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MINIATURE
MIL TYPE

Metal case hermetical- §1 Magnetic shielded plus
ly sealed to MIL-T-27B. £ electrostatic shield for
Gold Dumet leads | | voltage isolation of
spaced on 0.1 radius, § | 2x10¢ Primary 200K
for printed circuit ap- £3 C.T. to within 0.1%.
plication. ¢ Secondary 50K.

‘“SPECIAL” CUSTOM BUILT

AUDID TRANGFORNERS

TO YOUR SPECIFICATIONS

4]
o

Transistor output
matches any PP tran
sistor to 4, 8, 16
speaker. Primary 48
36, 12 Q C.T.; 20 —
to 20 KC; 40 watts.

" CATHODE
FOLLOWER
OUTPUT

HIGH POWERED

Provides equal volt-
ages to 5 loads. Pri-
mary inductance main-
tained to 5% with
20% change in DC
unbalance and 30%
change in AC voltages.

Low distortion 2.5 KW
output transformer, P
450 TH's 18,500 ohm
C.T. to 24/6 ohms
20 KV hipot. 520 Ibs

Exceptional quality and reliability is provided in all
UTC designs. Over 30 years of engineering knowledge
and experience substantiated by extensive field per-
formance assure the highest quality and most re-
liable components in the industry. Complete en-
vironmental testing facilities are incorporated to
prove out new designs. Full analysis and evaluation
of materials are conducted in UTC's Material and
Chemical Laboratories. Rigid quality control mea-
sures coordinated with exhaustive statistical find-
ings and latest production procedures results in
the industry’s highest degree of reliability. Range
covered in Audio Transformers is from 0.1 cycles
to 400 MC . . . microwatts to 50 KW.

HYBRID MICROMODULE

TRANSFORMER

HI-FREQUENCY
CARRIER TO
MIL-T-278

o

Electrostaticall

Two transformers each
600 2 primary. 40K
2 C.T. secondary 250
cycles to 5 KC within
Y4 db. 40 db isolation
over band.

.1% tolerance.

BOLOMETER
TRANSFORMER

SUBMINIATURE
MOLDED
TRANSFORMER

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART |

&
POWER TRANSFORMERS e AUDIO TRANS-
FORMERS ¢ INDUCTORS © PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS e
LUMPED CONSTANT DELAY LINES e HIGH
| e Jnge Q COILS » MAGNETIC AMPLIFIERS e SAT-
MIL-T-278, grade 4. [ URABLE REACTORS e REFERENCE UNITS

Primary 10 ohms, sec-
ondary 530K ohms,
230:1 ratio, response
from %2 cycle to 25 cy-
cles. 120 db magnetic
shielding, plus full
electrostatic shielding.

Grade 3 with printed
circuit leads for tran-

level. Size 12 x 12 x
14"”; weight 5 grams.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. » 150 VARICK STREET, NEW YORK, N. Y. 10013
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160db

measurement
l"ange points to

db resolution for sonar, acoustics,
all audio response measurements

LR valns

hp 400GL
AC Voltmeter

20 db log linear meter scale, —100 to 60 db, for greatest range available

20 db step attenuator, for greater convenience

100 pv to 1 kv range, 20 Hz to 4 MHz—high sensitivity, low noise

Switchable low-pass filter at 100 kHz, for greater accuracy in audio, sonar ranges
Fast response (read 3 sec. after turn-on), fast overload recovery

10 megohm input impedance, for minimum circuit loading

Here's a voltmeter designed specifically to increase the efficiency and speed of
acoustic and sonar measurements, offering wide dynamic range with low noise, 0.2
db accuracy and the convenience of maximum resolution on a wide-range linear scale
(0 db=1 v). It's a special version of the popular Hewlett-Packard 400 F/FL Voltmeter,
noted for its speed of response, accuracy, high sensitivity and low noise. Use the
400Gl in the calibration lab for frequency response tests or use it on board. The 400GL
also can be used as a high-gain ac amplifier with 80 db amplification. Make convenient,
accurate measurements without calibration or conversion, increase accuracy of audio
measurements with the 100 kHz low-pass filter, especially on the more sensitive ranges,
by reducing noise bandwidth.

Ask your Hewlett-Packard field engineer for a demonstration of the 400GL, priced
at only $290. Or write for complete specifications: Hewlett-Packard, Palo Alto, Cali-
fornia 94304, Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice. Price f.0.b. factory.

HEWLETT \hp PACKARD

An extra measure of quality

1926
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OUTSTANDING PERFORMANGE. .. AT REASONABLE GOST ¢15ses acoss.rue-oaso

PERFORMANCE AVAILABLE FROM A WIDEBAND DIFFERENTIAL DATA AMPLIFIER

New Hewlett-Packard 2470A Differential Data Amplifier...$585

Top electrical performance:Com-
pare, spec to spec—DC gain X10 to
X1000 (optional precision vernier,
X1 gain), output 10 v, 0-100 ma.
Gain accuracy +0.02% range; con-
stant 50 kHz bandwidth. Differential
input for low drift, high cmr (120 db
at 60 kHz on gains down to x30, 90
db at x1). Full output across full
bandwidth (107 v/sec RTO). High
1000-meg input impedance all gain
settings, output impedance 0.1 ohm
~+10 xh. DC linearity of 0.002% on
both polarities; dc gain stability of
0.005% per month achieved without
chopper stabilization. Low drift and
noise. Fast 100 microsecond settling,
100 microsecond overload recovery,
excellent overload protection, op-
tional overload indicator. Input and
output isolated by internally driven
guard shields; dual output available
with fixed 2-pole filter.

HEWLETT
PACKARD

' DYMEC
DIVISION

Built-in reliability: The predicted
MTBF of the 2470A is in excess of
20,000 hours. Silicon transistors are
used throughout, and passive and
active components are selected for
dependability, as well as perform-
ance. Amplifier meets spec at 95%
humidity at 40°C. Critical para-
meters (zero drift, full-scale accu-
racy, common mode rejection) are
verified after 100 hours of “run-in"
at elevated temperature.

2 Circle 2 on reader service card

Packaging for value, compactness:

Amplifier and self-contained power
supply are enclosed in a unique,
rugged molded dielectric case. Com-
bining case, bench stand, power and
signal cables, plus many other
accessories, are available.

Use if for: Amplifying signals from
low-level resistive transducers, such
as thermocouples, strain gages.
High input and low output imped-
ance make it ideal for amplification
over long transmission lines; use it,
with resistive or reactive loads, such
as x-y, strip-chart or oscillographic
recorders, digital voltmeters, null
detectors and servo systems, telem-
etry systems . .. or use it as a high-
performance bench amplifier.

Call your Hewlett-Packard field
engineer for complete information
or write the Dymec Division of
Hewlett-Packard, 395 Page Mill
Road, Palo Alto, California 94306,
Tel. (415) 326-1755; Europe: 54
Route des Acacias, Geneva.

1306 °
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Technical Articles

l. Design

Computer-aided design: part 3

Analyzing circuits with symbols

Manipulating symbols in a computer can be more
helpful in design than working with numbers
Richard Carpenter and William Happ

National Aeronautics and Space Administration

Knowing the cause helps to cure distortion

in FET amplifiers

Trouble is avoided by rules that relate device
characteristics and factors causing distortion
James S. Sherwin, Siliconix, Inc.

Designer's casebook

= Warning lights monitor d-c supply voltage
= Tunnel diodes lock output of servocircuit

= Agc circuit possesses 60-decible gain

= Transistors make voltage shifter adjustable
= Bipolar pulse generator tests fast flip-flop

Il. Application

Apollo: the goal is in sight (cover)

Electronics equipment is meeting its stiffest
challenge to date, the ultrareliability needed to
make the lunar landing program a success
John Rhea, Electronics Washington Bureau

Communications technology in Japan
Spurred by demands to increase telephone
system capacity and provide communications
between computers, Japanese engineers are
rapidly developing original techniques for
pcm and digital data transmission

Japanese stay with pcm to meet
mushrooming growth in telephony

New ways are being found to transmit more
conversations without adding more lines
Hiroshi Inose and Hiroya Fujisaki, University
of Tokyo

Bit by bit, Japan is speeding its data
communications links

Up to 6,000 bits a second will move over a single
voice line to meet the increased demand

for data communications

Mitsuru Yokoi, Shigehiro Hirasawa and

Yoshiyuki Mima, Nippon Telegraph and Telephone
Public Corp.
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Readers Comment

Questioning the laser gyro . . .

To the Editor:

The story “Laser gyro comes in
quartz” [Sept. 19, p. 183] men-
tioned possible applications of
strapped-down ring lasers for air-
craft and missiles to sense o. As in
other approaches I have read
about, the beat frequency f, is
explained by the change of wave-
length A due to Doppler effect in
terms of M= (1==v/c).

While this is correct for missiles,
it certainly does not apply for air-
craft where the observer rotates
with the device and no Doppler
effect will be noticed. Instead,
while A remains unchanged, the
speed of light becomes ¢/’=c=*o re-
sulting in the same f;, as obtained
in missiles. Both relations are com-
plementary and should be used
side by side when explaining f;.

T. F. Heiting
Advanced Electronics
Seattle, Wash,

... In answer

To the Editor:

It is not entirely correct to say
that the article explains the change
in wavelength as being due to a
Doppler effect. The article states
only that as the gyro is rotated,
the effective paths for the oppo-
sitely directed beams become dif-
ferent and as a result the frequen-
cies differ.

These results are consistent with
the general theory of relativity
since the operation of the gyro
takes place on a rotating frame,
which is not an inertial frame. The
theory predicts that light, whose
velocity by definition is always
equal to ¢, will take a longer time
to traverse a closed contour on a
rotating frame when traveling in
the direction of rotation, than when
traveling opposite to the direction
of rotation. This lack of time syn-
chronization results in an effective
optical path difference for the two
beams. A condition for laser oscil-
lation is that an integral number
of wavelengths, or the frequencies,
differ for the two directions and
this frequency difference is meas-
ured by an observer located on the

Electronics | December 12, 1966



UNICIRCUIT® RCTL
INTEGRATED CIRCUITS

Did you know

Sprague makes...? o

Sprague Series US-0100...a com-
plete line of monolithic digital build-
ing blocks featuring low power
consumption (2 mW typ.)

Check 39 Reader Service Card

UNICIRCUIT® mW RTL *¢SERIES SE100, NE100, U700 MULTIPLE TRANSISTORS
INTEGRATED CIRCUITS DTL GIC i (NPN-PNP PAIRS/QUADS)

TO-5 CASE

Types US-0908 through
US-0921... Fully inter~

igi : AMPLIFIERS ~ SWITCHES HOPP
changeable mW digital Two operating temperature ranges: . RS

building blocks featyr- —55Cto+125Cand 0 C to +70 C. Pairs Quads

ing power consumption NAND/NOR gates, clock and line driv- 2 NPN 4 NPN

of 2mW/node and prop- ers, gate expanders, RST and JK binary 2 PNP 4 PNP

agation delay of 40 nsec elements, one-shot multivibrator. 1 NPN—1 PNP 2 NPN—2 PNP

Check 40 Reader Service Card Check 41 Reader Service Card Check 42 Reader Service Card

LOW-COST HERMETICALLY-
SEALED PLANAR TRANSISTORS

TQ SERIES (PNP)
Low Level Amplifiers
High Gain Switch/Amplifiers
High Speed Switches

TN SERIES (NPN)
High Voltage Switches
Low Level Amplifiers
High Speed Switch/Amplifiers
Choppers
T0-18 Power Amplifiers
CASE Core Drivers

DIFFERENTIAL AMPLIFIER
TRANSISTOR PAIRS

9;"'””6'05 %

T0-18 T0-5 FLAT

CASE CASE PACK
NPN or PNP « Matched characteristics.
hge = 10-20%. AVgg = 5-20 mV.
AVge/Temp = 5-20.V /°C.

UNICIRCUIT® CUSTOM
HYBRID CIRCUITS

sl

S E—
:':(EE—

Combine monolithic silicon circuits with
tantalum or Ni-Cr alloy resistors. Close
resistance tolerances, low temperature
coefficient. Resistor matching, + % %.

Check 43 Reader Service Card Check 44 Reader Service Card Check 45 Reader Service Card

TW-3000 MICROPOWER PNP *Available from Sprague Electric
SILICON HIGH-SPEED under technology interchange
SWITCHING TRANSISTORS with Signetics Corp.

Fastest switching transistor For complete technical data

available in the on any of these products,

1 to 100.A range write to:

Cip = 0.7 pF typ., 1.5 pF max. Technical Literature Service
' Sprague Electric Company

Cop = 1.5 pF typ., 2.5 pF max, 35 Marshall Street

North Adams, Mass. 01247

DIGITAL-TO-ANALOG
CONVERSION CIRCUITS

{,—,,'/;f;’:’/‘

UT-1000—Four-bit ladder network

UD-4001—Ladder switch for driving
resistor ladder networks

UD-4024—Buffer amplifier

Check 46 Reader Service Card Check 47 Reader Service Card

SPRAGUE COMPONENTS

s I R n G U E®
THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES 1 °

INTEGRATED CIRCUITS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

455-6128R3 *Sprague’ and ' (2)" are registered trademarks of the Sprague Electric Co.
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With this NEW instrument
you can test

practically any capacitor :

... especially electrolytics to MIL or EIA Standard’s

THIS CAPACITANCE BRIDGE

. hasaCrangeof 1012, from 1 pFto 1.1F ... with an
accuracy of =19 to 0.11F and =29, from 0.11F
to1.1F.

. has a D range from O to 10 with an accuracy of
approximately =29,.

. is completely self-contained; just plug it into a
power line and start making measurements. The
120-Hz generator, tuned detector, adjustable dc po-
larizing voltage and bridge circuits are all contained
in a GR-patented, Flip-Tilt cabinet/carrying case.

. has an internal, metered dc polarizing voltage that
is adjustable from O to 600 volts.

. provides for 2-, 3-, 4- or 5-terminal connections;
effects of residual impedances are prac-
tically eliminated.

... measures leakage current down to
0.5 pA.

.. can be used up to 1000 Hz with an external gen-

erator.

. has panel safety lights to indicate when bias voltage

is being applied and when the charge on the un-
known capacitor exceeds one volt.

. has ORTHONULL® balance finder, which eliminates

sliding balance when high-D capacitors are mea-
sured.

. has a phase-reversible 120-Hz generator to reduce

the effects of stray voltage; amplitude is selectable
and limited to 0.2V, 0.5V, or 2V.

. meets or exceeds requirements of standards includ-

ing MIL-C-39003 (Solid Tantalum), MIL-C-39018
(Aluminum Oxide), MIL-C-62 B (Polarized Alumi-
num), MIL-C-26655 B (Solid Tantalum), MIL-C-
3965 C (Tantalum Foil and Sintered Slug), (EIA)
RS 154 B (Dry Aluminum), (EIA) RS 205 (Electro-
lytic), (EIA) RE 228 (Tantalum).

. Price is $1195, Type 1617-A Capacitance Bridge.

Models are
available for
portable use,

rack mounting,

115- or 230-V input,

50- or 60-Hz.

BOSTON « NEW YORK « CHICAGO « PHILADELPHIA « WASHINGTON, D.C.
SYRACUSE « DALLAS « SAN FRANCISCO « LOS ANGELES « ORLANDO
CLEVELAND « TORONTO « MONTREAL

BOURNE END, ENGLAND ZURICH, SWITZERLAND

GENERAL RADIO

WEST CONCORD, MASSACHUSETTS

. e s . T |



rotating frame with the gyro.

Since the results are a first or-
der effect, classical theory may be
used to give the correct answer, to
first order. In using classical theory
one considers the speed of light to
be different for both directions and
the accepted result is obtained.
However, it should be emphasized
that this change in the speed of
light is only an apparent change.
What physically changes is the
time for the light (whose speed is
an invarient) to traverse a closed
path on the rotating frame.

No matter which technique is
used, applications in missiles and
aircraft are identical, since the ob-
server in both cases is on the
rotating frame.

Possibly Heiting objects to the
terminology, “Doppler effect” for
the laser gyro, since there is no
Doppler effect when a source and
observer are on the same inertial
frame. However this again illus-
trates the distinction between a ro-
tating frame and an inertial frame.
On a rotating frame the laser gyro
effect can be considered a Doppler
effect. The laser will oscillate with
a corresponding change in wave-
length due to the change in time
interval for the light to traverse a
closed path on the rotating frame.

Frederick Aronowitz
Principal Research Scientist
Honeywell, Inc.
Minneapolis, Minn.

Approval for the milliday ...

To the Editor:

The milliday sounds great, and
has fewer drawbacks than you
indicate [Nov. 14, pp. 43-44]. The
time-zone problem can be resolved
by redividing the earth into 20 fifty-

milliday or 25 forty-milliday time
zones—take your pick. At the same
time let’s redivide the earth into
400 degrees (decents?). This will
make one decent of latitude equal
very nearly to 100 kilometers, and
we can do away with the now very
useful but then unnecessary nauti-
cal mile, 60 to a degree of latitude.

Many people would be satisfied
to reset their clocks to 000.000 at
New Year instead of to 001.000.
This would make New Year’s Day
zero—an automatic holiday since
numerically it wouldn’t exist.

Whatever we do let’s keep the
second for scientific purposes.
Imagine the argument on what to
call the cycle per milliday!

David B. Hoisington

Professor, Electrical Engineering
U.S. Naval Postgraduate School
Monterey, Calif.

. « « €Ver since 1582

To the Editor:

The “Timely program” for meas-
uring intervals in millidays worked
out by Frank Cilino and his fellow
engineers at Western Electric [Nov.
14, p. 43] has been in use by as-
tronomers since 1582.

The current Julian Period began
Jan. 1, 4713 B.C., and this year’s
Christmas, for example, is simply
Julian Day 2,439,485. By the use
of such a “counting” calendar no
reference need be made to months
or years, and a time specified is
unambiguous to every astronomer,
regardless of the factors of nation-
ality or religion which often com-
plicate calendar systems.

C.D. Geilker
Observatory assistant
Warner and Swasey Observatory
East Cleveland, Ohio.
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h INTEGRATED GIRCUITS?

[ha crilical edge

Must metal parts for integrated circuits
be produced by chemical etching . . .
slowly . . . expensively?

No. Volkert stamps and forms these
thin, critically precise components—in
high volume, and at less cost. No sec-
ondary forming is needed.

Volkert’'s specialized facilities meet
your most exacting tolerances for lead
frames, frames and bases. We are aware
of your design and production require-
ments as to burr, flatness, finger widths
and center distances. And we work with
Kovar, Rodar and clad materials. Lead
frames can be formed in a continuous
strip for automatic assembly.

For your next big job, in flatpacks or
any other microminiature electronic
components, think Volkert. Where your
small stampings get that critical edge.
Call or write today.

yﬂ/ﬁﬂl’f STAMPINGS, INC,

Subsidiary of The Stanley Works

222-33 96th Avenue
Queens Village, L.l., N.Y. 11429
Telephone 212-464-8400
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how to measure phase angle down
t0.25° from 10Hz to 100KHz
(plus in-phase and quadrature!)

North Atlantic’'s Model 301A Broadband Phase Angle Voltmeter* adds a new
dimension to AC by enabling you to measure phase angle, in-phase and quad-
rature while frequency is varying over half-decades...without recalibration. It
provides complete coverage from 10Hz to 100KHz and incorporates plug-in
filters to reduce the effects of harmonics in the range from 27Hz to 28KHz with
only 11 sets of filters. Vibration analysis and servo analysis are only two of the
many applications for this unit. Selected specifications are listed below:

Voltage RaNge......csummmmmuisn g .1 mv to 300 volts full scale
Voltage Accuracy........ e RSB AT ! ...2% full scale
Phase Dial Range...................... 0° to 90° with 0.1° resolution
(plus 4 quadrants)

! ..0.25°, 31.6Hz to 31.6KHz
(derahng to .6° at 10Hz, 1° at 100KHz)
Input Impedance.............c.....cooeevinnnnn. 10 megohms, 30u.f for all ranges
(signal and reference inputs)

0.15 to 130 volts

Phase Accuracy......................

Harmonic Rejection............................ccooooiiiiii, .50 db
Nulling Sensitivity..................ccoo less than 2 microvolts
SIZe. . 19" x 7" x 13%," deep
Price......... s ..$2290.00 plus $160.00 per set of filters

North Atlantic’s sales representative in your area can tell you all about this unit
as well as other Phase Angle Voltmeters*® for both production test

and ground support applications. Send for our data sheet today.
*Trademark

NORTH ATILAINTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 ¢ 516—681-8600
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People

The Semiconductor division of the
International Telephone and Tele-
graph Corp. is aiming to reach the
third spot in industry rankings bv
1971. ITT, which now ranks itself
seventh, will rely heavily on auto-
mation and has already committed
$20 million to the task—$5.3 million
earmarked for integrated circuit
production alone.

In addition, ITT has hired two
key men who want to automate the
entire produc-
tion process —
including the
mask-making,
Jack McVickers,
34, who worked
for the General
Motors Corp. in
the highly auto-
mated auto in-
dustry, takes over as manager of
1ITT’s Semiconductor plant in West
Palm Beach, Fla. McVickers, who
is a member of the Tau Beta Pi so-
ciety, gained valuable 1c experience
during his six years with the Molec-
ular Electronics division of the
Westinghouse Electric Corp. James
Nall, 40, who de-
signed a mask-
making facility
for the Fairchild
Camera & In-
strument Corp.,
becomes a spe-
cial consultant
to ITT.

Under a li-
censing know-how agreement, the
division got its integrated circuit
program off the ground by copying
Fairchild’s diode transistor logic
(pTL) line. ItT has been producing
the prr. line for the past nine
months and expects to have copies
of Fairchild’s transistor-transistor
logic (tTL) devices on the market
by February.

ITr makes its own masks from
drawings supplied by Fairchild. Ul-
timately, 1rT will be making more
critical TTL circuits and its own pro-
prietary designs as well. This is
where Nall, who has a master’s de-
gree in both chemistry and engi-
gineering, comes in.

Nall is designing the equipment
for the intricate mask-making proc-
ess and attempting to advance the

Jack McVickers

James Nall

Electronics | December 12, 1966



OHMICONE®

SILICONE-CERAMIC tWO

M S OICES
om

MITE

SERIES 44 - CONFORMAL OHMICONE®
Same basic high quality wire-wound resistor as above, but
with a conformal coating (1000 VAC rating). While it does
not have the uniform shape and dimensions of the molded
Series 88, the Series 44 is available with the same close,
CONFORMAL standard tolerance and low TC. It is supplied in commercial
and high precision types. Can also be furnished to meet
MIL-R-26 requirements. (Bulletin 109)

Wattages (Commercial): 1.5, 3.25, 6.5, 11 watts at 25°C.
Resistances: 0.1 to 442K ohms.

Tolerances: To 0.05%; commercial, 3% for values above 1 ohm.
Low Temperature Coefficient of Resistance: Standard is
0 + 20 ppm/°C for 10 ohms or more.

OHMICONE Silicone-Ceramic—Not just a conven-
tional silicone coating, but rather silicone combined
with a ceramic compound. Blending the two materials
provides a coating which has the best characteristics
of each. Developed and patented by Ohmite, Ohmi-
cone envelopes a wire-wound resistor in an unusually
tough, resilient jacket that has high moisture resis-
tance and excellent dielectric properties, plus good
stability and low temperature coefficients. Choose
either the molded or conformal coating in accordance
with your requirements.

RHEOSTATS « POWER RESISTORS « PRECISION RESISTORS ¢« VARIABLE TRANSFORMERS ¢ RELAYS
TAP SWITCHES » TANTALUM CAPACITORS « SEMICONDUCTOR CONTROLS « R.F, CHOKES

MANUFACTURING COMPANY J\N\f
3610 Howard Street « Skokie, lllinois 60076 Y
Phone: (312) ORchard 5-2600
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All from Sprague!

ENERGY-STORAGE
CAPACITORS
for every type of
discharge application

A pioneer in high voltage capac-

itors, Sprague has a broader line of designs

for energy-storage applications than any other capac-

itor manufacturer. If your project involves lasers, masers, electronic

photoflash, time-control circuits, exploding wire, thermonuclear fusion research,

magnetization of permanent magnets, medical equipment, or similar discharge

applications, Sprague can provide a capacitor to meet your specific needs.

Light, Moderate, or Heavy Duty Capacitors
Available types range from small, light-weight
units for aerospace applications such as satellites,
missiles, etc., to heavy-duty capacitors for high-
current/high-frequency oscillatory discharges.

8road Range of Electrical Ratings

Voltages from 2 kilovolts to 24 kilovolts. Energy
ratings up to 6700 joules. Self-inductance as low
as .0025 microhenry.

Energy-Storage
Electrolytic Capacitors

A selected line of cylindrical ‘lytics for
industrial applications requiring maxi-
mum capacitance in minimum space.

SPRAGUE COMPONENTS

Paper, Metallized Paper, and Paper/Film Designs
Metallized capacitors intended for light-weight,
space-saving applications . . . one-half the size, one-
third the weight of conventional capacitors. Other
available designs include castor oil impregnation for
extremely long life (assuring a high number of dis-
charges), and non-flammable synthetic askarel im-
pregnation for applications where non-combustibility
is a prerequisite.

For complete information or application
engineering assistance on Sprague Energy-
Storage Capacitors, write to Field Engineer-
ing Department, Sprague Electric Company,
35 Marshall St., North Adams, Mass. 01248,

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS
INTERFERENCE FILTERS
4sc-5171

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

10 Circle 10 on reader service card

SPRAGUE

THE MARK OF RELIABILITY ~

*Sprague’ and ' (@)’ are registered trademarks of the Sprague Electric Co

People

state of the art. He has the creden-
tials; Nall founded and was the
president of the Molectro Corp.,
known for its high-precision masks.

Nall, who spent nine years with
the National Bureau of Standards
doing photolithographic work, savs
present manufacturing processes
usually are based on mechanization
of laboratory methods—not the best
approach to high-quantity produc-
tion in Nall’s view.

The next step is automation,
which Nall defines as an open-loop
system with no feedback. He wants
to attain a new dimension in manu-
facturing—cybernation or advanced
automation—a closed-loop system
with real-time feedback to enhance
vields and cut costs.

Common carrier. McVickers says
that 1rT is incorporating what he
calls the common carrier system
(a wafer moves through the entire
process while remaining in the same
holder) in the diffusion and photo-
chemical processes. “At this time,”
he says, “I don’t believe it would
be economically justified to auto-
mate the entire wafer process.” For
example, he says a need to handle
larger wafers could obsolete expen-
sive equipment.

In assembly techniques, McVick-
ers says 11T employs the most ad-
vanced die-mounting and wire-
bonding machines in the industry.
At present 1T produces To-5 pack-
ages as well as ceramic dual inlines
and flatpacks.

He notes that assembly tech-
niques could be carried further but
this depends on the package to be
produced and its market potential.
This, according to McVickers, hangs
the semiconductor manufacturer
squarely on the horns of a dilemma:
if he commits an assembly and
packaging process to advanced au-
tomation, he may not have the flex-
ibility to make changes as new
technologies, such as large-scale
arrays, come in. McVickers points
out that the arrival of st will dras-
tically affect both packaging and
the wafer assembly process.

Looking to the future, rrr is work-
ing on a new low-cost package that
could be either epoxy or ceramic.
Either, McVickers says, could use
conventional or flip-chip technology.
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Two new ways to
achieve higher power

@ with Machlett

planar triodes

Use water cooling—power Use pin radiator forced air cooling—
level increase to 10X power level increased to 2X

Advanced cooling methods for UHF
planar triodes now permit you to
make full use of the high power
range found in Machlett tubes.
Here are two examples:

ML-7855 with water jacket. Anode
g dissipation capability: 400 watts.
New maximum input: 2.5kV, 300 mA.

ML-7855 with pin radiator. Anode
dissipation capability: 150 watts.

An optional input: 1.75kV, 150 mA.
For full operating details on

Machlett tubes recommended

for this new high-service power
level, write to The Machlett
Laboratories, Inc. —

Springdale, (Stamford) Conn. 06879.

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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works when airflow stops!

UNIQUE APPROACH TO AIR FLOW SENSING OFFERS
POSITIVE PROTECTION... /777 ﬁwm/ @_V

The G-V Air Flow Sensing- Switch uses a new design concept and tech-
nique in monitoring the presence of air flow. The device utilizes a thermal
principle which eliminates all moving parts, allows operation in any ,
plane and eliminates maintenance and sensitive adjustments. It features G-V CONTROLS INC.
a built-in time lag to disregard brief transient interruptions. It operates LIVINGSTON, NEW JERSEY 07039
an alarm or automatic shut-down if the air flow drops below a safe level (201) 992-6200

in electronic equipment, cooling packages, air conditioners, computers

and wherever an air-flow cooling system is used. Military versions and

mountings for industrial equipment are available.
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“Just building
a lipstick size
relay that worked
would have
been easy.

Building one
around our
great high-rel
idea was
another story.”

Wedge-action*, our great high-rel idea, is 9
years old. Our 2PDT lipstick-case size relay has
been around for less than 2 years. But it's
already a standard replacement for the competi-
tion in lots of MIL-R-5757/8 applications.

Why ? Because it outperforms every spec
requirement for both high and low-level loads.
Like all our wedge-action relays, it combines
long contact wipe with high contact force to
give you continually clean precious-metal mat-
ing surfaces throughout life. Competitively
priced with fast delivery.

The lipstick is just one of our family of
wedge-action relays, which cover almost every
dry-circuit to 2 amp application. When you
need a high-rel relay that really works, test one
of ours and try your darndest to prove we're
wrong. You won't be able to.

*U.S. Patent No. 2,866,046 and others pending.
@
»
Electro-Tec Gor
-

SLIP RINGS * RELAYS * SWITCHES * OPTICS

P.O. Box 667 * Ormond Beach, Florida
(904) 677-1771 » TWX 810-857-0305

Manufacturing Facilities:
Ormond Beach, Fla. * Blacksburg, Va.

P 2ectlc T A e damdas anmilan anwed

Meetings

Electrical and Electronic Measurement
and Test Instrument Conference,
IEEE; Talisman Motor Inn, Ottawa,
Canada, Jan. 9-11.

Symposium on Reliability, American
Society for Quality Control, IEEE;
Sheraton-Park Hotel, Washington,
Jan. 10-12.

Symposium on Computers and
Communications, |IEEE; Miramar Hotel,
Santa Monica, Calif., Jan. 19.

American Society for Quality Control
Meeting, American Society for Quality
Control; California State Polytechnic
College, Kellogg Campus, Pomona,
Caiif., Jan. 21.

Midwest Welding Conference, lllinois
Institute of Technology Research
Institute; lllinois Institute of
Technology, Chicago, Jan. 24-25.

Ultrasonic Manufacturers Association
Technical Symposium and Meeting,
Ultrasonic Manufacturers Association;
New York, Jan. 25.

Power Meeting, |IEEE; Statler Hilton
Hotel, New York, Jan. 29-Feb. 3.

Symposium on Nondestructive Testing
of Welds, lllinois Institute of Technology
Research Institute; lllinois Institute of
Technology, Chicago, Jan. 30-Feb. 2.

American Society for Testing and
Materials Meeting, American Society
for Testing and Materials; Statler Hilton
Hotel, Detroit, Mich., Feb. 5-10.

Winter Convention on Aerospace &
Electronic Systems, |EEE; International
Hotel, Los Angeles, Feb. 7-9.*

Electronic Packaging Conference,
Society of Automated Engineers;
Roosevelt Hotel, New York, Feb. 14-16.

International Solid State Circuits
Conference, |IEEE; University of
Pennsylvania, Sheraton Hotel,
Philadelphia, Feb. 15-17.

Airborne Photo-Optical Instrumentation
Seminar, Society of Photo-Optical
Instrumentation Engineers; Ramada
Inn, Cocoa Beach, Fla., Feb. 20-21.

National Air Meeting on Collision
Avoidance, Institute of Navigation;
Dayton, Ohio, Feb. 23-24.

Particle Accelerator Conference—
Accelerator Engineering and Tech-
nology, |IEEE; Shoreham Hotel,
Washington, March 1-3.

International Symposium on Residual
Gases in Electron Tubes and Sorption-/
Desorption Phenomena in High
Vacuum, ltalian Society of Physics;
Rome, March 14-17.

International Convention, IEEE; New
York Hilton Hotel & Coliseum, March
20-24.

Symposium on Modern Optics,
Polytechnic Institute of Brooklyn;
Waldorf-Astoria Starlight Roof, New
York, March 22-24.

Photovoltaic Specialists Conference,
IEEE; Sheraton Cape Colony Inn, Cocoa
Beach, Fla., March 28-30.

Technical Meeting and Equipment
Exposition, Institute of Environmental
Sciences; Washington, April 10-12.

International Conference on Electronics
and Space, Electronic Industries
Association of France; Paris, April
10-15.

Region Ill Meeting, IEEE, Heidelberg
Hotel, Jackson, Miss., April 17-19.

American Society for Testing and
Materials Symposium on Adhesion
(Cold Welding) of Materials in Space
Environments, American Society for
Testing and Materials; Royal York
Hotel, Toronto, Canada, May 1-2.

Call for papers

Symposium on Electromagnetic Com-
patibility, TEEE; Washington, July
18-20. Jan 1 is deadline for submis-
sion of abstracts to Frank Mitchell
Jr., Technical Program chairman,
Jansky and Bailey Engineering De-
partment, Atlantic Research Corp.,
Alexandria, Va. 22314.

International Symposium on Modern
Optics, Polytechnic Institute of Brook-
lyn; Brooklyn, N.Y., March 22-24.
Jan. 15 is deadline for submission
of abstracts to Symposium Commit-
tee, Polytechnic Institute of Brooklyn,
333 Jay Street, Brooklyn, N.Y. 11201.

Intersociety Energy Conversion Engi-
neering Conference, IEEE; Miami
Beach, Fla., Aug. 13-17. Jan. 15 is
deadline for submission of abstracts
to Manfred Altman, director, Institute
for Direct Energy Conversion, Uni-
versity of Pennsylvania, Philadelphia,
Pa.

* Meeting preview on page 16
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THE
Connector

AW

.
e
A periodical periodical designed, quite
frankly, to further the sales of Microdot
connectors and cables. Published
entirely in the interest of profit.

7%

MICRODOT
WELCOMES

IN HONOR OF THIS
=S\V/[EN
MICRODOT IS HOLDING THREE

(count 'em, three)

COTJTESTS

density (anywheNe
from 7 to 91 contact
in four shell sizes),
subminiature, high-
performance connec-
tor. The MARC 53 can save as much
as 61% in weight and 54% in panel
space. Posilock, a push-pull lock

coupling, mates

. ‘ easily with high
{ density inserts

‘ ‘ with no danger

'

For over two years now, Microdot has had
the subminiature, high density multi-pin
connector market to itself. The sensa-
tional Microdot MARC 53 has been used
on all the Gemini ‘*Walks in Space' plus
a multitude of military and NASA pro-
grams. Now, however, we've got compe-
tition...the brand new Amphenol Astro

348, Good to have you aboard.
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of damage
The dual locking action eliminates acci-
dental disconnect, Posiseal, a multiple,
environmental sealing system, guarantees
an interfacial seal.
MARC 53 is approved to MIL C-38300A
(USAF).

.AND ABOUT AMPHENOL.

We wish we could also tell you

all about the high density (two

insert arrangements of 55 and

85 contacts in two shell sizes), ™
subminiature, high performance, bayonet
lock, bonded insulator Astro 348's but we're
afraid that the Microdot officers, directors,
stockholders, sales engineers and mainte-
nance crew would hang us up by the
thumbs. To find out more, write Amphenol.

CONTEST #1 -

Open only to employees
of Amphenol, their
families, friends, reps,
distributors and
advertising agencies.

WIN A REVELL SCALE MODEL KIT
OF THE GEMINI SPACE CAPSULE

In twenty-five words or more, tell us why
the Astro 348 is the best subminiature
multipin on the market. Neatness does
not count. TEN WINNERS...the prize is
calculated to tantalize you because the
Microdot MARC 53 is used on the Gemini
program. So there. }

CONTEST #2

Open only to employees, representatives and dis-
tributors of Microdot, their families, friends and
advertising agencies.

WIN A REVELL SCALE MODEL KIT OF
THE U.S.S. MIDWAY. In twenty-five words
or more, tell us why the MARC 53 is the
best subminiature multipin on the market.
Neatness counts. Ten Winners.

CONTEST #3

Open to everybody except
mployees of Amphenol,
jcrodot, their families,

What to

from Marcia".
All you have to
write, in twenty\five
words or more a da:

scription of your
application for the

MARC 53.You

notice how fast we forget
the competition when we
get down to business.
Remember...everybody
who enters Contest #3 wins!

MICRODOT
INC.

Microdot, Inc., 220 Pasadena Ave., So. Pasadena, Calif. 91030

O | want to enter Contest #1.
My 25 words or more are

attached. | am an employee Name
of Amphenol.

O | want to enter Contest #2. Title
Anybody who uses com-
pany postage for this one,
gets docked.

O | want to enter Contest #3.
My 25 words or more are Address
attached. How does one go
about getting Marcia in a City
slightly larger scale, say 1/17

O | don't want to enter any State_
contest. Just send specs on
the MARC 53.

MARC 53, Posilock and Posiseal are trademarks of Microdot

Inc. Astro 348 is not.

Company . .

. Zip__

ntests are not valid in any locale where the local

5 take umbrage.
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-7;y/ari¢ total reliability plan:

boppePcla

Glass-Epoxy

in sheets, panels or punched blanks to your
specifications and reliability requirements

N

Accepted by an increasing number
of major OEMs and commercial
etchers who give their stamp of ap-
proval, because . . .

. in atmosphere-controlled white
rooms, under extremely tight quality
control procedures, to produce cop-
per-clad . . .

. then deliver when promised, or
in an emergency, from plant or ware-
house stocks in special packages.

g
&4 51
L@@

. they get highest quality level
assurance from two fully-equipped
copper-clad plants using white-glove
techniques . . .

. to specifications and established
reliability requirements in standard
sheets, ultra-thin sheets and multi-
layer prepregs . . .

Let us prove the advantages of
Taylor's TOTAL RELIABILITY
PLAN to you! Ask for a demonstra-
tion today. Write for a sample (give
grade designation and copper com-
bination) and Bulletin GB-2.

74 Jaylor copper-clad

TAYLOR CORPORATION
Phone: 215-666-0300

...your assurance
of quality

Valley Forge, Pa. 19481
TWX: 215-666-0659

West Coast Plant: La Verne, Calif.

Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre and Tayloron® prepregs

16 Circle 16 on reader service card

Meeting preview

Broader horizons

Electrical and electronics engineers
must master new subjects—metal-
lurgy, advanced chemistry and bi-
ology—to perform today’s engineer-
ing tasks and those of the future.
This need to broaden horizons will
be the theme of the Winter Con-
vention on Aerospace and Elec-
tronic Systems sponsored by the
Institute of Electrical and Elec-
tronics Engineers. The meeting will
be held in Los Angeles, Feb. 7 to 9.

Cybernetics, bionics and the
man-machine interface will be dis-
cussed at the opening session which
will be devoted to the brain and
its analogy to electronic systems.

Participants will include John
Eccles, co-holder of the 1963 Nobel
prize in physiology; Dean Wool-
dridge, research associate at Cali-
fornia Institute of Technology;
George M. Austin, head of the
neurosurgery division at the Uni-
versity of Oregon and Richard Bell-
man, professor of mathematics at
the University of Southern Cali-
fornia School of Medicine.

Parallels. To demonstrate the
links between electronics and biol-
ogy, George E. Forsen, a research
engineer in the Applied Physics
Laboratories of Stanford Research
Institute, will describe the artificial
“eye” he is building and the data
processing equipment to extract
visual information. His work is
based on the study of the visual
patterns of a cat—an investigation
which might have application in
unmanned reconnaissance systems.

John L. Stewart of Santa Rita
Technology, Inc., will report on his
work on the sound receptor of the
inner ear in developing an elec-
tronic-mechanical parallel for use
in sound identification and ulti-
mately, voice recognition in auto-
matic systems.

Other sessions will deal with
interplanetary data transmission,
meteorology, computer technology,
information display systems. ad-
vanced communication techniques,
mass transportation and informa-
tion storage and retrieval. The Air
Force will sponsor classified ses-
sfons on tactical communications,
reconnaissance techniques.
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It’s later than you think!

Smaller and lighter than any other
integrated TWT amplifier on the mar-
ket! That's the difference —the BIG
difference—between MEC’s new low
noise TWT amplifier and all first gen-
eration versions.

Let's be specific:

OMEC's rugged package weighs
less than 4 pounds.

O It's only 11%s inches long and is

2%/ inches square.

[ It operates on either ac or dc.
0 And, it meets MIL-E-5400 Class Il
requirements.

Microwave Electronics

Electronics | December 12, 1966

That's what makes MEC's TWT
amplifier ideal for airborne and other
applications where space and weight
are at a premium.

The package combines MEC's
proven miniature low noise TWT with
an advanced power supply design.
For precise, efficient, and stable per-
formance, the all-silicon, solid-state
supply features integrated circuitry
and micrologic networks.

The unique primary in-
put circuit allows you to
operate from either 115
volt, 48 to 420 cycles ac,
or 150 volt dc at efficien-
~ | cies greater than 70%.
. # That'll really simplify your

3165 Porter Drive, Palo Alto, California

flight line or service area testing!

Compare the specifications of in-
tegrated TWT amplifiers —then let’s
hear from you.

Gain N.F. P sat

Freq. min max min

Model (GHz) (db) (db)  (dbm)
M9071 2-4 35 10 10
M9072 4-8 35 10 10
M9073 8-124 35 10 10
MS080 7-11 35 10 10

Please write for complete specifications.

Exceptional opportunities exist on
our technical staff for qualified scien-
tists and engineers. :
MEC is an equal op-

portunity employer. M

a division of Teledyne, Inc.
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If weight is one of your problems,
we've got a little something that’ll

Like reducing pills, Unitrode diodes aren’t made
for everybody. If weight, space, and reliability are
no problem to you, you may very well find cheaper
components that will get by.

But we didn’t develop Unitrode diodes for every
application.

We developed them for applications that need
high power and tremendous surge capacity. That
would subject components to extra punishment.
That would require components lasting virtually

18

forever with no change in electrical parameters.
And when we say developed, we mean just that.
Developed. From the ground up. With entirely new
design. With entirely new methods of construction.
The solid state bond that joins the silicon and the
terminal pins is stronger than the silicon itself, so
the silicon will break before the bond does. The
entire unit is fused in hard glass at over 800°C.
It’s voidless, so all contaminants are excluded.
That’s why you can hold a Unitrode diode in
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help you reduce.

liquid nitrogen, or subject it to 300°C.

That’s why a Unitrode diode can handle as
much energy in the avalanche as in the forward
direction.

Because the pins are bonded over the full face of
the silicon die, heat due to surge is carried away
quickly from the silicon to the terminal pins. So
even the smallest Unitrode diode can withstand a
surge of 75 millijoules. The largest, which isn’t
much larger at that, can take 1.5 joules.

That’s Unitrode reliability.

If your company’s work needs diodes with these
unique characteristics, why not get in touch with
us? We'll be glad to send you complete information
and samples.

We're at 580 Pleasant St., Watertown, Mass.

02172. Telephone (617) 926-0404.
DE’

LUNITR

Electronics | December 12. 1966
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From the expanding line of Sigma relays...

20

W

New Sigma Series 67

We'd like to give you a new Sigma Series 67—or
any of our other standard relays. Tes: and com-
pare it against the brand you may now be using.
It’s the best way we know to prove what we say
about Sigma relay performance.

Test the new Series 67, for example. This rugged
AC-DC relay, only slightly larger than a cubic inch,
brings new reliability and versatility to precision
switching. Each of its four poles can switch a low-
level to 3-ampere load 100,000 times minimum.

Miniature 4PDT relay switches
Try the new Series 67-or any

The relay’s in-line contact arrangement extends
mechanical life to 100 million operations DC, and
50 million operations AC.

Completely versatile, the Series 67 is available
for either direct solder-terminal installation or
fast, easy, socket mounting with choice of solder
or printed-circuit-terminal connections. The
socket can be installed in seconds, with no need
for screws or fasteners. It simply snaps into the
face of the panel and four spring clips lock it.
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3 amps 100,000 times minimum.

Sigma relay-absolutely free.

Put Sigma relay performance to the test your-
self, free of charge. Just send for the new Pre-
ferred Standard and Stock Relay Catalog of the
expanding line of Sigma relays. Then select the

relay you want to test and compare, and your
Sigma representative will see that you get it. Offer
limited to original equipment manufacturers hav-
ing applications for relays.

SIGMA DIVISION g- SIGMA INSTRUMENTS INC

Assured Reliability With Advanced Design / Braintree, Mass. 02185

Need Sigma relays fast? Call your Sigma distributor for off-the-shelf delivery of our most popular types.

Electronics | December 12, 1966
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IN DC POWER SUPPLIES

THE KEPCO VOLTAGE CONTROL

MAKES THE DIFFERENCE!

THE NEw kepco SM+=A Grour

The familiar Kepco SM Power Supply is sporting a new
suffix these days, “A.” The new “A” version, in the
Kepco tradition, designates a product improvement, in-
troduced without price increase. Specifically, we've re-
designed the voltage control assembly of the SM
Power Supplies to accommodate a precision, 10-turn
potentiometer control of the type used in most other
Kepco Power Supplies.

This latest improvement continues a sequence of re-
finements that have marked the successful six-year his-
tory of reliable SM Series Power Supplies. Last year,
for example Kepco’s engineers gave the SM a better
reference and jacked up the loop gain to tighten its
regulation from 0.1% to 0.01% line, 0.05% load. To-

gether with a 0.05% stability spec, less than a millivolt REGULATION

(rms) of ripple, and the new 10-turn control, the fifteen

SM models are a pretty impressive group of supplies. 0-0170 LINE — 0-05% LOAD
The SM design employs a mechanically coupled vari- DC OUTPUT

able autotransformer and voltage control rheostat to MODEL RANGE DIMENSIONS PRICE
limit dissipation, reduce overvoltage potential and con- VOLTS AMPS | H” | w”| D”

trol output. The new “A” models, with an efficient,
low backlash gearing assembly, couples a full 3600°
(10-turn) precision rheostat to the 320° variable auto-
transformer to improve resolution (to 0.05%).

SM 14—7AM 0-14 0-7 |3% | 19 | 13% | $405.00 |
SM14—15AM | 0-14 | 0-15 |5% | 19 | 13% | 525.00 |
SM14-30AM | 0-14 | 0-30 |8% | 19 | 13% | 725.00

SM 36—5AM 0-36 0-5 3% | 19| 137% | 395.00
The supplies employ Kepco's patented Flux-O-Tran® SM 36—10AM 0-36 0-10 |51, | 19 | 137% | 525.00
regulating transformer in an RFI-free (non-SCR) control SM 36—15AM 0—36 0—15 | 8% | 19 | 13% | 625.00
circuit which includes a full feedback series transisitor SM 75—2AM 0-75 0—2 3% | 19 | 13% | 425.00

regulator. Plug-in circuit cards and plug-in transistors

. v " 3 SM 75—-5 AM 0-75 0-5 5Y% | 19 | 13% 525.00
simplify maintenance (even the power transistors are
w 5 2 ; SM 75—-8AM 0-75 0-8 8% | 19 | 13% 625.00

plug-in”). Front and rear output terminals are provid- =
ed, with remote error sensing connections at the rear.  jSM160—1AM 0-160 |01 3% |19 | 13% | 425.00 |
The table on the right lists the available models. SM 160—2AM 0-160 |0-2 5% |19 | 137% | 525.00 |

i SM 160—4 AM 0—-160 0-4 8% 19 | 13% 625.00
furnished on vequest. ISM 325—0.5AM |0—-165—325 | 0—0.5 |31» 19 1378 440.00
1
2

NEW 52 PAGE CATALOG
| | CONTAINING COMPLETE
| SPECIFICATIONS AND

| APPLICATIONS NOTES
IS NOW AVAILABLE

WRITE FOR YOUR
FREE COPY!

ISM 325—1 AM 0-325 |0— 5% |19 | 13% | 555.00
|SM325—2AM 0-325 |o0- 8% |19 | 13% | 675.00

See our complete Catalog in
Sec, PAGE
feEc

KEPCO, INC. « 131-38 SANFORD AVENUE o FLUSHING, N.Y. 11352 o Phone: (212) 461-7000 « TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
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Editorial

Data management
is the next step

Watching the burgeoning eclectronics technology,
which advances and changes direction with light-
ning speed—in the past two years to integrated
electronics; time-shared computers; high-frequency,
high power semiconductors, and laser holography
—a breathless observer might well ask, “What’s
next?r”

Next, it is becoming increasingly clear, will be
a subject that devotees are calling data manage-
ment. It means assembling large volumes of data
from all over the world, manipulating it automati-
cally in a computer to distill an essence, and then
displaying this end product to a military com-
mander, government official or business executive
who will then use it to make a decision.

At first breath, data management looks like
little more than the next step in data processing
systems. But a lot more is involved. Thousands of
times as much raw data as is now encountered in
data processing systems will be flowing in. The
data will have to be received, processed and the
end result displayed in real time. Many people
will need access to the system at the same time to
ask for information and receive it. And most
importantly, the entire process has to be viewed,
designed, installed and operated as an integrated
system, not as separate pieces of hardware tied
together with wires.

A prime data management system will use all
of the technological developments of the past two
years and a few that are still in laboratories. An
essential requirement is the development of even
bigger computer memories, up to billion-word
capacities. And these memories have to possess
very short access times and to cost even less than
conventional-sized memories do today.

But probably the most significant change will
take place internally in the central processor. Be-
cause it will have to manipulate so much more
raw data and perform so many more kinds of
operation, the computer organization and circuit
design will be radically different. Conventional logic
circuitry will not do because it would require far
too many components, even far too many inte-
grated circuits, to do all these operations. Instead,
large scale integration—arrays of hundreds of
circuits on a single silicon chip—will be used.

Since the operation of the computer has to be
so complex, a lot more of the functions will be
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performed by hardware—the integrated arrays—
than by software. Already, in third generation com-
puters like 1BM's system 360 and Rrca’s Spectra
70, which use integrated circuits, software costs
have climbed so fast that they far outweigh the
costs of hardware. The way software costs have
been skyrocketing, according to one computer man,
if the trend doesn’t change, in a few years com-
puter companies will be giving the machines away
and selling just the software.

One of the most attractive attributes of the
data management system is its scope, reaching to
any part of the world. That will require some
radical changes in communications equipment,
Pulse code modulation is clearly the technique with
the most promising future. Tremendous engineer-
ing strides have to be made to increase the capacity
of pem systems so they can handle this blizzard
of data.

Peripheral equipment will be different too, allow-
ing executives and officials who are not technically-
oriented to carry on dialogues with the data man-
agement system. Three-dimensional displays, from
holograms or cathode ray tv-like pictures, will be
used along with conventional hard copy.

