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100~ 200~ 400~ 600~ IKC 20KC

DISTORTION -*%

TYPICAL DI- T200PERFORMANCE
SOURCE : RATED PRI, IMP. AND D.C
LOAD  :RATED SEC. IMP.

DCmat Pri. Mw
Type No. Pri. Imp. in Pri. Sec. Imp. Res. Level Application
DI-T225 80CT[ 12 32 split] 10 [500 | Interstage
100CT | 10 40 split
DI-T230 0CT] 7 600 CT 20 | 500 | Output or line to line
D1-T235 400 CT 8 40 split] 50 | 500 | Interstage
500 CT 6 50 Split
DI-T240 400 CT 8 400 split | 50 | 500 | Interstage or output
500 CT 6 500 split (Ratio 2:1:1)
DI-T245 500 CT 3 50 CT 65 | 500 | Output or matching
600 CT 3 60 CT
DI-T250 500CT | 55 600 CT 35 | 500 | Outputor line to line
or mixing
DI-T255 1,000 CT 3 50 CT 110 | 500 | Output or matching
1,200 CT 3 60 CT
DI-T260 1,500 CT 3 600 CT 90 | 500 | Output to line
DI-T265 2,000 CT 3 8,000 split | 180 | 100 | Isol. or interstage
2,500 CT 3 10,000 split (Ratio 1:1:1)
DI-T270 | 10,000 CT 1 500 CT | 870 | 100 | Output or driver
12,000 CT 1 600 CT
DI-T273 | 10,000 CT 1 1,200 CT 870 | 100 | Output or driver
12,500 CT 1 1,500 CT
DI-T276 | 10,000 CT 1 2,000 CT 870 | 100 | Interstage or driver
12,000 CT 1 2,400 CT
DI-T278 | 10,000 CT 1 2,000 split | 620 | 100 | Interstage or driver
12,500 CT 1 2,500 split
DI-T283 | 10,000 CT 1 10,000 CT 970 | 100 | Isol. or interstage
12,000 CT 1 12,000 CT (Ratio 1:1)
DI-T288 | 20,000 CT 5 800 CT 870 | 50 | Interstage or driver
30,000 CT B 1,200 CT
DI-T204 | Split Inductor §.1 Hy @ 4 maDC, .08 Hys @ 10 maDC, DCR 25Q
(2 wdgs) §§ .025 Hys @ 8 maDC .02 Hys @ 20 maDC, DCR 6Q
DI-T208 | Split Inductor § .9 Hys @ 2 maDC, .5 Hys @ 6 maDC, DCR 105Q
(2 wdgs) §§ .2 Hys @ 4 maDC, .1 Hys @»12 maDC, DQB 26Q
DI-T212 | Split Inductor § 2.5 Hys @ 2 maDC, .9 Hys @ 4 maDC, DCR 630
(2 wdgs) §§ .6 Hys @ 4 maDC, .2 Hys @ 8 maDC, DCR 157Q
DI-T216 | Split Inductor § 4.5 Hys @ 2 maDC, 1.2 Hys @ 4 maDC, DCR 23002
(2 wdgs) §§ 1.1 Hys @ 4 maDC, .3 Hys @ 8 maDC, DCR 575Q

1DCma shown is for single ended useage (under 5% distortion—100mw—1KC). .
DCma can be any balanced value taken by 5W transistors (under 5% distortion—500mw—1KC)
D1-T200 units have been designed for transistor applicationonly..

U.S. Pat. No. 2,949,591 other pending.

Where windings are listed as split, % of the listed impedance is available by paralleling the

'windin

winding. &
§Series connected; §§Parallel connected.

Write for catalog of over
1,300 UTC TOP QUALITY

STOCK ITEMS

IMMEDIATELY AVAILABLE
from your local distributor.

. notfor vacuum tube service.

.for push pull,

DI-T200 -~

'ULTRAMINIATURE TRANSISTOR

TRANSFORMERS
& INDUCTORS

weepy DUMET LEADS
(gold plated, weldable and solderahle)

wegp STRAIGHT PIN TERMINALS

(printed circuit application)

e HIGHEST PERFORMANCE
for size in the industry

wegp- METAL ENCASED
' (Grade 4, Ruggedized)

rALL STOCK UNITS MIL TYPE TF4RX
q Class “S” Available on Specual Order

et |

E High Power Rating ..o up to 100 t|mes greater,
| Excellent Response ... twice as good at low end.
L Low Distortion ... reduced 80%.
; High Efficiency _up to 30% better . . . compare DCR.

Moisture Proof hermetically sealed to MIL-T-27B.
L Ultraminiature Size 5/16 Dia. x %" H, 1/15 0z

|

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

The leads are uninsulated 1” long, .016 D Dumet wire, spaced on a .17
radius circle to conform to terminal spacing techniques of the “T0-5" case
semiconductors and mlcrologlc elements

e —

' IMMEDIATE DELIVERY
FROM STOCK

i
S — N—— S ——

i

UNITED TRANSFORMER CORP.

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

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

CABLE: “ARLAB"
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COMPLETE VERSATILITY...2 MHz counting 0.25 usec reversing

SEVERSIBLE COUNTER
B dodo A
WEBLETT  PAGKARD S0moa

L

OVERFLOW

GATE CONTROL

i
EXTERNAL
BHOLE

- MANUAL
oPER

cLosen DiAL

New Hewlett-Packard

©

Here's an instrument offering all six counting
modes necessary for today’s laboratory and
industrial measurement requirements, plus the
high 2 MHz counting rate, 250 nsec reversing
time, and standard features not found combined
in other instruments, except, in some cases, as
costly optional “extras.”

With the new 5280A Reversible Counter and
5285A Universal Plug-in, you can count input
channel A or B, or count A upwards or down-
wards, depending upon the polarity of B, at 2
MHz. Reversing time in the latter mode is 250
nsec. Or, you can count A+B, A—B, or count up
or down, depending upon the phase relationship
of Aand B, up to 1 MHz. The latter mode is ideal
for use with laser interferometers and other
transducers for precision length and x-y posi-
tioning measurements.

An anti-coincidence circuit prevents loss of
count if A and B arrive simultaneously in the
A—B or A4+B modes. Polarity switch permits
reversing input signal directional sense. Trigger
level controls provided (%100 volt range).

Measure such parameters as length, thick-
ness, angular displacement, flow rate, liquid
level, weight; use in such application areas as
automatic process control, automatic machine
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Counter

tools, chemical, plastic or metal fabrication,
readout of gyro test table position, intertial guid-
ance element testing, readout of pulses in
remote control or telemetering systems and
comparison of frequencies.

The 5280A offers 100 mv input sensitivity,
ac and dc coupling, 1 megohm input impedance,
6-digit in-line readout with + sign, and with 7th
and 8th digit available as options. Overflow of
readout is indicated by a front-panel neon light.
Versatile manual and remote controls are pro-
vided; four-line BCD outputs for recording and
control also are standard.

Add to this the reliability and standard design
features of Hewlett-Packard solid-state elec-
tronic counters, plus convenient and complete
field applications assistance and service, and
you have a new counter offering measuring
capabilities previously unavailable in a single
instrument. 5280A Reversible Counter, $1450
(plug-in required); 5285A Universal Input
Plug-in, $450.

Ask your Hewlett-Packard field engineer for
a demonstration or write for complete specifica-
tions to Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva.

Data subject to change without notice.
Prices f.o.b. factory.

HEWLETT .hp PACKARD

An extra measure of quality

1298
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INSTRUMENTATION SPECS
in 250 KC tape recording

...now start at under $9966

representative specifications

DIRECT MODE

pe Spee
15ips |100-62.5 KC
30 KC
178 ips | 5 KC
KC

“Measured with bandpass filter at output with an 18
db/octave rolloff

FM MODE

FM Center [S/N Ratio*
Total
Ta Frequency |Frequency Harmonic
Speed |Bandwidth | Response | (Nominal) Distortion

pe

“Noise measured over full bandwidth, min. rms at zero
freq. dev., with lowpass filter placed at output. Filter
has 18 db/octave rolloffs.

TAPE TRANSPORT

Maximum Interchannel Time Displacement Error: =1 microsec-
ond at 60 IPS, between two adjacent tracks on same head.

Tape Speeds: 60, 30, 15, 7V2, 3%, 17 ips standard; 0.3 to
120 ips optionally available.

Tape: 3600 feet, 1.0 mil, ¥2” (7 channel), 1” (14 channel).

Controls: Line (Power), Stop, Play, Reverse, Forward (fast) and
Record are pushbutton relays. A receptacle at the rear of
the transport is provided for remote control operation.

Drive Speed Accuracy: *.25%.

FLUTTER

0.2 %

0-200 cps

HEWLETT

DIVISION
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Readers Comment

Strip line discussion

To the Editor:

In my opinion the article, “Usings
strip transmission line to design
microwave circuits” [Feb. 7, p. 72
contains a number of misleading-
ideas.

The authors state that the strip®
transmission line is formed by etchg _
ing one side of a doubly-clad boar}l
and wusing pressure plates for
rigidity. The Electronized Chemical
Corp. of Burlington, Mass., manu-
factures a low-loss material, Poly-..
guide, which can be purchased
with aluminum backing adhered t& =
the dielectric. A

The authors also imply that the
coupling arrangement shown on -
page 74 of the article is the only
acceptable form. On the contrary,™
coplanar coupling as described is
useful only for loose to moderat
coupling.

The lumped-element equivalents
are almost completely erroneous.
The equation shown by Dangl and«
Steele for the characteristic im-
pendance of strip line is useful only
for w/b < 0.35. With center cong _
ductors etched from one- or two-
ounce copper and w/b < 0.35, only~
characteristic impedances greater
than 100 ohms are possible. i

The authors also show a means ,
for creating a series inductance in
strip line and describe how serie$ -
capacitances can be formed. An,
abrupt change in the width of the
center conductor actually behaves -
as a transformer, while a trans-
verse slit acts as a Pi-network hav-"
ing a series capacitance and twaq - '
shunt inductances. The equation as
given for the series inductance, if*
this simplification is to be used, _
should read:

Xy _ | 2We + (4b/m) In 2
Z02 iy )\
Z .
™ 02
In CSC ? i; . et

Steven March ™ "
HRB-Singer, Inc. =
State College, Pa.

= The authors reply: u

The authors are indebted to Mr. |
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:New Bridge Design New ’rom sprague!

_ For Safe, Accurate,
. Easy Measurement
of ’Lytic Capacitors

Silicontrol” High Gate Drives

The Sprague Model 1W2A Capaci-
tance Bridge introduces new, im-
proved technical refinements as well
as restyling for added attractiveness
and ease of operation. Built by ca-
pacitor engineers for capacitor users,
it incorporates the best features of
bridges used for many years in
Sprague laboratories and produc-
tion facilities.

Precision Measurements over Entire
Range from 0 to 120,000 nF

® The internal generator of the IW2A
Bridge is a line-driven frequency con-
verter, and detectionis obtained from
an internal tuned transistor amplifier-
null detector, whose sensitivity
increases as the balance point is
approached. It has provision for
2-terminal, 3-terminal, and 4-termi-
nal capacitance measurements, which
are essential for accurate measure-
ment . .. + 19, of reading 4+ 10uuF
... of medium, low, and high capac-
itance values, respectively.

No Damage to Capacitors

The model 1W2A Capacitance Bridge
will not cause degradation or failure
in electrolytic or low-voltage ceramic
capacitors during test, as is the case
in many conventional bridges and
test circuits. The 120 cycle A-C volt-
age, applied to capacitors under test
from a built-in source, never exceeds
0.5 volt! It is usually unnecessary to
apply d-c polarizing voltage to elec-
trolytic capacitors because of this
safe, low voltage.

Complete Specifications Available
For complete technical data on this

el b . ®
preClSlOn lnSII‘Ll mCHt. Wl‘ltC tor Engl' PACKAGED COMPONENT ASSEMBLIES CAPACITORS s p R n G u E
ot . K s THIN-FILM MICROCIRCUITS TRANSISTORS
neering Bulletin 90,010A to Technical RSl b il ke =

Literature Service, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts.

4SSP-128-63

Circle 4 on reader service card

Stop SCR Failures
Caused by di/g: Effect

e Silicontrol Gate Drives are ideally suited for completely bal-
anced, reliable SCR firing in 3-phase a-c or d-c power control.

* High-output gate drive with fast-rise-time pulse avoids SCR
failures due to di/dt effect.

* No bias for pulse reset required—failsafe—Iload and control
circuits fully isolated.

* Each gate signal output is a pulse of substantially constant
amplitude in excess of 210° wide at full SCR conduction.

e Gate pulse output: 18 volts min. (open circuit), 1.7 amperes
(short circuit), less than 1 usec pulse rise time to meet gate
firing requirements of high current SCRs.

e Available in half-wave or full-wave designs—Series VS6532
produces one gate pulse per cycle per phase, while Series
VS6732 provides two isolated gate pulses per card for a total
of six gate pulses per cycle.

10% control signal 50% control signal

100% control signal

/N
\//\ /A\//A A\/A

Gate Pulse Phase Shifting as Control Signal is Applied

SPRAGUE COMPONENTS

For complete technical data, write for Engineering Bulletin
85525 to the Technical Literature Service, Sprague
Electric Co., 35 Marshall St., North Adams, Mass. 01248.

CERAMIC-BASE PRINTED NETWORKS
FUNCTIONAL DIGITAL CIRCUITS
PULSE-FORMING NETWORKS

4SSC-5LM A2

INTERFERENCE FILTERS
MAGNETIC COMPONENTS
PULSE TRANSFORMERS

THE MARK OF RELIABILITY

Sprague’ and ‘(2)" are registered trademarks of the Sprague Electric Co.

Circle 5 on reader service card
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OSCILLATOR - o ¢ 10 Hz to 100 kHz *
KU H;“!OG k&:“ 2 - '
e <0.05% DISTORTION ¥
50.3
oy = L
. FREQUENGY éw\ / y, 2
:;J ‘\ SPECIFICATION ‘/
g g —— TYPICAL ___,/ 7o
& I0Hz 20 50 100 200 500 I kHz 2 S 10 20 50 100

FREQUENCY

Type 1309-A Oscillator, 10 Hz to 100 kHz, $325 in U.S.A.

Excellent Output Characteristics: Waveform purity is unmatched by that of any other oscillator in this price_
class. Hum is only 0.001%o of full output. Open-circuit output is 5 V and is typically con-
stant to 0.5%; guaranteed to be constant within 2% over the entire frequency range.

Amplitude stability is £0.2% per hour, typically. £¥.

Calibrated 60-dB Attenuator: Constant 600 Q output impedance is maintained through a 60-dB step atten™
uator and a 20-dB continuous control; output levels from 5 V to 500 pV can be selected. .
In addition, a switch position of zero volts behind 600 Q provides a convenient, transient-
free way of reducing the output to zero without shorting the terminals or upsetting the
continuous attenuator setting. .

§quare Waves as well as Sine Waves: Symmetrical positive-going square waves with typical rise times
of 40 ns into 50 Q are also available. Output is greater than 5 V, p-to-p, and is dc coupled,”
so the waveform is flat-topped, even down to 10 Hz.

SYnChronization, a unique feature: This oscillator can be synchronized to an external signal, or it can fur-
nish a sync signal to other equipment. The sync output is greater than 1.5 V, open-circuity
behind 12 kQ and is in phase with the primary output. A small sync-input voltage will
effectively phase-lock the instrument; one volt, for example, provides a = 3% lockir
range (2 volts provide 6% locking range, etc).

Other Oscillators in this New Series:

Type 1310-A
with 2-Hz to 2-MHz range and 20-volt, open-circuit output. .. $295 in U.S.A.

Type 1311-A
supplies 11 audio frequencies at one-watt; tapped-transformer output . . . $215 in US.A,
Write for more information

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

GENERAL RADIO COMPANY (Overseas), ZURICH, SWITZERLAND
GENERAL RADIO COMPANY (U.K.) Ltd., BOURNE END, ENGLAND

GENERAL RADIO -

WEST CONCORD, MASSACHUSETTS 3
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“"March for pointing out the obvious
. » Omission in the equation for series
inductance,

But we disagree with his com-
ments about material with adhering
aluminum backing. It is the experi-

=ence of the authors that final pro-
duction designs often incorporate
* such items as mounting bosses,
~ line stretchers, and isolators in the
backing plate structure. In these
cases, the separately fabricated
_.pressure plates serve a dual pur-
pose and are therefore advan-
# tageous.
His comments on coupling and
simplified lumped circuit equiva-
- lents indicate possible misunder-
standing of the purpose of these
= wsections in the article. The sections
| are purposely limited in scope to
the minimum felt necessary to
= understand the circuits presented
in later paragraphs. The references
designated in the article also pro-
vide additional information, includ-
ing graphs, for the design engineer
requiring detailed data.
J. R. Dangl
K. Steele
. Sylvania Electronic Systems
Williamsville, N, Y.

—~

w4,
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~ Applauds stand

To the Editor:

As an IEEE member and active
participant at the section and group
levels since 1946, please accept my
heartfelt thanks for penetrating the
- w shroud of silence covering internal

IEEE policies through your percep-
* tive editorial entitled “IEEE settles
. for second rate sessions” and for

publishing the letter headed “Rais-
* ing the standards” [March 21,

1966]. Tt takes raw courage and
~ 7 dedication to shout that the Em-
. peror is naked!

