequency alloca-
tions. The consequent and necessary crowding of the
rf spectrum has placed increasing emphasis upon very
accurate control of frequency. Existing techniques allow

THE INCREASING demand in recent years for

* Original manuscript received by the IRE, August 15, 1955; re-
vised manuscript received June 1, 1956.

The project under which this work was conducted was sup-
ported by the Signal Corps, U. S. Army. Reproduction in whole or in
part is permitted for any purpose of the U. S. Government.

t Dept. Elec. Engrg., Univ. of Rhode Island, Kingston, R. I.
Formerly with Engrg Exper. Sta., Georgia Inst. Tech., Atlanta, Ga.

t Southeastern Industrial Instruments, Atlanta, Ga. Formerly
with Engrg. Exper. Sta., Georgia Inst. Tech., Atlanta, Ga.

satisfactory and precise direct control of frequencies be-
low 100 mc by means of piezoelectric quartz crystals,
and other techniques have achieved indirect but ac-
curate control of microwaves by means of automatic-
frequency-control devices. The techniques of control in
the first-named region and in a large segment of the
microwave region are well established and well-docu-
mented. A summary of data applicable to crystal-con-
trolled oscillators is given by Buchanan! and extensive
data on AFC circuits and microwave discriminators are
due to Warner.?

Techniques for frequency control in the intermediate
frequency range (approximately 150 to 1200 mc), by
either direct or indirect means, are not as well de-
veloped. Recent investigations have sought to achieve
precise frequency control by means of resonance phe-
nomena such as molecular resonance, nuclear quadra-
pole resonance, or magnetic resonance. Of these, only
the first is known to have been successfully applied and
is thus far restricted to a few discrete frequencies above
10,000 mc. Presently used methods of frequency control
in the intermediate range include indirect control by
frequency multiplication (from a highly-stable low-
frequency source) or direct control by means of coaxial
cavities.® The first of these methods suffers from unde-
sirable complexity and a (probably) poor frequency
spectrum; the second possesses potentially excellent
characteristics but coaxial-cavity controlled oscillators
are often found to be temperature sensitive and they
may in addition exhibit other instabilities.

Accurate control of frequency by means of coaxial
cavities can be achieved with considerable precision.
In the present paper there are described two varieties
of cavity-controlled oscillators which achieve direct fre-
quency control in the range 300-1200 mc. These oscilla-
tors exhibit improved stability in comparison to the
more conventional oscillators in this range by more
adequate employment of the narrow-band frequency
characteristics of high-Q cavities. Inasmuch as the
properties of the oscillator are to a great extent depend-
ent upon the characteristics of the associated cavity,
considerable attention has been devoted to the effect of

! J. D. Buchanan, “Handbook of Piezoelectric Crystals for Radio
Equipment Designers,” WADC Tech. Rep. 54-248, Wright Air Dev.
Ctr., Ohio, 1953.

¢ F. L. Warner, “Review of the Methods of Stabilizing the Fre-
quency of Klystron Oscillators by Means of Cavities,” IRE Tech.
Note No. 200, Telecommun. Res. Est., Gt. Malvern, Worcs., Eng.
(Armed Services Document Serv. Ctr., Knott Bldg., Dayton, Ohio.)

3 H. J. Reich, P. F. Ordung, H. L. Kraus, and ]. G. Spalnik,
“Microwave Theory and Techniques,” McGraw-Hill Book Co., Inc.,
New York, N. Y.; 1947.
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temperature upon sealed cavities. The paper includes a
description of methods of minimizing temperature sensi-
tivity in typical cavities.

CoAXIAL-CAVITY OSCILLATOR WITH
SERIES CAPACITOR

A resonant cavity can be represented as an LLCR cir-
cuit and in this form may represent the frequency-de-
termining element of any of several basic forms of
oscillators. In the simplest physical arrangement the
cavity serves as a two-terminal impedance and is placed
in the plate-grid circuit of a triode. The equivalent cir-
cuit of the device is then recognizable as a form of
Colpitts oscillator. If a small capacitor is inserted in
series with the cavity a uhf version of the Clapp* oscil-
lator is produced.

Fig. 1 shows the schematic, circuit mounting, and
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Fig. 1-—Physical and electrical arrangement of series-capacitor oscil-
lator. (@) Oscillator schematic (b) circuit mounting (c) equivalent
circuit of oscillator.

cequivalent circuit of an oscillator of this type which
employs a conventional triode, type 6AF4, as the nega-
tive-resistance portion of the oscillator. The vacuum
tube is mounted within the center conductor and its
base projects into the space between center conductor
and end-plate. Fig. 2 is a photograph of an early experi-
mental version of the oscillator and Fig. 3 shows an

4]J. K. Clapp, “An inductance-capacitance oscillator of unusual
frequency stability,” Proc. IRE, vol. 36, pp. 356-362; March, 1948.
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BASE OF
6AF4 TUBE

Fig. 2—Cavity-controlled oscillator, opened to show tube
base and series capacitor.

Fig. 3—Assembled 600 mc oscillator.

external view of a 600-mc oscillator of the same type in
which the cavity is constructed from Invar.

In Fig. 1(b) the vacuum tube is mounted in the center
conductor of the cavity. This arrangement has been
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used with several types of tubes including subminiature
type 5718, the 6AF4, and pencil triodes. This con-
figuration is readily adapted to hermetic sealing; the
oscillators illustrated in Figs. 2 aud 3 were filled with
dry nitrogen and sealed under a pressure of approxi-
mately 1.1 atmospheres.

Optimum utilization of the circuit of Fig. 1 in order to
provide precision frequency control demands that each
of several parameters be selected with some care. The
largest size cavity consistent with space requirements is
usually selected in order to achieve high Q, but the
cavity dimensions must be small enough that propaga-
tion of modes other than the dominant (TEM) mode is
impossible. In general, no higher modes will exist if

N> (b4 a) (1)

where b and a are the diameters of the outer and inner
conductors, respectively, and X\ is the free-space wave-
length of the frequency of operation. In a cavity of fxed
outer diameter, a diameter ratio of outer-to-inner con-
ductors of 3.6 will result in a cavity of optimum Q.% It is
shown later that this ratio does not necessarily promote
optimum conditions in an oscillator, however it docs
provide a convenient guide in establishing initial
parameters.

An important aspect of this form ol cavity-controlled
oscillator is that the oscillator will operate at a fre-
quency which is lower than the resonant frequency of
the cavity and at a point on the reactance slope which
is determined by the characteristic impedance of the
cavity. These statements are given greater significance
by consideration of Fig. 1(c) and Fig. 4. In Fig. 1(c) the

Im [zuwﬂ
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Fig. 4—Eflects of varying the cavity
characteristic impedance.

capacitances with double subscript represent those in-
ternal to the tube and the inductances L, and L, repre-
sent the effect of the leads between the tube elements
and the point of contact with the external circuit. \When

5W. A. Edson, “Vacuum-Tube Oscillators,” John Wiley and
Sons, Inc., New York, N. Y.; 1953.
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these lead-length inductances are small, as is usually
the case in vacuum tubes which are designed for opera-
tion at uhf, the net reactance presented to the external
circuit is capacitive. Under these conditions oscillations
can exist only if the net reactance of the external circuit
is inductive. The conditions for oscillation are presented
graphically in Fig. 4 which shows both the curve of the
reactance due to the external circuit and also the curve
representing the negative of the reactance due to the
internal circuit. The latter curve, sloping downward
from left to right, intersects the former to illustrate
an operating point of the oscillatory circuit.

The figure shows by solid lines the reactance curves
of two cavities which have the same resonant frequen-
cies but which have different characteristic impedances.
Also shown are the corresponding reactance curves
when a capacitor [C, of Fig. 1(c)] is placed in scries with
the cavity. Finally, the negative of the reactance seen
at the terminals of the vacuum tube is shown intersect-
ing the two dotted curves at 4 and B, respectively.

\When the external circuit is maintained at standard
conditions the possible frequency instabilities of the
oscillator are usually considered to be due to a change
in the reactance internal to the vacuum tube. This
change is represented graphically by a vertical motion
of the internal reactance line and a shift of the points
A and B.

An optimum theoretical frequency stability should
result from a cavity-reactance curve which exhibits a
vertical slope at the point of intersection with the tube
line. It appears that this condition could be approached
bv lowering the characteristic impedance of the cavity
and/or increasing the series-capacitive reactance. Con-
tinuous lowering of the cavity impedance may not in-
crease the vertical slope, however, since the Q of the
cavity is decreased at the same time. There must exist
an optimum characteristic impedance, not necessarily
that corresponding to optimum Q, which will give opti-
mum stability.

Efforts to determine an optimum through analytical
means prove difficult because of the many parameters
involved. It was found that experimental studies could
be conducted rapidly under various conditions and by
this means a fairly extensive compilation of data could
be assembled. Some of the results obtained from experi-
mental tests are illustrated in IFigs. 5 and 6 which sum-
marize data taken with oscillators similar in principle
to that of Fig. 1 and of form similar to that shown in
Fig. 3. In the referenced tests the frequency of the
oscillator was changed by varying series capacitor C,.

A measure of the frequency-stability of an oscillator
is conveniently determined by changing the anode volt-
age in incremental steps and simultaneously noting
the incremental changes in frequency. This procedure,
although not providing precise results, does find com-
mon usage because it gives a convenient, if inexact,
basis of comparison among oscillators of various types.
Low-frequency crystal-controlled oscillators, for exam-
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FREQUENCY IN MEGACYCLES

Fig. 5—Stability characteristics of oscillator controlled by
cavities of different Z,'s, using tube type 6AF4.

ple, have been shown to exhibit negligible frequency
shift as the result of small abrupt changes in anode
voltage, and high-frequency (50-125 mc) overtone crys-
tal oscillators may exhibit frequency changes in the
order of 0.1 to 0.5 cycles/mc/volt, dependent upon the
circuit configuration and the frequency of operation. At
higher frequencies the stability tends to become pro-
gressively worse unless special techniques are employed.
In the frequency range with which this paper is con-
cerned the methods of {requency multiplication and of
automatic frequency control have been employed in
order to provide a desired measure of stability. How-
ever, quite precise control by direct means may be
achieved in conventional oscillators at L-band frequen-
cies, as has been shown by Stephenson® who describes a
grid-separation type oscillator which displays frequency
stabilities of 1 to 1.5 cycles/mc/volt in the frequency
range under discussion.

The series-capacitor oscillator herein described is
found to exhibit attractive stability characteristics
when the best combinations of tube type and cavity
parameters are selected, as may be observed by cross-
reference between Figs. 4, 5, and 6. It will be observed
from the latter two figures that in practically all cases

¢ ]. G. Stephenson, “Designing stable triode microwave oscilla-
tors,” Electronics, vol. 28, pp. 185-187; March, 1955.

FREQUENCY IN MEGACYCLES

Fig. 6—Stability characteristics of oscillators controlled by
cavities of various Zy’s, using tube type 5718.

the best stability occurred at the highest frequency,
that is, when the series capacitor was at its minimum
setting and the external reactance is represented by that
dotted line in Fig. 4 which has maximum slope. Best
stabilities were encountered when the tube type 6AF4
was employed and in cavities in which the ratio of b/a
was less than 3.6. The series capacitor utilized with the
6AF4 oscillator was of the tubular hermetically-sealed
variety and has a claimed zero-temperature coefficient
over the normal range of ambient temperatures. It pro-
vided capacitive values of from 1-10 micromicrofarads,
a range of values which permitted the tuning ranges
indicated in the figures. The amplitude of oscillation
varies with the magnitude of the series capacitance,
being greater for large values of capacitance. For ex-
treme minimum values of capacitance oscillations may
completely cease, hence it was necessary to provide a
calibrated stop beyond which the capacitor could not be
set. For the 6AF4 the working range of values of C, was
in most cases about 1.5-6.0 mmf and the variation in
amplitude was approximately 1-2. At minimum ampli-
tude the oscillator produced about 2 volts rms into a
50-ohm coaxial cable, or about 80 milliwatts of rf
power. The variation of amplitude in this oscillator was
not considered to be a serious disadvantage, since the
primary function is to provide a stable frequency. It
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may normally be assumed that buffer amplifiers will be
employed when voltages of considerable amplitude are
required. Conventional methods of amplitude control
may reasonably be utilized in such buffers.

An interesting possibility of extending the range of
tuning while maintaining the best possible stability
exists in addition tuning plungers ta the configuration
illustrated. Although the difficulties of fabrication and
control of such plungers within a hermetically-sealed
cavity precluded such experimentation, it is speculated
that a greater over-all optimum range of stability might
be effected by the combination.

STABILIZING EFFECT OF THE SERIES CAPACITOR

The general conclusions relative to frequency stability
illustrated in Fig. 4 are found to be quite well substanti-
ated by experimental results but the number of pa-
rameters involved in a specific oscillator are large and
no precise design data can be conveniently established.
However, a further insight into the stabilizing effects of
the series capacitor may be gained from relationships
established by Helber? to whom the following analysis
is due.

The oscillator frequency for a purely conductive load,
employing a lumped circuit of inductance L and ca-
pacitance C, will be

1

I= vic )

which may be written, employing the relationship

v=f\, as

A = 2mv/IC,. ©)
Differentiating, and simplifying, one obtains
d\ 1
= (4)
ac, 2C,

from which it is evident that to nminimize the change in
frequency as a function of variations in capacitance it is
necessary to make C, as large as possible.

If the external load of the oscillator is a low-loss
transmission line, it is evident that the requirement for
oscillation is

L tan (2”L> (5)
wC A
which may be written
Az tan (2”1‘). )
2wvC A

In these equations, A=the wavelength in centimeters,
L =the length of the line in centimeters, and » is the
velocity of propagation along the line =3X10!'° ¢cm in
a coaxial cable with air dielectric.

. 7C. A, Helber, “Improving stability of uhf oscillators,” Electron-
ics, vol. 20, pp. 103-105; May, 1947.
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If (6) is differentiated, there is obtained
d\ A

ac b[T-l—_()(mn 8 + cot (}) ] 0

where 6 =2rL/\=the electrical length of the line in
radians.
When (4) and (7) are equated, one obtains

o
C.= El [1 4 6(tan 6 + cot ) ] (8)

which relates the total effect of the capacitively-loaded
line to the equivalent capacitance of the lumped equiva-
lent circuit.

An intuitive method of rationalizing the effect of the
series capacitance is to reason that the added series re-
actance forms an isolating barrier between the fre-
quency-controlling device (in this case the transmission
line or coaxial cavity) and the tube. The action of the
series reactance is to reduce the effect upon the fre-
quency-controlling device of changes within the tube.
The intuitive reasoning can be reduced to an analytical
basis by demonstrating that the total capacitance of the
equivalent lumped circuit is increased by the addition
of the series capacitance. The analysis is completed by
employing the concept of energy storage in the circuit
capacitances to show that

C,= CEhC)) [1 + 6(tan 6 + cot 6) | (9)
2C,
where C, is the original capacitance in shunt with the
transmission line and the other quantities are as previ-
ously defined.

As an example, the capacitance C; of the oscillator of
Fig. 1 may normally be expected to be in the order of
3 to 5 mmfi. If C, is 2 mmf and if the electrical length of
the line is 80° then it is a matter of simple computation
to show that the equivalent capacitance is increased
from 10 to 20 times over that which would exist in the
absence of the series capacitance. The frequency sta-
bility, according to (4), is improved by one-half of this
ratio.

A certain compromise between stability and efficiency
is indicated. It is evident that as the series reactance is
increased more circulating current, with greater tank
losses, must exist in the transmission line if oscillations
are to be sustained. In the oscillator which utilized the
tube type 6AF4, operating in the region of better sta-
bility, plate voltages of 50-60 volts were employed and
plate currents of 15-20 milliamperes were measured. If
the minimum rf power of 80 milliwatts is assumed, the
plate efficiency is indicated to be not greater than 10 per
cent. This order of plate efficiency seems to be a neces-
sary compromise in order to achieve the desired sta-
bility.

The analytical data presented in this section can be
correlated, although in a somewhat tedious manner,
with the data presented in Fig. 4. The reactance curve
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of a cavity can be plotted from data tabulated by
measurements with an rf bridge, then the electrical
length of the line corresponding to any prescribed re-
actance can be determined from the curve. Such a
measurement procedure was followed in a few cases
during the course of the experimentation and the curves
of the reactance of the frequency-controlling device
were plotted. However, no satisfactory measurements
of the shunt capacitance of the tube (when operating
with normal plate voltage and plate current) were ob-
tained, hence the points of intersection of internal and
external reactance were not considered to be suffi-
ciently accurate to warrant correlation with calculated
values. The indicated intersections did, however, corre-
spond well in general sense to the conclusions drawn
from Fig. 4.

REDUCTION OF TEMPERATURE SENSITIVITY

The effects upon frequency of change of ambient tem-
peratures have not been considered in the preceding
discussion. The adverse effects of varying ambient tem-
peratures upon a precision frequency-control device are
normally minimized by enclosing the frequency-con-
trolling element in a temperature-stabilized oven.
Quartz crystals are usually enclosed in small ovens
which maintain the temperature within a fraction of a
degree at a prescribed level. Cavities are much larger
than crystals and the ovens required to enclose them
are more difficult to maintain at a fixed temperature.
However, a prescribed mean temperature may be
maintained without difficulty and without utilization
of complex heat-controlling elements. The effects upon
frequency of the relatively large variations, about a pre-
scribed mean temperature, can be minimized by the
utilization of materials in the cavity which either have
little temperature sensitivity or which exhibit properties
of heat transfer which minimize changes of temperature
at the frequency-controlling point. In coaxial cavities
it is important that an external temperature change
does not quickly reach the inner conductor since the
resonant frequency of the cavity is closely controlled by
the physical length of its center conductor.

Various methods of minimizing the temperature
sensitivity of a cavity are described herein in later para-
graphs, but a series of experiments have demonstrated
that the utilization of the nickel-steel, Invar, as the base
material in cavity construction may adequately satisfy
the prescribed requirements in cavity-controlled oscil-
lators. Invar displays the combined properties of small
expansivity (less than 1 part per million per degree
centigrade) and low thermal conductivity (about one-
tenth of that of brass). The effect of these properties is
illustrated in Fig. 7 which is a record of the results of
an abrupt change in ambient temperature upon the
Invar-based, series-capacitor oscillator shown in Fig. 3.
In the experiment illustrated in Fig. 7 the oscillator was
suddenly subjected to a temperature change of 25°C.
and was thercafter maintained in the new environment.
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The curveof Fig. 7 shows that the long-term effect is to
reduce the operating frequency by something less than
1 ppm/°C,, i.e., less than 25X 610 cps. An interesting
and useful effect is found in the positive excursion of
the frequency which occurs during the first few minutes
after the new temperature is applied. This action is ap-
parently due to a relatively rapid expansion of the outer
conductor and precedes expansion of the center con-
ductor because of the low thermal conductivity of
Invar. The effect of the expansion of the outer con-
ductor is to decrease the capacitive end-effects of the
plate which encloses the end of the cavity remote from
the center conductor. Since reduction of the end-effect
capacity tends to raise the operating frequency and ex-
pansion of the center conductor tends to lower the fre-
quency it is seen that a certain amount of self-compen-
sation is present which will tend to reduce the over-all
frequency change resulting from any prescribed change
in temperature.
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Fig. 7—Effect of abrupt change of ambient
temperature on invar cavity.

The tendency for the oscillator to stabilize in fre-
quency is illustrated by the asymptotic approach of the
curve to a final value at which point a variation of not
more than 100 cycles at a mean frequency of 610.4893
mc was observed. It is evident that when the oscillator is
enclosed in an oven which has accurate temperature
stabilization about a mean that a highly stable fre-
quency may be maintained and that short-term tem-
perature variations about the mean, even if of con-
siderable magnitude, will not be reflected as significant
frequency changes because of the low thermal conduc-
tivity of the cavity.