It is easy to visualize some pressing needs that
the data management system will solve: automatic
air traffic control, instant reservation and check-in
systems for air travel, medical diagnosis, informa-
tion retrieval, more efficient management of govern-
ment, crime prevention and solution, traffic control
and the scientific management of industry.

How far away is this data management system?
Closer than most people believe. A Model-T ver-
sion—though it is a wonderously sophisticated
system by today’s standards—is already operating
in Cheyenne Mountain as the Combat Opera-
tions Center of the North American Air Defense
Command. It sifts out a change in the status of air
space over an area of 10% million square miles
through which more than 100,000 aircraft fly a day
and 1,000 man-made objects orbit. Any change is
reported and displayed instantly to the military
commander.

In New York State, a plan is being prepared for
a state-wide identification and intelligence system
so that all the 2,600 agencies concerned with the
administration of justice can share information. The
scope of the system is immense: these agencies
already store 60 million forms in their active files,
and every year the state has three million violators
of the law to arrest and prosecute.

Information technology has already had a spec-
tacular growth. One estimate claims there are
35,000 electronic computers at work in the United
States, and the number will double by 1970. The
greatest impact of information technology is still
ahead. More and more people are recognizing that
the essential ingredient in business and government
is information.

23



Tell us your precision switch problem. ..

Is it reliability ?

Special characteristics?
Cost-to-quality ratio?

Potter & Brumfield’s experience in producing top rated
electromechanical relays (more than a third of a century)
provides an exceptional background for the design and
manufacture of precision switches.

RELIABILITY Vibration, acceleration, shock, humidity,
electrical life and many other factors are tested as standard
procedure. Certification of tests is supplied on request.

SPECIAL CHARACTERISTICS A well staffed engineering
department is at your service for almost limitless modifica-
tions, including configuration of actuators, operating force,

Delivery?

contact pressures, gaps, materials, terminations or per-
formance characteristics. Any combination of these can be
designed and produced to your exact specifications.

COST-TO-QUALITY RATIO A plant designed exclusively
for switch production enables us to take advantage of all
modern production techniques to provide top quality crafts-
manship at competitive prices.

DELIVERY We can make next day shipment on most basic
switches. Your local authorized P&B switch distributor has
them on his shelf for immediate delivery at factory prices.

POTTERsBRUMFIELD

Division of American Machine & Foundry Company, Princeton, Ind. 47570
Export: AMF International, 261 Madison Avenue, New York, N.Y. 10016

Better check out this blg new source
for precision switches! iy

P« B’s Suztch Catalog 1-A
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Giant order
for IC's?

IBM sets sights
on holography

GE eyes
auto market...

Electronics | December 12, 1966

Electronics Newsletter

December 12, 1966

Rumors persist that manufacturers of integrated circuits are being asked
to bid on an order so large it would dwarf all existing IC contracts.
Some industry observers claim that the General Electric Co. is circulat-
ing the request for bids, but spokesmen for the company deny it. The
contract appears to be for a project so secret that even the IC producers
won’t admit its existence.

It’s understood that the specifications call for circuits with a transistor-
transistor logic that closely resembles the SUHL (Sylvania ultrahigh level
logic). The SUHL circuit is produced by Sylvania Electric Products, Inc.,
a subsidiary of the General Telephone & Electronics Corp., and a com-
petitive type is produced by Texas Instruments Incorporated. GE is
said to be offering about 10 cents per logic gate for the multigate IC’s.
The going price for such IC’s is about 25 cents per gate in large quantities
and as low as 18 cents in extra-large quantities.

Although Sylvania and TI appear to have the inside track for the giant
order, other producers aren’t sitting on the sidelines. Motorola, Inc., and
the Fairchild Camera & Instrument Corp. are understood to be apply-
ing for second-source contracts that may eventually be as large as the
prime contract. Coincidentally, Sylvania is currently quadrupling its IC
production facilities.

Apart from the obvious financial impact, other effects are likely if the
order materializes. For example, it would undoubtedly place great eco-
nomic pressure on all the IC producers to agree on common package
pin positions, The byproduct of such standardization would be competi-
tion that’s éven keener than is currently evident.

Researchers at the International Business Machines Corp. have devel- -
oped what amounts to a simple hologram camera. Although the company
won't disclose details of the design for several weeks—until patent safe-
guards are met—the project apparently ties in wih IBM’s long-range
plans to expand its activity in the display field. [For more on IBM’s
research into display products, see page 47.]

The General Electric Co. will soon enter the automobile equipment
market. This week the giant producer of consumer and industrial prod-
ucts will show automobile producers an array of electronic items—from
simple turn-indicator signals to complex laser ranging systems. GE
plans to enter the lucrative auto market by developing ways to replace
conventional electromechanical or mechanical equipment with solid state
electronic components.

As yet GE has no finished products to sell. It plans to open an appli-
cations engineering office in Detroit and invite the Chrysler Corp. and
the General Motors Corp. to consider—as one GE spokesman put it—
the use of GE-conceived electronic designs as replacements for the con-
ventional electromechanical designs. The Ford Motor Co. isn’t expected
to be a customer because Ford has its own electronics subsidiary.

GE’s list of possible products includes: capacitive discharge ignition
systems, windshield wiper controls, diagnostic equipment and warning
control systems on highways. It also plans to show an electric-car control
system that uses silicon controlled rectifiers.



.. .and H-P debates
making an entry
in calculator field

IC's invade
Scott hi-fi's

Collins will build
ground terminal
for Australia

Chip functions
in three modes

Addendum
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Another company that may enter a new field is the Hewlett-Packard
Co., which is eying the office-equipment market with a desk calculator
using integrated circuits. The decision, according to informed sources,
hinges on convincing some H-P officials that their sales organization can
handle a commercial instrument.

The desk calculator, it’s reported, is still on the drawing board. Engi-
neers are working on design, production and marketing plans for presen-
tation to Hewlett-Packard’s corporate officials.

H.H. Scott, the hi-fi producer, introduced last week three f-m tuner-ampli-
fier models containing integrated circuits. This marks the introduction of
IC’s in the hi-fi field.

Four identical IC’s, manufactured by the Semiconductor division of
the Fairchild Camera & Instrument Corp., are used in the amplifiers.
Two stages act as intermediate-frequency amplifiers; the other two
act as both i-f amplifiers and as limiters.

Scott says the IC models perform better than comparable models with
discrete components but are priced the same—from $440 to $530. Scott
reports that the IC tuner’s capture ratio was lowered from 3 to 1.8
decibels and the stereo separation at 15 kilohertz was increased from
19 to 30 db. Interference noise (a-m rejection) was reduced to 52 db,
down from 46 db. Additionally, there is some improvement in selec-
tivity from 45 to 46 db, and in sensitivity from about 1.8 microvolts
to about 1.6 uv. The company is continuing use of field effect transistors
in the front-end circuit.

The growth of the satellite communications ground terminal market is
attracting an increasing number of companies. The Collins Radio Co.
has won a contract, estimated at slightly more than $3 million, to build
a ground station for Australia—the company’s first order for such a sta-
tion. The company has designed a 90-foot diameter antenna to be built
on top of a five-floor tower. Collins will build most of the electronics
at its Dallas, Texas, plant.

The General Instrument Corp. has delivered to a customer a complex
integrated circuit that operates in three modes—as an analog-to-digital
converter, as a digital-analog converter and as a multiplexer. Using metal
oxide semiconductor technology, the device is built on one chip which
has 470 transistors. The chip is bonded to a ceramic substrate which
has 40 wire-bonded leads on 100-mil centers. It’s tested before pack-
aging. Packaged, it'’s 695 mils by 895 mils. General Instrument will mar-
ket the device in January.

The International Business Machines Corp. has submitted a technical
proposal on the Air Force contract for 134 electronic data processing
machines. The bidding on the $100-million order has been divided into
two phases, technical and the pricing. [See earlier story on page 73]
. . . Walter Finke, a Honeywell, Inc., vice president, will take over as
president of the Dictaphone Corp., a producer of dictating and record-
ing equipment.
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now...
new standards

of performance and reliability
in dielectric coolants

FREON E
SERIES,

a family of §
fluorocarbon
liquids—offering

a complete spectrum
of operating ranges




FREON E 25
dielectric coolants

let you specify-
not speculate!

Du Pont’s “FREON" E Series is a family of 5
homologous dielectric coolants setting totally
new standards of performance and reliability.

“FREON" E Series, you can choose the exact
coolant that best meets your needs, and per-
mits the customer to operate the equipment

There’s no guesswork necessary in choosing
the right one for your equipment. With the

exactly as specified for the task.

Y235, BOILING POINT
SR 7T ~ [TBOILING POINT
“FREON"
AR BOILING POINT | «“FREON" ES
E4
EhE T T el

BOILING POINT

E3

“FREON"
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POUR POINT

POUR POINT

POUR POINT



Here’s why FREON E 5255
coolants will increase your

equipment performance
and reliability:

1. Stable and compatible

“FREON"’ E Series fluorocarbon liquids are
not affected at high temperatures (over
550°F!)—are inert with metals, plastics,
elastomers.

2. Completely safe

No special safety precautions are neces-
sary with “FREON"' E Series coolants. They
are nonflammable and relatively nontoxic.
Use them anywhere!

3. Outstanding dielectric properties
These insulating fluids provide high dielec-
tric strength in liquid and vapor—Ilow losses
—high resistivity.

4. Widest temperature ranges
The “FREON" E Series offers liquid limits

If you're looking for
new standards of per-
formance in a dielec-
tric coolant, find out

from -246°F. up to +439°F. at zero psig.
Each coolant has a specific, constant, and
extremely wide liquid temperature range.
You choose the one to meet your exact
needs.

5. Unmatched purity and uniformity

Each coolant in the “FREON" E Series is a
single, pure compound—not a mixture of
several different fluids. Thus composition
is always the same—Ilot to lot—day to day.

6. Precise boiling points and vapor

pressures
There’s no plus-or-minus factor on boiling
points . . . and no ‘‘averaging.” You're al-

ways sure of coolant characteristics—and
operating temperatures.
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| would like to know more about “FREON'’ E Series cool-
ants for use in:

more about the

“FREON’’ E Series.

Simply fill out and mail Name
this card. Position
Company
Address
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EREOVIE
SERIES]

fluorocarbons
offer new
opportunities for
creative design...

The unique thermal, electrical and chemical prop-
erties of “FREON’"’ E Series fluorocarbons provide
new opportunities for electronic and space-age
engineering...inimprovingreliability by outstand-
ing temperature control...in miniaturizing compo-
nents or systems . . . in transmitting hydraulic
pressure in systems operating under conditions
of extreme temperature changes . . . in optical
equipment . .. or you name it. Whatever new ap-
plication you can think of, just jot it down on the
reply card. We'll help you investigate the new use
with necessary technical assistance.

In Europe, mail card to: Du Pont de Nemours In-
ternational S.A., “Freon” & “‘Valclene'” Products
Department, 81, Route de I'Aire, CH 1211 Geneva,
24 Switzerland.

FIRST CLASS
PERMIT No.9
Wilmington, Del.

BUSINESS REPLY CARD

No postage stamp necessary if mailed in the United States

FREON

fluorocarbons

REG. . 5. PAT OFF

Postage will be paid by

E.l.du Pont de Nemours & Co. (Inc.)
“Freon” Products Division

Room 4313

Wilmington, Delaware 19898

BETTER THINGS FOR BETTER LIVING
...THROUGH CHEMISTRY




Like Popcorn.

The other day one of our engineers said, “We're
turning out those Unibloc* plastic transistors like pop-
corn.” And, boy did we jump all over him!

Sure, it’'s one way of saying we’re making them by
the millions (by the tens of millions as a matter of
fact). And, we suppose it even reflects the fact that we
produce them so fast right here in Phoenix that we can
compete price-wise with devices made anywhere in
the world.

But, that’s not the point.

The trouble with likening them to “popcorn” is that

~ whene the priceless ingnediont & cane!

it doesn’t give you the true picture about the precision
and quality that’s built into each and every device
we make.

As a matter of fact, we advertising guys are the ones
who dubbed them “no compromise” transistors because
you get the same premium performance with Unibloc
devices that you've always associated with metal-can
transistors.

That is the reason we were so upset.
So, on your next new design, grab a handful of
popcorn and live it up.

*Trademark of Motorola Inc.

MOTOROLA

Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. ¢« P. O. BOX 955 s PHOENIX, ARIZONA 85001 = (602) 273-6900 ¢ TWX 910951-1334
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G.E.’s new wet slug

tantalum capacitor gives you
the performance of the CL64

in only 2 the case size

Get the highest volt-microfarad product
per unit weight and volume of any ca-
pacitor you can buy with General Elec-
tric’'s new 69F900 wet slug tantalum ca-
pacitor. How? General Electric reduced
the case size of the military type (CL64)
wet slugs by %2 (it's even smaller when
compared to solids). Electrical charac-
teristics and performance remain es-
sentially the same. G.E.'s new 69F900
answers the need for a commerical wet
slug capacitor with the high volumetric
efficiency demanded by modern high
density applications.

G.E’s new addition to its complete
line of tantalum wet slug capacitors
has excellent high capacitance reten-
tion at low temperatures and can be

RATING CASE SIZE | VOLUME

50V, 30uf

solid (C$12) .341 x .750 100%
wet slug (CL64)| .281 x .681 58%
69FS00 .145 x .600 15%
15V, 80.f

solid (CS12) .341 x .750 100%
wet slug (CL64)| .281 x .681 58%
69F900 .145 x 600 15%
6V, 180.f

solid (CS12) .279 x .650 100%
wet slug (CL64)| .281 x .641 100%
69F300 .145 x .600 25%

stored to —65°C. Its wide operating
range is —55°C to +85°C. And it meets
the parameters of larger military wet
slugs: vibration to 2000 Hz, 15g acceler-
ation!

The new sub-miniature 69F900 capaci-
tor is fully insulated and has a low,
stable leakage current. Voltage ratings
are available from 6-60 volts; capaci-
tance ranges from 3.3-450 microfarads.

Choose from a complete line of G-E
wet slug tantalum capacitors to fill your
slim, trim circuit needs. Write for GEA-
8369 for details about the 69F900 and
the other capacitors in General Elec-
tric’'s complete wet slug tantalum line,
or ask your G-E sales engineer. Capaci-
tor Department, Irmo, South Carolina.

ELECTRONIC COMPONENTS DIVISION

GENERAL D
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Technically speak-
ing, men who
know meters say
nothing in the in-
dustry can mea-
sure up to the new
Auto-Torque. It's
built to takeit. The
first and only band-type meter built by
automated machines for reliability never
before possible in conventlonal meters.

More reliable be- '
cause Auto-Torque
meters have half as \“‘

many parts. No screws. No|[
nuts. No hairsprings. No'
pivots and jewels And |
best of all, no “‘sticks”. The |
mechanism is self-shielded,
too, so it ecan be mounted
on any panel without spe- #=88

cial calibration. Accuracy is unaﬁected
by external fields.

Another thing. The moving system of
the Auto-Torque mechanism is sus-
pended on metal bands under tension.
So there’s no friction and wear.

What’s more, (and this may surprise

| you) new Auto-Torque meters can
| actually save you money! Prices to
‘volume buyers are below those for
| comparable pivot and jewel meters.
And there are all kinds of styles to
| choose from — in fact, the widest
" selection of band-type meters avail-
able today. And they’re all a knockout.
If you want more information, write to
Honeywell Precision Meter Division in
Manchester, New Hampshire 03105.

Honeywell
Auto-Torque Meters




Why has 1t taken

3 vears for the

leader i oscillography
to mtroduce

this thermal

writing istrument?”

Because we’re exacting.

We refused to enter the field with “just
another good recorder.”

So we designed, tested and retested until
we had perfected an instrument that
was everything we wanted it to be. A
thermal-writing recorder that would
reflect the highest state-of-the-art in
every important function and feature.

It’s called the DG 5510. Its name niay
not inspire any hurrahs—but we believe
its advantages will. Such as...

Modular Design—eight channels in a
solid-state, self-contained unit with
plug-in driver amplifiers and power
supply capable of accepting a wide
range of high-level signals.

Unmatched frequency response—dc to
115 Hz full scale, higher than any other
thermal-writing recorder.

Electrical Signal Limiting to assure
that the stylus motor and writing
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assembly cannot be damaged by tran-
sient or other high-level signals which
may occur. Each analog channel is pro-
vided with this protection built into the
driver amplifiers, adjustable to 115%
of full-scale deflection.

Flexibility varying ac and dc signals,
having a wide dynamic range, can be
precisely conditioned by the proper
choice of the Type 1-500 series pre-
amplifiers available.

Solid-state driver amplifiers provide
compensation and damping to the
stylus motors throughout the entire
operating limits to assure constant
instrument accuracy.

A heated writing stylus traveling over
a “knife edge” produces exceptionally
sharp contrast rectilinear traces when
used with CEC DataTrace™ thermal-
sensitive paper.

Accessibility and ease of maintenance
are additional advantages of the re-
corder assembly. It comes with 3-
position rack slides and mounts into a
standard 19” rack.

Widespread applications include the
military, aerospace and industry in
general.

Now you know why we waited for the
DG 5510. And why the wait was
worth it.

For all the facts about this advanced
new thermal-writing recorder, call or
write for CEC Bulletin 5510-X22.

CEC

Data Instruments Division

CONSOLIDATED ELECTRODYNAMICS
A SUBSIDIARY OF BELL & HOWELL /PASADENA, CALIF. 91109

INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRIEDBERG (HESSEN), W. GERMANY
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Cooking up A New producrt?

For years we've been making homely circuit
breakers that work beautifully.

Our new Series JA breaker has changed things
a bit. It's sort of handsome. For a circuit breaker.

The pictures opposite will show you how nicely
a JA with a spot of color can dress up a panel.

The functional possibilities are intriguing, too.
JA breakers in color are a very practical way to
indicate a specific switching sequence. Keyed to
matching pilot lights, they can neatly simplify
equipment operation.

It takes just one second to color the JA in any
of nine different hues. Slip a cap over the breaker’s
mounting boss and the job’s done. (The caps cost
a few pennies; the white handle comes at no extra
charge when you buy the rest of the breaker.)

Add a dash of extra sales appeal
(and save a little money)

with Heinemann’s good-/ooking
‘Iinstant color’ circuit breaker.

Price is another attractive feature. The JA runs
about ten percent less than our Series AM12,
which has long been the most popular OEM
model on the market. Yet it has similar functional
capabilities. It offers the same kind of precise
overload response. And it can be had with all our
usual options—custom current ratings, choice of
time delays, special-function internal circuits.

Series JA breakers are available in one-, two-,
and three-pole models, in any integral or frac-
tional current rating from 0.100 to 20 amps. Stand-
ard maximum voltages are 250 vac, 60 or 400 cps;
50 vdc. Our Bulletin 3350 will give you full de-
tails. A copy is yours for the asking. Heinemann
Electric Company, 2600 Brunswick Pike, Trenton,
New Jersey 08602.

<> HEINEMANN






The 7100 A measures
volts, ohms, and ratio.

It has 0.01% accuracy
101V resolution,

fully guarded input,
Dual-slope integration,
automatic ranging

and polarity. It's the only
one that has everything.

For $2,100.

Our new brochure
shows all it has.
For free.

g A R
FAIRCHILD
e I T TN b
INSTRUMENTATION

FAIRCHILD INSTRUMENTATION /A Division of Fairchild Camera and Instrument Corporation m 475 Ellis, Mountain View, California 94040, (415) 962-2011

= TWX: 910-379-6944
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Today’s best DUM value plus
AC, Resistance, and low-level DC measurements!

Honeywell's New Autoject 620/623 package

We started with our outstanding 620
integrating DVM with Autoject —
which provides greater than 60 db of
normal mode rejection to noise of any
frequency above 30 Hzin 250 msec!

Then we added the new companion
623 converter module with differen-
tial input to insure maintaining the
620’s high CMR. Combinedina com-
pact, fully portable cabinet for either
bench use or rack mounting, the re-
sult is a highly versatile measuring
instrument offering more perform-
ance per dollar than similar units.

The 620 DVM is accurate to
=.01%, gives you 4 readings per
second, and has 4 full digits, plus a
5th for 20% overrange. Solid-state
throughout, its isolated-guarded dif-
ferential input (140 db of CMR) pro-
vides foolproof operation, with
ground loops, offset, or error due to
noise completely eliminated. The

Need extra measuring capability ? Add
the 625 milliohmand 626 phase convert-
ers for a complete measurement system.

620’s constant high input impedance
of greater than 1000 megohms elimi-
nates errors due to source of loading.

Here are the highlights of the new
620/623 package:

= | ow-level DC measurements to
1uV.

= 3 full ranges on DC: 10, 100, and
750 volts with overrange.

m 3 full-scale ranges with DC pre-
ampfor10, 100, and 1000 mv with
20% overrange. Speed: 3 rdg/sec.

= 4 full ranges on AC: 1, 10, 100,
and 530 volts RMS full-scale with
20% overrange.

= 5 full-scale Resistance ranges: 1,
10, 100K, 1 megohm, and 10 meg-
ohms with 20% overrange. Speed:
3 rdg/sec.

= All full-scale values presented as
5-digitdisplay;i.e., 1-voltrange=
1.0000.

Honeywell, Test Instruments Division 9128
Mail Station 418, Denver, Colorado 80217

Please send 620/623 information to:

Name

For automatic or systems use, the
620/623 provides these features:

= Automatic ranging on a// func-
tions, al/l ranges.

= Remote programming of all func-
tions which include automatic
delays to insure maximum accu-
racy on the first encoding.

m FElectrical outputs for printer oper-
ation.

Buy the package or add on at any
time. The 623 converter module
utilizes plug-in circuit boards, one for
each function desired (AC, Resist-
ance, low-level DC). You can add
measuring capability at any time, in
any sequence, without field modifi-
cations.And, ifyou already own a 620
DVM, it's a simple matter to expand
its capabilities through the addition
of the 623 module!

For full specs and price information, mail
coupon today!

Company.

Address

City/State/Zip.

DATA HANDLING SYSTEMS

Honeywell

HONEYWELL IS WORLDWIDE « Sales and service offices in all principal cities of the world. Manufacturing in Brazil, Canada, France, Germany, Japan, Mexico, Netherlands, United Kingdom, United States,
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A TECHNICAL DIGEST FOR INNOVATORS OF ELECTRONIC EQUIPMENT
7 )

COMPONENT
CAPSULES

\S D)

Multifunction G-E compactrons do

|mpr(:.)V€ the job of 2 or more ordinary tubes
Color TV life, ... require less wiring and simplify
: your circuitry. Now G.E. offers 5 new

reduce costs types. GE’s new 6AGY is the indus-
try's first ultra-high transconductance

video output pentode to incorporate New General Electric 6A-
other functional elements (in this G9, 25CG3, 6HS5, GEF4
case, a triode). The 6EF4 is an im- and 40KD6 compactrons

proved 40-watt, high voltage regulator
that protects against destructive arcing.

The 6HS5 is a new type of high voltage regulator of the pulse-shunting variety, The
40KD6 and the 25CG3 are series-string versions of the 6KD6 and 6CG3 respectively, de-
signed for 270-volt large-picture sets. Circle Number 90 for more details.

; each delivers precisely the same performance as its larger, conventional-
a transistor get7 sized counterpart. They're perfect for hearing aids, miniature operational

HOW tmy can A 0.07 x 0.07 x 0.085 inches is all G.E.'s new microtab transistors measure. Yet

amplifiers and very small instruments . . . or for your hybrid circuits, and
linear and analog circuits. Equivalents to 2N930, 2N2484 and 2N918 tran-
A:i‘z“ea' sistors are already available for less than $1.00 in quantities. Circle

Number 91 on the magazine inquiry card.

Designing small motors? General Electric's new Improved Cast Alnico 8, the best

A ‘ material for small motor applications, is now available. Al-

Better Check thlS though this new material can be substituted directly for some

p . existing designs at comparable costs, it is more economical

new magnetic material. ' and efficient to redesign the motor to utilize the improved

properties available. Improved properties provide greater flux

density, high coercive force, extreme temperature stability,

Improved Cast Alnico 8 and greater useful recoil energy. Circle Number 92 for com-
plete information.

What’s new Instant response—inertial time constants low as 1 mil-

] lisecond—is what you get with the new G-E Hyper-

for penpheral Servo* motor. And it accelerates faster than any other
; 2 motor ever developed by General Electric. Hyper-Servo
computer eqUIpment. motors greatly increase the overall capacity of pe-
ripheral data processing equipment. They're available

in 3.4-, 4.6-, and 4.8-inch diameters. Performances in-

clude torque-to-inertia ratios in excess of 350,000 rad/

sec? and continuous torque ratings from 32 oz-in at 2700

rpm to 326 oz-in at 2800 rpm. A wide variety of models

can provide the high performance drive motor for nearly

every computer peripheral application. Circle magazine New high-response

inquiry card Number 93. d-c motor
*Trademark of the General Electric Company.

SWitCh tO the i G-E C106 SCR’s cost from 35 to 50¢ in volume. That's about half the price of
( other “low cost” SCR’s. Yet you buy them at no sacrifice to performance or
lowest cost SCR quality. New, planar Cl06’s are reliable . . . give exceptional electrical uni-

formity and long term stability. They feature up to 200-v blocking capability,
_ microamp triggering, and a configuration that's excellent for printed circuits,
plug-in sockets, screw mounting, and point-to-point wiring. Circle Number 94

on the magazine inquiry card.
MORE}

Actual size G-E C106 SCR

-
s
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MAX

Check this circuit against

others like it. See for your- Siwogz & LSk
self how it eliminates the e o 2
need for many other compo- 1 “
nents. The 2N2646 transistor o 8 = T
applies a sampling pulse to o ¥ EAsnC
base 2 of the 2N1671C and
reduces required trigger cur-
rent by 1,000:1 or more. Circle
Number 95 if you'd like a
comprehensive paper on this
and many other circuits like it.

Tried this
45-minute timer circuit?

it

+
GE 832

C1 = CZ/[

€1, C2 & C3 — 2MFD/100V

~
10uf

22K

Featuring the low-cost 2N2646 transistor and C106 SCR

Weight: just 0.7 ounce maximum. Now, the proven magnetic
motor design of G.E’s 3SAF microminiature relay is com-
bined with new, heavy-duty contacts and terminal leads.
Result: 5-amp switching capability in a microminiature grid-
space package, We call it the 3SBK. Electron-beam welding
eliminates the need for solder flux, adding greater strength
and delivering more trouble-free performance. Circle maga-
zine inquiry card Number 96.

Look!
A 5-amp relay
in a
2-amp package

Featuring
all-welded
construction

Use the ZG-7248 ignitron for high-energy-rate switching or
crowbar service. You'll find that when adequate anode-to-cath-
ode temperature differental is maintained, it is a reliable
50 kv device that will conduct up to 25,000 amps and a total
charge of over 20 coulombs. Or you can take advantage of the
auxiliary electrode that’s provided for circuit control at very low
currents. Maintain a current of just 10 amps between the aux-
iliary electrode and the cathode, and the tube will maintain its
conducting state even for main anode currents of a few amps.
Circle magazine inquiry card Number 97.

Up to 50 kv
in this small ignitron

' The 2G-7248

Why struggle with larger-sized capacitors in your
miniaturized circuits? Use G.E’s new 69F900 sub-
miniature tantalum wet-slug capacitor. Delivers
performance and application characteristics vir-
tually identical to those of standard military CL-64
units. Voltage ranges from 6 to 60 volts. Capacitance
from 3.3 to 450 microfarads. And the 69F900 is es-
pecially suited for data processing, communication,
and other industrial applications. Circle Number 98
on the magazine inquiry card.

Introducing . . . z
new sub-miniature = g
wet-slug capacitor

s
/w
69F900 wet slug capacitor—
50% smaller than the CL-64

Use the tubes specifically designed for the new 2200-2300
MC telemetry frequencies—G.E.’s Y-1266 and Y-1223 ceramic
planar tubes. The Y-1266 packs excellent gain and efficiency,
and 2-watt power capability into a tiny, 2-ounce package. The
Y-1223's new high dissipation anode gives 10-watt power out-
put at 2300 MC to provide higher power . . . improved RF

Tiny tubes for new
telemetry frequencies

Actual size

Y-1223 and
Y-1226 ceramic
planar tubes

characteristics, too. Couple the two tubes together for a
small, reliable, low cost, two-tube circuit for space probes.
Circle Number 99 for more details.

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

GENERAL @D ELECTRIC

285-15
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Now: A Fast Signal Averager

e 100 u8€C —>|

Photo #1—Input to Model TDH-9

SENSITIVITY: 5 V/cm
TIME: 10 usec/cm
NOISE-TO-SIGNAL RATIO: 10:1

PAR Model TDH-9
Waveform Eductor

Photo #1 is an actual oscillogram of
a signal obscured by noise — a situ-
ation unfortunately prevalent in many
research areas such as studies of bio-
medical evoked potentials, seismol-
ogy, spectroscopy, fluorescent life-
time studies, and vibration analysis.
Photo #2 shows the dramatic im-
provement in signal-to-noise ratio
when -the noisy signal was processed

42 Circle 272 on reader service card

Photo #2—OQutput of Model TDH-9

SENSITIVITY: 5 V/cm
TIME: 10 usec/cm
TDH-9 VOLTAGE GAIN: 10

by the PAR Model TDH-9 Wave-
form Eductor.

This new instrument employs a highly
efficient waveform - averaging tech-
nique, and at the same time offers the
fastest sweep rates obtainable in sig-
nal processing equipment of the signal-
averaging type. Sweep durations as
short as 100 microseconds, with dwell
times per channel of 1 microsecond,
are obtainable. The high resolution
capability of the Model TDH-9 allows
observation of waveforms or transi-
ents which have heretofore been un-
resolvable by averaging instruments
employing a greater number of
channels.

Although the Model TDH-9 Wave-
form Eductor sells for only $4,200,

we invite functional comparison with
the higher-priced digital averagers.
We believe you will be pleasantly
surprised. For more information about
the PAR Model TDH-9, ask for
Bulletin No. T-126.

Have a noise problem?

PAR’s technical staff, unusually
knowledgeable in signal processing
problems and techniques as a result
of its experience in the development
and application of Lock-In Ampli-
fiers, welcomes your specific inquiries.
Please call or write.

PRINCETON
APPLIED RESEARCH CORP.
Dept. D
Box 565, Princeton, N. J., Tel. (609) 924-6835
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Quick as a wink

The old adage notwithstanding, the
eyve is quicker than the hand. But
when researchers have tried to ap-
ply the eye’s speed advantage to
some control chores performed by
hand, the results generally have
never moved beyond the laboratory
stage. Now, Honeywell, Inc.’s Ra-
diation Center in Watertown, Mass.,
has unveiled a prototype system
that it says is accurate to within
1° of arc.

The system, called an Oculom-
eter, looks like a telescope. The
user presses his eye against the
eyepiece and tracks, for example, a
satellite. Each time the satellite
moves, the eyeball follows. The
Oculometer translates each eyeball
movement into guidance com-
mands, in the x, y and z planes.

Eye on the target. The work,
supported by the National Aero-
nautics and Space Administration,
is now getting attention from the
Army and Navy, which are weigh-
ing adapting the Honeywell system
to gun, missile and vehicle con-
trols. And Honeywell is negotiating
a contract with ~asa for further
development of the system for con-
trol of some extra vehicular equip-
ment for astronauts. This system.
Honeywell says, will be accurate to
within 0.25° of arc.

The Oculometer has other ad-
vantages, apart from speed. If, for
example, an astronaut were steer-
ing his spacecraft toward an orbit-
ing satellite with conventional hand
controls, he would have to translate
the steering operations—in the x,
y and z planes—into four separate
hand movements: up, down, left
and right. With the Oculometer,
the natural eye movements alone
perform the steering operation.

Remote control. The actual tar-
get needn’t be in direct view; it
could be an image on a television

Electronics | December 12, 1966

screen. A gunner tracking an enemy
craft on tv could aim his guns by
following the moving target on the
screen with his eyes.

To understand how the Ocu-
lometer works, consider the dia-
gram shown below. An object (1)
is spotted through the eyepiece.
Simultaneously, a tiny spot of light
(2), is aimed at the center of the
viewer’s eye. That light is reflected
by the cornea—much the way a
person standing eyeball to eyeball
with another person is able to see
his reflection in the other person’s
eyes—and the reflection is directed
by mirrors to a scanning photo-
multiplier (3). The image appear-
ing at the face of the photomulti-
plier is a virtual point image of
the pupil. Any change in the posi-
tion of the point can be translated
as a movement of the eye—and a
movement of the target.

The scanner views both the cor-
neal reflection and the pupil-iris
boundary of the eye. Then, the sig-
nals from the scanner are time-
division multiplexed by a switch
(4) into separate signals—pupil
position and corneal-tracking—
which are fed to the control mech-
anism, be it a steering wheel or a
joy stick (5). Simultaneously the
pupil-position signal is fed back to
the light source (2) keeping the

light aimed directly at the center
of the pupil. In the diagram the
output signal is presented as a line
image projected on a cathode-ray
tube.

Solid state

Bridges of gold

To the growing arsenal of isola-
tion techniques [Electronics, Oct.
17, p. 125] developed to combat
parasitics in integrated circuits,
add another—air-oxide isolation.
The technique was devised by
James A. Cunningham, a scientist
at Texas Instruments Incorpo-
rated’s Semiconductor Research
and Development Laboratory in
Dallas.

When made by the new process,
the devices look like a cross be-
tween circuits produced by Bell
Telephone Laboratories’ beam lead
techniques and Fairchild Camera
& Instrument Corp.’s mesa isola-
tion techniques.

Building bridges. With the 11
process, the device that’s formed
is a unique structure in which
heavy gold interconnections form
bridges between single crystal sili-
con islands floating on a sea of

LIGHT SOURCE

SCANNING
PHOTOMULTIPLIER

ELECTRONICS

Guiding a vehicle with the Honeywell Oculometer is as easy

as keeping your eyes open.
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polycrystalline material

According to Cunningham, de-
vices isolated in this fashion have
been built in the laboratory and
performed as well as silicon on
sapphire or ceramic back-filled de-
vices. However, T1 is not presently
producing 1C’s incorporating this
or any other advanced isolation
technique, so Cunningham feels it
is still too early to tell which
method will ultimately prevail on
the basis of a performance-cost
trade off.

The speed of the resultant cir-
cuit, notes Cunningham, is com-
parable to speeds of circuits made
by other isolation techniques. In
addition, the researcher says, the
device dissipates heat better than
those made by 11's ceramic process.

The isolation process begins with
conventional wafers of n*single
crystal silicon. On one side of the
wafer, a moat that is 1- to 2-mils
deep, is etched in a pattern that
corresponds to the final scribe and
break operation for the wafer.
Then an oxide, 1- to 2-microns
thick, is formed on both sides of
the wafer.

The next step is to deposit about
8 mils of polycrystalline silicon on
the etched side of the wafer by
epitaxial techniques. Then the
starting material is etched until
the polycrystalline material is ex-
posed in the previously etched
moat. This results in an n*film
of from 1- to 2-mils thick, over

PLATED GOLD
FOR ADDED
STRENGTH

MoAu INTERCONNECTIONS
AND BRIDGES

which an n-type epitaxial film is
deposited. Thickness and resistiv-
ity of this layer depend on the
specific device requirements.

At this point the wafer is reox-
idized, and the necessary device
diffusions are performed conven-
tionally, except that deep-lying iso-
lation diffusion used in p-n junc-
tion isolation is deleted.

Mask of gold. When the devices
are formed and the last oxide layer
removed, a layer of molybdenum,
followed by a layer of gold, is de-
posited over the surface of the
wafer, forming a bimetal film. Us-
ing standard photoresist methods,
the gold is etched to form the de-
sired contact and interconnection
pattern, but the underlying molyb-
denum is left untouched. The in-
terconnections are thickened to
about 0.2 mil by electroplating gold
through a photoresist pattern. The
gold interconnections then serve
as a mask for the subsequent etch-
ing of the molybdenum.

In the following step air isola-
tion is achieved by etching down
to the oxide through another photo-
resist pattern. Unlike other isola-
tion methods, this is done from
the front of the device. When ex-
posed to the silicon etchant, the
gold is not attacked, but the etch-
ant removes the silicon underneath
it, forming a gold bridge across the
moat. At the same time, the scrib-
ing land extending into the poly-
crystalline material is exposed.

LAP DEPTH INDICATOR
AND SCRIBE MOAT

THERMAL OXIDE

~! ~EPITAXIAL FILM

N+ SUBSTRATE

POLYCRYSTALLINE
SILICON

NATURALLY
OCCURRING

DIMPLE

Electroplated bridges of gold interconnect are used to isolate
devices in Texas Instruments’ air-oxide technique.
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Space electronics

Wanted: a multiprocessor

The greatest challenge facing the
designers of space computers for
the ’70s is not so much to build a
system that can juggle many com-
plex problems, but to build one that
could continue juggling, albeit in a
limited fashion, if some of its cir-
cuits failed.

As one computer designer put it,
“If it’s got to fail, it has to occur
gracefully.”

During this “graceful” failure pe-
riod, the astronauts could repair or
replace burned-out parts, determine
ways to reduce their reliance on
the computer, or permit the com-
puter itself to calculate ways to
bypass the circuitry that failed.

Besides this, the post-Apollo
space computer will have to per-
form navigational, scientific and
other functions undreamed of five
years ago.

Start from scratch. To assure this
kind of performance, says Thomas
E. Burke, assistant director of the
computer research laboratory at the
National Aeronautics and Space
Administration’s Electronics Re-
search Center, “we can’t just try
to extend existing computers. We've
got to take the systems approach
and start from the bottom.”

The Cambridge, Mass., center,
focal point of Nasa’s long-range
computer efforts, is laying the
groundwork for such a system. The
center is ready to move into large-
scale simulation to evaluate various
concepts, and plans are being made
to develop experimental hardware
that would be the test-bed for new
memory systems and other hard-
ware.

Some of this work, for manned
flights, is already under way at
North American Aviation, Inc.’s
Autonetics division. And last month,
the International Business Ma-
chines Corp.’s Federal Systems di-
vision won a contract to study
multiprocessing techniques for un-
manned flights; a team from IBM’s
Center for Exploratory Studies,
Rockville, Md., will move to Cam-
bridge next month for this project.

Also, the Instrumentation Jab-
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oratory at Massachusetts Institute
of Technology is exploring for
Nasa the application of computer-
aided design to the development
of some of the next-generation
hardware.

Right the first time, “If you want
to use the technology of large-
scale circuit integration, designs
must be right the first time,” Burke
says. Further, he notes, the auto-
mated design technique would
eliminate breadboarding of the sys-
tem’s logic.

The multiprocessor approach ap-
pears to be the dominant one in
plans for spaceborne computers af-
ter the Apollo program. Alternatives
include an array of independent
computers for different tasks and
distributed logic processors.

In the multiprocessor structure,
as outlined by Ramon L. Alonso,
a staff member at MiT’s computer
design center, each of a group of
processing elements would have its
own program and scratch-pad data
memory. There would be no one
supervisory element or processor;
the combination would be truly col-
laborative.

A time-multiplexed bus would
transfer information among the
computer’s units. Every unit having
access to the bus would be able to
receive all data appearing on it.
Every unit would also be able to
transmit data on the bus through a
multiplexer circuit. And each multi-
plexer would “enable” the next in
line as soon as it was through
sending data. The next multiplexer
could send its data or skip the
enable on to the following one if it
had nothing.

Remember. The data needed to
start jobs would be stored in a
common erasable memory. “This
either must be infallible or else
have graceful degradation proper-
ties,” Alonso says. As the memory
would have access to the bus, it
could be interrogated by a message
from a processor specifying its
identity and stating that the con-
tents of a certain memory address
were desired. The memory would
then place the message in a waiting
stack; when its turn came, the mes-
sage would trigger the start of a
memory cycle, delivering both ad-
dress and content to another wait-
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High-speed memory stack in RCA’s variable instruction computer. The

machine, developed for the military, is being proposed for use in space.

ing stack for transmission on the
bus.

Based on experience with Apollo,
Alonso says that within a few years
a machine will have to handle a
hundred programs at a time on a
sampled basis, out of a total as-
sembly of hundreds of programs in
the complete multiprocessor sys-
tem. Each program would period-
ically receive a sample update, re-
quiring an average sample rate of
about 50 per second per program.
This means that 5,000 samples, or
jobs, would be executed every sec-
ond, an operation requiring a bit
transfer rate of 14 megabits per
second for common memory, input-
output and messages.

Experience with the executive
program structures of the Apollo
guidance computer shows this to
be the minimum bit rate that could
serve the multiprocessor system.
“But it’s well within the reach of
today’s technology for memory and
transmission systems,” he says.

Building-block approach

Not everyone is convinced that the
space computer of the 70s will
have to be designed from scratch.
Concepts that had their origin in
reliability programs are now evolv-
ing toward the multiprocessor goal.
At the Radio Corp. of America and
NasA’s Jet Propulsion Laboratory,

v
“«i

for instance, computer researchers
are convinced that approaches
using existing designs as building
blocks would effectively serve the
space agency’s needs.

An rca computer that was built
under military sponsorship is be-
ing proposed for the space job
even though it wasn’t developed
specifically for such a function.
This computer, developed by the
concern’s Aerospace Systems divi-
sion in Burlington, Mass., and
called vic, for variable instruction
computer, will fly early next year
aboard a KC-135 plane out of
Wright-Patterson Air Force Base,
Ohio.

Detailed plan. Vic is designed
for airborne command posts and
airborne warning and control sys-
tems. This month, rca will submit
to the Air Force Electronic Sys-
tems Division a detailed proposal
for the use of vic in the 481-A pro-
gram, the post-attack command-
and-control system of the Strate-
gic Air Command.

“But vic will have applications
in the Manned Orbiting Labora-
tory and other space projects,”
says E.H. Miller, manager of aero-
space computer applications at
rcA. The military has spent about
$450,000 on the vic project.

Vic uses integrated circuits, with
each functional unit as nearly in-
dependent as possible. The main
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memory is expandable in 4,000
38-bit word modules to a total
of 32,000 words; the variable in-
structions are stored in these re-
dundant high-speed memory mod-
ules. Each module has its own
independent address register, local
control and power supply. Vic is
an asynchronous machine and
there is no central clock source,
a feature critical to the operation
of the separate functional units.

From the standpoint of reliabil-
ity, the fundamental advantage of
vic lies in its instruction reper-
toire. A programer, for example,
can find a great many ways to ex-
ecute a particular macro-order,
which may contain 12 to 15 micro-
orders.

The program and variable words
are combined to control the com-
puter’s step-by-step operation. The
lists of the order register and vari-
able register are decoded to gen-
erate specific data address and con-
trol operations. At least one, and
sometimes four, variable words
each containing three micro-orders,
are required for each order.

Detect failure. With this flexibil-
ity, it’s possible to program alter-
nate ways to execute an order and
circumvent the failure of some por-
tion of every register and control
path in the machine. A comprehen-
sive set of diagnostics can detect
failures in basic algorithms and
then determine which secondary,
or even tertiary, algorithms can be
substituted.

Vic’s 36-bit parallel arithmetic
can be considered as three 12-bit
sub-units. Even if two of these
failed, it would still be possible to
operate on the remaining sub-unit.

Another approach is being taken
at the Jet Propulsion Laboratory,
where an experimental computer
called the star (self-testing and re-
pairing) is being built.

The system organization of this
machine is now being extended to
include multiprocessing features
according to Algirdas Avizienis, a
member of the lab’s staff.

‘Self-repair.” JrL chose what it
calls a selective-redundancy ap-
proach, using standby spares for
replacement or “self-repair.” The
computer is required to survive
space voyages of up to several
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years and then be able to control
the approach of the unmanned
spacecraft to a planet. The com-
puter in the spacecraft would be
employed for onboard processing
of scientific data when guidance
computation isn’t in progress. At
the end of the voyage, the surviv-
ing spares could be reconfigured
to form a multiprocessor for scien-
tific experiments and data trans-
mission.

A replacement or self-repair
system requires diagnosis of self-
test. For the sTAR, concurrent diag-
nosis was chosen, permitting a very
brief rollback of the program each
time a fault is found. This would
be an important time-saver in ap-
proach and reentry guidance pro-
grams, which require real-time
computing.

and leave him a social outcast. And
an angry chimp who has been mis-
treated by his jungle confreres is
hardly a good subject for medical
research.

Now, however, Electro-Optical
Systems, Inc., Pasadena, Calif., is
developing a special telemetry
package for the Air Force that will
do away with the backpacks and
protruding wires for chimps under
observation. The package—trans-
mitter, antenna and batteries—will
be implanted inside the chimp’s
body so researchers can monitor
electrocardiogram and temperature
data as the animal goes about its
normal routine. Electro-Optical is a
subsidiary of the Xerox Corp.

The idea is that the information
obtained will make it easier to ex-
trapolate data taken from chimps
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Swinging chimp can now enjoy life again. A special telemetry package,
implanted within its body, does away with backpacks and protruding wires.

Medical electronics

The inside story

Researchers monitoring the physi-
cal reactions of chimpanzees in
their natural habitat have consis-
tently run into a problem. The elec-
tronics-crammed backpack and the
electrical leads that protrude from
the ape’s body both irritate his skin

during space-environment tests and
determine how a test would have
affected an astronaut.

Versatile. Eventually, Electro-
Optical plans to sell the device
commercially for similar applica-
tions, For example, such a unit
could possibly be used to monitor
the operation of a pacemaker in a
heart patient.

High-value resistors—up to one
megohm—can be used because the
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pack is inside the chimp’s body
where the constant temperature
overcomes thermal problems. The
manager of the program for Electro-
Optical, Robert Russell, says this
allows for a relatively high-powered
output signal that can travel as far
as 1,200 feet—an order of magni-
tude improvement over previously
developed devices transmitting
from inside the body.

In addition, a full-scale receiver
and a directional antenna can pick
up the remote signal—something
portable receivers are too weak to
do. Only the path the signal travels
limits transmission.

Canine check. A model is cur-
rently operating at Electro-Optical’s
research laboratory, and the com-
pany will deliver within a month a
prototype for implantation in a dog
to check out transmission. This en-
capsulated pack will measure 3%
by 3 by % inches and weigh only
two ounces. It will have a mercury
cell battery putting out 500 milli-
amps for continuous use for 40 days
and will transmit on one channel.
The prototype will also contain a
subcarrier oscillator working at 3.9
and 5.4 kilohertz, a biopotential sig-
nal conditioner, .a bandpass ampli-
fier to transform the oscillator’s
square wave Into a sine wave for
transmission and the signal trans-
mitter,

The prototype package contains
discrete components, but the com-
pany intends to put thick-film hy-
brid circuits in the final package.

Electro-Optical has a contract to
deliver four units to the Air Force,
excluding the prototype, with the
first to be delivered around next
April. These devices will transmit
two multiplexed variables—tem-
perature and electrocardiogram
data or whatever else may be de-
sired. Russell says transmission
could be expanded to as many as
four or five channels.

A saturated transistor switch
rather than a magnetically latching
relay will enable researchers to
turn the device on or off remotely.
“This saves weight and we feel it
is more reliable,” Russell points
out.

End result. The final units will
have a second subcarrier oscilla-
tor and bandpass amplifier for the
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second channel, a linear mixing am-
plifier for multiplexing and the cir-
cuitry for remote switching of the
power.

The telemetry signals are trans-
mitted in the f-m band at 88 to
108 megahertz.

Russell says the company first
thought the package would need
about 1,300 microamps. “But now,”
he comments, “it appears we will
be able to get away with 530 micro-
amps.”

Depending on how the prototype
works, the final design may be in
the form of one or two packages.
Russell observes that one advan-
tage of having two packages would
be that the battery could be im-
planted separately in an easily ac-
cessible place for simpler replace-
ment.

Displays

IBM’s new image

Increasingly, the International Bus-
iness Machines Corp. is looking at
the growing field of displays—gen-
erated by computers or by other
equipment. One piece of gear that’s
being developed by 1M for this
market is an electrostatic storage
tube which is able to display bright,
flicker-free, wall-size pictures. Ad-
ditionally, the tube can store a pic-
ture for about a month without con-
suming energy or taking up com-
puter time.

The tube was devised by Jan
Engle, a researcher at mM’s Sys-
tems Development division in San
Jose, Calif. With the basic work
completed there, the project was
moved to the division’s Kingston,
N.Y., facility for advanced develop-
ment.

Dual chamber. Three basic parts
make up the tube: a newly de-
signed electron gun that boasts
both high speed and high resolu-
tion, a dielectric membrane that
can store a charge and an electro-
graphic  developer—a  sand-like
chemical with a mnet positive
charge. The membrane divides the
tube into two chambers, with the
gun in one chamber and the de-

veloper in the other.

To produce a picture, the elec-
tron gun writes on the face of the
dielectric membrane—much like an
electron gun in a television picture
tube writes on a phosphor coating.
A latent image, written by the
electron beam, is formed on the
other side of the membrane; par-
ticles of the positively charged de-
veloper are attracted to the nega-
tive charges, which produce an
image on the face of the mem-
brane.

If the membrane is opaque, the
image can be seen directly by re-
flected light; if it’s transparent and
the tube has a rear window, the
image can be optically projected
as a wall-size display. Both the
direct-view and the rear-window
tubes are currently under develop-
ment.

Flexibility. Since the tube is
sealed, it does not require vacuum
equipment. And since there are no
phosphors to be excited, it does
not draw a high current. Further,

DIELECTRIC TRANSPARENT
MEMBRANE FACEPLATE
ELECTRON
DEFLECTION -
A e
ELECTROGRAPHIC
DEVELOPER

Display tube developed by the
International Business Corp. is able to
store information for a month without
using current or computer time.

the optical-display system can be
independently designed, permit-
ting wide flexibility of application,
ranging from high-density record-
ing on film to the bright wall-size
displays.

Tubes developed so far have a
linear resolution of 2,000 television
lines over a 3.4-inch diameter sur-
face.

The principal disadvantage of
the tube is the need for mechan-
ically tipping it in order to dust
the membrane with the developer.
This takes less than one second,
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while erase time is a second and a
half.

The first order of business at the
Kingston labs is to solve the tip-
ping problem.

Computers

Dropping the guard

When, a computer must work in
an area cluttered with electromag-
netic pollution, the traditional step
is to protect its sensitive signals
by shielding the entire machine
with noise-absorbing screens. That
approach is fine when the computer
is being used in a factory, where
space and weight are not at a
premium. But in a missile or an
airplane, where a few pounds and
a few cubic inches count heavily.
screening may be a bit of a prob-
lem, Now at the University of Illi-
nois, a group of computer research-
ers has designed a series of analog
computer circuits that depend on
noise and therefore needn’t be pro-
tected from it.

In the circuits, developed under
the supervision of W.]J. Poppel-
baum, an electrical engineering
professor, an analog quantity is rep-
resented by the average value of a
sequence of randomly spaced
pulses. The pulses are generated
from white noise and a trigger level
proportional to the analog signal.