The IEEE establishment, in ad-
dition to ineptly handling the qual-
ity of the 1966 convention’s tech-
nical sessions, appears to lack the
sense of command responsibility
that can cope with mundane prob-
lems such as a tricky computer that
switched my address from Doyles-
town, PENNSYLVANIA, to Doyles-
town, OHIO, with the subsequent
loss and diversion of IEEE publica-
tions and notices. During the past
10 months, I contacted the former
and present IEEE presidents, the
headquarters staff including the
general manager, the Philadelphia
section chairman and officers while
trying to soften an ossified struc-
ture. Only the regional director had
the administrative maturity to in-
quire, question and call for reme-
dial action.

Maybe it is the time to re-exam-
ine the power structure of the IEEE
and recognize that the presidency
should not be a sort of super fel-
lowship, an accolade that is auto-
matically bestowed yearly, but is
indeed a hot seat for attempting
to get an unwieldy monster on its
feet.

Your editorial highlights a po-
tentially lethal TEEE deficiency:
there are no IEEE channels at con-
ventions, section and group meet-
ings, nor in the correspondence
columns of TEEE publications for
the rank-and-file to discuss vital
internal questions relating to tech-
nical-programs substance, quality
and atmosphere; criteria for select-
ing fellows; fiscal solvency; office
procedures and practices. It does
you at Electronics great credit that
a feedback path to the IEEE lead-
ership has been completed.

Sam Levine
Senior member, IEEE
Doylestown, Pa.

'r—--—-—————————-————————————-—1
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Picking
the right
miniature
connector

is a small problem

It's not hard to locate a miniature con-
nector small enough to meet tight
space specs. Lots of people make them.

There is a small problem, though, in
finding the quality you need at the
price you'd like to pay.

That's why business is booming at
Transitron’s Precision Connector Divi-
sion. We design and produce miniature
and subminiature connectors to exceed
— not merely meet specifications. They
are built to outlast the equipment you
mount them on. Precision fabrication,
knowledgeable design, the finest ma-
terials provide a combination that can’t
be surpassed by any manufacturer. Yet
in quantity they cost no more than units
that will barely squeeze by incoming
inspection.

Send today for our new condensed catalog
covering a complete line of miniature and sub-
miniature connectors, as well as printed circuit
connectors and many other types. And if you
need a custom connector design, we're your
source. Just give us the facts.

PICID

Precision Connector Division

Trangitron

electronic corporation
Wakefield, Massachusetts
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New from PENTA:

Beam Pentode with

-40db 3rd-Order Distortion
at 300w PEP Output

! pentode for 300-400 watt linear

amplifier application offers a minimum

of —40db 3rd-order intermodulation
distortion, without feedback, at 300 watts PEP
output. This PL-8583/267 in multiplex service
significantly reduces co-channel interference to
permit addition of new channels in new
equipment or to greatly improve performance
in existing equipment. Precision alignment of
electrodes contributes to both low distortion
figures and low drive requirements.

The PL-8583/267 electrical characteristicss,

Heater voltage for oxide

unipotential cathode 26.5 volts
Heater current 1.0 amperes
Maximum ratings—CCS
DC plate voltage 2,000 volts
DC plate current 300 ma
Anode dissipation 350 watts

Size: 2.16” height x 1.75” diameter

For full details, write The Machlett
Laboratories, Inc.—Penta Plant, 312 N. Nopal
St., Santa Barbara, California 93102

THE MACHLETT LABORATORIES, INC.
RAYTHEON A SUBSIDIARY OF RAYTHEON COMPANY
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People

The field of education is opening
new vistas to electronics engineers,
says Richard L. Brlght 40, the re-
((‘ntly appointed
director of re-
search at the
United States
Office of Educa-
tion. But before
engineers can
apply their de-
sign talents to o
the develop-

ment of electronic teaching equip-
ment, they will have to know
what’s needed. “Our job is to find
out and to tell them,” Bright points
out.

Bright, who holds a doctorate in
electrical engineering, is the first
science-oriented person to head the
Office of Education’s research de-
partment. At the Westinghouse
Electric Co. he directed a study on
computerized classrooms and ear-
lier was engaged in semiconductor
and computer research.

Computerized classrooms. His
appointment comes on the eve of
a revolution in the field of educa-
tion. “Within the next 10 or 15
vears,” Bright says, “classrooms
around the country will probably
be completely computerized.”

To provide the foundation for
this revolution, Congress in 1965
allocated $100 million over the next
five years to develop new educa-
tional techniques and the electronic
equipment to go with them. In ad-
dition, Congress gave the Office of
Education the authority to contract
with industry to develop the educa-
tional technology. The techniques
will be programed instruction and
the hardware will include comput-
ers and closed-circuit television
networks, Within a month, Bright
says, the first requests for propos-
als for electronic teaching equip-
ment will probably be issued to in-
dustry.

Selling the idea. Developing
equipment and techniques is only
part of the problem of developing
computerized classrooms, Bright
explains. Equally important is the
task of selling the idea to the cus-
tomers: 26,000 separate school
boards around the country and 2

P
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Now from MACHLETT:

22 high-precision, low torque,
, vacuum variable capacitors

3 for heavy duty

ML-VCV-8A
D

MLvey.1a
AHIE

Each of these 22 ceramic vacuum
variable capacitors from Machlett offer
the following advantages:

* High rf current capability
¢ Stable operation at high temperature
* Structural rigidity
» * Low capacitance variation with
temperature change
* Wide capacitance range
* High Q factor (1000 or greater)
* Low operating torque
* High resistance to damage from
over-voltage.

Capacitance values from 5-750 pF to

- 50-2300 pF; voltage rating to 15 kv;
current rating to 75A. Custom design
consultation for special applications is
’ available from Machlett.

For full details on this new line, write to
The Machlett Laboratories, Inc.,
= Springdale (Stamford) Conn. 06879

" THE MACHLETT LABORATORIES, INC.
” @ A SUBSIDIARY OF RAYTHEON COMPANY
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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.

Broad 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 cylindricol 'lytics for
industrial opplications requiring maxi-
mum copacitance 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

#sC-5171

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

10 Circle 10 on reader service card

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ‘(2" are registered trademarks of the Sprague Electric Co,

People

million teachers and 100,000 school
administrators.

Unfortunately, the director says,
many educators fear automation in
education. “Our  responsibility,
then, is to convince them that the
machine will never replace the
teacher.”

The machine, he adds, will
change the teacher’s role from one
of presenting information to the
student to one of fostering “crea-
tive communications” between the
teacher and the student. “A ma-
chine can teach a kid a fact, but it
takes a teacher to teach him to
apply knowledge to a new situa-
tion.”

Never angry. Bright explains that
computers free the teacher from
routine teaching chores; the stu-
dent gets constant individual atten-
tion; good students will never be
bored and poor students will never
be lost.

And he adds: “The computer
will never get angry with the frus-
tratingly slow student.”

Electronics also will play a ma-
jor role in teaching the teachers,
Bright points out. For example, in
the past few months the Office of
Education has been opening tech-
nical centers throughout the coun-
try that store copies of research
studies on education. The material
is stored on microfilm—called
microfiche—and is available to all
educators. Although the storage
system isn’t electronic yet, the
Office of Education expects even-
tually to support an information-
retrieval system modeled after one
which is operating at the Univer-
sity of Michigan. In that system,
an educator searching for special
material, puts a code into a push-
button telephone. The code repre-
sents the key words of the subject.
A computer then sifts through the
available material and automati-
cally provides the user with sum-
maries of the studies. The educator
can then get photo copies of any
study.

A new field. Industry is moving
quickly to enter the new market.
Within the past year many large
electronics companies have formed
either their own educational sub-
sidiary or have acquired an estab-
lished publishing concern.

Electronics | April 4, 1966



-t

L

~

-+

\
b

o

— i

L 2

»

™ Selecting a resolver/synchro test

instrument for any engineering, pro-
“duction or system requirement is re-
markably simple from North Atlantic’s

% family of resolver and synchro instru-

mentation. Because this group has
been developed to cover every area of
need in both manual and automatic

= testing, obtaining the desired combi-

nation of performance and package

1 ¥ configuration usually demands no

more than 1) determining what you

¥ need and 2) asking for it.

Remote Readout of Angular Position

For remote indication of resolver

or synchro transmitters in system
~testing, North Atlantic’s Angle Po-
sition Indicators (Figure 1) pro-
vide the“advantages of low cost
and continuous counter or pointer
readout. These high-performance
instrument servos are accurate to
4 minutes of are, with 30 are sec-
onds repeatability and 25°/second
slew speed. Dual-mode capability,
multi-speed inputs, integral re-
transmit components and other op-
tional features are available to
match application needs. Priced
from $895.

Figure 1. Angle Position Indicators are avail-
able in half-rack, quarter-rack and 3-inch
round servo packages.

High-Accuracy Testing

Of Receivers And Transmitters
Measuring receiver and transmit-
ter performance to state-of-art ac-
curacy is readily accomplished with

—le North Atlantic’s Resolver/Synchro

Simulators and Bridges (Figure 2).
Each of these dual-mode instru-
ments tests both resolvers and syn-
chros, and provides direct in-line
readout of shaft angle, accurate to
2 arc seconds. Simulators supply
switch-selected line-line voltages

RESOLVER/ SYNCHRO

INSTRUMENTATION

A very short course for engineers engaged in
testing and evaluation of resolvers and synchros
as components or as system transducers.

from 11.8 to 115 volts from either
26 or 115 volts excitation, and so
can be used to test any standard re-
ceivers. Bridges have constant null
voltage gradients, making them
ideally suited for rapid deviation
measurements. Simulators and
Bridges each occupy only 3% inches
of panel height and are available
in a choice of resolutions. They are
priced in the $1500 to $3000 range.

»
*® 20305

s

Figure 2. Resolver/Synchro Simulator pro-
vides ideal source for receiver testing.
Automatic Measurement And
Conversion

Where systems require continuous
or on-command conversion of re-
solver or synchro angles to digits,
North Atlantic’s Automatic Angle
Position Indicators (Figure 3)
handle the job without motors,
gears or relays. These solid-state
automatic bridges accommodate all
standard line-to-line voltages and
provide both Nixie display and
printer output, accurate to 0.01°
and with less than 1 second update
time. Many variations, including
10 arc second accuracy; binary,
BCD or decimal outputs; multi-
plexed channels and multispeed
operation, are available for specific
requirements. Ballpark price:
$5900.

Figure 3. Model 5450 Automatic Angle Posi-
tion Indicator. It measures shaft angles, con-
verts them to digital data.

.. PRECISION AC INSTRUMENTATION FOR TEST, MEASUREMENT AND DATA CONVERSION

o
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Measuring Electrical Characteristics
Combine a Resolver/Synchro
Bridge and a Simulator with a
North Atlantic Ratio Box, a Phase
Angle Voltmeter and a test selec-
tion panel and you have an inte-
grated test facility for determin-
ing all electrical characteristics of
resolvers and synchros in com-
ponent production or Quality Con-
trol. An example is the North
Atlantic Resolver/Synchro Test
Console shown in Figure 4. It mea-
sures phasing, electrical zero, total
and fundamental nulls, phase shift
and input current, as well as an-
gular accuracy. Standard North
Atlantic instruments are used as
modules, making it a simple matter
to fill the exact need. The unit
shown sells for about $7500.

Figure 4. Model RTS-573 Test Console is a
complete facility for the production line or
in quality control.

If yourequire performance, relia-
bility and convenience in resolver
and synchro testing, we want to
send you detailed technical infor-
mation on these instruments (also
on related instruments for com-
puter system interface). Or, if you
prefer, we will arrange a compre-
hensive technical seminar at your
plant. Simply write to: North
Atlantic Industries, Inc., 200 Ter-
minal Drive, Plainview, N.Y.
11803 « TWX 516-433-9271 » Phone
(516) 861-8600,

NORTH ATLANTIC

industries, i
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All Radiation integrated circuits are dielectrically isolated.
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Expanded Radiation DTL Line*

| RD 200 SERIES RD 300 SERIES

| Temp.Range | Temp.Range

—55t0125°C | —55t0125°C

Circuit Type FOf | Type FOt
Gates {

Dual 4 210 8 310 5

Triple 3 205 8 305 5

Quad2 | 206 8 | 306 5

RS Flip Flop | 208 7 | 308 4

Line Driver | 209 12 | 309 8

Expander 1151 ¢ — E 143 —

*New high-speed JK Flip Flop soon to be introduced.
tMaintained over full temperature range.

Electronics | April 4, 1966

provites

RD 500 SERIES

Temp. Range
0to75°C

Type

510
505
506

508
509
711

FOT

Having procurement problems?
Check our delivery time on
monolithic DTL circuits!

Why compromise on DTL performance
or delivery? Radiation offers immediate
shipment of industry’s finest line of cir-
cuits! Radiation’s dielectric isolation tech-
nique assures the best combination of
speed, power dissipation and noise im-
munity.

And Radiation supplies a full line of
DTL integrated circuits—17 in all. They
include Series 200 and 300, designed
for military use, and Series 500 for in-
dustrial applications. Compatible fan outs
in each series are maintained over the
full specified temperature ranges.

Other characteristics include: 7.0 nsec
propagation delay (tpq); 250mv “0” out-
put voltage (Vsat); and 10.0na “1" input
current (linr).

All circuits are specially engineered to
provide superior performance for their
specific applications. All are supplied in
TO-84 flat packages.

Why not keep up to date on the latest
advances in integrated circuits! Write or
phone for our data sheets which include
worst-case limits, and contain all infor-
mation required by design engineers.
We'll also send a brochure describing our
broad range of engineering and manufac-
turing capabilities.

Radiation Incorporated, Physical Elec-
tronics, Department EL-04, Melbourne,
Florida 32901. Phone: (305) 723-1511,
extension 554.

RD 209 Line Driver Speed/Load Characteristics

35 -~
C, = 1000 pf
30 Vee = 5.0v
5 T, = 25°C
25
B |~z soosr
=
< 20
=
s
- C, = 200 pf
S
® 15
&
s = 100 pf
o

—‘—‘_C/—__’_—
— 50 pf
10 o 20 pf
C =

(6]

sk 6 & 10 12 14 16 18 20

Fan out

RADIATION

INCORPORATED

Sales offices: 650 North Sepulveda Blvd., Suite 622, EI Segundo, Calif. (213) 772-6371—600 Old Country Road, Suite 438, Garden City, N. Y. (516) 747-3730
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Test to

High Reliability Standards
With General Electric’s
New Helium

Mass Spectrometer

Leak Detector

m SENSITIVITY: Get higher prod-
uct quality. Test with the high-
est sensitivity available—2x10-!"
std. cc/second. And get fast re-
sponse and recovery as well.

m SPEED: Test more
faster. Pump down to 20 microns

pieces

in 15 seconds. Complete an en-
tire test cycle in as little as 25
seconds with G.E.’s Helium Mass
Spectrometer Leak Detector.

m SOLID STATE ELECTRONICS:
Five-sided
access assures easy maintenance.

Minimize downtime.

m ACT NOW: Get complete data
sheets on G.E.s high sensitivity,
high speed Leak Detector. Con-
tact any one of G.E.’s nationwide
Vacuum Products Sales Special-
ists and ask for publication GEZ-
4154.

Or write to Mr. R. T. Clark,
Manager—Marketing, Vacuum
Products Operation, General Elec-
tric Company, Schenectady, New
York 12305.

P.S. The price is attractive, too.

GENERAL ELECTRIC

268-18
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Meetings

Conference on Ground-Based
Aeronomic Studies of the Lower
lonosphere, AFCRL, DRTE; Defense
Research Telecommunications
Establishment, Ottawa, Canada, April
11-15.

IEEE Region Il Convention, IEEE;
Mariotta Motor Inn, Atlanta, April 11-13.

Cleveland Electronics Conference,
Cleveland section of IEEE; Engineering
and Scientific Center, Cleveland,

April 12-14.

Symposium on Electronics
Measurement and Controls in Ships and
Shipbuilding, IEE, IERE; University of
Strathclyde, Scotland, April 12-15.

Symposium on Remote Sensing of
Environment, Office of Naval Research;
University of Michigan, Ann Arbor,
April 12-14.

Quantum Electronics Conference, IEEE
Groups on Electron Devices and
Microwave Techniques; Towne House,
Phoenix, April 12-14.

'nternational Symposium on
Generalized Networks, Polytechnic
Institute of Brooklyn, AFOSR; Hotel
Commodore, New York, April 12-14.

Technical Meeting and Equipment
Exposition, Institute of Environmental
Sciences; El Cortez Hotel, San Diego,
April 13-15.

Jurema International Seminar and
Exhibition, Federal Council of
Automation for Yugoslavia; Zagreb,
Yugoslavia, Apr. 16-24.

International Conference on Electron
and lon Beam Science and Technology,
Institute of Metals, Metallurgical
Society of AIME, Electrochemical
Society; Park Sheraton Hotel, N. Y.,
Apr. 17-20.