The characteristics of slow heat transfer in Invar-
based cavities lead to certain disadvantages when the
vacuum tube is enclosed within the center conductor.
The plate dissipation of the vacuum tube, unless de-
liberately restricted by means of lowered anode voltage,
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produces an accumulation of heat which tends to reduce
the life of the tube. One tube type 6AF4, when working
at the anode potential of 50-60 volts quoted in the pre-
ceding example, was employed in semicontinuous opera-
tion for a period of over six months and in continuous
24-hour duty for an additional 30 days. However, when
the anode voltage was raised to 75 volts there was found
to be an appreciable reduction in tube life, an effect that
was even more pronounced as the plate dissipation was
permitted to approach the recommended maximum for
that type of tube. The undesirable reduction in tube life
could be partially eliminated by the introduction of an
element of high thermal conductivity within the center
conductor whose purpose would be to transfer excessive
heat to a point exterior to the cavity. Unfortunately,
such a device works in two directions because changes
in external temperature are reflected back to the
vacuum tube and thus tend to counteract the stabilizing
effect of the Invar. The results of the experiments indi-
cate that operation at reduced anode voltage is an
acceptable, although not ideal, means of maintaining a
satisfactory compromise between power, stability, and
tube life.

OTHER FACTORS INFLUENCING OPERATING
CHARACTERISTICS OF THE OSCILLATOR

Other items which must be considered in discussing
the over-all characteristics of an oscillator include the
tendency toward frequency drift during warmup, the
effect of changes of filament voltage upon frequency,
the effect of mechanical vibrations, and properties of
conducting surfaces on the frequeicy-controlling ele-
ment. The Invar-based oscillator is ideally suited to
continuous-duty operation, but much less so to opera-
tion in which the filament voltage is turned off and on
at frequency intervals. Fig. 7, which shows the effect of
sudden changes in ambient temperature gives an ap-
proximate illustration of the action when the oscillator
is turned on from a cold start. A more exact illustration
is given in the following tabulation. A 610-mc Invar-
based oscillator which was used as a test vehicle per-
formed as follows:

Frequency at time zero..................... 610.475 mc

Frequency at time plus 5§ minutes............ 610.445 mc
(A drift of —30 kc)

Frequency at time plus 30 minutes........... 610,437 mc
(A further drift of —8 kc)

Frequency at time plus 60 minutes........... 610.434 mc
(A further drift of —3 kc)

Final stabilized frequency............. 5500600 610.433 mc

The relatively large drift which occurs during the
first few minutes does not appear if the filament voltage
is applied continuously. For this reason all other tests
on this oscillator were premised on a continuous fila-
ment-voltage basis, with the result that the application
of anode voltage produced a much smaller frequency
drift during stabilization.

The effects of changes in filament voltage were
studied by means of tests on two oscillators of identical
configuration but of different materials. One oscillator
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employed an Invar-based cavity, the other a cavity
constructed of brass. Brass has an expansivity of about
20 ppm/°C. and a thermal conductivity which is about
ten times that of Invar. Both oscillators, operating in
the 600 mc range, were stabilized in {frequency through
precise control of the ambient temperature (in a thermo-
statically-controlled heat chamber) and of anode and
filament voltages. The filament voltage of each was then
raised 0.2 volt rms from 6.3 to 6.5 volts rms. The brass-
based oscillator immediately began a negative frequency
drift of over 2 parts per million in each 10 minute period
of time, a rate of drift which remained substantially
constant during the full 60-minute period of the test.
The Invar-based oscillator, on the other hand, drifted
slightly more than 2 parts per million during the first
20 minutes and exhibited essentially no drift thereafter.
In summary, the effect of the filament voltage change
in the Invar-based oscillator was to produce an over-all
frequency shift of about 1400 cycles from an original
nominal frequency of 600 mc, but a very much larger
change in the oscillator with brass cavity.

The effects of mechanical vibration upon the oscilla-
tor were observed, but not recorded. In an early test the
oscillator was placed upon a suspended floor in a wooden
cabinet; to this floor a blower motor was attached in
order to provide a considerable mechanical vibration.
The oscillator output, heterodyned against a stable fre-
quency standard, was reduced to a low {requency and
displayed upon an oscilloscope. Observations during
the presence and absence of vibrations indicated that a
frequency modulation of several kilocycles, centered at
a mean frequency of 600 megacycles, was produced. In
a subsequent test the oscillator was bedded in a % inch
foam rubber matting and the observations were re-
peated. It was found that the frequency modulation had
been almost completely eliminated. The results indicate
that shock-mounting techniques commonly employed
in operating equipment should eliminate objectionable
frequency modulation due to mechanical vibrations.

The conductivity of the surfaces internal to the cavity
is an important factor in any cavity-controlled oscillator
and is of particular importance in the series-capacitor
version in which the circulating tank current is of rela-
tively large magnitude. If the material of which the
cavity is constructed is quartz or a ceramic, then it
must be coated with a conducting material. When Invar
is employed, the natural conductivity of the basic ma-
terial is not adequate to provide the desired Q in the
resonant circuit and the material should be plated with
a noble metal. Silver quite adequately fulfills the re-
quirements for all of the base materials mentioned;
methods of assuring satisfactory plating are described
in a later paragraph and in the appendix.

RE-ENTRANT TYPE OsCILLATOR EMPLOYING
PENcIL TRIODES

The series-capacitor oscillator with tube type 6AF4
has been found to be limited to frequencies below 700
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Fig. 8—Cross section of assembled reentrant cavity oscillator.
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mc. However, the same basic method of improving fre-
quency stability through the addition of series-capaci-
tive reactance can be utilized at higher frequencies.
One configuration illustrating this method employs two
cavities placed end to end and employs a pencil triode,
type 5876. A cross section of an assembled oscillator of
this type is shown in Fig. 8 and a semiassembled view is
shown in Fig. 9.

This oscillator has a combined feedback path which
involves electrostatic coupling between cavities and also
energy transfer through a series-capacitor. A lumped
equivalent circuit is shown in Fig. 10. The series ca-
pacitor, whose electrical action is essentially the same
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as that in the oscillator previously described, takes the
form of a thin, circular metal plate which makes electri-
cal contact to the grid of the pencil triode and provides
capacitive coupling to the high-impedance point in the
outer conductor of the grid-plate cavity. This circular
plate is designated as the ir¢s because it partially closes
the opening between the two cavities. The iris is marked
as item J in Fig. 8 and may be seen in Fig. 9 where it
has been removed from the oscillator and lies between
the cavities.

Fig. 10 shows that the iris has control over two quan-
tities, the direct feedback through coupling between
cavities (M) and the feedback through the capacitive
coupling. It might be anticipated from the discussions
about the series-capacitor oscillator that the oscillator
presently described should demonstrate best stability
when the series capacity is a minimum, that is, when
the iris is the smallest consistent with oscillations. Ex-
perimental tests have proved that this is a correct
assumption; most stable operation occurred in all cases
when the iris employed was the smallest possible

The construction of the oscillator requires some novel
features in design which are best illustrated by a de-
scription of the individual elements of Fig. 8. The grid-
cathode cavity occupies the left portion of the assembly,
the grid-plate cavity occupies the right half. The pencil
triode, type 5876, is secured by its grid ring, in a molded
and machined Scotch Plasticast tubing B, by pressure
from the iris J. The plasticast also serves to hold four
4.7K grid resistors which are symmetrically placed
about the axis. The tube makes electrical contact to the
cathode cavity by means of the spring fingers shown.
Plate supply voltage is furnished by means of bushing
H and another set of spring fingers. The rf electrical
path in the plate circuit is completed from the bushing
H through a ceramic disc capacitor C of 75 mmf ca-
pacity which is maintained firmly in contact with the
spring finger base by pressure exerted from spring G.

The pencil triode is often a very delicate tube type
and is easily broken. For this reason, accurate align-
ment of supports is required. The dimensions on the
sketch are shown to three decimal places allowing
a £ 0.005-inch tolerance in normal shop practice.

Three models of this oscillator were constructed, all
single-frequency devices. (Tuning may be accomplished
by the insertion of tuning screws through the central
peripheral collar or by the introduction of plungers.)
The first oscillator was designed to operate in the 600-
to 650-mc region, the others in the 800- and 1000-mc
regions, respectively. The operating characteristics of
all three were found to be essentially identical and the
stability characteristics compare favorably with those
of the series-capacitor oscillator, as do the power out-
put and efficiency. Although higher frequency versions
have not been constructed it is believed that this con-
figuration may be successfully applied at frequencies as
high as 1500 mc.
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MINIMIZATION OF TEMPERATURE SENSITIVITY
IN CoaXxIAL CAVITIES

The usual coaxial cavity is constructed with a center
conductor of approximately one-quarter wavelength at
the desired operating frequency, while the outer con-
ductor is made somewhat longer in order to provide an
overhang beyond the inner conductor. This overhang re-
gion is a circular waveguide operating beyond cutoff if
the proper design parameters are used. If the overhang
must be made short because of material or space con-
siderations there is a capacitance effect to the end-plate
which appears in shunt with the high-impedance end of
the cavity. This capacity is given as

a (7a b - a)
C = (— + In —) farads
307y \4d d

where v is the velocity of propagation in the cavity
dielectric, b and a are the diameters of the conductors,
and d is the length of overhang. It is this capacity
which produced the positive excursion of Fig. 7. If the
overhang is made sufficiently long the effect of C may
be made negligible.

Two methods of construction are available by which
to provide cavities of minimum temperature sensi-
tivity. The most obvious is to employ a basic material,
such as Invar, which has low expansivity and low
thermal conductivity. Commercial Invar has an ex-
pansivity of slightly less than 1 ppm/°C., but recent re-
ports from other activities indicate that an almost com-
plete removal of impurities from the material can result
in expansivities as low as 0.3 ppm/°C. It appears that
such super-Invar, if generally available, can provide a
most satisfactory basic material for construction of
very stable cavity-controlled oscillators.

Two other materials which have attractive character-
istics are fused quartz and certain types of ceramics.
Fused quartz is reported to have an expansivity of
about 0.5 ppm/°C. and has been used in the construc-
tion of cavities employed at microwave frequencies but
is not conveniently employed in coaxial cavities be-
cause of difficulties in fabricating and combining the
required elements. One form of ceramic, appearing
under the trade name of Stupalith,? is potentially at-
tractive because it is claimed to have a zero tempera-
ture-coefficient of expansion. Early tests with this ma-
terial were unsatisfactory because of insufficient in-
formation relative to methods of establishing adherent
silver surfaces. Techniques which led to successful
plating and soldering of this completely temperature-
insensitive material were developed by the authors® in
the course of recent investigations. Inasmuch as numer-

(10)

8 Bulletin No. 1051, Stupakoff Ceramic and Manufacturing Co.,
Latrobe, Pa.

* D. W. Fraser and E. G. Holmes, “Precision Frequency Control
Techniques (500 MC and Higher).” Final Rep. Project No. 229-198.
Georgia Inst. of Tech., Atlanta, Ga., Signal Eorps Contract DA-36-
039-sc-42590.
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ous problems arose in determining optimum methods of
plating, and also because considerable interest in the
problem has been shown by numerous investigators, a
summary of the methods of plating has been included
in the appendix. Subsequent tests have indicated that
cavities constructed from Stupalith may be made in-
sensitive to temperature only if the complete cavity
assembly (inner and outer conductor and end plate at
the low impedance end) is homogenecous in its entire
structure. No oscillators have as yet been constructed
with cavities made of Stupalith.

The final method to be mentioned as a means of
minimizing temperature sensitivity is the process of
temperature compensation. Compensated coaxial cavi-
ties utilize a principle by which the unequal expansivi-
ties of two materials are employed to neutralize the
normal effects of thermal expansion upon the inner con-
ductor. The length of the compensating section is made
cqual to the product of the length of the inner conduc-
tor and the ratio of expansivities of the materials used
in the inner and outer conductors. Although the princi-
ple is not new, a description of a tunable compensated
cavity is included in this paper as an illustration of the
principle in a model which has performed satisfactorily
in practice.

Fig. 11 illustrates a tunable compensated cavity with
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Fig. 11—Tunable compensated cavity.

brass outer conductor which is designed for the 600-mc
range. The active cavity extends from the end-plate at
the low impedance end of the cavity (Insert Plug 4) to
the end of the shaded portion of the Pyrex center con-
ductor. The spring-loaded section at the left permits
controlled axial motion of the center conductor within a
hermetically-sealed bellows. The length of the com-
pensating section (Plug B to Plug 4) is very closely
3/20 of the active length of the center conductor, a
ratio determined by the coefficient of expansion of
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Pyrex (3 ppm/°C.) and of brass (20 ppm/°C. This cavity
is tunable from approximately 585 to 615 mc and tests
conducted within this range have shown that the tem-
perature sensitivity is very small (less than0.3ppm/°C.).

Compensated cavities do not readily lend themselves
to utilization in oscillators in which the vacuum tube is
interior to the cavity. They are, however, well suited to
use in an arrangement which employs a discriminator
and some means of controlling the oscillator frequency
from the output of the discriminator. Numerous de-
scriptions of various automatic frequency control de-
vices appear in the literature and will not be discussed
here.

APPENDIX

METHODS OF PLATING AND SOLDERING MATERIALS
IN CAviTY RESONATORS

Plating of Glass- or Ceramic-Based Materials

Silvered surfaces were utilized exclusively in all the
resonators constructed and tested. The plating methods
used on Pyrex, Stupalith, and Vycor are essentially
alike. The steps involved and the precautions necessary
are summarized as follows:

1) Remove any uneven or badly discolored spots on
rod or tubing by a nonconductive abrasive, such im-
perfections will not retain a silvered surface.

2) Clean material thoroughly of grease and dirt by
scrubbing with detergent. Remove detergent thor-
oughly by copious rinsing.

3) Bake ceramic materials at 350°F., or above, for
two hours to remove all traces of absorbed moisture.

4) After the material has cooled to approximately
room temperature, spray with silver-based air-drying
paint such as DuPont No. 4760 Silver Paste which has
been thinned by Toluol to proper consistency for appli-
cation by spraying.

5) After two hours air-drying, place in oven and
raise to 1250°-1350°F. for 1 hour; cool in oven to 450°F.,
then remove and air-cool to ambient temperature.

6) Inspect surface with a 5 to 10 power glass. If
necessary, remove hills and pits with fine abrasive. A
mirror-like finish is required to insure a final satis-
factory conductor.

7) Porous ceramic surfaces which are not to be
plated, but will come into contact with the solutions
should be masked off with a good grade of lacquer which
will not be affected by HCI.

8) Electroclean 1 minute at about 8 volts. A wire
soldered to an outside surface will permit this process as
well as the plating to follow. Rinse with tap water.

9) Pickle in a 30 per cent HCI solution. Rinse again
with tap water.

10) Strike plate at a high current (about 15 to 25
amps per square foot) for 30 seconds. The surfaces
should be completely coated with Ag after strike. Rinse
with tap water. The Ag strike solution should be com-
posed of :
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8 to 10 oz. NaCN per gallon of solution
0.1 to 0.2 oz. AgCn per gallon of solution

11) Silver plate in an agitated cyanide solution at
5 to 10 amps per square foot until the desired thickness
is obtained. The solution should be held at about 30°C.
Upon completion of plating, rinse with tap water again.

Plating of Invar

No special treatment is necessary other than that
normally performed on ferrous materials. The steps in
plating used are:

1) Remove imperfections on surface with an abra-
sive, clean with a strong detergent, and rinse well with
tap water.

2) Electroclean 1 minute at about 8 volts. A wire
soldered to an outside surface will permit this process
as well as the plating to follow. Rinse with tap water.

3) Any portions (such as screw threads) that should
not be plated are masked off with lacquer.

4) Follow steps 9) through 11) in previous section.
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Soldering Techniques

Particular care must be exercised in soldering to
silver-plated materials whose base is of glass or ceramic.
Most common solders such as tin-lead, indium, silver-
enriched tin-lead, Cerrobend, etc., have the undesirable
property of contracting significantly during solidifica-
tion. This contraction may easily strip the silvered
surface from the base. The use of solder of mini-
mum contraction reduces or eliminates this difaculty.
One example of a satisfactory solder is found by the
name of Cerotru (58 per cent Bi and 42 per cent Sn),
which has a melting point of 281°F. This solder readily
receives electroplated silver, hence soldered joints may
be given a final silver surface.

This solder may be applied by a small iron which
concentrates heat at a point or by flowing it onto a sur-
face which has been raised by oven-heating to a tem-
perature equal or greater than the melting point of
solder. The preliminary application of a flux such as
Nalco-14, manufactured by the National Lead Com-
pany, results in improved adhesion of the solder.

CROEZTO

CORRECTION

Arthur Uhlir, Jr., author of the correspondence en-
titled “High-Frequency Shot Noise in P-N Junctions,”
which appeared on pages 557-558 of the April, 1956 is-
sue of PROCEEDINGS, has informed the editors of the
following correction to his letter.

On the right side of (4) on page 558, the plus sign
(+) should be a minus sign (—).
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1.0 GENERAL
1.1 Scope

This standard deals with the methods of measure-
ment of important characteristics of transistors. In gen-
eral, these characteristics are referred to as parameters
of the devices.

Because of the youthfulness of the transistor art,
methods of testing transistors will continue to change
considerably before the art can be considered to have
“stabilized” sufficiently for complete standardization.
This standard corresponds to the current state of tran-
sistor testing methods, and its publication by the IRE
is considered preferable to waiting for a future stabiliza-

tion of the many rapid changes now characteristic of
this field.

1.2 General Precautions

Attention is called to the necessity, especially in tests
of apparatus of low power, of eliminating, or correcting
for, errors due to the presence of the measuring instru-
ments in the test circuit. This applies particularly to
the currents taken by voltmeters.

Attention is also called to the desirability of keeping
the test conditions, such as collector voltage and collec-
tor current, within the safe limits specified by the manu-
facturers. If the specified safe limits are exceeded, the
characteristics of the transistors may be permanently
altered and subsequent tests vitiated. When particular
tests are required to extend somewhat beyond a speci-
fied safe limit, such portions of the test should be made
asrapidly as possible and preferably after the conclusion
of the tests within the specified safe limit.

1.2.1 Repeatability: Care must be taken that the
measured parameter values are repeatable within pre-
cision of measurement after performance of any one or
all tests performed on the device.

Ii o o Io
e -
e——
A |
}VL | VO
— e —————

Fig. 1—General four-terminal network.

1.3 Four-Terminal Representation

Fig. 1 shows a 4-terminal network sometimes known
as a 2-terminal pair. The behavior of this network may
be defined in terms of the quantities V, Vs, I;, and L.
The ac input current and voltage are I; and V; and the
output current and voltage are I, and V.. Similarly, the
dc characteristics may be represented in terms of the
input and output voltage, Vr and Vo, and the input
and output current, Iy and Io.

Since the transistor may be employed in three circuit
configurations usually referred to as common base, com-
mon emitter, and common collector, there is a possible
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ambiguity in the definition of any one parameter unless
the circuit configuration is stated definitely. Six possible
sets of parameters exist for defining the 4-terminal net-
work and the choice of the appropriate set therefore
depends on the nature of the device to be characterized.

The &k parameters are used throughout the standard
since they are peculiarly adaptable to the physical char-
acteristics of transistors. In previous literature these
have been referred to as the series-parallel parameters,
but a recent paper! coined the name “hybrid” which has
become a significant method of identification and will,
in the interests of clarity, be used throughout this
standard.

A specific method of notation involving the letter sub-
script is used throughout this standard, but no pref-
erence over number subscripts is implied thereby. See
IRE Standards on Letter Symbols for Semiconductor
Devices, 1956 (56 IRE 28, S1)?

The three most commonly used sets of parametric
equations are:

Open-circuit impedance parameters

Vi=zli+ zl, (1)

Vo= 2eli + 2olo. (2)
Short-circuit admittance parameters

Ii = yVi+ Vo (3)

I, = yVi+ yoVo. )
Hybrid parameter

Vi= Il + bV, (5)

Io= hd;+ hoVo. (6)

The input impedance k; is the impedance between
the input terminals when the output terminals are ac
short-circuited

h,' ) V{/I,‘ when Vo = Q.