Shaping the noise. The pulses
are shaped and clipped so that all
have the same duration and am-
plitude. Two or more such pulse
trains applied to an ordinary diode
AND gate, shown below, produce a

+V

random pulse sequence at the out-
put; the average value of this se-
quence, after again shaping and
clipping, is proportional to the
product of the original analog quan-
tity.

The quotient of two analog quan-
tities can be obtained with a feed-
back network, shown below. In this
network a random sequence gener-
ator produces a pulse train repre-
senting a quotient. An AND gate
forms the product of the quotient
and the divisor; the product is then

tic operations, theoretically almost
any problem can be solved. The
speed is limited only by the width
and average frequency of the noise
pulses; fractional nanosecond noise
pulses can be obtained from a diode
reverse-biased close to the ava-
lanche point, providing a frequency
response in the neighborhood of
500 megahertz.

The principal limitation to the
circuits, as with any analog system,
is in their precision. For example,
a problem might be solved to a

X —=

Y

N
x|=<

Ordinary AND gate, a comparator, and a pulse generator compute

the quotient of two analog quantities.

compared with the dividend. If the
two are unequal, the random se-
quence generator is automatically
adjusted to make them equal.

The sum can be obtained just
like the product, by using a diode
OR gate, but a conventional adder
network (a number of equal resis-
tors with one common connection)
is cheaper and works just as well.
Likewise, the difference of two
analog quantities is the sum of one
and the logical inverse of the other;
if the basic pulse train has positive-
going pulses from a negative refer-
ence, the inverse would have the
same voltage swing but negative-
going pulses from a positive refer-
ence.

Problem-solving. With a suffi-
ciently large number of units for
performing the four basic arithme-

JULLILI
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¢
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Analog multiplication, using noise, can be performed with an AND gate.

48

precision of 1% by taking the aver-
age value of 1,000 noise pulses;
but 10 times the precision, or 0.1%,
would require an average of per-
haps 100 times the number of
pulses. A very complex analog com-
puter with a limited degree of pre-
cision can be designed at a fraction
of the cost of ordinary analog ma-
chines that use operational ampli-
fiers; but the circuits cannot eco-
nomically approach the precision
of digital computers.

AIAA meeting

Closer link

The dinosaur is extinct because it
couldn’t respond fast enough to at-
tacks from the rear. The communi-
cations network between brain and
tail was too lossy.

The Avco Corp.’s Electronics di-
vision in Cincinnati has developed
a new approach to airborne high-
frequency communication in order
to prevent lossy communications
aboard flying behemoths. The sys-
tem will go into the C-5A, a heavy
logistic transport aircraft being
built for the Air Force by the Lock-
heed Aircraft Corp.

To avoid stringing a lossy co-
axial cable 260 feet from the cock-
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The first JAN voltage-variable capacitor!

TRW's newest addition to the
broadest line of voltage-variable
capacitors...JAN 1N4801A-
1N4815A Varicaps to MIL Spec
19500/329B!

Outstanding characteristics are
extremely low leakage (less than
0.005 A at MWV) and the widest

capacitance change per volt avail-
able anywhere!

Optimurms uniformity and track-
ing is assured by TRW proprietary
alloy junction process—ideal for
VCO, VCXO and delay lines.
Capacitance range from 6.8 to
100 pF nominal.

ARICAP 1S THE TRADEMARK FOR SILICON VOLTAGE-VARIABLE CAPACITORS MANUFACTURED BY TRW.
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TRW Semiconductors Inc., 14520
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pit electronics bay to the tailfin
antenna, the h-f radio transceiver
and antenna coupling equipment
will be installed in the tail of the
plane. Only wires carrying low-
level control signals will traverse
the distance from cockpit to tail.

The development was disclosed
at the meeting of the American In-
stitute of Aeronautics and Astro-
nautics in Boston this month.

The new h-f system will also in-
clude binary tuning, controlled by
integrated circuit logic. This will
eliminate servomotors, precision
gearing, sliding contacts and other
mechanical techniques traditionally
used to vary inductances and ca-
pacitances. The electronic tuning
system is identical to one devel-
oped by Avco for the F-111 fighter-
bomber now being built.

More power. Besides the drastic
reduction in weight achieved by
eliminating 260 feet of heavy co-
axial cable, Avco designers say
the radio-in-the-tail design will
eliminate radio-frequency interfer-
ence problems along the length of
the fuselage and result in a higher
level of radiated power.

“Putting the transmitter and re-

ceiver in the tail, with direct coup-
ling to the antenna, effectively
doubles the range of the communi-
cations system,” according to ap-
plications engineer Bert Beitman.

The Avco system, called the aT-
440, combines transmitter and an-
tenna coupler in one piece of
equipment called a couplifier. The
plate of the power amplifier tube
is matched to the antenna across
a small length of coaxial cable, not
more than two feet. Under present
design plans for the C-5A, the
shunt-type antenna will be part of
the leading edge of the plane’s
vertical tailfin, and the radio equip-
ment will be installed in the tail,
just below the fin.

With the couplifier, says Beit-
man, receiver signal-to-noise per-
formance can be improved up to
10 decibels, resulting from elimina-
tion of coaxial noise and impedance
mismatch.

“You dump half of your power
with the traditional cable and fit-
tings, plus causing rfi problems,”
says Beitman.

Mismatch. There will still be a
mismatch between antenna and
cable, but the cable will be only

two feet, and the standing wave
losses will be drastically lower.

The binary tuning system in the
AT-440 is part of the AnN/arc-123
radio which Avco has designed for
the F-111. The F-111 and the C-5A
represent the first applications of
the technique to matching and tun-
ing in communications systems.

The complete tuning time is 300
milliseconds. Under control of the
computer logic, sensors in the
couplifier probe r-f levels in 10-
millisecond samplings, switching
inductance coils on or off at each
step to refine the tuning and match
impedance loads. The coils are
switched by relays which operate
in a vacuum to heighten reliability
and provide the required voltages
in a small switch area. The relays
never operate while transmitter
power is on, a further protection
for reliability purposes. Sampling
is done for 10 seconds, then the
r-f energy is removed while switch-
ing is accomplished. And the pro-
cedure is repeated until optimum
match is obtained.

The a1-440 control box, the only
part of the system up front, con-
tains the solid state digital syn-

Radio-in-the-tail design shortens the transmission path between antenna and receiver. Design is for Lockheed’s C-5A.
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The Type 453 provides the following features when all lever
switches are up: automatic triggering that allows discrete
trigger level selection with the presence of a signal and
provides a bright base line at all sweep speeds when no
signal is present; + slope triggering; AC coupling that
gives positive triggering regardless of vertical positioning;
and internal triggering that makes full use of the vertical
amplifier gain and the compact internal delay line. The
Type 453 will trigger to well above 50 MHz and a green light
gives a positive indication of a triggered sweep.

The Type 453 is a portable instrument with rugged environ-
mental capabilities plus the built-in high performance
normally found only in multiple plug-in instruments.

The vertical amplifier provides dual trace, DC to 50 MHz
bandwidth with 7 ns risetime from 20 mV/div to 10 V/div.
(DC to 40 MHz, 8.75 ns T, at 5 mV/div.) The two included
Type P6010 miniature 10X probes maintain system band-
width and risetime performance at the probe tip—DC-50
MHz, 7 ns—with an increase in deflection factors of 10X.
You can also make 5 mV/div X-Y and 1 mV/div single trace
measurements.

Tektronix
Type 453
portable
oscilloscope

gives you the most often
“used trigger logic

X

You can operate the delayed sweep with ease. Lever control
to the right and HORIZ DISPLAY switch to A INTEN
DURING B gives delayed sweep operation. Setting the
B TIME/DIV and the DELAY-TIME MULTIPLIER to meet
your requirements and switching to DELAYED SWEEP
allows +4-1.5% delay measurements to he made.

The Type 453 is a continuation of the Tektronix commitment
to quality workmanship. Its design and layout make it easy
to maintain and calibrate. Transistors plug in and are easily
removed for out-of-circuittesting. An accurate time (+0.5%)
and amplitude (4=1%) calibrator permits quick field cali-
bration.

The front panel protection cover carries all the accessories
with the complete manual carried in the rain/dust cover.
The Type C-30 Camera and a viewing hood that fits in the
rain cover also are available.

Type 453 (complete with probes and accessories) . . . $2050.00
Type C-30Camera . . . . . . . v v v v v v v e $ 350.00
Collapsible Viewing Hood . . . . . .. . ... ... $ 750

U.S, Sales Prices, FOB Beaverton, Oregon

Tektronix, Inc.
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For complete information, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005
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IMMEDIATE DELIVERY!

Write for technical data on the Model
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thesizer. Operating frequencies
may be selected in 100 hertz in-
crements from 2 to 29.999 mega-
hertz. Other controls include those
for audio volume, r-f gain, noise
blanking, squelch disable and level,
and system on-off. For high relia-
bility design, the control box uses
85% integrated circuits.

Tuned to space

Ground-based radio telescopes, no
matter how sensitive, can’t detect
celestial radio sources between 1
and 10 megahertz because the
earth’s atmosphere blocks these
electromagnetic waves. At the a1aa
meeting in Boston this month, the
Avco Corp.’s Space Systems divi-
sion proposed the orbiting of twin
satellites some 6,000 miles out in
space to hunt out these signals.

The twin-satellite plan stems
from the need to keep the antenna
system for such a project down to
a workable size. With frequencies
as low as 1 Mhz, the wavelengths
that must be measured are 300
meters; to achieve a beamwidth
resolution of about 1°, an antenna
would have to be 12 miles wide.,

Far apart. As an alternative,
Avco’s engineers propose the use
of two satellites spaced six miles
apart and acting as a single inter-
ferometer.

The antennas on each satellite
would measure the relative phase
and amplitude of the radio sources,
and the combination of satellite
relative motion and ground-data
processing would be used to syn-
thesize a large antenna aperture.

Avco selected a frequency range
of 1 to 5 Mhz as one that could be
used in such a space system to re-
turn information on discrete sources
of radio energy, such as remnants
of super novas, peculiar giant gal-
axies, and quasars. The company
also settled for a resolution of 2°
at 1 Mhz.

Each satellite would consist of a
four-foot-diameter central body to
house the electronic systems and a
pair of 150-foot-long X-shaped an-
tennas. Each antenna would be
mounted on the end of a 37-foot
boom extending from the satellite

body.

Compromise. The trick would be
to put the satellites into an orbit
high enough to keep them away
from the disturbing influences of
the earth’s atmosphere, but low
enough to permit them to drift six
miles apart in a reasonable time.
At the 6,000 miles envisioned in the
plan, Avco calculates the satellites
would separate by 37.5 meters once
each orbit of 5.8 hours. At this rate,
they would reach the required in-
terval of six miles in 64.3 days. Dur-
ing the separation process, meas-
urements could be taken first at 5
Mhz and thereafter on down to
1 Mhz.

Once a certain portion of the sky
had been studied, the satellites
could be maneuvered to drift back
together and the process could be
repeated to study another portion.
Francis W. French, an Avco engi-
neer, estimates that the two satel-
lites could cover T0% of the sky
during their first 18 months in orbit.

Point the way. Proper attitude
would be maintained by the an-
tennas themselves acting as gravity
gradient stabilization booms, keep-
ing one of the antenna dipoles al-
ways pointing straight down. To
maintain very accurate distances
between the satellites, small cold-
gas reaction jets would be fired at
thrusts measured in thousandths of
a pound. French estimates that 50
watts of continuous power would
be adequate for each satellite and
could be supplied by solar cells.

Addenda

Also at the araa meeting:

» Samuel C. Phillips, Apollo pro-
gram director, said the software
for the Apollo guidance and navi-
gation computer may in the long
run cost more than the hardware.
More than 300 persons at the Mas-
sachusetts Institute of Technology
are now programing computer sub-
systems for the various missions.

= The communications blackout
during the Apollo reentry maneu-
ver apparently doesn’t worry the
mission managers as much as it
does ~Nasa research groups. George
E. Mueller, nasa associate admin-
istrator for manned space flight,
said there are no plans to incorpo-
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These are some of the
relatively unexciting
components that make
Trygon’s new Liberator
power supplies possible.

Here’s the extraordinary,
almost impossible system

job it can do for you.

Trygon’s Liberator Series is engineered to provide the ultimate in high
power system performance, in a minimum size, at lowest possible cost.

Output current levels of 40 amperes (3%2"), 70 amperes (5%"). .005% regulation/
.5mv ripple/3mv peak to peak noise/.01% stability/extremely low output impedance/
MIL Spec. performance compliance/ integral slide mounting/automatic load share paral-
leling/ overvoltage protection/wide adjustable voltage range.

315" units: 2.5-4.5V/40A; 4.8-6.8V/40A; 6.5- 514" units: 2.5-4.5V/70A; 4.8-6.8V/70A; 6.5

9.5V/25A; 8.5-11.5V/25A; 11-14V/ 9.5V/50A; 8.5-11.5V/50A; 11-14V
25A; 13.5-19.5V/ 20A; 18.5-26.5V/ 50A; 13.5-19.5V/40A; 18.5-26.5V/
15A; 24-32V/15A. Priced from $420 30A; 24-32V/30A. Priced from $535
to $445. to $550.

LIBERATOR: the most precise system power supply available—at the highest possible
power output—in the smallest possible package —at the lowest possible price. MAKE
US PROVE IT!
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a High Speed
FLAT PACK
SEALER

e Welds up to 1000 lids per
hour to metal or ceramic
cases.

e Automatic lid positioning

e Rapid weld cycle provides
low internal temperature rise

e No optics required

® Complete system with stain-
less steel dry box means
simple, rapid installation

For additional information or sample
welding of your part, write to

Dept. 90

The Sippican Corporation

Industrial Products Division
Mattapoisett, Massachusetts 02739
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rate a fluid injection system [Elec-
tronics, Nov. 14, p. 54] or any
other technique to get signals
through the plasma sheath that will
envelop the vehicle. A fluid injec-
tion system would require struc-
tural changes in the spacecraft, and
this undoubtedly is one reason why
it isn’t being considered at this
late date.

= The space agency has decided
to seek competitive proposals for
flight models of an auxiliary mem-
ory system developed for the
Apollo computer by the Raytheon
Co. [Electronics, Oct. 31, p. 26].
The memory was first ordered by
Nasa in the belief that the standard
Apollo guidance and control com-
puter wouldn’t be adequate for the
moon trip; but Nasa has decided
to use the unit only in the follow-
on Apollo Applications Program.
The memory consists of 16,000
words stored on digital transistor
logic (ptL) flatpacks and another
1.5 million words in the triple
redundant mode stored in a tape
unit. Each word consists of 15 bits
plus a parity bit.

By using the memory unit in the
simplex mode, as many as 4.5 mil-
lion words can be stored, the com-
pany said.

= The electronics for the nation’s
first satellite-borne X-ray astron-
omy experiment will be redesigned
as a result of schedule changes in
the Apollo program. Now planned
sometime after the summer instead
of February, the flight will be the
first in which a manned vehicle has
been used for a complex scientific
experiment,

“Its success or failure can be a
guidepost for the Apollo Applica-
tions Program,” says John R. Wa-
ters, project scientist.

A change in the Apollo vehicle
will improve detection instrumen-
tation. In the original spacecraft,
a shield guarded against the ef-
fects of radioactivity in the fuel
gauge system. The new vehicle will
jettison the shield to make room
for larger and more sensitive X-ray
gear. The astronaut will search for
an X-ray source and when he finds
it, he’ll maneuver the spacecraft
into the best position and hold it
there.

Consumer electronics

One for all

The Westinghouse Electric Corp.
early next year will market a pho-
nograph in which one integrated
circuit replaces all electronic com-
ponents. Containing the equivalent
of 39 transistors, diodes and resis-
tors, the Westinghouse-made 1c it-
self will also go on sale early in
1967.

The Westinghouse phonograph,
to be priced at about $50, is a
one-watt battery-powered model.
Because of the mechanical drive
system, it’s about the same size as
a previous model, which contained
18 discrete components.

“Engineers have combined volt-
age and power amplification with
this chip to unite for the first time
all the requirements for an elec-
tronic consumer product,” says a
Westinghouse spokesman.

Trends. Other companies use 1C’s
in consumer products, but the items
also contain discrete components.
The General Electric Co. has de-
veloped a portable radio the size
of a cigarette pack, with an 1c that
includes all the active components
and some resistors but with the
remaining passive components at-
tached to a printed-circuit board
[Electronics, July 11, p. 40]. Two
models of the radio will be avail-
able late this month and the prices
($39.95 and $29.95) compare favor-
ably with comparable discrete-com-
ponent radios.

Ge has put 1c’s in the audio am-
plifiers of three other consumer
products—a phonograph, a port-
able television set and an eight-
track cartridge tape player for
home use.

Industrial electronics

Stop gap

Engineers at the Texas Transporta-
tion Institute say they have found
a way to sharply reduce the auto-
traffic accordion effect—the bunch-
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announces another FIRST:

a famaly of high voltage 60 Amp NPN
Stlicon Power Planar Transistors

featuring Vogo ranges from 200V to 300V,
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o
b\j (ACTUAL $126)
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DESIGN LIMITS PERFORMANCE SPECIFICATIONS
Pr BVeso Veeo BVeao hee Vae (sat) Vce (sat) leso fe
Type (sus)
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Max. Min. Min. Min. Min. Min. Max. Max. Max. Typ.
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SDT8952 350 225 225 8 10-40 5 20 20 10 20
SDT8953 350 250 250 8 10-40 5 20 20 10 20
SDT8954 350 275 275 8 10-40 5 20 20 10 20
SDT8955 350 300 300 8 10-40 5 20 20 10 20
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ing up of cars on high-speed high-
ways. So satisfied are they with
the solution—a computer-controlled
traffic-light system at entrance
ramps—that plans are under way
to extend the system to cover a
six-mile stretch of the Gulf Free-
way in Houston.

A prototype designed and in-
stalled by the Taft Broadcasting
Co. of Houston has been in opera-
tion at a freeway access ramp dur-
ing the morning traffic rush for the
past 14 months. Studies show that
traffic speed during the test period
increased 30% and traffic volume
rose 10% while the number of acci-
dents fell 50%.

Flashing lights. The system
works this way: overhead sensors
detect gaps in freeway traffic, send
a signal to a control center and a
computer controls the ramp traffic
signal. If there is room the light
flashes green; if traffic is too heavy,
the light remains red until the sen-
sors again detect a gap in the traf-
fic flow. The presence or absence of
cars on the access ramp is detected
by sensors beneath the pavement.

Avionics

Toward a standard

The Airline Electronic Engineering
Committee, whose job it is to set
international avionics standards for
all commercial planes, early this
month settled on standards for a
second-generation weather radar
and for inertial navigation systems.

Equipment  produced under
these criteria will be built into such
planes as the Boeing Co.’s giant
747 subsonic transport, the Anglo-
French Concorde supersonic trans-
port and the United States version
of the sst. In fact, it was the rapid
progress toward the design of the
Concorde and the 747 that spurred
the committee to speed its rulings
on the standards.

Things to come. The committee
is made up of engineers represent-
ing both U.S. and foreign carriers
and is sponsored by Aeronautical
Radio, Inc., (Arinc), which is jointly
owned by the airlines. Working

with avionics and aircraft produc-
ers, the panel sets the Arinc equip-
ment standards, which cover not
only such factors as outside con-
figuration, interwiring, input-out-
put and connections, but often the
operational specifications for elec-
tronic hardware.

Although the Arinc committee’s
aim is to achieve standardization of
avionic gear—especially to make
equipment interchangeable — air-
lines aren’t committed to installing
only equipment that fits the com-
mittee’s standard. Realistically, the
problem of redesigning an aircraft
installation to accommodate a spe-
cial piece of gear would be pro-
hibitively expensive for an airline.

Approval of the weather radar
specification caps nearly two years
of work by the committee, accord-
ing to William T. Carnes, Arinc
avionics engineering manager and
chairman of the group. Frank C.
White, manager of communica-
tions-data processing for the Air
Transport Association and head of
the panel’s radar subcommittee,
says the panel “ later will probably
come out with a more sophisticated
version of the radar for follow-on
ssT’s. Later ssT’s may require a
two-frequency weather radar, some
officials believe.

Controversy. The standard gear
was originally slated to be X-band
only, but late in the game some air-
lines wanted it expanded to include
the next generation of C-band. The
frequency controversy continues.

The Arinc specification doesn’t
presage a big step in technology.
To avoid what the airlines consid-
ered to be the high cost and com-
plexity inherent in more advanced
systems, such techniques as elec-
trically steerable antennas weren’t
considered. The group did con-
sider specifying complete inter-
changeability of units but decided
against this because of the restric-
tions such a move would place on
designers.

The radar standard sets forth a
new way to calculate performance,
White notes—a “performance in-
dex.” This index relates the radar
equation “to the real world—how
far you’ll see a storm,” he explains.
An airline will specify the range it
wants and the builder will know
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MAKE
AXIAL LEAD
COMPONENTS

Universal continuous process systems S

PROCESS MODULES
& SYSTEMS

can combine almost any functions... o el o conorens
with abig advantage in LABOR SAVINGS

This new 20-page publication illustrates how to feed raw materials...
assemble...coat...test...sort...code and package finished axial lead
components automatically. By combining processing steps into complete
systems, Universal enables you to maintain physical control from one func-
tion to the next.

v

!

Standard modules developed by Universal are customer-proved in systems

that are now producing billions of components a day. They are the building

blocks for this equipment. However, these standard modules combined with Send for your copy
customized units can be designed into systems to meet special require- 5

ments. This is an area where Universal's special technology and engineering of bulletin .20_0_0
experience can make an even greater contribution in terms of operating

reliability, fail-safe design-and labor savings.

-l.l,nl VersSal_ sruMents CORPORATION /&. FREBERICK ST, BINGHANTON, N. Y. 13902 / 607-772:1710
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feeling

pinch

for qualified
electronics
technicians?

New electronics equipment demands technicians
with a wide range of specialized skills. Men who
understand the “why" of electronics. .. can in-
stall, maintain, troubleshoot and repair the elec-
tronics gear you're using today and will be using
in years ahead.

Qualified electronics technicians are scarce.
But with a Cleveland Institute of Electronics
Training Program you can soon develop an ample
supply by up-grading your present staff of tech-
nical personnel. CIE “AUTO-PROGRAMMED"
Courses are fast, economical, effective. What's
more, they can be readily “tailored” to your
specific training needs. Hundreds of companies
use them...thousands of men are enrolled.
Get free details fast. Mail coupon today. Cleveland
Institute of Electronics, Dept. E-25, 1776 E. 17th
St., Cleveland, Ohio 44114.

SEND COUPON TODAY

Cleveland Institute
of Electronics
Dept. E-25, 1776 E. 17th St., Clevelard, Ohio

Gentlemen: | am interested in learning more about
your Electronics Home Study Programs. Please send
complete information.

Name.
Title

Company.
Address.

City State. Zip.
Accredited Member, National Home Study Council.
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what he has to do. Up until now,
radar performance has been a
“gambler’s choice and a salesman’s
gambit,” White says.

The index may also be applicable
to the aircraft equipment needed
for satellite communication, the
official says.

Display. Although a bright dis-
play—a direct-view storage tube—
is more expensive, less reliable and
has less gray-scale capability than
conventional tubes, it is specified
for the radar to insure adequate
visibility of the display in all cock-
pit light conditions. The antenna is
restricted to a 30-inch diameter be-
cause of the tapered noses of jet-
liners.

The inertial navigation system
characteristic doesn’t include all
the detailed specifications normally
given in an Arinc document, but it
does define the basic installation
and interchangeability standards
urgently needed by airlines and
manufacturers. The entire specifi-
cation was approved, Carnes says,
subject to the working out of digital
data standards at a meeting of the
inertial navigation subcommittee in
Washington on Dec. 15.

Basic system. From the begin-
ning—despite a request by some
hardware builders for a specifica-
tion covering a large central digital
process system to integrate the
platform with other aircraft sys-
tems—airline interest has concen-
trated on a basic navigator that
would include only the computa-
tion gear necessary for a “mini-
mum system.” The platform will
supply to the computer only air-
craft position and velocity data
needed to compute vertical naviga-
tion and steering command signals.
If more complex signals are needed,
another computer could be selected
without changing the basic inertial
system.

Although most carriers indicated
a preference for a single unit de-
sign, the committee decided to
accept some restrictions and limita-
tions in order to achieve both cur-
rent “standard installation” and
provide for future design trends.
Specified is a navigation unit con-
taining sensors and associated sta-
bilization platform, plus control
and computation circuitry to oper-

ate the platform and signal proces-
sing. The computer and associated
circuitry can be packaged in a sep-
arate case as an option.

Connector. The standard signifi-
cantly reduces the necessary inter-
wiring by prescribing circuit multi-
plexing and direct “Y” connections
to the platform and the optional
electronics unit.

The airlines say it is absolutely
imperative that the inertial system’s
digital signal be standardized
wherever an interface between an-
other system currently exists or will
in the future. Two basic types of
digital transmission have been pro-
posed: two three-circuit serial data
transmission systems and a two-cir-
cuit system to transmit incremental
data by bipolar d-c¢ signal on one
three-wire circuit and the clock sig-
nal on the other circuit.

Electronics notes

= Hard copy. The Xerox Corp.,
which specializes in the office-copy-
ing field, now has branched out to
produce peripheral computer gear.
Its product, naturally, has the
Xerox electrostatic machine as its
building block and produces hard
copy of graphics generated by a
computer. The product, called a
Xerox Computer Adapter, ties in
with the company’s Long Distance
Xerography (Lpx) system to trans-
mit computer graphics to any re-
mote location via telephone lines.

= New failure mode. Investiga-
tors at the Sudbury reliability an-
alysis laboratory of the Raytheon
Co.’s Space and Information Sys-
tems division have found that cata-
strophic lead bond failures can be
induced under pulse conditions in
small signal transistors. Such fail-
ures occurred when high forward
current pulses were applied at a low
repetition rate to the emitter base
junction of wedge bonded transis-
tors. The Raytheon experimenters
postulate that the failures resulted
from thermal expansion of the wire
in a section close to the bonded
area. This portion, particularly in
aluminum - to - aluminum wedge
bonded transistors, is work-hard-
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Today, Only Motorola Offers
Integrated Circuits

With The

Speed Potential Required

For Your

“Next Generation” Computers!

Let’s look at the facts.

First of all, consider that the computer systems of
tomorrow are going to require greater and greater speed.
And, as you get below 5 ns, today’s so-called “high-
speed” logic approaches are not practical for driving
transmission lines due to impedance mismatching prob-
lems. MECL* integrated circuits offer the solution.

Then, remember that with most saturated logic sys-
tems internally generated ‘“large noise spikes” become
a problem as you go to higher and higher speeds. Not
with MECL.

And, when you consider the need for reduced ‘“can
count” for lower system costs you’ll want for the future,
the “simultaneous complementary logic function at each
gate” feature is a strong inducement. (In fact, our
coming new multi-function MECL series will provide
the lowest can count per system of any logic family.)
Only MECL offers it.

When you sift through all the confusion about “best
speed/power product” only one system is best at high
speeds. That’s MECL.

Today five of the major computer companies in the
United States are designing or developing new systems
utilizing MECL integrated circuitry . . . compelling evi-
dence that MECL is indeed the direction of the future.

You can start getting familiar with tomorrow’s sys-
tems today by designing your newest prototype from
this wide selection of MECL types — the largest num-
ber of circuit functions available in any integrated
circuit line:

~where the priceles ingrediont & cane!

MOTOROLA SEMICONDUCTOR PRODUCTS INC,,
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Prop. Delay
@ 25°C Total Power
TYee T FUNCTION ns Typ Dissipation
ta ta mW Typ.
MC301/MC351 S-Input OR/NOR Gate 75 75 37
MC302/MC352A  R-S Flip-Flop w/Buffered Outputs 105 115t 43
- /MC352 R-S Flip-Flop 105 11.5¢ 40
MC303/MC353 Half-Adder 70 8.0 63
MC304/MC354 Bias Driver — — 18
MC305/MC355 Gate Expander 50 40 —
MC306/MC356 3-Input OR/NOR Gate 15 7.0 37
MC307/MC357 3-Input OR/NOR Gate 15 7.0 15
MC308/MC358A  AC-Coupled J-K Flip-Flop w/Buffered Outputs, § 10 + 87
- /MC358 AC-Coupled JK Flip-Flop 8 10 + 50
MC309/MC359 Dual 2-Input NOR Gate 6.5 8.0 54
MC310/MC360 Dual 2-Input NOR Gate 65 8.0 54
MC311/MC361 Dual 2-Input NOR Gate 6.5 8.0 41
MC312A/MC362A .Dual 3-Input NOR Gate w/Buffered Outputs 7.5 7.0 70
MC312/MC362 Dual 3-Input NOR Gate 7.5 7.0 54
MC313F/MC363F  Quad 2-Input NOR Gate 6.5 8.0 125
MC314/MC364 AC-Coupled J-K Flip-Flop 12 13 + 118
MC315/MC365 Line Driver 14 12 270
MC316/MC366 Lamp Driver — - 135
MC317/MC367 Level Translator — MECL to Saturated Logic 30 * 25 + 63
MC318/MC368 Level Translator — Saturated Logic to MECL 17 165 105
- /MC369F  Dual 4-Input Clock Driver/High-Speed Gate 3 3 250
- /MC369G  Dual 2-Input Clock Driver/High Speed Gate 3 3 250

T1 Mcaoo series —55 to f125°c e,
MC350 Series 0 to 475°C Har

One other point. The new, faster multi-function types
we're developing today for future introductions (we’ve
already demonstrated a 200 MHz Frequency Counter
— using our soon-to-be-announced 1.5 ns MECL series)
will be completely compatible with existing types. Thus,
they’ll fit right in with the designs you develop using
today’s MECL types.

Call your Motorola semiconductor distributor and
order evaluation units of the above MECL integrated
circuit types. Our field representative has complete
application information on use of MECL circuits in
system applications. Contact him.

*Trademark of Motorola Inc.

MOTOROLA

Semiconductors

P. 0. BOX 955, PHOENIX, ARIZ. 85001 (602) 273-6900 TWX 910°951-1334
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From the Problem Solvers at Ucinite...

A redesigned electronic
two-conductor patch cord
that cut costs nearly 50%
..met tough retrofit specs

The customer using this two-conductor patch cord, which mates with
jacks on printed-circuit boards, came to Ucinite for help in lowering unit
production costs. Ucinite engineers were asked to redesign the parts,
staying within the same envelope dimensions for retrofit with equip-
ment in the field. Since the patch cords are used in classified communi-
cations equipment, all modifications had to meet tight military speci-
fications. Ucinite design specialists first replaced costly machined parts
with more economical stamped parts of equivalent reliability. A com-
plex toroidal spring wound contact was replaced with a stamped six-
finger contact, and a second toroidal spring wound contact replaced
with a standard closed-entry napkin ring contact. By elimination of all
parts that required screw-machining, and simplification of the contact
design, Ucinite engineers reduced manufacturing costs nearly 50%.
This is just one example of how Ucinite's unique engineering and man-
ufacturing capabilities can work for you in the design and manufacture
of electro-mechanical assemblies. Your local Ucinite field engineer will
be happy to drop by for a firsthand survey of your problems. .. to show
you how Ucinite Know How can help you do it better for less. Just call or
write, outlining your needs, and we'll take it from there.

The Ucinite Company, Division of United-Carr Incorporated, Newton-
ville, Mass. 02160 « 617-527-8400.

. UCINITE '

DIVISION OF UNITED-CARR
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ened and inflexible. The research-
ers suggest that the effect may be
minimized using low-resistivity
lead wires with a low coefficient of
work-hardening. Lead movement
under current pulses was also
noted in gold bonded devices.

= Frequency split. The Federal
Communications Commission has
ordered land mobile stations oper-
ating in the 450- to 470-megahertz
band to reduce channel spacing
from 50 to 25 kilohertz [Electronics,
Oct. 17, p. 40]. The order will in-
crease the number of authorized
channels to about 600 and tempo-
rarily relieve frequency congestion
in metropolitan areas. Although
existing stations have until Nov. 1,
1971, to change over, stations li-
censed after Nov. 1, 1966, must
comply by June 1, 1967. The order
means land mobile stations will
either have to modify their trans-
mitters or buy new ones. It costs
from $70 to $100 to convert a trans-
mitter.

= Emergency radio. The Air
Force is flight testing three develop-
mental models of emergency radios
small enough for pilots to carry in
their vest pockets. Designated the
AN/URC-64, the radio will weigh
1 pound and operate on four chan-
nels in the ultrahigh frequency
band. One channel will be the
international distress frequency. Al-
though the final design won’t be
approved until the device is tested,
the initial models use thick-film,
hybrid integrated circuits. The
Magnavox Co.’s Research Labora-
tories at Torrance, Calif., is de-
veloping the radio under a $334,000
contract from the Air Force Sys-
tems Command. The flight tests are
being made at Wright-Patterson Air
Force Base, Ohio.

= Lay-offs. The General Electric
Co.’s computer plant in Phoenix,
Ariz., will lay off 450 emplovees
over the next few weeks. The com-
pany explained the move would
bring employment levels in line
with contracts.

= Acquisition. The Perkin-Elmer
Corp. will buy the Aerospace Sys-
tems division of Scientific Data
Systems, Inc. The division devel-
ops electro-optical equipment for
space and defense programs.

= Price cut. The Admiral Corp.
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has lowered the so-called fair trade
minimum prices on 18 color tele-
vision sets to meet competition in
the New York metropolitan area.
The company says the reductions
apply only to the New York area,
which is the only place where Ad-
miral products are fair traded. The
General Electric Co., Magnavox
Co., Zenith Radio Corp. and the
National Union Electric Corp. say
they are not considering any price
changes. National makes Emerson
and DuMont sets. The Radio Corp.
of America, which increased prices
on some sets in September, also
reported that no price changes were
planned.

= Chemicals from coal. Add an-
other application for the laser. Re-
searchers at the Interior Depart-
ment’s Bureau of Mines report that
lasers have been used to break
down coal into its chemical compo-
nents. The results also indicate
that the technique—firing the
beams at coal for split-second in-
tervals—may eventually be suc-
cessful in producing some chemi-
cals for less than it would cost
using conventional methods. Bu-
reau scientists, focusing 2- to 10-
joules of laser energy at the coal,
generated temperatures of more
than 1,000°C. The gases liberated
in the process were cooled rapidly
to prevent a secondary chemical
reaction.

Analysis showed that the prod-
ucts formed contained up to 25%
acetylene and lesser amounts of di-
acetylene vinyl-acetylene, hydro-
gen cyanide, ethylene and ethane.
The reaction occurs in millisec-
onds, whereas conventional tech-
niques for producing the chemi-
cals, using carbonization methods,
may take hours.

= Electronics, too. Johnson &
Johnson, one of the largest sup-
pliers of medical products, is enter-
ing the medical electronics field as
a distributor. The company has
signed an agreement with United
Aircraft Corp.’s Vector division to
act as the exclusive distributor of
United’s electrocardiogram elec-
trode.

The Exc electrodes, called Telec-
trodes, are disposable sensors that
are applied to a patient’s body with
adhesive.
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Designed for
UHF APPLICATIONS

A WIDE RANGE OF

RINC

TEMPERATURE COMPENSATING
SOLDER-INS

.260
MAX.

6&3’.!@&!@« ‘

1— 22 prd.

11— 22 pid,
13— 23 pfd.
13— 25 pfd.

16'-‘ 27 pfd.
16— 33 pfd.
15&' 33 pfd.

28— 47 pid.

48105 pfd.

SPECIFICATIONS

CAPACITANCE: Within
tolerance @ 1 MC and 25°C

CAPACITANCE
TOLERANCES: =5%,
+=10% or =20% (but not
less than =.25 pf)

WORKING VOLTAGE:
500 VvDC

INSULATION RESISTANCE:
Greater than 7500
Megohms @ 500 VDC

TEMPERATURE
COEFFICIENT: As noted
on Capacitance chart

FLASH TEST: 1000 VDC for
1 second

ELECTRODE: Pretinned for

assured solderability

These new ‘“‘Solder-In’' capaci-
torsare designed for usein UHF
applications requiring the abso-
lute minimum in lead induct-
ance effects.

If your applications require
special physical or electrical
characteristics, contact RMC's
engineering department.

Write today on your company
letterhead for your copy of the
RMC Catalog.

RA O MATERIALS COMPANY
A DIVISION OF P. R. MALLORY & CO., INC.

GENERAL OFFICE: 4242 W. Bryn Mawr Ave., Chicago 46, IIl.
Two RMC Plants Devoted Exclusively to Ceramic Capacitors

FACTORIES AT CHICAGO, ILL, AND AVTICA, IND

DISCAP
CERAMIC
CAPACITORS
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facing unexplored environmental conditions,
Allen-Bradley Quality Electronic Components have

helped place NASA's

“Surveyor” on the moon

in operating condition

A-B QUALITY ELECTRONIC COMPONENTS THAT CONTRIBUTED TO THE "SURVEW’S” SUCCESS

{Ime—
TYPE BB 1/8 WATT MIL TYyPe RC OS5
L
TYPECB 1/4 WATT MILTYPE RC O7
A¥
e —
TYPE EB 1/2 WATT MIL TYyPE RC 20
EM
TYPE GB 1 WATT MIL TYyPE RC 32

TYPE HB 2 WATTS °M MIL TYPE RC 42

ALL A-B HOT MOLDED FIXED RESISTOE\$

are available in all standard EIA and MIL-R-11 resistance
values and tolerances, plus values above and below
standard limits. Shown actual size.

2 FEED-THRU'CAPACITORS
} A-B feed-thru capacitors have a discoidal
design that eliminates all parallel resonance
effects at 1000 MHz and less. Insulation
resistance exceeds 100,000 megohms.
Standard values are 470 uuf +20% and

-~ 1000 uuf GMV. Special values from 6.8
. uuf to 1500 uuf. Rated to 500 v DC maxi-
3 mum. A-B discoidal capacitors are also

available in the stand-off construction.

HOT MOLDED VARIABLE RESISTORS

Type R trimming potentiometers pro-
vide stepless adjustment and are
essentially noninductive. Molded cases
are dust-tight and watertight. Rated
1/4 watt at 70°C. Values from 100
ohms to 2.5 megohms. Tolerances of
+10% and +20%.
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Why were these A-B hot molded fixed and variable
resistors selected for such critical service as in the
“Surveyor”? First, because no A-B hot molded resistor
component has ever been known to fail catastrophically
under rated load—either mechanically or electri-
cally. Second, due to the method of manufacture, you
can select one A-B resistor from among ten or from
ten million, and be confident there will be no vari-
ation in electrical characteristics. Incidentally, this
is not the first “shipment” of Allen-Bradley resistors
delivered to the moon—they are “‘standard equipment”
in “‘space mission” service.

866-1D
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There are sound economic advantages to standardiz-
ing on A-B hot molded fixed and variable resistors for
use here on Earth as well! As many electronic equip-
ment manufacturers have learned—sometimes through
sad experience—no other resistors will provide the
consistently high reliability of Allen-Bradley hot
molded resistors. They may cost a bit more, but—you
must not expect to obtain “equivalent quality’’ at a lower
price! Allen-Bradley Co., 110 W. Greenfield Ave.,
Milwaukee, Wisconsin 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Avenue,
New York, New York, U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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Stability without
compensation...
New approach to
unity-gain, broadband
operational amplifiers
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State
of the

monolithic
art

More IC developments from Radia-
tion! Our line of monolithic diode
matrices continues to grow. For ex-
ample, a new low-cost 6 x 8 RM-34
Diode Matrix is immediately avail-
able in volume, at a unit price of
less than $5.00—and can be sup-
plied to any code configuration you
may want.

Many ICapplications are now pos-
sible, using Radiation Matrices. For
example, design of logic function
generators for data transfer and
operational control is simplified
with 6 x 8 diode matrices. This ap-
plication allows engineers to: Elimi-
nate unnecessary logic gates—Re-
duce delay time—Save space by
reducing package count—Increase
speed of performance—Boost fan-
out capability through duplicate
function generation—Combine mat-
rices to produce many AND/OR
logic circuits.

Radiation’s popular line of di-
electrically isolated matrices offers
an unusual degree of flexibility.
(1) They contain all active devices
within a single chip. (2) A fusible
link in series with each diode per-
mits unlimited matrix patterns to
be formed. And (3), matrices can
be combined to produce an infinite
variety of configurations.

For further information, refer to
our ELECTRONIC DESIGN advertise-
ment of November 22.We'll be glad
to send data sheets which include
worst-case limits, and a copy of our
manual, Monolithic Diode Matrix
Technical Information and Applica-
tions. RDM-TO1/A01. Write or call
our Melbourne, Florida office.

9
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ONLY HONEYWELL OFFERS

TOMORROW’S BREED
OF 1/C COMPUTER
TODAY...AND AT
OFF-THE-SHELF PRICE

ooou'COMP DDP'416

$15,000

SPECIFICATION SUMMARY

Type 16-bit parallel, binary
Console Movable

Addressing Indirect

Memory Size Up to 16,384

Cycle Time 960 nanoseconds
Add 1.92 usecs

Single word
1/0 transfer 1.92 usecs

Automatic

(cycle stealing) Over 1 mc

1/0 transfer (16 bit words)
Weight 250 Ibs.
Temperature 0° to 45°C

BY ANY STANDARDS . . . the NEW
u-COMP DDP-416 on-line, real-time com-
puter gives you a price/performance
ratio that can’'t be beat: full size 16-bit
capability, nanosecond speeds, plus 1/C
size and reliability. Only $15,000.

TAKE RELIABILITY . . . most manu-
facturers are just now planning their
first 1/C computer. Honeywell, Com-
puter Control Division announced the
first commercial 1/C computer a year
ago . . . DDP-124, the second last
month . . . DDP-516, the third today.
Result! Field proven reliability and a
thorough knowledge of how to work
with 1/C’s. Example . . . DDP-416
MTBF: 4,000 hours or two years under
normal 40-hour week operation.

UNPRECEDENTED EFFICIENCY . . .
quick response to external conditions

. ability to process several inputs
and outputs simultaneously . . . service
I/O requirements in order of priority
without hold conditions. This kind of
efficiency is expected only in higher
priced computers.

The DDP-416 is directly compatible with
ASCIl 8-bit character codes. And the
30-command repertoire includes many
“‘big-machine’ functions like memory
reference instructions: Load, Store, Add,
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Donald, 12-year-old son of DDP-416 logic design engiﬁ'eer Bill Wodds, ‘wri'tin"g ‘software demonstration program for new
u-COMP computer.

Subtract, Logical AND, Exclusive OR,
ncrement Memory and Skip, Jump,
Jump-Skip. And two-cycle 1/0 com-
mands that select device, test status,
and transfer data without 1/0 hold-off.
Priority interrupt and power-failure pro-
tection are standard.

MODULAR CONSTRUCTION . . . system
power supply, central processor and a
4,096 word memory (expandable to
16,384 words) are mounted in a single
24" x 24" x 38" cabinet. Tilt out con-
struction gives you easy front access to
both modules and interwiring. The con-
trol console is moveable and the entire
computer may be mounted in a stan-
dard 19” rack.

EXPANSION CAPABILITY . . . memory
parity, memory lockout, real-time clock
and multiplexed channel for multi-sta-
tion time-shared 1/0 capability are all
easy to add as plug-in options.

And if your problem is too big for the
DDP-416, or if you think you'll grow out
of it too fast, you may want the more
powerful x-COMP DDP-516 for $25,000.

SIMPLIFIED SOFTWARE . . . it may take
a bright 12-year-old to work with the
DDP-416, but you’'ll find it a snap to
program. The package of 50 programs
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is written in a simple format to give
the real-time systems builder extended
flexibility. You get mathematical and
1/0 subroutines, complete diagnostics,
DESECTORIZING that lets you ignore
memory addressing restrictions, a de-
bug program, plus participation in our
active users’ group.

o ————

Best of all, if you decide to get the
more powerful DDP-516 in the future,
you can continue to use your DDP-416
programs because of direct compati-
bility.

DELIVERY . . . both hardware and soft-
ware, second quarter of 1967.

| IMMEDIATE DELIVERY RESERVATION
} FILL OUT AND RETURN COUPON NOW

I

| [] Please reserve a DDP-416 and confirm approximate delivery date. Send more
| information by return mail. Hold this delivery date for me for 15-days so | can
| make a final decision and get my P.O. to you.

| [ Don't reserve a DDP-416 for me yet. | need more facts. Send me your DDP-416
| summary brochure.

: [ Ithink | need a more powerful computer. Send me your DDP-516 summary brochure.
| Nam Title

: Company

| Address :

| City State Zip

|

|

| Please attach this coupon to your letter-

| head — we'll take it from there.
| Honeywell, Computer Control Division
{ Customer Services

Old Connecticut Path

Honeywell
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Now you can throw out
less versatile storage

techniques. A Ferroxcube
core memory costs as

We haven’t been a
leading core
memory manu-
facturer all
these years for
nothing. We learned how
to mass produce core memories
and thereby sell them to you at
prices competitive with less re-
liable, less versatile storage tech-
niques.
Aside from price (we’ll get back to
that in a moment), consider the
advantages of core memory sys-
tems. Speed. Random access.

ittle as $1,190.

Non-dissipative. And they’re non-
volatile. We could go on and on. We
won’t because you've probably al-
ways wanted to design your system
around core storage anyway. Only
the cost stopped you.

Now you can buy a Ferroxcube 128
x 8 core memory system complete
with stack electronics, data regis-
ter and timing for a paltry $1,190.
That’s our FX-12. Its capacity

ranges up to 512 x 8. The FX-14
picks up there and goes on to
4,096 x 32. Prices are comparably
low. Moreover, the FX-14 is avail-
able with almost any choice of in-
terfacing elements. Buy only what
you need to interface with what you
already have.

In brief, Ferroxcube core memories
make both functional and eco-
nomic sense. Write or call for Bul-
letin M661.

Ferroxcube @

FERROXCUBE
CORPORATION
OF AMERICA
Saugerties, New York Boston Chicago Dallas Los Angeles Minneapolis New York Area Phoenix Philadelphia ~ Washington, D.C,
914-246-2811 617-899-3110 312-261-7880 214-255-0441 213-837-1484 612-888-4681 201-267-5888 602-265-1792 215-927-6262 703-893-4900
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Donna Dinkler is a final inspector on one
of our series 1220 relay production lines.
The little picture below shows her doing
her job. We only called her “Mame”’ up
above because—well, we had trouble try-
ing to rhyme Donna Dinkler.

Anyway, you’ll look a long time before
you find an inspector that’s fussier than
Donna. A 1220 doesn’t measure up in
every way and ZAP! Into the reject pile.

Now this kind of painstaking inspec-
tion doesn’t speed up the production of
1220’s one single bit. But it’s the only
way to assure that the 1220’s you get
are no less than perfect.

Multiply Donna by the other inspec-
tors on the series 1220 lines and their
fussiness and you see why we occasion-
ally have sales running ahead of delivery.
So many engineers have found these
versatile, enclosed 10 amp. DPDT or

3PDT relays to be so reliable and long
lived that we’re hard pressed at times
to keep up with the demand. The
1220 is a U/L listed relay with terminals
that can be used as solder lug, AMP
Faston 110 series quick connect or socket
plug-in that comes complete with mount-
ing bracket.

So, if you need 1220’s in quantities up
to 399, see your Guardian distributor.
If you need larger quantities order direct
from factory production. If you want
more information, send for bulletin B2.

GUARDIAN
ELECTRIC

1550 W. Carroll Avenue, Chicago, Ill. 60607
Guardian Electric Manufacturing Company,
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WIDEBAND

PRIMARY
PHASE
STANDARD

FEATURES:
Accuracy  0.015°, resolution 10 micro-
degrees (10~°).

Self-calibration, self-checking by means of
fundamental bridge balancing, without the
use of an external standard.

Directly traceable to National Bureau of
Standards.

As a primary wide-band phase standard in any standard laboratories.

For accurate measurement of phose shift of an unknown network.

For calibration of phase meters, complex ratio bridges and phase sensitive equipment.
As a precision phase meter, measures phase shift between two voltages.

SPECIFICATIONS:

FREQUENCY — Continuous coverage from 50 cps to
10 kc with rated accuracy.

PHASE RANGE — Can be set for any phase angle from
0° to 360 ° with 7-digit resolution.

ACCURACY — =0.015° for 50 cps to 1 k¢; *+0.02°
from 1 ke to 2 ke; £0.03° from 2 ke up to 3 kg;
+0.04° from 3 ke up to 5 k¢; +0.07° up to 10 k.
RESOLUTION — 0.00001 degree (10 micro-degrees).

MAXIMUM INPUT — 70 volts rms above 200 cps;
0.35 x signal frequency below 200 cps.

REQUIREMENT FOR INPUT SIGNAL: Percentage of Fre-
quency Stability — Less than 0.14 x maximum tolerance
of phase error in degree. Waveform Distortion — Less
than 0.2% desirable; Source Impedance — 600 ohms
or less.

MAXIMUM OUTPUT SIGNALS — 50 volts above 200 cps;
decreases to 0.25 x signal frequency below 200 cps.

ELECTRONICS INC. WORLD FAMOUS
AE Y . 249.259 TERHUNE AVENUE, PASSAIC, N. J. IN PHASE AND

Measure phase shift of unknown network with accuracy better than 0.02°

UNKNOW
AD-YU SHIFTER
TYPE 209

TYPE 203

Measure phase between two signals, Ey and Ey with AD-YU Type 203 as
null detector. Phase angle between Eq and Ey is read directly on the
7-digit dial of Type 209.

E, OuT

AD-YU AD-YU
TYPE 209 TYPE 203

Phone (201} 4725622 « CABLE: ADYU PASSAIC TIME MEASUREMENT.
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Looking

for a
monolithic

I/C voltage
comparator
that

drives

heavier loads?

Look
no
A further.

Signetics SE518* provides much more than an unusual load-driving capability. It interfaces directly with all popular logic circuits—
DTL, TTL, RTL, or any of several types of CML. For application ease and flexibility, the SE518 operates from standard logic power
supplies, and provides a strobe control. No other I/C voltage comparator offers all these advantages in one package. We'd be
happy to show you how to use it as a Schmitt Trigger, a Sense Amplifier, a Line Receiver, a Window Detector, or in dozens of
other applications. Send for our application notes and data sheet today. Write Signetics, 811 E. Arques Ave., Sunnyvale, California.

= SIGNETIGS
- INTEGRATED
T GIRGUITS

*Just one of the Signetics product family that is also available A SUBSIDIARY OF CORNING GLASS WORKS

from Sprague Electric Co. under a technology interchange agreement.
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Microwave system designers are
discovering a remarkable new work-
saving technique — a way to get a
lot of answers by asking just one
question. They are asking Sperry to
supply a microwave oscillator, its
solid-state power supply, and associ-
ated stalo cavities and isolators (as
required), in a single, fully-inte-
grated package.

System designers simply specify a
single voltage input and the micro-
wave output characteristics they de-
sire. Sperry does the rest.