Symposium on Process Automation,
Beckman Instruments, Inc.,
Consolidated Electrodynamics Corp.,
Control Data Corp., et al; Newporter
Inn, Newport Beach, Calif., April 18-20.

International Scientific Radio Union
Meeting (URSI), National Academy of
Sciences, National Research Council;
Washington, D.C., April 18-21.

International Seminar on Automatic
Control in Production and Distribution
of Electrical Power, Institut Belge de

Regulation et D’Automatisme; Brussels,
Belgium, April 18-22.

Frequency Control Symposium, U.S.
Army Electronics Command; Shelburne
Hotel, Atlantic City, April 19-21.

Colloquium on Microwave
Communication, Dept. of Technical
Science of the Hungarian Academy
of Sciences, Scientific Society of
Telecommunication; Budapest,
Hungary, April 19-22.

International Conference on Magnetics
(INTERMAG), Magnetics Group of the
IEEE, Stuttgart, Germany, April 20-22.

Conference on Interservice Data
Exchange, Grumman Aircraft
Engineering Corp.; Waldorf Astoria
Hotel, N.Y.C., April 20-22.

Naval Material Support Establishment
System Performance Effectiveness
Conference (NMSE SPECON 2), Navy;
State Department Auditorium,
Washington, April 21-22.

Spring Joint Computer Conference,
American Federation of Information
Processing; Boston, Mass., April 26-28.*

Call for papers

Electronics Materials Conference,
Metallurgical Society of the AIME;
Sheraton-Boston Hotel, Boston, Aug.
29-31. May 1 is deadline for submis-
sion of 300-word abstracts on the
preparation and properties of elec-
tronic materials for the control of
radiative processes, light-emission de-
tection, modulation and microwave
generation (including Gunn effect
and Reade diode), to E. P. Ware-
kois, Lincoln Laboratory of the Massa-
chusetts Institute of Technology, Lex-
ington, Mass. 02173,

Symposium on Reliability, ASQC,
IEEE, IES, SNT; Sheraton Park Ho-
tel, Washington, Jan. 10-12. 1967,
May 6 is deadline for submission of
five copies of 800-word abstracts, on
recent technical developments in re-
liability analysis of space projects, sys-
tem analysis, and component parts to
H. D. Hulme, program chairman,
Westinghouse Electric Corp., R&D
Center, Bldg. 601-1B46, Pittsburgh,
Pa. 15235,

* Meeting preview on page 16
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How do you unscramble signals
from a moon-bug?

At top speed and accuracy, using the most advanced
data reduction system ever designed. Months before
the first Americans blast off toward the moon, an
Astrodata system is already at work digesting and
displaying messages from the bug-like Lunar Excur-
sion Module. No other data reduction system in
operation today has been able to handle data with
as much speed and flexibility . . . automatically!

Astrodata systems superiority comes from mating
proven components with functionally-oriented soft-
ware. For example, all telemetry conversion units
are directly under computer program control. Stored
commands therefore automatically calibrate all sub-
systems: selecting bandwidths, frequencies, rates,

formats and outputs; control speeds, tracks; provide
tape search, and other data traffic functions conven-
tionally requiring extraneous controls and adjust-
ments.

In effect, this means significantly less error, greater
speed, optimum performance and economy in your
data reduction system.

Perhaps you're not headed for the moon, but you
do have other problems in data acquisition and proc-
essing, telemetry, or range instrumentation. Then
Astrodata’s expert know-how should be of interest
to you. Write for your free copy of our 20-page
brochure “Astrodata’s Systems Experience.”

ASTIROIDAT A
P.O. Box 3003 = 20 E. Palais Road, Anaheim, California » 92803

Electronics | April 4, 1966
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An Operational

AUTOMATIC MICROWAVE SPECTRUM
SURVEILLANCE SYSTEM

The new Watkins-Johnson microwave collection system combines the
most sophisticated technigues and proven materials to receive, detect
and analyze electromagnetic emissions in the frequency range of 1
to 18 GHz. Whether airhorne, aboard ship, in a mobile van or at a fixed
location, the W)-1007 performs automatically and continuously for
ferret, ELINT and reconnaissance applications.

The WJ-1007 requires no mechanical tuning — it is fitted with elec-
trically-tracked preselectors and oscillators. It provides continuous
coverage through automatic switching of full octave and waveguide
frequency bands.

Digital tuning and direct digital readout delivers automatic data for
transmission and teletype reproduction.

The ability of the system to measure frequency to an accuracy of .01
percent is the result of a solid-state local oscillator development
unique at W-J,

The system is of solid-state design throughout, except for TWT's
and CRT's.

A core memory unit provides a ‘‘lock out” and recall capability.

The modular design provides for ease of system expansion to cover
the 18 to 40 GHz range as well as frequency bands lower than 1 GHz.

Each module is fully self-contained with its own power supply (diplex-
ers, local oscillator synthesizer, spectrum display, DF display, de-
modulator, digital tuner, receiver control, frequency memory, IF pan
display, analysis indicator and so forth), resulting in a perfectly syn-
chronized system.

Supplementary equipment is available to suit any application.

The team that delivered the WJ-1007 as promised can be engaged
to any similar systems program calling for refined skills and
engineering ingenuity.

i
WATKINS 8 JOHNSON

3333 HILLVIEW AVENUE
STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
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Meeting preview

SJCC in Boston

Time-sharing techniques and the
use of computers in simulation will
be major subjects at the Spring
Joint Computer Conference in Bos-
ton, April 26 to 28, sponsored by
the American Federation of Infor
mation Processing Societies.

An opening-day session on timc
sharing will be followed, on Wed-
nesday, by a panel discussion with
six experts examining time sharing
in “a realistic content” says the
program chairman, Jack L. Mitchell
of the Lincoln Laboratory, Massa-
chusetts Institute of Technology.
The panelists are James D. Bab-
cock. Allen-Babcock Computing.
Inc.; L. R. Hague, the Westing-
house Electric Corp.; Thomas E.
Kurtz, Dartmouth College; K.F.
Powell, International Business Ma-
chines Education Center; Ivan E.
Sutherland, Advanced Research
Projects Agency of the Department
of Defense; and James R. Ziegler.
The National Cash Register Co.

Hybrid techniques. Two sessions
are scheduled on simulation: one
on simulation and model-building,
the other on the successful use of
hybrid techniques in simulation
and data processing. In addition,
there will be a panel discussion on
hybrid computation.

R. Belluardo, R. Gocht and G.
Paquette, all of the United Aircraft
Corp. Research Laboratories, will
report on a time-shared hybrid
simulation facility in the session
on hybrid techniques; they will also
serve on the panel.

A session on coherent optical in-
formation processing will include a
paper on requirements for holo-
gram construction by Emmett N.
Leith and Juris Upatnieks, both of
the University of Michigan’s Insti-
tute of Science and Technology.

Waveform processing and cur-
rent developments in peripheral
hardware will be discussed at other
sessions.

After four papers are delivered
on results achieved using computer
techniques in pattern recognition.
Marvin L. Minsky, professor of
electrical engineering at MIT,
plans to give a critique of the pres-
entations. He is being billed as the
devil’s advocate.
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NEW CVCG QUICK-START ION PUMPS

Start Faster.

Achieve Highest
Argon Speeds.

With new Quick-Start pumps you
will get faster, more reliable starts
than you every thought possible in
ion pumping. Quick-Start high
throughputs permit higher pressure
starting—as high as 50-100 microns
—and quicker pumpdown. These
excellent characteristics result from
a new power supply that has been
engineered to match the pressure-
current requirements of the pump.

The more efficient design of
Quick-Start gives faster pumping of

argon and other inert gases—a ne-
cessity for best performance at typi-
cal 10! torr ultimates. Three-ele-
ment Quick-Start has an argon
speed that is 309, of air speed; typi-
cal two-element pumps will pump
approximately 19.

Other Quick-Start advantages:
Dependable solid-state power sup-
ply with semiconductor rectification
and a logarithmic readout of pres-
sure on one scale from 4 x 107 to
2 x 105 torr (no vacuum gauge

needed) . Improved flanges for lower
ultimates. Minimum element life of
three years at 10 torr. Magnets
bakeable to 400° C installed on the
pump.

Quick-Start pumps are available
in sizes with nominal nitrogen
speeds of 30 L/sec., 110 L/sec., and
360 L/sec. Write for our new cata-
logs: Consolidated Vacuum Corpo-
ration, 1775 Mt. Read Blvd,,
Rochester, N.Y., 14603.

Lonsolidated Vacuum Corporation

ROCHESTER, N. Y. 14603 ¢ A SUBSIDIARY OF BELL & HOWELL
International Subsidiaries: Woking, Surrey, England
& Friedberg, West Germany
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New Tektronix Automatic Oscilloscope System
SEEKS and presents a measurable display

N

New Type 3B5 Time Base Unit Makes Automatic Operation Possible

The Tektronix Automatic Oscilloscope
System, with the new Type 3B5 Automatic/
Programmable Time Base Unit, now makes
DC-to-15 MHz measurements faster and
simpler than ever before.

The automatic system package includes
the Type 3B5, the companion Type 3A5
Automatic/Programmable Amplifier Plug-
in Unit, a P6030 Probe and a Type 561A,
RM561A, 564 or RM564 oscilloscope.

Upon SEEK command, the oscilloscope
automatically presents an optimum dis-
play. The SEEK command to the plug-in
units automatically controls the time and
amplitude settings, eliminating the need
for continuous front-panel adjustments.
Indicators on the plug-ins light automati-
callyto showthese settings. Measurements
can then be made quickly and accurately
from the CRT display.

Using the P6030 Probe and Automatic/Programmable Plug-In Units simplifies trouble-shooting,
other applications where measurements on electrical equipment can be made without remaining with-
in arm's length of the oscilloscope.

18

® AUTOMATIC SEEKING

... will operate upon SEEK command
from the probe or from the Automatic/
Programmable Plug-Ins.

® MANUAL OPERATION

. overrides the SEEK command

. extends sweep range and deflection
factors beyond capability of Auto-
matic Seeking Mode. Indicators
light to show SWP MAG'D and
UNCAL warnings, set manually.

® REMOTE PROGRAMMING

...overrides the SEEK command and
Manual Operation.

... uses the Type 263 Programmer for
remote control of the Automatic/
Programmable Plug-In Units.

WHEN PLUG-INS
RECEIVE SEEK COMMAND

DC
WITH PROBE

TYPE 3A5
automatically establishes the optimum de-
flection factor. Indicators light to show
readout with input coupling, such as .5
V/DIV, DC (coupled) WITH PROBE,

TYPE 3B5

automatically establishes optimum trigger
settings and automatically selects time per
division setting. Indicators light to show
readout, such as.2 us/DIV, and to show
NOT TRIG'D condition,
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-mesnnn A0/ 2 Type 263 Programmer and Speed Up Sequential Measurements

TYPE 3A5

Operating Modes: SEEK, Manual, and
External.

Deflection Factor: 10 mV/div to 50 V/div
in SEEK and External Modes. 1 mV/div to
50 V/div in Manual Mode.

Bandwidth: DC-to->15 MHz, from 10
mV/divto 50 V/div.5 MHz at 1, 2, or 5 mV/div,
in Manual Mode only.

Risetime: <23 ns at a deflection factor of
10 mV/div to 50 V/div.

Input RC: 1 megohm by X7 24 pF.

Programmable Functions: V/div, 10X
probe attenuation, and AC, DC or AC
stabilized coupling, by contact closure to
ground. Vertical positioning by analog
current.

P6030 Probe supplied with Type 3A5—has
SEEK COMMAND button and 6 ft. cable.

Type 3A5 Automatic Programmable

Amplifier Unit . . . . $760

I TR A

TYPE 3B5

Operating Modes: SEEK, Manual, and
External.

Sweep Range: 5 s/div to 0.1 us/div in
SEEK Mode.

5 s/div to 10 ns/div in Manual and External
Modes.

Delayed Sweep Magnifier: X10 or X100.
A calibrated delay control selects starting
point of the magnified sweep, allows view-
ing of both the normal sweep (before start
of the magnified sweep) and the delayed
magnified sweep. With the magnifier op-
erative, readout is automatically corrected
to indicate the setting and SWP MAG'D
condition.

Trigger Modes: Internal, either AC-
coupled or AUTO (combined level-seeking
and bright-line Automatic) ; External, either
AC-coupled or DC-coupled.

Programmable Functions: Time/div,
magnifier range, trigger mode with cou-
pling, and trigger slope, by contact closure
to ground. Horizontal positioning, trigger
level, and magnifier delay, by analog cur=
rent.

Type 3B5 Automatic/Programmable
Time-Base Unit . . . . . .. . $890

¢ Remote Program Feature in the Auto-
matic Oscilloscope System permits the
instrument to be externally preset for a
given measurement. With selection of elev-
en different programmable functions from
Automatic/Programmable Plug-Ins, the
combination offers new convenience for
applications involving many measure-
ments, as in production-line testing and
systems checkouts, and also simplifies
“‘away-from-the-oscilloscope’ tests, where
manual manipulation of the front-panel
controls would be inconvenient.

® Plug-In Type Program Card Feature

The Type 263 accepts up to six plug-in
type program cards, each of which can be
programmed for a specific measurement.
Each program card, after initial set-up,
establishes the plug-in control functions
required for a particular test or measure-

ment. Programming each card can be done
simply by changing jumper wires and po-
tentiometer settings. Any number of pro-
grammers can be cascaded for applica-
tions requiring pushbutton control of more
than six measurement set-ups.

Once set up, the programs on the Auto-
matic Oscilloscope System can be carried
out by non-technical personnel with little
or no training, since the instrument set-
tings are all pre-selected. Actual measure-
ments can be made conveniently from the
CRT display, as usual.

Type 263 Programmer . . . . . . .
(complete with 6 program cards)
(Size: 5%4" by 8%" by 9”;
Weight: ~ 5 lbs.)

$325

U.S. Sales Prices, f.o.b. Beaverton, Oregon

Using the Type 263 Programmer and Automatic/Programmable Plug-In Units facilitates such appli-
cations as production testing on limited production items not justifying full automation, where most
or all of the controls can be preset for each test.

For complete information, call your nearby Tektronix field engineer,
or write Tektronix Inc., P. O. Box 500, Beaverton, Oregon 97005.
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FOUR

SPECIALISTS

(and what they
can do for you)

These four high power Nu-Base germanium
transistors were created to relieve some
special problems where reliable peak pow-
er handling is a requirement. Each is in a
class by itself with special benefits for
ignition, TV horizontal sweep circuits and
high power audio output (tentative speci-
fications are provided).

These are rugged, durable transistors
with built-in protection against secondary
breakdown (thanks to Delco’s Hydrokinetic
Alloy process). Extreme parameter stability
is a result of our Surface Passivation and
Ambient Control (SPAC).

THE DTG-1110

This is a 200-volt 15-amp transistor with
high power dissipation characteristics, low
thermal resistance and a rugged perfor-
mance record.

The drive requirements for your circuits
are substantially reduced because of the
high saturated current gain of this special
application transistor.

THE DTG-1010

A 325-volt 15-amp transistor, this device’s
higher voltage offers many advantages. It’s
ideal for switching high inductive loads as
found in many CRT deflection circuits.

THE DTG-1200

With a (Vce Sus) rating of —120 volts, it
offers excellent gain, high speed and high
sustaining voltage characteristics,

—24VDC
" HV
i 1 RECT,

" 16KV
" - #—» ANODE
I VOLTAGE

1000

DTG-1110

n DAMPER
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n ¥
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= . colLs
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i; DTG-1200
,__@ ; A
>

>
>
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’ POINTS

3 RU N% O START =
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TV horizontal deflection incorporating the DTG-1110.

20

Automobile ignition circuit with the DTG-1200.
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It’s the ideal transistor for an ignition
circuit. Also can be used in fluorescent
light power inverter circuits. Mobile or
portable operation is possible and fluores-
cent tube efficiency is improved due to
higher oscillation frequency.

2l

300
DTG-1010

—

w

vy

3 200

Z

]

> N

o S

= \:—*— DIG-1200 ——————

= 100 T =

™ DTG-1010 ——

LU =
ALL TYPES =
15ma 8000ma 10000ma,

COLLECTOR CURRENT

Tested sustaining voltage areas of the DTG-1110,
DTG-1010 and DTG-1200.

THE DTG-110B

The DTG-110B is a high power transistor
which will substantially reduce component
costs and improve the reliability of quality
home entertainment audio output circuits.
It's designed especially for use in high
fidelity amplifiers.

The linear gain and the specific gain
band-width product of the DTG-110B offer
low distortion and improved amplifier gain~
phase characteristics.

Exceptional efficiency in the driver
stagesispossible because of the DTG-110B’s
superb transconductance properties.

T Q+ 50V.
5W
DTG-1108
> > 7500
> 5W
L] 0.47 0.
4 5W
DTG-1108
7500 8n
- 5W -
¢ Q— 50V,

‘This two-stage output circuit produces well in excess of 50
watts RMS audio power with a simple drive requirement,

THE TO-3 PACKAGE

Delco Radio’s TO-3 package wraps up this
group of transistors.