The voltage feedback ratio A, is the ratio of the volt-
age appearing at the input terminals, when they are ac
open-circuited, to the voltage applied to the output
terminals

h, = V,'/Vo when I,' = Q.

The forward current multiplication factor A, is the
ratio of the current flowing into the output terminals,
when they are ac short-circuited, to the current flowing
into the input terminals

hf = I,,/I,' when Vo = 0.

The output admittance k, is the admittance between
the output terminals when the input terminals are ac
open-circuited

ho = I1,/V, when I;=0.

t D. A. Alsberg, “Transistor metrology,” 1953 IRE CONVENTION
RECORD, Part 9, pp. 39-44. Also IRE TraNs., vol. ED-1, pp. 12-15;
August, 1954,

* Proc. IRE, vol. 44, pp. 934-937; July, 1956.
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I; =ac input voltage.
I, =ac output voltage.
I;=ac input current.
I,=ac output current.
I'r=dc input voltage.
Vo =dc output voltage.
Iy =dc input current.
Io=dc output current.
z;=input impedance, small signal, output open-cir-
cuited.
zo=output impedance, small signal, input open-cir-
cuited.
zr=forward transfer impedance, small signal, output
open-circuited.
zr=reverse transfer impedance, small signal, input
open-circuited.
¥yi=input admittance, small signal, output short-cir-
cuited.
¥o=output admittance, small signal, input short-cir-
cuited.
¥r =forward transfer admittance, small signal, output
short-circuited.
¥-=reverse transfer admittance, small signal, input
short-circuited.
ki=input impedance, small signal, output short-cir-
cuited.
kr=input resistance, static value, output short-cir-
cuited.
ko =output admittance, small signal, input open-cir-
cuited.
ho =output conductance, static value, input open-cir-
cuited.
ks =forward current transfer ratio, small signal, out-
put short-circuited (= —ay).
kr=forward current transfer ratio, static value, out-
put short-circuited (= —ay).
h, =reverse voltage transfer ratio, small signal, input
open-circuited.
hr =reverse voltage transfer ratio, static value, input
open-circuited.
zin =input impedance, small signal, output termina-
tion Z,.
Zout =oOUtput admittance, small signal, input termina-
tion Z;.
V.=ac emitter voltage.
I.=ac emitter current.
Ve=ac collector voltage.
I.=ac collector current.
re=ac emitter resistance derived from T-equivalent
circuit.
rs =acbaseresistancederived from T-equivalentcircuit.
re=ac collector resistance derived from T-equivalent

circuit.

rm=ac transfer resistance derived from T-equivalent
circuit.

Co=collector capacitance measured at collector elec-
trode.
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Note: See also IRE Standards on Letter Symbols for
Semiconductor Devices, 1956 (56 IRL 28. S1).2

2.0 METHODS OF TEST FOR DC CHARACTERISTICS

The static characteristics of a transistor represent its
performance only at zero or low frequency. The static
characteristics are the input, output, and transfer. In
general, these characteristics may be obtained up to the
point where thermal effects become significant, or where
critical voltages or currents are exceeded. High fre-
quency or pulse methods such as those described in sec-
tion 2.1.3 may be used to obtain information beyond
this point.

2.1 DC Point-by-Point Method

The point-by-point method of obtaining characteris-
tics requires the introduction of a direct voltage or cur-
rent at one pair of terminals, and the measurement of
the current or voltage at either the same or a different
pair of terminals, depending upon the characteristics
under examination. A family of characteristics can be
obtained by measuring a voltage-current characteristic
while another voltage or current is changed stepwise
over the range of interest in accordance with usual
practice. A representative arrangement for the determi-
nation of the common base characteristics of transistors
is shown in Fig. 2.

—

J——l—\gﬁ\#*_ﬁi' i 1

COLLECTOR

EMITTER v
BIAS Veg Vee) BIAS
SUPPLY . -

—L ] | . SU? LY,

Veg = EMITTER-BASE VOLTAGE (DC)
Vcg =COLLECTOR -BASE VOLTAGE(DC)

Ig SEMITTER CURRENT (DC)
I¢=COLLECTOR CURRENT(DC)

Fig. 2—General dc measurement arrangement.

2.1.1 General Precautions in Transistor Measurement:
Test conditions which cause large voltage or current
surges, or exceed the safe limit of dc power dissipation
should be avoided. Large overloads even for a small
fraction of a second may cause damage to a transistor
or modify its characteristics.

The correct voltage polarity must be observed at all
times. Incorrect voltage polarity may seriously damage
the transistor and test equipment.

Transistors are inherently temperature sensitive de-
vices. The effect of the ambient temperature must be
taken into account, and possibly also the internal tem-
perature rise due to the dissipation in the device occur-
ring during the test.

2.1.2 Visual Displays: Visual displays of transistor
static characteristics are useful for prediction of per-
formance in circuits up to frequencies at which reactance
effects become important. Oscilloscopic displays are
useful in disclosing small irregularities in the voltage-
current characteristics which may escape observation
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by the point-by-point method. The visual display is
particularly useful for determination of trends or orders
of magnitude in transistor parameters.

The transistor static characteristics normally dis-
played visually are:input voltage vs input current; in-
put voltage vs output current; output voltage vs input
current; output voltage vs output current; and output
current vs input current.

2.1.2.1 General Precautions in Oscilloscopic Display:
As a preliminary step a passive network may be used as
a dummy transistor to check the over-all circuit per-
formance before actual application to transistors, and
the voltage-current characteristic may be compared
with known or published curves.

Cumulative heating effects must be anticipated. If
extreme care to prevent overloading is not taken a
gradual shift in the observed characteristic is noted.

Instability may result if suitable series resistance is
not provided, particularly in the case of point-contact
transistors which are in general short-circuit unstable.

In addition, the general procedures noted in section
3.5 must be observed.

2.1.3 Pulse Methods: It is often of considerable im-
portance to know the static characteristics of transistors
beyond the normal operating range where thermal ef-
fects would be significant if point-by-point methods
were used. In such cases it is necessary to employ pulse
methods in which the transistor is allowed to pass cur-
rents only for short intervals of such duration and re-
currence frequency that the average power dissipation
is small.

Pulse methods may be employed for obtaining input,
output, and transfer characteristics. The basic circuit
elements required for a pulse method are pulse genera-
tors and suitable current and voltage indicators. Where
one pulse generator is employed, it is usually connected
to the appropriate terminals depending upon the char-
acteristic desired, with provision for introducing bias.
If more than one pu’se generator is used, it is necessary
to svnchronize the pulses. In general, one pulse genera-
tor is adequate and simpler to employ.

A variable amplitude pulse voltage or current is ap-
plied to one pair of terminals and simultaneously the
corresponding pulse amplitude of current or voltage is
measured at the same or a different pair of terminals.

2.1.3.1 Precautions: Care must be taken that the
original static characteristics are reproducible after the
device has been pulsed.

2.2 Load (Dynamic) Characteristics

The methods used for the determination of load char-
acteristics from static characteristic curves, and the
direct measurement of load characteristics have been
published.? Load characteristics permit calculation of
the performance data for the transistor such as input

3 ]RE Standards on Electron Tubes, Methods of Testing,”
Proc. IRE, Part I, vol. 38, pp. 917-948, August, 1950 (see sec. 4.2,
p. 925); Part I1, vol. 38, pp. 10791093, September, 1950.
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power, output power, efficiency, dissipations, etc.

2.2.1 Direct Measurement of Load Characteristics: The
load characteristics of a transistor can be measured di-
rectly, without resorting to calculation from the static
characteristics. When reactive effects are significant,
they will have considerable effect upon the load char-
acteristic. It is therefore advisable to measure load
characteristics at the frequency at which the transistor
is to be used.

2.3 Maximum Electrode Voltage

When the voltage-current characteristic of a tran-
sistor is presented by any appropriate technique,
marked changes in slope and/or discontinuities may be
noted as a function of electrode voltage and circuit con-
figuration. These may be due to either junction break-
down, thermal gradients, or internal instabilities. In
general, a junction breakdown may be correlated with
the resistivity of the material in the base layer, while
that due to thermal gradients is generally much lower,
and is characteristically poorly defined.

2.3.1 General: A maximum electrode voltage is meas-
ured by the potential which results in a specified change
in the parameter being measured. It may also represent
a potential above which destructive irreversible changes
occur in the transistor. In either event it represents a
locus of electrode bias voltages and currents which de-
fine maximum usable operating conditions. The maxi-
mum electrode voltage will be a function of the common
electrode utilized when the characteristics are taken.

When specifying the peak voltage, even though non-
destructive, the duration of the peak and the duty cycle
must be specified because of the short thermal time
constants of the semiconductor element.

2.3.2 Definition: A maximum electrode voltage may
be defined on any of the following bases:

1) Junction voltage breakdown.

2) Maximum power dissipation capability of the
transistor.

3) Nonlinearity of the electrode voltage-current char-
acteristic.

An example of these limitations is shown for a typical
collector voltage-current characteristic in Fig. 3 on the
following page. In this figure it may be seen that the
definitions just given will govern in different regions of
the characteristic. The maximum electrode voltage for
the characteristic shown will be given by Ve, Vs, and
Vea.

Ve is defined as the voltage corresponding to the
point of tangency of the voltage saturation tangent
with the I¢— Ve curve, with input current specified as
shown in Fig. 3.

¢ defines the voltage at which the rated power dis-
sipation is attained.

Ves defines the voltage at which the nonlinearity of
the characteristic becomes a substantial limitation to
use.
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VOLTAGE -~
SATURATION

TANGENT
O — — S— -}
Ve, Ve Ve Ve,
JUNCTION
Vg — BREAKDOWN

Fig. 3—DMaximum electrode voltages.

2.3.3 Precautions: The following specific precautions
should be followed in addition to those noted in section
2.1.1. a) High-speed oscilloscopic sweep methods may
be preferable to point-by-point and other low-speed
methods, because inaccuracies due to thermal gradients
and incipient junction breakdown are minimized. b)
The electrical characteristics must be reproducible with-
in the margin of error after a determination of maximum
collector voltage.

3.0 METHODS OF TEST FOR SMALL
SIGNAL APPLICATIONS

For purposes of this section small signal operation
assumes linearity over the operating range. For linear
operation the transistor is completely specified by means
of four independent parameters which are in general
complex quantities whose value may depend upon fre-
quency, operating point, and environment. For linear
operation the value of the parameter must be independ-
ent of the amplitude of the signal.

I i} lo
—_— -
A (. Z) N
Vi 1 A

|

Fig. 4—Transistor four-pole representation.

Most transistors can be characterized by a 4-pole
representation in which two terminals are usually com-
mon as in Fig. 4 above. It is often found that the meas-
urement of transistors having a common base current
amplification of less than unity is more practicable with
either the short-circuit admittance or hybrid (y or &)
parameters while with those having a common-base
current amplification greater than unity the open-
circuit impedance or hybrid (z or k) parameters are
more practicable.
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In the illustrations which follow, the common-base
configuration is generally shown for purpose of econ-
omy. It will be understood that the parameters may be
taken in any possible stable configuration.

3.1 General Precautions

It is necessary that the test signals employed be small
enough so that the transistor operation is linear. Gener-
ally, the greater the parameter accuracy desired, the
smaller the test signal must be. A method of determin-
ing whether the signal is sufficiently small is to decrease
the amplitude of the test signal progressively until a
further decrease in amplitude produces no change with-
in the accuracy desired in the value of the parameter.

Methods of determining test signal amplitude include
the checking of voltage or current amplification derived
from combinations of 4-pole parameters with those
measured experimentally. If the test signal is sufficiently
small, the derived and measured values will check with-
in the accuracy desired.

In the methods of measurement to be discussed, it
is preferable to either ac short-circuit or ac open-cir-
cuit different terminal pairs to carry out the measure-
ment. In order to be certain of the accuracy of the
measured data, it is necessary to ascertain the adequacy
of the ac short or open circuits employed. Stray series
elements such as lead inductance may seriously alter ac
short circuits. One method of ascertaining the ade-
quacy of the ac short or open circuit employed is to
change progressively by known amounts the terminal
admittance or impedance while making measurements
of the parameter under investigation. A graphical plot,
as shown typically in Fig. 5, of the measured parameter
as a function of absolute magnitude of the terminal ad-
mittance or impedance would show an asymptotic ap-
proach to the correct value.

MEASURED PARAMETER —»

TERMINATION ADMITTANCE OR IMPEDANCE =3

Fig. 5—Adequacy of termination.

For preliminary measurements or for approximate
results, the basic idea of this check method may be
applied by making certain that there is negligible
change in the parameter being measured when the ac
short or open circuit is changed by an appreciable
amount.
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Care must be exercised, particularly as a result of
the inherent short-circuit or open-circuit instability of
the transistor, to insure that the measurement circuit
is not oscillating at either the test or some spurious
frequency. The presence of oscillations will be indicated
generally by abrupt changes in the curve of Fig. 3.

Another method of checking the adequacy of the
ac short or open circuit is to choose reasonable and con-
venient values of terminating impedance. The complete
measurements are then made. The results of these
measurements are then used to calculate whether the
initially chosen ac short or open circuits were adequate.

The results of measurements will be dependent upon
circuit and environmental conditions. Until such time
as these conditions become well standardized by usage,
it will be necessary that the exact conditions of the
measurement be specified.

1) Circuit configuration employed and quantities
measured.

2) DC terminal voltages and currents (any two inde-
pendent quantities are sufficient).

3) Test frequency employed.

4) Temperature.

The following test conditions may be important and
may have to be specified: 1) Humidity, 2) Aging period,
3) Test socket employed and shielding configuration.

Independent measurements of ratios of parameters
are useful for determining the adequacy of the ac short
or open circuit and for insuring the absence of oscilla-
tions. Generally, if the independent measurement of
ratios of parameters checks the computed values within
a few per cent, there is reasonable assurance of linearity,
adequacy of termination, and freedom from oscillations.
Some of the parameter ratios that may be independently
measured are listed below.

1) The forward current transfer ratio, which is the
negative ratio of the alternating current at the ac
short-circuited output terminal to the alternating
current introduced at the inpu.t terminal

oy = Z//Za E y//y.' = — ]l/.

2) The reverse current transfer ratio, which is the
negative ratio of the alternating current at the ac
short-circuited input terminal to the alternating
current introduced at the output terminal

h,
]l.‘]la - h/hr
3) The forward voltage transfer ratio, which is the
ratio of the alternating voltage at the ac open-

circuited output terminal to the alternating volt-
age introduced at the input terminal

.__h/

hiho — hehy
4) The reverse voltage transfer ratio, which is the
ratio of the alternating voltage at the ac open-

oy = z,/z; = - yr/ya =

My = gr/2i = — y//ya =
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circuited input terminals to the alternating volt-
age introduced at the output terminal

Mr = zr/za = - )'r/yi = hr
3.2 Open-Circuit Terminal Measurements

Some of the transistor parameters may be defined
under conditions of open-circuit termination. The tran-
sistor de biases are applied to produce the specified
operating point and the appropriate terminals are ac
open-circuited and the specified measurements made.
The ac open circuit is conveniently supplied by a suitable
series impedance, a parallel-resonant circuit, a trans-
mission line, or other means.* The circuit used to produce
the open circuit must have an adequately large impe-
dance at the frequency or frequencies of measurement.
Methods of ascertaining the adequacy of the open
circuit are discussed in section 3.0.

3.3 Short-Circuit Terminal Measurcments

Other transistor parameters are defined under condi-
tions of short-circuit termination. The transistor dc
biases are applied to produce the specified operating
point and the appropriate terminals are ac short-cir-
cuited and the specified measurements made. The ac
short circuit is conveniently supplied by a large ad-
mittance such as a capacitor, a series-resonant circuit,
a transmission line, etc. The circuit used to supply the
short circuit must have an adequately large admittance
at the frequency or frequencies of measurement to insure
reliability. The adequacy of the short circuit may be
determined by the methods discussed in section 3.0.

-3.4 Finite Termination Measurements

Where tests for the adequacy of short or open cir-
cuit show that it is not adequate, and cannot be readily
attained, then a finite termination must be used. This is
often the case where measurements must be mace over
a large range of frequencies, wherc the variations of a
characteristic as a function of frequency must be deter-
mined, or where circuit noise considerations impose a
limitation on experimental accuracy. After the dc oper-
ating biases are applied to produce the specified operat-
ing point, the specified terminals are ac terminated by
the finite impedance termination. The finite impedance
is conveniently supplied by a nonreactive fixed resistor,
a monocyclic® (frequency-independent) network, a
terminated transmission line, or by an impedance of
known characteristics.

3.5 Methods of Parameter Measurement

3.5.1 General: The characteristics of a transistor may
be measured at the specified terminals under the stated

4« 4| RE Standards on Electron Tubes, Methods of Testing,” ProcC.
IRE, vol. 38, sec. 7.3, p. 945; August, 1950.

¢ Keith Henney, “Radio Engineering Handbook,” McGraw-Hill
Book Co., Inc., New York, N. Y., l1st ed., 1933; C. Steinmetz,

“Theory and Calculation of Transient Alternating Current,” p. 117.
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conditions of termination by either a voltmeter-
ammeter, by bridge methods, or by graphical calcula-
tions made upon the measured static characteristics.

3.5.2 Graphical Calculations: The low-frequency val-
ues of the parameters can be determined approximately
by graphical calculations on the input, output, and
transfer characteristics, The data obtained from graphi-
cal methods are inherently of low precision and should
be used only as an approximate check. In the common-
base configuration, the static characteristics may be
taken as shown in Iig. 2.

3.5.2.1 Impedance Parameters: The impedance param-
cters may be obtained from he static characteristics as
shown in Figs. 6-9 above.

3.5.2.2 Admittance Parameters: The admittance pa-
rameters may be obtained from the static character-
istics as shown in Figs. 10-13, opposite.

3.5.2.3 Ilybrid Parameters: The hvbrid parameters
may be obtained from the static characteristics as
shown in Figs. 14-17, p. 1550.
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3.5.3 AC Ammeter and Voltmeter Measurements: The
absolute magnitude of the measured parameter can be
determined by ac ammeter-voltmeter measurements.
For these measurements an adequately small alternat-
ing current or voltage of suitable frequency is injected
at the input or output terminal. The alternating current
of interest is then measured by measuring the voltage
appearing across a small nonreactive resistor; the alter-
nating voltage of interest is measured by a high-impe-
dance voltmeter such as a vacuum-tube voltmeter. The
magnitude of the particular parameter at the frequency
chosen is determined by taking the ratio of the ap-
propriate currents and voltages. This technique is
generally applicable, particularly to sweep methods
where a voltage or current is held constant; the depend-
ent current or voltage is then presented on an oscillo-
scope as a function of frequency or test voltage, or test
current.
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3.5.3.1 Voltage and Current Measurements Including
Phase Angle: At frequencies where reactive and transit
time effects are not negligible, phase-angle information
is necessary for complete specification of the parameter.
The usual practice is to compare the phase angle of
voltages. Thus if the phase angle of currents is desired,
the currents to be measured are applied to nonreactive
resistors, and voltages proportional to and in phase
with these currents are obtained.

The following methods of measurement of phase
angle are most common (listed in the order of complex-
ity of instrumentation).

3.5.3.2 Oscilloscope Method: The voltages to be com-
pared are applied to the appropriate set of deflection
plates and the phase angle is determined from the re-
sulting Lissajous figures.t'” Care must be taken that the

8F. E. Terman and J. M. Pettit, “Electronic Measurements,”
McGraw-Hill Book Co., Inc., New York, N. Y., pp. 267-275; 1952.

7 D. Bagno and A. Barnett, “Cathode ray phase meter,” Electron-
ics, vol. 11, p. 24; January, 1938,

fiers at the frequency of measurement is negligible.