Sperry accomplishes this by start-
ing with a fixed reflector voltage
reflex klystron. They add “instant”
temperature compensation and hook
up a solid-state power supply that
has been specially designed to match

Unitized approach to

microwave source solves

multiple system problems

Don't fight the interface prob-
lems inherent in microwave
source design — let Sperry
solve them for you. Put the
Sperry “Storehouse of Knowl-
edge” to work on your system.
It will give you predictable
source performance at pre-
dictable cost, while freeing
you to concentrate on other
aspects of the system design.

i

DIVISION OF
SPERRY RAND
CORPORATION

the characteristics of the tube. Next
the required stalos and isolators are
added, and the entire microwave
source is packaged as a unit.

With the proper mix of solid-state
and tube techniques, Sperry is able
to produce desirable secondary
characteristics—such as outstanding
frequency stability, low FM noise
level and precise RFI control — that
are beyond the reach of either tech-
nology alone.

Learn how Sperry’s unitized ap-
proach to microwave sources can
simplify your design problem. For
your free copy of a new technical
paper on the subject, contact your
Cain & Co. man or write Sperry,
Gainesville, Florida.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives: Cain & Co., Los Angeles, 783-4700; Boston, 665-8600; Arlington Heights, 253-3578; Dallas, 369-2897; Dayton,
228-2433; Eastchester, 337-3445; Philadelphia, 828-3861; San Francisco, 948-6533; Syracuse, 437-2933; Washington, 296-8265; South Amboy,
727-1900; Huntsville, 859-3410; Orlando, 422-3460; Montreal, 844-0089.
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Navy faces battle
over FDL program

NASA cancels
advanced Surveyor

Comsat proceeds
with Intelsat 2

Air Force demand
for fixed prices
irks computer firms

Washington Newsletter

December 12, 1966

Despite powerful opposition from merchant ship operators and shipyard
builders, the Navy expects to win its battle for the billion-dollar Fast
Deployment Logistics ships program when Congress convenes in January.
Instead of the highly automated floating warehouses that would form the
FDL fleet, its opponents want 100 ships subsidized by the Navy that
could be used in peacetime or adapted to military use when needed.

Builders of conventional shipyards are backing the merchant ship lobby
because they’ve been shut out of bidding for the construction of the coun-
try’s first fully automated shipyard. Only aerospace firms with shipbuilding
operations have the systems design and engineering capability needed. In
the running for the automated shipyard contract are the Lockheed Ship-
building and Construction Co., a subsidiary of the Lockheed Aircraft
Corp.; Litton Industries, Inc. and the General Dynamics Corp.

The National Aeronautics and Space Administration has decided not to
build the second model of the Surveyor spacecraft. It had planned to
buy three of the heavier, more complex lunar soft landers from the
Hughes Aircraft Co. at a total cost of $150 million. However, the ad-
vanced versions have been looking less desirable in recent months
because they couldn’t have been launched early enough to provide
lunar surface information for the Apollo program—their primary mis-
sion requirement.

Comsat will launch its second Intelsat 2 satellite on Jan. 11 now that it
knows for sure why the first satellite failed to go into proper orbit over
the Pacific Ocean. Ground tests confirm that the apogee engine was ex-
posed to colder temperatures than it was designed for [Electronics, Nov.
14, p. 74] so it shut off prematurely.

For the January launch, also over the Pacific, Hughes Aircraft Co., the
builder, will insulate the motor. If Comsat succeeds in achieving a syn-
chronous orbit, a third Intelsat 2 satellite will be launched over the At-
lantic Ocean three weeks later to give Comsat a worldwide network.

Meanwhile, the Communications Satellite Corp. will make money from
the first Intelsat 2 (called Lani Bird) even with its nonsynchronous ellip-
tical orbit. Eight-hour a day commercial service began on Dec. 2 between
Hawaii and San Francisco. More than 40 of its 240 circuits have been
leased, 10 by the Defense Department, so Comsat should earn from
$75,000 to $100,000 a month with Lani Bird.

Computer companies are bristling at a demand by the Air Force that they
quote firm prices over a 214 year period on 134 electronic data processing
systems. Some companies, including the International Business Machines
Corp., may decline to submit bids.

The Air Force won’t guarantee that it will use or accept the systems
and the companies consider this a one-sided deal. An added source of
irritation to many of the 15 computer makers invited to bid on the
giant order is that the Air Force waited until Nov. 25, only five days
before the original deadline for bids, to spring its suprise request. The
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Avionics systems
being weighed
for new VTOL

NASA announces
space lab launch
for 1968

Addenda

74

Washington Newsletter

deadline for the pricing portion of the proposal has been extended one
month to Dec. 30.

The systems are being sought for the second phase of the Air Force’s
Base Level Automation Standardization program. Despite the rumblings
from the computer makers, the Air Force says it is studying the feasibility
and desirability of continuing to seek firm prices on future data-process-
ing-systems orders.

Two integrated avionics systems are likely candidates for the supersonic
fighter bomber with vertical takeoff and landing capability under joint
United States-German development. They are the Mark-2 system now
being developed by North American Aviation, Inc. and the Integrated
Light Attack Avionics System (Ilaas) developed by the Sperry Rand Corp.

The Republic Aviation division of Fairchild Hiller Corp. and the Ger-
man combine of Entwicklungspring-Sud are to conduct a prototype defini-
tion on the VTOL. Early in 1968, a decision on whether or not to produce
prototypes for testing will be made.

The National Aeronautics and Space Administration isn’t letting the
refusal of the White House to provide funds stop it from putting up
a manned orbiting space station. The agency has announced plans for
a 1968 launch of a station using hardware left over from the Apollo
moon program.

NASA will orbit equipment for the station over a period of several
months. First, it will use the top stage of a Saturn rocket as a work-
shop for astronauts [Electronics, Nov. 14, p. 73]. After they've con-
ducted experiments, the astronauts will be returned to earth and the
workshop will remain in orbit. A few months later, a telescope will
be put up in an unmanned craft. Finally, a manned Apollo ship will
be launched. The three systems will be docked together for up to
two months of experiments before the astronauts return to earth.

The station would put NASA ahead of the Air Force, which plans
to launch its manned orbiting laboratory in 1969. The Air Force pro-
gram, with the strong support of the Pentagon and the Administration,
seems likely to survive any attempt to cut back its funds.

Seven airlines will participate in very-high-frequency communication ex-
periments [Electronics, Nov. 14, p. 73] during their regular Pacific flights
via the space agency’s Applications Technology Satellite. Equipment for
the tests beginning in mid-December came from the Bendix Corp; the
Collins Radio Co; and Dorne and Margolin, Inc. . . . The Federal Com-
munications Commission has ordered the international communications
carriers, the broadcasting networks and the Communications Satellite
Corp., to settle their differences and decide what the charges will be for
future satellite services by Jan. 16, or face a formal investigation. . . .
Negotiations between the Hughes Aircraft Co., and the Air Force on the
contract to build a demonstration tactical communications satellite have
run more than 15 days, making it appear stronger than ever that Hughes
has won [Electronics, Nov. 28, p. 52]. The first satellite of two the
Air Force is ordering is scheduled for delivery 16 months after the
contract is signed.
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100k () to 10,000 T

Recorder Output

Resistance
Range
Multiplier:
x1 to x106

TYPE TO7a

IMMEDIATE DELIVERY
FROM STOCK
$1,380

O to 1000 V dc

Test

Volitage
Ranges:

x1, x10, x100

TERA-OHMMETER"

FOR

FEATURES
m Resistance Range: 100k to
10,0007 (10°2 to 10'°Q)

= Current Range: 01 pA to 10 A

= Test Voltage: 0 to 1000 V dc

m High Speed: less than 4 sec.
for measurement .

= High Accuracy: +~3% of fs.d
= All Silicon Solid State Design
Get The Extra Capability,

Greater Reliability, and
Longer Useful Life Of ...

APPLICATIONS

m Measure Insulation Resistance
and Leakage Current of
Components, including: Capaci-
tors, Transformers, Switches,
Cables, Wires, Pots, etc.
Semiconductors
Insulating Materials and Lac-
quers, including: plastics, glass,
rubber, oils, varnishes, mica,
paper, etc.

® Determine Volume and Surface
Resistivity

m Measure Voltage Coefficients

m Measure Purity of Liauids

MQHU”Q)

A

S

s
v

pAwn -

RESISTANCE/ CURRENT
Measuring Scale

INSULATION MEASUREMENTS

Type TO7a Tera-Ohmmeter® offers
highly accurate resistance measure-
ments. Analyze the many factors
affecting insulation resistance: hu-
midity, temperature, impurities, volt-
age coefficient, surface conditions,
etc. The Tera-Ohmmeter finds un-
limited application in both R&D and
production use, It is unique in offer-
ing an extremely wide resistance and
current measurement range, at ac-
curate test voltages from 1 Vto 1000V,
high measuring speed, recorder
output, high stability and provision
for charge and discharge of test
item. Accessories available include:
comparison resistors, sample holders,
and shielded cables.

ROHDE & SCHWARZ

111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 + (201) 773-8010
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Lambda high current LK Series power supplies
0-20,0-36,0-60VDC - up to 35 amps - 5/ height - starting at *330.

Features ® Series/Parallel Operation
I ® Regulation—.015% or

e All Silicon 1 MV (Line or Load)

® Convection cooled ® Ripple—500 uV RMS.

® Remotely programable e Temp. Coef..015%/°C

e Meet Mil-Environment ® Transformer—designed

specs to MIL-T-27 Grade 6

Vibration, MIL-T-4807A e Completely Protected—

Shock: MIL-E-4970A Short Circuit Proof—

® Proc.1&2 Continuously Adjustable

Humidity: MIL-STD-810 Automatic Current Limiting

® Meth. 507 ® Constant |./Constant V.

Temp. Shock: MIL-E-5272C by automatic crossover

® (ASG) Proc. 1 ® No Voltage Spikes or

Altitude: MIL-E-4970A Overshoot on “turn on, turn

® (ASG) Proc. 1 off” or power failure

Marking: MIL-STD-130 ® Wide Input Voltage and

Quality: MIL-Q-9858 Frequency Range—105-132

® Remote Sensing VAC, 47-63 cps

Rack or Bench use—rubber feet included for bench use.

REDULATED SoWER Sy
o s -

FULL
RACK

3 full-rack models — Size 5%4” x 19” x 16Y2”

RENT RANGE AT AMBIENT OF:!
Model? Voltage cunee Price?
ange 40°C | 50°C | 60°C 71°C

LK 350 0-20vDC | 0-35A | 0-31A | 0-26A 0-20A | $675

LK 351 0-36VDC | 0-25A | 0-23A | 0-20A 0-15A 640

LK 352 0-60VDC | 0-15A | 0-14A | O-12.5A| 0-10A 650

6 half-rack models — Size 536" x 83" x 1614”

Volt CURRENT RANGE AT AMBIENT OF:!
Model? ‘: age Price?
angr 40°C 50°C 60°C 71°¢C

LK 340 0-20VDC | O- 8.0A | 0- 7.0A | O- 6.1A | 0-4.9A | $330

LK 341 0-20vDC | 0-13.5A | 0-11.0A | 0-10.0A | 0-7.7A 385

LK 342 | 0-36VDC | O- 5.2A | 0- 5.0A | O- 4.5A | 0-3.7A | 335

LK 343 0-36VDC | O- 9.0A | O- 85A | 0- 7.6A | 0-6.1A | 395

LK 344 | 0-60VDC | O- 4.0A [ 0- 3.5A | O- 3.0A | 0-2.5A 340

LK 345 | 0-60VDC | O- 6.0A | 0- 5.2A | O- 4.5A | 0-4.0A | 395

! Current rating applies over entire voltage range.

2 Prices are for non-metered models. For metered models add suffix
(FM) to model number and add $30.00 to price.

3 Overvoltage Protection: Add suffix (OV) to model number and add
$70.00 to the price for half-rack models; $90.00 for full-rack models.

LA. M B DA. ELECTRONICS CORP.

515 BROAD HOLLOW ROAD « MELVILLE, L. 1., NEW YORK ¢ 516 MYRTLE 4-4200
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Want to generate a signal in the Ka band, test elec-  supplied in models for operation from 1 to 18 GHz
tronic gear on an aircraft, or check out the guidance in octave bandwidths.
system of a missile? Servo designs and manufactures Our Servodynamics Division also supplies special
instruments for these applications. And many others.  synchro-to-digital and digital-to-synchro conver-
Our engineers are expert in producing micro-  sion equipment and servo analyzers, digitally pro-
wave pulse-swept systems, microwave signal gen-  grammable function generators, and phase meters.
erators, microwave amplifiers and high voltage Other Servo divisions design systems and prod-
power supplies. Take the unit pictured above, for ucts which serve safety through science: the Rail-
example. It’s the first 20-watt TWT amplifier avail-  road Products Division, the Infrared & Electro-Optics
able...and industry’s most compact, too. Servo’s Division, and the Communications & Navigation
amplifiers have many unusual features, and are Division.

servo corporation of america

111 new south road
hicksville, l.i., new york 11802
516 938-9700




Bulova needed a battery smaller than a button
to power its Accutron timepiece for 15 months.

Mallory made it.

What can we do for you?

The Mallory people pride themselves on
solving specialized problems. What they
didfor Bulova,theycandoforyou.Mallory’s
skilled engineers lead the way in miniatur-
ized power sources for every power need.
From hearing aids to Bulova electronic
clocks for Gemini spacecraft, Mallory has
solved the problem of packaging long-last-
ing power in button-size batteries. Quality
manufacturers are willing to spend more
to bring their customers the best batteries
in the business. They come to Mallory.

BATTERY ENERGY PER OUNCE

MALLORY MERCURY

MALLORY ALKALINE MANGANESE I

ORDINARY

ngh Energy.ThesecretofMallory
batteries long-lasting life is high energy.
More energy per ounce squeezed intoeach
battery reduces battery changing to a
minimum.Mallory high-energy battery sys-
tems offer the longest life—more maxi-
mum hours of service than any other
battery commercially available. Mallory
Mercury batteries for electronic circuits
have about 4 times more energy per unit
volume than ordinary zinc carbon batter-

78 Circle 78 on reader service card

ies. Mallory heavy-duty Alkaline batteries
have about 3 times more energy than
conventional zinc carbon batteries. All this
adds up to peak power at a lower cost per
hour usage.

w

E 1.357 1.351 1.350 1.349 1.348 1.346

e :':l:':':':':\

wl

w

ol L] 13 1 d L d
INITIAL 1 2 3 4 5

YEARS STORAGE

Higher Stability. maiory high-
energy Mercury batteries have the unique
property of staying exactly at the same
operating range throughout long life. Their
output is so exact, they are used as labo-
ratory voltage standards. This stability is
most useful and often essential in power-
ing products which remain idle for months
but must operate perfectly when the
occasion arises. This also means that
Mallory battery systems have exceptional
shelf stability. In fact, Mallory has had cells
in storage for 12 years and more which
still maintain useful capacity.

The reason for this higher stability is that
the Mallory Mercury system is inherently
inactive when not being discharged; and
is, in effect, hermetically sealed, prevent-
ing evaporation of the electrolyte.

Of course, Mallory high-energy batteries
costmore, but they're worth more because
of the superior performance they give your
product.

1

1. Double top seal. 2. Sealing grommet. 3, Self-
venting structure. 4. Non-corroding metal struc-
ture. 5. Long-life barrier.

If you're thinking of an energy system for
your new product, call in the Mallory
people. They're constantly looking for new
problems to solve. Find out what they can
do foryou. For a consultation on your spe-
cific requirements, write Mallory Battery
Company, a division of P. R. Mallory & Co.
Inc., S. Broadway, Tarrytown, New York
10591. Tel.: 914-591-7000. (In Canada:
Mallory Battery Company of Canada Lim-
ited, Sheridan Park, Ontario.)

*T/M Bulova Watch Company, Inc

It’s good business to do
MALLOR business with Mallory
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D-§ MILWAMPERES

ANNOUNGING

A GENERAL ELECTRIC
METER RELAY IN THE
CLASSIC HORIZON LINE
STYLING

Here's the newest addition to G.E.'s panel meter
family . . . the Type 196 HORIZON LINE® meter
relay and controlling pyrometer. You get the same
features and high reliability that made the BIG
LOOK® meter relay so popular.

The new Type 196 has solid state, light-sensitive
switching for direct control of load relay. Choose
from 3%- and 4Y%-inch models with single or
double setpoints.

G.E.'s unique “piggyback” control module plugs
directly into rear of the meter, eliminating separate
mounting of wire and components.

The new Type 196 can be front mounted for a
crisp, classic look or back of panel mounted for a
trim, built-in appearance.

Learn more about G.E.'s new HORIZON LINE
meter relays. Write: Section 592-32, General Elec-
tric Co., Schenectady, N. Y. 12305, for bulletin GEA-
-8014, or contact your G-E sales representative.

D-\ MILBAMPERES

Classic, front mounting Trim, back of panel mounting

GENERAL @3 ELECTRIC




THE ONLY SOLID-STATE

AM/FM MODULATION METER

MODEL 2300

Carrier Frequency: 4 mc to 1000 mc
20 mV to 250 mc
50 mV to 500 mc
100 mV to 1000 mc

Sensitivity:

need we say more?

l FM MEASUREMENT
Peak deviation in five ranges
of 5, 15, 50, 150 and 500 kc.
Modulating frequencies 30 cps
to 150 kc. Suitable for AM
or FM broadcast (mono or
stereo) TV Sound, telemetry
and communications.

AM REJECTION.

Less than =1 kc additional
deviation error with 80% am-
plitude modulation superim-
posed at 1 kc using a 15 kc
audio bandwidth.

AM MEASUREMENT

for carriers to 500 Mc. Two

ranges of 30% and 100%

(usable to 95%). Peaks or

troughs switch selected. Modu-

Ilastinkg frequencies 30 cps to
Cs

L. F. OUTPUT

Low distortion, low noise de-
modulated signal derived from
FM or AM carrier. Switchable
de-emphasis 50 usec and 75
usec. Level OdB into 6002
feeds distortion or wave
analyser.

WRITE FOR DETAILED CATALOG SHEET

MARCONI

DIVISION OF ENGLISH ELECTRIC CORPORATION
111 CEDAR LANE . ENGLEWOOD, NEW JERSEY
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(1 family
of medium-
DOWer
silicon 1PN
transistors
packs BlG
performance
at mass
production
[rices

ceo (SUS
e (S41)..

0.J

Here's i Typical Value: RCA 40408

.50 min. at 300 mA
A0V min.at100 mA

V max. at 300 mA

Toeioioorrneoooren.... 190 MHZ min,

only 4/7¢

[

issipatiun:z at /5°C Case Tem.

Hermetically sealed
in a metal case

now examine the entire family of value-packed industrial types

RCA 2N3241A Silicon Epitaxial Planar Transistor Family Characteristics

2N3241A 2N3242A 2N4074 40397 40398 40399 40400 40458
BVceo 25 40 40 25 25 18 18 40 max. volts
h, 100-300
lﬁl 10mA 100-200 125-300 75-300 165-600 75-300 165-600 75-300 (50 min. @ 300mA)
fr typ. 175 175 80 80 80 80 80 150 min. MHz

0.25 at 0.3 at 0.3 at 0.25 at 0.25 at 0.2 at 0.2 at 0.3 at
Ve (SAT) 200mA ¢ | 300mAlc | 300mAlc | 200mAlc | 200mAlc | 100mAlc | 100mA Ic 300mA I mas. volts
{:’!“1"50"‘“ 75 75 = - = = = 75 max. nanoseconds
Dissipation**
at 25°C Ambient 05 0.5 05 0.5 0.5 05 05 05 max. watts
e “’“';‘:" by “’“'},erd by 03 02 0.2 0.2 0.2 10 max. amperes
Price* $0.44 $0.50 $0.44 $0.40 $0.36 $0.33 $0.30 $0.47
*In quantities of 1,000 and up. **All types available with integral heat radiator for 1 watt dissipation at Ty — 25°C. Add 4¢ per unit for these versions.

The new RCA 2N3241A family of NPN epitaxial
planar transistors, designed for amplifier and switch-
ing service in audio and video frequency ranges, is
as versatile as it is reliable. Applications include
» relay drivers  video amplifiers « high current
audio drivers * saturated switches » TV deflection
drivers * medium power audio output amplifiers.
All devices offer exceptionally low leakage, low sat-
uration voltages, and high minimum beta. Check
the chart for specifications...and note the low prices!

See your RCA Distributor for his price and delivery

RCA Electronic Components and Devices

The Most Trusted Name in Electronics

®

Double the 25°C free air dissipation capability
from % watt to 1 watt by specifying integral heat
radiator versions of the devices listed above.

You won't find another family of medium-power
silicon transistors with so much performance, at so
little cost, available immediately in production
quantities. Call your local RCA Field Office for
complete information. For technical data sheets
write: RCA Commercial Engineering, Section
EN12-2, Harrison, N.J. 07029,



It has a circuit of dependable FORMICA® brand copper clad . ..

They designed an emergency landing
light knowing it couldn’t be babied
in Arctic snow or jungle rainstorm.

A

=

Power failure puts an airfield out of business—or rather it used to.
Today, airfields throughout the world depend on Bekon* lights for such
emergencies. These rugged little life-savers, thrown quickly from
moving trucks, to serve as emergency runway markers, keep working

in any climate, under any weather condition. The Bekon Light

nerve center is a printed circuit, made of a FORMICA® brand

copper clad laminate. If the dependability of the p. c. in your product
is also important, write Dept. ID-7 for data on FORMICA® brand
copper clad laminates. Look for the FORMICA® brand, your

assurance of quality.

There are many brands
of industrial plastics
but only one

4I|

il

®

EFORMICA

.é_smw

industrial plastics

Leadership through innovation Formica Corporation « Cincinnati, Ohio 45232 « subsidiary of —— cva~anrz B —

*Made by Standard Parts & Equipment Corp., Ft. Worth
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ensitivity
that counts

New HP Counter with 10 mV sensitivity

Here’s a 12.5 MHz multi-function counter
with a 10 mV input sensitivity. It offers
all the versatility of a multi-purpose
counter—measures frequency, period,
multiple period average, ratio and time

interval. It totalizes, too.

A front-panel switch offers finger-tip con-
trol for optimum response to sine or pulse
(+ or —) inputs—ac- or dc-coupled.

Sensitivity is 10 mV rms sine, 100 mV

peak pulse. Gate times are 0.01, 0.1, 1
and 10 seconds, derived from a stable

internal 1 MHz time base or from an

HEWLETT

external frequency standard. The counter
also features a high-resolution 6-digit
readout with automatic decimal and units
indicators. It offers broadband versatility
and sensitive, low-level signal handling
capability at a reasonable price. Model
3735A, $1650.

To check out performance details against
your needs for a multi-function counter,
why not call your local Hewlett-Packard
field engineer. Or write Hewlett-Packard,
Palo Alto, California 94304, Telephone
(415) 326-7000.

PACKARD

An extra measure of quality

Electronics | December 12, 1966
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It's a bargain,
no matter how you trim it

with the flick of a finger... or the turn of a key.

You can trim the Daystrom Model 333 pot with your thumb on the convenient knurled knob. Or, use a hex-key
on the Allenhead vernier for finer (4:1) settings.

But dual adjust is just one of the design features that make this low-cost commercial trimmer a bargain. Others
are Weston's exclusive wire-in-the-groove construction which locks linearity in and contact noise out—even under

shock and vibration . ..a slip clutch stop that protects the wiper at the end of rotation . ..Suregard™ terminations
for long-life reliability.

You'll recognize these features as the same used in Weston’s rugged MIL-type Squaretrim® pots.

In addition, compact 333 series pots take up less than 1/10 square inch on your PC boards. They're designed for

edge mounting, with provision for dip soldering, so they're ideal for automated production techniques. And they’ll
handle 0.25 watt comfortably—in still air.

The price is a trim $1.25 in lots of 500. Standard values range from 50a. to 50K. For complete details or evaluation
samples, contact your Weston distributor or call:

Weston Instruments, Inc., Weston-Archbald Division
Archbald, Pennsylvania 18403. Phone 717-876-1500

WESTON® prime source for precision...since 1888

Circle 84 on reader service card



FROM SILICON TRANSISTOR CORPORATION

POWER B—

190 WATTS

AT4a G

VCEU (SUS)

30 T0 250 VOLTS

These high power diffused silicon transistors in the TO-82 package
are also available as JAN devices for your military requirements.

ELECTRICAL CHARACTERISTICS

(Tc=25°C, unless otherwise noted)

2N1015 SERIES 2N1016 SERIES
CHARACTERISTIC TEST CONDITIONS MIN. MAX. MIN. MAX. UNITS
Breakdown Voltage, *lc=100mA, IB=0 30 30 Volts
Collector to Emitter, A-60 A-60 Volts
BVceo (sus) B-100 B-100 Volts
C-150 C-150 Volts
D-200 D-200 Volts
| e E-250 _E-250 Volts
Collector Cutoff Vce =rated voltage
| Current, ICEX - ~_ VBE=1.5V, Tc=150°C - 20 20 | mA
Emitter Cutoff VEB=25V, Ic=0, Tc=150°C
Current leBO - o 20 20 mA
D.C. Forward *lc=2 Amps, VCE=4V 10
Current Gain, h Fe | *Ic=5 Amps, VcE=4V o ] . 10
Saturation Resistance, *lc=2 Amps, IB=300mA 0.3 0.75 Ohms
rce (sat) Typical
*lc=5 Amps, IB=750mA 0.2 0.5 Ohms
. = | Typical ]
Base to Emitter *lc=2 Amps Vce=4V 1.5 25 Volts
Voltage, VBE Typical
*lc=5 Amps, VCE=4V 1.7 3.5 Volts
Typical

Available from stock.

*Pulse Cond. 300 , sec., 2% duty cycle.

For further information contact your local representative, distributor or

SILICON TRANSISTOR CORPORATION

EAST GATE BLVD., GARDEN CITY, N.Y. 11532 (516) Ploneer 2-4100, TWX 510-222-8258

&
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now--a 24 channel
solid state
ulticoupler

PLER

ANTENNA COU

Thor INSTRUCTIONE
O etk 8

¥
L oot
o emivee

Aqonly from Conductron-MRC

Intermodulation Distortion

Phase Tracking

Amplitude Tracking
Isolation, Back to Front
Isolation, Output to Output
Gain Reduction (Overload)
Inputs

6.5dB: 10 MHz—20 MHz,
6 dB: 2 MHz—10 MHz

— 56.5 dB, 2nd order

— 60 dB, 3rd order

2 degrees =1 degree

1dB

>52dB

> 40 dB

< 2.5 dB for .8 volt signal

tk

Power Required

Dimensions
Mounting
Connectors
MTTR

MTBF

Fault Isolation
MIL Qualified To

MODEL C 325-24 Outputs 24

Bandwidth 2 MHz—30 MHz VSWR <1.25:1
Gain 2dB=1dB Impedance—In 50 ohms
Noise Figure 7.5dB: 20 MHz—30 MHz, Impedance—Out 50 ohms

115V+10%, 50—60 cpsor
48 V=3V, DC

19” wide x 20" deep x 7" high
Standard 19" rack

BNC

<30 min.

> 30,000 hours

Internal

MIL-E-4158C, MIL-Q-9858A

If 24 for 1 sounds like good odds for your antenna coupling
requirements, check the specifications above, then write
Conductron—MRC Division, 2311 Green Rd., Box 614, Ann
Arbor, Michigan 48107. Ask for Bulletin 11C.

r" CONDUCTRON - M R C Division

s
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Which vacuum deposition method

iIs best for you?

Electron Beam

Resistance Heating

Sputtering

CVC can demonstrate the

advantages of each.

Resistance heating, electron beam evaporation,
advanced low-energy sputtering—each has its dis-
tinct advantages for thin-film applications. CVC
has the techniques and the Application Laboratory
to help you select the right method. CVC has the
equipment to help you do the job.

GUARANTEED PERFORMANCE CV-18 TYPE VACUUM COATERS
come completely equipped for resistance heating.
Pumpdown to 8 X 107 torr in 9 minutes (with
standard CV-18) is guaranteed for your laboratory
or production line. These vacuum chamber sys-
tems are the basis of any vacuum coating opera-
tion — electron beam evaporation and sputtering,
as well as resistance heating.

ELECTRON BEAM GUN EVAPORATORS with the new CVC
deflection system give you high purity films of
many metals, insulating materials and ceramics
too difficult to handle by resistance heating. The
new deflection system permits external mounting
of the gun on a baseplate feedthrough ring. The
beam enters the chamber and is deflected down to

the evaporant. The advantages of this system are
many: easy mounting, greater flexibility in sub-
strate location, longer filament life, greater con-
trol over evaporation location, and more working
room within the chamber.

PlasmaVac® LOW-ENERGY SPUTTERING with RF SPUTTERING
CAPABILITY. The most versatile thin-film deposition
tool ever developed! Will deposit almost any ma-
terial (including metals, alloys, semi-conductors,
and insulators) on almost any surface. Gives pre-
cision control of deposition rate and film thickness.
Adapts easily to laboratory or production line
set-ups. Because it increases quality and yields,
PlasmaVac is a valuable new tool in the fields of
electronics, ceramics, optics, and metallurgy. With
PlasmaVac, you have an almost limitless capability
for thin-film deposition.

Please write us with details on what you’d like to
do in the thin film field. We’ll be glad to make
recommendations. Dept. J.

Consolidated Vacuum Corporation

ROCHESTER, N. Y. 14603 * A SUBSIDIARY OF BELL & HOWELL
International Subsidiaries: Woking, Surrey, England
& Friedberg, West Germany

Electronics | December 12, 1966
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3M Brand Inert Fluorochemical
Liquids cut component failure
rates drastically by removing
heat faster.

I Component failure rate

i

Circle 88 on reader service card

PRACTICALLY EVERYTHING we can say
about 3M Fluorochemical Inert Liquids
adds up to one thing for the designer and
engineer: INCREASED RELIABILITY.
Why? Because component failure

rates increase sharply as component
temperatures increase. Efficient heat
removal lowers the temperature

and increases reliability.

3M Inert Liquids are far more efficient
at removing heat than air or other
conventional dielectric coolants.

Results: LOWER COMPONENT
TEMPERATURES, LOWER FAILURE
RATES, HIGHER RELIABILITY.

FOR THE FULL STORY: chemical inertness,
non-flammability, high temperature
stability, compatibility, high electric
strength, low dissipation factors, write:
3M Company, Dept. KAX-126,

St. Paul, Minn. 55119.

Chemical Division 3!.!1,.,

Circle 89 on reader service card—>



~ Announcing the Brush Mark 250,
first strip chart recorder
for the perfectionists

of the world.

Meet th , most e strip
chart recorder on record: The new Brush
Mark 250. When you read about all the
features you'll know why we call it the
first recorder for the perfectionists of
the world!

1 Unmatched freq y resp Flat to

10 cycles on full 4" span!‘ Useful re-
sponse to 100 cycles. Nobody has a strip
chart recorder in the same league.

2 Wide selection of signal conditioners.

Choose from 21 interchangeable preamps.
Use one today; plug in a different one when
your recording requirements change.

e

e & & & & o o @& 9 o

S e e

£ v
pressurized inking system puts smudge-
proof trace into the paper not just on it.

Contactless, non-wearing feedback sys-
tem. Same one used in our multi-channel
Mark 200 recorders. (No slide wires!) Ac-
curacy? Better than % %!
5 Multiple chart speeds. Pushbutton choice
of twelve . . . from 5 inches/second to

1/10 of an inch/minute (up to 8 days of
continuous recording).

tion writing table.

Shown with 1 uv preamplifier RD 4215-70; event markers optional.

ortable or Rack mounting. And either
way you get the exclusive new dual posi-

7 Removable chart paper magazine. Great

for desk top record reviews, Man-sized
/ manual winding
knobs let you roll
chart forward and
back. Chart re-
loading is a cinch.

See what we mean? The Mark 250 is for the
perfectionists of the world. Ask your Brush
Sales Engineer for a demonstration. Or, write
for chart sample and specifications. Clevite
Corporation, Brush Instruments Division,
37th & Perkins, Cleveland, Ohio 44114.

CLEVITE

— Brush nstruments oivision

T'Ie BNSh Maﬂ( 250 First recorder for perfectionists
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December 12, 1966 | Highlights of this issue

Technical Articles

Computer-aided design,
part 3; symbol analysis:
page 92

Knowing the cause
helps to cure distortion
in FET amplifiers:
page 99

Apollo: the goal
is in sight:
page 111

Communication technology
in Japan:
page 133

Manipulating letter symbols in a computer is easier than per-
forming calculations with actual component values when a
circuit is being analyzed because the numbers can hide rela-
tionships among components. With symbols, the engineer can
visualize such relationships and obtain a deeper feeling for
how the circuit works.

To engineers, the field effect transistor offers the advantages
of high gain and low noise in an amplifier. But, because the
FET is a relatively new device, many engineers still do not
understand how distortion affects its performance. Here are
some rules for operating an reT amplifier at maximum effec-
tiveness.

Now that the Gemini program has been
completed, space technologists are in the
full glare of publicity on the next step,
putting men on the moon. The Apollo
mission will give space electronic equip-
ment the toughest test to date. This
overview of the electronics for Apollo de-
scribes the mission and how it affects the
; ; major electronics systems. Future articles
will dissect the Apollo electronic equipment. For the cover,
Richard Saunders made a double exposure of a model of the
lunar module as it was landing and after it had settled on a
simulated moon surface built at the Grumman Aircraft Corp.

Electronics

Of all aspects of technology, the Japanese are probably doing
more original development work in communications than in
any other. One reason is the explosive growth of telephony
inside Japan. Another is Japanese determination to supply
equipment to fill the vacuum in communications that exists
in Asia and in Africa. The Japanese want to be competitive
with hardware and techniques everywhere in the world.

®» Japan stays with pcm to meet mushrooming growth in
telephony

= Bit-by-bit, Japan speeds its data communications

Coming
December 26

<—Circle 273 on reader service card

= Second annual European market report
= Integrated circuits in action: reliability tests
= Using the state variable in circuit analysis



Circuitdesign

Computer-aided design: part 3
Analyzing circuits with symbols

Manipulating symbols instead of numbers offers

many advantages, especially in determining the sensitivity

of circuit performance to parameter changes and component tolerances

By Richard Carpenter and William Happ

Electronic Research Center, National Aeronautics and Space Administration, Cambridge, Mass.

Manipulating letter symbols in a computer is an
easier way to analyze a circuit than performing the
calculations with actual component values. If the
numerical values of the components are inserted
at the start of a computer-aided design, the num-
bers hide the relationships among components.
Also the designer can lose sight of how the com-
ponent variables affect the circuit’s operation.

By substituting symbols for the component
values, the relationships between circuit param-
eters are easier to visualize and the designer gains
insight into the circuit’s operation. In addition, the
formula of letters can be manipulated faster by
the computer than the actual numbers. And since
the numerical component values are not substituted
until the last step in the process, the technique

The authors

* Richard Carpenter is studying toward
a doctorate with a thesis topic

in the area of computer-aided

circuit design. His experience

with NASA includes circuit design

on the Nimbus meteorological satellite
and applied research in computer-
aided design of standard reliable
circuits for space missions.

William W. Happ received a doctorate
in theoretical physics from Boston
University in 1949. He taught in
Canada for nine years and has
worked for several electronics

and aerospace firms since returning
to the United States in 1952.

He is now chief of the design

criteria branch at NASA's electronics
facility.
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avoids the inaccuracies of cummulative rounding
out of numbers that are entered into the program
at an early stage [see “Advantages of symbolic
analysis,” p. 93].

Symbolic analysis establishes the desired rela-
tionships among components from a topological
study of the network; that is by graphing the cir-
cuit. To do this the network is divided into
branches by a graphic procedure and all of the
variables associated with each branch are coded for
a computer. In contrast, numerical analysis requires
a matrix of numbers derived from the circuit node
voltages.

Because of its advantages, the symbolic tech-
nique is a good candidate for performing both
sensitivity and tolerance analysis—two major de-
sign problems that require computing partial de-
rivatives. The symbolic approach can obtain the
partial derivatives in terms of letters and thus
avoids tedious numerical calculation.

Sensitivity analysis determines how aware a net-
work is to changes in element values. Tolerance
analysis measures the total circuit change caused
by various combinations of element value devia-
tions. The components, of course, change in value
because of temperature variations and normal devi-
ations from a mean manufacturing value.

Finding partial derivatives

Most engineers are experienced in deriving cir-
cuit responses from transfer functions. The trans-
fer function, the ratio of an output to an input func-
tion, is usually expressed in letters related to the
complex frequency variable, s. Both the sensitivity
and tolerance analyses are evaluated from a trans-
fer function; thus, the engineer works with terms

Electronics | December 12, 1966



that are familiar to him. Both analyses are further
aided by indicators that are called tagging param-
eters. These indicators, when programed into a
computer, isolate certain terms in a transfer func-
tion with a 1 when they appear and with a 0 when
they don’t. Here is a simplified illustration of the
tagging procedure:

Suppose P is represented by an equation for a
variable in a given circuit. It is desired to have the
computer tag the letter “a” whenever it appears
in the equation. So the tag 1 is assigned to the
letter a and the tag 0 is associated -with all other
ietters. The computer results are tabulated as fol-
ows

P = abe + bed + aed + abd

Tag Equation terms
1 abe
0 bed
1) acd
1 abd

By removing a from all terms tagged and summing
these terms, the partial derivative of P with respect
to a is obtained.

oPp

0a
Sensitivity analysis

Sensitivity analysis allows the engineer to ob-
serve the effects of changes in circuit functions
caused by changes in element values. These obser-
vations are based on the output expressions for the
circuit that result from the symbolic technique.
One definition of sensitivity is given by

_ 2 (L.P)
= 2 (LQ)

= be + ¢d + bd

S

where S = sensitivity,
P = the transfer function
(Q = a circuit parameter
L, = the natural logarithm

Il

Sensitivity is a dimensionless quantity that repre-

Advantages of symbolic analysis

= The symbolic technique highlights those param-
eters that are most critical in a desired function.

s All circuit functions are presented in terms
of the complex frequency variable, s. (Small s
should not be confused with capital S, which
means sensitivity.)

» Partial derivatives can be computed as sym-
bolic functions, thus avoiding tedious numerical
calculations.

s The technique is inherently faster than the
numerical technique because no numbers are cal-
culated until the last step.

= Since no numbers are required, no numerical
round-off error occurs due to matrix inversion.

= The technique is easily adapted to a small or
medium size computer or time-sharing console.

= Only one coded description of the circuit is

need for listing in the computer.

Electronics | December 12, 1966

sents a percentage change in the transfer function
of the circuit or system. It corresponds to a per-
centage change in a parameter of the system. For
example, if P represents a circuit’s voltage gain and
Q represents the beta of a transistor in the circuit,
then S represents the percentage of change in the
voltage gain due to the change in beta.

Previously, the manual calculation of sensitivity
required the engineer to derive the equation that
contained the parameter and then either to take a
derivative of the equation and evaluate the deriva-
tive, or to solve the equation for the value of the
transfer function each time the value of a compo-
nent changed.

The following equation calculates sensitivity with
the symbolic method:

H (Q
§= -\ M
H (P)
where H (Q) is that part of the topology equation
devoid of the parameter Q, and H (P) is that part
without P.
An alternate for equation 1 is the following ex-
pression for the sensitivity:

_HQP) | H@QP)

HE) T OHP) 2)

where

H(Q, P) = that part of the topology equation
that is simultaneously devoid of both
P and Q;

H(Q, P’) = that part that contains P devoid of Q;
H(P’) = that part that contains P
H(P) = that part devoid of P.

Since all of these terms can be obtained easily by
tagging the appropriate parts of H, the solution is
obtained easily by computer analysis.

Evaluating sensitivity by tagging is part of a
subroutine of a computer program developed at the
National Aeronautics and Space Administration’s
Electronics Research Center.

Sample sensitivity problem

The program produces the system response of a
circuit from a coded signal flow graph that is ob-
tained with an equivalent schematic of the circuit.
Once the representation is formed, each of the N
elements (or components) in the schematic of the
circuit is numbered consecutively. The computer
program uses a nine-digit code for specifying each
component of the circuit. A tenth entry is given for
the numerical value associated with the element.

Since each element is dependent on a voltage or
current that produces a voltage or current, the
problem is in two parts: one part contains the volt-
age generators and the other part contains the cur-
rent generators. These two are then interrelated via
the network’s immittances.

Finding impedance sensitivity

To illustrate how the program computes sensi-
tivity analysis consider this problem: find the sensi-
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tivity of the input impedance to changes in the two
inductors, L, and L, for the circuit at the right.

Step 1. An imaginary element is required by the
program to relate the current I and the terminal
voltage V. This imaginary element is drawn across
the driving-point terminals and labeled 1. Then
each of the remaining elements and nodes is num-
bered consecutively as shown in the colored dia-
gram. The node numbers appear in circles, the ele-
ment numbers are not circled.

Step 2. Code each element in the circuit as either
a voltage generator, shown by double arrows, or a
current generator, shown by a single arrow and a
horizontal bar. To do this, a current source is drawn
as a voltage generator controlled by current, I, and
a voltage source is drawn as a current generator
controlled by voltage, V. For the imaginary element
a current generator is needed because it represents
a voltage source. The direction of the arrows speci-
fies the direction assumed for positive current flow.

Element L is arbitrarily chosen as a voltage gen-
erator. Therefore, the engineer must draw element
C; as a current source. Two voltage sources are
not allowed in parallel because this would violate
Kirchhofl’s voltage law. Current sources in parallel
are permitted.

Also, element Ly is a current generator and Cj is
a voltage generator. This is required since no two
current generators may be connected in series be-
cause this would violate Kirchhoff’s current law.

Step 3. Form table 1 from the coded schematic
diagram, with the tagging procedure detailed be-
low. The nine columns, A through K, represent the
inputs needed for the computer program. Column
E, shown with the numerals in color, should be
determined first. It lists the number that corre-
sponds to the element.

Columns A and B are obtained from the direc-
tion of current flow between any two nodes con-
nected to an element, with A the starting point
(circled numerals in the schematic) and B the
terminating point. Thus, for element 1 a value of 1
is entered in column A because the current flows
from node 1. In column B a 2 is entered because
the current from node 1 terminates at node 2. The
same entries are recorded for elements 2 and 3.
Since the current in element 4 flows from node 1
to 3, a 1 is entered in column A and a 3 in column
B. Finally for element 5, a 3 is entered in column A
and a 2 in column B.

Column C indicates the controlling variables, 0
for voltage, 1 for current. Column G represents the
generator function and is coded in the same binary
manner as for column C. For example, element 1 is
a voltage-controlled current generator. Hence, it is
coded 0 in column C and 1 in column G. Likewise,
element 2 is a current-controlled voltage generator.
It is coded with a 1 in column C and a 0 in column
G. Note that column C entries are always the re-
verse of the entries in column G for passive ele-
ments, and the same for active elements.

Column D indicates the variable that performs
the controlling function. In all passive elements
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Analysis of the sensitivity of the circuit above,

a passive one-port network, to changes in the component
values, is made with a coded circuit, in color. The
elements are numbered consecutively and the node
numbers are circled. Element 1 is an imaginary element
needed to relate the terminal voltage, V, with the input
current, |. Single arrows with a bar above are current
sources and double arrows represent voltage sources.

;
1
T

o<

the entry for column D will be the same as in
column E since a passive element cannot create
current or voltage. This is true for elements 2
through 5 in this example. However, the current in
element 1 is controlled by the voltage generated by
element 2; hence, a 2 is entered in column D.

Column F specifies frequency dependence in
terms of the complex variable s, 0 for no frequency
dependence, 1 for frequency dependence of s', 2
for s*, etc. For most networks the power of s will
not be greater than s°. For example, element 2 is a
current-controlled voltage generator (an imped-
ance); hence, its frequency dependance is s'. There-
fore, a 1 is entered in column F.

Column H indicates the presence of the imagi-
nary element by a 1 for the element and a 0 for all
other elements.

Column K indicates the elements for which the
sensitivity is desired, coding a 1 for those elements
and a 0 for all others.

The column at the far right of table 1 corresponds
to the component values in a numerical form suita-
ble for input to the computer. The imaginary ele-
ment is listed as a 1 and is indicated by .100E + 1.
This term .100E 4 1 for the imaginary element, 1,
means that it has a value of .100 times 10 with an
exponent +1, or .100 X 10+!, Element 2 is an
inductance of .666 henry and is considered here as
an impedance. Hence, its coded entry .666 E 4+ 0
and is read as .66 X 10° henry. Element 4 is an
inductance of 50 henrys and is considered here as

Table 1: Computer inputs, first example
A B C D E F G H K Numerical Value
1202 ,0110 .100E+1
1 212 5319012 .666E+0
1 2 0 3 3 1 1 0 O .120E+1
1 304 ,1101 .200E—-1
3 21 5 5—1 0O 0 O .120E4-3
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Equivalent of a transistor circuit contains both passive and active elements. Coded model, in color, is used to
analyze the circuit’s sensitivity to the voltage gain due to changes in the load resistor, input impedance

and current gain of the transistors. The double circles represent transistor current sources. The numbers 3 and
6 inside the arrows indicate that elements 4 and 7 are dependent on currents 3 and 6 respectively.

an admittance. Hence, its numerical entry is 1/50
or .200 E-1, read a .200 X 10—1, and so on.

Step 4. The computer performs the necessary
calculations with the Nasa program and prints out
the information listed in table 2.

Step 5. Determine the sensitivities of the input
impedance due to changes in L, and L,. To do this
relate the data in table 2 to the terms in equations
1 and 2. The sensitivity can be computed both
symbolically and numerically. For example, the
sensitivity of the input impedance caused by Lo is
determined from

H(P) H(P)
_ 141/ Gs#)
B 14+1/L; Cs 824 Lo/Ly+Le C3/Ls Cs

(142487
2.4 5429488

S

And, for changes caused by L, the sensitivity is
found to be,

_H@Q,P)
H(P)

_ H(I, P)
H(P)

HQ, P)

B H(P’)

+

H(Li, P
H(P))

. (14 L. Cs 8?)
o 1+L2/L4+L2 C;;/ILq C5+1/L4 C5 s?

4+
L2 S
L, S+L2/(L4 Cs 8)

(489 665
= T 2457 429+8s ' 66s+1.65

A study of the sensitivities will show that sys-

_|_
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tem sensitivity is fairly constant over part of the
frequency spectrum. At zero frequency or d-c, Lo
has a direct 1-to-1 relationship to the impedance
but L, has no affect because it is in series with an
infinite impedance. At very high frequencies the
value of L. has almost no effect because it is an
open circuit and Ly has a 1-to-1 effect on the im-
pedance.

Analyzing an active circuit

As a second example of the technique, determine
the sensitivity of the voltage gain for the circuit
shown above due to changes in the load resistor R,
the input impedance R. and in the betas, g (transis-
tor current gain) of the two transistors.

Step 1. Draw the schematic of the circuit follow-
ing the method of the previous problem. Remember
to add an imaginary element at the input terminals
and label it 1. For this problem element 1 was arbi-
trarily chosen as a voltage generator.

Step 2. Number all nodes and all elements con-

Table 2: Computer outputs, first example
Tags Symbolic value Numerical value
Lo

H(P' ——— 4 Lss .66s + 1.6s7!

(P (LiCss) + L2

- 1| L:  L:Cs

B T 2422 | 2.457242.94.8s?
H(P) (LCos?) +14 L + L.Cs s—24-2.94.8s
- L20352
H(L:P)| 1+ L:Css? 1+ .8s?
H(L:P'] L.s .66s
H([ 14 e 14 2.4s2
2) (LsCss2) :
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Bandpass filter network and its coded form, in color, serve
voltage transfer function caused by changes in L;. Element

secutively as in the diagram on page 95.

Step 3. Enter the coded inputs in table 3, as in
the first example. Hence, elements 2 and 3 are
coded as admittances and have no frequency de-
pendence. Element 4 is coded as a current genera-
tor dependent on the current in element 3. This is
actually the B, of the circuit. Element 5 is a cur-
rent-controlled voltage generator (impedance) and
is not frequency dependent. Element 6 is a voltage-
controlled current generator and is not frequency
dependent. Element 7 is also a current generator
controlled by the B» of the circuit, and depends

Table 3: Input data, second example

A B CDE F G H Numerical Value
1 2 091 001 .100E+1
1 20 22 0 1 0 .100E—2
1 2033 010 .100E—1
3 2134 010 .100E+-2
3 2 1 58 0 0 0 .100E+4
3 2066 010 .100E—1
4 2 1 67 0 1 0 .100E+2
4 2 088 010 .100E—2
4 21 99 000 .100E+2

Table 4. Output data, second example

' Tags Symbolic value Numerical value
HPP) | —418:G5R5GeRo —.100E+5
H(P) 1+ RsGs+GsRo+RsGsGsRo J111E42
H(B) | 14RsGs+GsRe-+RsGsGsRo A11E4+2
H(Re) | 1+RsGs .110E+2
H(R:, P)| 1+R;Go .110E42
H(Rs, P)| —$18:GsRsGoRs —.100E+5
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to analyze a circuit's sensitivity to the
9 is dependent on the current through element 7.

upon the current through element 6. Element 8 is a
voltage-controlled current generator and is not fre-
quency dependent. Element 9 is a current-con-
trolled voltage source and is not frequency de-
pendent.

Step 4. Obtain table 4 from the Nasa computer
program.

Step 5. Form the sensitivity relationships defined
in equations 1 and 2. Hence, the sensitivity of the
voltage gain due to B, is,

1+R5G6+G8R9+R5G6G81{9

S = T Ry Go + Gs Ro + Ry Gy Gy Re
_AIE+1
A1l E 41

For this example the sensitivity due to . is the
same as that due to By; thus, the voltage gain is
directly affected by either g.

The sensitivity of the voltage gain due to Ry is
determined from,

L110E 42
111 E + 2

The output load directly affects the voltage gain
of the circuit; in the example there is almost a
1-to-1 relationship.

By checking the sensitivity of the voltage gain
to the input impedance, R. (element number 2), the
engineer will find that R. has extremely little effect
on the gain of this transistor circuit. The numerical
value of the sensitivity is computed from equation
2 and the appropriate values from table 4.

J1I0E+2 | —100E+5
J1E+2 7 —100E+5

Analyzing a bandpass filter

S =-— = —.99

S =— =10

Determine the sensitivity of the voltage transfer
function caused by changes in L; for the bandpass
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filter network that is shown on page 96.

The solution is found with the same procedure
outlined in the earlier examples. [Table 5] repre-
sents the coded inputs obtained from the coded
schematic. Element 9 is added to the circuit to close
the system.

Element 1 is coded as a voltage-controlled cur-
rent source (admittance) and has a frequency de-
pendence of —1. Element 2 is coded as a current-
controlled voltage source and has a frequency de-
pendence of —1.

Elements 3, 4 and 6 are all coded as voltage-
controlled current sources (admittances) and, since
they are all capacitors, their frequency dependence
is +1. Elements 5, 7 and 8 are coded as current-
controlled voltage sources (admittances).