With its solid copper base (1), maximum
thermal resistance is just 0.8° per watt, and
freedom from conventional weld contami-
nation is assured with Delco cold weld
construction (2).The TO-3 heavy-duty con-
nectors (3) offer high current ruggedness,
and the large germanium wafer (4) delivers
high continuous and peak power handling
ability.

Totally, four Nu-Base specialists in Delco
TO-3 packages. For data, prices and deliv-
ery, call one of our sales offices or your
Delco Radio Semiconductor Distributor.

DTG-1110 DTG-1010 DTG-1200 | DTG-110B
Collector Emitter Voltage (VCE SUS) —120V —40V
Collector to Emitter Voltage (VCEX) —200V —325V —90Vv
Collector Emitter Voltage (VCEO) —40V
*Emitter Diode Voltage (VEBO) —1.0v —1.0v —1.0V —2V
Collector Current (I¢) —15A —15A —15A —25A
Base Current (IB) —3A —3A —3A —5A
Maximum Junction Temperature 110°C 110°C 110°6 110°C
Minimum Junction Temperature —65°C —65°C —65°C | —65°C
Lead Temperature Yig” = V4" from case for 2 seconds 245°C 245°C 245°C | 245°C
#This voltage can be exceeded provided the maximum I8 and device dissipation limits are not exceeded.

UNION, NEW JERSEY* DETROIT, MICHIGAN
Box 1018 Chestnut Station 57 Harper Avenue

IELD
¢ (201) 687-3770 (313) 873-6560 (213 870-8807

SANTA MONICA, CALIFORNIA*
726 Santa Monica Blvd.

SALER SYRACUSE, NEW YORK ~ CHICAGO, ILLINOIS* General Sales Office:

OFFICES 1054 James Street 5151 N. Harlem Avenue
(315) 472-2668 (312) 775-5411

*0ffice includes field lah and resident engineer for application assistance.
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(317) 457-8461 —Ext. 2175

DELCO RADIO

Division of General Motors, Kokomo, Indiana
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KEPCO Pﬁ%x MODULES

REGULATED ¢ DC SUPPLY

6 BRAND NEW PROGRAMMABLE SUPPLIES
OFFER MORE PRECISE REGULATION
GREATER POWER AND HIGHER

OPERATING TEMPERATURES

TYPICAL
UNCASED MODULE

10500

In introducing the all silicon PBX Group, Kepco has
packed more power and more features into a low cost
power supply module than ever before. Designed to

complement the popular PAX Group, the new PBX oy a@tﬁf‘
modules share the same hardware, rack enclosures s |
U 0.01% REGULATION and STABILITY
® PACKAGE: Identical to the popular PAX plug-in o P : s T A
modules i RIPPLE | pmax,
® POWER: Twice the PAX rating j  MORE DC OUTPUT | (MAX) | npur |
% REGULATION and STABILITY: 0.01% : VOLYS | AMPS | Sy | Awps
¥ RIPPLE: Less than 0.1 mv rms § PBX 7-2 0-7 0-2 0.1 0.6
HIGH TEMPERATURES: Up to 71°C PBX 15—1.5 | 0—-15 0-1.5 0.1 0.7
CURRENT LIMITING: Now so sharp, it's practically | PBX 21—1 0-21 0-1 0.1 05
automatic crossover current regulation PBX 40-05 | 0-40 0-05 0.1 0.5
PROGRAMMING: By resistance, voltage or current. PBX 72—03 | 0-72 | 0-0.3 0.1 0.5

PBX 100-0.2 | 0-100 | 0-0.2 0.1 0.5

i At 125V AC
See our complete Catalog in

eemd.:iiEeE6

For complete specifications write for New Catalog B-663.

KEPCO, INC. * 131-38 SANFORD AVENUE * FLUSHING, N.Y. 11352 * (212) 461-7000 » TWX #212-539-6623 « Cable: KEPCOPOWER NEWYORK
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Editorial

Playing
both sides
of the street

Now that it's clear that integrated circuits are
moving into industrial, commercial and con-
sumer equipment far faster than anybody ex-
pected a couple of years ago, makers of instru-
ments, subassemblies and systems are seriously
pondering whether they should make their own
integrated circuits or buy them—a question that
has been nagging equipment people almost
since the IC was born. The way they answer this
question will affect almost everybody in the elec-
tronics industry. It will determine where a lot of
the engineering will be done—at the equipment
maker’s or semiconductor producer’s plants—
and what technical direction many companies
will take.

Makers of integrated circuits are quick to
point out that there are large-scale economies
to be reaped if equipment makers buy off-the-
shelt IC’s from a semiconductor specialist. The
customers also receive, the argument continues,
the advantage of the best and latest technology,
because a specialist in semiconductors is the
man who has to keep pace with fast-moving
technology, who must keep abreast of the tech-
nology or drop out of the business.

David Packard, president of the Hewlett-Pack-
ard Co., the large instrument, microwave and
medical equipment producer, concedes there is
an economic advantage to buying off-the-shelf
integrated circuits, but he feels that is only one
part of the picture. He says, “If you design
around available circuits, you get some cost ad-
vantages, but the equipment is limited. To im-
prove the equipment design, we have to design
our own circuits.”

That's why Hewlett-Packard is setting up in-
tegrated-circuit production facilities at three
separate divisions, and why Packard says that
soon every H-P division will have its own inte-
grated-circuit manufacturing facility. The IC fa-
cility at H-P’s Frequency and Time division in
Palo Alto, Calif., is already in operation and one
at the company’s Dymec division nearby is al-

most ready. Space has been cleared for an IC
facility at the company’s Loveland (Colorado)
division and development work should start there
next month.

Packard has concluded that the technology of
designing with IC’s differs so radically from that
of designing with discrete components that the
IC shop has to be near the engineers. “Maybe
you can design computers whose circuits are
repetitious and whose logic design is often more
important than the hardware without a micro-
circuit capability,” he says. “But you can’t de-
sign sophisticated instruments without your own
integrated facilities.”

He adds, “If you go to a store and buy a lot
of parts which we then assemble, anybody else
can go to the same store, buy the same parts and
produce the same thing. If we have depth, do
our own design and engineering, then we can
make products that other people cannot make.”

With its many IC facilities, H-P expects to
develop both monolithic and hybrid circuits as
well as digital and linear circuits. In his busi-
ness Packard believes that monolithic techniques
lend themselves better to digital circuitry, and
many of the applications in instrument and mi-
crowave fields are better done with linear cir-
cuits. For example, hybrid techniques will be
applied to one of the first projects that the Love-
land facility will tackle: an integrated-circuit
sampling probe, which is a diode gate—and
some linear circuitry—that’s turned on and off at
a rapid rate by a pulse generator.

Though Hewlett-Packard’s chief reason for set-
ting up its own facilities is to retain design initia-
tive, there is another important consideration.
The company has contracts for design projects
with three separate integrated-circuit suppliers,
and every single project has been delayed, falling
way behind schedule. Packard says sadly,
“We’ve had difficulty getting what we want from
outside suppliers. They are so busy filling orders
from the computer makers they don’t have time
for us. Our volume could never match that
needed by a computer maker so we take a back
seat.”

At least a handful of other equipment sup-
pliers feel as David Packard does about inte-
grated-circuit facilities. In Boston, both the
Digital Equipment Corp. and the Computer
Control Corp. have set up their own IC facilities.
The latter has a policy that might well become
the pattern for the electronics industry. It has
set up a model shop that builds pilot quantities
of newly designed circuits, then turns over the
designs to an outside contractor for production
runs. “That kind of capability,” comments Pack-
ard, “lets you play both sides of the street.”
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Our new KU relay is quite excep-
tional. For many relay users, it will
be more convenient, more versa-
tile, easier to install and replace
. and cost substantially less
money. Here’s why.
MODERN, COST SAVING TERMINALS
Quick-connect
terminals mean
faster installation
on your produc-
tion line . . . easier
replacement in
the field. Standard
models have .187” terminals, but
.205” may be ordered. All terminals
are punched for those who prefer
solder connections. Barriers molded
into the sturdy front meet U/L
and CSA requirements.

TRUE 10 AMP NYLON SOCKET
A nylon socket

rated for carrying A

g ,
10-amperes—can /els ; ’\{\\
be supplied to S~_

make the KU a
handy plug-in relay. Covered
(KUP) relays, incidentally, cost

24 Circle 24 on reader service card

Will this new
General Purpose PeB relay make

our best seller obsolete?

dramatically less than similar re-
lays having octal-type plugs.

You may specify five- or ten-ampere
KU relays. Longer movable arms
and a unique method of staking the
stationary contacts to the header
contribute to the improved reliabil-
ity and longer life of this new series.

WIDE CHOICE OF FEATURES
Two styles of heat and shock resis-
tant polycarbonate dust covers are
available. One, with slotted flanges,
provides a quick, convenient
method for mounting the relay
directly to a chassis. A handy push-
button which op-
erates the mov-
able contacts can
also be supplied
for manually
checking circuits.
KUP relays are

available with a
neon lamp wired
in parallel with
their coils to indi-
catethat power
is reaching the
relays.

Longer life, improved reliability,
exceptional versatility and, in the
case of covered relays, substan-
tially lower costs are all part of
the KU Series. Interested? Call
your P& B sales representative
today, or get in touch with us direct.

KU SERIES SPECIFICATIONS
GENERAL:
Description: 5 or 10 amperes General
Purpose Relay.
Expected Life: 10,000,000 cycles, Mech.
Breakdown Voltage: 1,500V rms 60 H:
between all elements; 500V rms 60 Hz
between open contacts.
CONTACTS:
Arrangements: Up to 3 Form C.
Rating: 5 or 10 amps @ 28V DC or
115V AC resistive.
COILS:
Voltage: DC to 110V; AC to 230V 60 Hz.
Power: DC 1.2 W; AC 1and 2 poles 2.0 VA;
AC 3 poles 2.7 VA.
Resistance: 16,500 ohms max.
MOUNTING:
(open relay) 842" mtg. stud, 742" locating
tab on 746" centers. Socket available.

STANDARD P&B RELAYS ARE AVAILABLE AT LEADING ELECTRONIC PARTS DISTRIBUTORS

POTTER s BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
Export: AMF International, 261 Madison Avenue, New York, N. Y.
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Hewlett-Packard
plans to build IC's
at all its divisions

Color tvrecorder
designed to sell
for less than $500

Hybrid IC’s due
in '66 Philco tv's

Honeywell plans
two acquisitions

Electronics Newsletter

April 4, 1966

The Hewlett-Packard Co. has decided that it must have its own facilities
for the production of integrated circuits. What's more, there must be
separate facilities at each of the company’s divisions, says David Pack-
ard, chairman of the producer of instruments, microwave equipment
and medical electronics.

Packard’s reason: the coordination between IC makers and equipment
designers must be very close, much closer in fact than the coordination
between circuit designers and the designers of equipment using discrete
components; also, the company has been experiencing delays in getting
special circuit orders filled by contractors (see Editorial, page 23).

The Illinois Institute of Technology’s Research Center says it has de-
veloped a home color television tape recorder that could sell for between
$300 and $500. Several companies have home black-and-white recorders
on the market, selling for about $1,000, but no one is offering a home
color recorder.

The institute’s 30-pound recorder has a stationary recording and play-
back head, rather than a rotating head, which is used on typical black-
and-white recorders. The quarter-inch tape moves at 120 inches per
second; it has a two-megacycle bandwidth. In studio color tv recorders,
the effective speed of the tape past the head is 1,000 to 3,600 inches per
second.

The institute says it is negotiating license agreements with certain
manufacturers; however, it declines to identify thc n.

This year the Philco Corp. will introduce black-and-white television sets
that use hybrid integrated circuits. The disclosure was made following
word that the Radio Corp. of America and the Admiral Corp. are intro-
ducing sets that use monolithic integrated circuits. Philco, a subsidiary
of the Ford Motor Co., is already using thick-film IC’s in car radios in
the 1967 Ford line. Philco’s IC’s are made by bonding transistor and
capacitor chips to ceramic-based passive circuits. The IC’s are being used
in tv receivers horizontal phase comparators.

Philco has stopped producing all-tube color sets. A combination of
tubes and transistors makes up the circuits in all its new color tv sets.
A spokesman said that the use of IC’s in color sets is under study.

Honeywell, Inc., plans two diversification moves: the acquisition of the
Computer Control Corp. of Framingham, Mass., a maker of digital com-
puters and digital computer equipment, and the purchase of Electro-
Instruments, Inc., of San Diego, a producer of digital voltmeters and
printers.

Electro-Instruments will probably become Honeywell’s test instru-
mentation division, filling many gaps in Honeywell's commercial lines.

Three years ago Computer Control moved heavily into the integrated
circuit field. During the past year the company introduced a line of
monolithic IC logic modules, an all-IC computer and an all-IC core
memory.

Honeywell has never set up in-house production of integrated circuits.
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Gemini 9 to keep
May date in space

A moving thought

Airlines may test
system to bar
midair crashes

Paris eases stand
on U. S. investments

26

Electronics Newsletter

The next Gemini space shot will meet its mid-May schedule despite
Gemini 8's brush with disaster. Gemini 9 will dock with a new Agena
and possibly also with the Agena that was launched for the Gemini 8
mission. The three-day flight will repeat Gemini 8 mission objectives.
In addition, astronaut Eugene A. Crenan will “walk” in space with a
rocket-powered backpack.

Gemini 8’s near-disaster is causing space officials to reevaluate con-
siderations for a space rescue service. Currently, officials of the National
Aeronautics and Space Administration say they lack the techniques for
space rescue. One major problem: the need for a way to fire a rescue
craft into space on a few hours’ notice; it now takes weeks of plan-
ning before a spaceship can be launched.

Future astronauts may have to think twice before they think because
thought impulses may be used to activate systems and machinery. The
National Aeronautics and Space Administration has awarded a contract
to the Case Institute of Technology to study the possibility of using
sensors to pick up a man’s electromyographic signals and a computer
to translate them into an order for a machine (see page 156).

By the end of the year domestic airlines may flight test a collision-avoid-
ance system that would warn a pilot of an impending collision and tell
him how to avert it, the Air Transport Association says. Its forecast is
based on McDonnell Aircraft Corp.’s announcement that it has been test-
ing a collision-avoidance system.

In the McDonnell system, each aircraft would transmit a signal at
1,545 megacycles every two seconds at an assigned two-millisecond
period; this would provide 1,000 separate airplane-identification codes.
One plane would determine the closing speed with another by measuring
the doppler shift of the received signal. A warning would be flashed to
a pilot 60 seconds before a possible collision. At 40-seconds-to-collision,
the system would direct one pilot to climb and the other to descend.

About 60 ground stations throughout the United States may be needed
to provide continual resetting of the “clocks” the planes would carry to
maintain the millisecond accuracy of the transmitters.

Others working on similar systems are the Collins Radio Co., Bendix
Corp., National Co., Sierra Research Corp. and Control Data Corp. In-
stallation of operational units could begin within three years.

United States electronics companies apparently can count on special
treatment when they apply for permission to build plants in France. Late
last month the de Gaulle government made much ado about the fact
that it had taken only two months for Motorola, Inc., to get a go-ahead
for its plan to build a $10-million semiconductor plant in Southwest
France. Ordinarily, French officials drag their heels for as much as two
years when U. S. companies apply for plant-building permits.

All of the “Big Three” U.S. semiconductor producers will be repre-
sented in France when Motorola’s plant starts up in late 1967 near
Toulouse. Texas Instruments Incorporated has a plant near Nice; SGS-
Fairchild, an affiliate of Fairchild Camera & Instrument Corp., has one
at Rennes.
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this trademark found in your scientific apparatus
automatically rates you as
a “quality” manufacturer

B The A-B trademark on variable resistors is proof of desizgn integrity

—you have resisted the temptation of saving pennies by substituting

marginal performing “entertainment type” controls. By thus assur-

ing your customers of the “quality” of your apparatus, the extra
Typé s si‘ngle it Type JIC dual unit price you pay becomes a good investment.
with line switch with concentric shaft

Allen-Bradley Type ] variable resistors have a solid molded resist-
a0

ance element made by A-B’s exclusive hot molding process. Opera-

tion is alw smooth —there are never any sudden jumps in resis

tance during adjustment. Furthermore, the Type | exhibits an

exceptionally low noise level when new — it becomes even lower with

use. On life tests, the Type ] will provide well over 100,000 complete
Type JL singla unit rotational cycles with less than a 109, resistance change at the com-
with lock bushing pletion of the test.

For more details on the complete line of A-B quality electronic
components, please write for Publication 6024: Allen-Bradley Co.,
222 West Greenfield Avenue, Milwaukee, Wisconsin 53204.

Export Office: 630 Third Avenue, New York, N.Y., U.S.A. 10017.

Type JJ dual unit Type JJV dual unit
with vernier adjustment

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS




This Wilcox Model 914 ATC transponder uses
Allen-Bradley Type CB ¥-watt and Type EB Y;-watt
fixed resistors, Type G variable resistors, and Type R
adjustable fixed resistors. The Model 914 transponder
is for aircraft operating under ground control radar.

Prompt shipment of HOT MOLDED FIXED RESISTORS in all
standard EIA and MIL-R-11 resistance values and tolerances.
Values above and below standard limits can be furnished.
Resistors are shown actual size.