3.5.3.3 Pulse and Square-Wave Methods: The voltages
to be compared are transformed into sharp pulses or in-
to square waves. The lead or lag of the edges of the
pulses or square waves can be compared on an oscillo-
scope, in trigger circuits, etc. Commercial phase meters
generally employ this or a similar principle.8

3.5.3.4 The Harmonic Multiplier or Subdivider Meth-
od: One of the voltages to be compared is applied to a
harmonic multiplier or subdivider and the fundamental
and resulting harmonic or subharmonic signal is applied
to pairs of deflection plates of an oscilloscope. The phase
angle may be determined from the intersections of the
multiple Lissajous figure.®® With proper precautions
high accuracies are attainable (better than 0.1 degree)
at single frequencies.

3.5.3.5 The Heterodyne Method: The voltages to be
compared are heterodyned in mixers with a beating

8 E. R. Kretzmer, “Measuring phase at audio and ultrasonic fre-
quencies,” Electronics, vol. 22, p. 114; October, 1949,

¢ M. F. Wintle, “Precision calibrator for a low frequency phase
meter,” Wireless Engr., vol. 23, p. 197; July, 1951.
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frequency, offset by a fixed amount from the signal fre-
quency. The resulting beat-frequency signals are then
compared as to phase at a fixed frequency. Depending
on the accuracy desired, the phase comparator may
employ cathode-ray oscillograph comparison, harmonic
generator, pulse and square-wave methods, phase dis-
criminators, calibrated phase shifters, etc. This method
is capable of extreme accuracies and is practical over the
entire frequency spectrum.®.10-13

3.5.4 Bridge Methods: A parameter may be measured
by a suitable bridge!® under the specified conditions of
termination. In general, the bridge method is capable

19 M, Levy, “Measuring phase at audio and ultrasonic frequen-
cies,” Elec. Commun., vol. 18, p. 206; January, 1940.

1 D, A. Alsberg, “Principles and applications of converters for
high frequency measurements,” Proc. IRE, vol. 40, pp. 1195-1203;
October, 1952.

13D, A, Alsberg and D. Leed, “A precise direct reading phase and
transmission measuring system for video frequencies,” Bell Sys.
Teck. J., vol. 28, pp. 221-238; April, 1949.

13 B, Hague, “Alternating Circuit Bridge Methods,” Isaac Pitman
and Sons, Ltd., London, Eng., 5th ed.; 1943.
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of determination of real and reactive components of the
measured characteristics, at the specified frequency or
frequencies. It is most applicable to point-by-point
measurements, and does not lend itself readily to fre-
quency sweep measurements.

3.5.5 Open-Circuit Paramelers: The transistor may be
described by the 4-terminal network shown in section
1.3 and in (1) and (2).

3.5.5.1 Equivalent Circuits: The device represented by
the circuit equations of (1) and (2) may be represented
by either one- or two-generator equivalent circuits as
shown in Fig. 18.

3.5.5.2 Measurement of Input Impedance z;: The
open-circuit input impedance z; may be measured by
voltmeter-ammeter or bridge methods. A voltmeter-
ammeter method from which the complex magnitude,
but not the phase angle, may be derived is shown in Fig.
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19. It is valid only where 2, is small compared to the
shunt reactance and internal impedance of the collector
bias supply.

Note 1: A suitable low frequency lies in the range
from 100 to 6000 cycles per second for point
contact devices, and 100 to 400 cps for junc-
tion devices.

Where 2z, is very large (as in junction tran-
sistors) the measurement of z; should not be
attempted. A measurement of k; as described
in section 3.5.7 is preferable.

Note 2:

3.5.5.3 Measurement of Reverse Transfer Impedance
2, The open-circuit reverse transfer impedance g, may
be measured by a bridge method, or by the voltmeter-
ammeter method shown in Fig. 20.

Taking care to make the ac collector current I, small
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Vv
Zy = — (=7 where the frequency is low).
c
3.5.5.4 Measurement of Output Impedance z,: The
open-circuit output impedance z, may be measured in
the circuit shown in Fig. 20.

le - TN I
t \_ ¢ ! 1
SIGNAL
r 1 GENERATOR |
EMITTER _ |
BIAS Y
| SuPPLY € Ve N -
] COLLECTOR
{ BIAS
! SUPPLY
Fig. 20—Measurement of z, or z,.
. = Ve (=7, + r. where the frequency of
, = —

I. measurement is low).

3.5.5.5 Measurement of Transfer Impedance z;: The
open-circuit forward transfer impedance z; may be
measured in the circuit shown in Fig. 19 or by a suitable
bridge method.

_ Y_c (=rs + ar. where the frequency of

2 .
77T . measurement is low).

Note: In the case of junction transistors the high
value of 2, makes z; and 2, measurement diffi-
cult because of stray capacitance effects. A
more satisfactory method is to measure the
short-circuit-current-transfer ratio k, directly,
and compute the desired value from the
other three measurable parameters, since
Z/=h/Zo.

3.5.5.6 Measurement of Short-Circuit Current Trans-
fer Ratio hy (or —ay):

Note: The term « is also used to define the short-
circuit forward current transfer ratio, but as
it is subject to ambiguous interpretation k; is
used.

The short-circuit-current-transfer ratio &, may be
measured by many methods, two of which are shown in
Figs. 21 and 22 (next page). For |k <1 and a low test
frequency, the circuit shown in Fig. 21 may be used.
Care must be taken that the phase characteristic of %,
does not cause a substantial error. The short-circuit cur-
rent transfer ratio in the common base configuration &z
may be expressed in terms of the short-circuit transfer
ratio, common emitter, ks, where

( h/e + hichoc - hrah/c
]t/b = — R T —>
1 + h/c + hz‘ehoe - hreh/e - hrc
Ve
Vi
T~ RV,
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| _sioNaL EMIT R
GENERATOR SUPPLY
L _
R, IeT [ oLt | Re
| COLLECTOR
1 AN\~ - BIAS =N\
l ! suPPLY ||
- j
-~ —_ ! o
v, V2
Ry, Ry = PRECISION NON -REACTIVE RESISTORS
R, <€ r (1-a)
Fig. 21—Measurement of ..
I ~ I
N e —~ ¢
{ Ie r y - IC ’
N \X*_L/ N
SIGNAL
GENERATOR
-
R T [coliector | R
) EMITTER COLLECTOR | 2
L\ A\A\— BIAS BIAS  —AAA—
SUPPLY SUPPLY ‘
L d -
- o »
Vy Va

Ry,R> = PRECISION NON-REACTIVE RESISTORS
Ra<zo| ; Ry/Ry MAY HAVE ARBITRARY-RATIO

Fig. 22—Measurement of %ss.

3.5.5.7 Measurement of hy as a Function of Frequency:
To measure || the test circuit shown in Fig. 22 may
be used, where

_ R
R

Ve
v

I

VAN

A common application of this measurement is to deter-
mine the frequency of a-cutoff.

3.5.5.8 Measurement of Phase Angle of hy (Method 1):
To measure the phase angle of %, as a function of fre-
quency, one method is to place reference voltages 1,
and V; on the horizontal and vertical plates of a suit-
able oscilloscope and by standard means convert the
Lissajous figure information to a phase angle as in
section 3.5.3.2.

3.5.5.9 Measurement of Phase Angle of hy (Method 2):
A second method is described in section 3.5.3.5.

3.5.5.10 Measurement of Ouiput Capacitance C,: The
output capacitance C, is the capacitance associated
with the reactive component of k,, which may be meas-
ured by a resonance method, as shown in Fig. 23, or
by method shown in Fig. 24. C, of the transistor is the
difference in the settings of C, when resonated with L,
with the transistor in and out of the circuit, Fig. 23.

co = c:2 - czl

where C, is a function of V¢s, I¢ and frequency.

November

SIGNAL
| GENERATOR

ZLi
— ]

( EMITTER

COLLECTOR
BIAS BIAS _
SUPPLY SUPPLY Cx - PRECISION
| VARIABLE CAPACITOR

L ‘ T

Fig. 23—Resonance method of measurement of C,-Z; must
be nonreactive.

|zi>lzil,

\ I

. {
Tk
Z’L 2 ;Ro -l
j_ B | CAPACITANCE SIGNAL
EMITTER COLLECTOR 23]l SRR
BIAS BIAS J
SUPPLY SUPPLY
) T
z >z, Zi MUST BE NON-REACTIVE
1

Fig. 24—Bridge method of measurement of C,- Z;
must be nonreactive.

C, of the transistor is the difference between capaci-
tance bridge reading with the transistor in and out of
circuit, Fig. 24.

3.5.6 Short-Circuit Admittance Parameters: A tran-
sistor may also be defined by the admittance equations
(3) and (4).m

3.5.6.1 Equivalent Circuits: The input and output
nodal equations (3) and (4) can be simply represented
by a 2-generator equivalent circuit as shown in Fig. 25
or a l-generator equivalent circuit as illustrated in
Fig. 26.

1 L
Vi e :/Vogr' VLUf\ > Yo Vo
| ] |

Fig. 25—Short circuit admittance, 2-generator
equivalent circuit.

i “Yr o
- >v»\/\\r -

f f /1 !

Vi Yityr< Vi [Yr-ypll < Yo+yn Vo

|

Fig. 26—Short-circuit admittance, 1-generator
equivalent circuit.

3.5.6.2 Test Methods.

3.5.6.2.1 AC Ammeter and Voltmeter Measurement:
The absolute magnitude of the admittance parameters

1 L. C. Peterson, “Equivalent circuits of linear active four-termi-
nal networks,” Bell Sys. Tech. J., vol. 27, pp. 593-622; October, 1948.
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can be determined by ac ammeter-voltmeter measure-
ments. For these measurements, an alternating voltage
of suitable frequency is connected to the input termi-
nal or output terminal. The appropriate alternating
current is determined by measuring the voltage appear-
ing across a small nonreactive resistor. The magnitude
of the particular admittance parameter at the fre-
quency chosen is determined by taking the ratio of the
measured current to the applied voltage. This method of
measurement is illustrated in Figs. 27 and 28 for the
input self-admittance and forward-transfer admittance
respectively. The output self-admittance and the re-
verse-transfer admittance may be measured by meth-
ods similar to Fig. 27 and Fig. 28 respectively.

'— 1 &
| siNaL 4 L\, / )
GENERATOR - AC
SHORT 1=
| CIrcuIT |
yi = Vi Ry Ve : | ,
b VeR, | coLLECTOR
BIAS
SUPPLY
o1 | emTTER | AC ) T
BIAS 2= SHORT
v, suPPLY | CIRCUIT
I 1 |

Fig. 27—Measurement of y:.

| sienaL | \,I) L
| GENERATOR | SHORT R, v,
CIRCUIT
o Ve r: Tin‘
A emrren | gins A
.= SHORT
VeR, SUPPLY SU_}PLY TCIRCUIT

Fig. 28—Measurement of y;.

In general, if the ac ammeter-voltmeter method is
used to determine the conductance parameters, the
frequency of the test signal must be chosen sufficiently
low so that the susceptance parameter is negligible.
Care must be taken to insure that the voltage drop
across the resistor R, is negligibly small.

3.5.6.2.2 Bridge Measurements: The most accurate
method for determination of the admittance parameters
is by use of a suitable bridge.1:5:1® For accurate meas-
urements, the bridge circuits employed must be capable
of balancing both the conductance and susceptance
parameters simultaneously, although the bridge need
be calibrated for only the companent desired.

A typical simplified bridge circuit for measuring the
admittance parameters and certain of their ratios is
shown in Fig. 29. The bridge connection shown in Fig.

18 W. N. Tuttle, “Dynamic measurements of electron-tube coeffi-
cients,” Proc. IRE, vol. 21, pp. 844~857; June, 1933.

.1, . Glacoletto, Bndges for measuring junction transistor ad-
mittance parameters,” RCA Rev., vol. 14, pp. 269-296; June, 1953.
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SIGNAL ADMITTANCE d
GENERATOR BRIDGE TTER SHORT = BIAS,
EMITTE CIRCUIT | suppLY
- BIAS
> SUPPLY
s | [

D
\

AC
SHORT
CIRCUIT

Fig. 29—Bridge method of measurement of y;.

29 may be used to measure y;; if the emitter and collec-
tor connections, and bias supplies, are reversed then it
may be used to measure y,. The measurement of y, and
¥, can be performed on more complex bridges.

3.5.7 Hybrid Parameters: The hybrid parameters de-
fined by (5) and (6) are of value to all transistors. Since
the measurements are based upon open-circuit termina-
tions across low self-impedance, and short-circuit termi-
nations across high self-impedances, the errors due to
nonideal terminations are minimized.!?

3.5.7.1 Equivalent Circuit: A convenient equivalent
circuit for the device represented by (5) and (6) is
shown in Fig. 30.

i Jo
= 1 T
| n 1
Vi .1 Iihy ;jho Vo
_(x Vohp
- J|

Fig. 30—Hybrid parameter, 2-generator equivalent circuit.

3.5.7.2 Measurement of Input Impedance h;: The
short-circuit input impedance #; may be measured by
the procedure of section 3.5.5.2 except that the output
is ac short-circuited in place of the ac open-circuit. Or,
it may be measured by the procedures of sections
3.5.6.2.1 and 3.5.6.2.2, noting that k;=1/y..

3.5.7.3 Measurement of Reverse Transfer Ratio h,: The
open-circuit reverse transfer ratio 4, may be measured
by the procedure outlined in section 3.5.5.3, since
r = Ve/ Vc-

3.5.7.4 Measurement of Forward Transfer Ratio hy
(or —ay): The short-circuit forward transfer ratio &,
may be measured by the procedure detailed in sections
3.5.5.6 through 3.5.5.9. This parameter is an important
physical characteristic of all transistors and the varia-
tion as a function of frequency is important in circuit
application.

3.5.7.5 Measurement of Output Admittance h,: The
open-circuit output admittance k, is measured by the
procedure detailed in section 3.5.5.4 noting that k,=1/2,,
and in section 3.5.6.2.2 except that an open circuit is
substituted for the short circuit across the input
terminals.

1" H. G. Follingstad, “An analytical study of £, ¥, and h parameter
accuracies in transistor sweep measurement,” 1954 IRE CONVEN-
TION RECORD, Part 3, pp. 104-116.
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3.5.8 Finite Termination Parameters: When it is
impractical to satisfy the termination conditions of an
open or short circuit (e.g., in a frequency or parameter
sweep) recourse may be made to a finite termination in
accordance with the terminology of Fig. 31. Note that
the symbols used are similar 1o, but not interchangeable
with, those used previously.

Zi) Zo
— N N\— 0" VA
A .
R o
lv‘ Vi NETWORK Vo Vs
o -
Ca)
Zi Zo
—A\NVV i VWV
T T
4
Vi 3 V3 Zo Zi 1\/4 Va
| |
(b) (c)
Vs Vi Vs
a) Zin = — b) I, = I, =
e Lilvpo QI Zi+ Z, S Zi+ 2Z,
Ie -z, —VaZ;
Yout = = Vx=—l— V4=—2—
Vo V=0 Zl' + Zs Zl‘ + Zo
e_a = —Io = K:
Is lvy0 Vilve—o
= "_I‘, Y
Ii lvieo Vilv-o

Fig. 31—Finite termination parameter definitions.

The input impedance zi, is the impedance between the
input terminals when the output terminals are termi-
nated with Z, and with V,=0. The forward insertion
transmission e~% is the ratio of the currents flowing
through (or voltages across) Z, with the transistor
inserted between Z; and Z, and the transistor removed
and replaced by a short circuit as shown in Fig. 31
and with V,=0. The reverse insertion transmission
e=% is the ratio of the currents flowing through (or
voltages across) Z; with the transistor inserted between
Z;and Z, and the transistor removed and replaced by a
short circuit as shown in Fig. 31 and with V;=0. The
output admittance you is the admittance between the
output terminals when the input terminals are termi-
nated with Z; and with V;=0.

3.5.8.1 Measurement of Forward and Reverse Inser-
tion Transmission: Forward and reverse insertion trans-
mission may be measured by methods outlined in the
literature.1?:18

3.5.8.2 Measurement of Input Impedance and Output
Admittance: The input impedance zi, and the output
admittance Yo, may be measured by the methods out-
lined in sections 3.5.7.2 and 3.5.7.5 except that the out-
put short circuit is replaced by Z, and the input open
circuit by Z; respectively.

18 F, E, Terman and J. M. Pettit, “Electronic Measurements,”
McGraw-Hill Book Co., Inc., New York, N. Y., pp. 297-306, 312~
316, 117, 177-180; 1952.
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In addition, the measuring circuit required for section
3.5.8.1 may be used to measure impedance and admit-
tance using a hybrid coil and measuring reflection co-
efficient and phase,!8 or by using the insertion loss and
phase principle.??

3.5.9 Relations between z, v, and b and Finite Termi-
nation Parameters: Any set of parameters in sections
3.5.5 through 3.5.8 may be converted to any other set
in those sections by the equations of Fig. 32, pp. 1553
and 1557.

3.6 Visual Displays

3.6.1 General: 1t is often desirable to obtain the value
of small signal parameters as a function of frequency
or operating point. To avoid the tedium of point-by-
point measurements and to reduce the effects of insta-
bility with respect to time, curve tracer (swept) methods
of measurement are used.20?! The requirements of these
sweep methods constrain the realizability of terminating
impedances more than point-by-point methods and
thereby directly influence the choice of preferred sets of
parameters.’ The following major factors enter into
the design of a swept measurement system.

3.6.2 Display Mechanism: Two types of display
mechanism are in general use: recorders which trace the
function being measured on paper using some form of
stylus, such as pen and ink, chemical or pressure-
sensitive styli, spark gaps, etc., and cathode-ray tube
displays. Recorder display mechanisms are usually
slow, but permit very high accuracies (often 0.1 per
cent or better). The cathode-ray tube permits rapid
displays. In accuracy it is limited by electron optics
(spot size) and tube linearity. While some special cath-
ode-ray tube types permit display accuracies in the 1
per cent and 2 per cent range, ordinary commercial
cathode ray tubes are only capable of accuracies in the
S per cent range.

3.6.3 Repetition Rates: The upper limit of repetition
rates is determined by the speed of response of the dis-
play mechanism, the display bandwidth required, the
termination realizability, and the frequency response of
the transistor. The lower limit of repetition rates in
cathode-ray tube displays is determined by flicker caus-
ing operator fatigue. A display repetition rate of less
than 25 complete displays per second is usually found
objectionable, Long-persistence cathode-ray tubes per-
mit somewhat slower repetition rates, the actual rate
depending on the characteristics of the phosphor used
in the tube. It should be noted that in the case of the
display of families of curves the entire family must be
displayed within the minimum repetition rate. In re-
corder-type displays the lower limit to repetition rates
. " D. A, Alsberg, “A Erecise sweep frequency method of vector
impedance measurement,” Proc. IRE, vol. 39, pp. 1393-1400; No-
vember, 1951.