Elements 5 and 8 have a frequency dependence
of +1; element 7 has a frequency dependence of
—1, element 9 has no frequency dependence and
is coded as 0.

Table 6 shows the data necessary for the deter-
mining of the sensitivity of the network due to L.
The sensitivity is computed from equation 2 and is

g 201E + 7572 4 3.96

= 201E + 7s + 3.98 + .199E + 7s

Thus, at high frequencies the sensitivity to L; is
practically zero.

Changing theoretical to practical

To sketch a preliminary model of a circuit, a
designer can assume that perfect components, with
exact values, are available. However, actual com-
ponents fluctuate in tolerance; the current gain of
transistors for example, can vary from 10% to 300%.
The designer therefore needs a technique for de-
termining how changes in component values
around the nominal value can affect total circuit
performance. The technique: tolerance analysis.

The computer program for tolerance analysis is
based on the following equation:

Y = f(P,, Py, Py, . . ., Pu)

= Rs =10 %
= C4= 20 %

- J
TOLERANCES Ly »20%

R, L
D B s, B
600 _l_ 29.8mh _]-
C2 Ca Rs $
oomm’[‘ 00415 pf T 600
@
® 1
L T s
6 % ) A
0 .
1
2

Effect of component tolerances (shown in percent)
on the sensitivity of the network’s input )
impedance is computed from a tolerance analysis.
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Table 5: Inputs,third example

A B C D E F G H Numerical Value
2 3 01 1-1 10 .100E+1
3112 2-1 00 .101E+7
34 0 3 3 11 0 .100E-7
4 1 0 4 411 0 .980E—-6
4 1 1 5 5 1 0 O .100E+1
4 5 0 6 6 1 1 O .100E+7
5 1 1 7 Z2-~1 [0 O .101E+7
5 6 1 8 8 1 {0 0O .100E+1
2 1 05 9 0 0 1 .100E+1

Table 6: Outputs, third example

Tags Symbolic value Numerical value
Cs Csls
H(P) — .980
ok (L.C)
— 1 Ce
HP) ————+
" (L;Czs?) (L:C2C7s?)
(CsLs5+Cals+LsCs) | CsCs
(L:C2) (C2C7)
CsLsCs CsL5Ce
— - ——— <4 1.00
+ L C C" L]C2C7 +
C3CsL
+<c Ls+CaLs+LsCo + ———
Ce
CaC4L5 CﬂC:sLls CBCSLS
e T Gl &
+E?CAL)C11 52 .201E+7 S_2+3.98
(CC7) +.199E+7 s?
- Cs Ce
H(Ls) —— ==
(Ls) (Lcsn T T G
CG CSCG
1.00 .201E+7 s2+43.96
(C;L;Css?) (CzC7)+

where Y is a function of the independent variables
P, P, P, . . ., P, (Y in this case does not mean
admittance). For small changes in each of the inde-
pendent variables the statistical tolerance Ty of Y

is defined as:
oY o\ oY =

T, _[<3P1 Ap> i .+<6P2 m)]

If the dependent variable Y represents a circuit
function such as input impedance, voltage gain
or transfer impedance and if the independent vari-
ables represent the circuit components, then the
statistical tolerance of Y represents a measure of
the deviation of Y from its mean or nominal value
because of deviations of the components from their
respective means or nominal values.

To evaluate statistical tolerance the engineer
must perform a differentiation of performance cri-
terion with respect to each of the elements in the
circuit. The number of elements in a typical circuit
can make this evaluation prohibitive and time-con-
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suming if it is done manually. Although computer
programs have been written in the past that incor-
porate numerical schemes to calculate all the partial
derivatives for determining the statistical tolerance,
the answers obtained were not accurate because

Table 7: Tolerance analysis inputs

A B C D EF G HK Numerical Value

2 301 101 0 O .167E—2

3 1 12 2=1 0 0 O .241E+8

3 403 3-1100 .360E+2

4 1 0 4 % 41,1 @O0 415E—7

4 1 15 650000 .600E+3

2 4 06-5-6 0 6 1 0 .100E+1
Table 8: Sensitivity magnitudes

Ra Ca i Cs Rz

ao .754E-+-8 | .000E+0 | .000E+0 | .000E+0O | .754E+8
ai .376E+4 | .188E+4 | .350E+4 | .188E+4 | .350E+4
ax 869E—1 | .869E—1 | .174E+4+0 | .871E—1 | .869E—1
as .217E—5| .217E-5| .217E-5 | .217E—5 | .000E+O
bo .151E+9 | .151E+9 | .151E+9 | .151E+9 | .151E+9
b, 726E+4 | .726E+4 | .726E+4 | .726E+4 | .726E+4
b, .174E+0 | .174E+0 | .174E+0 | .174E40 | .174E4+0
bs 217E—5| .217E—5| .217E—5 | .217E—5 | .217E-5
S|
w =0 .499E+0 | .000 .000 .000 \499E+0
w, = 30k |.340E+0 | .491E4+0 | .102E+1 | .492E+0 | .660E+0
ws = 40k | .326E4+0 | .772E4+0 | .140E+1 | .773E40 | .777E40
ws = 50K | .551E+40 | .939E+40 | .149E+1 | .940E+0 | .755E4-0
wy=® .100E+1 | .100E+1 | .100E+1 | .100E+1 | .000
- 1 2 2 2 1
= £ : : . 1
wo = J499E—1 | .000 .000 .000 499E—1
w = 20k |.340E—1 | .982E—1 | .205E+0 | .984E—1 | .660E—1
w2 =30k |.326E—1 | .154E+0 | .281E+40 | .154E+0 | .777E—1
ws = 50k | .551E—1 | .187E+0 | .298E+0 | .188E+0 | .755E+4-0
we = ® |.100E+0 | .200E+40 | .200E+4-0 | .200E+0 | .000

Table 9: Weighted element importance

Ra Ca La Csp Rp
wo =0 A (0] (0] (0] A
w1 = 30K B B A B B
o2 = 40K B B A B B
s = 50k B B A B B
i P A A A A 0

A — major contributor to tolerance

B — minor contributor to tolerance

C —insignificant contributor to tolerance
O — no contribution to tolerance

Table 10.: Percent tolerance outputs

Frequency % tolerance
wo =0 7.06
w; = 30k 36.6

ws = 40k 41

w3 = 50k 36

W = ® 36
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the nature of a digital computer prevents these in-
tegration schemes from being exact.

Understanding the program

Another method, based on flowgraph techniques,
eliminates the need to evaluate any partial deriva-
tives explicitly and also reduces calculations.

A flowgraph is defined in this application as a
topological network in which each element is identi-
fied by two variables, such as current and voltage.
A functional relation specifies the direction of de-
pendance betwen the variables and a symbol or
number denotes its junction.

A circuit analysis program based on this dich-
otomy of networks has been developed at the space
agency. It analyzes and evaluates the flowgraph of
any active or passive electrical network that con-
tains 30 to 100 elements. The result is a relationship
of Ty/Y, the fractional change in Y due to the
fractional changes in each component value AP;/P;.

Select a frequency variation

If a circuit contains energy storage elements,
then the sensitivity of the circuit will be a complex
function of frequency. To handle these elements
the sensitivity is evaluated at distinct frequencies
and the magnitudes obtained are used to calculate
the circuit’s tolerance. This procedure provides the
designer with data about the adequacy of the cir-
cuit model at different frequencies. Consequently,
the model can be adjusted until it produces the
desired frequency response.

An example of tolerance analysis is illustrated
in the following problem: Determine the variance
of the input impedance at different frequencies
for the passive network on page 97. Component
values are given with their tolerance in percent.

The coded electrical equivalent circuit is formed
as previously outlined and each component is
chosen as either a current-controlled voltage source
(impedance), Z or a voltage-controlled current
source (admittance), Y. From the coded circuit the
input matrix of [table 7] is constructed with each
row containing the input data that completely de-
scribes one element of the circuit.

A sensitivity analysis is first performed on each
element of the circuit. As before, the result is a
ratio of two polynominals in s. The coefficients of
these two functions appear in the a, to a3 and b, to
by rows in [table 8], which is the computer output.
The next entries in table 8 are the magnitude of the
sensitivities of each element evaluated at several
frequencies (v). Following this is a row, AP/P, con-
taining a fractional change in each element. The
last set of rows in table 8 is simply the product of
the sensitivity of each element and its fractional tol-
erance. With this data the engineer finds, Ty1/Z;.

The larger the magnitude of the sensitivity the
more important the element is in the calculation
of Ty. [Table 9] indicates importance of elements.

[Table 10] lists Ty;/Z; in percent. The evaluation
is performed at several frequencies to give the de-
signer an indication of the range over which the
model will work satisfactorily.



Solid state

Knowing the cause helps to cure
distortion in FET amplifiers

Circuit designers can steer clear of distortion trouble by following
rules that are based on the interrelation of FET characteristics and

the factors that cause distortion

By James S. Sherwin

Siliconix, Inc., Sunnyvale, Calif.

In an amplifier, the field effect transistor offers
advantages of high gain and low noise but many
designers, unfamiliar with the relatively new device,
are unable to cope with the effects of harmonic
distortion. By knowing the types of distortion and
their causes it is possible to establish rules for
operating an FET amplifier at maximum effective-
ness.

Harmonic distortion in an reT amplifier is deter-
mined by many elements in the circuit—bias, oper-
ating voltage, load impedance, signal level, device
characteristics and variations in input impedance.
It is a function of the extent to which the device
transfer curve departs from a straight line. Assum-
ing neither load current cut-off nor saturation and
neglecting the effect of supply voltage the transfer
curve for an FET and other amplifying devices are

closely approximated by the following: 1.%%4
FET Ip =K |:1 — f\fp :I
_ 2K Vas
gm - VP [1 \r[, ] (1)
The author

James S. Sherwin is manager of the
FET applications section at Siliconix.
He has a master’s degree in
electrical engineering from the
University of California.
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Definitions of the terms in the ¥eT relations and
others used below are in the table on page 101.

In determining the degee of distortion, the trans-
fer curve may be expressed as a power series in
which each term represents a fundamental and dis-
tortion component. For example, the small signal
transfer function for a triode tube evaluated at a
given set of d-c conditions may be written:®

1 ag,m 2
gmesxg + 2' OV
...12%3' U 0°'gm
+ 3 b e:m~ + n| DVG“ Blg (2)

Each term, except the first, includes a partial deri-
vative of the transconductance term g,. The first
term represents the desired fundamental. Because
the input signal voltage, ey, is a sinusoidal function
[(and sin®wt = 2 (1l-cos2wt)], the second term
represents a constant plus a second harmonic. The
third term contains first and third harmonics. [For
brevity, these terms have not been multiplied out
in equation 2.]
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D-c transfer curve
normally plotted
for an FET at a
constant drain-to-
source voltage
may not tell entire
distortion story.
Curve does not
show effect of Vos
varying with input
signal nor of the
0 l ! | | common-source

0 0.5 1.0 15 20 2.5 output conduct-
GATE-TO-SOQURCE VOLTAGE -Vgs (volts) ance varying with
drain current.

n
(=}
|

o

o
w

DRAIN CURRENT - Ip (ma)
=)

Voo

R

c D €out
€sig |
Rg S
= Voo =

Single-stage FET amplifier circuit is used to
determine the effect on distortion of various
device and circuit parameters.

2.0
VGS: 0

DRAIN CURRENT Ip (ma)

0 | I ]

0 5 10 15 20
DRAIN-TO-SOURCE VOLTAGE-Vpg (volts)

Forward transconductance, g:., a function of the

output characteristics, increases as Vis goes to zero

and operating point moves up and to the left along

load line. This causes second harmonic distortion.
However, as drain current, Iv, decreases, so does
common-source output conductance, g..s, also a function
of the characteristics, introducing more distortion.

The first harmonic component of the third term
adds to the fundamental causing a loss in propor-
tionality between input and output. The third har-
monic component causes cross-modulation and in-
termodulation distortion when two or more signals
are present at the input.

Because the second term of the series is propor-
tional to curvature in the transfer characteristic,
second harmonic distortion may be minimized by
operating on the most linear portion of the transfer
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curve. The third term is proportional to rate-of-
change of curvature. Therefore, the third harmonic
and cross-modulation may also be minimized by
operating in the most linear portion.

With field effect transistors, the transfer curve is
shaped so that the second and higher order de-
rivatives of transconductance, g, are zero. Only
a second harmonic is present. Cross modulation
products are extremely low. In the case of vacuum
tubes, fourth and higher order terms are negligiblc.
However, the series does not converge so rapidly
for the transistor. Hence, fourth and higher order
harmonic distortion may be significant and cross
modulation is more serious in a transistor than in
a vacuum tube.

Although FET’s promise to generate only second
harmonic distortion, the operating point must be
carefully controlled for minimum distortion. Cal-
culations made from an idealized or even a meas-
ured transfer curve may not tell the entire story.
For example, a d-c transfer curve (top, left) normally
plotted at a constant drain voltage Vyg, does not
take into account the effect of v;,s varying with the
iput signal or of the common source output con-
ductance g,.. varying with drain current, ij,.

The single-stage amplifier circuit (center, left)
may be used to determine the effect on distortion
of variations in e.., Vgs, Ry and FET characteris-
tics Vi, g and gp. It will be shown that, for low
distortion, it is desirable to operate with a small
input signal near zero bias. Both R, and Vy,;, should
be high and Vs should be sufficiently above the
knee of the output-characteristic curves of the ¥er
but no more than necessary. Also the region near
drain-to-gate breakdown should be avoided to pre-
vent the flow of gate current on signal peaks. And.
certain field effect transistor geometries are pre-
ferred over others.

Transfer curve and conductances

The transfer curve alone, at top, left, will not
vield a completely correct picture of the harmonic
distortion introduced by the rer amplifier. As the
input signal varies, so do the two conductances,
Zre and g, Which affect the gain of the stage.

Follow the instantaneous operating point up
and left along the load line drawn on the FET out-
put characteristics curves at the left.

Transconductance g (which is the ratio of the
change in output current, I;,, to the change in
input voltage, Vg, for a constant output voltage,
Vis) increases as Vg approaches zero. This varia-
tion in gy, is reflected in the curvature of the trans-
fer curve for the ret. The curvature causes second
harmonic distortion.

What is not so apparent is that nonlinearitics
also exist because g,.., the ratio of the change in
output current I, to the change in output voltage,
Vi, for a constant bias voltage, Vg, also varies
with the instantaneous operating output current—
2. increases as Vgg approaches zero, and as I,
increases.

These two elfects become more visible by refer-
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Idealized FET output characteristics are drawn to

show (top) constant gr,, constant g.., and (bottom)
constant g« and nonconstant g.... Transconductance
grs is constant because for a given value of Vi
distances between Vs curves are constant. Trans-
conductance g.,s varies when slopes of Vis curves vary.

Vos

ring to the stylized sets of constant gq output
characteristics shown above. Both sets of curves
exhibit a constant gy, that is, for a given value of
Vs the distances between the curves for constant
Vs are the same.

However, the top set has constant g,..—the slopes
of the constant Vgg curves are identical—while the
bottom set has a varying g.,.—as 1;, increases, the
slopes of the constant Vgg also increase and g
increases. In effect, the bottom set of curves in-
dicates an increase in gain as the operating point
moves down and right along the load line.

Definition of terms

E. peak signal amplitude

e, output signal voltage

Cuig input signal voltage

Jrs common-source forward transfer conductance

gm mutual conductance (in FET's, g, is identically
equal)

Goss common-source output conductance (input
shorted)

in instantaneous drain current

Iy drain current

Inss drain saturation current

Voo drain supply voltage

Vos drain-to-source voltage

Vs instantaneous drain-to-source voltage

Vaa gate supply voltage

Vs gate-to-source voltage

Ve gate-source pinch-off voltage
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From the gain equation for the rET:

790 - gfg
€qig G L + Loss

it is apparent that the effect of a change in g,.. is
less for large G, reciprocal of load resistance. As
Vs increases, the decrease in g, is partially offset
by a corresponding decrease in g.... In effect, the
degree of distortion produced by a nonlinear trans-
fer curve is diminished. At a certain operating point
the two distortion sources will most nearly cancel
to produce a point of minimum distortion.

Expanding the power series transfer function of
equation 1 for the a-c terms for the reT gives the
expression:

Ty = 21 DSS
d == .
Vp?

(3)

(Vp — Vas) E, sin ot
Ipes

v o f €08 2wt

where E, is the peak signal amplitude

Taking the ratio of the amplitudes of the second
harmonic and the fundamental, the expression for
percent second harmonic distortion is:

9, second harmonic distortion = .2;)—1“," = (5)

(Vp—Vas)

This expression is valid for small-signal distortion
due only to curvature of the transfer characteristic.
Required conditions are that the drain voltage
saturation region is avoided and that drain current
flows during all portions of the cycle.

Gate bias and signal level

According to equation 5, small-signal distortion
is directly proportional to the input signal level.
However, the distortion also depends upon the
difference between the pinch-off voltage and the
voltage on the gate.

The plot of total harmonic distortion vs input
signal in the figure top, page 102 bears this out.
This curve was plotted from data taken at zero
gate bias. However, the distortion level is unaffected
by the slight forward gate biasing on negative sig-
nal peaks because the transition of the gate diode
of the rET from reverse bias to forward bias is
gradual.

Input circuit distortion is not measureable until
the rms input signal level exceeds 100 millivolts.
This is apparent in the figure bottom, page 102
which plots input distortion vs input signal for gate-
circuit time constants, RC, of 10 milliseconds to 1
second. The reason the distortion increases with
the input signal is that the gate draws current from
the signal source on input peaks; distortion is re-
duced by adding the equivalent of grid-leak bias.

In this manner, the d-c¢ current drawn through
the gate-return resistor, shown in the amplifier cir-
cuit on page 100, develops a gate bias approxi-
mately equal to the peak forward signal voltage.
So long as the input capacitor remains charged,
the gate ceases to draw current on signal peaks.
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Harmonic distortion is directly proportional to
input signal level. Calculated curve is plotted
from equation 5.

Thus, distortion becomes a function of frequency.
Reducing the frequency to 100 hertz will have the
same effect as reducing the time constant by a
factor of 10.

This means that for low distortion when the
gate conducts on signal peaks, RC must be about
1,000 times the period of the lowest frequency to
be handled. If the generator impedance is quite
low, say a few hundred ohms, the input distortion
will be reduced considerably. However, because
this is not a normal operating condition, the gate
should be operated at a bias level that insures
signal peaks will not forward-bias the gate by more
than 100 to 200 millivolts.

Equation 5 indicates also that distortion increases
as Vgg approaches Vp; for Vis = 0, distortion
is inversely proportional to V. Distortion vs Vg
is plotted in the figure on page 103 for two values
of input signal for a device with Vy, = 2.3 volts.
The figure below it plots distortion against Vp
for Vgg = 0. The calculated and measured values
agree closely in both plots. However, as (Vp —
Vs ) approaches zero, the measured distortion sig-
nificantly exceeds the calculated value, possibly
because the signal level may no longer be consid-
ered as small signal or the true transfer curve
departs from the mathematically ideal parabola of
equation 1,

Drain voltage

The effects of Vs and g, on distortion are il-
lustrated in curves on page 104. The Vs effect
is in reality a g,. effect as may be seen from
the g, vs Vps curves. Distortion due to g.. be-
comes large at low Vs due to the very high value
of g, while the distortion at high V), is due prin-
cipally to the variation in g. As Vs is decreased,
the g, -induced distortion increases and counter-
acts the ge-induced distortion. At a specific and
fairly low Vyg the two distortions nearly cancel to
produce a minimum in the distortion curve.

Unfortunately, operation at the point of mini-
mum distortion is not particularly recommended.
Its location is uncertain and, as can be seen from
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the figure on page 104, very near a region of ex-
cessive distortion.

Operation below the point of minimum distor-
tion at low V)¢ results in a significant increase in
nonlinear distortion due to drain saturation. This
is reflected in the rapidly increasing g... This
effect is also visible on the FET output character-
istic on page 101 as the operating point moves up
and to the left along the load line approaching the
knee of the output curves.

The effect may be further described by the sat-
uration of the transfer curve that can be plotted
for the condition of insufficient Vpg.

Operating a reT with the drain voltage at or near
breakdown has been reported as one method for
improving bias stability.® The idea, apparently, was
that with the rer biased to the point where drain-
gate breakdown occurs, any rer plugged into the
socket will find a stable operating point at break-
down even though Vgg may vary somewhat from
one unit to another. As signal is applied, voltage
peaks at the gate drive the device further into
breakdown. Zener breakdown current then flows
from the drain to the gate developing a gate-leak
bias in much the same manner as already described
on page 101.

45
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0 ] 1 | 1 | |
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INPUT SIGNAL- egjg (mv rms)
Input circuit distortion is negligible until the input

signal reaches 100 mv. The larger the input circuit
time constant, the lower the distortion.
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The result is effective in stabilizing the operating
point; however input circuit distortion becomes
significant with normal generator resistances, a
fact overlooked by the author. In fact, distortion
of up to 44% was measured with an FET operating
from a 20-kilohm/100-millivolt source under the
other conditions reported in reference 6.

Long, short and medium gates

The physical geometry of the rer also has an
effect on distortion, as shown by the three curves
in the figures on page 104. Three devices of approxi-
mately equal pinch-off voltage generate significantly
different distortion levels. These distortion levels
are due to different gate lengths, which affect the
value of g, and the rapidity with which the device
output characteristics shift from triode to pentode
type as Vy,g increases. The three photos on page 105
show the output characteristics of the three devices.
That the values of g, differ is apparent from the
slopes of the characteristics.

The 2N3578 is a very long gate rET, top photo,
and has the lowest value of g,.. The transition
from the triode- to pentode-like characteristic is
also quite rapid. Distortion is high because g, is
low and the g.,-induced distortion only slightly
reduces that induced by g;..

On the other hand, excessive distortion at drain
saturation decreases rapidly as Vg increases be-
cause of the rapid shift from the triode to pentode
character. Where drain supply voltage is limited,
the long gate device is perhaps preferred over other
types because the operating point may be closer to
the knee of the output curves.

The 2N3376 is a short-gate device, middle photo,
with rather high g, and a poorly defined transi-
tion region from triode to pentode character. The
high g, causes a fairly low distortion as long as
‘adequate drain voltage is available. A short-gate
device is probably the best choice where minimum
‘distortion is required and the supply voltage is
not severely limited.

The 2N2608, bottom photo, is a medium gate-
length device. It is a compromise between the low
distortion and low saturation voltage characteris-
tics of the long and short gate devices.

Load resistance

Load resistance also affects distortion level. The
effect is, again, a function of g, Distortion de-
creases with increasing Ry. Distortion is less with
devices having short gates because g. is greater
than it is for rers with much longer gates. The
reason for the improvement with increasing Ry
is that the g,-induced distortion has a greater
opportunity to counteract g, distortion as the load
line becomes more nearly horizontal.

Consider, for example, that g, effects are zero
when R;, = 0 and the load line is vertical. Con-
versely g, effects are near zero when R;, = o and
the load line is horizontal, At some point with high
R, a distortion minimum will occur beyond which
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HARMONIC DISTORTION (%)

36

32

24

20

0.8

VDS=—15 v
Vp=2.3 v
RL=7.5k

f=1khz
2N2608

MEASURE

CALCULATED

€5ig= 60 mv rms

CALCULATED
MEASURED

045

| | 1 1 1 | |

esig=30mv rms

0.8

0.6

0.4

0.2

0.4 0.8 1.2
GATE -TO-SOURCE VOLTAGE-Vgs (volts)

€sig
Vp-Ves

o]
CALCULATED
/% DISTORTION=25

VDS: 15v

R =10k

Ves =0

esig =30 mv rms
f=1khz

o MEASURED

I 1 | | |

0 | 2 3 4 5

PINCH-OFF VOLTAGE Vp (volts)

Distortion increases as the gate-to-source voltage, Vs

g, distortion is greater than gg, distortion.
approaches the pinch-off voltage, Ve.

A particularly effective way of operating with
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high Ry, for low distortion and high gain is shown
in the circuit next page. A second rET is used
here as the load resistor. The load line is one of the
constant Vgg-output curves of Q. superimposed
upon the output characteristics of Q. The load reT
should have Ipgs greater than that of the amplifier

2.4~

R, =10k

20~ eg =900mv rms

HARMONIC DISTORTION (%)
~
I

2N3578 Vp=2.25v ejg=30mv & =500mv

2N2608 Vp=23v e

=25mv e, = 500mv

0.4

2N3376 Vp=28v egjq=4 €=
§ | | ; P sigg Omv olSOOmv |

0 4 8 12 16 20 24 28
DRAIN-TO-SOURCE VOLTAGE -Vpg (volts)

Drain-to-source voltage, Vs, must remain well above
the pinch-off voltage for the FET or the distortion
increases sharply.

1000
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COMMON SOURCE OUTPUT CONDUCTANCE-GOSS (xmhas)
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DRAIN-TO-SOURCE VOLTAGE Vpg(volts)

Output transconductance g... goes up for three types
of FET’s with varying gate lengths as drain-to-source
voltage, Vps, goes down.
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field effect transistor used in the circuit.

Load resistor Ry is adjusted for an operating
point A, at Ve ~ Vin/2. It is important to use
devices with high g,., otherwise Vg will be un-
stable because of device heating and the conse-
quent decrease in Ip. The operating point then
shifts from Vs ~ Von/2. Low Ijgs is also desir-
able to maintain low power dissipation and, hence,
good temperature stability.

Rules for low distortion

To attain the lowest possible distortion with an
reT amplifier close attention must be given to d-c
operating point, bias level, load resistance and, of
course, the FeT characteristics. The rules to follow,
listed in descending order of importance. are:

1. Maintain Vps high enough so that peak out-
put signal swing will not reduce Vi« below two to
four times Vp. Distortion increases sharply for
drain-to-source voltages approaching the pinch-oft
voltage.

2. Maintain Vg at such a point that peak input
signal swing will not forward-hias the FET gate
junction by more than 200 mv.

3. Do not operate near drain-gate breakdown
voltage unless the signal source impedance is low.

4. Maintain a minimum V¢ consistent with other
circuit requirements. More properly, maximize (Vp
— Vgs.) Distortion increases with bias voltage.

5. Minimize input signal level.

6. Use a high value of load impedance. Distor-
tion decreases with R;y.

7. Maintain Vg at the lowest value consistent
with rules 1 and 3.

Note that rules 4 and 6 indicate operation at the
highest practical gain commensurate with power
supply and frequency response limitations.

Distortion redefined

A particularly practical viewpoint is to consider
distortion as a percentage of output voltage rather
than of signal voltage as represented by equation
5. The combined effects of FET parameters V,,
Inss, g and stage gain may then be determined.
It is also reasonable to assume that prime interest
lies in the output distortion level regardless of what
input signal level is required.

Consider the stage gain expressed in equation 3
simplified to

= &= RL (G)

Combine this with equation 5 to obtain distortion
in terms of peak value of rms output voltage.

25 e,

07 Distortion — . 29€
7% Distortion 2 Br (Vo — Vau)

(7)
If Ry, is related to supply voltage and ¥ET charac-
teristics as follows:

Vop = 2Ve

Ry = 21, )
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Different gate lengths of the FET's affect the distortion
levels because they also affect the value of common-
source output conductance, g..s, or the slope of the
curves. Very long gate 2N3578 has lowest slope and
lowest g.ss (top). Short gate 2N3376 has rather high
J.s« (middle). Median gate 2N2608 is compromise
between the other two FET's (bottom).

for maximum output signal swing, then the FET
characteristic equations

I S8 -
Ip = -‘rv);).:, (Vp — Vgs)? )
g = 225 (V; — Vo) (10)
P

may be used with equations 7 and 8 to find output
distortion (again, at peak out voltage).

25 e
- 0 — 11
\TI)D . 2\/P ( )
From equation 11, it is apparent that FET ampli-

9 Distortion =
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FET used as load resistor is effective way of operating
for low distortion and high gain. Load line is a

constant Ves characteristic curve for Q, superimposed on
the ouput characteristics of Q..

fier distortion for a given output voltage is inde-
pendent of Ipgs and gr. Rules 4 and 5 become of
little importance for the case where e, is small
and R; may be increased without regard to band-
width or other design considerations.” High Vyp
and low Vp allow high Ry, high gain, and thus
low e, to produce a given e,. Distortion is minim-
ized not only because of the low signal required,
but also because of the advantages of high Ry
already discussed (but not expressed in equation

11).
Transistor selection

The fFET to be selected for lowest distortion will
depend upon the available input signal, supply volt-
age, and required bandwidth. For large input sig-
nal and large bandwidth, a high V; is desired
unless source degeneration is applied. For small
input signal or low Vyp, a low Vp unit is desired.
The choice will depend upon the specific conditions
of application. In any case, an rET exhibiting high
Zoss is desired. This characteristic may be evaluated
by referring to the output characteristic curves for
any particular FET. Output characteristic curves
with large slope mean high g,...

No attempt has been made to play off one char-
acteristic against another. For example, a low Vp
unit from any one given geometry will exhibit a
slightly higher g¢ at a given drain current than
will the high Vp unit of the same family. This
means that the device may be operated at low Ty,
for higher gain (gqR;) than is attainable with high
Vp units.

The author believes that few, if any, of these
trade offs can significantly improve the distortion
level.
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Circuit design

Designer’s casebook

Warning lights monitor
d-c supply voltage

by Robert L. Nuckolls Il

Electronic Designs Development,
Wichita, Kan.

Overvoltages in an aircraft’s d-c supply can ruin
expensive radio equipment. A pilot confronted by
a myriad of dials may not notice supply voltage
changes on a voltmeter dial in time to take cor-
rective action. The circuit at the right, replaces
the voltmeter with warning lights that display over-
voltage or undervoltage conditions. Installed in an
automobile, the circuit warns of voltage regulator
malfunctions so that repairs can be made before
the battery is destroyved.

When the 28-volt supply voltage rises to 32 volts,
it back biases zener diode D, into conduction;
current flows through R; and D, triggering scr,
and turning on the red overvoltage warning lamp.
Although the cathode of scr, is clamped at 0.6
volt by diode Dy, the voltage at the anode of zener
D, is 1.1 volts; the 0.5-volt difference is enough
to turn on the scr which requires only 0.2 volt for
triggering. Once turned on, the scr continues to
conduct and the lamp remains lit. It can be extin-
guished by pressing the lamp’s press-to-test mount-
ing fixture. This opens the circuit.

To control the yellow undervoltage warning lamp,
zener diode D. is chosen so that it is back biased
into conduction as long as the supply voltage stays
above 24 volts. The current through D. holds
transistor Q; in saturation by making the base of
Q; positive with respect to its grounded emitter.
With Q, in saturation, the gate of scr. is held 0.2
volt above ground by the voltage drop across Q;.
Since the cathode of scr. is fixed at 0.6 volts by
diode Dy, the reverse bias from gate to cathode on
scr. is 0.4 volt, maintaining scr. and the lamp in
a normally off condition.

When the supply voltage drops below 24 volts,
zener diode D. cuts off; this drops the base voltage
on transistor Q; to ground and shuts it off. With
Q; an open circuit, the gate of scr. is switched to
the supply voltage and scr. conducts, turning on
the yellow lamp.

Designer’'s casebook is a regular

feature in Electronics. Readers are invited

to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

Potentiometers R. and Ry provide some adjust-
ment of the critical supply voltage levels which
trigger the warning lamps. The voltages handled
by the circuit are typical for a 28-volt battery/alter-
nator d-c supply in an aircraft; however, the circuit
can monitor voltages as large as 600 volts with
appropriate lamps and semiconductor devices. This
circuit was designed for cockpit installation and
is not temperature compensated, but it will operate
satisfactorily over a range of 50° to 90°F.
+28v |

22k 4

J SCR2
SCRy :»18k C{O6F
L

C106F
2N1304

D3 >
msesT {u

_T_ BOTH LAMPS NO. 327 IN AIRCRAFT TYPE
b PRESS-TO-TEST LAMP FIXTURES

An increase in supply voltage to 32 volts
brings zener dicde D, into conduction firing
SCR; and turning on the red overvoltage warning lamp.

Tunnel diodes lock
output of servocircuit

By John C. McKechnie
Martin Co., Orlando, Fla

An often-ignored property of tunnel diodes, the
reverse current-voltage curve, can be the basis for
a family of circuits that delivers a nearly constant
output when the input voltage is between two
specified levels. This form of response, provided
by an offset hysteresis transfer function, is par-
ticularly useful in servosystems.

Features of the offset hysteresis transfer function
[the top curve in the diagram at the right] are:
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= Qutput is delayed until the input signal, ey,
reaches a minimum level, e,,.

= There are only two response states, full on
(plus or minus) and off.

= Once the function is on, an overshoot voltage
in the opposite direction—to e,—is necessary to
turn it off.

= An increase in the input signal will not change
the output when the function is on.

Among the circuit types that can exploit these
actions are analog computing eclements, absolute
value threshold detectors, bang-bang clements of
nonlincar scrvosystems  and  servofeedback  loop
elements, A circuit built with radiation-hard tunnel
diodes has been developed at the Martin Co. to
produce a dead band and gated response in the
feedback of a missile servosystem.

The basic form of the circuit is shown and the
reverse current-voltage characteristic of the tunnel
diodes is displayed in the lower section of the dia-
gram. The forward current-voltage characteristic is
similar to that of a conventional diode; that is, it
presents essentially zero impedance.

The circuit consists of two loops, each containing
a tunnel diode, a current-limiting resistor, an output
resistor and a ground reference. The upper loop
(e, R1,Ry,e,) provides the hysteresis characteristic
when the input voltage, ¢;, is positive. When the
input is negative, the loops work in reverse.

As ¢, rises until it equals e, the reverse current
in the upper loop through D, increases to a value
i,, at point A on the characteristic curve, At this
point, D, switches to its higher voltage state, e.,
as determined by the intersection of the curve and
the load line of the current-limiting resistor, Ry, at
point B. Since the curve’s slope is quite steep at

T ——AMW———MA——
Ry R3
e
(] ( +D
1
$ 4
t e; e
€off €on . 9
ei—» C e
= D2
= ey
R2 * Ry

Offset hysteresis transfer function, shown at top, is
achieved in the circuit by exploiting the reverse
current-voltage characteristic of tunnel diode, seen
in bottom curve.

point B, any further increase in ¢; is mostly ab-
sorbed across R; and the output voltage, e,, remains
nearly constant.

Then, as e; decreases to a value that equals ¢,
the reverse current through D, also decreases.
When the current falls to i., at point C of the curve,
D, switches to its lower voltage state. This state,
ey, is determined by the intersection at point D of
D,’s characteristic curve and the load line of Ri.
It is apparent from the curve that e, is less than
Con, accomplishing the desired hysteresis char-
acteristic.

Meanwhile, D. in the lower loop is virtually a
short circuit. As the positive ¢; gradually increases
from zero, a forward current flows through D. and
R.. As long as e¢; is positive, forward conduction is
maintained and essentially all of E; in the lower
loop is dropped across R..

The switching point of the output with respect
to the input voltage level depends upon the values
selected for R; and R.. The output voltage in the
on state is varied with output resistors R; and Ry,
which combine with the output load resistance to
make a voltage divider.

Agc circuit possesses
60-decibel gain

By William H. Ellis Jr.

Page Communications Engineers, Inc., Washington, D.C.

Integrated circuits, diodes and a single transistor
form an automatic gain control circuit that provides
an output change of less than 6 decibels for an
input change of greater than 60 db. Frequencies
‘an range from 20 hertz to over 10 khz [See Elec-
tronics, p. 81, Nov. 28, 1966 for an alternate circuit.]

Resistor Ry and diodes D,, D., D; and D, form
a voltage divider in the circuit [at top p. 108]. Cur-
rent through the diodes establishes the voltage
division ratio because it changes the effective re-
sistance of the diodes. The signal at the voltage
divider is amplified by the integrated circuit at the
left of the diagram on the next page, an operational
amplifier with a gain of 100. The output of this
amplifier is rectified by D; and Ds.

Effective full-wave rectification—which improves
the low frequency performance of the circuit—is
achieved without a transformer by the second
operational amplifier. The control signal at the out-
put of the second amplifier is buffered by the
emitter follower, Q,, that drives the input diodes.

For manual control the feedback loop is broken
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Full-wave rectification by the operational amplifier at the P I b
left before feedback to the amplifier at the right, g @ Ry .
improves low-frequency performance. = 10k

and a potentiometer inserted to control current flow
through the diode voltage divider. Adjusting R.
varies agc delay. Capacitor C; controls agc delay.

The circuit exhibits good d-c stability at a
temperature of 70°C.

Variable voltage division requires several volts of
input signal for maximum agc range under maxi-
mum signal conditions. Consequently, one or more
stages of linear amplification may be required ahead
of the age circuit.

Adding transistors makes
voltage shifter adjustable

By James E. Walters

Light Military Electronics Division,
General Electric Co., Utica, N.Y.

Single-transistor circuits for shifting voltage levels
have been the rule in digital systems that require
two or more driving voltages. In contrast, the cir-
cuit at the right is more complex but offers sev-
eral advantages over the usual logic-level shifter: it
has high input impedance, has good thermal sta-
bility and provides accurate control and adjustment
of the output level.

These advantages are frequently desirable in
interfacing, where the amount of shift must be
adjustable, or the amount of shift must be more
precise than that of the zener shifter. The circuit,
as shown, is capable of shifting signals over approx-
imately an 18-volt range.

As the input voltage V; goes from Q, through Q;
its level is shifted downward by the voltage drop
across potentiometer R;. Transistor Q. is a constant-

current source that preserves the preset voltage
drop across R;, regardless of input. If the shift de-
sired is a fixed one, the potentiometer can be re-
placed by a fixed resistor.

Output transistor, Qy is an emitter follower, which
buffers the effect of the load on the amount of shift.
Resistor R, clamps the base of Q;, a fixed voltage
drop below V;. The level shift is due only to
changes made to variable resistor, R,.

J+12v

v
1
+6v INPUT
Ov J-L

Q4 <
2N2222 5.0k

V2
oUTPUT -4y
i [ -1

3
2N2907

Qp
2N2222

) I—iZV

Potentiometer R, combines with constant current
generator Q. to form an adjustable zener diode.
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Because Q; and Q; are complementary npn and pnp
transistors, the voltage drop across their base-
emitter junctions cancel out and these thermal drifts
nullify each other. Diode D; compensates for the
—1.8 millivolt per °C drift of Q. base to emitter drop.

Selection of component values for different

amounts of voltage drop can be made from the fol-
lowing current-voltage relationships:

(\/ch e 06)_.3 &
(Rs+ Rs) R

Vc = V1 = II R‘I fOI‘ Il B> 2 ibg and Vbel = Vbe2

Il=

Bipolar pulse generator
tests fast flip-flops

By Otakar A. Horna

Research Institute for Mathematical Machines,
Prague, Czechoslovakia

Fast flip-flop circuits are easily tested with a bipolar
pulse generator whose pulse repetition frequency
goes up to 50 megahertz. The high prf is achieved
with a gallium-arsenide tunnel diode that functions
as a relaxation oscillator.

The pulse driver shown below is formed by the
tunnel diode, Dy, a developmental type, with a peak
current of 10 milliamperes, that is similar to the
RCA 40062. The frequency of oscillation is changed
by varying inductance L;. When L, is 0.5 micro-
henry, the prf is 25 Mhz. When L, is increased,
the frequency goes up.

The ratio of the pulse width to the repetition
period can be adjusted continuously by varying
resistor R;. This essentially shifts the operating

point of the tunnel diode from point A on the Iy
versus Vq curve where the ratio is 1 to 7, to point
B, where the ratio is 1 to 1. In addition, this ad-
justment changes the prf slightly.

The bases of transistor Q; and Q. act as a cur-
rent switch. The bases are connected between the
tunnel diode, Dy, and the d-c level shifting network
R3R4Cs. Thus, Q; and Q. are driven from a source
with a very low internal resistance and do not
saturate. Hence, the rise and fall times are less
than 5 nanoseconds, and the delay between both
pulses is less than 0.5 nsec.

Isolating network, R.Cs, receives the 1-volt pulse
signal from D; and applies it directly to output
terminal 1 where a signal for time-base synchroniza-
tion can be taken for an oscilloscope. A positive
pulse can be taken for terminal 2 and a negative
pulse for terminal 3.

With the given values of resistors R; and Rg
and a supply voltage of 2 volts the amplitude of
the output pulse is 1.8 volts and the output im-
pedance is 100 ohms. This impedance terminates
a 100-ohm coaxial cable. The terminals are minia-
ture coaxial connectors. Terminals 2 and 3 are
short-circuit proof.

Rq
a7k :

I4
Rs
270

0.01

10 :
2N501A

1 2
JL

OUTPUT |OUTPUT

'”1

+6v INPUT

+2v INPUT

Positive and negative
- pulses are obtained in
sequence at terminal 1.
Positive or negative
100 pulses, with a magnitude
3 of 1.8 volts, appear at

terminals 2 and 3. The
OUTPUT

ratio of the pulse width

to the repetition period is
adjusted by varying R..
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‘ -
New MON hybrid
- - @

microcircuifs

An industry first. General Instrument,
the leading producer of both hybrid and
MOS ICs, has combined both technolo-
gles to create the most advanced line of
hybrid ICs yet produced. The PC-250
1s the result of this marriage of high
performance MOS transistors and hlgh
performance bi-polar transistors used in

conjunction with GI’s proven hybrid
assembly techniques.

The PC-250 is an ultra-high input impedance amplifier which can be used not only as a general purpose amplifier, but is
designed for use wherever electrometer type high input impedance circuits are required—as in infrared detectors, high impe-
dance transducers and crystal cartridges—thereby eliminating the need for the much larger, more complex, less reliable elec-
trometer tube. The PC-250 and the PC-251 (the short-circuit- proof version of the PC-250) are immediately available in her-
metically sealed ceramic-metal flatpacks from your authorized General Instrument Distributor. Write for full information.

CIRCUIT DIAGRAM:

e The high impedance MOSFETS matched in a differ-
8+ ential pair form the front end of the amplifier—result-
ing in an electrometer type performance input circuit. GENERAL
* No external frequency stabilization is required in
most normal closed loop amplifier configurations.

o7 * This circuit is indicative of the many types possible
with this new combined technology.

FEATURES: INSTRUMENT
Input resistance .... 1014 typical
3 O 55 1S SR = Voltage Gain. .. 50dB, 44dB min.
CIRCUIT PROTECTION Input Leakage Current .. .3 pA

GENERAL INSTRUMENT CORPORATION ® 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK

110 Circle 110 on reader service card Electronics | December 12, 1966



Space electronics

Apollo: the goal is in sight

The lunar landing mission will provide the stiffest challenge
to date for electronics equipment. Ultrareliability is the aim of
the engineers and test performances thus far have been outstanding

By John Rhea

Electronics Washington Bureau

Now that the Gemini project has been completed,
the engineers working on space technology have
turned their attention to the next step in space ex-
ploration: Apollo, landing men on the moon. The
exacting requirements of this mission will pose the
toughest test yet for electronics equipment. In pre-
flight tests so far the electronic gear has performed
spectacularly. A sliding of the launch date of the
first vehicle, from December 1966 to March 1967
and then April 1967, is due to mechanical difficulties
not electronic.

Apollo electronics hardware is the best yet, says
George Mueller, the former professor, Bell Tele-
phone Laboratories scientist and Tew, Inc. execu-
tive who runs the entire manned space program.
There are exceptions, he adds, but “we can solve
a finite number of problems.”

Maj. Gen. Samuel Phillips, Mueller’s top aide,
agrees that Apollo is over the hump on technical
problems. “We are almost complacent about the
lunar landing,” says Phillips, who was loaned to
the space agency after ramrodding the Air Force’s
Minuteman missile program to success ahead of
schedule.

In 1961, when President John F. Kennedy an-
nounced the national goal of sending men to the
moon during this decade, the challenge was not to
invent radical new electronics equipment as much
as using existing technology to develop an ultra-
reliable system that would ensure the safety of the
astronauts.

The National Aeronautics and Space Administra-
tion has used this philosophy in its own planning
and has applied it to industry, insisting that elec-
tronic devices be limited to the 1962-63 technology.
As a result, for example, integrated circuits were
limited to only a few applications where it was
essential to save weight without sacrificing relia-
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bility, most notably in the spacecraft’s guidance
computer.

Reliability was achieved through a combination
of redundancy in circuits and systems, careful
screening of all parts and torturous qualifications
testing. Apollo is unlike previous space efforts in
that the bulk of the testing is being done before
anything flies. Although an astronaut has yet to
make an Apollo flight, more than half of the $22.7
billion to be invested in the manned flight program
has already been spent. “The cardinal rule is that
we do everything that can be done to develop reli-
able systems through ground testing,” says Phillips,
comparing Apollo to early missile programs in
which the bugs were ironed out in test flights—
many of them spectacularly unsuccessful.

In the mission, an Apollo capsule containing
three men will be launched from Cape Kennedy
into an orbit around the moon. While the Apollo
vehicle circles, two explorers will climb into the
lunar module for the trip from capsule to moon.
After exploring the surface, they’ll fly the module
to the Apollo vehicle for the return trip to earth.
The trickiest part is the rendezvous between the
capsule and the lunar module for the return.

The three basic elements in the Apollo system
are the spacecraft (the Apollo capsule and the
lunar module), launch vehicle and ground support
equipment. All depend heavily upon electronics
technology. Electronic systems will guide the space-
craft throughout its journey, maintain communica-
tions and record volumes of data. The Instrument
Unit serves as the “brains” of the Saturn launch
vehicle while it is being boosted out of the earth’s
atmosphere, On the ground, simulators are pre-
paring the astronauts for their complex tasks.
Checkout equipment at spacecraft manufacturers’
plants and ~Nasa centers verify that all hardware is
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ready for the mission. Finally, a global tracking net-
work and control center will monitor every aspect of
the flight.

Two to make ready

There are really two sets of launch vehicles and
spacecraft, and consequently, two categories of
electronic equipment. The early flight tests, such
as the upcoming manned flight, use the so-called
Block 1 Apollo spacecraft and the uprated Saturn 1
launch vehicle, a two-stage rocket that develops
1.6 million pounds of thrust in its booster stage.

The “lunar capable configuration,” Nasa jargon
for spacecraft-launch vehicle combination able to
take men to the moon and back, will use the three-
stage Saturn 5 launch vehicle, which has a 7.5-
million-pound thrust booster. Instead of one space-
craft, there are two in this configuration: a more
advanced Block 2 Apollo consisting of Command
and Service Modules and a two-man spacecraft
known as the Lunar Module [formerly the Lunar
Excursion Module].

These differences stem from the original plan to
use two Saturn 5’s to assemble a lunar landing
spacecraft in orbit around the earth and fly directly
to the moon and directly back. Then, in early 1962,
Nasa studies showed that it would be safer to fly
from an earth orbit to an orbit around the moon
and send a landing module to the moon. The Apollo,
still orbiting the moon, is to rendezvous with the
returning Lunar Module and come back to earth.
This approach required only one Saturn 5 launch
vehicle, another point in its favor.

While xasa began developing the lunar landing
spacecraft and the more advanced Apollo spacecraft
needed for the new mission, work continued on the
original Apollo for use in earth orbital test flights.
Officials reasoned that if they held up these early
flights while waiting for the Block 2 version they
would lose too much time in an already tight
schedule.

I. Freeze it if you can

The major problems facing Apollo now are more
structural than electronic. Saturn 5’s second stage,
the S-2, has generally been considered the “pacing
item,” or single element that is delaying the pro-
gram, The stage’s propellant tank walls have
cracked at joints in pre-firing tests, thus delaying
flight qualification. Every day lost in test-firing the
stage at NasA’s Mississippi test facility delays the
first Saturn 5 flight by a day. Other delays have
been caused by problems with the spacecraft en-
vironmental control system used to cool equipment
and the rupture of a fuel tank in the Service Module
during a recent test at the North American Avia-
tion, Inc. plant in Downey, Calif.

Weight has been bothersome throughout the pro-
gram, but nasa officials believe they have it under
control. The problem centers in the Lunar Module
since it was the last major element of the Apollo-
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Saturn system to be placed under contract and
hence is going through the early development prob-
lems that have been met and solved in the Com-
mand and Service Modules. The Lunar Module is
a separate spacecraft—the first ever designed to
operate entirely outside the earth’s atmosphere.

This weight problem translates into more strin-
gent design requirements for the electronics in the
module—and an unanticipated entry for integrated
circuits as a means of slimming the module. The
Aerospace Systems division of the Radio Corp. of
America, Grumman Aircraft Engineering Corp’s
electronics subcontractor on the lunar module, has
consequently used integrated circuits in such sub-
systems as the descent engine control assembly
and the rendezvous radar range tracker. This ap-
proach would not have been possible had the design
of the Lunar Module been frozen as early as the
Command and Service Modules,

Late start for IC’s

One problem that was solved conclusively in 1966
was whether the moon’s surface had sufficient bear-
ing strength to support the Landing Module. This
conclusion, based on the successful Surveyor I land-
ing June 2, was particularly important since the
landing structure and radar system had already
been designed on the assumption that the astronauts
could safely guide the lunar module to a suitable
landing site with the aid of landing radar. Many
landing systems had been considered—monopulse
terrain avoidance radar, laser range finders and sys-
tems for tracking a transponder previously placed
on the moon—but a multibeam, doppler radar
altimeter was chosen.

rcA explains that this approach was taken be-
cause it permits day or night landings, does not
depend on prelocated landing aids, allows un-
manned landings and supplies data directly to dis-
plays to permit the crew to land entirely under
manual control. Also, since the radar equipment is
on the lunar module’s descent stage, it can be left
on the moon when the Lunar Module returns to the
Command Module. It’s weight does not penalize the
performance of the ascent stage. rca also is sub-
contractor to Grumman for the rendezvous radar
that will be used to guide the Lunar Module’s linkup
with the Command Module.

The attitude and translation control assembly
(arca) and the descent engine control assembly
(pEca) on the lunar module are also being built by
Rca. The pEca controls engine gimbals to the cor-
rect pitch and roll trim positions in response to trim
error signals from the atca and position commands
from the computer. It also provides throttle control
signals and actuates the start solenoid of the
descent engine, both in response to commands from
the astronaut control panel and from the guidance
system, It performs the logic functions necessary
to determine the proper firing combination of atti-
tude jets and provides modulated trains of pulses
to the 16 jet-solenoid drivers,

Between 25% and 35% of the functions per-
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formed by arca and peca are done by integrated
circuitry, both digital and analog. The digital 1C’s
are principally gates and flip-flops. The analog units
are used principally in operational amplifiers and
preamplifier circuitry. Digital and analog 1C’s are
also used in the rendezvous radar, notably in the
three-tone range tracker which measures the phase
angle between the transmitted tones and those re-
ceived back from the Command Module trans-
ponder.

The project leaders at rca say they used 1C’s
wherever it was possible to replace discrete com-
ponents with qualified, proven 1c’s. In some cases,
1c’s were not available at the required frequencies
and in other instances it would have been necessary
to change the basic design in order to incorporate
integrated circuitry.