TyrPeE BB 1/8 WATT MIL TyrPE RC OS5

2 R

TYPECB 1/4 WATT MIL TYPE RC O7

Js -
' : MIL TyrPE RC 20

TyYPeE EB 1/2 WATT

TYyPE GB 1 WATT MIL TYPE RC 32

TYPE HB 2 WATTS MIL TYyPE RC 42

-

“No failure ever” is an impressive record, especially
since Allen-Bradley fixed and variable resistors have
been used in Wilcox transponders for around ten years.

The reason for this consistently high performance is
the unique hot molding process developed and used only
by Allen-Bradley. In fixed resistors, it produces such com-
plete uniformity that long term A-B resistor performance
can be accurately predicted. Catastrophic failures don’t
occur with Allen-Bradley hot molded resistors.

Use of the hot molded resistance element in the Allen-
Bradley Type G variable resistors assures very smooth
operation—there are never any abrupt changes in re-
sistance during adjustment. The Type G controls have

58.01-6E

Our experience shows no
failure ever of an A-B resistor -

" -

unless subjected to overload caused
by a tube or transistor failure

Wilcox Electric Co., Inc.

Type R Hot Molded Adjustable Fixed
Resistors are rated 4 watt at 70°C.
Supplied in resistance values from
100 ohms to 2.5 megohms.

a very low initial noise factor, becoming lower with yge.

Type R adjustable fixed resistors also have a solid
molded resistance track. Adjustment of resistance is so
smooth, it approaches infinite resolution. Settings yyill
remain fixed under severe vibration or shock. The Type
R molded enclosure is dustproof and watertight—it can *
be potted after adjustment.

For more complete details on the full line of A-B
quality electronic components, please write for Pybl;- -
cation 6024: Allen-Bradley Co., 222 W. Greenfield Ave.,
Milwaukee, Wisconsin 53204.

Export Office: 630 Third Ave., N.Y., N.Y., U.S.A.10017.

QUALITY ELECTRONIC COMPONENTS



° VCG does not stand for
“very cold gin.”

-~

4

It does stand for Voltage Con-
trolled Generator — a term we
coined more than two years ago
when we invented the first one.

Very cold gin.

Voltage controlled generator.

Most everybody knows what
a VCO is. The VCG is similar but
it generates many functions over
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a very broad frequency range.

The new Model 111 VCG
generates sine, square, triangle
and ramp waves—simultaneous-
ly—in fixed phase relationships.
It gives you precise control of
frequency through external volt-
age input — either dc program-
ming or wideband ac frequency
modulation.

This voltage input operates in
parallel with the panel controls.
You determine the generated
frequency by (1) the range
selector switch and the fre-
quency dial, and (2) the voltage
applied to the VCG input. A posi-
tive voltage increases the fre-
guency while a negative voltage
decreases it. If you apply no
voltage, the instrument operates

the same as our Model 110
function generator ($395).
? External program-
ming with a square
wave input results in
frequency shift key-
ing. A sine wave
gives you frequency
modulation. And a
ramp input gives you
frequency sweeping.

Also, you can com-
bine the VCG capability with the
simultaneous outputs. This lets
you generate variable-duty-cycle
square waves and sawtooth
waveforms.

The Model 111 sells for just
$545. And you can get a Model

Frequency shift keying, frequency

modulation, frequency sweeping,

variable-duty-cycle square wave,
and sawtooth.

111B with rechargeable batteries
for just $595.

Frequency range 0.0015 Hz to 1 MHz
s ML A\v =t and sync pulse
7 simultaneous calibrated outputs
VCG range 20:1 frequency ratio in

3 ranges
VCG linearity #0.1% frequency

vs. input voltage
Stability 0.05% short term
Sine wave distortion 0.5%

Now all you need to know is
what it’s like to use one.

WAVE TEK

8159 Engineer Rd.,San Diego, Calif., Tel. 279-2200
European Sales:3000Bern9,Seidenweg17,Switzerland
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How to make sure

you are not in the dark on the latest
in Lighted Pushbutton Switches

Take a new look into the complete line available from
MICRO SWITCH.

Ever since MICRO SWITCH introduced the first modu-
lar pushbutton switch with lighted legends, the line has
been expanding. New modules, new assemblies, new
ideas now offer you more opportunities to work out cus-
tom answers to today's panel requirements.

In addition to the popular Series 2 which started the
modular trend, the line now includes Series 2N and Series
2C200. All three offer unequalled freedom of design—in

sheer number of possible control and display combina-
tions—in ease of installation—and in panel appearance.

MICRO SWITCH gives you another bonus: application
experience. Our specially trained field engineers will be
glad to discuss your requirements. They are backed by
the industry's most elaborate research and development
facilities.

For information, contact a Branch Office or Distribu-
tor (see Yellow Pages, under ‘‘Switches, Electric'’) or
write for literature.

MICRO SWITCH—the line providing unequalled freedom of design with all this versatility

Series 2 offers both rectangular and
round display, permitting shape-coding
of stations or group functions. Snap-in

in coil for remote control.

mounting. Solenoid pull-in and/or hold-

™
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&

@9 G

O

Series 2C200.
Snap-in mounting.
Relamp without
tools. Available with
RFI shield, and
solenoid pull-in or
hold-in coil for re-
mote control.

Series 2N. Shock-
resistant spring-
lock mounting.
Hold-in coil. Re-
lamp without tools.
Molded-color hous-
ings.

in BUTTONS —Choice of 1, 2, 3, or 4-section buttons.

in COLOR—Wide selection of transmitted and projected
(filtered) color schemes, and 1 to 4 lamps for up to 4-color
display.

in CIRCUITRY—Up to 4-pole double-throw and 2-circuit
double-break contact arrangements.

in RATINGS—Wide selection of modules for handling low
energy to heavy duty electrical loads.

in WIRING—Solder, screw or quick connect wiring ter-
minations.

in MOUNTING—Snap-in flange and barrier mountings or
spring-lock panel attachment.

in REMOTE CONTROL—Only MICRO SWITCH has both
remote actuation and release of switching contacts.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL — Sales and service offices inall principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany.France,Japan.



Would it help your future if you were the
originator of a program that cut
high-density connection costs hy 50%,
provided absolute reliability, and required
no capital investment by your company?

In addition to making you a company hero, Raytheon’s new
$1 million automatic wire wrapping service will completely
eliminate production line welding and soldering, operator
training, and human error. The solderless wire wrap inter-
connection concept has been used by leading manufacturers
in more than 30 key military programs (meets and exceeds
MIL-STD-1130) including Apollo and Polaris. To date,
over 37 billion commercial and military wire wrapped inter-
connections have been produced with no field failures. For
complete information on Raytheon’s unique nationwide
service plus a form that will enable you to estimate your
company’s cost saving, mail this coupon today or call: C. E.
Russ at (617) 899-8400 extension 2668, 9.
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Manager, Wire Wrapping Service

Raytheon Company

20 Seyon Street

Waltham, Massachusetts 02154

Please rush me full particulars on Wire Wrapping.
Name e e, Title____
Company_____

Address______

City & State_____ Zip Code

e o e e —— — — — — — — —— — — — —
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CTS Cermet Trimmers
+ 100 PPM/°C T.C. Available (Series 185)

Series 180*

1-1/4” x ,325 x .295 4 4 Series 660PC

Series 630
1/2" dia., single turn

Rectilinear : 3/8” dia., single turn

Series 180PC*
£ 1-1/4” x .325 x .295
Rectilinear

Series 170% Series 171 % e \ ; .
. : Series 600LT*

NEW Series 630 P
1/2" dia.

single turn

i N—
1/2" Square 1/2" Square Series 385* o 2" dia., single turn
11/32" dia., single turn Series 172 locking bushing

1/2" Square

NEW Series B180 NEW Series BI85 ' " NEW-Series 185 PC
1.30 X .378 X .385 1.30 X 378 X .385 1-1/4" x .345 x .290
Rectitinear Rectilinear Rectilinear

CTS Wirewound Trimmers
Infinite Resolution Available. Stability .025%, ( Series IRW)

Series P115%

3/4" dia., single turn

Series K350%
1/2" dia., single turn Series 112%
knob operated Series 110% 3/4" dia., single turn
3/4" dia., single turn

Exclusive Series IRW

NEW Series 185
1-1/4” x .345 x .290
Rectilinear

Series 115
3/4" dia., single turn

Series 160
1”7 x.320 x .180

1-1/4" x .325 x .295 Rectilinear
' - / Rectilinear spiral s
‘ | . infinite resolution

, Series 350 % h ;7 ; "
1/2" dia., single turn 7 Series XPC110 ‘ ' Series 117

3/4;/ dia., single turn 3/4' dia., single turn

CTS Carbon Trimmers

for Lowest Prices

Series 330

£ /s4e,’ 5353%1542*295 . ls/e‘{ies cglzgopc;gs Series 220% 1/2” dia., single turn Serles U201
ilinear -1/4" x .325 x.. "y 1/2" si 19/32" dia., single tur
Rectilinear Rectilinear 7/16" x 1/2" single turn / knoblaop:;g%e% urn

NEW Series 116
3/4" dia.
single turn

L ' | NEW Series 330 P
1/2" dia.
single turn

Series X201*
19/32" dia., single turn
knob operated
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MODEL TDH-9

PA R Wavelorm Eductor

WAVEFORM EDUCTOR

MOBEL TR
IRIGUGER
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CHARACTERISTIC
THAE CONSTANT

The PAR WAVEFORM EDUCTOR ex-
tracts repetitive waveforms or tran-
sients from noise.

Experimental information in the form
of repetitive waveforms can best be
extracted from noisy signal channels
by obtaining the cross-correlation
function of the waveform-plus-noise
with a train of delta-functions having
the same repetition rate. The cross-
correlation function will be the wave-
form of interest, noise having aver-
aged to zero. Approximations of this
operation may be performed digitally,
but generally there are drawbacks in
time efficiency, speed, and expense.
The PAR TDH-9 WAVEFORM EDUC-
TOR is an analog averaging instrument
having one hundred channels of ca-
pacitor memory. The cross-correlation
approximation is obtained by dividing
that part of the input waveform of in-
terest into one hundred segments.
These are switched sequentially and
synchronously through a resistor to
the memory capacitors where the av-
erage is obtained and stored. The in-
formation in the memory bank is con-
tinuously observable on a monitor
scope and the average can finally be
photographed or read out on an X-Y
or strip-chart recorder. The TDH-9
has the advantages of speed, effi-
ciency, and low price.
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SPECIFICATIONS

Resolution: 100 channels. Output
smoothing provides continuous output
waveform rather than “stairstep.”

Sweep Duration: Continuously adjust-
able from 100 xS to 11 Sec in five
ranges. (Dwell time/channel: 1 xS to
110 mS.)

Characteristic Time Constants: 5 Sec
to 100 Sec in 1-2-5 sequence. The
characteristic time constant is that
time constant with which the output
waveform responds to changes in the
input waveform. Because the stored
waveform is held during the time be-
tween sweeps, the observed time con-
stant can be larger than the setting of
the Characteristic Time Constant
Switch.

Sweep Delay: A delay of 10 xS to 11
Sec can be inserted between receipt
of trigger pulse and initiation of
sweep.

Output: Full scale is =10 volts, cap-
able of driving oscilloscopes, X-Y re-
corders, and strip chart recorders.
Readout can be as slow as 100 Sec
(dwell time/channel 1 Sec).

Dynamic Range: Noise and interfer-
ence five times the full-scale input
will not cause overload. Output noise

R
GBSO e,

with shorted input for most combina-
tions of Sweep Duration and Charac-
teristic Time Constant is below 0.2%
of full scale.

Power: 105-125 or 210-250 volts AC, 50-
60 Hz; 25 watts.

Price: $4200.00 Request Bulletin 126.

100
SEC

50 _|
SEC

TIME CONSTANT

20
SEC.

10
SEC.

SEC. " SWEEP DURATION
4 }

4 SR—

|
T
100 1 10
#S mS mS mS SE

NUMBER OF SWEEPS AVERAGED
AND VOLTAGE SIGNAL-TO-NOISE RATIO IMPROVEMENT
AS A FUNCTION OF CHARACTERISTIC TIME CONSTANT
AND SWEEP DURATION

PRINCETON
APPLIED RESEARCH CORP.
Dept. D
Box 565, Princeton, N. J., Tel. (609) 799-1222
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Displays

A clear view

Images transmitted through fiber-
optics cables generally lack resolu-
tion, and techniques for improving
the images are costly and complex.
Now, a small electronics concern
in Plainview, N.Y., Optomecha-
nisms, Inc., says it has developed
a simple method of nearly doubling
the resolution capabilities of the
cable.

Spinning lenses. Basic to the
image-enhancement system is a set
of lenses—one at each end of the
fiber-optics cable. Two synchro-
nous electric motors
lenses and keep their spin rates in
phase. The president of the com-
pany, Andre R. Brault, explains
that details on the lenses and the
way they’re rotated are proprietary
because patents are still pending on
many parts of the system.

He says the unit improves the
resolution of images transmitted
through fiber-optics cables. Ordi-
narily, resolution is limited by
three factors: the size of each in-
dividual rod in the fiber-optics
bundle, breaks in a rod and gaps
between each rod. The gaps, or
discontinuities, are caused by
epoxy, which is used to bond both
ends of the bundle. The effect is
like seeing a picture through a
screen door. What’s more, broken
rods in the fiber bundle cause black
spots in the final picture.

With image enhancement, Brault
says, these discontinuities are min-
imal. Without enhancement, most
optical cables provide a resolution
of about 35 line pairs per milli-
meter, but with Optomechanisms’
enhancement system, resolution is
boosted to 66 line pairs per mm.

‘Not talking.” The image-en-
hancement system isn’t really a new
development, says Brault, but until
now “we haven’t been talking
about it in public.” The executive
indicated that all sales had been

rotate the.»

»
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Technician welding by remote control watches the operation through a
stereoscopic unit connected to a fiber-optics cable. First he sees the “‘raw’’
image at the left, but after the image is ““treated’” by an image-enhancement
system he gets the clear picture at the right.

limited to the military, presumably
for classified reconnaissance proj-
ects.

Brault says that the National
Aeronautics and Space Administra-
tion plans to use the unit in the
Apollo spacecraft to peek around
corners and look into places where
it is difficult to position a camera.

Computers

More scratch pads

Less than a month after Scientific
Data Systems, Inc., introduced its
Sigma 7 (details on page 118), a
computer that relies heavily on in-
tegrated circuit scratch pads, the

Burroughs Corp. has announced
that it, too, is going to offer com-
puters that use many IC scratch
pads.

The Burroughs’ computers, the
B2500 and the B3500, are com-
patible with the company’s much
larger B5500 and the BS8500 [Elec-
tronics, July 12, 1965, p. 17], and
will replace the older B200 and
B300 series.

The central processors of both
are built exclusively of monolithic
integrated circuits made by the
Fairchild Semiconductor division
of Fairchild Camera & Instrument
Corp. IC’s are also used for mem-
ory decoding, driving and sensing.
Only the core memory itself and
the peripheral equipment use dis-
crete components. Fairchild and
Burroughs engineers worked
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closely in developing the IC’s,
which will be available in Fair-
child’s complementary transistor
logic line.

Fast processing. The scratch-pad
memories operate in a 100-nano-
second cycle and have capacities
of 24 to 120 words; they reduce
the machines’ dependence on the
main memory and permit signifi-
cantly faster processing than simi-
lar machines without scratch pads.

The machines will compete with
computers such as International
Business Machines Corp.’s System
360, models 30, 40 and 44, and
Radio Corp. of America’s Spectra
70/25 and 70/35. Compatibility
with the 360 requires installation
of a modified read-only memory
containing a special microprogram,
called an emulator. The machines
will rent for $4,195 to $20,720 per
month.

Fast combination

The fastest commercial computer
today is able to perform nearly
three million calculations per sec-
ond. But to Daniel L. Slotnick, a
professor of computer science at
the University of Illinois, that’s
slow going compared with his goal:
a billion computations per second.

Although Slotnick is still a few
years away from proving that his
design, the Tlliac 4, can reach that
bewildering speed, neither he nor
his sponsor—the Pentaton’s Ad-
vanced Research Projects Agency
—doubts he’ll succeed. Seven com-
puter makers, vying to build the
giant machine, are also convinced.

Work in tandem. Slotnick’s ap-
proach is based on the principle
of repetition. He reasons that if
one computer can perform several
million calculations in a single sec-
ond, then a few hundred computers,
linked together and working simul-
taneously on parts of the problem,
can operate at the rate of a billion
per second. Admittedly, the cost
will be high, but for some applica-
tions—like processing the rapid-
sequence signals from a phased-
array radar—the user will gladly
absorb the cost.

A few months ago, bids to build
the hardware were submitted by
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the Burroughs Corp.; General Elec-
tric Co.; International Business
Machines Corp.; Radio Corp. of
America; Sylvania Electric Prod-
ucts, Inc., a subsidiary of the Gen-
eral Telephone and Electronics
Corp.; the Univac division of
Sperry Rand Corp., and Westing-
house Electric Co.

This spring three companies
will be selected to carry out a six-
month study of details of the ma-
chine, After that, one of them will
be chosen to construct it. Comple-
tion will be in late 1968.