1 . J. Albersheim, “Measuring techniques for broad-band, long
(liigs:stgnce radio relay systems,” Proc. IRE, vol. 40, pp. 548-551; May,

8 H, G. Follingstad, “A transistor alpha sweeper,” 1953 IRE
CONVENTION RECORD, Part 9, pp. 64-71.
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Symbolic Definitions Word Definitions
Vi .
' i = — Input Impedance with AC Open-Circuited Output
OMEN-CIRCUIT IMPEDANCE PARAMETERS | Lilym0
| - _ - :
li—>, Vi
’ 2, = T Reverse Transfer Impedance with AC Open-Circuited Input
o 11;=0
Vi + . I - ]
I/
Io2r l 2 = 70! Forward Transfer Impedance with AC Open-Circuited Output
- i 1,=0
[ e
Vi = zili+ zZrlo V.
Vo = 2¢li+ 2010 2, = A Output Impedance with AC Open-Circuited Input
o g
I; . -
¥=— Input Admittance with AC Short-Circuited Output
SHORT-CIRCUIT ADMITTANCE PARAMETERS Vilv,~
. ) Ii . S
v°ng Tv" Ve Yo =— Reverse Transfer Admitiance with AC Short-Circuited Input
Ii— o=—1Ig Volvimo
N o Yo I
¥y = 70 Forward Transfer Admittance with AC Short-Circuited Output
i [Vomo
Ii = YiVi +YrVo N - ‘— -
= I .
Io = YeVi *4o Vo Yo = 7° Output Admittance with AC Short-Circuited Input
0 V=0
Vi . -
AR IO A R ATETERS Iy = —I-f ’v B Input Impedance with AC Short-Circuited Output
o
. Vi
TI'-hf by = — Reverse Transfer Voltage Ratio with AC Open-Circuited Input
I Vo lr,=o
ho Vo I .
] hy = T Forward Transfer Current Ratio with AC Short-Circuited Output
i 1,0
Vi = hil{ + heVo
I
Io=heli+hoVo b= 7°| Output Admittance with AC Open-Circuited Input
o lI=0
V.
FINITE TERMINATION PARAMETERS Zin = T‘ Input Impedance with Output Terminated in Z,
i (Vgm0
= —IL;/L|v,
&0 i 4171 0 Reverse Insertion Transmission Between Z; and Z,
= Vi/Vilvo
= —I,/1;{v,-
-0 o/ 'Iv’ 0 Forward Insertion Transmission Between Z; and Z,
= V/ Vxlv,-o
V. = 2:i+2 i o o . . .
LT o Yout = V. Output Admittance with Input Terminated in Z;
o 'V =0

Fig. 32—Parameter conversion table (cont’d next page)
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Relations between Parameters

z Parameter

y Parameter

/s Parameter

Finite Termination Parameter

(11577

1+ Z:/hs

1 i V22 Y e or - Z—-TZ
o (-7 T TB(Y — T'Y,) r
-9 hy VZe ™
& Yool — 7) o B(Y —TY.)
—yy hy YZet
= Yool — 7) ko B(Y — TV,
1 1 r
e yo(l - T) Io Yy-—-rvy,
1 1 r
2 — 1) 24 i Z -1z
—% he YZe
22a(l — 7) 24 i B(Z —T1Zy)
—2 i/_ —VZe Y
2zl — 1) 7 he B(Z — 17
1 ko V2Z2e Yo tr Y—TrY,
2o(1 — 7) 20 = TBYZ — I'Z) T
1 V4
Z“(l - T) ; hn‘ F —_— Z"
Zr b2 i YZe ™
2o ¥ ’ BT
2y ¥ —YZe™¥
—c2h s hy
2 ¥ Br
1 Yo
— o 1 L ho - Yo
” ¥o(l — 7) T
1
T _ /r—1)
= [“TTZT] [1 =] ”"[1 TN o
o/ %0 T =~ T 1 s 7 o/ Ho
4 14+ ya/yo
[Zl' + Zo] . [Zn + Zo] i [Zl + Zo]
2920 Z, Ye¥s Z, r Z, ¢ 6,
201 + 2,Y ) [2(1 — 1) + Zi] + 227 | 31 + %:Z)[9(1 — 7) + Yol + vy (hs + Z)(ho + Vo) — hiely
Z“ + Zo] . Zn' + Zo] — [Zl + Zo]
2120 [ Z, Yryi [ Z, iy Z, e_o,
201 + 2,V ) [zl — 1) + Zs] + 202 | %1+ :Z) {31 = ©) + Vo] + yrys (hi + Z3)(he + Vo) — hohy
1
I:l T :I f [1 /(r — 1)
o B A lu T SN ou
4 14+ Yi/yi —

Fig. 32 (cont’d top of next page)
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Auxiliary Symbols

_ i

B Yy¥r 1
T a2 vy Jishs
" hyhe
' = Yo + Yo
Z =12+ Z:
B= Z+2Z,
Z,
P14 YZe e
Bt

ST (Z—-TZ)Y —TY)B
V222~ o

The Value of Each Symbols May be Substituted
in the Parameters Above

Fig. 32 (conclusion).

is set by the time domain stability of the transistor
and the test circuit.

3.6.4 Display Bandwidth: In order to portray faith-
fully rapid changes in parameter value vs small changes
in operating point or frequency, the test circuit and
display mechanism must have adequate frequency re-
sponse to respond to a sufficient number of harmonics
of the repetition rate.

Insufficient display bandwidth is one of the most com-
mon failings of sweep test equipment. The display band-
width required is determined by the maximum slope
which must be faithfully portraved. As a rule of thumb,
if the maximum rise time is r, the display bandwidth
required is of the order of 2/7.® An approximate esti-
mate of the rise time required may be obtained from the
analysis of known transistor data such as static char-
acteristics. The display of both forward and return trace
is a safeguard against insufficient bandwidth as well as
against undesired phase shifts, crosstalk, and pickup.
Insufficient bandwidth is revealed by hysteresis-like
separation of forward and return trace. Where tran-
sistor hysteresis is suspected, the proper operation of
the test equipment may be verified by use of passive
networks (“dummy transistors”) having response slopes
similar to the class of transistors being investigated.
Sinusoidal sweep is preferred to other tvpes as it is
easily obtained and permits ready use of the retrace
feature. Triangular sweeps mus:t safeguard against
ringing. Sawtooth sweeps make optimum use of avail-
able display time but do not permit use of the retrace.

3.6.5 Termination Realizability: Known, constant
value terminations must be realized over broad fre-
quency bands for parameter vs frequency measure-
ments. Terminations must remain essentially invariant
over a frequency range of twice the required display
bandwidth centered on the probing signal {requency for
parameter vs operating point displays. In the first case,
unavoidable parasitic elements limit realizable broad-
band terminations: in the second case, parasitic ele-
ments and practical component size limit realizability.

2 G, E. Valley, Jr., and H. Wallman, “Vacuum Tube Amplifiers,”
M.I.T. Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New York,
N. Y., ch.2, p. 71; 1948.

3.6.6 Parameter Vs Frequency: The parameter is
selected by the choice of transistor input and output
terminals, biases, and terminating conditions as out-
lined in sections 3.2 through 3.5. The input to output
amplitude ratio and phase difference are a measure of
the parameter value at the instantaneous frequency
displayed. '

A parameter vs frequency curve tracer consists of
three basic units: the variable frequency source (oscil-
lator), the terminating and biasing arrangement, and
the detector and display mechanism; see Fig. 33.%

—IJ>—4 DETECTOR
J
[ 1
[ "vaRIABLE [BIAS é BIAS
FREQUENCY r
SIGNAL | T =
GENERATOR I DISPLAY |
L _:_ AN | l
: L — —'— -d
b o e e m e e -

Fig. 33—Parameter vs frequency curve tracer.

3.6.6.1 Swept-Frequency Oscillator: The frequency of
a swept-frequency oscillator is commonly varied by elec-
tronic or mechanical means in a sinusoidal, triangular,
or sawtooth fashion. Provision is usually made to syn-
chronize the display mechanism with the oscillator
sweep rate.

3.6.6.2 Biasing and Terminating Arrangement: The
transistor biasing currents or voltages may be intro-
duced in parallel or in series with the transistor termi-
nations. Extreme care must be taken to insure that the
variations in bias circuit impedance and the associated
circuits are small in effect on the parameter being
measured. In the high-frequency ranges it is necessary
to consider carefully the effect of all parasitic elements,
which may include the transistor terminals.

3.6.6.3 Detector: The detector may be of the broad-
band untuned or the selective self-tuned variety. Nor-

2 O, Kummer, “A transistor frequency scanner,” 1954 IRE Cox-
VENTION RECORD, Part 10, pp. 81-87.
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mally a broad-band detector is preceded by a broad-
band amplifier to reduce effects of detector noise. Be-
cause of its relative simplicity the broad-band detector
is used wherever possible. When the signal-to-noise
ratio of the broad-band detector becomes objection-
able, or when phase shift must be displayed, self-tuned
heterodyne detection is used; see Fig. 34.12
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frequency of 100 kc is suitable. Care should be taken to
obtain amplitude stability and high output impedance.
Since the probe signal amplitude determines in part the
accuracy of the display, it should be kept as small as
possible.

3.6.7.2 Emidtter Sweep Current Source: The frequency
of the sweep oscillator should be high enough to avoid

-~ — -~

|
f
F—=_{ MODULATOR =24 DETECTOR p——  DISPLAY

J L —J

— L S -

[ Fxeo ]
FREQUENCY |= | | 0\ \10r LOW-PASS

(f+Af)-F

GENERATOR FILTER
| f+Af

L J

Fig. 34—Curve tracer with self-tuned heterodyne detection.

3.6.7 Parameter Vs Operating Point: All small-signal
parameters may be displayed as a function of operating
point using similar techniques; e.g., a most common dis-
play of parameter vs operating point is that of alpha
(o= —h;) vs emitter current.? The usual procedure
and precautions as described in section 3.2 and 3.5 must
be observed in order to make the characteristics of the
unit under test as independent of the test cricuit as
possible. The ratio of the input to output amplitude
determines the magnitude of the parameters as a func-
tion of the operating point. The basic circuit for visual
display of parameter vs operating point is shown in
Fig. 35.

EMITTER
SIGNAL
GENERATOR
(PROBE
FREQUENCY)|

HIGH-PASS
FILTER

| HIGH-PASS | |
}——{ G = DETECTOR
FILTER G g

%
14 J

.FILTER

I

EMITTER !
SWEEP | i

CURRENT | "

LOW-PASS J

Fig. 35——Parameter vs operating point curve tracer.

3.6.7.1 Emitter Signal Current Source: The frequency
of this signal generator is determined to a large extent
by the display bandwidth and the filter design. A
suitable probe frequency is determined by the basic
repetition display bandwidth required and economic
filter design. For a display bandwidth of 10 kc a probe

eye fatigue (greater than 25 complete displays per
second) and should not be a multiple or submultiple of
line frequency. The amplitude must be sufficient to
cover the range of operating points desired. Direct
coupling should be used in connecting the sweep oscilla-
tor to the cathode-ray oscillograph in order to retain
the display origin.

3.6.7.3 Amplifier: Since the emitter signal current
source is of low amplitude and the collector load is a low
impedance (in order to approach a short-circuit alpha
measurement), it is necessary to amplify the collector
signal before direct coupling to the cathode-ray oscil-
lograph. A tuned amplifier of sufficient bandwidth may
be used.?

3.6.7.4 Detector: The output from the amplifier is
amplified and filtered in the detector, which is desirable,
though only practical when using a high probe fre-
quency such as 100 kc.

3.6.7.5 Calibration: Calibration of the display unit
may be accomplished by connecting the driving source
directly to the amplifier.

3.6.7.6 Precautions: The high and low pass filters
should provide sufficient attenuation of the unwanted
signal. The bandwidth of the display unit must be
wide enough to prevent phase shift patterns which may
be mistaken for test unit hysteresis. Suitable circuitry
should be provided in order to prevent the unit under
test from being swept too far into the cutoff region or
any region in which the instantaneous power rating
may be exceeded.

In testing point-contact transistors, care should be
taken to avoid unwanted oscillations. The probe fre-
quency should be 50 per cent or less of the cutoff fre-
quency of the transistor for the connection used. Jitter
and circuit noise should be maintained at levels which
will result in a signal-to-noise ratio which is adequate
for the measurement intended.
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4.0 ENVIRONMENTAL TESTS

Environmental tests are performed under unique con-
ditions of environment to obtain physical or electrical
data resulting from or occurring during conditions of
shock, vibration, temperature, humidity, or other en-
vironmental phenomena. Environmental tests are
generally used to evaluate ratings, for the comparison
of similar devices, or to determine performance relative
to a specific application. The electrical tests performed
on the device fall into two classes: 1) Precondition and
postcondition parameter tests; 2) Tests made during a
specific environmental condition.

4.1 Precautions

When electrical tests are used to evaluate mechani-
cally-induced parameter shift, the data obtained are
only as valid as the equipment and for device repeatabil-
ity. Care must be taken to minimize the effect of the
environmental condition on the circuit associated with
the device under test.

4.2 Temperature Coefficients

The temperature coefficient is the quotient of the
difference between two parameter values divided by the
corresponding temperature difference. The coefficient
may be obtained over any linear portion of the parame-
ter-temperature curve.

The time required to stabilize a parameter reading at
any temperature is a function of:

1) The materials surrounding the device proper
(potting wax, oil, etc.).

2) The heat conductivity of the internal connecting
leads.

3) The heat generated within the device itself.

Care should be taken to avoid temperatures outside of
the rated operating temperature range of the device.
Permanent damage to the device under test may result
if the storage temperature rating is exceeded.

4.3 Mechanical Tests

In mechanical tests a periodic or aperiodic accelerating
force is applied to the device under test. The accelera-
tion a is measured in g-units (g=32.2 feet per second
per second).

For simple harmonic motion, a simple equation can
be derived relating the acceleration a measured in g-
units to frequency and displacement.

a = 0.0511Df? (g-units)

where D =peak-to-peak displacement, inches, and
f =frequency, cps.

Peak acceleration of aperiodic motion is usually cal-
culated by determining the slope of the curve of velocity
vs time. This can be obtained visually by photographic
means or electrically by the proper choice of an ac-
celerometer.

4.3.1 Shock Tests: In shock tests the device is sub-
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jected to a specified unidirectional acceleration for a
specified time.

4.3.1.1 Orientation: To evaluate the effect of shock
on the device, it is usually necessary to transmit the
shock to the device along at least one direction of each
of the three axes. The direction of the axis must be
specified for each device configuration.

4.3.1.2 Precautions: The jig used to hold the device
under test should be designed to exert the least possible
constant stress. Care must be taken to limit the amount
of cushioning material employed since the shock trans-
mission characteristic of these materials is poor. Under
conditions of high short-term acceleration even the
metals, such as steel, must be regarded as highly viscous
fluids.

When noise measurements are being made on the de-
vice under test, extreme care must be taken to avoid
inducing extraneous signals in the moving lead wires. It
is recommended that dummy resistive networks be
used to prove out the associate test equipment before
it is used to evaluate the device performance.

4.3.2 Vibration Tests: In vibration tests the device is
subjected to an accelerating force whose amplitude
varies sinusoidally with time. The tests are generally
performed with as close to a true sine wave as practical
to simplify calibration and analysis.

Vibration tests can be subdivided into three classes:

1) Fatiguevibration: teststo produce physical fatigue.

2) Mechanical resonance: tests to determine structur-
al resonances.

3) Vibration: tests to evaluate performance under
specific conditions relative to an application.

In all types of vibration tests the device should be
vibrated in directions along each of the three axes.

4.3.2.1 Fatigue Vibration: The device should be
tested at any specified single frequency for a specific
time. Previbration and postvibration parameter tests
are usually used to evaluate performance.

4.3.2.2 Mechanical Resonance: The device shall be
tested over a range of the audio-frequency spectrum
suitable for the intended application of the device.
Mechanical resonance is determined by operating the
device under test in a typical circuit and recording
the noise vs vibration frequency characteristics. Distinct
resonance in the device will usually result in successive
noise bursts or an increase in noise figure at a specific
frequency.

4.3.2.3 Vibration: The device is usually tested at a
single vibration frequency of sufficient amplitude to
evaluate adequately the performance relative to the
application. Noise output and parameter shift are both
used to evaluate performance. Frequency and ampli-
tude are limited only by equipment considerations.

4.3.3 Acceleration Tests: Acceleration tests subject
the device to a short-duration high-centrifugal accelera-
tion. The device under test is commonly mounted in a
semicompliant material (e.g., nylon, teflon, etc.) to
prevent excessive stresses from being generated at any
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point on the case or encapsulation, unless the applica-
tion indicates other requirements. Care must be taken
to balance the rotating wheel to minimize vibration.

4.4 Humidity Effects

The resistance to moisture penetration is primarily
a function of the encapsulation. The ratio of penetration
vs time is directly dependent on temperature since it is
a function of the water vapor molecular activity.

4.4.1 Effects of Moisture: The effects of moisture
vary with the type of semiconductor material. In general
the most noticeable effect is an increase in reverse col-
lector current with an open-circuit emitter. Such effects
may be masked by any contamination present within
the device and which may produce similar effects.

4.4.2 Humidity Testing: Precondition and postcon-
dition tests will define the effect of moisture on the de-
vice. The device is usually subjected to a nominal 95 per
cent relative humidity in conjunction with temperature
cycling. “Dry” control lots should be run at least initial-
ly to determine separately the effect of the temperature
cycling alone.

Where a true hermetic seal is not used, or where the
effectiveness of a true hermetic seal is tested for check
purposes, a wide-range temperature cycle and vibration
are sometimes used to evaluate resistance to moisture
penetration.

4.5 Radiation Susceptibility

Low-intensity radiation of short-time duration is
effectively shielded by most encapsulations. Prolonged
exposure to high-intensity radiation may produce per-
manent changes in the device parameters.

4.5.1 Types of Irradiation:

1) Electromagnetic irradiation, such as light and
heat.

2) Alpha irradiation: doubly charged positive par-
ticles having a mass of 4.00, identical with helium
atom nuclei.

3) Beta irradiation: high energy electrons.

4) Gamma irradiation: radiation similar to X rays
but of shorter wavelength.

5) Neutron irradiation.

4.5.2 Considerations: Major effects encountered re-
sult from exposure to all frequencies in the electro-
magnetic spectrum. These effects may be controlled
by the opacity of the encapsulation to the incident radi-
ation.

Alpha and beta rays are not very penetrating. Gamma
rays and neutrons are highly penetrating and damaging.

4.6 Pressure Effects

Pressure effects are changes in the device parameters
resulting from the physical application of a stress to
the device. The stress may be applied at a point or
surface, or may take the form of changes in the sur-
rounding atmosphere. The effect on the device parame-
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ters is wholly dependent on the transmission of any
pressure exerted on the device encapsulation.

5.0 Noise MEASUREMENTS

Deviation from Electron Devices Standards? are
recommended only in those instances where character-
istics unique to semiconductors justify such.

5.1 General

Semiconductor devices have frequency-dependent
noise-producing mechanisms. This applies only to noise
originating within the device under study, and should
not include noise emanating from extraneous sources,
such as described in the Standard cited.®

5.1.1 Noise Spectrum Amnalysis: The spectral energy
distribution of the noise may be determined directly
by the method shown in Fig. 36.

TRANSISTOR
UNDER TEST r —
NARROW
— \ CONVERTER —=——  BAND —— oepr%wcs'gn
. T IF amp
B L § \ |
.
1
| Bias BIAS l
SUPPLY SUPPLY 1
! -
! VARIABLE e 220N
FREQUENCY _ = ¢y TER AND P+
SIGNAL RECTIFIER \ )
GENERATOR >
cRO

Fig. 36—Noise vs frequency curve tracer.

5.2 Speciral Energy Distribution

The spectral energy distribution must be obtained
before measurement of the noise figure in order to
ascertain that the center frequency and the bandwidth
used to measure the noise figure will yield accurate,
reproducible results. For example, a measurement of
noise figure at f) of Fig. 37 would be misleading.

HIGH FREQUENCY,
NOISE |

SEMICONDUCTOR

| JOHNSON NOISE ’

NOISE PER CYCLE BANODWIDTH
—

FREQUENCY =—3

Fig. 37—Spectral distribution of noise energy.

5.3 Noise Factor

5.3.1 Measuring Time: A statement of the noise fac-
tor of a semiconductor should be accompanied by in-

# IRE Standards on Electron Devices; Methods of Measuring
Noise, Proc. IRE, vol. 41, pp. 890-896; July, 1953.
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formation as to either a) the time-constant of the meas-
uring system or b) the time duration of observation.
The latter applies to the case in which the output noise
is recorded in a system of relatively rapid response with
the rms level defined by equal areas above and below
the median line.

5.3.2 Optimum Time Constants: Power detection
should be accomplished by a vacuum thermocouple or a
noise bolometer. If the time-constant adjustment is
made at the power detector for noise factor measure-
ments, the balance of the system within its own limita-
tions may be used to indicate short-period pulses and
other non-Gaussian properties of the device under test
on a separate indicating or recording device.