Digital 1¢’s presented no particular problem as
far as approval is concerned, but, at the time that
the rca project engineers wanted to use analog inte-
grated circuitry, the analog 1c’s offered by vendors
did not have the required life-time tests behind
them., Grumman insisted that 500 of the nA702’s,
made by the Fairchild Camera & Instrument Corp.,
undergo 2,000-hour tests. This was done at Fair-
child under a special contract.

Lasers squeezed out

Weight and the desire to freeze designs also
decided the 18-month competition between radar
and optics in 1965-66. The Hughes Aircraft Co.
was studying an optical rendezvous system with
the idea of comparing it with radar for operational
capability, simplicity, size, weight and power drain
[Electronics, Jan. 24, 1966 p 123]. ~asa decided
in 1966 to go with the radar technique. Radar en-
thusiasts generally concede that if the competition
were to take place in a few years—when the right
kind of laser will probably be available—coherent
optical techniques could win the battle.

One of the few areas in which ~asa is pushing
the state of the art is the fuel cells used to power the
spacecraft’s electrical and electronic equipment. A
major reason for selecting cells powered by liquid
hydrogen and liquid oxygen was that they could
produce water for the astronauts as a byproduct and
thus reduce the weight of water to be carried on
the spacecraft. However, the fuel cells developed
by the Pratt & Whitney Division of United Aircraft
Corp. fell behind schedule early in the program
and bothered the North American Aviation, Inc, and
NASA project managers to the point where they
seriously considered developing a backup power
system.

One company, Hoffman Electronics Corp., sub-

The Saturn-Apollo assembly and its 39-story
service structure at the Merritt Island
launch facility. This dizzying view was
photographed from the 52-story building
where the Apollo system is assembled.

The slim tower atop the spacecraft is

the launch escape rocket.



mitted an unsolicited proposal to build a backup
system consisting of solar cells mounted on panels
extending from the side of the spacecraft. For
various reasons—including Pratt & Whitney’s
ability to solve some of its critical problems in the
fuel cells and a lack of money to develop a backup
—nasa decided to gamble on the fuel cells. The
wisdom of this decision still has to be proven in the
flight tests.

Il. The seven phases of Apollo

Program chief Mueller divides the Apollo pro-
gram into seven major phases. Only the first has
been completed—three unmanned Saturn 1
launches this year to verify that the spacecraft and
launch vehicle work in space as well as they did in
test facilities on earth. Attention was focused on
such potentially troublesome items as the heat
shield, guidance system and on-board propulsion
systems. Nasa was satisfied that all systems were
safe enough for the astronauts—manrated in space-
talk.

On the next Apollo-Saturn flight, astronauts Virgil
(Gus) Grissom, Edward White 2d, and Roger
Chaffee will usher in the second phase—long,
manned missions. The first manned Apollo flight
may last up to 14 days, or twice the time it will
take to go to the moon and back. The Gemini flights
have made space agency engineers confident that
man and equipment can function that long in space.

The first manned flight is designated 204. A

second two-week mission, flight 205, was canceled
last month in a schedule shuffle. The realignment
was made in an attempt to circumvent the prob-
lems in the Service Module’s fuel tanks and in the
environmental control system.

The third phase begins with flight 206 later next
year, an unmanned test flight of the Lunar Module.
If the results are negative, the flight will be repeated
until the module is manrated. If the module qualifies
in one flight, a dual rendezvous mission will be
performed next fall with flights 205 and 208. A
three-man crew in an Apollo spacecraft would
rendezvous with an unmanned Lunar Module.

The Apollo timetable allows three attempts to
master rendezvous, but there are compelling reasons
why Nasa wants to do it with only one mission: the
Dec. 31, 1969 deadline and the limited number of
launch vehicles available—12 Saturn 1’s and 15
Saturn 5’s. If rendezvous can be mastered in one
mission, four launch vehicles and two Apollo space-
craft would become available for earth orbital scien-
tific experiments of the Apollo Applications Pro-
gram [see “Science on the moon,” p. 122]. This
program is considered the essential bridge between
the moon trip and the more advanced space mis-
sions expected to follow, but ~asa ground rules
forbid them from interfering with the mainline
Apollo program.

The first four phases all use the smaller Saturn 1
vehicle. The first Saturn 5 flight, designated 501, is
planned for early next year. This fifth phase is flight
qualification of Saturn 5 and proof that it is com-
patible with the Block II Apollo spacecraft.

The millions add up to billions

One measure of how deeply electronics is involved
in Apollo is the amount of money the program
has meant to the industry since the lunar landing
goal was established in 1961. The price tag for
putting a man on the moon is estimated at $22.7
billion, including the earlier Mercury and Gemini
programs and the construction of facilities. Using
the standard yardstick that 50 cents out of every
space dollar is spent with the electronics industry,
this represents a market of more than $11 billion
over the scheduled eight-year life of the program.

Although most of this money is channeled through
the airframe companies making the Apollo space-
craft and Saturn launch vehicles, several electronics
firms are major contractors in their own right. Chief
among these is the General Electric Co., which
established a special department at Daytona Beach,
Fla., to perform over-all integration, checkout and
reliability of the entire Saturn-Apollo system. GE
received $411 million for this work through the
end of the last Federal fiscal year, which ended
June 30, and stood fifth among National Aeronau-
tics and Space Administration contractors for that
year.

Ranking behind GE last year was the ac Electron-
ics division of the General Motors Corp. in Mil-
waukee, which is the prime contractor for the
guidance and navigation system to be used in

Apollo. This program has meant $230 million for
the ac division. The Raytheon Co. is building the
guidance computer for the ac division at Lexington,
Mass. A related system, the stabilization and control
equipment, is built by Honeywell, Inc., Minneap-
olis, under a $114 million subcontract to North
American Aviation, Inc., which was given $2.2
billion to build Apollo spacecraft. Subcontractors
received more than $847 million of that money
and most of them are in the electronics industry.

International Business Machines Corp., seventh
largest Nasa contractor in fiscal 1966, has received
$93 million for the instrument units used to control
the Saturn launch vehicles. The firm is assembling
the units at its new plant in Huntsville, Ala. 1BM
also provides a variety of the instrument unit’s
digital computers, data adapters and associated
hardware and has received $37 million for those
jobs.

Other major Apollo electronics contractors in-
clude Radio Corp. of America, partner to the Grum-
man Aircraft Engineering Corp. on Apollo’s Lunar
Module; Bendix Corp., which runs the Manned
Space Flight Network used to track Gemini and
Apollo; and Collins Radio Co., subcontractor to
North American for Apollo communications and data
subsystems. All have received more than $100 mil-
lion in space contracts.
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Aiming for the moon. ..

Pointing symbolically at the moon, a 30-foot antenna
for the unified S-band system is readied by Collins Radio
for a tracking station near Corpus Christi, Texas.

Tracking signals, voice communications and digital data
transmission from ground stations to the Apollo
spacecraft will all be beamed over a single carrier by this
antenna and others like it in the ground tracking network.
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...with complex assemblies...

Scale model of the Lunar Module sits on a mockup

of the moon at Grumman Aircraft Engineering

Corp. The small parabolic antenna above the ladder
is part of the rendezvous radar system that will
guide the Lunar Module to the Command Service Module.

A closeup of the antenna built

by the Radio Corp. of America. The
microwave circuitry is mounted

on the rear of the antenna.
Intermediate frequency signals are
carried to supporting equipment
inside the module by flexible
coaxial cable.
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Apollo spacecraft is prepared for altitude

chamber tests. The cone-shaped section is the
Command Module, in which the astronauts will live and
work during the round trip to the moon. Under it is

the cylindrical Service Module, which will be jettisoned
after it propels the command section home.

I

On a producton line in a special plantin
Huntsville, Ala., IBM turns out the ring-shaped
instrumentation units that control the vehicle
during takeoff.
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Brains of the Saturn launch
vehicle and the under-
pinning of the spacecraft
during takeoff, is this big
Instrument Unit. This
bird’s-eye view of the 22-foot
diameter ring shows the
booster guidance and control
subsystems being installed.
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... and failure-free guidance

The Apollo guidance and navigation
system being ‘“flown’’ by C. Stark
Draper, inertial guidance pioneer

and founder-director of the
Massachusetts Institute of
Technology’s Instrumentation
Laboratory. The system is identical
to an Apollo spacecraft installation
except for its structural support.
Tests are run regularly from the
roof of an MIT laboratory building
by institute engineers and sometimes
by astronauts, using the edge of

the moon as a landmark and
measuring the angle between the
moon and known navigational stars.

An astronaut’s-eye view of the
guidance and navigation system in
the lower bay of the command
module. The left eyepiece is a sextant
and the right one a scanning
telescope. Immediately below are
navigation optics controls, spacecraft
attitude controls and servoassembly.
At the bottom is the guidance and
navigation computer. The focal

point of the entire system is the
computer display at the upper right,
called DSKY, for display and
keyboard.

118

Electronics | December 12, 1966



Mueller’s conservative timetable calls for as many
as five unmanned flights, However, many people in
the space program hope to qualify the Apollo-Saturn
5 combination after two shots. If so, flight 503 will
be manned.

Plans are to man a Saturn 5 flight in 1968, but it
could occur late in 1967. In this, the sixth phase,
the astronauts will run through a dress rehearsal of
every step of the lunar journey except time spent
on the moon. There is a chance, a very slim one, that
they would go take a look at the moon. Finally,
phase seven will be the culmination of nearly a
decade of work: the landing on the moon.

Nine steps to the moon

The lunar mission will consist of nine steps, or
decision points, separated by mission “plateaus.”
At each point the ground controllers and astronauts
will assess the spacecraft’s condition before decid-
ing to go on to the next plateau. If the spacecraft is
not ready they may take an alternate step, such as
returning to earth, or tolerate a short delay until the
spacecraft is ready. This approach is known as
open-ended mission planning.

The first step, prelaunch preparations, is con-
ducted in the sprawling Launch Complex 39 at
Merritt Island just north of Cape Kennedy proper.
The entire system is checked out in the world’s
most voluminous structure, the 52-story vehicle
assembly building. Then, the entire vehicle, or stack
in spacetalk, is rolled to the launch pad along with
its Mobile Service Structure. This 39-story structure
stays with the vehicle until the final countdown for
the moon flight.

Other ground-based electronics equipment checks
out the spacecraft and launch vehicles prior to
flight. High-speed digital computers generate
simulated conditions and measure the response of
the vehicles. The automatic checkout system at the
North American plant, for example, can monitor
more than 25,600 samples per second. Similar equip-
ment is installed at other prime contractor facilities
and at the Nasa centers in Houston, Huntsville and
Cape Kennedy.

Two mission simulators produced by General
Precision’s Link Group and located at Houston and
Cape Kennedy, and five system trainers produced
by North American’s Los Angeles division, famil-
iarize astronauts with operating procedures. The
two Apollo mission simulators are used by the
astronauts to practice their flights and are pro-
gramed with all possible emergencies the crew
might face on the actual mission.

Before the astronauts proceed to the moon on a
real flight, they must again check out all systems at
a way station in space, a parking orbit around the
earth, If all systems are go, the next plateau is
translunar coast. During this step, the astronauts
jettison a launch escape rocket atop the command
module and dock the Command Module nose-to-
nose with the Lunar Module. The Command and
Service Modules are turned around by small reac-
tion-control rockets.
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During the three-day coast to the moon, course
corrections are made two or three times under
control of the guidance system. Proper temperature
is maintained by a technique known as barbecuing,.
The spacecraft slowly rotates like meat on a spit
so that one side does not face the sun too long.

On the moon

Near the moon, one astronaut checks the equip-
ment in the Lunar Module. If everything is in
order, the fourth plateau, lunar orbit, begins. After
three orbits, 80 miles high, two astronauts get into
the Lunar Module, detach it from the Command
Module and coast down to 50,000 feet above the
moon. Ten minutes later, after a manually con-
trolled engine has braked the descent, the module
lands.

The lunar surface stay, the sixth plateau, will last
18 hours and 22 minutes. After about two hours
spent in checking the spacecraft for damage and
preparing it for the return trip, the two men will
put on their space suits and walk down the ladder
to the moon’s surface. They’ll explore the moon for
three hours, collect samples of rocks, photograph
the barren landscape—including live television
beamed back to earth—and set up experimental
equipment that will send data to earth after they
leave [See “Science on the moon,” p. 122]. Then,
after six hours of sleep and a meal in the Lunar
Module, and another three hours of exploration, the
astronauts will check out Lunar Module systems
again and take off.

When the two spacecraft have rendezvoused and
docked, the Lunar Module crew returns to the
mother ship, bringing along their lunar samples.
The Lunar Module is then jettisoned and the Serv-
ice Module’s propulsion engine is ignited to send
the spacecraft home. Shortly before it reaches the
earth’s atmosphere, the Service Module is also
jettisoned and only the Command Module returns
to earth,

Reentry blackout

Earth reentry is regarded as the most critical
phase of the entire trip. When reentry begins
400,000 feet over the western Pacific, the spacecraft
will appear like a glowing fireball in the sky as it
enters the atmosphere at 25,000 mph, faster than
any other spacecraft. At 24,000 feet, parachutes will
begin slowing the spacecraft to 25 feet per second
at splashdown. The astronauts will then be recov-
ered in much the same manner used in the Mercury
and Gemini programs.

An unsolved electronics problem is the commu-
nications blackout period caused when an Apollo
spacecraft returning from the moon penetrates the
earth’s atmosphere at 25,000 mph and heats the
surrounding gases into a plasma that prevents com-
munications for as much as ten minutes. Losing
contact with the tracking network during this crit-
ical phase of the mission is expected to hamper
recovery operations. A possible solution is in sight
with the development of techniques to inject water
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All the controls in the spacecraft are displayed in this 360-degree view of the Command Module’s interior.

into the plasma and thus cool it sufficiently to per-
mit limited communications. Questions still to be
answered are whether the technique can be per-
fected in time for the moon mission and whether
total spacecraft weight can be held to a level that
will permit carrying extra water.

Ill. Flight electronics systems

The electronic equipment that controls the Saturn
launch vehicles has its antecedents in early missile
programs, The inertial guidance platform can be
traced from the earlier Pershing, Jupiter and Red-
stone programs. The telemetry system evolved from
a design first used in Redstone.

To meet manned flight needs, Nasa’s Marshall
Space Flight Center designed—and asked Interna-
tional Business Machines Corp. to build—a separate
stage of the Saturn vehicle called the Instrument
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Unit. The unit, shown on page 1186, is nearly 22 feet
in diameter and three feet high. It fits between the
S-4B propulsive stage and the spacecraft. Besides
carrying the launch vehicle electronics, this unit
structurally supports the nearly 50 tons of space-
craft above it. The system performed successfully
in 10 unmanned flights of a smaller version of the
Saturn 1.

The Instrument Unit goes into operation about
five seconds before liftoff, when the inertial gui-
dance platform and the general-purpose launch
vehicle digital computer are released from ground
control. The guidance platform, previously aligned
to the desired launch angle, measures the vehicle’s
acceleration and attitude as the vehicle ascends,
The digital computer integrates these measurements
with the time since launch to determine vehicle
position relative to starting point and destination.
It then computes attitude correction signals.

At first the vehicle is buffeted by the thick atmo-
sphere and the guidance system’s principal job is
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to keep the vehicle’s nose up. After the booster
stage has done its job and is jettisoned, the gui-
dance system tries to find the best path to achieve
the mission.

During the boost phase, guidance is accomplished
by a series of repetitive computations known as
iterative, or closed-loop, guidance. About once every
two seconds the guidance computer determines
vehicle position and vehicle conditions required at
the end of power flight such as velocity and attitude.
Based on the most recent solution to the guidance
problem, the digital computer generates attitude
correction signals 25 times a second.

These signals, rate gyro outputs and control
accelerometer outputs go to the analog flight-control
computer, which issues control commands. These
commands swivel the rocket engines to keep the
vehicle pointed in the right direction.

To ensure reliability, all critical circuits of the
digital computer and data adapter that links the
analog and digital equipment are triplicated. The
outputs of the three identical circuits are compared,
or voted upon. The majority rules so that a random
failure is ignored. Also, the computer memory is
duplexed so that if an error is generated in one part
of the memory, the output is obtained from the
other memory. Correct information is then read
back into both memories to correct the error.

Spacecraft guidance

The spacecraft guidance evolved from work done
by the Massachusetts Institute of Technology for
the Navy’s Polaris submarine program. This system
combines what man can do best, pattern recognition
in sighting stars and landmarks, with what ma-
chines can do best, tedious and repetitive computa-
tion and high-speed switching. It has three sub-
systems: inertial guidance, optical equipment and
digital computer.

Heart of the inertial system is the Inertial Meas-
urement Unit (1mu), a spherical structure that estab-
lishes a stable onboard frame of reference for meas-
uring spacecraft acceleration. The nu consists of
three gyroscopes and three accelerometers mounted
on a stabilized structure that, in turn, is suspended
inside three concentric spherical gimbals connected
to each other by drive motors and angle resolvers.
Gyro signals drive gimbal motors to hold the inner
member in a fixed spatial orientation despite space-
craft movements., The gyro design is the »ur 25
mic (for 2.5-inch-diameter inertial reference inte-
grating gyroscope) and the accelerometer is the M1t
16 prrea (for 1.6-inch-diameter pulsed integrating
pendulous accelerometer). Inertial unit data flows
to the guidance computer, which generates steering
signals for the small thrustors mounted around the
craft. Position information is also transmitted di-
rectly to the computer from ground-based tracking
stations. The ground commands were originally
planned as a backup to the spacecraft systems, but
were applied as the primary mode of guidance be-
cause of the greater accuracies possible with the
ground equipment.
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Apollo earth orbital experiments

In-flight exerciser. (M) A bungee cord is held
between the feet and stretched to measure an
astronaut’s reactions to physical exertion in flight.
(Gemini)

In-flight phonocardiogram. (M) Piezoelectric trans-
ducers are attached to an astronaut’s chest to record
the sound of his heart beats for comparison with
electrocardiogram data. (Gemini)

Bone demineralization. (M) Pre- and post-flight
X-rays are taken of the heel bone to find occurrence
and degree of bone demineralization. (Gemini)

Human otolith function. (M) A 16 mm. sequence
camera is used to determine the degree of counter-
rolling of astronauts’ eyes, or movement in the
opposite direction from that of the spacecraft.

Cardiovascular reflex conditioning. (M) This in-
volves one of the astronaut’s donning a pair of
space leotards that apply a small pressure to the
lower part of his body. The purpose is to prevent
blood pooling at the lower extremities.

Cytogentic blood studies. (M) A count of the
astronauts’ red and white blood cells are taken
before and after flight to assess the effects of space
flight.

Synoptic Terrain photography. (S) A 70-mm.
Hasselblad camera is used to photograph features
on earth. (Gemini)

Synoptic weather photography. (S) The same
camera is used for weather observation. (Gemini)

Dim light photography. (S) The camera is used
again with more sensitive film to study dimly lit
phenomena such as zodiacal light and the upper
atmosphere air glow.

Daylight sodium cloud photography. (S) It in-
volves using the Hasselblad camera to photograph
sodium vapor clouds emitted from French sounding
rockets launched from an Algerian launch site. The
photographs are expected to add to the basic in-
formation on upper atmosphere patterns.

In-flight nephelometer. (T) This experiment is
intended to measure the size and number of dust
particles in the spacecraft cabin by shining a beam
of light at a right angle from a photomultiplier.

Experiments designated (M) are medical, (S) are
scientific and (T) technological. (Gemini) indicates
that the experiment was previously conducted in
Gemini flights.

The optical equipment permits the astronauts to
realign the inertial unit orientation as needed by
referring to the stars and to landmarks on the earth
and moon. The two main units are a wide-angle
scanning telescope for landmarks and a 28-power
magnification space sextant to measure angles be-
tween two sighting points such as stars.

Single-circuit computer

The application of integrated circuitry in the
guidance computer, built by the Raytheon Co., has
permitted a reduction in weight along with an in-
crease in memory capacity, It has also brought
problems. In the original Block 1 guidance com-
puter, encapsulated transistors were used in the
processor; in the more advanced Block 2 design for
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the moon flight, these components were replaced
by Texas Instruments Incorporated, and Fairchild
Camera & Instrument Corp. flatpack 1c’s developed
for the Minuteman missile program. This required
a change in internal wiring from the ribbon type
to multilayer boards and gave NasA some anxious
moments.

The Apollo computer relies completely on one
standardized integrated circuit to perform all logic
functions. The only logic element in the computer
—and in the digital portions of the coupling and
display unit (cou)—is a three-input xor gate. The
at design group specified a planar integrated cir-
cuit, sponsored a tightly-supervised competition
among vendors and—more than two years ago—im-
posed rigid quality-control procedures to eliminate
failure modes.

The designers settled on standardized dual-gate
circuits in a single flatpack. Says Eldon Hall, head
of the Apollo computer group: “The standardization
approach to reliability is the conservative approach.
But it is hard to sell to engineers. They prefer exotic
circuits and variety.”

There was an element of hedging in the T
decision, made when 1¢’s were still in their infancy.
“Integrated circuit users were then being led to
believe that reliable circuits would be available in
great diversity, just by using different masks.” says
Albert L. Hopkins Jr., of the a1t computer design
group. “The people here decided on a single type
circuit which they were sure could be delivered by
vendors. It’s a good thing they did. A gated flip-
flop, for example, would have been a good circuit
as far as the logic design is concerned, but we never
would have gotten delivery of high-reliability cir-
cuits in time.”

The high level of confidence in these circuits
played a key role in the it and xasa decisions on
the over-all design of the guidance and navigation
system. Originally, the plan was to use a single
modular computer plus trays of spare modules. Be-
cause of the housekeeping problem this would
impose on the astronauts, and because moisture-
proofing requirements ruled out in-flight mainten-
ance, it was decided instead to install two redundant
computers, thus using up the space and weight
gained in going to an 1c logic element.

Paul Schrock, who is in charge of guidance test-
ing at nasa headquarters, says that the packaging
and connection problems have been overcome and
estimates that the entire Block 2 system can be
flight-qualified by next February.

The Block 1 version, to be used in the first
manned Apollo flight, has been qualified. That
system was rated as accurate to within one mile on
the last unmanned flight on Aug. 25. The space-
craft on that flight missed its landing point by 198
miles. “The miss was caused by a very mundane
thing,” says Owen E. Maynard, chief of mission op-
erations at the Manned Spacecraft Center. The
aerodynamic characteristics, based on wind tunnel
tests were not known precisely. “We went through
our data after the flight and there is no uncertainty
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Science on the moon

On the Apollo lunar landing mission, the two astro-
nauts to walk on the surface will scoop up some 50
pounds of samples, package them in a vacuum con-
tainer and return them to earth. These samples will
include two 1-foot-long core samples taken by driv-
ing small tubes into soft spots on the lunar surface.

The main experiment is known as the Alsep (for
Apollo lunar surface experiment package) and will
be carried on each of the three flights currently
planned to land on the moon’s surface. Alsep is
being developed by Bendix Corp.’s Systems divi-
sion, Ann Arbor, Mich., and consists of a 170-pound
package of seven experiments, geological sampling
equipment and power and data transmission sub-
systems.

The experiments are a seismometer to measure
lunar tremors; a magnetometer to search for mag-
netic fields. a plasma spectrometer to measure the
solar wind; a suprathermal ion detector/cold
cathode gauge experiment to measure the moon’s
ionosphere, if any; a heat flow experiment consist-
ing of a probe that extends two feet into the lunar
surface; a charged-particle lunar environment ex-
periment and a small device to fire projectiles on
the surface so that astronauts can record seismic
shock tremors. The Alsep is left on the moon after
the astronauts leave and uses a nuclear power
source to transmit data directly to earth for another
six months to a year. Bendix has a $20.9 million
contract to produce four Alseps.

Apollo applications program

More advanced studies are being planned for the
Apollo Applications Program (aap) that the space
agency hopes will be the successor to the manned
lunar landing. The National Aeronautics and Space
Administration has $41 million in available funds
during the current fiscal year to study various sci-

about this anymore,” Maynard reports. Had up-
dated data been fed into the computer by the track-
ing station in Australia as planned or had a man
been aboard, Nasa officials believe that the landing
would have been right on target.

Basic word length for both computers in all par-
allel operations is 15 bits with an added bit for
parity check and with subroutines for double pre-
cision operations. Memory cycle is 11.7 micro-
seconds and single addition time is 23.4 micro-
seconds. Core ropes are used for fixed memory and
the erasable memory consists of ferrite core planes.
The erasable memory in the Block 2 configuration
is of 2,048 words, twice as large as Block 1. The
Block 2 unit also has a 36,864-word fixed memory
capacity, 50% more than Block 1. The Block 2
computer at 65 pounds is also 15 pounds lighter
than the Block 1 machines.

Navigation changes

The arrangement of the guidance and navigation
subsystem in the over-all control system also differs
from Block 1 and Block 2. In the earlier version,
the guidance and navigation system is connected
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entific missions, but as yet has not approved any
flight hardware. If next year’s total nasa budget
can be kept at this year’s $5 billion level despite the
pressures of Vietnam, there should be several hun-
dred million dollars available for aap experiments.

Initial Aap missions could actually fly before the
manned lunar landing. However, this is based on
the preparatory steps being accomplished in fewer
flights than planned.

The two leading candidates for AaP missions are
probably the Apollo Telescope Mount (aT™m) and
the S-4B workshop, both in the study phase at
Nasa’s Marshall Space Flight Center, Huntsville,
Ala. AT™M is a telescope similar to those used on the
unmanned Orbiting Astronomical Observatories and
would be carried into orbit on an unmanned Lunar
Module. The astronauts would come up later in
the Apollo spacecraft to set up the experiment,
make studies of the sun from space and return with
the film. The telescope might even continue to op-
erate unmanned until astronauts in another space-
craft can come up later and retrieve the film.

Workshop in space

The S-4B workshop idea involves using the third
stage of the Saturn 5 launch vehicle for experiments
once it has completed its primary job: putting the
Apollo spacecraft into orbit. The McDonnell Corp.,
St. Louis, recently won a $9 million contract to
produce an airlock necessary for the astronauts to
enter the empty rocket stage. Once the stage was
pressurized and furnished with oxygen, food and
water, the astronauts could take off their space-
suits and conduct biological and other experiments
requiring zero gravity.

A variety of other experiments have been pro-
posed for Apollo applications, including attaching
a cable between the S-4B and the Apollo spacecraft

and rotating the two to produce artificial gravity;
orbiting a big piece of reflecting material that could
be inflated in space to create a 2,000-foot-diameter
mirror that would reflect sunlight and illuminate
areas at night—such as Vietnam battle areas; erect-
ing large antennas for radio astronomy; and carry-
ing high resolution cameras operating in spectra
ranging from infrared to ultraviolet to measure
natural resources on earth.

Lunar exploration

Extended lunar exploration may also be part of
AAp. This program was once considered the likely
successor to the Apollo moon landing, but has
received a much lower priority during the last two
years. The Boeing Co. and Bendix have NasA con-
tracts to study lunar jeeps capable of making short
trips across the moon’s surface. Other studies have
looked into the possibility of establishing a semi-
permanent scientific base on the moon similar to
those in Antarctica.

Probably the two most important questions to be
answered by the Apollo and aar experiments are
whether man can function normally for long periods
in space and whether he can conduct investigations
sufficiently better than automated equipment to
justify the extra expense of sending him along on
scientific missions.

Results of the Mercury and Gemini programs
have shown that man can survive two weeks in
space and that a properly trained astronaut can
respond to unexpected situations as no space
robot could do. But until much more is known
about man’s capabilities in space, top Government
officials inside and out of ~Nasa are reluctant
to commit themselves to the next giant step in
space: the major goal of sending a manned expedi-
tion to Mars.

in series with the stabilization and control system,
which is linked directly with the spacecraft’s two
rocket systems: the small group of attitude control
rockets around the spacecraft, known as the cor-
rection control system, and the main propulsion
unit in the service module, known as the service
propulsion system. In this configuration the guid-
ance and navigation system cannot act as a backup
to the stabilization control system.

In the Block 2 configuration, the guidance, navi-
gation and control system and the stabilization
control system are connected in parallel and each
has direct links to the two rocket systems. Either
control system can work alone if the other fails,

The Lunar Module also uses the Block 2 system,
but with a few differences. An abort guidance sys-
tem is added in case the astronauts have to scramble
back to the Apollo orbiting the moon before they
land. This system is connected to the stabilization
control system and is made by TRw Systems under
subcontract to Grumman. TRw also makes the com-
puter designed specifically for this system and uses
a strapped down inertial platform provided by
United Aircraft Corp.
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Another difference in the Lunar Module guidance
system is that Grumman furnishes its own sta-
bilization system using electronic components from
rca and a rate gyro package from General Preci-
sion’s Kearfott division. The stabilization control
system in the Apollo spacecraft is built for North
American by Honeywell, Inc.

Astronauts communicate with the computer in
a coded numerical language via a 12-digit character
display and a 16-button keyboard designated psky,
which stands for display and keyboard. There have
been problems in the psky resulting from the use
of mechanical relays, according to Schrock, but
these units are considered adequate for the current
missions. Development is under way at Raytheon
on solid state relays, which will replace the me-
chanical units later in the program.

Two other subunits complete the guidance and
navigation system. They are the power servoassem-
bly and the coupling and display unit. (cou). The
servo accepts power from the spacecraft main
power supply, converts it into the required currents
and frequencies for different parts of the guidance
system and also serves as an amplifier for servo-
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mechanism signals. The coupling and display unit
is the interface between the inertial unit and optical
measuring systems and the computer. The Block 1
electro-mechanical coupling unit will be replaced
by an all-electronic unit in Block 2.

Abort guidance system

If the primary guidance system is not functioning
properly, the abort guidance system (acs) goes into
action. The Acs is a strapped-down system, a type
that does not require the sensors and drive for the
platform of a fully stabilized inertial navigation
system. To account for the differences between a
stabilized platform and the strapped-down instru-
mentation requires a complex computer program.
So, TrRw Systems developed a large-scale, high-speed
all-ic computer.

“If we had to use commercially available com-
puters for the job—and there are some that could
do the job—we would have had to add another
spaceship just to carry the computer,” reports Na-
thaniel Trembath, acs program manager at TRw.

As in Block 1, TRw avoided pressing the state-of-
the-art in the Block 2 design. As an example, most
analog circuits are discrete instead of linear 1c. TRW
tried to use vendor standard designs that had been
upgraded for Apollo—but was rarely able to use
anvthing directly off the shelf.

Some failures occurred in Block 1 because of hu-
midity corrosion. The designers decided to repack-
age as a solution. In the process, they changed a
basic philosophy regarding syvstem protection. In
Block 1, the concept was to provide a capability for
repairs in flight. This meant sliding tray-type chassis
and plug-in modules. To provide better environment
protection in Block 2, they decided to bolt every-
thing in so it couldn’t be removed. This meant that
redundancy of circuitry had to be provided since
it couldn’t be repaired by replacement. Some re-
design was necessary and some realignment of exist-
ing circuits so that some could take over for others
in case of failure.

Instead of using an egg-crate concept [where all
the component trays are tightly packed against one
another], TRw is using separate bolt-down boxes
with enough clearance to make connections by hand,
while allowing visibility of the work being done.
The new bolt-down boxes themselves are sealed.
In Block 1, the trays weren’t sealed, they depended
upon the sealing of the individual modules for pro-
tection. Now they are multi-sealed; that is, the mod-
ules are still sealed and the box containing the
modules is also sealed. The vendors were given a
choice of a gasket seal or a hermetic seal—most
chose the gasket seal for its obvious repairability.

In the Service Module, they were able to increase
the packaging density somewhat in redesign, but

not enough to compensate to the increased cost in
weight and volume of the added box seal. The net
result is a slight increase in weight and increase in
volume. In the Command Module, the situation is
even more disadvantageous with regard to weight
and volume.

One major and immediate advantage of the
change (in addition to better environment protec-
tion) is the loosening of mechanical tolerances for
the hardware. This doesn’t mean too much in terms
of fabrication costs although it does save some
money), but it means a great deal in terms of sched-
ule which is already in trouble. It avoids the prob-
lems of having to rework already-built modules to
make them mate when they reach the assembly
stage, or of holding up critical construction waiting
for a module to make sure it is going to fit.

IV. Unified S-band communications

The Apollo telecommunications system is a com-
bination of equipment on the ground, in the Apollo
spacecraft and the Lunar Module, Here, too, there
is an evolution from the early Block 1 tracking net-
work that grew out of the Mercury and Gemini pro-
grams to the Block 2 network for the Apollo moon
landing. The most significant modification is the

2 i @ & # 4 ' ™ s
Sections of the Lunar Module are being mated during

checkout procedures underway at the Kennedy Space
Center. The bottom section which will serve as a launch
platform when the moon explorers are ready to head
back to the Apollo mothership, will remain on the moon.

Subsystems are installed in the Command Module and
checked out in this huge cleanroom, at North
American Aviation Inc.’s Space and Information
Systems division in Downey, Calif.
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The Apollo-Saturn Command Module is mated to the
Saturn Lunar Module Adapter in the skyscraper
building constructed at the Kennedy Space Center.
They will fly in the Apollo-Saturn 202 mission

to verify performance of the uprated Saturn engine.

replacement of the vhf, uhf and C-band stations by
what ~asa calls its unified S-band system.

In the unified S-band approach, all voice and
data are modulated onto the same r-f carrier used
for tracking. This equipment, operating in the 2,100-
2,300 megahertz band, is produced by Motorola,
Inc. The unified S-band approach is based on the
coherent doppler and pseudo-random range system
developed by Jet Propulsion Laboratory for its deep
space unmanned missions. This method was adapted
for manned flight use since it reduces spacecraft
equipment requirements.

Voice and digital data are modulated onto sub-
carriers and then combined with the ranging data
for the uplink, the transmission to the spacecraft.
The composite information phase-modulates the
transmitted carrier frequency. The transmitted and
received carrier frequencies are coherently related
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to allow measurements of the carrier doppler fre-
quency by the ground stations for precise determi-
nation of spacecraft velocity.

In the transponder the subcarriers are extracted
from the radio-frequency carrier and detected to
produce the voice and command information. The
ranging signals, modulated directly onto the car-
rier, are detected by a wideband phase detector
and translated to a video signal. The voice and
telemetry data to be transmitted from the spacecraft
are modulated onto subcarriers, combined with the
video ranging signals and used to modulate the
downlink carrier.

The unified S-band network, which is currently
being phased into operation, consists of 85-foot
antennas at Canberra, Australia, Goldstone, Calif.,
and Madrid, Spain; single and dual 30-foot antennas
at the old Mercury and Gemini stations; three ships
with 30-foot transportable antennas to track the
spacecraft during orbital insertion and injection into
the lunar trajectory; and two ships in the reentry
area with 12-foot antennas.

Nasa has completed qualification testing of all the
Block 1 communications equipment, according to
James Allman, who is in charge of communications
and instrumentation equipment testing at Nasa
headquarters, and is currently trying to verify that
spacecraft and ground equipment will be com-
patible in the Block 2 configuration. He hopes to
complete these tests this vear so that everything will
be ready for the first Block 2 mission involving the
dual launch and rendezvous between Apollo and
Lunar Module in mission 205/208. These compat-
ibility tests are being made at Houston using space-
craft equipment and a simulated ground station.

One picce of equipment currently under test is
the lunar television camera built by Westinghouse
Electric Corp. The preproduction model of this
camera, which will be carried by astronauts to the
moon’s surface for live tv, was delivered last sum-
mer for integration tests at Nasa’s Marshall Center
and North American’s Apollo plant at Downey.
Calif. Eighty percent of the camera’s components
are 1C’s, thus making it one of the few examples of
state-of-the-art hardware in Apollo. A similar cam-
era, built by rca for the Block 1 flights, will provide
the first live tv from a U.S. spacecraft on the initial
manned Apollo flight.

As the time for the first manned Apollo flight
draws near, a portion of the scientific community
still doubts the merits of a trip to the moon at the
price it is costing. In rebuttal, defenders of the
project are pointing to some accomplishments in
electronics that help justify the costs: like the per-
fection of ultrareliable components and circuits,
and accelerated development of S-band communica-
tions. In addition, work on Apollo has clearly cat-
apulted U.S. advanced technology far ahead of that
in European countries.

Reprints of this report are available. Use the
reader service card at the back of this issue.

© copyright 1966, Electronics ® a McGraw-Hill Publication
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ANALOG MONOLOGUE

On Means for Modelling, Measuring, Manipulating, & Much Else

BUILDING BETTER BREADBOARDS

Since the days of crystal sets, the term “breadboards” has
been used for the structures on which temporary or experi-
mental electronic circuits were assembled . . . probably be-
cause the earliest experimenters, working in attics, cellars,
or garages, did in fact raid the kitchen, for oatmeal boxes,
glass jars, and — to serve as a convenient wooden “‘chassis’
— even the household breadboard.

Although the wooden plank has long since been replaced by
various mechanical schemes — some of them impressively
elaborate and complex — the homely name has survived . . .
along with the need to plan a layout, assemble the hardware,
cut and solder wires, and (again a classic phrase) the need to
“debug” the resultant lashup.

During the past twenty years, breadboards — wooden,
metallic, or plastic — have cost us and our customers an un-
believable amount of wasted time and effort. Operational
amplifier circuits are, when correctly built, among the most
reliable, stable, and *“‘forgiving”’ devices in all of electronics;
but they are easily encouraged to misbehave by ‘“haywir-
ing,” “‘strays,”” and other parasitic temptations. Now we
have Built a Better Breadboard . . . and we invite you to
beat a path to our door.

Because they do not retain any of the limitations and defects
of older schemes, we feel that this new generation of circuit-
assembly aids deserve a new generic name. We call them,
therefore, not breadboards, but OPERATIONAL MANI-
FOLDS. Two designs are now available, as shown in figures
1 and 2. Both offer the same four features: Speed, Conve-
nience, Flexibility, and Logical Organization. In essence they
consist of compact bench-mounting structures of unique de-
sign — containing a well-regulated dual power supply, four
or five pluggable (and therefore interchangeable) operational
amplifiers, and a completely wired jack-panel. The spatial
organization and marking of the panel greatly simplify rapid
interconnection of the amplifiers, which is accomplished by
means of pluggable components and jumper leads. Provision
is also made for the addition of plug-in networks, such as
linear and nonlinear Philbrick Transconductors. The wire-
routing, shielding, grounding, dynamic-stabilization, and
guarding problems normally associated with low-level, wide-
band, high-gain circuits have been almost entirely eliminated
in these manifolds, almost as effectively as in our single-
amplifier Q3-style Universal Operational Modules in fact...
at much lower cost per circuit, too.

It takes but a few weeks of active use to recover the modest
cost of either the MP (4 amplifiers, plus power supply, $390)
or the RP (5 amplifiers, plus power supply, $495.), and you
will probably notice certain extra-economic bonuses: super-
ior circuit performance, sunnier dispositions, and greater
freedom of invention, to name three. In time, you may find
yourself using manifolds for semi-permanent circuits that
must be built to otherwise-impossible schedules. They are

neat enough, they compete very favorably with one-shot
“custom” chassis-punching and wiring, and RP is easily
rack-mountable.
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Q3-M1 MULTIPLIER-DIVIDER

Fig. 3

As for speed and convenience, we should be content to rest
our case on the schematic and photograph of Figure 3.
This 5-amplifier multiplier was “‘constructed” in just 27
minutes, starting with the schematic. To make the test per-
fectly fair, we ran it in the laboratory of a customer, only
15 minutes after he first saw the RP, and with no rehearsals.
We didn’t help him, except to run through the instructions
once, and hand him one of our standard kits of plug-in com-
ponents and jumper-leads . . . informally known, by the way,
as our “Bag of Worms.”

Would you like to try our Better Breadboard? Call your local
Philbrick field engineer (or the factory) and ask for a free
demonstration. If you like, we’ll leave one with you for a few
days, Worm-Bag and all — but we think it only fair to tell
you that you probably will not be able to resist keeping it.
Even the fellow with the ‘““non-electronic brain’ can under-
stand it. The easy-to-follow instruction book guarantees
that. If you’d prefer to start off more slowly, write for free
literature package MBAS3. Philbrick Researches, Inc.,
22D Allied Drive at Route 128, Dedham, Massachusetts
02026. Phone (617) 329-1600.

P

PHILBRICK
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TI takes the heat
off power supplies.

Heat build-up is a serious problem in
power supplies, computers and other
electronic and electrical equipment.

That’s why many manufacturers of
these products have turned to the posi-
tive protection afforded by Texas In-
struments cooling effect detectors.

The Klixon® 2ST detector is a sen-
sor-switch combination designed to
protect air-cooled electronic and electri-
cal equipment against overheating due to
the decrease of air flow and/or increase
of incoming temperature. It is used in
conjunction with Texas Instruments

4 MC Magnetic Circuit breaker to give
warning of a dangerous condition or to
cut off power.

The 2ST not only eliminates the need
for vane switches and thermostats, but
offers many advantages over these de-
vices at little or no extra cost.

The 2ST functions perfectly in any
position. It’s rugged...can withstand
the ordinary knocks of installation and
maintenance. The sensor reacts to the
cooling capacity of the air...it is not
affected by the individual parameters of
velocity and/or temperature. The sens-

ing element is a thermal analog of the
equipment being protected. Its thermal
characteristics can be matched to ther-
mal limitations and requirements of the
equipment. Other successful applica-
tions of the Klixon 2ST cooling effect
detector include computer high-speed
printers and card-reader-punch units,
copying machines and projectors.

Texas Instruments and other manu-
facturers get together daily to solve
problems. Perhaps we have the answers
to help you, too. Get more information.
Circle reader card 488.

(I@ Texas Instruments makes it happen in industry.

Electric utilities going solid state for
power control and protection.

Electric power. It must be generated
...controlled. There must be protection
against blackouts...against damage to
company and consumer equipment.

One unique electronic protective de-
vice is Esco Manufacturing Company’s
CM-78 inverse timer and control. It is
made to sense overcurrent conditions
in power lines and generate a command
signal to trip circuit breakers before
damage can be done.

The CM-78 is a custom-designed,
solid-state electronic assembly made for
Esco by Texas Instruments. All its semi-
conductor components are produced by
TI...SCR’s, silicon transistors, silicon
rectifiers, and silicon diodes. Precision
resistors and
solid tantalum
capacitors from
TI are also em-
ployed. The cir-
cuits are solidly
encapsulated in
epoxy in a module
only 5" x 4" x 18",

The advanced new

electronic module offers a multiplicity
of advantages over the electromechan-
ical devices now in general use, yet it
costs no more. It’s faster, more reliable,
and many times smaller.

Esco came to Texas Instruments be-
cause they found that TI offers the
broadest, most complete line of semi-
conductors in the industry and because
TI can provide these products in pre-
assembled, pretested electronic assem-
blies. This eliminated the need for large
capital investments in new production
facilities and extensive electronic engi-
neering capability. Considering solid-
state electronics? Send for a free packet
of detailed information by circling
reader service card no. 489,

TI semiconductors help brokers
read market quotations easier

Texas Instruments semiconductors
will soon be in brokers’ offices all over
the country as part of a new stock
quotation display made by Trans-Lux
Corporation.

The new “Trans-Jet” display is a
brokerage-size, self-contained unit that
can be mounted on a wall or hung in
the middle of the room for viewing

from both sides. It takes incoming sig-
nals directly from the stock exchange
communications network and con-
verts them to a moving display via a
new electronic-electromechanical-pneu-
matic system.

The new system incorporates Texas
Instruments low-cost industrial inte-
grated circuits, Silect™ plastic-encap-
sulated silicon bipolar and unijunction
transistors,
germanium
transistors,
silicon di-
odes, SCR’s
and semi-
conductor
light sensors.
In the conventional display an electro-
mechanical tape-feeding system and
film projector require a separate con-
sole. The new “Trans-Jet” built-in elec-
tronic control is only 12" x 10" x 6".
And maintenance has been reduced
from bi-weekly to semi-annually.

Semiconductors offer a wide range of
opportunities for miniaturization relia-
bility, efficiency and economy. For in-
formation and application assistance
circle reader card 490.

TEXAS INSTRUMENTS
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There'’s a G-E silicone

Bonding

Laminated layers of mica sheeting are
securely bonded with G-E RTV silicone
sealant. Ready to use, it bonds to most
materials.

£

450-441-04D

Screws and drilling are eliminated by
adhering identification plates with RTV
sealant. It won't harden, soften, crack
or shrink,

130

Insulating

G-E RTV translucent sealant provides
excellent see-thru insulation instantly.
UL-recognized, the sealant also comes

Damping

G-E RTV-7 silicone rubber foams on the
spot to provide mechanical support,
shock and vibration damping, and light

in colors. weight electrical insulation.

Sealing

Silicone rubber wire and cable insulation
passes UL vertical flame tests and is fre-
quently used in high-voltage circuits.

G-E two-part RTV, available in a range of
viscosities, seals filament condenser
plate in dielectric heater. Also protects
against vibration.

G-E silicone dielectric greases, ideal heat
transfer media, are easily brushed,
painted, sprayed, dip-coated or applied

G-E RTV is ideal for high temperature
directly from tube.

moisture sealing of heating elements. It
withstands temperatures as high as
600°F, as low as —75°F,
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design solution for:

Moldmaking

Tough, flexible G-E RTV silicone for mold-
making reproduces detail accurately and
minimizes tooling costs.

For prototypes or short-run parts produc-
tion, G-E RTV is an excellent flexible
moldmaking material. And it needs no
release agent.

Potting and Encapsulating

Many G-E RTV silicone compounds are
available —all with good strength, out-
standing electrical properties and resist-
ance to temperature extremes.

Impregnation of transformer coils with
G-E RTV provides electrical insulation
and environmental protection at high
temperatures.

G-E RTV provides attractive, protective
packaging for components. Each unit is
encapsulated in a different color RTV for
easy identification.

Fluids Applications

G-E silicone dielectric fluids provide ex-
cellent electrical properties and thermal
stability for many types of components.

G-E silicone elastomers are easily used to
make numerous silicone rubber parts by
standard rubber fabricating techniques.

If you can't find it
here, write for our

Silicone Selector
Guide:

Section N12254 Silicone Products Dept.,
General Electric Company, Waterford,
New York 12188.

GENERAL @ ELECTRIC
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Rather big.

We're starting construction of a new plant in
Houston, Texas, with a yearly capacity of 12-million
pounds of nylon molding resins —based on a new
polymerization process. When the plantis on
stream, by mid-1967, Celanese will be one of the
two leading producers of nylon molding materials
in the United States.

As we said, Celanese Nylon is coming.

Celanese benetfits from twenty-five years of nylon
technology. I.C.I, Ltd. and Celanese jointly own
Fiber Industries, Inc., which produces nylon fiber

at Greenville, S. C. Nylon salt for the new Celanese
Nylon plant at Houston will be supplied from the Bay
City, Texas, facility of Celanese Chemical Company
which is now undergoing major expansion.

Production of a competitive high-quality Celanese
Nylon, prior to start-up of the Houston plant, is
possible due to existing Celanese facilities and
completely integrated technology. New Celanese
Nylon 66 and Celanese Nylon 610 molding and
extrusion resins, plus a full range of copolymers
and terpolymers, will be produced under the
Celanese-developed process within a year's time.

We are also boosting production of our other major

132 Circle 132 on reader service card

engineering plastics: Celcon acetal copolymer,
reqular and glass-reinforced grades. Forticel
cellulose propionate. Cellulose Acetate. Fortiflex
polyethylenes. So we can offer a most complete line
of engineering plastics. Included in this family of
engineering plastics will be glass-reinforced

nylon molding compounds.

While we obviously didn't invent nylon, the addition
of Celanese Nylon resins is alogical extension of
Celanese Corporation’s diversified line of over 100
basic products. A line which includes petrochemicals,
fibers, plastics, forest products, paints and coatings,
and petroleum products. The Celanese Plastics
Company, alone, operates eleven plants in

the United States, four more abroad, which produce
high-performance plastic resins and fabricated
plastic products.

We welcome the opportunity to tell you more about
Celanese Nylon—now available in
development quantities for your evalu-
ation. Write Celanese Plastics Company,
Dept. 133-L, P.O. Box 629, Linden,

New Jersey.

CELANESE

PLASTICS COMPANY
Cel Plastics Company is a division of Celanese Corporation.

Canadian Affiliate: Canadian Chemical Company, a division of Chemcell (1963), Limited.
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 522 Fifth Ave., New York 10036.
Celanese®  Celcon®  Forticel®  Fortiflex®
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Japanese technology

Communications
technology
in Japan

In communications, the Japanese are press-
ing original development work to increase
their own telephony capacity and to make
better use of computers. The Japanese engi-
neer keeps an eye on the great growth in com-
munications taking place within his own coun-
try and the vacuum in communications which
exists in most other Asian countries and in
Africa. The goal is to compete favorably every-
where in the world with up-to-date hardware
and techniques.

p.134 Japanése stay with pcm to meet
mushrooming growth in telephony

p. 147 Bit by bit, the Japanese speed
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Japanese technology

Japanese stay with pcm to meet
mushrooming growth in telephony

Communications boom in Japan is stimulating development

of varied techniques of pulse-code modulation and other methods

of expanding transmission networks without adding new lines

By Hiroshi Inose and Hiroya Fujisaki
University of Tokyo

Japan’s need for short, high-capacity communica-
tions links between its densely populated areas is
fostering the rapid development of pulse-code
modulation techniques and installation of pem sys-
tems.

Although Japanese communications systems de-
signers did not begin extensive research in pem
until 1950, they are more than making up for lost
time to meet the current communications boom.
Japan now ranks second in the world in installation
of pem telephone systems; the United States is
first. In the past year, Japan has installed seventy-
three 24-channel systems and by September, 1967,
more than 326 systems will be in operation.

The authors

Hiroya Fujisaki, an associate
professor at the University of
Tokyo, received his doctorate
degree there in 1962 and is now
engaged in research on speech and
digital communications. From
1951 to 1961, he was with
Massachusetts Institute of
Technology in the United States
and the Royal Institute of
Technology in Sweden.

Hiroshi Inose specializes in digital
transmission and exchange systems.
A professor of electrical engineering
at the University of Tokyo, he
received his doctorate there in
1955. Between 1956 and 1961, he
was associated with the University
of Pennsylvania and Bell Telephone
Laboratories. He is the holder

of many awards from professional
organizations.
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The nation’s telephone network is the major user
of pcm because one of the main advantages of pem
is that it allows many messages, usually up to 24,
to be sent over an existing telephone transmission
line; thus avoiding the great expense of installing
more transmission lines. In cities, and in communi-
cations between cities, pcm is an economical way
to provide for the increase of telephone subscribers.

Pem for telemetry is also becoming a favored
transmission mode in science and industry. For ex-
ample, modifications that will improve signal-to-
noise ratios have been proposed for the space
program. Government agencies, railroads, electric
companies and gas suppliers have installed pem
telemetry systems.