The basic building blocks of the
Illiac 4 will be a relatively conven-
tional group of circuits capable of
executing simple arithmetic opera-
tions on 32-bit words or on 8- or
16-bit fractional words. However,
the speed Slotnick expects is push-
ing the current state of the art: 250
nanoseconds for the basic cycle
of each block.

Parallel construction. Sixteen of
these basic blocks will be con-
nected in parallel to the memory.
This means that sixteen 32-bit
words will have to be read out from
the memory at once, so that the

UNIT
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COMPUTING
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memory word length must be 512
bits—an extraordinary length. Slot-
nick asserts there is no technolog-
ical barrier to such a word length.

Each of the 16 blocks will exe-
cute the same instructions on its
own data; the instructions will
come from a single control unit
that will supervise all 16 blocks.
The control unit, in turn, will re-
ceive sixteen 32-bit instructiens
from one 512-bit memory word,
passing them in sequence to the
16 basic units.

This combination, or layer—one
control unit, one long-word mem-
ory and 16 basic arithmetic units—
all executing the same instructions
on different data—is repeated up
to eight times. The fact that all the
units are operating in parallel pro-
duces an over-all system speed
that’s at least 128 times (that is, 16
blocks times eight layers) faster
than the speed of any other ma-
chine now envisioned.

Swap data. The 16 basic blocks
in each layer will swap data back
and forth among themselves as
well as to and from the memory.
In addition, there will be commu-

= ﬂ-—e‘
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Repetitive processing by a large number of relatively small processors adds

up to a computer of extraordinary speed. The llliac 4, being designed at the
University of lllinois, will be able to perform a billion calculations a second.
Words of 512 bits from the memory will provide each of 16 basic processors with
a 32-bit word of data, all at once; the data is processed under control of a

single unit. The combination of memory, control and 16 processors will

be repeated up to eight times in the complete system.
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nication among each of the blocks
in the different layers.

Beyond the military applications,
Slotnick sees Illiac 4’s being used
for such problems as the evaluation
of high-order determinants, which
requires an enormous number of
simple calculations.

Conversational program

Soon anyone who can hunt and
peck on a typewriter will be able to
converse with a computer. An ex-
perimental  software  program,
called Deacon, is already being
used to help a computer under-
stand and answer simple questions
in colloquial English.

Deacon, which stands for direct
English access and control, is being
developed by Tempo, General Elec-
tric Co.’s center for advanced stu-
dies in Santa Barbara, Calif. Event-
ually, it will be possible for an
operator to use a computer without
any knowledge of computer lan-
guage or programing.

Simple questions. GE says the
final version of Deacon will answer
questions asked in relatively com-
plex conversational English, such
as: “What are all the ways of gen-
erating microwaves?” For the time
being, however, it will deal with
simpler questions.

It will have no difficulty distin-
guishing among: “What is the loca-
tion of the cruiser Phoenix?”;
“Where is the Phoenix?”; Find the
ship Phoenix!” Regardless of which
way the question is asked, Deacon
should be able to provide the cor-
rect answer.

Computer grammar. The Deacon
system is based on the interaction
of three parts of the program: a
dictionary, which lists the words
the computer can recognize; a rules
catalog, which contains the gram-
mar of the system; and a data base,
which provides the interconnec-
tions among words that gives the
system its “intelligence.”

When queried, Deacon first
searches for the important words
in the dictionary. If a word is not
there, the computer will ask the
operator to rephrase his question or
define his terms. Eventually, when
all the words are found, linkages
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are established through the data
base; this tells the computer what
is being asked. For example, if the
question is “What is the location
of the cruiser Phoenix?”, the com-
puter would recognize that “loca-
tion,” “cruiser” and “Phoenix” are
important words and search for
linkages among them.

Linkages are often complex. For
example, the memory might contain
data about the Phoenix on weight
or manpower; the locations and
other facts on cruisers named
Dallas, Cleveland or Miami; and
data about a city, an insurance
company and a mythical bird, all
named “Phoenix.”

The program may have to follow
more than one track to make sure
it doesn’t give a correct but inap-
propriate answer. The question
“Where is Phoenix?” could be
answered: “The cruiser Phoenix is
in San Francisco Bay”; the city
Phoenix is in Arizona,” and so on.

Recondite language. Most infor-
mation-retrieval systems now in
use require that questions be asked
in a specialized language, using
key words and standard forms.
Also, many of them can tell only
where to find the answer.

Deacon is being developed on
relatively  unsophisticated hard-
ware. The computer is a GE 225
with one magnetic disk file that has
a capacity of 18 million six-bit
characters. Communication with
the computer is through a tele-
printer or a GE Datanet 760, which
acts like a teleprinter but produces
an image on a cathode-ray tube in-
stead of printing on paper. The
teleprinters and the Datanet 760
communicate with the GE 225
central processor through a GE
Datanet 15.

Herbert R. J. Grosch, director of
the project, says he does not think
the kind of equipment being used
will limit the Deacon project, “be-
cause I am certain that hardware
development will keep ahead of
our needs.”

The system’s speed and versatil-
ity could be improved, however, by
giving it an associative memory—
a development still in the experi-
mental phase. An associative mem-
ory can pluck a bit of information
from storage by making an adroit

association rather than going se-
quentially through its memory
until the information sought is
reached. It would know immedi-
ately if it “recognized” a specific
word in a question without having
to look it up in its dictionary.

Instrumentation

Invisible sentry

Most electronic sentries have two
crucial disadvantages: if they are
active, an intruder can detect their
radiation; if they are passive, they
can’t be detected but have a range
of only one or two feet. A passive
infrared sentry that can sense an
intruder up to 250 feet away has
been developed by the Huggins
Laboratories, Inc., of Sunnyvale,
Cglif,

With the Huggins system, the in-
truder inadvertently does all the
work, by supplying the two com-
ponents that activate the alarm—
motion and a radiometric signal.
The front of the detector is covered
with a grid. Any motion of an in-
frared source creates a low-fre-
quency modulation of the radio-
metric signal as it is interrupted
by the grid. The resulting signal is
amplified and used as a d-c trigger
for firing the circuit. No current
flows in the system until an intruder
comes into range. Before that, the
system is dormant and safe from
detection.

Target temperature. For the in-
frared sensor of the motion detec-
tor Huggins used a capacitor bolo-
meter it had developed earlier. The
capacitor bolometer’s frequency
response is at least five times
greater than that of the thermistor
bolometer usually employed in in-
frared systems, making the sentry
responsive to rapid movement. The
bolometer is arranged in a double-
ended bridge circuit that adjusts
to changes in the ambient temper-
ature. It then will react to radio-
metric signals that differ as little
as 1°F from the ambient tempera-
ture. Tests showed the differences
between a person’s clothing and
ambient temperature were usually
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more than 1°F—even at the pants’
cuff.

A lens with flat transmission
characteristics from 4.2 to 15 mi-
crons is used to increase optical
efficiency. The 9.3-micron wave-
length of human infrared radiation
is well within the lens’ range. A
filter in front of the lens prevents
sunlight from affecting the detec-
tor. The sentry will function ef-
fectively at ambient temperatures
from 25° to 120°F. This range can
be lowered or raised by adjust-
ing the detectors’ electronics.

Other systems. Active intruder
detectors, such as ultrasonic sen-
tries, are detected easily with elec-
tronic sensors. Even acoustic sys-
tems, which are only partially
passive because they limit r-f radi-
ation, can be detected; they have
the added disadvantage of being
sensitive to random noises, such
as the ring of a telephone or the
sound of a passing car. Doppler
radar systems, besides being very
expensive, can be detected with a
wide-band crystal detector. Sys-
tems that use a change in capaci-
tance or inductance of a tuned os-
cillator circuit approach being pas-
sive but have a range of about two
feet.

A disadvantage of the Huggins’
sentry is that it would be triggered
by any moving infrared source in
the 4.2- to 15-micron range, and
this includes everything from squir-
rels to grizzly bears. The Air Force
has had a similar problem with a
capacitance-type detection system
for its Minuteman missile site at
Ellsworth Air Force Base in South
Dakota. The system is reportedly
so touchy that high-leaping grass-
hoppers periodically set it off. A
modified version of a doppler radar
detection system at Titan IT missile
sites can distinguish between men

and animals by measuring differ-
ences in frequency and intensity of
the returning radar signal. [Elec-
tronics, Nov. 16, 1964, p. 32].

Friend or foe. William E. Os-
borne, chief scientist at Huggins,
says the Air Force is interested in
the infrared sentry for perimeter
surveillance. The Army also sees a
potential as a weapon: it could be
used to trigger antipersonnel mines
from a safe position.

“The next step,” Osborne says,
“is to develop a system that can
distinguish between friend and foe.

Osborne says he has discussed
possible traffic control applications
with officials in several cities. De-
tectors could be used at highways
to monitor traffic. If traffic slowed
to a predetermined rate and stayed
that way for a time, the sentry
would trigger signs warning motor-
ists of the congestion, would re-
route traffic or would prevent more
cars from entering the highway.

Data processing

Banking on computers

The banking industry is on the
verge of being overwhelmed—by a
mountain of checks. Some 70 mil-
lion are now cashed daily, and each
year the number grows. To move
‘ach of these millions of bits of
paper—from the place where it is
written to the issuer’s bank for de-
duction—banks spend some $3.3
billion a year.

A solution, however, is in sight,

Slowly, in still uncoordinated
steps, the banking industry is es-
tablishing a nationwide financial
utility that eventually will tie the
money transaction of banks and

savines |
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customers into a vast computerized
network, Some time from now,
many bankers agree, checks will be
as obsolete as Indian pennies.

Pay the phone. A precursor of
the network was started last month
in Wilmington, Del. [Electronics,
Nov. 15, 1965, p. 41]. A person with
an account at the Bank of Delaware
can pay for a purchase at nearby
Stroms department stores even if
he has left his wallet home and has
no credit account at Stroms. After
a purchase, the salesman simply
“dials” the number of the bank on
a touch-tone telephone, enters a
code that identifies the customer
and then enters the amount of the
purchase. Automatically, through a
team of International Business Ma-
chines Corp. computers, the pur-
chase amount is deducted from the
customer’s checking account—with-
out the writing of a check.

The Bank of Delaware is already
planning a step beyond. This year
it will conduct an experiment in
which customers will use touch-
tone telephones at home, paying
bills to companies with accounts in
the bank.

Novel as the system is, it gives
only a hint of what’s in store.
Within a decade many bankers
foresee a network in which banks
will be tied to retailers through a
central computer clearing house.
From there, the banking network
could expand. Employee payrolls,
for example, could automatically
feed from corporate accounts into
individual accounts; and the em-
ployee’s regular monthly payments
—mortgage, utilities and savings—
would be automatically deducted.
The Treasury Department could tie
in: income tax withholding pay-
ments and social security payments
could be deducted. The Federal
Reserve System, in a side benefit,

o
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2N VoV NEW UHF POWER TRANSISTOR
FEATN N H S\ The new TRW 10W/400Mc (2N4040) UHF
g \ \ \\ ‘ Power Transistor provides full rated performance in
X \ “Ow\ conventional circuits...no need to resort to emitter tuning
3° 20, or other techniques which contribute to circuit instability.

g \\ TRW 2N4040 is available now at competitive prices.
a4 PO Ton For detailed technical information phone, write or wire:
e"”'}%} \\ TRW Semiconductors, Transistor Plant, 14520 Aviation
2 B T Blvd., Lawndale, Calif. 90260. Phone: (213) 679-4561, Ext. 477

TWX: 213 647-5113

200 300 400 500
FREQUENCY MC/S

TRW designs and manufactures high performance transistors for the communications industry and specialized
types for military and industrial applications.

TR WSEMICONDUCTORS
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could monitor the flow of money
across the nation, gaining instant
and precise information on the state
of the economy,

In general, the federal govern-
ment favors the trend. And, as
George W. Mitchell, a member of
the Federal Reserve Board, notes:
“. .. these experimental operations
will provide a solid foundation for
a banking system of the future.”

Seek a share. Plans to establish
this financial utility are being
pressed hard by the American Tele-
phone & Telegraph Co., which al-
ready has the inside track: the ter-
minals (touch-tone phones) and the
communications lines. But other
companies are seeking a share of
the market. The major communi-
cations common carriers, including
the International Telephone and
Telegraph Corp. and Western Un-
ion, are trying to develop compet-
ing systems.

Bankers concede, however, that
a fully computerized operation is
still years away, and in the mean-
time they face that growing moun-
tain of checks. One proposal, by
W. Putnam Livingston of Bankers
Trust Co. of New York, is to stop
a check’s movement at the first
bank it is presented; then, rather
than shipping the paper back to the
check writer’s bank and subse-
quently to his home, move only the
information on the check by com-
puter.

“The fact is that money is, basic-
ally information,” says Martin
Greenberger, an associate professor
at the Massachusetts Institute of
Technology. As such, he sees bank-
ing and finance as one component
of the information business. Thus.
the financial utility could easily tie
in with marketing-research pro-
gram, securities trading and credit
control.

Medical electronics

Taking heart

Cardiac victims may soon have a
simple wrist device that will be a
heart line to expert medical atten-

40

Electrocardiograph by telephone. The patient connects two electrodes from wrist
bracelets to a small transmitter that relays audio signals to a doctor's office.
There, a demodulator changes the signals into a pulse that is recorded by an
electrocardiograph. The larger transmitter in the background is a prototype.

tion. The wrist sensors are part of
an electrocardiograph (EKG) tele-
metry system that links patient and
EKG apparatus by telephone to a
doctor.

With the proposed system, a pa-
tient takes his own electrocardio-
graph by clipping a pair of elec-
trodes from expansion bracelets on
each wrist into a transmitter. The
EKG signals are sent by telephone
to an EKG print-out machine in
the doctor’s office at the other end
of the line. There, a demodulator
turns the audio signal into a series
of pulses that is recorded as a line
graph.

Dr. Travis Winsor of the Winsor
Memorial Heart Research Founda-
tion in Los Angeles is developing
the EKG telemetry system with
technical assistance from the Mis-
siles and Space division of the
Lockheed Aircraft Corp. and the
Electronics  Systems division of
TRW Systems, Inc.

Woman’s compact. TRW has
come up with an integrated-circuit
version of the prototype transmit-
ter that had more than 40 discrete
components—transistors,  diodes,
resistors, capacitors and inductors
—plus a battery power supply and
a speaker, packed into a box about
3 by 4 by 5 inches.

The IC version has been cut to

a loudspeaker, a battery, a few dis-
crete components and three inte-
grated circuits; it fits into a box
that’s the size of a woman’s com-
pact. But Donald McWilliams as-
sistant chief of semiconductor tech-
nology at TRW’s microelectronics
centered isn’t satisfied yet. He
hopes to get the package down to
the size of a wristwatch.

McWilliams also plans to re-
place the inductive coupling used
in the Lockheed receiver with non-
inductive coupling to avoid picking
up normal 60-cycle-per-second a-c
noise.

Reports from cardiac patients
testing the system already indicate
it will be a success, Dr. Winsor
says. He receives 40 or 50 “electro-
cardiograph” calls a day at the
foundation from patients too far
away to come and see him.

Communications

One-man tv crew

The Westel Co. of Redwood, Calif.,
says it has developed a television
camera and audio-visual recording
system that can be carried and
operated by one man and yet
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Low-cost digital frequency meters for mobile communications

Communications engineers who must now have
more accurate measurements can get them with
Beckman Models 6120 and 6121 Frequency
Meters. These 25-mc and 50-mc instruments are
the lowest cost digital frequency meters available
employing direct counting techniques...6120-
$1,750; 6121—81,950. They give you the benefits
of direct digital display, simple controls, data
logging (with option for printer), plus accuracy
that can’t be had in an analog device. For aircraft,
marine, and surface mobile communications, these
solid-state instruments have four plug-in extenders:
a 400-mc prescaler, 1-gc heterodyne, DVM, and

preamplifier. Your Beckman Berkeley sales engi-
neer has the full story on the Models 6120 and
6121 and how they can help you solve frequency
measuring problems. .. with more accuracy at the
lowest possible cost. For complete details, call or
write today.

S Y G 18 (NSTRUMENTS, ING.

ELECTRONIC INSTRUMENTS DIVISION

RICHMOND, CALIFORNIA + 94804
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U LTRA‘
CARBON ‘ R

CORPORATION

The shape of

tomorrow,
today

For more than 20 years, Ultra
Carbon consistently has pro-
vided industry with advanced
graphite technology. “F”
purity graphite for the AEC
...semiconductor crystal cru-
cibles, boats, headers and fix-
tures made from Ultra purity
graphite —these are typical of
our past contributions to the
electronic industries.

ULTRA/FGP® flat glass packs
for integrated circuits in 14
lead Ya x 38 inch and 10 lead
Y4 x Y4 inch are now in pro-
duction. Write Ultra Carbon

Corporation, Box 747, Bay
City, Michigan 48709.
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Taping for television: taking pictures on
the go.

meets all broadcast standards.

The recorder unit fits into a
small suitcase weighing 23 pounds.
It includes nickel-cadmium re-
chargeable batteries and a 30-min-
ute supply of one-inch video tape.
The camera weighs seven pounds.
All operating controls and indi-
cators are on the back of the cam-
era head for convenient operation.