5.3.3 Noise Bandwidih: Refer to section 10.1.2.1.1 of
footnote 24. For measurement of average noise factor
on devices exhibiting a large measure of dependence on
frequency, the reference frequency f, should be that fre-
quency above and below which approximately one-half
of the noise power is developed, for the specified meas-
urement bandwidth.
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5.3.3.1 Preferred Bands: Noise {actors may be usually
identified with some particular frequency characterizing
a well-established usage application. Examples are:
1 kc, audio (both speech and music), 50 kc, typical
carrier frequency, 500 kc, broadcast intermediate fre-
quency, 1 megacycle, broadcast radio frequency, 30
megacycles, video intermediate frequency, etc. Pre-
ferred bands for average noise factor measurements
cannot be recommended even for audio-frequency ap-
plications, because of the extremes in present accepta-
bility standards. However, in specifying the noise fac-
tor, the frequency and the band over which the noise
factor is measured should be specified.

5.3.4 Precautions: In addition to the precautions de-
scribed in section 10.1.5 of footnote 24, the following
sources of error must be noted: a substantial alteration
of the noise band can result from the variation in emitter
and collector capacitances in a transistor. Large meas-
urement errors can result from the fact that the peaking
factor for non-Gaussian noise exceeds that of white
noise.

Common-Emitter Transistor Video Ampliﬁers*

GEORG BRUUNT,

Summary—A design procedure and theory are given for the
common-emitter transistor video amplifier with and without a feed-
back resistor in the emitter lead. In the analysis a junction transistor
of the alloy type is represented by the Johnson-Giacoletto hybrid-
pi equivalent circuit for the common-emitter transistor. The design
theory accounts for the most significant part of the bilateralness of
the transistor by adding a ‘‘Miller” capacitance term to the diffusion

" capacitance of the common-emitter transistor.

Gain-bandwidth products and optimum load resistors determined
for a cascade of amplifier stages are reported. The figure of merit of
the transistor in a cascade of identical video amplifier stages is com-
pared with the figure of merit of a transistor used as a power amplifier.

The theory and design are given for the process of obtaining a
maximally flat frequency response in a single stage by means of a
capacitor shunting the feedback resistor, or by means of inductances
in the amplifier interstages. Experimental results for the capacitor
compensation scheme are given.

INTRODUCTION

HIS PAPER presents a theory of a design pro-
cedure for common-emitter video amplifiers. The
theory is applicable and used on transistors of the

* Original manuscript received by the IRE, March 14, 1956; re-
vised manuscript received, June 28, 1956. This paper is part of a
work carried out at Stanford Res. Inst. Menlo Park, California,
while the writer was working on a one-year Research Fellowship
granted by the National Academy of Sciences, Washington, in co-
operation with Foreign Operations Agency.

t The Radio Receiver Res. l.ab., The Academy of Technical
Sciences, Copenhagen, Den.

SENIOR MEMBER, IRE

alloy junction type as described by Mueller and Pan-
kove.! In the analysis the transistor is represented by
the Johnson-Giacoletto hybrid-pi equivalent circuit? for
the common-emitter transistor. This circuit has proved
to be both very useful and sufficiently exact for work of
this kind. For optimum design of the video amplifiers
considered here, the load resistors are so small that we
can simplify the equivalent circuit by omitting some
conductances that normally would be important in the
design of audio amplifiers.

A major difficulty that often prevents simple and
accurate analysis of transistor amplifiers is the bilateral
nature of the device. For common-emitter video ampli-
fiers, the bilateral portion is mostly due to the collector
barrier capacitance. In this report the difficulties due
to bilateralness are circumvented by lumping the Miller
capacitance (the capacitive part of the Miller effect
produced by the collector barrier capacitance) with the
diffusion capacitance. Such lumping gives simple and
accurate design procedures for video amplifiers.

! C. W. Mueller and J. I. Pankove “A p-n-p alloy junction trans-
istor for radio frequency amplification,” Proc. IRE, vol. 42, pp. 386~
391; February, 1954,

t L. J. Giacoletto, “Study of p-n-p alloy junction transistor
from dc through medium frequencies,” RCA Review, vol. 15, pp.
506~-562; December, 1954.
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Formulas are derived for the amplification and band-
width of a simple resistance loaded amplifier stage and
for a stage in an iterative cascaded amplifier. In the
cascaded case a load resistor is found which gives the
optimum gain-bandwidth product. This resistor is
independent of the bandwidth wanted. When the load
resistor is chosen, the bandwidth is used, within certain
practical limits, in determining the emitter dc current.
A figure of merit is found for the cascaded amplifier
which differs from the figure of merit used for power-
amplifiers. A simple design theory for the power ampli-
fier case is also given, and a cascade of transformer-
coupled amplifier stages is compared with a cascade of
resistance-coupled amplifier stages.

The treatment is also extended to common-emitter
amplifiers of the type having a feedback resistor con-
nected between the emitter and ground. It is shown that
a cascade of amplifier stages of this type has the same
optimum load resistor for each stage irrespective of the
value of the feedback resistor. In the cases where the
optimum load resistor is used and the emitter dc current
is given, the feedback resistor R, determines the band-
width. This amplifier can be compensated to have a
maximally flat frequency response by shunting the
feedback resistor R, with a capacitor C,. An amplifier
stage of this type is shown in Fig. 1. This maximally
flat response characteristic has approximately a 66 per
cent greater 3 db cutoff frequency than the uncompen-
sated response characteristic.

Fig. 1—Common-emitter amplifier with emitter-feedback
resistor R, and compensation capacitor C,.

The value of the capacitor C, can be found from (43),
(43a), and (43b). The angular frequency w,=1/R,C,
will have its upper limit 2.42 w,. For the examples in the
text, w, was approximately 2w,. Here w, is the cutoff
frequency of the amplifier when C,=0.

A form of inductance compensation which gives a
frequency response similar to the capacitance-compen-
sated amplifier is briefly described. In this case

R, Tub'
w1 —

L L

where R,, L, and L, are shown in Fig. 2, and w, can be
found from the results given in the section dealing with
Inductance Compensation.
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Fig. 2—Amplifier with cascaded stages—each stage given a
maximally flat characteristic by coils L; and L.

Tue EQuivaLENT CIrRcUIT DIAGRAM

In Fig. 3, opposite, is shown the schematic diagram of
the Johnson-Giacoletto hybrid-pi equivalent circuit for
the common-emitter configuration used in this paper.
The assumptions made to obtain this simplified equiva-
lent circuit are the following:

1) The base lead resistance ryi: and the collector
capacitance C, are assumed to be lumped circuit
parameters. These are assumptions which are fair
for our alloyed type transistor and poor for a
grown type transistor.

2) The only factor which makes the low-frequency
value of the grounded base current gain «, differ
from unity are assumed to be the recombination
of minority carriers taking place in the base. The
emitter efficiency term in the current gain and the
collector multiplication factor are assumed to be
unity at all frequencies.

3) The low-frequency values of the short circuit
admittances Yy, and Y., for the transistor with
common emitter are assumed to be zero. These
assumptions are generally valid when the equiva-
lent circuit is applied in video amplifier work.

A brief discussion which leads up to the diagram in
Fig. 3 is given in the Appendix.

In Fig. 3 are:
ree- =base lead resistance.
ag=low-frequency value of the grounded base cur-
rent gain.
a1=1/(1 —ay), which is approximately the low fre-
quency value of the grounded emitter current
gain,
wa=alpha cutoff frequency (the frequency where
the absolute value of o is 3 db below ay).
g..=low-frequency value of the admittance y, due
to minority carrier diffusion in the transistor-
grounded-base configuration (a more complete
explanation is in Appendix.) The quantity g..
is proportional to the emitter dc current /,, and
at I,=1 ma, g. equals 1/25.3 mho at 20c and
1/28 mho at 50c.
The quantities ap, wa, and 7y can be regarded as
constant for our considerations. The capacitance C.
is inversely proportional to the square root of the col-
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Fig. 3—Actual and equivalent circiit of an alloy junction
transistor in the grounded emitter configuration.

lector dc voltage, V. this can sometimes be an impor-
tant factor in the choice of collector voltage.

AMPLIFIERS WITHOUT EMITTER RESISTANCE
FEEDBACK

Introduction

Fig. 4 contains an equivalent circuit of an amplifier
stage in the case R,=0.% In this diagram C. has been
omitted because the main effect of this capacity can
be taken into account upon evaluating the capacity
C.o .This effect is analogous with the Miller effect in
vacuum-tube amplifiers. We have

gee1.22
ad = + (aogceRL + 1)Cc
Wa
1
1.22 gecF ()
CaO == Lee + RLC:) =
We We
where

F = 1.22 + R.Cuv. )

To make the equivalent circuit a better approximation,
a capacitance approximately equal to C, should be
added in parallel to Ry, but in most applications, except
for some output amplifier stages where R may be very
high, this capacitance can be neglected.

Rg oo

VIOT r., .2 J~ R |v.
Vg et g, 'l-ccw Vie94 L‘ 2

Fig. 4—Equivalent circuit for amplifier without feedback. Ceo
=Diffusion capacitance+Miller capacitance where diffusion
capacitance =g.. 1.22/ws and Miller capacitance=g..RpC..

The frequency response of the circuit in Fig. 4 is
the same as that of an RC loaded vacuum-tube ampli-
fier stage with a dropoff at high frequencies of 6 db per
octave. The 3 db cutoff frequency of the amplifier is

1
RaOCaO

(3)

Wao =

* All transistors have a finite amount of inherent emitter lead
resistance. For the transistors discussed this is of the order of 1-3
ohms and will give appreciable feedback at high emitter currents.
For the high emitter current case the performance will have to be
evaluated by the feedback theory given below.
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where
al
—(Rg + revr)
Bee
Ro= o 4)
a
- + Rg + Tob!
Bee
The voltage amplification at low frequencies is
al
T2 Zee
- = aﬂgeeRL_ - —,— (5)
v, a
R, + 7o +—
Bee
At high values of ay this reduces to
2
— = geR1. (6)
7,

Cascaded Amplifier of Identical Slages

In Fig. S is shown an amplifier of cascaded identical
stages. By means of the equivalent circuit of Fig. 4
aftd (1) to (4) one can find the following expressions for
gain and bandwidth. In this circuit it is assumed that
the impedance loading each stage is constant with fre-
quency. Thus the Miller-effect term in the factor F
[see (2)] of this stage will be constant with frequency.

i P
- —

Fig. 5—Cascaded amplifier of identical stages
without feedback.

This is not exactly correct because the input capacity
of the following transistor is part of the load, but since
the Miller term is in most practical cases (including the
one which gives optimum gain) a second-order effect
the approximation can be tolerated. When «, is close
to unity, (e’ is very large) so that a’/g. is very large
compared with (R,4rw-) the stage current gain becomes

12
— = R.ge. (7
N
and the cutoff frequency for one stage is
- (®)
Wap = — ¢
(R: + rbb')Fgee
If wao 1s given, then
Wa
Bee = (9)

wao(Re + r3)F
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and weo can be altered by varying the emitter current
since

1, = g.25.3 = 25.3 $a . (10)
wao(Rs + 700) F
If wao is given, the current amplification is
ia Ruwa
A - Zo.,o(R + rw)(1.22 4+ R cha) L
which will be a maximum when
R = Ry = /‘/fw 1.22 (12)
Cwa
and the amplification is, then,
L (13)

i ’
Y e 122(1 + 4/’““‘"“)
122 /-

The gain-bandwidth product is a constant; for a given
transistor

i2 waRa Wa

— gy —— (1)
1 (Rd+fbb) 122<1+1/m,Cwa>
1.22

This figure of merit is different from the figure of merit
obtained when maximum power gain is evaluated. The
maximum power gain case is discussed later.

To illustrate the use of the formulas, two examples
follow.

Example 1: Transistor A has f,=15 mc, C,=14 uuf,
and 7w =50 ohms. Optimum load resistance R,
=+/50-1.22-758 =215 ohms.

215
F =122+ -—=1.22+40.28 = 1.30.
758

(This illustrates a case where the Mliller term part of
Fis less than the diffusion capacitance part.)
The gain for optimum load is
2 8.1

'il f al

where fq is in mc.

From (10) it follows that f,0=0.95/I,, so emitter
currents from 10 to 0.2 ma will give cutoff frequencies
between 95 kc and 4.7 mc.

Example 2: Transistor B has f,=1 mc, C,=30uuf,
and ryr =200 ohms.

R; = 1140 ohms.
F =122+ 0.22 = 1.44.
2 0.6
il faO
0.013
fao — .
1,
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Emitter currents between 10 and 0.2 ma will give cut-
off frequencies between 1.3 and 65 kc. As the collector-
base capacitance C, has an impedance of 4 megohms at
1.3 ke, and since this impedance is of the same order of
magnitude as normal values of 1/y;5, (the minority
carrier reverse transfer admittance term), the equivalent
circuit and gain formulas will not be valid for the lower
range of cutoff frequencies.

The above formulas were for the case where « is very
nearly unity; for the case where we cannot assume that
o is unity, we have the following

) R! [
S L LN (15)
1 gu
1+ (R + fw) -
Lee
[ + (Re + ) —]
Wao = (16)
’ (Ra + ’bb’)Fgee
al
F=12+ [R,H (n,,,, + -—)]cha. (17)
Lee
If the bandwidth is given, the current gain is
ﬁ e _ Reao . (18)

1 waO(Ra + fbb')F

From (17) and (18) it will be seen that the gain-
bandwidth product is only slightly modified by a’.
In a limiting case when a’/g., is small in comparison

with (R,47w) and 1/w,C. we will have the following

12 R, o

i Ro+re (1— ao)

(19)

Wa

Wgo =

(20)

1224

) =

VWV

Fig. 6-
emitter power amplifier ap assumed equal to one.

-Actual and equivalent circuits for a common-

Maximum Power Gain

In Fig. 6 is shown the equivalent circuit diagram for
a one-stage common-emitter video power amplifier.
An ideal transformer is inserted between the generator
(which has an emf of one volt and an internal impedance
of one ohm) and the transistor, giving a generator resist-
ance R, and an emf of v/R, volts.
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The low-frequency output voltage and the 3 db cut-
off frequency are

s = g.Ri\'R, (21)
Wa .
EPp—— (22)
(Ry + 7o) geel’
The low-frequency output power
we \? v R,R g
- rre)
Waod (Ra + rbb’)(l-zz + RLcha)
has a maximum when
R, = ry (29)
and
I 1.22 25)
= M D
L Cwa

For the maximum case a figure of merit of available
power gain times the square of the bandwidth

Jfa

If2e = —— —
Y o)

(26)

is essentially the same as those given eclsewhere.?:

If an amplifier is made by cascading identical power-
amplifier stages with idcal transformers between the
stages as shown in Fig. 7, the optimum low-frequency
current gain per stage is

’i2 1 /‘/ Wa
i 48w’V rC.

(27)

Rg ERQ

Fig. 7—Cascaded amplifier of identical stages matched for a maxi-
mum gain-bandwidth product (ideal transformers assunied).

The ratio between the current gain per stage for the
case having ideal transformers and the current gain
per stage for the transformerless case, (13), is

0.2774/ <1+4/'”’ “”).
36:C oo 1.22

¢ J. M. Early, “P-N-I-P and n-p-i-n junction transistor triodes,”
Bell Sys. Tech. J. vol. 33, pp. 517-533; May, 1954.

(28)
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For transistor A, mentioned ecarlier, this ratio is 1.64
or 4.3 db, and for transistor B the ratio is 2 or 6 db.
From this we can see that, for reasons of economy,
transformers should normally be considered desirable
only in the cases where the required bandwidth becomes
so wide that the gain per stage of the transformerless
case becomes very low.

AMPLIFIERS WITHH FEEDBACK
Introduction

Consider first the case of an amplifier with a feed-
back resistor R,, but no shunting capacitor C.. This kind
of amplifier has a response curve of the same form as the
amplifier without feedback. When the emitter current
I. (and thercby g.) is given, the cutoff frequency is
about (14g..R.) times that of the amplifier stage with-
out feedback and the amplification is proportionally
smaller, giving about the same gain-bandwidth product.

The main advantages of amplifiers with feedback are
better linearity and the fact that the capacitor C, can
be added to give a flat frequency response, as described
in section, “Compensation to obtain maximally Flat
Frequency Response.” In addition, with feedback a
higher emitter current can be used for a given design
cutoff frequency, and in this way we can obtain a larger
dynamic range for the amplifier. The following equations
for cutoff frequencies and amplifications can be obh-
tained from the formulas for the amplifier without feed-
back by introducing g../(14+R.g..) instead of g.. The
value of Fisstill 1.22+ R, C.w,, but in all other places
we/n is introduced instead of w,, where 7 is defined as

_ 1 + R‘
! (Ry + o) F

The basis for this transformation is the equivalent
circuit given in Appendix. The cutolf frequency is now

(29)

8ee
o 14+ R+ 1) | (1 + g,
“ [ + & + tbb) (1 + g_,,Re)]( + gk

Wg = ——————— ——————(30)
(Ry + rev)nF gee
and for a’ very large we get
wa(l + eelRe
wa=—'(’ s 2 (31)
(Ry + roo)nFge.
The voltage amplification of a single stage is
al
Vs gee
T = apge.RL I -
Ra + 4% + - (1 + chu)
geeRL
N — (32)
1 4 Reges

This differs from (5) and (6) only by the feedback factor
in the denominator.
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Cascaded Amplifier of Identical Stages

In a cascaded amplifier having identical stages as in
Fig. 5, but with emitter resistors R,, the 3 db cutoff fre-
quency when a’ is very large is
wa(l + Regae)

- (Rn +-rbb')7)Fgee

For example, using this formula one can decide on the
value of R, after having fixed R, and the emitter current
(and thereby g,.). The amplification for one stage is

(33)

Wa

i R' ee
3 1 + Regea
When w, is given,
'iz R.wa
g —(3)

it wa(Re + 78)1(1.22 + RiCowva)

To find the optimum value of R, it is now assumed that
7 is independent of R,. Actually 7 is a function of F
[see (29)], which is in turn a function of Ry (which
equals R,), but in most practical applications 5 will
vary only slightly with R,. Under this assumption the
optimum load resistance becomes

/‘/ 1.22
b * .
” Cewa
This is the same expression as that obtained in (12)

for the simple amplifier. With R,= R, the stage ampli-
fication is

R,=Rd=

(30)

12 Wer

_—— . 37

7 T\ 2

' wan- 1,22 (1 + 4/'“’ ch,>
1.22
Thus, the gain-bandwidth product for this case is

iz Wa

T (39

1 oo\ 2
1 n-1.22 (1 + 4/"”’0‘“’")
1.22
which is the same as the gain bandwidth-product of (14)
except for the factor 7 which normally is a little larger
than one.

For the cases where a’ is small, the following are
more exact expressions

Les
al Re ee. 1 Rs Ay
ot + Rea) (14 ( +m)§1+Reg")a,>

Wy = — e —— (39)
(Re + 706 )nFgas
! 1 Re ee
F=122+ {R.H [rw + @0+ Re, )]} Cwa  (40)
_i_z_ _ R,wacto 1)

il wa(rbb' + Rt)")F
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Maximum Power Gain

For the case where the transistor amplifiers with emit-
ter-feedback are coupled for maximum power gain for-
mulas result which are similar to (21) through (28).
Multiplication of (23) by 1/5? yields the expression for
the output power.

The ratio between the optimum stage gain for a
cascaded amplifier with ideal transformers and the
stage gain for the transformerless amplifier is the same
as that given by (28) multiplied by 7:/9, where 7, is the
value of 9 in the transformerless case and 7. is for the
power amplifier case.