Computers and digital data transmission systems
are being put in service in large numbers by public
utilities and businesses [see “Bit by bit, Japan is
speeding its data communication links,” p. 147].
The users of these computers and the companies
making the data processing equipment see in pcm
the answer to future requirements for transmission
of huge volumes of digital data at high speeds.

In development or being studied at numerous
Japanese companies and laboratories are such tech-
niques as high-speed modulation, nonlinear coding,
synchronization and error-correction methods,
transmission of pem signals by radio (and through
waveguide at millimeter wavelengths) and the inte-
gration of telephone switching and transmission
systems. Eventually, the transmission of voice,
video and data communications may be unified in
the integrated networks.

Since World War 2, the buildup of communica-
tions in Japan has been remarkable—more than
10,000 miles of microwave links and 1,500 miles of
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Pulse-code modulation format consists of coded pcm word from each of 24 voice channels. First pulse (color) in

any coded channel is the signaling pulse that indicates the subset is off-hook or carries dialing information. This is
followed by seven time slots for the coded voice signal. At the end of the 24th channel is a framing synchronization
pulse which is O or 1 in alternate frames. In the PCM-24 telephone system 8,000 frames are transmitted each second.

coaxial cable now serve some 13 million subsets.
But the decision to use pem in telephone com-
munications was not made until 1963.

One of the reasons for the delay was a lack of
the silicon transistors that are required by practical
pem equipment. Although Japan ranks second in
world production of semiconductor devices and is
the home of such advances as the Esaki diode, until
recently transistor production concentrated on ger-
manium devices for radio and television sets.

In August, 1963, Nippon Telephone and Tele-
graph Public Corp. (NTT) began developing a 24-
channel pem telephone system, called the rca-24.
Nippon Electric Co. produced the equipment.!=?
It is also being made now by Fujitsu Ltd., which
recently exported 23 systems, with 200 repeaters, to
the Hong Kong Telephone Co.

Test operations of the rcay-24 systems began last
December with 15 systems in the Osaka, Tokyo and
Mito areas. A total of 326 installations are to be in
operation by September, 1967. Mecanwhile, higher
capacity systems are being developed.

Fujitsu is studying nonlinear coding schemes.
Oki Electric Industry is working on transmission
and exchange problems as well as synchronization
schemes. Both Tokyo University and Osaka Uni-
versity and the company that handles overseas
communications, Kokusai Denshin Denwa Co., are
active in pem development.

Developing the system

The system now in production, the rca-24, grew
out of a study comparing the conventional fre-
quency-division multiplex (fdm) type of telephone
system with time-division multiplexed pem.

Pem systems are more economical in short-haul
communications that mainly go over existing lines
between exchanges that normally handle audio fre-
quencies. Pem requires a wider transmission band-
width but provides more channels. Greater channel
capacity is possible because pem is more immune
to interchannel interference. In addition, the pcm
terminals cost less because channel separation is
handled by digital circuits rather than costly band-
pass filters.

In the rcM-24 system, speech signals are sampled
8,000 times a second; each channel is transmitted
as an 8-bit code word. Seven bits are needed to
maintain a signal-to-quantization noise ratio of
commercial quality and one bit is needed for signal-
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ing—off-hook, on-hook or dialing. Speech quality
of the pcMm-24 system is comparable to conventional
fdm carrier telephony with 4-kilohertz bands. Each
frame consists of 193 bits—192 for the 24 code
words and one bit for the synchronization framing
pulse. Since 8,000 frames are sent each second, the
system clock frequency is 1.544 megahertz. These
are the same basic characteristics as in the T-1 pcm
system which has been used in the United States
since 1962 by the American Telephone & Telegraph
Co. However, the code format, shown in the dia-
gram above, is different.

As in Bell System’s unit, nonlinear quantization
(compression and encoding) is mandatory to main-
tain a signal-to-quantization noise ratio of more
than 26 decibels as the input speech levels vary
over a 40-db range. For this purpose, the system
compresses—that is, emphasizes—the low-level sig-
nals with a logarithmic characteristic that has a
pn = 100 [Electronics, Sept. 19, pp. 142-143]. Diode
components for the compressor are stabilized in
an oven at 120°C = 0.3°C.

Feedback encoder

The feedback encoder in the circuit on page
136 provides the best economy, accuracy and stabil-
ity. All 24 channels share one encoder and one com-
pressor (not shown). By comparison, Bell employs
one encoder for odd numbered channels and an-
other for even numbered channels. This allows
transients to die out during alternate channels and
consequently reduces the circuit’s speed require-
ments, However, the pcm-24’s encoder equals the
performance with less cost, less complexity, smaller
size and lower power drain.

The pcM-24 encoder circuit is a digit-at-a-time
encoder; it establishes the coded word by sequen-
tially determining, in seven steps, which digits (1’s
or 0’s) should appear in the 7-bit word.

When a sampling pulse is applied to the sample-
and-hold circuit shown in the diagram, the capaci-
tor charges or discharges to the value of the com-
panded signal; it remains charged until the next
sample is applied.

While the capacitor is charged, the signal level
is summed with the currents determined by con-
necting the weighting resistors R to 64R to ground
or to the voltage —E. A binary 1 is generated
when the current that the sample signal produces
is greater than the currents caused by the weight-
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Feedback encoder takes compressed voice signals, samples them and then encodes them as pcm signals. Lines
marked DP; to DPs refer to timing pulses. The sampled pulse at the comparator input is summed with a current
determined by resistors R to 64R. If the summed current is positive, it produces a pulse in the time slot; if it

is negative, there is no pulse. Feedback decoder at the bottom essentially reconverts the pcm output signal to

the analog signal that appears at the summing point.

ing resistors. Otherwise a binary 0 is generated.

For example, consider encoding a signal level
equivalent to the number 84. The desited pem out-
put is 10101000. The first digit on the left is called
the most significant digit (msd). The circuit first de-
termines this digit and then works its way down
until it has determined the least significant digit.

During the first pulse in the code word format,
a clock pulse called digital pulse 1, DP;, resets the
memories M. to M7 and sets the memory M; so that
the most significant digit can be determined. The
lines, DP; to DPy, correspond to time slots in the
channel. Because the first memory is triggered dur-
ing clock pulse DP;, there is no DP., line, which
would normally correspond to the most significant
digit.

When memory M, is set, the output of the mem-
ory goes more negative than voltage —E, at the
bottom of the diagram. Therefore, diode D, at the
right conducts, causing a reference current to
flow in resistor R. This current which is equiva-
lent to decimal number —64 is summed with the
current caused by the signal sample, which in this
example is 84. Since the sum current is positive
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[84 + (—64) = 20], the comparator generates a 1
for the most significant digit. Because a 1 is gener-
ated, diode D; will continue to conduct for the re-
mainder of the encoding process. If a 0 were gen-
erated for the msd (signal level less than 64), an
inhibit pulse would reset memory M; which in turn
would back bias D;.

The next clock pulse makes D. conduct, lowering
the negative reference current to —96 at the com-
parator [—64 + (—32) = —96]. Since the input
signal level is 84, the input to the summer is nega-
tive. This generates a 0 as the code word’s third bit.
This 0 also results in an inhibit pulse which resets
M., and turns off D.. As a result the reference volt-
age returns to —64 since only D; is conducting.
The other digits in the code word are generated in
a similar manner by the next five clock pulses.

Framing synchronization

Timing or clock pulses at the repeaters—pulse
regenerating circuits—must coincide with the trans-
mitted pulses. This is called bit synchronization.
Also, since 8,000 frames are sent each second, the
repeater must determine the start of each frame

d
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group of 24 coded words. This is called “framing
synchronization” or simply “framing.” The ter-
minals at the exchange use the framing signal—the
193rd bit position in the frame—as a timing refer-
ence to steer signals to their proper destinations.
Repeaters appear both in terminal equipment an on
the transmission line. On the lines, repeaters are
spaced 2 kilometers apart except near exchanges
where the higher impulse noise levels requires spac-
ing of 1 km,

For framing, the network uses the so-called back-
ward acting system, as does Bell's T-1 system.
Once the repeater knows where the framing time
slot occurs, it merely checks each subsequent frame
to insure that the pulse is correct. The framing
pulse must appear only on alternate frames. It can
be detected because its pulse pattern is statistically
unlike any other bit pattern.

If the alternate pattern is lost—system out of
frame—the repeater moves to the next time slot
and looks for the pattern again. It repeats this one
bit shift until the correct pattern is received. The
scheme is simple and economical but it requires
an average of tens of milliseconds to recover syn-
chronization. Even though the signal is noisy dur-
ing recovery time, on the average only a portion of a
syllable in a word is lost.

To prevent the repeater from initiating a search
when only a single framing pulse is in error, or if
errors are widely separated, the incorrect framing
pulses are integrated. Reframing won’t begin until
the integrated output exceeds a threshold. For ex-
ample, a steady burst of errors for 3 msec will
cause an out-of-frame condition. If there is a large
enough spacing between framing-pulse errors, loss
of framing will not occur because the integrated
level cannot build up.

Timing and equalization

The system transmits the encoded samples as
bipolar binary pulses that have a 50% duty cycle,

o

BINARY (UNIPOLAR)
BINARY (BIPOLAR)
2
0 0 !
TERNARY (UNIPOLAR)
0 0 2 !

TERNARY (BIPOLAR)

Binary and ternary waveforms convey digital information.
All waveforms represent the decimal number 7. Unipolar
binary waveform at top is encoded as 111, the binary
designation for 7. In the second waveform, the polarity
of each pulse—the 1’'s—is the negative of the preceding
pulse. Bipolar binary waveforms in the PCM-24

system improve transmission characteristics. Ternary
waveforms represent the code 21—the ternary
designation for decimal number 7; that is

2 X 3'41x 3"=7.Ina unipolar ternary waveform,
the code is represented by an obvious amplitude
difference. In bipolar ternary, the negative pulse
represents O, the baseline is 1 and the positive pulse is 2.

as in the second pulse pattern from the top in the
diagram shown above. Each binary 1 digit is en-
coded with a polarity that is the negative of the
preceding binary 1 pulse. This pulse pattern places
the major portion of the pcem signal’s energy at a
frequency of about half the bit rate. Because the
bipolar component has no d-¢ component it is rela-
tively easy to transmit through transformers. Also

A Z\ [‘
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IN 1 - BLOCKING
“ e GATE 2I*{0SCILLATOR ouT
L L = = AUTOMATIC ¥
THRESHOLD {
|
|
1 1 1
POWER —-ﬂ-‘—‘f

Repeater circuit equalizes the signal in the line build-out network and preamplifier, extracts timing information

and reshapes the pulses. Waveform at input is a typical bipolar binary pulse that has been distorted and attenuated
by the transmission line. At the output are two regenerated pulses that are sent farther down the line. Rectifier,

tank, limiter and differentiator are parts of the timing extraction circuit. Waveforms at top indicate how circuit
acts on equalized input pulses at the transformer’s secondary.
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the high-frequency energy is less, reducing cross-
talk.

Normally, the transmission line will distort and
attenuate the pulses. The repeater reshapes and
retimes the input pulses as in the diagram on page
137. Measurements indicate that transmission dis-
turbances are infrequent, so the repeaters can
extract timing information from the signal pulses
themselves. A separate timing signal is not needed,
reducing transmission costs; and repeater costs are
less because the retiming operation is simplified.

The line build-out network and the preamplifier
form an equalizer that compensates for line attenua-
tion. This input circuit has a 1.25 Mhz cutoff and
has an over-all transfer function that is represented
by a 6th-order rational function of frequency. An-
other equalizer, a load to the blocking oscillator’s
output, also reduces distortion by insuring that the
output has a slightly nonrectangular pulse shape for
greater immunity against crosstalk.
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Three circuits in pcm terminal equipment all incorporate
a tunnel (Esaki) diode and a common emitter transistor
stage. Memory circuit, at top, is bistable; other two
circuits are monostable.
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Driving current (1,) and switching times

Base Collector
I, (MA) T (ON) T4, (Off) 7 (ON) 7y (Off)
2.0 4.0 7.0 16.0 23.0
3.0 2.5 2.5 13.0 18.0
4.0 2.0 2.0 10.0 15.0

Timing or clock information is extracted from the
equalized input signal by first rectifying the input
signal. Rectification converts the bipolar pulses to
monopolar pulses with a fundamental frequency at
the bit rate. These pulses are then fed to a tuned
circuit (tank) whose output is clipped and differen-
tiated to produce the narrow clock pulses that
occur at the center of the input pulse. The differ-
entiated pulses and the equalized signal are then
“anxpep” in gates 1 and 2. Therefore, blocking os-
cillator 1 or 2 will produce bipolar pulses that
match the polarity of the equalized signal.

At the input to the gates the automatic threshold
control circuit determines the threshold at which
the blocking oscillator triggers. The circuit also
establishes the clipping level at the input to the
timing circuit. The threshold is approximately half
the peak level of the equalized input signal. A
threshold device is necessary to make the recov-
ered clock independent of the signal amplitude
and to reduce crosstalk in the regenerated pulses.

The repeaters and much of the timing and fram-
ing circuits in the terminals can be monitored by
merely checking the timing of the framing pulses.
However, monitoring other terminal equipment—
such as compandors, coders and decoders—re-
quires a pilot signal, transmitted over one of the 24
channels when the channel is idle. Failure in syn-
chronization or incorrect transmission of the pilot is
detected at the receiving terminal and the trans-
mitting terminal is notified.

Tunnel-diode circuits

The rca-24 system makes extensive use of digi-
tal circuits composed of transistors and tunnel di-
odes shown in the diagram at the left. These
allow high-speed switching with relatively few ele-
ments and result in greater economy and reliability.
In these circuits, the input of a grounded emitter
amplifier is shunted by a tunnel diode whose nega-
tive resistance characteristic produces a bistable or
monostable condition depending on the configura-
tion of the circuit.

In the memory circuit, the 12-kilohm resistor
and the transistor input impedance allow the tun-
nel diode to have either of two stable states. A
set signal switches the tunnel diode to a high volt-
age state, where it remains after the set pulse is
removed. A reset signal switches the diode to a
low voltage state, where it remains after the reset
pulse is removed. The pulse-shaping circuit is simi-
lar to a Schmitt trigger but is simpler, more stable
and requires less power.
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The bottom circuit is a comparator and AND
gate that is used in the feedback encoder on page
136. The input from the summing amplifier must
be above a specified level and the timing pulse
must be present if a pulsed output is to result.

In all these circuits switching can be speeded
by increasing the base driving current to the tran-
sistor. This is indicated in the table on page 138,
which includes the switching speeds at the base,
T, and at the collector, .

Orthogonal transmission

New methods of modulating and coding the in-
formation, improved repeater design and more effi-
cient methods of transmitting signals have been
developed recently in Japan. An interesting pro-
posal for reducing transmission bandwidth is to
encode the samples as a ternary pem word and
transmit the bits as orthogonal waves. Thus, all
the bits in the pcm word can be transmitted simul-
taneously over about half the bandwidth normally
needed for one channel of conventional pcm. The
bits, of course, are converted from a serial format
to a parallel format for simultaneous transmission.

Ternary pulses in this orthogonal transmission
technique are compared with binary pulses in the
diagram on page 137. The term orthogonal means
that the correlation between different waveforms
is zero. This, in turn, means that waveforms that
are transmitted simultaneously can be separated
without interference. For two sinusoidal waves, S;
and S., with suitable different phase or frequency,
zero correlation is equivalent to saying

T
/ Spj‘g dt — 0
0

where T is the period of the lowest frequency
waveform.

In the orthogonal modulation technique, one of
the waveform sets diagramed above is chosen to
transmit 5-bit ternary code words. A waveform
in the set is orthogonal to any other waveform in
that set. In addition, each waveform can have one
of three states—the one shown, one 180° out of
phase and one with zero amplitude. Therefore

T
M\

Nait
Orthogonal waveforms can simultaneously transmit all
the bits in a 5-bit pcm word. Some orthogonal waves
can have the same frequency as in the set in color.
Phase and frequency differences allow separation.

there are a sufficient number of waveform com-
binations to transmit all possible combinations of a
5-bit ternary code word.

Orthogonal waves can also improve the threshold
characteristics of pecm systems by making it possi-
ble to assign longer transmission times to the more
significant digits in a code word.” Known as an
orthogonal pem with weighted bit length, this
process increases the likelihood of detecting the
signal correctly; so for the same speech quality,
the minimum signal-to-noise ratio can be less.

An optimum assignment of bit length would
improve threshold about 1 db. In conventional pcm
telephone system, a 1-db improvement would re-
quire several times more bandwidth. Bandwidth
economy is particularly important in long-distance
transmission, such as in satellite communications.

Hadamard transformation

Another interesting proposal for pcm transmis-
sion is similar to compression in that it reduces
the number of bits needed to provide a suitable
signal-to-quantization noise level.®

A set of n signals of greatly varying levels can
be transformed into a new set of n signals whose
levels are more equal. Consequently, less digits
are needed to maintain a given signal-to-quantiza-

TRANSFORMED TRANSFORMED
SIGNALS SIGNALS
INPUT — — » — OUTPUT
> |
SIGNALS —.> HADAMARD : PCM TRANSMISSION DEMODULATION . HNAVDEARMS/-\ERD —.> SIGNALS
TRANSFORMATION . AND AND « | TrRansFormaTion 1 -
. (H) « | MULTIPLEXING DEMULTIPLEXING | . (H=1) .
— e
141830019
Hadamard transformation matrix, H, in color at right, makes input : : _: _: ‘: ‘: ::::
voice signals more uniform. The transformation is simply e ol § TedAetsd { 4
implemented as a weighting network. As in the block diagram Hg = Hg 'f§ o [~4 §1 {51
in a pcm system, it may improve the signal-to-quantization o Jag o 3
noise. Both the transformation, H, and its inverse, H', are s g
. : 1 . B U DO 0 s B
identical; therefore the same type of network is placed on either {=f~f 4={ 1 {1 4
end of the line.
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tion noise level. As in any companded system, this
is also a bandwidth reducing scheme since less
digits implies smaller bandwidth.

A matrix known as the Hadamard matrix in the
diagram on page 139 is especially suited to serve
as the transformation because it can be realized
by a simple weighting network. This matrix is writ-
ten for eight channels but can be set up for any
integral power of 2 such as 2,4,8,16 or 32 channels.
Theory and experimentation show that as the num-
ber of channels increases, the maximum increase
in the signal-to-quantization noise ratio is 24 db.

Nonlinear encoding

Since levels of speech signals may vary as much
as 60 db, it is difficult for an encoder to quantize
low-level signals as accurately as high-level signals,
unless the quantization steps are nonuniform. That
is, changes of a few millivolts in a low-level signal
must be as significant as a change of tens of milli-
volts in a high-level signal. Speech quality will be
poor after the pem signal is decoded unless low-
level signals are emphasized by nonuniform quan-
tization or compression.

Generally, a diode’s nonlinear voltage-current
characteristics compress the signal at the trans-
mitter and then expand it at the receiver. However,
it is difficult to get exactly matching characteris-
tics at the compressor and expandor.

In 1963, an ingenious technique was developed
to eliminate diodes from nonlinear pem encoders.”
The pem signal controls switches that make a
network’s impedance or immittance proportional
to the pem code word. Combining both variable
and fixed impedances or immittances makes pos-
sible many different expandor characteristics. At-
tenuation is controlled to obtain logarithmic char-
acteristics; immittance is controlled to obtain
hyperbolic and modified (or weighted) hyperbolic
curves. The latter consists of two hyperbolic curves
that follow different equations for high-level and
low-level signals and results in better character-
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Logarithmic decoder utilizes fixed impedances and switches
controlled by pcm word to decode a 6-bit pcm signal.
Switch in the k=1 stage is controlled by pcm’'s most
significant digit. Impedance relationships at the bottom

are normalized to the load impedance, Z, and show how
each component in the stages is selected. Source and bias
voltage are related to parameters of the logarithmic
companding characteristics.

istics than a single curve. The expandor may serve
as an analog-to-digital converter in the feedback
path of the encoder to get the desired encoding
characteristic.

The circuit shown above is a simplified 6-bit
logarithmic decoder that can be made of cascaded
attenuators. Resistor values are given by the equa-
tions at the bottom of the diagram. In this circuit k
is the bit position and k=1 is the most significant
bit position. The bias and source are fixed voltages.

Independent work on encoders with modified or
weighted hyperbolic characteristics has extended
the dynamic range of hyperbolic encoders to meet
the specifications for the rcy-24 system.S? A 7-
digit pcm word will provide greater than 26-db
signal-to-quantization noise level, even if the input
signal varies by 40 db. Compared to a logarithmic
encoder, hyperbolic encoders can be made with
simpler relays, fewer transistors and fewer and
less precise resistors.

Evaluating nonlinear encoding

A basic measure of speech quality is the articu-
lation score, the percentage of unrelated syllables
correctly understood in a message. This score can
disclose the effectiveness of the companding in a
pem system.

In 1962, tests of delta pem and conventional pem
with the same companding characteristic showed
that delta pem, also called differential pem, had
a better articulation score and signal-to-noise ratio
than conventional pem.'® Theoretical analysis of
delta pem led, in 1965, to the proposal of an op-
timum companding characteristic.!!

A more plausible criterion than signal-to-noise
ratio is needed to evaluate nonlinear coding char-
acteristics for speech signals. For example, when
the signal-to-quantization noise ratio is calculated
using conventional theory, the results cannot be
correlated with the articulation score.!> The prob-
lem is that conventional theory neglects unvoiced
sounds because unvoiced sounds are assumed to
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have less power and contribute less to quantization
noise. However, this assumption is not correct and
the quantization noise must be considered sep-
arately for voiced and unvoiced sounds. The dis-
crepancy is evident in the black curve in the graph
shown at right which erroneously indicates that the
signal-to-quantization noise ratio could decrease
for the highest articulation scores.

To correct this anomaly, the authors related the
articulation score with the information transmis-
sion rate in a speech sample, averaged over the
voiced and unvoiced intervals of speech signals.
The resulting curve, shown in color, indicates that
signal-to-quantization noise must increase with ar-
ticulation score.

Improving delta modulation

Although the delta modulation technique is con-
sidered simpler than pem, it was also considered
inferior until recently because of its wider band-
width requirements. However, current studies make
it clear that there are many ways to improve this
single-bit modulation technique.

In the basic delta modulation technique, each
sample is transmitted as a single pulse which rep-
resents a change in level from the prior pulse.

A simple delta modulator as in the diagram
shown below incorporates timing or clock source
and therefore is a synchronous system. At the
sampling time, the input signal is compared with
the integrated output and, if the difference exceeds
a predetermined amount, a pulse is generated. The
amplitude difference and clock frequency must be
chosen so that the system can follow the fastest-
changing signal that is to be transmitted. To im-
prove signal-to-noise ratios, the difference level
is reduced and the clock (timing) is made corres-
pondingly faster. If the difference between the
input and integrated level is below the prede-
termined level, the pulse modulator delivers a
negative pulse that reduces the integrated level.

The digital output is proportional to the deriva-
tive of the signal instead of the signal’s amplitude;
therefore, delta modulation is not suitable for trans-
mitting d-c signals.

To recover the original signals, the receiver
integrates the bits and filters the resultant inte-
grated waveform. Because of the integrator’s time
constant, the effect of transmission disturbances
that change the pulse pattern will be evident in the
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Two ways are shown to relate properties of the pcm
signal to articulation scores—the percentage of
unrelated syllables correctly understood in a message.
Curve in black, based on conventional theory,
erroneously indicates that the signal-to-quantization
noise ratio decreases at the higher articulation scores.
It is more meaningful to relate scores to average
information and transmission rate of voice and
unvoiced sounds, as in the curve in color.

recovered signal even after a relatively long time
interval. That is, errors caused by transmission dis-
turbances tend to accumulate.

In delta pem, the comparator is replaced by a
quantizer. Rather than just generating a pulse, the
difference in level is quantized and transmitted
with a few bits. As indicated earlier, delta pem
can produce better signal-to-noise and articulation
scores than conventional pem.

It delta modulation, delta pem and conventional
pem are compared, it is found that conventional
pcm requires the most complex equipment; but its
bandwidth utilization is the most efficient of the
three methods. Delta modulation requires the
simplest equipmeént but is the least efficient in
utilizing bandwidth. Delta pem is intermediate be-
tween delta- modulation and conventional pcm both
in equipment complexity and efficient utilization of
bandwidth.

A variation of delta modulation, called delta
sigma modulation, reduces the effect of cumulative
errors.'® As in the diagram on page 142, the inte-
grator is removed from the feedback path and is

TIMING
A\ i nri e ¥
~ PULSE ( LOW-PASS ~
————{COMPARATOR INTEGRATOR —
N GENERATOR DIGITAL )j_ FILTER ouT
OUTPUT
RECEIVER
W
INTEGRATOR

TRANSMITTER

Delta modulation circuit, at left, integrates output pulses and compares resulting wave with the input signal (curve
in color at the left). Output pulses, also in color, represent derivative of signal waveform—not the amplitude. In
the receiver at the right, input pulses are integrated and filtered to recover original waveform.
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Delta sigma modulation places the integrator in the forward loop. In conventional delta modulators it would

be in the feedback loop. The change causes output pulses to indicate the amplitude of input signal instead of
the derivative, so the received signal does not have to be integrated. Signal is decoded by passing pulses through
a low-pass filter. Because the delta sigma modulator has no integrator in the receiver, cumulative errors that

occur in conventional delta modulation are eliminated.

inserted in the forward path of the modulator. To
generate the output pulses, the output of the inte-
grator is compared with the fixed reference.

The output pulses now represent the signal’s
amplitude, instead of the signal’'s derivative. At
the receiver of the delta sigma system, the signal
is recovered by merely reshaping the pulses and
passing them through a low-pass filter. Since there
is no integration, transmission disturbances can-
not cause cumulative errors.

Furthermore, since the system’s dynamic range
is independent of the input frequency, delta sigma
modulation can transmit d-c components with the
same facility with which it transmits audio or
video signals.'

Adding a compandor to the feedback path is
another way of improving delta modulation. The
signal-to-quantization noise ratio is improved about
as much as in a conventional pem system. If syl-
labic rather than conventional (instantaneous) com-
panding is used, then delta modulation has a
higher signal-to-quantization noise ratio than or-
dinary pem with the same clock frequency.' A
5-db improvement was measured in one experi-
mental system. Conventional companding is based
on the instantaneous speech level; syllabic com-
panding implies that the compandor’s output de-
pends on the average level in the voice signal.

Still another method to improve delta modulation
is encoding the signals in an asynchronous ternary

Asynchronous delta modulator
generates a pulse whenever
the difference between the
output of the local decoder
and the input signal exceeds

a predetermined value.
Therefore the pulse output €q
is asynchronous. As waveshapes €
indicate, the number of pulses
decreases when the waveform

is not changing rapidly. Because fe P=laquad—n

fewer pulses are transmitted, e AARNRR R
the system is suited for . A
asynchronous multiplexing. 9
e + [ e
L £ COMPARATOR > o} PULSE GENERATOR J—2

LOCAL DECODER
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code instead of a binary code with a fixed sampling
frequency.'® The modulation scheme, which has
been under development since 1964, is illustrated
in the diagram below,

The system, which has no clock, generates a pulse
whenever the difference between the signal and the
output of the local decoder exceeds a predeter-
mined value; thus the output is asynchronous.
Furthermore the sign of the difference determines
the pulse’s polarity so that the signal is coded in
a ternary form.

The ternary waveform requires less bandwidth.
making this scheme particularly advantageous for
time-sharing and frequency-sharing systems such
as random access multiplex communications. Each
digit would be transmitted as two radio-frequency
pulses of different frequencies and spacings. By
assigning independent combinations of spacings
and frequencies, the channels can be separated.

Separating the frames

It is essential to rapidly extract framing informa-
tion from the incoming pulse train and to maintain
frame synchronization regardless of transmission
disturbances. If the communications link is noisy,
several synchronization pulses are inserted in a
frame—usually either in time slots that are equally
separated by information pulses (interlace framing)
or in consecutive time slots (sequence framing).
Two reframing procedures are possible if synchron-
ization is lost.

In an interlace scheme, the system may first
lock onto any pulses at the required interlace spac-
ing. While maintaining the spacing between pulses,
the system will shift one bit at a time until it locks
onto the pulses with the proper framing code. It
is also possible to shift by two or more bits if the
code format allows all bit positions to be scanned.

In sequence framing, the system may lock onto
the required number of pulses—say five pulses. If
these pulses do not have the correct framing code,
the system resets or locks onto the next five pulses
and so on, until it finds the pulses with the proper
framing code. One-bit or multiple-bit shifting may
also be used.

In 1960, it was found that as the number of
synchronization pulses per frame increases, a re-
setting-sequence system will reframe faster than
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an interlace single-bit shift system. The optimum
code pattern for the resetting-sequence mode is a
series of bits in which the first and last bit are
the same and all the intermediate bits are different.
For example, a code word with the sequence
0111110 or 1000001 is suitable. Experiments with a
simulator confirm the analysis.!?

Maintaining synchronization with a minimum
number of pulses is desirable because the fewer
framing pulses the smaller the bandwidth. A tech-
nique that meets this objective was proposed for
a time-division multiplexed system that employs
either delta modulation or pem.'®

The system consists of logic circuits and a delay
line with a delay time of one frame length. The
circuit includes five main sections—a synchronism
pulse extractor, a sync detector, a lost sync de-
tector, an erroneous sync detector and a hunting
initiator. The framing sync pulse is extracted by
checking all channels in parallel, resulting in fast
reframing. Pulse extraction is accomplished by tak-
ing the logical multiplication (“aAxp” operation) of
the pulses in successive frames. After several
frames, the result of this logical multiplication is
“0” for every channel except the framing channel;
only the framing pulse circulates in the delay line
circuit that is in the sync extractor circuit.

The synchronization detector monitors the delay
line circuit and confirms synchronization if only
one pulse recirculates. Synchronization may be lost
either because of faulty circuit operation or because
the framing pulse is lost in the transmission line.
The lost-synchronization detector detects this and
initiates hunting. Similarly, hunting is also initiated
if the system is erroneously synchronized.

Experiments on a simulator indicate that with a
20-bit frame containing one sync bit, frame separa-
tion is completed within six frames. With a 40-bit
frame containing two sync bits, framing is com-
pleted within three frames.

The general characteristics of frame synchroniza-
tion have also been analyzed.*’*' Synchronization
schemes that utilize information in all the pulses
in the frame are superior to those that observe only
a part of the frame. If all the pulses are observed,
average synchronization time is proportional to the
logarithm of the number of channels.®” If only part
of the frame is observed, synchronization times
are directly proportional to the number of channels
rather than to the logarithm.

Faster repeaters

High-speed regenerative repeaters will be im-
portant in future long-distance communications sys-
tems. In areas of high density traffic, it should be
economical to modulate signals onto a carrier in
the millimeter wavelength region and to transmit
the signal through a waveguide system. Because it
is difficult to make efficient bandpass filters, fre-
quency-division multiplex techniques would not be
practical. Consequently, if the bandwidth is to be
efficient, it is necessary to go to high bit rates
such as 160-million or 320-million bits per second.
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Repeaters will have to regenerate these bits with a
minimum of error.

Studies of high-speed pulse regeneration of these
high bit rates were made in 1963.22 The pulses
consisted of bursts of an 11 gigahertz oscillator.
This 11-Ghz signal simulated the intermediate fre-
quency of a millimeter wave system.

One part of the repeater is a partial amplitude
regenerator whose main elements are two silicon
diodes, in a wideband detector, and a hybrid junc-
tion. Another element is a high-speed timing gate
(microwave switch) that uses silver-bonded diodes
developed at the Electrical Communications Lab-
oratory of ~NTT. The diodes have very favorable
characteristics for switches that operate in nano-
seconds.

A long chain of repeaters was simulated by plac-
ing the circuit in a loop that had a 50-nsec delay.
Thermal noise and interference signals were added
to simulate a practical communications link. Error
rates were checked by free-running operation in
which the pulses were allowed to circulate in the
loop. When the ratio of the peak pulse power to
the mean thermal noise power was greater than
22 db, measured error rates were less than 0.6
X 10'°. The photograph (see below) is an example
of 320-megabits per second pulse waveforms that
have been detected after numerous regenerations.
The pulses show only a small amount of inter-
symbol interference and the information can be
extracted without an error.

Data and telemetry systems

In many industries the demand for on-line data
processing equiment—integrated with the manu-
facturing process or the system—is stimulating the
development of pem telemetry. In the block dia-
gram (shown on p. 144) is a typical pem telemetry
system used by Japanese electric power utilities.
Frame rates are several seconds long and the num-
ber of time slots range from 30 to 256. The higher
bit rates are for quantities, such as watt-hours or
the water level in the reservoir, which require four
or five binary coded decimal digits to transmit accu-
rately. Other data—such as current, voltage, power
and frequency—is coded in three binary coded
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Regenerated pulse-code waveforms produced by a
320-megabit per second repeater circuit. Scope
trace shows no loss of information.
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Pcm telemetry system gathers data in electric power system. Current, voltage or other signals that can be
transmitted in a relatively few bits are time-division multiplexed as analog signals and then converted to pcm.
Signals requiring more bits are converted to digital form before multiplexing. The parallel inputs are then brought
out in a single line. These pulses frequency-shift key a transmitter and the modulated signal is transmitted.

Essentially the reverse process occurs at the receiver.

decimal digits to which error control bits are added.
Similar systems have been installed by the Ministry
of Construction, gas companies and Japanese Na-
tional Railways.

Since the data sources are often far apart in
some of these systems, it has been proposed that
digital data concentrators be added to the system
to make the network more efficient. Then all the
data could be transmitted at a rate fast enough to
permit serial transmission to a central processor.

The Japanese National Railway maintains a pri-
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Comparison of pcm, pcm-pam and frequency-modulated
systems that all occupy the same bandwidth. For
pcm-pam and pcm systems each code word consists

of 5 bits. Signal-to-noise ratio is markedly higher for
pcm-pam system than for pcm. Pcm-pam also has

slight improvement over f-m system.
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vate microwave and cable network throughout the
nation. In combination with a duplicated central
processor, this communications link provides a na-
tionwide reservation service [see “Bit by bit, Japan
is speeding its communications links,” p. 147].

Another example is a 2,000-bit per second data
link that electronically controls the Tokaido Super-
express train which travels between Tokyo and
Osaka at 130 miles per hour. The electric power
industries—including the Tokyo Electric Power
Co., whose 8,100-megawatt generation capability
makes it the world’s largest privately owned util-
ity—also maintain their own microwave, cable
and power-line carrier networks.

Space telemetry

A digital telemetry system, known as a pcm-
pam (pulse-amplitude modulated) hybrid system,
has been proposed for Japanese sounding rockets.**
The system adds a pam pulse that improves the
signal-to-noise characteristics of the received sig-
nal. The pulse modulation is the difference between
the actual signal level and the voltage equivalent
of the 5-bit pem word; that is, the modulation is
proportional to the quantizing error.

The data’s signal-to-noise ratio is increased a
maximum of 7 db over a pcm word with 6 bits.
This improvement occurs when the rocket is at
maximum distance from the ground receiver and
the carrier signal is at the receiver threshold.

When the input signal is above threshold, the
pam pulse is recovered more accurately. As a re-
sult as in the diagram at left, the output signal-
to-noise ratio increases. Conventional pcm, in
contrast, is limited by the quantization noise
and therefore does not improve with higher car-
rier level inputs. The pam-pcem system also shows
an improvement over analog transmissions—fre-
quency modulation—represented by the curve
marked Fm.

The pcm-pam scheme is similar to a pem system
with a pulse-position modulation (ppm) vernier
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but results in a better signal-to-noise ratio and
simpler circuitry. In the ppm technique, noise
makes it difficult to determine the exact time of
arrival of the ppm signal.

The experimental pem-pam system has a bit
rate of 160 kilobits per second. The sampling rate
is 1.25 khz and the number of time slots, including
the synchronizing channel, is 16. By using super-
commutation—sampling and encoding a signal
more than once during a frame—it is possible to
increase the sampling rate to 10 khz.

Integrated pcm system

Japan is making an intensive effort to develop
an integrated telephone system which would in-
corporate switching pem signals in an exchange.
It will consist of pem central offices having a num-
ber of pem remote line concentrators intercon-
nected by pem repeated lines. Since such a system
would allow many more telephone subscribers to
be served by present transmission lines, it is an
attractive communications network for Japan—a
densely populated nation with large metropolitan
districts. For this reason the Electrical Communi-
cations Laboratory maintains a large research and
development group on pem integrated systems.

An integrated network is not commercially pos-
sible at present with the frequency-division multi-
plex (fdm) because frequency separation and con-
version devices are costly. However, the rapid
growth of short-haul, pem networks, is a good
basis for the marriage of the switching and trans-
mission technique. Eliminating recurrent modula-
tion and demodulation processes is one of the ma-
jor economic advantages of the concept.

In addition to Ecr, research in this field is also
being conducted at the University of Tokyo and
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Essex type, three-stage time-division exchange requires
an unused time slot to be simultaneously available

at the sending and receiving part of the line concen-
trators and at the junctors need for switching. As a
result, connections are often blocked and exchange

is inefficient.
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Repeater housing for manhole installation contains
21 repeaters to regenerate pcm signals that were
attenuated and distorted by transmission line.

by the major telecommunications manufacturers—
Nippon Electric, Fujitsu, Hitachi and Oki Electric
companies. These manufacturers also produce the
majority of the nation’s electronic computers and
professional quality semiconductor devices; there-
fore all the developments are coordinated. This is
important for a complex system such as the pem
integrated communications system, which has al-
most every characteristic of a real-time, integrated
data-processor.

Another factor favoring an integrated network
is the potential capability of integrating speech,
visual and data communications. Computer manu-
facturers are particularly interested because a pem
integrated system may provide superhighways for
an enormous flow of data between remotely located
data processors. However, there are many prob-
lems to be solved before effective integrated sys-
tems are practical. Most of the problems are con-
cerned with switching networks and system syn-
chronizing.

Switching networks

In a nonintegrated network, speech samples are
coded and decoded at each exchange; in an inte-
grated network, speech samples pass through in
coded form. For efficiency, the integrated exchange
must transfer as many coded signals as possible in
the time slots that are available.

When discussing an integrated exchange, time
slots refer to the intervals during which the ex-
change can transfer a coded voice sample. For
example, conventional pem with serial pulses in 24
channels would correspond to 24 time slots per
frame. Effiiciency can then be defined as the ratio
of the number of incoming channels per frame to
the number of time slots per frame.

A prototype integrated exchange developed by
Bell Telephone Laboratories is the experimental
Essex exchange, represented in the diagram
at the left. In it, a connection between a calling
and called party was established only if an unused
time slot was simultaneously available in three
places: at the line from the sending concentrators,
at the pairs of junctors that are needed for switch-
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Exchange arbitrarily assigns time slots, thus reducing
blocking and increasing efficiency. Pulse shifters,
color, at the junctors store the incoming signal until
a time slot is available on desired line. The diagram
represents two offices.

ing and at the line to the receiving concentrators.

Since the input words are time-division multi-
plexed, all these elements are also time-division
multiplexed; they may not be simultaneously avail-
able even though each may be idle at some time
during the frame. When time slots are not simul-
taneously available (in phase), the connection is
blocked.

To prevent excessive blocking in a three-stage,
time-division exchange such as Essex, the efficiency
of the exchange is deliberately kept below a cer-
tain limit. For example, if the blocking probability
is to be less than 1%, the efficiency of a network
with 24 time slots is limited to 50%.

However, efficiency can be increased if the num-
ber of time slots per frame is increased. Conse-
quently in 1960, it was proposed to increase the
number of time slots by transmitting the code
words in parallel rather than in serial form.*s:2¢
Instead of the conventional serial pcm stream, the
8-bit words are transmitted in parallel through
eight lines. Without increasing the clock rate
(1.544 Mhz), this parallel technique increases the
number of time slots to 192 per frame.

Another important concept is interchanging time
slots so that information is transferred even if the
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time slots are not in phase.?” In this technique, in-
coming pulses are stored in delay devices, which
may be called pulseshifters, and interchanged
whenever a time slot is available. In this way arbi-
trary time slots may be assigned to the calling and
called subscriber and blocking may be reduced or
eliminated. Each device has a total delay of one
frame period and provides a range of outputs that
are delayed one time slot from each other.

The diagram at the left is a proposal for a
time-division switching network that includes pulse
shifters at all the junctors.?® For a blocking proba-
bility of less than 1%, the efliciency of a network
with 24 time slots is increased to about 60%.

It has been found that similar improvement is
obtained by installing pulse shifters on some, but
not all, of the junctors and using the junctors with
pulse shifters as alternate routes.?® The use of ad-
ditional junctor stages (four or five) with pulse
shifters increases the efficiency of the network up
to 80%. In 1961, an experimental exchange dem-
onstrated the feasibility of the time slot inter-
change principle.*®

System synchronization

In an integrated communications system, the
clock frequency of each pem office should be in
synchronism; also each interoffice delay should be
adjusted to an integral multiple of the frame pe-
riod. If these conditions are satisfied, the time slots
of all the pcm lines are precisely in time phase.

The traditional forced-synchronization scheme in
which the offices are controlled by a master office
through a hierarchial structure is apparently un-
realistic. Such a system gets very complicated
when it is necessary to protect the network against
a possible failure in the master office.

An independent synchronization technique was
proposed in 1964, in which each office maintains
a very stable clock source.?* Minor errors in clock
frequencies are adjusted during pauses in speech
so that speech information is seldom lost.

In 1964, it was proposed to establish frequency
synchronism by mutual interaction of all clock
sources in the system.?® The clock source at each
office would be a multiple-input, phase-locked oscil-
lator. The entire system can operate at a single
frequency. In comparison to other synchronism
schemes, system parameters fluctuate less and
there is less chance of partial failures.

A method for phase synchronization has also
been proposed and the feasibility demonstrated by
an experimental simulator involving three offices.”
Research and development efforts on mutual syn-
chronization are also being carried out at Ecr,
Oki Electric and other companies.
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Japanese technology

Bit by bit, Japan is speeding
its data communications links

Computers, like people, require fast, accurate communications
to get along with each other and Japan is developing transmission
techniques to squeeze over 100 telegraphic signals onto a voice-grade line

By Mitsuru Yokoi, Shigehiro Hirasawa and Yoshiyuki Mima

Nippon Telegraph and Telephone Public Corp., Tokyo

If speed and accuracy are the keys to new tech-
niques of data communications, then Japan is well
on the way to becoming keeper of the gate. Faster
data communications links, new methods to control
accuracy and more channels to transmit data are
being developed in Japan to keep up with the
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nation’s rapidly increasing computer installations.
Japan now ranks third in computer installations,
behind the United States and West Germany, and
its economic boom and labor shortage are pressing
computers into service in many diverse fields. Com-
puters are recording railroad reservations and con-
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trolling rail traffic, they are keeping records in banks
and utilities and the machines are aiding the gov-
ernment’s employment services.

As the volume of data communications mounts
communications companies are seeking ways to
increase the capacity of transmission lines by step-
ping up the transmission speed and the capacity of
terminal equipment. Present facilities of the Nippon
Telegraph and Telephone Public Corp. (NTT) can
transmit data between any two locations at rates
up to 1,200 bits per second, This is adequate for
present demands but is only considered a first step.
Among the systems being tested is one to trans-
mit up to 6,000 bits of data a second over a single
voice line—a new technique for submarine cable
communications called Rectiplex. The system is too
costly to use with conventional land lines but in-

tegrated circuits may make that possible too.
Production of integrated circuits for third-genera-
tion computer is picking up speed as part of an en-
gineering effort that has given Japan a thriving
computer industry.!:?

Still another facet of the communications prog-
ress in Japan is the development of new and more
efficient forms of pulse-code modulation. This
work, described in the article that begins on page
134, has as its goal a unified communications and
switching network that will be able to handle
digital data at high speed, as well as voice and
video transmission.

Studies of data transmission and error detection
and correction began in the early 1950°s and led
to the standardization, in 1963, of a data-transmis-
sion equipment for 200-baud and 1,200-baud leased

Data transmission networks in Japan'

Number of Channels?
User Main Applications
50 200 1,200 Computer
(bits per second)
Ministry of LADOrB. . ... cocvnspersnerpommenss 276 8 Facom 230-50 Employment research
Japanese National Railways*............... 210 MARS-101 Seat reservation
MARS-102
Kinki Nippon Railway Co.........cccovinunnnn 18 NEAC 2203 Seat reservation
Central Cooperative Bank for Agriculture
and FOTEStI.vse  svovvpeniswsmmieosessns 47 4 Facom 230-30 Exchange control
Faji Bank, Ltde. s s s cvvnnsesnseisessssmmmmes 14 IBM 1440 Current deposit
Shizuoka Bank; Ltdices soessmieannmanesises IBM 1440 Exchange control
Futji PROtO Bl C0iuva s vvvsinnsiomarainisrmisioms siors 14 IBM 1440 Inventory
Japan AR LINES GO vevs ssnswniswsmenmsniisas 37 NAEC 2230 Seat reservation
Nikko/Securities Coiss i ssmunmasisnasimmssnsse 152 Facom 323 Stock brokerage
Tokai Bank: ktdse.:as s ¢ sosanmsmmesmmsansans 227 Hitac 3030 Exchange control
Hachijuni Bank, Ltd............covina.... a4 Facom 230-30' | Exchange control
Daishowa Paper Mfg. Co....ooovvinnvnnnn.n. 4 IBM 1440 Inventory
All Nippon AifWays C0..usswmmsensmssisesis s 99 Hitac 3030 Seat reservation
Okamura Manufacturing Co................ 2 IBM 360-40 Inventory
Sumitomo Bank Ltd.....cciiasemimsmmmsssase 310 65 NCR 315 Current deposit
Heiwasogo Bank Ltd..............covanen... 9 NAEC 2200
IBM 360-20 Current deposit
TOKYO KORY0iCO..u.v ¢ 5 v 5 snmsmamentsmmnpenssss 13 IBM 360 Inventory
Tokyo Sangyo Shinyo Bank................. 17 IBM 360 Loan control
Mitsubishi Shoji Kaisha, Ltd................ 14 21 2 GE Data net 30 Inventory
Sanwa Bank, Ltd.........ccoiviiiiiiinnn... 250 2 Hitac 4010 Exchange control
National Broadcasting Association in Japan BO | | sesscesmemes
Local Bankers' Association®................ 31 25 Facom 230-50 Exchange control
Japan Monopoly Corp.......cvvvvveenennn.. 200 10 N rersesies
Yachivo Banlk; Etd.: ;¢ cisismvsmmasmenss s s 8 NCR 315 Current deposit
Dailehi/Bank,; Ld.:.. ; i isaessnsemsssmsssn s 100 IBM 360-50 Current deposit
Eul Bank; Itd. uc.convsmmmnioniimsnnitmesstods 110 Univac 418 Current deposit
Kinki Nippon Tourist Corp.......coouevvenn.. 2 Univac 418 Seat reservation
Kawasaki Steel Corp......covvveveennninnnn.. 4 Univac 494 Inventory
Total st os varmsnsmmvassisumes 5 1,912 228 317

O WN -

. The table includes several systems now under installation and not yet in operation.
. More than 600 channels in point-to-point off-line data-transmission service are not included in the table.
. This system will expand to about 620 channels before the end of the year.
. JNR uses its own data transmission lines; all others use services supplied by NTT.

. This system’s computer is the property of NTT, and marks NTT's advance into a new service.
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lines. (These lines are permanent connections be-
tween two terminals, as contrasted with ordinary
switched telephone lines that are routed to their
destinations through exchanges.)

Data transmission today

In the second half of 1962 NTT began investigating
data transmission over switched telephone networks.
Data transmission service over these lines will prob-
ably begin soon. One problem with such service is
that no time charge is made on local telephone
calls in Japan. This isn’t a problem with voice
messages because most people will converse only
for limited times. But machines transmitting data
could tie up a line for days at the price of one 5-
minute telephone call.

The higher-speed services have by no means
made obsolete the older 50-baud data transmission
circuits whose primary application is in private
message services. At present more than six hundred
50-baud point-to-point data transmission circuits
are in service in Japan—about 8% of the total
number of private telegraph circuits. These systems
generally use the same equipment as ordinary tele-
graph facilities, including line transmitters, reper-
forators and telegraphic carrier systems. Some
systems include error detecting and correcting
equipment. Customers install terminal equipment,
transmitters and reperforators in their offices, as
authorized by ~rtr. The service is called first regu-
lar-class private-circuit service.,

The 200-baud and 1,200-baud circuits are called
second regular-class and third regular-class private-
circuit services respectively. Demand for these serv-
ices, now occupying only a few channels, is grow-
ing rapidly; in another vear about 500 channels of
200-baud service and 150 channels of 1,200-baud
service should be in operation on point-to-point
circuits.

Of course, these data transmission systems serve
not only for point-to-point transmission but also
for the central-computer on-line network services
shown in the table on the preceding page.

Although data communications in Japan is still
in its infancy, several significant systems are now
in use, including railway and airline seat reserva-
tion systems, a government employment center,
and a centralized railway traffic control system.

Reserving a seat

One of the leaders in data communications has
been Japanese National Railways, Japan’s govern-
ment-owned backbone railway system. The Railway
Communications Committee of jNr began studies
in 1956 to improve communications on then exist-
ing lines and to pave the way for even better com-
munications on planned high-speed lines. From
these studies JNR’s large-scale seat reservation sys-
tems, Magrs 101 and aars 102, have arisen. Smaller-
scale reservations systems have been installed by
Kinki Nippon Railway Co., a private regional rail-
ways system, by Japan Air Lines Co. and by All-
Nippon Airways Co.
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Central computer installation for JNR’s
seat reservation system.

Agent set that connects the local JNR ticket office
with the central computer system for reserving
seats in railroad trains.

The computer systems in JNR’s central reservation
office in Tokyo can process 1.4 million seats each
week [see block diagram on next page and photos
above]. Some 467 agent sets, or consoles, are the
remote input-output terminals to the central proc-
essors, which are five Hitac 3030 computers built
by Hitachi, Ltd. Each agent, through his set, re-
quests the desired number of seats, train name, date
and class of travel, and specifies the stations of
origin and destination. The processor searches
its bulk memory, containing 16,000 words in mag-
netic cores and 32-million words on magnetic
drums, for the requested seats; if space is avail-
able the agent’s console prints out tickets while
the passenger waits. Total elapsed time is about
26 seconds. With the former manual system, wait-
ing time averaged about 2 minutes and was fre-
quently much longer during busy periods.

Train control

On the new Tokaido line of the Japanese Na-
tional Railways between Tokyo and Osaka, a cen-
tralized traffic control system supervises all trains
[see block diagram, bottom p. 150]. The positions
of each train and the condition of the route are
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transmitted to the computer at the control center.
A pencil-size coaxial cable with a capacity of 300
circuits installed between Tokyo and Osaka—a dis-
tance of 515.5 kilometers—transmits the coded
data.