First of its kind. Westel says the
system is the first single-head heli-
cal-scan video-recorder with pro-
fessional broadcast quality. In most
helical-scan recorders, the tape is
wrapped around a cylindrical drum
in helical fashion as it passes from
reel to reel. Inside the drum, two
revolving heads in sequence sweep
across the tape, recording the
picture. Westel uses a drum, which
is an inverted, truncated cone, so
that the tape overlaps itself as it
passes around the drum. Because
of this overlap, only one head need
be continually in contact with the
tape, making it possible to elimi-
nate all head-to-head switching
circuitry. Westel calls its record-
ing technique Coniscan.

To keep the weight of the WRC-
150 recording camera down, Wes-
tel includes no playback, rewind
or fast-forward capabilities. For
playback of tapes recorded in the

field, Westel has a much more
elaborate studio-recorder, the
WTR-100. It will accept video sig-
nals from any studio source and
can be converted to accept color,
says Westel, with the addition of
only a small plug-in module. Wes-
tel claims that the studio model
can maintain a color signal stability
of less than 3° of phase error. A
phase-error of 10° is considered
the maximum allowable error for
a complete studio-transmitter
chain.

The 150 costs $10,500 and the
100, $15,000.

Advanced technology

Family planning

Will computers ever be able to
breed computers?

“I don’t yet see any specifics on
the horizon, but I do smell the
possibility of such a technological
revolution,” says Jerome Rothstein,
senior staff scientist at Laboratory
for Electronics, Inc., of Boston.
“Maybe in five years we’ll begin
to see something in rudimentary
form.”

Rothstein’s research in the field
of molecular cybernetics, is spon-
sored by the Bionics Laboratory at
Wright-Patterson Air Force Base
in Dayton, Ohio. He will report on
his work at the Bionics Conference
to be held there May 3 to 5.

The concept of the computer-
breeding computer has been ap-
plied to machines that help design
the logic wiring diagrams or pro-
grams of a next-generation com-
puter. But this is not the context
in which Rothstein discusses the
possibility of self-reproducing ma-
chines.

His goal is to discover how liv-
ing systems store sufficient infor-
mation to duplicate themselves,
what laws of physics and chem- ~
istry make self-replicating informa-
tion storage possible and how such
information and control processes
can be imitated in a man-made
machine.

Evolution. Such a machine would
be self-organizing, self-repairing,
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Jerome Rothstein: it takes inspiration.

self-correcting and adaptive. In a
word, it would be evolutionary.

Much of the activity in bionics
today consists of investigations of
circuits and networks designed to
perform biomorphic functions. But
Rothstein is exploring information
and control processes in biochem-
ical systems at the molecular level,

In the face of a staggering com-
plexity of variables, Rothstein plays
it like a chess game—but not like
a computer playing chess. The
computer gets swamped trying to
cope with the large number and
combinations of variables. A skill-
ful human player learns the prin-
ciples. discovers tactics and strate-
gies and throws out the time-con-
suming and irrelevant cases, he ex-
plains.

Using information. In genetic
structures, from virus to man, there
must be storage of information at
the molecular level. Rothstein’s in-
vestigations have led to grouping
configurations of molecules into
“families.” Control actions deter-
mine whether a molecule can
change its configuration from one
family to another; catalysts exert
such controls.

Rothstein  investigates  chain
molecules—beads connected by
links; the order of beads consti-
tutes a message. Such messages
are the catalysts that make control
possible.

“It is this family structure—or
something like it—an extra struc-
ture that may be exploited by the
living organism to permit at a
chemical level the control processes
that we know in engineering,”

Electronics | April 4, 1966

basic measuring tools from

HEWLETT

PACKARD

hp 2034

Variable-Phase Function Generator

provides reference and variable-phase sine, square waves

range 0.00005 Hz to 60 kHz
distortion less than 0.06%

continuously variable phase shift 0-360°
four simultaneous adjustable outputs 0-30 v peak-to-peak

Use it for:

phase shift measurements
low-distortion signal generation
vibration studies

frequency response measurements

servo applications
medical research
geophysical problems
subsonic, audio testing

Here is a solid-state function generator
offering simultaneous sine and square-
wave signals 0.005 Hz to 60 kHz in 7
overlapping bands (two optional bands
available, down to 0.00005 Hz). Total
harmonic distortion hum and noise
(0.06%) is less than 64 db below funda-
mental.

Accurate 19, frequency dial calibra-
tion with 180 dial division, vernier drive
for precise adjustment. All four floating
output circuits have individual 40 db
continuously adjustable attenuators. One
each of the sine and square-wave outputs

contain the 0-360° phase shifter. A front-
panel calibration provision permits easy
line-frequency calibration of the oscil-
lator to the environment in which it's
being used. Price, $1200.

For a demonstration of the unique
203A call your Hewlett-Packard field en-
gineer. Or write for complete specifica-
tions to Hewlett-Packard, Palo Alto,
California 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

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

HEWLETT hp, PACKARD

An extra measure of quality
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6 BITATOD
CONVERTER
15,000,000
CONVERSIONS
PER SECOND

MODEL 834A ANALOG
TO DIGITAL CONVERTER

Well-suited for telemetering or process control
Long life and high stability

All solid state, silicon semi-conductors
SPECIFICATIONS

Method: successive comparison.
Digital output: B.C.D. 12 bit parallel.
months. Conversion time: approximately 240.s.

Stability: +0.2%/6
Operating

temperature: —10°C to +-50°C.Width:480 mm. Height: 199
mm. Depth: 225D m/m. AC input: 100/110/220/240V+10%
50 or 60c/s.

MODEL 198C DATA LOGGING SYSTEM

All solid state

Random access analog scanner

High reliability and accuracy

Operates over large temperature ranges

Low cost

SPECIFICATIONS

Scanning capability: 16 channels. Scanning speed: up to 5
channels per second. Accuracy: 0.1%. Output: printing
paper tape. Logging cycles: 10 seconds to 1 hour (specify
on ordering). AC input: 100/110/220/240V £10% 50 or 60

cps (specify on ordering).

MODEL 507C
DIGITAL VOLTMETER

All solid state and high speed.
SPECIFICATIONS
Measuring range: (1) 0.001 to
(2) 0.01 to

1.599 volts
15.99 volts

(3) 0.1 to 159.9 volts

(4) 1to 1,599 volts
Accuracy: 0.1% of full scale. A/D conversion time: 600ys,
Max. repetition rate: 1kc. Reading mode auto: 100 c/s
repetition rate.
Digital output:

4 digit decimal ;oCy, parallel code connectable to the line

printer Operating temperature: 0 to 40°C.
Width:480 mm. Height: 199 mm. Depth: 350 mm. Weight:
approx. 13 kg. AC input: 100/110/220/240V 50 or 60 cps.

CHUO ELECTRONICS CO., LTD.

No. 21 Motohongo-machi Hachioji-shi,
Tokyo, Japan
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the physicist explains.

Through complex transition dia-
grams, Rothstein maps some of the
ways in which molecules could
form chains, migrate into varying
configurations and otherwise mani-
fest order and control.

A new math. If and when the
replicating processes in molecules
are sufficiently understood, it is be-
lieved they could be imitated by
a computer with a sufficiently large
number of elements.

With today’s integrated circuits,
Rothstein says, very rudimentary
kinds of adaptive systems can be
built. “But it is not yet worthwhile
to try to do this for the complex
systems envisioned. For a long
time, the most sensible tactic is to
model such systems, including the
molecular structures under study,
on computers.” His lab has under
development a thin-film matrix
memory that makes modeling of
growth and self-replicative be-
havior possible.

What will it take tc make the
transition from computer modeling
to prototype self-reproducing ma-
chines capable of carrying out com-
plex tasks?

“Inspiration,” says Rothstein,

IEEE
TIDIP’sin
Texas Instruments Incorporated

has quietly joined its competitors
in offering integrated circuits in
the dual-in-line package style
(DIP). The DIP was shown at TT’s
booth at the Institute of Electrical
and Electronics Engineers show in
New York. TT had been one of the
last major IC manufacturers hold-
ing out against DIP’s [Electronics,
Aug. 23, 1965, p. 118]. The Signet-
ics Corp., a subsidiary of Corning
Glass Works, introduced a DIP just
before the show.

The new TI package has the
same pattern as previous DIP’s—
14 leads spaced 100 mils apart in
two rows 300 mils apart. The com-
pany’s regular plug-in package has
16 leads in two rows 200 mils apart.
Each IC manufacturer has picked

a slightly different body design
for its DIP. TI followed suit, it is
molding them in one piece with
silicone plastic, instead of using
the sealed sandwich of epoxy or
ceramic that others have used. The
body indexing aid is also different
—a depression in the top of the
package body.

DIP picker. Unfazed by the ap-
parent inability of IC manufac-
tures to standardize DIP bodies,
the Universal Instrument Corp.

A new plastic carrier for the Signetics
Corp.’s DIP is used as a hand-insertion
alignment jig. The carrier is positioned
on the circuit board and the package
pushed down to plug in the IC leads.

has designed a machine that will
be able to plug anybody’s DIP
into a circuit board. For a time, it
seemed that systems manufactur-
ers who wanted to assemble DIP’s
by machine would have to buy a
different machine or a different
pickup mechanism for each body
style, because of the dimensional
variations [Electronics, Sept. 6,
1965, p. 40].

Universal Instrument’s solution
is one the company has been using
in its machines made for automatic
insertion of the hybrid-circuit plug-
in modules of the International
Business Machines Corp.’s System
360 computers [Electronics, Nov.
1, 1965, p. 90]. The machine
be built on custom orders—won’t
grasp the package. Instead, it will
pick up and insert the IC’s with a
suction tool applied to the top of
the package bodies.

1

to -

r'R

The different IC’s required by .

an assembly will be loaded—facing
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in the right direction—into a series
of slots in an inclined tray. A tape-
programed numerical control unit
will move the pickup head to the
right slot and move the circuit
board into the right position to
accept the selected DIP,

Army drafts IC’s

The Army is moving surely—but
slowly—toward the use of mono-
lithic integrated circuits in ground
electronic equipment.

“Their use by the Army is no
longer subject to question,” de-
clares Robert Geisler, a project
officer with the Army’s Electronics
Research and Development Com-
mand at Fort Monmouth, N. T.

However, he thinks that for the
next three years the Army equip-
ment will continue to use the same
number of conventional printed-
circuit assemblies, with tubes and
transistors.

Integrated circuits are already
going into ground equipment, but
primarily in digital systems and in
the decoding and coding portions
of gear with scramblers for secure
communications.

Geisler expressed these views at
a meeting in New York of the In-
stitute of Printed Circuits on the
outlook for printed circuits during
the next five years.

Flatpacks or DIP’s? Geisler pre-
dicted that three to five years from
now IC’s will be in general use in
Army electronics. After that, mono-
lithic arrays and complex integrated
circuits will come into use [Elec-
tronics, March 21, p. 144].

Still unresolved, he said, is the
type of IC package that the Army
will settle on as a standard. Initi-
ally, the IC’s are being bought in
flatpacks and TO-5 cans, but Geis-
ler thinks that the larger, dual-in-
line package (DIP) type of plig-in
will eventually win out. The reason
is that the Army wants as few multi-
layer boards as possible in its sys-
tems. Not only are conventional cir-
cuit boards less expensive, he
pointed out, but they make assem-
bly and repair easier. The DIP’s
were designed for soldering into
such boards.

Arrays will also reduce require-
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.. TORQUE MOTOR

DRIVER

Cut costs and time with off-the-shelf
HYBAND DC Servo Power Amplifiers by INLAND

Inland Controls specializes in the
design and manufacture of reversible
polarity, wide bandwidth DC servo
power amplifiers that help you:
e ELIMINATE design and
development costs
e ACCELERATE delivery schedules

e AVOID motor/amplifier
interface problems

Ranging from 50 watts to 3000 watts,
these amplifiers, designed specifically
for driving Inland Motor* DC torque
motors, are available in either com-
pact modular design or standard
rack-mounted design. Current-limit-
ing, short-circuit protection, multiple
summing inputs, high gain preampli-
fier, and provisions for servo com-
pensation networks are built-in
standard features of the HYBAND
amplifiers.

To avoid your interface problem en-
tirely, why not let Inland Controls
supply guaranteed matching ampli-
fiers, or complete amplifier and
torque motor blocks? We_can do this

it
O,

INLAN

A SUBSIDIARY OF
HOLLMORGEN

and satisfy your most demanding
needs. Don't let interface and trans-
fer function problems get you down

. call on the INLAND team and
relax . . . our amplifiers offer proven
and outstanding compatability, re-
liability, and availability.

A Condensed Selection guide offering
detailed information on the HYBAND
amplifiers is available immediately

and we will be happy to send you a
copy.

This Demonstrator Kit, designed to
illustrate exactly how these amplifi-
ers operate in a closed-loop servo,
can be shown in your plant at your
convenience. All it takes is a call or
letter from you.

*Inland Motor Corporation
is also a subsidiary of Kollmorgen

342 WESTERN AVENUE ¢« BOSTON, MASSACHUSETTS 02135

Telephone: 617 254-0442

TWX: 710 330-0143
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IWLINOIS

WEST CHICAGO,

STANDARDS, INC.

TUNING FORK
0SCILLATORS

For Low Cost Frequency Control

/ffr&

7

New Inexpensive Model G
Frequency—from below 1 CPS to
30 KC with choice of accuracy for
each of five temperature ranges.
Standardized construction allows
excellent delivery of prototypes or
production runs. Many special
features are available.

Long-term stability—2-year guar-
antee.

Prices start at $35.00. Send for
complete information.

Other style cases avail-
able, including models
for printed circuit use.

Catalogued in €M VS

ORK
) —STANDARDS, INC.

221 Main Street + West Chicago, 111.60185

Telephone: Area Code 312 - 231-3511
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ments for multilayer boards, Geisler
believes, since much of the inter-
connections for the circuitry of sys-
tems built with arrays is done by
thin-film wiring on the silicon
chips.

Hot computers. Another speaker
at the meeting, E. G. Lorenz of the
International Business Machines
Corp., predicted the continued use
of multilayer boards in computers,
with radical changes in wiring
size, board materials and fabrica-
tion methods.

Besides the continued
multilayer transmission-line inter-
connections [Electronics, Nov. 1,
1965, p. 90], Lorenz expects in-
creased use of operational circuitry
made by printed-circuit techniques.
One example is capacitor type,
read-only memories. These are
made by etching wiring electrode
arrays on either side of dielectric
layers.

Because IC’s result in increased
functional density, he predicts that
wiring line widths will shrink from
present minimum widths of about
10 mils down to about 1 mil (0.001
inch). The wiring patterns will
probably be fabricated by high-
energy beams: he sees the boards
being designed, made and tested
under computer control.

The high circuit density, Lorenz
says, may result in operating tem-
peratures ranging from 400° to
600° F. Since the dielectrics will
have to hold dimensional tolerances
as tight as 0.1 mil, organic dielec-
trics may be discarded in favor of
ceramics.

use of

Ten-way masks

Thanks to some optical legerde-
main, engineers at the Martin Mari-
etta Corp.’s Martin division in Or-
lando, Fla., have invented a way
to make as many as 10 different
deposition or etching masks from
a single master artwork pattern.

The process eliminates the te-
dious preparation of individual
patterns for each mask needed to
make a multilayer thin-film circuit
or printed circuit. Because Martin
uses a single master pattern, all the
masks are automatically in near-
perfect registration.

Now you see it . . . Martin’s

invention was described at the
IEEE Convention by Burton J.
Askowith during a session on mi-
crocircuit fabrication.

The master pattern is prepared
with six different kinds of bire-
fringent tape. Each time the inci-
dent angle of polarized light is
changed, a different mask pattern
on the master pattern becomes
opaque. When different wave-
lengths of light are used, as many
as 10 different patterns can be seen,
one at a time.

This allows the entire pattern to
be made as one piece of artwork.
For a simple thin-film circuit one
type of tape would be used for the
resistor deposition mask; another
type would be used for the elec-
trode mask and a third for the in-
terconnections.

Slow light. Birefringent tapes are
made by stressing plastic materials
so that they have two optical axes
with different indexes of refraction.
One axis passes polarized light
faster than the other. Depending
on the film thickness, the slow axis
retards the passage of light one-
half or one-quarter wave-length.

Martin cuts the tapes lengthwise
to the fast axis, crosswise and on
biases of 45° and 135° to get the
six different kinds of tape. The
masks are made by exposing pho-
tographic film to light shining
through a polarizer, the pattern
and analyzers.

The polarizer and analyzers are
rotated to correspond with the kind
of tape forming the pattern for each
circuit layer.

Help!

The rules said “no recruiting” dur-
ing the IEEE show in New York.
But one company official summed
up the intensity of the talent search
when he said: “The show was a
success. Our company lost only
three men.”

Outside the Coliseum a shouting
match took place between recruit-
ers and IEEE officials who tried to
move the recruiters away from the
entrance to the show. In hotels
nearby, engineers awoke to find
job offers stuffed under their doors.
An agency representing 42 compa-
nies seeking talent ran a shuttle
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- If you can’t believe
. an electrolytic can be this good
- unless 1t’s In a metal can...