Compensation to Obtain Maximally Flat Frequency
Response

Consider now the case of a capacitor C, shunting the
feedback resistor R,, as illustrated in Fig. 1. In this case
the low-frequency amplification is not affected by the
capacitor so that (32) will again serve to calculate the
amplification. The value of C, which makes the fre-
quency response maximally flat can be found from the
following formulas:

1

C. = (42)
Rewy
where
a 1 — ¢
R L Chall (43)
=14+ g+ v+ 1—2¢m
where 7 and w, are given in (29) and (30) and
al
Rn + b’ + -
Bee
q= e (44)
R‘J + b + ; (1 + Regee)

When n=1 and ¢« which normally will be the case,
(43) reduces to

1
w = 2420 — —— (43a)
14+07(n — 1+ 9)
or to a further approximation
w1 = 2.42w,. (43b)

As a rule w, will generally be a little lower than the value
given by (43b). For the case of the maximally flat
characteristic the normalized amplitude response is
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As mentioned previously some transistors have an ap-
preciable resistance r..’ in series with the emitter lead
that is inherent to the device. This resistance means that
some feedback is present even if the external R, is zero.
To find the amplification in this situation the expres-
sions in Part D1-D3 can be used and the same gain-
bandwidth product will be obtained. For the case where
the resistance R, is introduced we can find the low
frequency amplification and w, by including 7. in R..
If the compensating capacitor C. is used, it shunts only
the external feedback resistor. It is therefore necessary
to modify (44) to

a (1 + 7ae‘gee)

Rg + 14%% +
8ee
= — 46a
. a’(l + Re'gea) ( )
R, + rpr +——
Bee
where
R, = R, + r... (46b)
MEASUREMENTS
Introduction

The design of a maximally flat stage with a feedback
resistor and capacitor as described above was tried out
on several p-n-p alloy transistors.! The parameters of
the transistors were determined in part by measuring
the performance of an amplifier stage without the feed-
back resistor. With feedback resistors the {requency
response was measured and the frequencies f, compared
with calculated figures. For the maximally flat case the
response was compared with the response calculated
from the transistor parameters. A typical sct of meas-
urements and calculations is given in the following
paragraph. The agreement between theory and meas-
urements in this case is similar to what is found with
other transistors of the same type.

Determination of Parameters

Except for 7y which was already known from other
measurements, the transistor parameters were measured
by means of the circuit shown in Fig. 8.

The principal measuring instruments were a signal
generator and a sensitive vacuum tube voltmeter.
Three measurements were made:

1) The low frequency resistance of the transistor be-
tween base and ground was determined by meas-
uring the voltage rise at the base pin of the socket,
when the transistor was pulled out of the socket.

2) The voltage amplification at low frequencies was
measured.

3) The 3 db frequency cutoft frequency was meas-
ured both with the load resistance to be used in
the amplifier—here 330 ohms—and with this
resistance shunted down to 33 ohms.
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390 ohms 20uf 330 ohms
TV. 390 ohms TZO/.Lf -
=

Fig. 8—Test circuit used for obtaining measurements.

The measurements were carried out at /,=10 ma and
1,=2 ma with the collector voltage set at Sv. At 10 ma
the collector power is 20 mw and the temperature
is assumed to be 50c 50 ges=10/27 mho. At 2 ma the
temperature is assumed to be 25c and g..=2/25.7 mho.
The first set of measurements can be used to calculate
[@'(14goreer) ]/ges and using this resistance and the
amplification at low frequencies we can find (1+geree)
and .. From the measurements of the cutoff fre-
quency with the normal load resistance we can find
wa/ Fg.e aud F can be found from this measurement and
the measurement with low load resistance (assuming
that F approaches 1.22 at low values of Ry).

Measurements

For Emitter Current I,=2 ma, g,,=0.078 mho:

a’ 14700 gee
~~( Ag) =590 ohms
8ee
1+ru'gn= 1.1
a' =42

7« =1.3 ohm. (This resistance cannot be deter-
mined very accurately at a low emitter
current.)

fa0=0.62 mc at Rz =330 ohms

fa0=0.90 mc at Ry =33 ohms

Fges

=1320 uuf, F=1.8.
Wo
For the case R, =62 ohms:
14+ R.g.e=5.9
n=1.14
fa=2.3 mc calculated and
fa=2.2 mc measured
g=0.247, which together with the calculated
values for f, and 7 gives
fi=4.1mcand C, =630 uuf.

Fig. 9 shows the measured responses for R, =62 ohms
with C,=0, 620 uuf and 820 uuf. For comparison the
calculated response curves for the uncompensated and
for the maximally flat case are shown.
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Fig. 9—Reclative voltage gain of a video amplifier for different
values for the compensation capacitor C; I.=2 ma, R,=62 ohms.

The voltage amplification 17/ 1V, (see Fig. 8) was cal-
culated as 2.01 and the measured value was 2.10.
For Emitter Current I,=10 ma, g..=0.37 mho:

&' (14-7cgee
Sl i e

8ee
147.g.=1.42, a’=44
reer =1.1 ohm
f20=0.28 mc at R, =330 ohms
fe0=0.51 mc at R, =33 ohms
Fgoe

Wa

= 8000 uuf, F=~24.

Data for R,=31.5, 62 and 85 ohms are shown below
in Table I.

TABLE 1
R, 31.5 ohms 62 ohms 85 ohms
1+ Refes 12 24.3 33
7 l 1.05 1.10 1.14
3 calculated 1.9t mc | 1.87 mc 2.4 mc
measured 1.13mc 1.80 mc 2.2 mc
q 0.203 0.135 0.102
h 2.03 3.8mc 4.8 mc
Cepunf 2500 puf 670 uuf 390 puf
Va/ Vi {calculated 4.47 2.30 1 1.74
measured 4.13 2.37 | 1.80

IFig. 10 contains the measured responses for R,=31.5
ohms and C,=0 and 2400 uuf. Calculated curves are
shown for the uncompensated and for the maximally-
flat case. Similar curves are shown in Fig. 11 for R, =
62 ohms and in Fig. 12 for R,= 85 ohms.

INDUCTANCE COMPENSATION

In Fig. 2 is shown a cascaded amplifier where coils are
used for compensation.® Since two coils are used in each
stage there are more degrees of freedom and it will be

5 An inductance-compensated video amplifier using surface-
barrier transistor is described in the article: J. B. Angell and F. P,
Keiper Jr.,, “Circuit application of surface barrier transistors,”
Proc. IRE, vol. 41, pp. 1709-1712; December, 1953.
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Fig. 10—Relative voltage gain of a video amplifier for different
values for the compensation capacitor Ce; I,=10 ma, R,=31.5
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Fig. 11—Relative voltage gain of a video amplifier for different
values for the compensation capacitor C.; ;=10 ma, R,=62

ohms.
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Fig. 12—Relative voltage gain of a video amplifier for different values
for the compensation capacitor Ce; I,=10 ma, R,=835 ohms.

possible to have a greater variety of frequency responses.
If, on the other hand, the cases are restricted to those
where

— a2 (47)
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the characteristics will be about the same as those for
the capacitor-compensated case. Thus the frequency
response will be maximally flat when

s hd
=% <™ s, @9

) wy

and
Rc + 4%
9= a (50)
Re + 1o + — (1 + Regee)
Zee

The quantity w; can then be found from (43), (43a), or
(43b) and the frequency response from (45). This re-
sponse will not be exactly the same as that obtained
for the capacitor-compensated case because of the dif-
ferences between the equations for ¢ [see (44) and (50) ].

It should be mentioned that inductance compensa-
tion of the kind described here can only be used in de-
signing interstages which are to be driven from a con-
stant current source. If the feedback capacitor of the
driving stage is not negligible its effect is taken into
account by lumping the Miller capacitance with the
diffusion capacitance as described above.

STABILITY

A transistor of the type considered in this article is
potentially unstable in the common emitter configura-
tion. Internal feedback over the collector-base capacity
C. can produce oscillations under certain load condi-
tions.

In video amplifiers the stability problem is only pres-
ent in case of inductance compensation when the base
and collector are loaded by impedances with high posi-
tive reactances. In experimental work on amplifiers of
this kind, oscillations may be expected during the
alignment procedure if the coils are adjusted to un-
normally high inductances.

In the case of a capacity in the collector circuit being
compensated by an inductance in series with the load
resistance to obtain a maximally flat frequency re-
sponse, the total load impedance will have a negative
reactance at all frequencies, and oscillations cannot be
expected. This also applies to the kind of interstage
inductance compensation for a maximally flat response
described in this article.

In stability considerations a reactance jwL in series
with the load resistance Rz can be taken into account
as we did with the Miller capacitance, and C, in
Fig. 4 will be shunted by a negative conductance
e LC. =g, w?LC.. In a high alpha transistor the
resistive part of the input impedance will be approxi-
mately
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with the minimum value

Lccg a6

2
al

Yoy —

If this resistance is positive, the transistor will not
oscillate at any source impedance.

Similar considerations can be made for an amplifier
stage with a feedback resistor R,.

APPENDIX

EqQuivaLenTt CirRculT DIAGRAM FOR THE
CoMMON-IEMITTER CONFIGURATION

Fig. 13 shows the notation for a grounded-base
transistor and its equivalent circuit. The three-terminal
network in the rectangle contains the intrinsic part of
the transistor having the short circuit admittances yy
Y12, Y21, and yq.. The quantity C, is the collector-to-base
barrier capacitance, and ry’ is the base lead resistance.

O_'-Oy y O
1 12

v I
T " Y2 g Y22 :I'Cc
¢
> 4
%'bb

Fig. 13—Equivalent circuit of a common base transistor. The net-
work in the rectangle represents the effect of minority carrier
diffusion in the transistor.

o—

—0

In a transistor of the type considered here the emitter
efficiency can be assumed to equal unity and for the y’s
we can then have approximately 4.7

Yu = gead’ coth ¢ (51)
1
= — Qe —— 52
¥u ®0gec Snh e (52)
¢ (53)
Vig = — cc o
u - sinh ¢
Yoz = gecp coth ¢, 54
If 2p>0.9 a good approximation will be
. w
¢ = /‘/2.43] — (55)
Wa
We have then
1
a = . ap (56)
Y11 cosh ¢

¢ H. Johnson, “Diffusion Reactances of Junction Transistors,”
IRE-AIEE Transistor Research Conference, Pennsylvania State
College; July, 1953.

7 The ¢ used here is the same as s used by Early, loc. cit.
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which is 3 db down when w=w,. Series expansion of
the amplitude and phase characteristics results in the
following approximations:

w
1 4 50.97 —
Wa L B
Y= fee = gee<1 +.7’_) (37)
w Wa
1+ 450.16 —
Wa
e—i0.15(wlwa)
Yoo = — Qoffee— (58)

. w ‘
(1 + ]0.256—-)
Wa

As mentioned carlier, we can make the further ap-
proximation that ¥,=0 and y,=0. Converting the
equivalent circuit to grounded emitter configuration
produces the equivalent circuit shown in Fig. 14,

CC
1l
L

"bb

:’yue yIZG

Y216 9 Yaze
) §

O— —0

Fig. 14—Equivalent circuit of a commion-emitter transistor, yie,
Vise, Y210, and yage are the “minority carrier” admittances of the

transistor.
where
yl'.!e = 0 (5())
and
Yaze = 0. (60)
Furthermore,
w
Ve = yu + ya = geo(l — o) + gee 1.22] — =
Wa
Bee . w
— + 7122 —ge. (61)
a Wa
e -jO 15 (w/wgy)
Yore = = Y21 = Qofec— — = Qofe..  (62)
w
1+ j0.256 —
Wa

The last approximation is permissible because the
frequencies involved here are lower than wa.

The equivalent circuit can now be reduced as shown
in Fig. 3.

EQuIVALENT CIRCUIT FOR A COMMON EMITTER
AMPLIFIER WITH A FEEDBACK IMPEDANCE
IN THE EMITTER LEAD

An equivalent circuit diagram for a common emitter
transistor with an impedance Z, in series with the
emitter lead is shown in Fig. 13.
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Rg
ip=Vig9o9ge
>
Vg §RL

Fig. 15—Equivalent circuit of a common-emitter transistor amplifier
with a feedback impedance Z,.

In this case

, 1 +_Ze_(,vile + ygle)

Vil = Vie+ (i + i) 2. = 4/ - (63)
Yile

r
)’21;1 le

1+ Ze(ylle + }'21:)

i = _"‘JIerlc =

(64)

and this gives the equivalent circuit in Fig. 16,

Ce
1
, 1
Rg "bb
1 Tue Y218 ,
VeI Yhe* 157 v vz v Ve ER
\/g ne 1+ Zoy, 1+ Zay), > L

&

Fig. 16—Simplified equivalent circuit of a common-emitter amplifier
with emitter-resistance feedback.

where
Vi = (63)
1 + Ze(ylle + y‘lle)
and
, Vale (66)
Youe = 7, "
1 1+ Ze()’lle + )’21:)
From (61) and (62),
Vile + Y21 = Y1 (67)
and from (57)
L w
Yuu = fee 1 +] —>
Wa
so that
Ve = I (68)
-, » w
1 + [egee<1 +_]—'>
Wa
Vale
Voo = = (69)

, L
T+ Zege\1+7—
w

a
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The cquivalent circuit can be further reduced in the
same way as the circuit of Fig. 3 was reduced to that of
Fig. 4 by lumping the Miller-effect term with the dif-
fusion capacitance. Lumping these two produces the
circuit of Fig. 17,

Rg rb()

“
yl e

Fig. 17—Simplified circuit for a common-emitter amplifier with
feedback. Admittance yn,» represents the Miller effect.

where
Rpyanej wCe
Yy o —— Tl @ (70)
w
1 + Zegu <1 +7 "")
Wa
At this point it is secnt that
. 14y
1+5—
' " @r
Y 1le + Y e = (71)
a
- (1 + Zeyll)
Lee
where w, is defined by
1 1.224' F-a
— = + a’'R;Cc = (72)
Wy Wy Wa

FFor the case where Z,= R, the voltage amplification at
low frequencies is found by means ol (32).
If R, is shunted by C,, then

R,
Zo=— (73)
LW
14+5—
(4]
where
: (79)
“ 7 Re.
and where, also,
. w
14+7—
wa -
1 + Zeyll = (1 + Regee') — (73)
w
14+j7—
w1
where
1 1 RG ee
=0 Bee | (76)

w2 O)](l -+ R,g“) —:atl + chu)
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SYMBOLS

ap—low frequency value of current gain for
common base transistor.
I'—available power gain, transducer gain.

w1 =2wfi=— reference angular frequency associated

e~ e

with external emitter impedance.

wq = 2mfa—angular alpha cutoft frequency.
wqo = 27 fao—angular cutoff frequency of amplifier stage.
wa = 2wf,—angular cutoff frequency of amplifier stage
with emitted-feedback when C,=0.
w,—angular frequency, defined in (72).
¢—a transistor parameter defined in (55).

[

=14 - .
g (R, + 7o) F

1

!

a= approximately the current gain of a tran-

1 — o
sistor in the grounded emitter configura-

tion.

Cao—diffusion capacity
effect, see (1).

C.—collector-base barrier capacity.

C.—feedback capacitor in external emitter cir-
cuit. See Fig. 1.

F—a parameter relating to the Miller effect as
defined in (2).

geo—low frequency value of the short circuit
admittance yy; of the intrinsic transistor.

I,—emitter dc current.

L, Ly—compensating coils as shown in Fig. 2.
Py—output power.

g—a parameter defined in (44) and (46) for
capacitor compensation and in (50) for coil
compensation.

rye—a transistor parameter in the hybrid-r
cquivalent circuit (see Fig. 3).

rw—Dbase lead resistance in transistor.

ree—emitter lead resistance in transistor.

R,—a resistance defined in (4)

corrected for Miller

1.22 an optimum load resist-

Ry= Top* ——— 1
‘ 1/ " Cuwa  ance [see (12)].

R,—emitter feedback resistance.
R,—generator resistance.
R;—load resistance.
R,—load resistances for cascaded stages in am-
plifier (see Fig. 3).
Y11, ¥2,—short circuit minority carrier admitfances
Va1, Y2, for grounded base transistor.
Yite, Yi2e,—short circuit minority carrier admittances
Y216, Yo2o, Of grounded emitter transistor.
Z—feedback impedance in emitter lead.
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Hazards Due to Total Body Irradiation by Radar”

H. P. SCHWANT anp K. LIt

Summary—Experimental work by others at 10 cm wavelength
has shown that irreversible damage to the eye is caused by electro-
magnetic radiation, if the energy flux is in excess of about 0.2
watt/cm?. Intolerable temperature rise, due to total body irradiation
may be anticipated for flux values in excess of 0.02 watts/cm?. Hence
a discussion of hazards due to total body irradiation is of primary
interest. This paper presents data which analyze the mode of propa-
gation of electromagnetic radiation into the human body and result-
ant heat development. The two quantities which are considered in
detail are: 1) coefficient, which characterizes the percentage of air-
borne electromagnetic energy as absorbed by the body, and 2) dis-
tribution of heat sources in skin, subcutaneous fat, and deeper situ-
ated tissues. It is shown:

1) The percentage of absorbed energy is near 40 per
cent at frequencies much smaller than 1000 and
higher than 3000 mc. In the range from about 1000 to
3000 mc the coefficient of absorption may vary from
20 to 100 per cent.

Radiation of a frequency below 1000 mc will cause
deep heating, not well indicated by the sensory ele-
ments in the skin and, therefore, considered espe-
cially dangerous. Radiation whose frequency ex-
ceeds 3000 mc will be absorbed in the skin. Radia-
tion of a frequency between 1000 and 3000 mc will
be absorbed in both body surface and in the deeper
tissues, the ratio being dependent on parameters in-
volved.

3) Arguments are advanced in support of tolerance val-

ues for total body irradiation near 0.01 watts/cm?.

2

~

Conclusions of practical value are: 1) Since sensory elements are
located primarily in the skin, low-frequency radiation (f <1000 mc)
is much more dangerous than high-frequency radiation. 2) Radiation
of very high frequency (f >3000 mc) causes only superficial heating
with much the same effects as infrared and sunlight. The sensory
reaction of the skin should provide adequate warning.

* Original manuscript received by the IRE, December 15, 1955;
revised manuscript received, June 15, 1956. These studies were aided
by a contract between the Office of Naval Research, Dept. of the
Navy and the Univ. of Pennsylvania, NR 119-289.

f Moore School of Elec. Engrg. and Dept. Physical Med., Medical
Schools, University of Pennsylvania, Philadelphia, Pa.

THE ProBLEM

FALTH HAZARDS, resulting from the ex-
H posure of mankind to strong sources of electro-

magnetic radiation, have been discussed by
several investigators in recent years. Earlier investiga-
tions, concerned with the possible harmful effects of
clectromagnetic radiation, stated negative results,!
while more recent investigations are indicative of the
possible harmful effects of such radiation.>=® This may
be due to the fact that only recently sources of sufh-
cient power to establish a health hazard have become
available. A more detailed discussion of the presently
available literature has been given by us elsewhere’ and
is, therefore, omitted. The harmful effects of excessive
amounts of radiation result either from a general rise
in total body temperature or are limited to selective
temperature rise of sensitive parts of the body, such as
testicles or especially the eyes. Table 1 compares data
pertaining to these types of damage. It has been as-
sumed here that in the case of total body irradiation

1 L. E. Daily, “A clinical study of the results of exposure of
laboratory personnel to radar and high frequency radio,” U. S. Naval
Bull., vol. 41, p. 1052; 1943.

2 D. B. Williams, J. P. Monahan, W. J. Nicholson, and J. J.
Aldrich, “Biologic effects studies on microwave radiation: Time and
power thresholds for the production of lens opacities by 12.3-cm
microwaves,” IRE Traxs., PGME-4, pp. 17-22; February, 1956.

3T.S. Ely and D. E. Goldman, “Heat exchange characteristics
of animals exposed to 10-cm microwaves,” I1RE Traxs., PGME-4,
pp. 38-43: February, 1056.

¢« H. M. Hines and J. E. Randall, “Possible industrial hazards in
the use of microwave radiation,” Elec. Engrg., vol. 71, p. 879; 1952,

5§ J. F. Herrick and F. H. Krusen, “Certain physiologic and patho-
logic effects of microwaves,” Elec. Engrg., vol. 72, p. 239; 1953.

8 S. 1. Brody, “Operational hazard of microwave radiation,” J.
Aviation Med., vol. 24, p. 328; 1953.

7H. P. Schwan and G. M. Piersol, “The absorption of electro-
magnetic energy in body tissues: a review and critical analysis,”
A1;1er. ].SPhys. Med., part 1, vol. 33, p. 371; 1954: part 11, vol. 34, p.
425; 1955.