Coils are installed between the rails of the track
on each side of every station; these coils pick up
a signal from the passing train that indicates the
number of the train. The signal is a 200-kilohertz
carrier, modulated by five of 11 frequencies be-
tween 1.125 and 2.115 khz, and provides up to 462
different train identities. It is coupled inductively
from a coil on the train to a coil on the track. The
track coil relays the signal to a control terminal at
the station, where it is decoded and retransmitted
by cable to the central control center at 2,000 bits

per second. The control center determines from
these signals when each train enters and leaves each
station and how many trains are in a particular
section between stations. Using this information,
the center controls the speed of the trains, com-
mands them to start and stop and sets track
switches. In emergencies, the control center can
communicate with the train by radio, again through
the local control terminal.

The centralized traffic control system was in-
stalled on the new Tokaido line in 1965. Similar
systems are scheduled for installation on other jngr
lines in the near future.

Centralized traffic control should not be con-
fused with automatic train control, another feature
of trains on the new Tokaido line. Automatic train

COAXIAL CABLE
CONTROLLED
el RECEIVER TRANSMITTER ;o
CENTER L sl TRANSMITTER RECEIVER
e Vi W s DECODER
FROM L =
LEAKY WAVEGUIDE CRANSMITTER S e
ON TRAlN\ T—EMERGENCY
RAILWAY === ORDERS
PICKUP cm/ r »| RECEIVER
ON TRACKS

Centralized traffic control system of JNR controls spacing and routing of trains. Emergency signal path is in color.
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control prevents collisions between trains; it does
not involve data communications.

Labor and money

Banks and securities companies began the second
round of data communications applications in the
early 1960’s. Other industries and government
agencies followed their example, using data com-
munications for various applications like inventory
control and placement services.

The Labor Market Center was established in
July, 1964, in the Ministry of Labor, to streamline
employment security administration, to promote
labor mobility and to foster a modern labor market
as an integral part of the active employment policy.

The Labor Center’s data processing equipment
[photo, p. 152] is a Fujitsu Facom 230-50 elec-
tronic computer and communication control unit.
The Prefectural Employment Security Offices
record, on paper tape, data on jobs available and
jobs wanted and various reports on unemployment
insurance. The data is then transmitted at 50 bauds
to the line concentrator at the prefectural office,
then to the time-division multiplexer at the relay
station and finally to the Labor Market Center at
1.200 bauds [see block diagram p. 152].

The central exchange equipment at the Labor
Center classifies the data according to destination.
All data addressed to the center is recorded on
magnetic tapes for processing by the computer.
This is a store-and-forward exchange, typical of
systems in which signaling speed is slower than
computer input-output speed. Data or messages
addressed to other prefectural offices are transmit-
ted immediately to these offices without being re-
corded on magnetic tapes. The electronic computer
sorts, computes and collates the data recorded on
the magnetic tape for permanent storage or for
retransmission to the prefectural office through the
central exchange’s equipment.

Transmission circuits

Although Japan has the usual problems con-
nected with transmitting data over telephone lines,
fortunately most telephone circuits in the small
island nation are new and of high quality. The
majority of the older circuits were destroyed dur-
ing World War 2 and the circuits were rebuilt with
nationwide expansion of the network in mind. The
number of subscribers has been growing very
rapidly in recent years.

To keep the error rate low and to standardize
signals for compatibility, Nt usually supplies its
subscribers with all equipment needed for first,
second or third regular class data transmission.

Sometimes, however, ~NtT supplies only the
modem (modulator-demodulator), the signal con-
verter that connects a telephone transmission line
with terminal equipment. The customer provides
his other equipment under authorization from NrT.
Since the modem should match the transmission
line, NTT provides no data transmission lines with-
out modems. Four standard modems are now avail-
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NTT's data transmission services

Circuits Remarks

Leased circuits

Local line
(two-wire or four-wire

circuits)

Toll line
First regular class
Second regular class
Third regular class
Wideband circuit

Private use
Up to 1,200 bits/sec.

Up to 50 bits/sec.
Up to 200 bits/sec.
Up to 1,200 bits/sec.
See note 1.

Switched circuit
Telex
Telephone circuit

50 bauds only

Semileased circuit See note 2

Ordinary switched tele- See note 3
phone circuit

Dedicated network service | See note 4

Note: 1) Bandwidth is 48 khz; the service is available to
government agencies and enterprises. This is not a
high-speed transmission system, but a telephone
group of 12 voice-band channels leased as a single
unit.

2) For private use over distant direct dialing telephone
network.

3) Undergoing field trial and not yet generally available.

4) Will go into service in 1968 as a private network for a
group of customers.

able, differing principally in their line frequencies.

Error rates indicate data transmission quality
and are a realistic measure of how well the system
and transmission network match. With ~NTT mo-
dems, error rates on nonswitched circuits range
from 10 to 30 bits per million in telegraph circuits
at 50 bauds, and 1 to 5 bits per million in 200-baud
and 1,200-baud circuits. The error rate may be
greater in switched telephone circuits because of
the numerous exchanges through which a signal
may pass. In this case the rate is specified in blocks,
because error-detecting equipment causes the re-
transmission of entire blocks whether they contain
one or 100 errors. The average block error rate on
switched telephone circuits is less than 5 blocks
per 1,000 for a block length of 60 characters each
with 10 elements.

Modems whose data signaling rates are 2,400
bits per second on voice-band circuits have been
developed cooperatively by NTT and communica-
tions equipment manufacturers and are now under-
going field tests. Commercial application may fol-
low in the near future. Modems for 3,600 and
4,800 bits per second are now under development
in the laboratory and may eventually see service.
The most technologically advanced unit on the mar-
ket is the Rectiplex system, developed by Fujitsu
Ltd. and the Kokusai Denshin Denwa Co., Japan’s
overseas cable and communications system. Its
speed is almost 6,000 bits per second over voice-
band circuits—an information capacity five times
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Labor Market Center's computer system links local labor offices with central bureau.

TERMINALS MULTIPLEXERS

I -

PAPER TAPE
READER TAPE
|
|
|
CONTROL
el PROCESSOR |
I
I
-G

DOUWVW—<VDMUOUCWL MmE-r
nN<r>rmo

that of the simplest pulse-modulation circuits. Ca-
pacity equals 108 telegraph channels operating at
50 bits per second.

Tests of the Rectiplex system between Tokyo
and San Francisco have been excellent. However,
the highly efficient terminal equipment is very
expensive—costing more than an additional over-
land transmission line. But the system is much
cheaper than additional submarine cables for inter-
national communications.

The system has 18 carrier frequencies, ranging
from 540 hertz to 2,580 hz at 120 hz intervals, for
data transmission. Each carrier handles six chan-
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Computer at the Labor Market Center records help-wanted
and job-wanted information sent in from local offices
throughout Japan. Transmission lines are in color.

nels. A 19th carrier, at 2,820 hertz, transmits a syn-
chronizing signal for automatic phase-control cir-
cuits. Differential phase modulation of the
individual carriers provides excellent performance
with respect to noise and line interruption. Recti-
plex increases the signal rate in two ways:

= First, it combines three input channels into one
without increasing the modulation rate.

= Second, each of the three inputs has twice the
signal rate of ordinary 50-baud channels because
two such lines are combined with conventional
time-division multiplexing.

Therefore the total capacity of a single carrier
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in the Rectiplex system is six times the standard
50-baud line. Eighteen carriers handle a total of
108 lines.

Data transmission equipment

Several kinds of equipment are available for data
processing applications. Data transmission equip-
ment is usually identified by a code that denotes
the transmission rate; for example, series 200 data
transmission terminals are designed for 200-baud
data transmission.

A widely used data transmission terminal is the
pr-51. It transmits and receives binary information
on punched paper tape, detects errors and auto-
matically retransmits incorrect blocks. Data input
and output are on six-hole or eight-hole paper tape.
The equipment can simultaneously transmit in both
directions over 50-baud telegraph or telephone
circuits.

A block-check method detects errors. At the re-
ceiving end, each block of 60 characters is checked
for errors. When errors from transmission faults are
detected, a cancel character is punched after the
block to show that an error is present and the re-
ceiving terminal automatically requests the trans-
mitter to retransmit that block.

The pT-202 data transmission terminal can han-
dle 200 bits per second, and the pr-1202 terminal
is designed for 1,200 bits per second data trans-
mission. These terminals have photoelectric six-hole
or eight-hole tape readers, asynchronous tape per-
forators and electronic transmission controllers. The
tape reader is the input and the perforator is the
output. The transmission controller is installed be-
tween the modem and the tape reader or perforator
and controls both the reader and perforator. The
controller also detects and corrects errors due to
faulty equipment as well as transmission.

The tape reader sends a character in parallel to
the transmission controller, which converts the
parallel signal into serial form, adds start and stop
elements to each character and sends the character
in serial to the modem. Each serial character is
composed of 10 pulses; dummy pulses are inserted
when six-hole paper tape is the data source.

Line switching

The p1-10 line-switching control equipment com-
prises an automatic calling unit, a line-connecting
unit and a control unit. Data transmission terminals
read the address codes punched on paper tape and
transfer it to the control unit. When the code ad-
dresses a terminal station on a switched network,
the automatic calling unit “dials” the receiving ter-
minal. When the address is that of a terminal sta-
tion on a point-to-point line, the line-connecting
unit connects the addressed line to the data trans-
mission equipment. Then the line is extended
from the line-switching equipment to the data-
transmission equipment, which reads the punched
paper tapes and transmits the data until it finds
the next address code.

The pr-20 communication control equipment
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Baud, bits and hertz

A binary digit—a bit—can have only two values,
0 or 1; therefore a bit can be represented on a
transmission line by the presence or absence of a
unipolar pulse at a specified time. Sometimes more
complex waveforms are used to improve transmis-
sion characteristics [see page 137]. However, basic-
ally the shorter the pulse’s duration, the higher
the information transfer rate.

If = is the pulse duration in seconds, then the
modulation rate is 1/7, as in the diagram below.
Modulation rate is measured in bauds, named after
the French originator of the 5-bit teletype code,
Emile Baudot. Numerically, the modulation rate in
bauds equals the number of binary pulses trans-
mitted per second.

A signal modulated at B bauds has a funda-
mental frequency and minimum bandwidth of B/2
hertz. Transmission of both sidebands in an ampli-
tude-modulated system requires a bandwidth of
B hertz.

Recent data transmission systems have more
complex transmission parameters; for example, a
single pulse may not be a pure binary quantity,
and the transmission system may have several par-
allel channels to carry data. For a system of this
type, the data signaling rate is:

P

S = Z 5 log: mi
i

i=1
where p = the number of channels; r; = unit
duration in the i-th channel in seconds; and m; =
number of possible values of the i-th channel pulse.

If m; = 2, then the channel is binary, and 1/7
is properly measured in bauds.

The baud concept dates back to telegraphy and
telegraph line ratings. Today, ratings are expressed
more meaningfully in terms of the system using
the transmission line; so that data transfer rate in
bits per second is often used instead of the modu-
lation rate in bauds.

TSEC
o A e — e A
2o el b
FUNDAMENTAL | “-UNIT PULSE; B (= —) BAUD
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Modulation rate in bauds is essentially the same as
signaling rate in bits per second and is half the
equivalent frequency in hertz.

can perform remote data collection, storing batched
input data in a central processing unit. It addresses
and transmits to terminals any data that is queued
in the central processing unit.

It is designed for concurrent use of switched
and nonswitched networks and controls message
traffic from various types of communication termi-
nals. Its automatic calling unit enables the central
processing unit to call any number in the network.

The new p1-2 tape-controlled teleprinter [lower
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Rectiplex system shifts phase for high bit capacity

To modulate three binary channels
onto one carrier, the Rectiplex sys-
tem shifts the phase of the carrier
by some multiple of 45° depend-
ing on the state of the binary in-
puts. These binary inputs may
have any one of eight possible com-
binations, corresponding to the
eight possible 45° shifts in a sin-
gle cycle. The phase for a par-
ticular signal combination is estab-
lished relative to the phase of
the preceding signal; the system
therefore employs differential phase
modulation, as contrasted with
some systems that shift the phase
relative to an absolute phase.
Conventional carrier telegraph
systems also modulate only one
binary channel onto a carrier; but
if more than two states of the car-
rier are possible, multiple channels
can be transmitted simultaneously.
Differential phase modulation
has been studied in Japan for
about a quarter of a century, but
has not been used because of the
difficulty of demodulating phase-
modulated signals. Efficient meth-
ods have been recently developed
for demodulation and for auto-
matic phase control, and electronic
components have been improved;
the Rectiplex system then became
feasible for high-cost data links
such as the transpacific cable.
The relation between the com-
binations of signal polarity and
the amount of phase shift from the
preceding element is shown in the
vector diagram below. How phase
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A
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|
|
|
|
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ELEMENT NO, m-{ m mH m+2 m+3
CH 1 1 1 0 0
CH 2 0 1 0 0
CH 3 1 0 0 1

shift affects a typical series of bits
on three channels, and the result-
ing waveforms are shown above.

Phase demodulation. To demod-
ulate the signal the phase differ-
ence of an element is compared
with the preceding element. The
principle of demodulation is shown
at right. The automatic phase
control circuit is actually similar
to the carrier oscillator at the trans-
mitter. It is synchronized with the
transmitter by the 19th carrier
mentioned on page 152. It drives a
differential phase modulator that
modulates a signal and compares
it with the received signal. The
difference between the phases of
the incoming signal and the local
phase modulator produces a de-
modulated output.

In the top diagram part of the
demodulated output feeds back
through a delay to the local phase
modulator. The delay permits a
signal element to be compared
with the preceding element in the
phase detector. In the bottom dia-
gram the delay is applied to the
entire demodulated output instead
of just to the portion fed to the
local modulator.

Four demodulating circuits de-
multiplex the three channels on
one carrier. The phases of the
reference signals of each demodu-
lator differ by 45°. The vectors
indicated by broken lines [top, left,
page 155] are the four reference
signals. The demodulated outputs
of two channels are obtained by
comparing the input signal with the
reference phase signals R; and R.
respectively. The demodulated out-
put of the third channel is ob-
tained by comparing it with both
R, and Ry, and taking the exclu-
sive or of the result—that is, the

Differential phase modulation shifts the phase for each
combination of 3 bits on three independent channels,

110 relative to the previous phase, shown in color. Thus the
combination of three zeros (000) repeated over and over
causes no phase shift; the combination 001, if repeated,
causes successive phase shifts of —45°,

m+4 m+5 m+6  Typical string of bits on
) § y three channels shows
1 0 1 the corresponding phas
g 0 { shift for each

combination of three.
The resulting waveform
is shown in color.

output is a binary “17” if the Ra,
or the Ry, output is 1, but not both.
If both are 1 or both 0, the output
is 0.

Channel filtering. In conven-
tional frequency-division multiplex
systems, a bandpass filter separates
the various channels. Consequently
the characteristics of the system
depend on the characteristics of
the filter. The Rectiplex system
contains no bandpass filter. The
filtering function is performed by

MODULATED

DEMODULA’
TRANSMISSION
SIGNAL PHASE OUTPUT
DETECTOR
DIFFERENTIAL
PHASE ] DELAY
MODULATOR CIRCUIT
AUTOMATIC
PHASE
CONTROL
DEMODULAT
MODULATED OUTPUT
TRANSMISSION
SIGNAL PHASE DELAY
DETECTOR circuIT
{
DIFFERENTIAL
PHASE |
MODULATOR
AUTOMATIC
PHASE
CONTROL

Demodulation of a differential phase
modulated signal requires each element tc
be delayed for comparison with the
following element. The demodulator’s
output may be connected either before or
after the delay.

an integrator with a reset function,
enabling efficient demodulation and
utilizing the active channel band-
width.

The carrier frequency for each
of the 18 channels is allocated at
intervals of 120 hertz. These mul-
tiple signals are sent together to
the phase detector. Then the de-
sired signal for any given refer-
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ence is obtained as a d-c compo-
nent from the phase detector, but
those of the adjacent channel show
up as a-c components with fre-
quency differences of 120 hertz.
These a-c components are inte-
grated out. No influence of the
adjacent channels appears at the
integrator output and only the de-
modulated output of the desired
channel is obtained.

Automatic phase control. The
demodulating carrier producing the
reference signal is regenerated
from the modulated signal by the
automatic phase control (arc) cir-
cuit. The demodulating carrier
must have the same frequency and
phase as the modulating carrier at
the transmitter. In order to obtain
the signal, the Apc circuit supplied
for all demodulating circuits main-
tains the demodulating carrier in
normal condition.

Signal A [at right above] coming
in on one of 18 carriers is phase-
detected by the reference signals
B, and B., which differ in phase.
The two d-c outputs of the de-
tector are compared. Normally the
two d-c outputs are equal. If
they become unequal, the phase of
B, and B can be altered to equal-
ize the two d-c outputs, bringing
the phase of signals B, and B into
the proper relation to signal A.

As described previously, the
most recently received element
(corresponding to a bit in a binary
system) modulated the reference
signal and is compared with the
next element. The phase difference
between the last received element
and the next element identifies the
next element. But in the Rectiplex
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references.

Reference signals are maintained in proper phase for
demultiplexing by comparing them with the phase of a
data signal that should be equally out of phase with two

Demultiplexing the three channels carried by the

010 demodulated signal requires comparison with four
reference signals (color) displaced in phase 45° from
each other and 2214 ° from the possible phases of the

signal.

system’s demodulating circuit there
are four reference signals [above,
left] and eight possible last ele-
ments on each carrier, correspond-
ing to the eight combinations of
bits on three channels. Any one of
these eight defines two of the four
references that are =67.5° or
#+112.5° out of phase with the
last element [table below]. These
two references give two differ-
ences. The references are adjusted
so that the two phase differences
are equal at all times, thereby
maintaining the demodulating car-
rier at a constant phase.
Demodulation. To synchronize
the demodulating circuit with the
modulating one, a synchronous sig-
nal is transmitted by means of
phase reversal modulation of the
19th carrier. This form of modu-
lation generates several upper and
lower sidebands. Narrow bandpass
filters in the receiver separate the
first upper and lower sidebands
from which a ring modulator de-

Modulated
signal

000
001
011
010
110
111
101
100

Amount of
phase shift

—45°

—90°
—135°
—180°
—225°
-270°
—315°

rives the beat frequency compo-
nents—the sum and difference of
the two sideband frequencies. The
difference frequency is filtered and
shaped, and becomes the demod-
ulating clock pulse.

Time-division. The Rectiplex
system transmits six independent
signals by phase modulation on a
single carrier frequency. These sig-
nals are brought together in pairs
by a time-division multiplex circuit
that also synchronizes the signals,
which otherwise have no com-
mon timing reference.

The incoming signals arrive on
50-baud lines; the multiplexer in-
terweaves two of these into one
96-baud signal containing the char-
acters from the two channels al-
ternately. Three 96-baud signals
are then phase-modulated onto one
carrier. A demultiplexer following
the demodulator at the receiving
end separates the incoming signal
into two parts for output on 50-
baud lines.

Selected
signal

0° Ri, Rap
Ran, R
Rz, Raa
Rz, Ry
R, Rap
Raw, Rz
RQ, R3u
Rza, Ry
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right photo, p. 157] is an off-line unit that can
read paper tape and edge cards, and punch
paper tape. It uses the 7-bit coded character set
for information processing interchange, as proposed
by the International Organization for Standardiza-
tion (1s0) and other associated international organi-
zations. In Japan, domestic communications are
usually in the Japanese national character syllabary
called katakana but all international traffic uses the
Roman alphabet. Both of these are permitted with
the 150 and both, plus graphic characters up to a
total of 192 characters, are available on the pr-2.

The code includes two special characters called
shift-in and shift-out. The new teleprinter inter-
prets code characters following the shift-out char-
acter as outside the standard code table. Katakana
characters are printed until a shift-in character
is received, then other characters are printed.

The keyboard and printing mechanisms are quite
different from those of older tape-controlled tele-
printers that use 6-bit coded characters on 50-baud
transmission circuits; however, the pr-2 is almost
identical with previous teleprinters from the oper-
ator’s viewpoint.

A faster-on-line teleprinter now being developed
prints 1,200 characters per minute received over a
200-baud transmission line. Its mechanism differs
from both the rr-2 and older teleprinters.

Two pulse motors make the character selection
mechanism relatively simple. Both motors operate
at the same time, so that the time to position each
character is less than 36 milliseconds. Actual print-
ing time is less than 10 msec per character. The
transmission time for a 10-bit character is 50 msec.
The maximum time needed for carriage return
is 500 msec, so that no data can be transmitted for
12 second following each carriage return character
sent over the transmission line.

Special terminal equipment

Several interesting types of special data terminal
equipment have been developed in Japan for cus-
tomer-owned business machines.

A data terminal developed by Nippon Electric
Co. detects errors and, if necessary, retransmits an
entire block of data so that only clear data appears
on the output tape. The terminal is a remote input-
output terminal connected to a computer by a tele-
graph or telephone circuit. To maintain clear data,
a magnetostrictive delay-line buffer stores data in
both the receiver and transmitter. Incoming infor-
mation is stored in the memory until the acknowl-
edge signal is received, and then the memory
controls punching of the paper tape. If a negative
acknowledge signal is received, the message in the
memory is discarded and the block is retransmitted.

The terminal can be operated by relatively un-
skilled personnel. It comprises a transmission con-
troller, tape reader, tape punch, card reader, card
punch and teleprinter.

A new and unusual sprocket magnetic tape trans-
port was design by Oki Electric Industry Co. for
data storage or conversion of signaling speed
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Checking for errors

Data-transmission equipment can include hardware
to protect against disturbances that are likely to
occur on any transmission line, such as interrup-
tions and impulsive noises. These disturbances
cause bursts of errors in received data; that is, a
group of successive pulses is more likely to be
lost or obscured than is a single pulse.

Because errors occur in bursts, any error in a
block of data is considered to invalidate the entire
block, which is then retransmitted as a whole. This
mode of correcting errors, sometimes called block |
checking, is more efficient in data transmission sys-
tems than individual character checking.

Nippon Telegraph and Telephone Public Corp.’s
equipment checks each block’s accuracy in two
ways: a vertical parity check and a longitudinal
modulo-four check. Each character normally com-
prises seven bits and one parity bit, defined so that
each character contains an even number of 1 bits.
In the vertical parity check, if a character in a
block is received with an odd number of 1 bits,
the entire block is retransmitted.

Each of the eight parallel data channels in a
block undergoes the modulo-four check. The 1 bits
are counted by fours at the transmitter and the
receiver, both discarding all carries. After the block
is completed the transmitter sends its count and
the receiver compares the two counts. If the counts
do not match for all eight channels, the receiver
punches a cancel character in the paper tape at
the end of the block and the entire block is re-
transmitted.

Field trials made by ~NTT scientists in 1959
proved the reliability of block checking, which is
based on work begun in 1951 by Zenichi Kiyasu.
These tests and other work justified the present
standard of 200 and 1,200 bauds for data trans-
mission, in addition to the older 50-baud tele-
graphic standard.

Unfortunately the cancel mark is behind the er-
roneous data, not before it. For some applications
this is only slightly inconvenient, because all the
correct information is available and any erroneous
information is marked. In off-line computer trans-
mission the computer can store data as it comes
in and discard blocks that contain errors. For on-
line applications, where the presence of erroneous
data may be intolerable, NTT and its manufactur-
ers are developing a paper tape punch described
at the left that does not punch erroneous data.

in high-speed data transmission circuits. A sprocket
controls the tape motion in the same manner as
ordinary paper tape, character by character, either
forward or backward. The maximum reading and
writing speed is 1,500 characters per minute. One
reel of tape holds up to 140,000 characters.

Parallel transmission, rather than the conven-
tional serial transmission, can be a useful function
in some data-gathering applications. A study of
parallel transmission equipment is being conducted
by NTT to reduce terminal equipment cost.

The D-600 prototype equipment designed under
this project to read paper tape transmits data
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New Japanese terminal equipment

Sprocket magnetic tape handler reads magnetic tape in
much the same way that similar machines read paper
tape. It stores data or converts signaling speed.

Tape-controlled teleprinter is shown with an associated
data tape reader at right. The machine can print data read
from tape or edge-notched cards. It prints both

Roman and Japanese characters.

in parallel format over switched telephone networks
at 600 bits per second. A total of 10 channels are
used. Eight channels correspond to the eight paral-
lel information bits in standard eight-hole punched
paper tape. The ninth and tenth channels transmit
control signals, one in each direction.
Compatibility with the data processing speed
of computers and the information transfer rates of
input-output equipment peripheral to computers
require wideband modems. A 42,000-bit-per-second
wideband modem, one approach for 48-kilohertz
transmission lines, has been developed at NTT’s
Electrical Communication Laboratory, using phase
modulation techniques. The modem accepts data
at arbitrary rates up to the maximum simply
by setting an adjuster. The input data is converted
in a series of phase shifts of the carrier, either 0°,
90°, 180° or 270° with respect to the preceding sig-
nal element carrier phase. The modem processes
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Parallel data transmission unit reads standard eight-hole
paper tape and transmits the data in parallel over eight
telephone lines. Two more telephone lines transmit
control signals between the transmitter and receiver.
This unit is a prototype.

bits in pairs; each of the four possible pairs of binary
digits—00, 01, 11, and 10—generates a signal em-
bodying one of the four possible carrier phase
shifts. This is a quaternary phase modulation tech-
nique somewhat similar to the differential phase
modulation technique in the Rectiplex.

A timing regeneration circuit keeps the timing
clock in phase when no phase shift is received for
a long time. The receiver has a crystal oscillator
whose frequency is controlled by the received car-
rier only when phase variation is detected. During
bursts of constant phase or short interruptions, the
timing clock is regenerated by the oscillator of the
receiver alone.

Another quaternary phase modulation system
employs phase shifts of 45°, 135°, 225° or 315°, so
that a phase shift occurs even for a steady burst of
pairs of zeros, simplifying synchronization. The sig-
nal-to-noise ratio is the same for either method;
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however, the second system is really a tyvpe of cight-
phase modulation and requires logic circuits to
determine phase shift. Moreover, the carrier fre-
quency must be fixed and the modulated carrier
bandwidth must be wider to regenerate the timing
signal. The receiver for the modem employs syn-
chronous detection, in which a logic circuit and
two modulators identify pairs of bits and deliver
them serially to the receiver data output circuit
under control of a timing signal.

For two years, the ~tT laboratory has been con-
ducting series of point-to-point data tranmission
tests over 48-khz bandwidth lines. The modem has
performed satisfactorily and will soon become avail-
able as the standard modem for wide-band data-
transmission service.

Research, development and the future

Japan’s data communications services will expand
tremendously soon, as more channels of greater
length become available operating at higher speed
and as entirely new services are offered.

Complete data communications services, includ-
ing electronic computers, will be supplied by ~tT
—not only data transmission services. The decision
to do so was based on NTT’s long experience with
direct distance-dialing networks. The first cus-
tomer for NTT’s computer services is the Local
Banker’s Association, which requires nation-wide
communications for the exchange of drafts.

Research is continuing in other applications in-
cluding remote processing systems, process control
systems, information retrieval systems, open-to-the-
public computers on communications networks. The
demand for these services during the next five years
will require an estimated tenfold increase in the
capital investment for necessary equipment. Be-
cause of the magnitude of the investment, many
organizations are cooperating on the needed re-
search; these include the computer centers at sev-
eral universities, the Electrotechnical Laboratory
of the Ministry of International Trade and Industry,
the Electrical Communication Laboratory of NTT
and laboratories of several electronics firms.

The largest single research project now under
way is development of a giant time-sharing com-
puter for a nationwide data-communications net-
work. Engineering knowhow from the leading elec-
tronics research organizations in Japan is being
integrated in this government-sponsored project
and the budget during the five years allocated to
research, developing software and debugging is
expected to reach about $37 million.

In addition to the central and terminal equip-
ment for the network, Nt and the communications
equipment manufacturers have many problems in
establishing more efficient data transmission sys-
tems. These problems include:

» Finding the best transmission medium for mul-
tiple and public-access computer services. Choices
include coaxial cable, microwave, wave-guide or
light beam transmission.

= Determining how to use telephone networks
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most effectively for data communications. The alter-
natives include applying existing frequency-divi-
sion multiplex telephone networks to data transmis-
sion, using pulse-code-modulation electronic switch-
ing systems jointly for telephone service and for
data communication or establishing separate high-
performance networks for data transmission.

= Developing new terminal equipment with a
lower cost-to-performance ratio.

To solve these problems, a variety of computers,
communication mode controllers, modems, remote
data terminals, transmission lines and networks are
being developed and studied.

In the more distant future, Japan will probably
develop an integrated communication network, with
an electronic switching system, in which transmis-
sion paths concurrently operate for telephone, tele-
graph and data-transmission. Such an integrated
network could offer the cheapest service for public
customers, because of multiple use and flexibility
of facilities. To assure compatibility among data-
transmission and data-processing equipment from
different manufacturers, international standards will
be prepared to define the operating features and
technical specifications.
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we’'re not saying
conventional shift registers

are old hat...
=

but, you will!

(AMELCO'S NEW 20-BIT SHIFT REGISTER IN A SINGLE MEMA* PACKAGE)

If exceptionally high packaging density, low cost, and
high reliability are important considerations to you,
consider the many advantages of Amelco’s new Shift
Register in a MEMA. The MEMA (Micro-Electronic Mod-
ular Assembly) is a hermetically sealed package offer-
ing the following advantages [] 275 Monolithic Circuits
per cubic inch [] Reduced testing and assembly cost
both at the component and system level [] Improved
reliability as a result of reduced interconnection wiring.

The Shift Register itself is assembled using Amelco’s

A

dual TTL Logic elements. It provides [] Serial or Par-
allel Input and Output [] 1.0 MHz Clock Rate [] Low
Power Dissipation (190 mW for the 20 bit register).

Two types are now available — 20 bit Shift Register,
Type 5551BM — 16 bit Shift Register, Type 5552BM —
and the MEMA's great flexibility will be used for addi-
tional standard and custom circuits.

So don’t take our word that other packages are old hat.
Find out for yourself.

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. ¢« 1300 TERRA BELLA AVENUE ¢« MOUNTAIN VIEW, CALIFORNIA « Mail Address: P.0. Box 1030,

Mountain View, California ¢« Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex:

34-8416 + REGIONAL OFFICES: Southwest —

Suite 213, 8621 Bellanca Ave., Los Angeles, California 90045, (213) 678-3146 « Northwest—1300 Terra Bella Ave., Mountain View, California, (415) 968-9241

East—P. 0. Box 2091, Paterson, New Jersey 07509, (201) 696-4747; P.0. Box 366, Kimberton, Pennsylvania,

(215) 885-1755 * Northeast—543 High

Street, Westwood, Massachusetts, (617) 326-6600 « Southeast—711 Magnolia Avenue, Orlando, Florida, (305) 423-5833 « Midwest—650 West Algonquin Road,
Des Plaines, Illinois, (312) 439-3250; 3020 Woodlark Lane, St. Paul, Minnesota, (612) 646-1161 e« Canada— Deskin Sales, Montreal, Quebec, (514) 384-1420.
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Keystone

Thermistors

..very much

part of the picture
for Jerrold CATV

An essential element in the constant picture quality provided by
Jerrold Electronics Corporation’s Starline all-band solid state CATV
distribution system are
thermal equalizers em-
ploying Keystone disc type
thermistors (see arrows)
Stationed at every third
trunk amplifier location,
each of these units, con
trolled by our thermistors,
equalizes for 17db of cable
at 216 mc at 70°F and
compensates for tempera-
ture changes for 60 db of
cable from a wintry low of
—40°F to a summer high
of 120°F. m We make ther-
mistors that measure and
control temperatures, pro-
vide power surge protec-
tion, sense liquid levels,
etc., in over 400 standard
types ! Resistance values,
temperature coefficients
and physical sizes range
widely to meet your needs.
Let us have your inquiry.
KEYSTONE CARBON
COMPANY, St. Marys, Pa.
165857

@ stone

leads

in versatile thermistor design
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10,000 Elmenco high reliability
Dipped Mica capacitors were put
on life test at 85°C with 225%
of the rated DC voltage applied.
After 26,500,000 unit hours, the
verified failure rate was less than
0.00004 % per 1000 hours at a 90%
confidence level.

L

S

Life tests on 1 mfd. Elmenco
Dipped Mylar*-Paper capacitors at
105°C with rated voltage applied
have yielded only 1 failure per
1,433,600 unit hours.

Since the number of unit hours
for these capacitors is inversely
proportional to the capacitance,
0.1 mfd. capacitors will exhibit
only one failure per 14,336,000
unit hours.

No-one’s going to second-guess you on relia- ther you're in the East, West or Mid-West.
bility, whatever Elmenco type you buy. At Arco, ﬁe and our Authorized Arco Dis-
Even the way you get them is ultra reliable. tributors aimito give you all we’ve got.
At Arco, we carry more than 5000 different You can rely on it.
Elmenco types, sizes and capacitance values. Arco Electronics
Probably all you're ever likel)éto need, with A Division of Loral Corporation i
a few left over. ¢ Community Drive, Great Neck, N. Y.
And practically all 5000-odd can be on Dallas, Texas/Pasadena,
their way to you within 24 pours, whe- California/Mgnlo Park, California

DU PONY TRADEMARK.



MIL-T-713 LACING TAPE isn't
right for gvery haress job’

- GUDEBROD sells plenty of it (Gudelace 1)
—_—but makes 172 other™ fapes too!

o Tapes for high temperatures,

burnproof tapes, tapes for
outer space and vacuum use.

o Tapes for heavy cabling and for
small units, color coded tapes.

« They all tie tight.
Ask ahout them.

*And they all exceed MIL-T performance requirements

Saturn rocket inertial guidance stabilized platform produced at The Bendix
Corporation’s Eclipse-Pioneer Division, Wiring laced with Gudebrod Tape.

With every advancement in electronic technology, for every new

electronic application there is need to review your harnessing practices GUDEBROD .CABLE-LACER

and materials. If your harness department is struggling to make-do The first hand tool engineered for wire harnessing.
with the lacing tape they have always used—they may be wasting time Handle holds bobbins, feeds tape as needed,

and money as well as heading for rejects. Gudebrod has pioneered in grips tape for knotting. Speeds, eases

producing special tapes—for particular applications, and to meet harnessing. Pays for

customer's specifications. Available at Gudebrod is a stock of 173 itself in time saving. -~

types of lacing tape—and a wealth of harnessing information. Why !

not consult with Gudebrod ! \

Area Code 215, WA 2-1122

unEBnon BROS. SILK CO., INC.

T FOUNDED IN 1870
800 o5\

9 14
\rf’a@‘y 12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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Fast convenient
direct reading

measurements of

impedance and

phase angle 500 kHz
o 108 MHz...

THE 4815A RF VECTOR IMPEDANCE METER

This new Vector Impedance Meter is a
versatile instrument that provides fast,
direct reading measurements of imped-
ance and phase angle over the frequency
range from 500 kHz to 108 MHz. It is
continuous tuning over this frequency
range, and does not require balancing or
data interpretation. Thus, it is an ex
tremely useful tool for the evaluation of
the complex impedance of both active
circuits and components. The conven-
ience of probe measurement, ease of
operation, and direct reading features
make the instrument equally useful for
laboratory, receiving inspection or pro-
duction line measurements.
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The 4815A is a convenient and powerful
measuring tool for any application in-
volving measurements over a band of
frequencies or in-circuit measurements.
It may be used to determine the self-
resonance point of capacitors, the series
and parallel resonance points of crystals,
or the characteristics of high frequency
transformers and transducers. Price:
$2650 f.o.b. factory. For complete spec-
ifications, contact your local Hewlett-
Packard field engineer or write Hewlett-
Packard, Rockaway Division, Green Pond
Road, Rockaway, N. J. 07866; Europe:
54 Route des Acacias, Geneva.

HEWLETT

Advantages:

Fast, continuous tuning from
500 kHz to 108 MHz

Provides data directly in impedance
and phase angle, 1 ohm to 100K ohms
0 to 360°

Convenient probe for in-circuit measurements

Analog outputs permit permanent
data recording

Self calibration check provides
measurement confidence

Low-level test signal minimizes
circuit disturbance

PACKARD

An extra measure of quality
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“How can we scan temperatures
at a rate of 10 points/second?”

With an EMC Scanner System!

Proven EMC temperature scanner systems are now avail-
able for countless applications in a variety of industries.

Monitoring temperatures at a rate of up to 10 points
a second from 0°C to 500°C with a demonstrated accu-
racy of 0.19; of full scale, these ' :
systems have already saved thou-
sands of man-hours for users in
the chemical industry.

These modularly-constructed
systems are simple to install, op-
erate and maintain. Pushbutton
controls provide monitoring ease
and flexibility. Modular units are

interchangeable. %

The highly reliable systems are constructed from
modules with proven reliability of 4.5 million hours
MTBF. This gives the typical system an MTBF in ex-
cess of 8,000 hours.

An EMC representative will be glad to provide you
additional information on how EMC systems can meet
your requirements for process monitoring and control.

BNEEHEENNER
l NMEEFIMEEN Electronic Modules Corporation ¢ SYSTEMS DIVISION

EEEEE“E 1949 GREENSPRING DR. ¢ TIMONIUM, MARYLAND 21093 ~« TEL. 301-252-2900 ¢ TWX-301-252-0723
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This is the new Tally System 800 for
verification and duplication of perforated tape.
We call it the “Super Dupe”.

It duplicates perforated tape on a bit-for-bit
basis at 120 characters per second.

It verifies two tapes bit-for-bit.

It verifies two tapes and duplicates a

The Tally System 800 verifies and/or
duplicates perforated tapes from
one through eight channels in any
code structure at 120 characters
per second. It uses bit echo
techniques to make sure that every
error is caught on the character
and eliminated by comparing each
perforated bit with each bit read
by the master reader. Its price is
remarkably low and delivery
amazingly good. If it’s your kind

of baby and you would like the full

story, please write our man Crawford. / -
Address Tally Corporation, MLLY
1310 Mercer St., Seattle, Wash., 98109.

Phone: (206) Main 4-0760.
TWX 910-444-2039.
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Get tougher-than-military ruggedness
with molded-package economy...

Low mounting of circuit Molding compound adheres

permits uphill bonding . . . tightly to leads over

preventing internal shorts temperature range
of -55° to 4-150°C

. . . preventing moisture

and improving reliability.

intruston § ice.
Solid molded package supports RS A e

bonding wires . .. giving

maximum resistance to shock,
Stiff leads with 0.060”

shoulders give strength and
stability for automatic

vibration and acceleration.

Leads are firmly anchored

in package for __—"]

mechanical strength

insertion and handling.

and hermeticity.
Icity Pin shoulders support

package above PC board

Mounting platform extends . . . allowing free air
full length of package
for up to 500 mW

heat dissipation.

circulation and preventing
formation of
moisture pockets.

Call ELECTRONIC WHOLESALERS
for immediate delivery of Tl Series 74N TTL
and Series 15830N DTL integrated
circuits in Tl's high-reliability
economy molded package

Texas Instruments has recently completed tests (many more severe
than military) which clearly establish the ruggedness and reliability
of TI's molded package. For your copy of the 36-page report which
describes these tests in detail, circle 199 on the Reader Service card.

We carry complete stocks of both TTL and DTL integrated circuits in
TI's tougher-than-military molded package. Call us for prompt service.

#“SERVING THE ENTIRE SOUTHEASTERN U.S.”

ELEGTRONIGC WHOLESALERS INC.

WASHINGTON, D. C. BALTIMORE, MARYLAND WINSTON-SALEM, N. C. MIAMI, FLORIDA ORLANDO, FLORIDA
2345 Sherman Ave., N.W 3200 Wilkens Avenue 938 Burke Street 9390 N.W. 27th Avenue 345 N. Graham Avenue
Phone 202—483-5200 Phone 301—646-3600 Phone 919—725-8711 Phone 305—696-1620 Phone 305—841-1550
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Who designed and constructed

the world’s highest power RF feed-through bushing?

Lapp Insulator Company

Lapp? Yes, Lapp Insulator of LeRoy, N. Y. Matter
of fact Lapp has been designing and producing
Feed-Through Bushings for 42 years. They get
bigger, and more intricate, all the time. Demand-
ing, unusual specifications don’t bother us. Why?
Because when it comes to radio frequency insu-
lating components we've got plenty of “know-
how” ... and ingenuity . . . and ability to produce
the finished product.

Getting back to that “world’s highest power”
bushing, we designed and made three of these for
Continental Electronics Manufacturing Company.
They are a vital part of the U. S. Navy VLF trans-
mitter at Northwest Cape, Australia. Each one is
rated for 2545 amperes continuous duty at 140 kv
RMS at 15.5 kc and is both internally and exter-
nally graded to assure uniform voltage distribu-
tion. These bushings are approximately 16 feet
tall and weigh about 7000 pounds each.

Two other Feed-Through Bushings we’ve made
are shown here. But there have been hundreds of
others. Write or call us with any radio frequency
insulating problem. Radio Specialties Division,
Lapp Insulator Co., Inc., Dept. E, LeRoy, N.Y. 14482.
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want a custom-designed
electronic power supply?

Sola answers your tough ones,

We're geared to handle them with a
team of electronic engineers and vol-
ume production facilities. High- and
low-voltage transistorized power sup-
plies, or entire power systems. For elec-
trostatic copiers to process control,
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optical readers to radar.

Tell us your specs; we'll design to meet
them.

Want to know more? Call Phil Snyder
at 312/439-2800, or write him for catalog
PS-100: 1717 Busse Road, Elk Grove
Village, lllinois 60007.

INDUSTRIES

LINDBERG HEVI-DUTY * NELSON ELECTRIC
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Look into the vehicles of opportunity at Loclelzeea’...)[or circuit designers.

Opportunity broad enough to interest every circuit (].esigner, that's the sweep of
electronics assignments at Lockheed. Big, wicle-ranging programs that extend
from deep sea to deep space. And with ever-growing commitments comes an
increasing need for new concepts and major technical advances in flight con-
trols, communications, antennas and state-of-the-art electronics checkout equip-
ment in both spacecraft and fleet ballistic missiles. In addition to its major
vehicle programs... Agena, Poseiclon, and Polaris, Lockheed is involved in cleep
submersibles; unique advanced land vehicles; information systems for states
and llospitals; and many other technical]y aHuring programs. For complete
information, write Mr. R. C. Birclsal], Professional Placement Manager, PO.
Box 504, Sunnyvale, California. Lockheed is an equal opportunity employer.

LOCKHEED

MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFT COR. TIoN
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TRIPLETT SUSPENSION MOVEMENT

no pivots . . . no jewels. ..
00 hair springs . . . thus NO FRICTION, |

USE 8 /
HIGH \x;() {2 & /
on 9 #100 2 ¥/ vaa |
#f . / i R '
PROBE \‘"‘ 10K x100K 42 / :
PN o 3
V.4 15 —
£ ” ‘ -

FACTS MAKE FEATURES 0-0.3-31.5-5-'30-150-ms/ °
600 at 200,000 Ohms/Volt.
1 200,000 OHMS PER VOLT D.C. for greater accuracy on high res 0-0.150 at 60xa
sistance circuits. 20,000 OHMS PER VOLT A.C. A.C. VOLTS (1’636(1)(2{8?{%29-\/1021?0 at
5ua SUSPENSION METER MOVEMENT. No pivots, bearings, hair- o
2 springs, or rolling friction. Extremely RUGGED. Greater sensitivity -26 0 m;ges

AN repatabiiite. D.C. MICRO- | 0-5 at 300 MV.

3 62 Ranges, usable with frequencies through 100 Kc. Temperature AMPERES 0-60-600 at 150 MV.
compensated. 1%,% D.C. ACCURACY, 3% A.C. 0-120 at 300 MV.

D.C. MILLI- -6-60-600 at 150 MV.
Low voltage ranges and high input impedance make the 630-NS especially usetul in AMPERES -1.2-12-120-1200 at 300 MV.
transistor circuit measurement and testing. Inputimpedance, at 55 volts D.C. and above, D.C. -6 at 150 MV.

is higher than most vacuum tube voltmeters. : AMPERES -12 at 300 MV.

The unit is designed to withstand overloads and offers greater reading accuracy. 0-1K-10K-100K (4.4-43-440
Reads from 0.1za on 5ua range. Special resistors are rigidly mounted and directly at center scale)
connected to the switch to form a simplified unit. Carrying cases with stands are MEGOHMS 0-1-10-100 (4400-44,000-
priced from $11.00. 440,000 Ohms center scale)

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO ?"burpw; Condenser in series with A.C. Volt

ranges.

630 630-A 630-PL 630-APL 630-L 630-NA 630-NS 630-PLK 630-m 631 800 666-R

3 A : - - A anes CONAE grioeie gl o : = = e e e S R
b WBRLD'S MOST COMPLETE LINE ©OF V:0O-M'S. AVAILABLE FROM YOUR TRIPLETT DISTRIBUTOR'S STOCK.
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A breakthrough
In torque
response

Torque motors with a response of four hundred millionths Reliability
of a second are now a reality. And this breakthrough is only No contacts. No brushes. No commuta-
one of several benefits offered you in a new line of torquers tion bars. Simplified winding. Permanent

by Wright Division of Sperry Rand. magnet.

? L ~ Design ~ Better Performance

| Nl W oLl S W Direct Drive. No friction. No ripple torque.
SIZE | 0.D. Peak | peak Elgrqtrical Peak Elerqtrical peak EI(ethrical

; Toraue | Torque L%n‘(ss"{im);{,gfgge Lgan:;:t:nt) Tornee -Lc;n'(;"iaem) What does a Wright torque motor do?

= : ecs. : o ecs.) | - > / ecs. e P
: 1 = : = — 2 It holds, clamps, stabilizes, drives, opens,
10C | 9650 |95 | 65 | .0004 | — A Rt B closes, cracks, shuts, pushes, picks up,
14C | 1.3400 | 13 12 e 0004 - - moves, rotates, nulls, controls, actuates.
18 | 18000 | 35 | 23 0013 | 46 0007 | — —
23C | 23000 | 60 | 40 0022 | 80 o011 | — — Design engineers are invited to write or
27C | 26093 |71 | 47 0026 | 94 0013 | 140 | .0007 telephone for details. Comparison will
40C 4.000 180 100 .0055 200 .0028 i 300 .0019 show you that on app”cations where in-
|

50C | 5000 183 | 120 | .007 | 240 | .004 | 360 | .0025 cremental rotation is needed, this new

iggc 1;833 gg g:g g;g | ;gg i 8%5 508 | S0 Wright concept in torquers offers substan-
: : ! ' [ B tial advantages.

WRIGHT @

Division of Sperry Rand Corporation

Durham, North Carolina = Telephone 919-682-8161 = TWX 919-682-8931
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Last month there were four
good high-frequency counters
on the market. Now there are
five and four of them

are obsolete

TSI’s new
Model 600

is the

newest and
most versatile
solid-state
counter from the
oldest manufacturer
of solid-state counters

Electronics | December 12, 1966

Here's what the
basic counter
offers you:

e All silicon solid state cir-
cuitry

e Frequency measurements
from zero to 100 MHz
without prescaling

e Full plug-in capability

e Period measurements to
1 MHz and multiple period
measurements to 20 MHz

e Ratio measurements to
100 MHz/1 MHz and mul-
tiple ratio measurements
to 100 MHz/20 MHz

e Totalizing to 100 MHz
Scaling of zero to 100
MHz by decades to 10°?

e Time base stability of one,
two or five parts in 107
per 24 hours.

Interested? Don't test the
specs, test the instrument
itself! Call or write us and
we'll send a representative
to demonstrate the 600 right
in your lab.

When Reliability Counts

Transistor Specialties, Inc.
120 Terminal Drive
Plainview, Long Island, N. Y. 11803
Phone (516) 935-8700

Circle 175 on reader service card
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The best move
for Electronic Engineers

The Electronic Engineer considering a move,
should give serious consideration to Hamilton
Standard. The progressive expansion of our auton-
omous Electronics Department has resulted in an
average annual growth rate of over 15% the last
two years. Early in 1967, the group will move into
a new, fully air conditioned 200,000 square foot
building, depicted below. And there’s great coun-

tryside living just minutes from the plant. HSD
electronics product line is wide and varied—found
in such installations as a utility power plant in
New Jersey, a generating station in Belgium, a
submarine-seeking helicopter, commercial air-
liners, radar picket ships, and countless others.
Increased business and bright prospects have
created very attractive positions for:

PRODUCT DEVELOPMENT ENGINEERS

Airgorne Controls—develop precision electromechanical airborne control components and systems
utilizing digital or analog control techniques.

Power Supplies—static power conversion equipment and generating systems.

DESIGN AND ANALYTICAL ENGINEERS
Electronic Designers—circuit design, airborne control component equipment and data systems (analog

and digital)

.Mechanical Designers—precision electromechanical components, transducers, torque motors et al.

Systems Designer—digital control/data systems—system timing, accuracy and implementation.

MICROCIRCUIT ENGINEERING, MATERIALS AND COMPONENTS DEVELOPMENT,
MICROCIRCUIT PACKAGING

Metallurgist, Physicist, Chemical, Electrical or Mechanical Engineers for:

Fine particle technology.

Bonding techniques, semiconductor devices.
Silk screening, photoengraving microcircuits.

Microcircuit for Semiconductor.

Microcircuit electron beam welding techniques.

Materials and process semiconductor device fabrication.

Semiconductor OR electronic component package design.

Low power/low frequency control OR digital microcircuit design and development.

LET’S SET UP AN INTERVIEW

so we can give you the complete details. Please forward your resume, stating present salary, to Mr.
Robert E. Harris, Personnel Department, Hamilton Standard, Windsor Locks, Connecticut.

An Equal Opportunity Employer

Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard

®
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WE MAKE EPOXIES
FOR JUST ABOUT
ANYTHING YOU CAN
THINK OF.

Critical electronic | \——"__L’_‘W/,__—J
often require epoxies

T piasf e However, if epox-
EESISTANCE ies are not what

LRADE you need, we have

jrasLon £AXY | a complete line of

/9/4 other thermosets

: . to provide the
. P rrentl .
ance. Plaskon® epoxies are currently AR e R

being specified in a Wldi nes of ioh: DAl Plieno-
parts, including some that have b Lics. Allcod Tleea
been designed to meet or exceed L = ‘ oy
the proposed g uﬂj?

military speci-

fications. ~ o &
: 5§

| and Melamine. But
f all youhavetoworry
f about is a good idea.
I It’s our job to find the
f right epoxy or other
f thermoset to make it a

DIVISION

POST OFFICE BOX 365

MORRISTOWN, N. J.
P MV AT G

reality. S2sTos %ied

hemical

Please send me complete infor-
mation on the right epoxy for
application.

l
I
I
Name I
I
l
l

Address

Company.

City State Zip Code
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This is the xA703
radio R-F amphﬁer.
(cost: $2.75) ‘

As a basic power amphﬁer the
1#A703 operates to 150MHz,
delivers 20db gain at 100MHz,
and has a noise figure of

only 7db. As a single component
monolithic I-F stage for

FM tuners, the tA703

provides superior isolation
between stages due to its low
reverse transadmittance

(0.001 millimhos). It provides
excellent phase distortion
characteristics because it limits
without saturati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>