TABLE I*

Critical ’ Estimated | Experimen-
temperature critical tal evidence
clevation | flux at 10 cm
Eye damage (Cataract) 10°C. 0.1 0.2
Testicular damage 1°C.(?) 0.01 ?
Total body irradiation 0.02

1°C. 0.01

* Experimental evidence for critical energy flux in watt/cm? to
cause intolerable effects of microwaves is compared with estimated
values and resultant temperature elevation. Critical temperature rise
is arbitrarily defined for case of total body irradiation and testes. Ex-
perimental evidence so far only obtained at 10 cin wavelength is
given for the rabbit’s eye by Williams? and total body irradiation
by Ely and Goldman? All tolerance values pertain_to infinite ex-
posure. Estimated critical flux levels refer to hiologically effective,
i.e., absorbed energy. Experimental values refer to air prior to ex-
posure. The latter values must be larger due to reflection from the
body surface.

fever corresponding to a temperature rise in excess of
1°C. is considered intolerable. Cataract in the eye is
produced when a temperature clevation of about 10°C.
is caused, possibly due to denaturation of various
macromolecular components.? 1t is seen from the Table
that 1) estimates for critical flux levels, obtained as
described later in this paper and experimental evidence,
agree approximate.y, 2) critical flux values and tem-
perature elevation are in proportion to each other, and
3) in total body irradiation eye damage is not limiting
the flux value. We conclude that significant body tem-
perature rise is the more serious hazard. This is true at
least, whenever substantial parts of the body are ex-
posed so that conditions of total body irradiation are ap-
proximated. The present investigation, therefore, is
primarily concerned with the total body's absorption
of electromagnetic radiation.

Presently available literature does not give any indi-
cation that other than purely thermal considerations are
to be applied, i.e., it is justified to assume that the
effects of electromagnetic radiation are caused by the
heat, which is generated by the mechanism of absorp-
tion.” Of primary iuterest in a discussion of the total
body's response to clectromagnetic radiation are the
questions: 1) What percentage of airborne radiation is
absorbed by the human body? 2) Where in the human
body is the absorbed energy converted into heat? The
answers to these questions, in combination with a
knowledge of the amount of heat which can be tolerated
by the human body, permits tolerance dosage recom-
mendations. Previous discussions pertaining to this
problem apply especially to lower frequencies, where
the influence of skin may be neglected.®® However,
at frequencies above 1000 mc. which are of interest

8 H. P. Schwan ard E. L. Carstensen, “Application of electric
and acoustic measuring techniques to problems in diathermy,”
Trans. ATEE, (Communications and Electronics) p. 106; May, 1953.

» H. P. Schwan, E. L. Carstensen, and K. Li, “Heating of fat-
muscle layers by electro-magnetic and ultrasonic diathermy.” Trans.
AIEE, (Communications and Electronics) p. 483; September, 1953.

Schwan and Li: Hazards Due to Total Body Irradiation by Radar 1373

here, the assumption of a negligible skin influence is no
longer justified.!'® We have undertaken, therefore, an
investigation of the above formulated two problems,
under special consideration of the effects of skin. The
discussion covers the total frequency spectrum from
150 to 10,000 mc. It covers the total range of practically
interesting thickness values of subcutancous fat and
skin and it considers variability of results as function
of temperature and dielectric data of tissues.

METHOD OF PROCEDURE

An enormous number of difhcult experiments would
be required on a purely experimental basis, in order to
obtain conclusions of general value, extending over the
total range of variability of parameters involved. A
more theoretical approach seems, therefore, indicated.
This approach utilizes the fact that the diclectric prop-
erties of various tissues involved and the arrangement
of tissues of different dielectric properties in the body
determine uniquely the mode of propagation of air-
borne clectromagnetic energy into the human body.
FFor simplicity, we assunie plaue electromagnetic radia-
tion, propagating perpendicular to the surface of the
body. This case will be approximated roughly by the
trunk of a person facing the source of radiation. We
can state that the percentage of absorbed energy will
be a maximum under such conditions. Any conclusions
drawn from such an approach will give, thercfore,
highest possible values of absorbed energy as should be
considered in an attempt to establish tolerance dosage
figures. The body itself is approximated by a triple
layer arrangement as indicated in Fig. 1. The justifi-
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Fig. 1—Phantom arrangement simulating the human body’s
characteristics for absorption of uhf radiation.
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cation for this model is derived from the following facts:
1) All internal body tissues with high water content
have comparable dielectric data similar to those of
muscle and may, therefore, be represented by one type

10 T, Foelsche, “The energy distribution in various parts of the
body due to irradiation with dm- and cm-waves,” Z. Naturf,
vol. 9b, p. 429; 1954
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of dielectric.’* 2) Tissues of low water content inside
the body are existent in the form of bone structures.
But, they cstablish only a small part of the total body
volume and only occasionally appear within the reach
of the radiation and, if at all, only for lower frequencies
than predominantly of interest today.'? 3) Depth of
penetration in the decp tissues inside the body is suffi-
ciently small for electromagnetic radiation to permit
approximation of the deep tissue complex by an in-
finitely extended medium as shown in Fig. 1. 4) Both
subcutaneous fat, separating body surface and deep
tissues, and skin have different dielectric data than the
deep tissues.

Most of the dielectric data required for the calcula-
tions have been obtained throughout the total fre-
quency range of interest by scveral investigators, no-
tably by Schwan and Li between 100 and 1000 mc!! and
by Herrick, Jelatis, and Lee from 1000 to 10,000 mc.}®
They are well understood and explained in terms of the
various body constituents.! An analysis of all data
has shown that we may distinguish between two differ-
ent classes of tissue, namely muscular tissues and body
organs such as heart, liver, lung, kidney, etc., on the one
hand and fat and bone tissue on the other hand.® These
two classes of tissues have greatly different dielectric
constants and losses. The first group of tissues is char-
acterized by a rather high water content of about 70
to 80 per cent and a protein content of about 20 per
cent in weight. Its clectrical properties are found to be
rather reproducible, due mainly to the constancy of the
water-protein distribution. The fatty and bone tissues
on the other hand have dielectric constants and con-
ductivities which are about tenfold smaller than the
data of the first group of tissues. The fat material
varies strongly in its dielectric properties from sample
to sample and perhaps from one type of animal to an-
other. This may be due to the fact that it contains only
small amounts of water. This water content is variable
and accordingly effects the diclectric properties strongly
due to the high dielectric constant and conductivity
of water. A summary of the dielectric data of the two
types of tissues is given in Table II. The wet fat in the
table, with somewhat higher water content, represent
horse fat, while the dry fat has been found more char-
acteristic of pork. Human fat values are somewhere
in between. Skin tissue so far has been investigated only
by a few authors. Its dielectric data are slightly lower
than those for muscular and similar tissues. Some of our

I H. P. Schwan and K. Li, “Capacity and conductivity of body
tissues at ultrahigh frequencies,” Proc. IRE, vol. 41, p. 1735-1740;
December, 1953.

2 This does not exclude the possibility that hone structures suffi-
ciently near the body surface may occasionally cause standing wave
pattern in the tissues separating body surface and bone due to im-
pedance mismatch between bone and other body tissues. However,
the influence of such effects on the total amount of absorbed energy is
likely to be small and, therefore, does not deserve special considera-
tion in a discussion of the thermal aspects of total body irradiation.

18 J. F. Herrick, D. G. Jelatis, and G. M. Lee, “Dielectric proper-
ties of tissues important in microwave diathermy,” Fed. Proc., vol. 9,
p. 60; 1950; and personal communication.
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TABLE II*
® ———37°C. —| so°c. | 20°C.
Muscle Wet fat =~ Dry fat | Wet fat =~ Wet fat
mc¢
150 66 7.6 3.8 7.6 7.6
100 58 6.8 3.4 6.8 6.8
900 54 6.1 3.05 6.1 6.1
3000 51 4.4 2.2 4.4 4.4
10,000 45 3.3 1.65 3.3 3.3
- 37°C. ~| s0°C. | 20°C.
.@ Muscle | Wet fat | Dry fat | Wet fat | Wet fat
me o | N -
150 10 0.66 0.33 1.32 0.33
100 10 0.78 0.39 1.56 0.39
900 11 0.91 0.45 1.81 0.45
3000 22 1.18 0.59 2.35 0.59
10,000 125 2 1.31 5.26

.63 1.31

* Diclectric properties of muscle, characteristic for all tissues
with high water content, and fat for various frequencies and tem-
peratures, The muscle and wet fat data are from actual measurement.
The data are simplified in the drv case since the total variability due
to variation in water content is characterized by a factor of two.
This scems an optimal value based on the limited available material
as obtained from horse, pork, and human autopsy material. Tem-
perature dependence of dielectrie constant is small and has been ne-
glected in the idealized data

skin measurements recently obtained with techniques
described elsewhere'*5 and those obtained by others at
higher frequencies'®'7 are given in Fig. 2. The vari-
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Fig. 2—Dielectric constant (§) and conductivity (x) (in mMho) of
skin tissue. The results are obtained by the authors (0, +),
England (A)¥ and Cook (@, x)'". The curves define the values used
in all numerical discussions.

"4 H. P. Schwan, “Method for the determination of electrical
constants and complex resistances, especially biological material,”
ZS. f. Natur., vol. 8b, p. 1; 1953.

15 H. P. Schwan and K. Li, “Measurement of materials with high
dielectric constant and conductivity at ultrahigh frequencies,”
Y;rg;ts. AIEE, (Communications and Electronics), p. 603; January,
1 5

16 T. S. England, “Dielectric properties of the human body for
wavelengths in the 1-10 cm range,” Nature, vol. 166, p. 480; 1950.

1" H. F. Cook, “Dielectric behavior of some types of human tissues
at microwave frequencies,” Bril. J. Appl. Phys., vol. 2, p. 295; 1951.
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ability of the skin data is characterized by two out of
altogether five scts of measurements by us (200-1000
mc) and the deviation of the curve from the single ob-
servations. It is small enough to neglect it in the fol-
lowing discussions.

The calculations proceed as follows. The character-
istic wave impedance of all tissues concerned, i.e., deep
tissues, fatty tissues, and skin, is obtained by dividing
the wave impedance of air (377 ohm) by the square root
of the complex dielectric constants &+=8—j60N« where
is the wavelength of radiation in air. The propagation
constants of the radiation y=«+jB8 are obtained from

- T /—ET'F
Y=] T NVo
A
Denoting by single subscripts each material (M muscle,
F fat, S skin, 4 air) and by double subscripts interfaces,
the following equations hold for characteristic imped-
ances, input impedances, and complex reilection coeffi-
cients p =peid:

347
\Veut
Zry — Zp VEFF — Vet
Pryy = ———— = ———
Zeu+Zr VEFt + Vet
14+ PFMG—Z’YFdF
Zsr = ZF - - -
1 — PpyeFeF
8 Zsr —Zs
SF = ——
Zsr+ Zs
1+ Psre—2vsds
Zag=Z2g —— ("
1 — Pgre—2vsds
e Zag — 377
457 Zas + 377

where the d symbolizes thickness of material under
consideration. The field strength E in each tissue is re-
sultant from incident waves and waves reflected {rom
the interfaces between the tissue layers. Hence®

E = Eyler* + petr=]

where « is the space coordinate (x =0 at interface which
is responsible for reflected wave). The parameters Eg
are determined by the boundary conditions, that no
potential jump is permissible at the interfaces. From
the field distribution, heat development per cm length
is obtained:®

Ey?
I= ey k[e~2a2 + pe?2* + 2p cos (2Bx + P) ].

Finally, the integrals of heat development per cm

d E2 [1 — p?
f Idx=———x[—-4 (1 — ¢229)
0 2 2

+ —;— (sin [28d + @] — sin q»)]
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are determined for the three layers and compared with
each other. They give total heat development in skin,
fat, and deep tissues.

REsuLts

Coefficients which give total percentage of absorbed
energy and heat development in skin, fat, and muscle
have been determined for all parameters of interest as
follows:

1) frequencies of 150, 400, 900, 3000, and 10,000 mc.

2) thickness values of subcutancous fat of 0, 0.5, 1,
1.5,2,2.5, and 3 cm.

3) thickness values of skin of 0, 0.2, and 0.4 cm. The
range of 0.2 to 0.4 cm skin thickness covers values
of practical interest. The value 0 is included in
order to permit judgment of what happens if skin
is neglected.

4) dielectric constant and conductivity data of fat
with high water content and low water content in
order to investigate the effect of the variability of
fat properties. Variability of the dielectric data
of deep tissues and skin is very small and need not
be considered.

5) dielectric data for fat of a temperature near 50°C.
and fat of a temperature near 20°C. Influence of
the temperature variation is demonstrated in the
case of fat, since fat has been shown to vary its
dielectric parameters with the temperature more
strongly than any other tissue.!" However, varia-
tion in temperature of subcutancous fat causes
no very pronounced cffects as will be showit below.
It has been necessary, therefore, to choose lower
and upper temperature limits out of the range of
physiological interest to demonstrate temperature
influence. The dielectric data which have been
used are summarized in Table II. Variation with
temperature throughout the range of practical
interest involves predominantly change in con-
ductance and only to a smaller degree change in
dielectric counstant.! It is justified, therefore, to
represent the change from 20 to 50°C. by achange
of the conductivity by a factor of two, while the
dielectric constant data are not varied.

Some statements are necessary to justify the neglect-
ing of a discussion of the temperature dependence of
the skin and deep tissue layer. It follows from numerical
calculation not demonstrated here that the input im-
pedance of the deep tissue complex varies only to a
small degree with the temperature of the deep tissue
layer. This is due to the fact that the dielectric constant
is nearly temperature independent and that the con-
ductivity, whose temperature coefficient is about 2 per
cent/°C., has practically no effect on the input imped-
ance. The input wave impedance for the deep tissues is,
furthermore, quite different from the characteristic
wave impedance in the fatty layer, resulting in a pro-
nounced reflection of energy from the fat-deep tissue
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interface. Variation in the input impedance of the deep
tissue has, therefore, only a small affect on the standing
wave pattern in front of the deep tissue layer. We con-
clude that the development of heat in all layers is prac-
tically independent of the temperature in the deep
tissues and, hence, also the coefficient which character-
izes the percentage of airborne radiation absorbed by
the body.

The temperature of skin has some effect on its ab-
sorption of energy. It does not affect the ratio of heat
developed in fat and deep tissue layer, but its own con-
sumption of energy is found to vary by about 2 per
cent per °C. This is small enough so that the percentage
of incident energy which is absorbed by the body, and
the skin’s own heat development are affected only to a
minor extent.

In view of the number of parameters, which are in-
volved, a great amount of numerical data has been ob-
tained. Space does not permit the presentation of all
the material.®®* We will, therefore, restrict ourselves to
part of the material which seems to be most character-
1stic.

Percentage of Absorbed Energy

Table I1I gives percentages of total absorbed energy
for the frequencies 150 to 400 mc. The data demonstrate
the simple situation prevailing at frequencies below
1000 mc. Comparison of the data shows practically no
influence of the degree of wetness of the fatty material
for thickness values of the subcutancous fat layer up to
2 cm. The same applies for variation in temperature.

TABLE III*

Fat ’ Skin thickness | 150 mc I 400 mic
Wet 0 I 26-27 ‘ 36-42
37°C. 0.2 cm 26-31 36-54
‘ 0.4cm i 27-32 | 3760

Drv } 0 27-29 37-40
37°C. 0.2cm 27-32 37-52
0.4 cm | 20-34 i 38-61

Wet 0 26-28 37-43
50°C 0.2 cm 26--30 37-52
0.4 cm 27-33 37-39

Wet 0 | 2627 37-44
20°C 0.2 cm 26-31 36-55
0.4 cm 27-33 37-62

* Percentage of absorbed energy for frequencies of 150 and 400
mc. The data pertain to somewhat wet fat and rather dry fat at body
temperature. The small effect of temperature is shown by listing data
applying to extremes of temperature (20°C. and 50°C.). The ranges,
which are given, are covered monotonously as the thickness of the
subcutancous fat increases from 0 to 2 cm.

The percentage of absorbed energy increases monoto-
nously with fat laver thickness. The lower figures per-
tain, therefore, to zero-thickness and the higher figures
for a thickness of 2 cm of fat. The increase is negligible

'® Those interested in the detailed results may request them
from the authors.
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for 150 mc for all values of skin thickness. It is still
small for 400 mc. if the skin thickness is neglected, but
becomes more pronounced as the skin thickness in-
creases. The percentage values are equal to 30 per cent
and vary only by +4 per cent at 150 mc. At 400 mc
they are near 50 per cent %10 per cent. The increase in
absorption becomes rapidly more pronounced as the fat
thickness or thickness of skin increase beyond the
values discussed in the table. The material indicates
that at low frequencies skin and subcutaneous fat have
only minor influence on the absorption percentage. This
must be so, since for the thickness values under dis-
cussion, both skin and fat layer are considerably smaller
than one quarter of a wavelength in either type of
material and, therefore, almost transparent for the
clectromagnetic energy. However, the amount of ab-
sorbed energy is scen to be frequency dependent and to
vary from amount 26 to 35 per cent if skin and fat layer
are neglected and when frequency increases from 150
to 400 mc. These percentage values are characteristic
for a semi-infinite layer of muscular tissue, hit by air-
borne radiation. Further details of this frequency de-
pendence are shown in Fig. 3 in more detail.
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Fig. 3—Depth of penetration a) and percentage of absorbed energy
b) of airborne electromagnetic radiation in tissues with high
water content as function of frequency. The depth of penetration
is defined as the inverse of 2u (u absorption coefficient) and char-
acterizes the thickness required to diminish the field intensity to
1/e of its original value.

Fig. 3 demonstrates with curve b the continuous in-
crease which the percentage of encrgy absorbed by a
single semi-infinite laver of muscle shows with increas-
ing frequency. A plateau exists where the percentage is
nearly frequency independent from 600 to 10,000 mc
and equal to about 40 per cent. The explanation of this
plateau-effect has been given at another place.® Curve
a shows a strong decrease of the depth of penetration
(3u) with increase of frequency.
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Fig. 4 has been chosen to demonstrate the tremendous
influence which skin can have on the absorption, if its
thickness becomes comparable to or greater than A4 in
skin material. et fat has been assumed. This type of fat
has the unusual property that it matches the input im-
pedance of the deep tissue layer to the wave impedance
of air, if it is a quarter of a wavelength thick. For this
thickness, which is 1.25 ¢cm for 3000 mc., 100 per cent
energy absorption results if skin thickness is neglected.
However, at a thickness of 4 mm the skin itself estab-
lishes \/4 transformer, causing a very large mismatch.
The result is an absorption of only 20 per cent. At other
values of fat layer thickness than 1.25 cm, the depend-
ence of percentage of absorbed energy on skin thickness
is less pronounced.
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Fig. 4—Critical influence of skin thickness on the amount of ab-
sorbed energy is demonstrated for various fat layer thickness
values at a frequency of 3000 mc.

Fig. 5 gives the coefficient of absorption in per cent
for the frequencies 900 mc, 3000 mc, and 10,000 mc.
Thickness of subcutaneous fat is varied between 0 and
3 em and skin thickness values from 0 to 0.4 cm. These
are the ranges of predominant practical interest.!® The
total material is affected by the occurrence of standing
wave patterns in the fatty and skin layers. The corre-
sponding periodicity of the absorption coefficient is
obtained in good approximation i the wavelength in
air A=3.10'/frequency is divided by the square root
of the dielectric constant values as given in Table II.
The periodic behavior is further affected by the losses
in the subcutancous fat, which cause the curves to be-
come less modulated as the fat layer thickness increases.
The effect of skin and subcutaneous fat layer is pro-
nounced at 900 and especially at 3000 me. It affects the
coefficients of energy absorption strongly whenever
the thickness of thesc layers matches multiples of \/4
as has been demonstrated for skin already in Fig. 4.
The 10,000 mc values, on the other hand, are rather con-
stant and fluctuate between 40 and 50 per cent for
values of skin thickness of practical interest. The values
are quite similar to the value taken from Fig. 3 for inci-

19 Larger values for the thickness of the subcutaneous fa