- Test the molded-case MTA yourself.

ANNIVERSARY
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LOW TEMPERATURE CHARACTERISTICS

0 125 250 375 500
HOURS—LIFE TEST

MALLORY CAPACITOR COMPANY

a division of P. R. MALLORY & CO. INC.
3029 E. Washington St, Indianapolis, Indiana 46206:

Here’s what you’ll find:

Life at High Temperature —zero failures in one
million piece-hours at 85°C. Only one failure in
2% million piece-hours at 65°C.

Stability at Low Temperature —equal to or better
than most metal-case miniatures down to —30°C.

Maximum Values—800 mfd, 3 VDC, to 85 mfd,
50 VDC.

Call Jim Shaffer,
collect at 317-636-5353,
extension 403,

for sample order

Available from stock at factory prices in quanti-
ties to 2499 from franchised Mallory distributors

MALLORY
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(or make markings
more durable...or
more economical...

orat higher rates?)

Need to say a lot

in a little space?

We can show you how

We can show you how to identify
products so they will resist extreme
amounts of handling, abrasion, many
solvents and other atmospheric condi-
tions . . . or how to sequentially number
and identify components with savings of
more than $50 per 1000 . . . or how to
print trademark, type number, value
and date code on 90 units a minute . . .
or how to produce an imprint that
remains readable after 1000 hours at
200°C. . . . or get 10 digits and 2 letters
in a micro-circuit area of 0.090” — or
21 characters on a TO-5 case with inter-
changeable type number and date code
.. .or save 75 cents of every dollar you
now spend on buying, applying, in-
ventorying and discarding obsolete
preprinted labels.

The answers are in proven Markem
machines, type and specialty inks,
which daily produce better product or
package identification by reducing costs,
smoothing production control and in-
creasing customer acceptance. And
while Markem machines, type and inks
are helping to produce better products
through more complete and lasting
identification, they frequently pay for
themselves in the savings they make
possible. Tell us what you make, what
it must say, and for how long: we’ll give
you a specific recommendation and cost
estimate right away. Write Electrical
Division, Markem Machine Co., 305
Congress St., Keene, New Hampshire
03431.

MARKEM
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bus from the Coliseum to the
agency’s headquarters.

The effort poured into recruit-
ment left no doubt about the engi-
neering shortage. It's here—and
because of the upswing in business
it probably will last.

One company reported losing
several components people at twice
the salary they had been making.
Recent graduates with masters” de-
grees commanded up to $11,500.

Recruiters primarily sought the
specialist—in integrated circuits,
in microwave, in instrumentation—
with 5 to 10 years’ experience. But
sales and marketing people were
also approached.

IEEE jotting

Other items of interest:

= Unijunction. In the fall of 1964
Texas Instruments Incorporated
introduced a plastic planar uni-
junction—the only one on the mar-
ket. But in a short time TI discon-
tinued sales, reportedly because it
was having trouble obtaining good
stability with it. Now, however, TI
is trying again, this time using a
technique that yields a one-piece
package. The device, designated
the TIS43, sells for 72 cents in
quantities from 100 to 999. The new
transistor has a maximum emitter
leakage current of only 10 nano-
amperes at 25°C; conventional uni-
junctions have leakage current of

from 200 to 2,000 nanoamperes.
The TIS43 can withstand 60,000

G’s of constant acceleration with-
out damage, the company says.

= Triacs. The first triacs priced
at under $1 were introduced by the
Radio Corp. of America. A triac
consists of a pair of silicon con-
trolled rectifiers connected back-to-
back (sometimes known as a re-
verse-parallel connection) on a
single chip. The RCA units, the
TA2892 and the TA2893, need only
one to three milliamperes of gate
current for triggering. In many cir-
cuits, this will allow the elimination
of the unijunction transistor nor-
mally required to initiate the con-
duction cycle.

The new devices have a 2.5-am-
pere current-handling capability
and a steady-state anode-to-anode
typical voltage drop of 1.1 volts.
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Ball .002" dia., Iteration =5%

TEMPRESS HYDROGEN FLAME-OFF TORCHES FOR LEAD-
BONDING MACHINES ARE STAINLESS STEEL, WITH SAP-
PHIRE ORIFICE INSERTS that maintain size and shape
accuracy of the 2166°C hydrogen flame. The highly polished
inner surface of the sapphire insert assures this by eliminat-
ing gas turbulence and a resultant distortion of the flame.
The end result is essentially identical gold balls on every
lead, from start to finish of a production run. 14X
magnification of operation shows flame-off torch at
left, with orifice partially visible. Gold wire, with per-
fectly formed ball, protrudes from Tempress tungsten

carbide capillary tube, ready for next bonding cycle. This
extreme precision symbolizes the Tempress approach to
every project. .. explains why it requires 11 months to
train an operator for many Tempress production operations.
Other Tempress products include automatic scribing ma-
chines, diamond scribers, diamond lapping points, and
tungsten carbide probe contact needles.
Lead-bonding, Model DTN-1, at Union Carbide Electronics.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif.




Mystik’s Teflon tapes combine the advantages of TFE Teflon film
with a silicone pressure-sensitive adhesive. As a result, they offer
high dielectric strength, low coefficient of friction, and high perform-
ance within a temperature range from —100°F to +450°F.

These remarkable tapes are particularly useful in reducing friction
on high speed equipment and as insulators of electrical apparatus,
but they have many other applications in the electrical and elec-
tronic industry.

Of course, Mystik Teflon Tapes represent only a few of the high
quality paper, film, and glass cloth tapes available for special appli-
cations. For assistance in selecting the best ones for your needs, con-
tact your local Mystik distributor. He’s listed in the Yellow Pages

under “Tape” or write The Borden Chem-
ical Co., Mystik Tape Div., 1700 Win- BORDEN
CHEMICAL

netka Avenue, Northfield, Illinois 60093.
50 Circle 50 on reader service card Electronics | April 4, 1966
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MY 1500% £ 8 S0 1SBER0 £ 5

414A AUTOVOLTMETER
HEWLETT - PACKARD

Voo COM

OHMS

FUNCTION

VEQ ~—s e DHMS

A DC VOLT-OHMMETER WITH
NO RANGE SWITCH!

More time saved—Put an end to tedious, time-consum-
ing manual range switching with the new Hewlett-
Packard 414A Autovoltmeter. Just touch and read...
range and polarity change automatically. You read
range and polarity on the digital readout above the
analog meter.

More accuracy—And the analog meter lets you meas-
ure +5 mv to £1500 v full scale, 12 ranges, with an
accuracy of +0.5% of full scale +0.5% of reading; 5
ohms to 1.5 megohms, 12 ranges, accuracy 1% of
reading +=0.5% of full scale.

All this for just $650!

lore uses—The 414A is the world'’s first “touch-and-

2ad” analog volt-ohmmeter with accuracy anywhere

pproaching what you require for trouble shooting,
tweaking, peaking and nulling, probing a circuit with-
out a schematic. Use it for maintenance testing, on
the production line, in the lab.

In the dc voltage function you simply touch the point
to be measured and in less than 300 msec read the
range and polarity on the digital display and the precise
dc measurement on the individually calibrated, mirror-
backed taut-band meter. Automatic ranges are selected
and displayed for resistance measurements, too.

Electronics | April 4, 1966

More noise rejection—Ranges also can be selected and
held manually, and a Down Range control feature lets
you drop to the next lower range merely by pushing
a front-panel button.

Input resistance is 10 megohms on the 5 and 15 mv
ranges, 100 megohms on 50 mv range and above. The
414A is insensitive to 60 cps signals with peak value
less than 7 times the full-scale dc level of range in use
in “Hold” position (rejection is 20% of reading when
using Auto-ranging).

To get the true significance of this automatic instru-
ment, you need to see it perform on your bench. Call
your Hewlett-Packard field engineer for that convincing
demonstration. Or write for complete information to
Hewlett-Packard, Palo Alto, Calif. 94304, Tel. (415)
326-7000; Europe: 54 Route des Acacias, Geneva.

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

HEWLETT \hip PACKARD

An extra measure of quality

1033
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there are ordinary seals

...and then there’s McCoy

The seal gets special attention at MCCoy—
100%o inspection against temperature, alti-
tude, vibration and shock. Only a perma-
nent, hermetic seal can guarantee frequency
stability and reliability for quality crystals.
Our new Cleanseal process uses high pres-
sures to flow metal enclosures together in
a heatless “weld” that’s more leak resistant
than the metal itself. Heating distortion and

possible internal contamination by solder
flux are eliminated. Cleanseal crystals have
withstood 5000 cycles, 30 G’s vibration, and
8000 G’s, 0.5 millisecond pulse shock test-
ing. Glass crystals are vacuum sealed by
flame or induction heating. MCCoy has the
nation’s most complete line of quality high
and low frequency crystals. For full details,
write for our new product catalog.

McCOY ELECTRONICS COMPANY

Circle 52 on reader service card

aoivison of OAK ELECTRO/NETICS core.
MT. HOLLY SPRINGS, PA. 17085
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MOISTURE OXIDE PASSIVATED
SILVER OR SEALED DOUBLE JUNCTION
DUMET LEADS PACKAGE NAILHEAD LEAD—
NO FRAGILE WHISKER
WIRE

IRC Poly-Sil Zeners

Production quantities at production prices

With the addition of new production facilities, IRC Poly-Sil zeners are now
immediately available from stock to meet your volume requirements. And
with prices lower than ever you can use them for all your low-power zener
applications with considerable cost savings.

Poly-Sil zener diodes are space savers too. They are up to 30% smaller than
comparable units. Wattage dissipation is as much as 215 times higher than
glass packages of the same physical size.

Extremely tough and durable, Poly-Sil completely surrounds all internal parts.
This solid construction provides greater thermal and mechanical strength and
more dependable performance. Poly-Sil zeners are available in over 400
different JEDEC types. Write for samples, literature and quantity prices to:

IRC, Inc., Semiconductor Division (formerly North American Electronics, Inc.),
71 Linden Street, West Lynn, Massachusetts 01905.

Electronics | April 4, 1966

WITHSTANDS SHOCK

BETTER HEAT AND VIBRATION
DISSIPATION THAN BETTER THAN GLASS
GLASS, CERAMIC OR

METAL

CAPSULE SPECIFICATIONS
——
actual size

MIL: Designed to meet

MIL-S-19500
WATTAGES: Up to 1 watt @70°C
VOLTAGES: 6.8 to 200 volts
DIMENSIONS: DO-7 (.265” long x

.10” dia.)
TOLERANCES: +50, =10%, *=20%
LEADS: Silver or Dumet
Circle 53 on reader service card 53



Analog write-out for
real lime sysiems

The pressurized-ink rectilinear Type SC-II Dynograph®
Recorder is the ultimate in direct-writing recorders. .. all
modular solid-state and human engineered...for your
analog computer, telemetry, or special instrument systems.
The easy-to-read high contrast records are permanent,
reproducible, and continuous with constant line width.

Tracing linearity of +0.25%, full scale, is locked in at the
stylus tip by an exclusive pen-positioning system. Straight-
edge design guarantees absolute pen alignment with all
channels and the time base of the chart paper. The system
accuracy is further preserved by the zero-weave Dynograph
paper drive which prevents base line distortions caused by
lateral weave.

All level and function controls are quickly and accurately
selectable by push buttons. Applications versatility of the
Type SC-II is enhanced by the availability of either hori-
zontal or vertical paper drives, as well as a separate mobile

54 Circle 54 on reader service card

chart drive console that accommodates up to 12 analog
channels. The modular components can be supplied in any
of three standard enclosures, or mounted directly into any
standard 19” rack where they occupy less than 37" of
panel space.

For the full rundown on this advanced, versatile, all solid-
state recorder...and how it can help you...contact your
local Offner Division Sales Engineering Representative, or
write direct.

==Y 1= 188 INSTRUMENTS, INC.

OFFNER DIVISION
SCHILLER PARK, ILLINOIS 60176

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYOQ;
PARIS; CAPETOWN; LONDON
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Ginch capabilities o i
- - -
- In micro-electronic
- =
'nlerconnectlon 1. Preskam

4 connector
with PC Board
locked in

~ CGan solve your
. packaging
probiems

1

_RESILIENT
PRESSURE
PAD

£

2. Single
board N
Preskam N
with ST
side-locking — N\
mechanism. 3

3. Single board Preskam with

o (11 1’\‘
) !
N “‘normallyclosed'' construction.
N Board is released by relieving
clamping pressure.

Ask Cinch about the new Preskam*
System that permits connections that
don’t dwarf the circuits they join.

Either a board or male connector is
dropped into place and then a cam
actuated insulating bar clamps the
board into the connector. High uni-
form contact pressure is maintained
over an up to 709, greater contact
area than in conventional connection
means.

Contacts are on 25-mil centers and
boards can be as little as 100-mils
apart. Multiple boards may be con-
trolled by the same locking device.

With contact disengagement before
board insertion or withdrawal, the
most fragile thin glass or ceramic
substrate is undamaged even from
repetitive insertions.

i

-

RELATE YOUR PRODUCT PLANNING
TO THE STATE-OF-THE-ART INTER-
CONNECTION SYSTEMS WHICH ARE
AVAILABLE FROM THE CINCH
RESEARCH AND DEVELOPMENT PRO-
GRAM. ASK CINCH FIRST: THEY MAY
HAVE ALREADY SOLVED YOUR INTER-
CONNECTION PROBLEM.

Write Cinch Manufacturing Com-
pany, at 1026 South Homan Avenue,
Chicago, Illinois 60624,

*Patent Pending

CINCH

DIVISION OF UNITED-CARR
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Facts about soft magnetic
alloys which nobody else
will tell you.

Any one of them could help you
improve the design or
production of relays, solenoids

and magnetic switches.

FACT NO. 1: You can get Silicon
core irons with improved machina-
bility without sacrificing magnetic
or physical properties. For exam-
ple: Carpenter’s recently intro-
duced Silicon Core Irons “A-FM"
and ‘“‘B-FM"’ for more economical
volume screw machine operations.
FACT NO. 2: You can geT corrosion
resistance and still have low resid-
ual magnetism at high magnet-
izing force. How? By using Carpen-
ter Type 430F Solenoid Grade.
FACT NO. 3: You can usually elim-
inate sticking relays by switching
to a Carpenter soft magnetic alloy
with less residual magnetism. For
example: Carpenter High Permea-
bility ‘49",

ﬁipente

el
| S— -

FACT NO. 4: You can get Carpenter
Consumet Core Iron and Vacumet
Core Iron with low gas content
and minimum residual elements
through vacuum melting. And Car-
penter is the recognized leader in
vacuum melting.

FACT NO. 5: You can get DC maxi-
mum permeabilities in excess of
200,000 for solid and laminated
cores using standard design tech-
niques. For example: Carpenter’s
HyMu “‘80".

FACT NO. 6: You can increase the
operating efficiency of your sole-
noids by as much as 509, with
proper heat treatment. We'll be
glad to show you how to heat treat

these alloys so as to obtain opti-
mum magnetic characteristics.

FACT NO. 7: You can have a wider
choice of soft magnetic alloys.
Carpenter offers you the most com-
plete line available. And there are

specialists to help you . . . experts
who offer you the benefits of Car-
penter’s extensive experience and
know-how in the development and
production of soft magnetic alloys.

We're waiting to serve you. Contact
your Carpenter representative for
qualified assistance. Or, if you pre-
fer, write for our 68-page booklet,
“Alloys for Electronic, Magnetic
and Electrical Applications'. The
Carpenter Steel Company, 170 W.
Bern St., Reading, Pa. 19603

r steel

IN A WORD, CONFIDENCE

ELECTRONIC, MAGNETIC AND ELECTRICAL ALLOYS ¢« STAINLESS STEELS *» HIGH TEMPERATURE ALLOYS
e TOOL AND DIE STEELS ¢ SPECIAL-PURPOSE STEELS » TUBING AND PIPE ¢« FINE WIRE SPECIALTIES

56 Circle 56 on reader service card
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CONSIDER
THE SOURCE!

Avoid systems problems
by careful evaluation of
klystrons vs. solid-state
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A premature stampede to solid-state for microwave
power sources can cause serious problems for system
designers. This is the major finding of recent Sperry
studies which objectively compared solid-state sources
with klystron oscillators.

While substantial solid-state progress cannot and
should not be denigrated, compara-

advantages when operated well within the design

envelope. However, when solid-state devices are

applied too near their state-of-the-art, some perform-

ance degradation and loss of reliability must be ac-

cepted. Power handling considerations are particularly

critical, because of the extreme temperature sensitivity
of solid-state devices.

tive data prove that the era of the

Klystrons, on the other hand, still

klystron is far from over. For sys-
tem designers, the net result is this:
microwave source selection now de-
mands more careful attention than
ever.

The drawing above approximates
today’s state-of-the-art. Solid-state
sources show clear superiority only
at low levels. The dominance of
the klystron is unchallenged for
high-level applications, and source
selection in the large mid-range
area demands extremely careful
consideration.

In general, power-frequency re-
quirements will be the most influen-
tial factors in making the choice.
Solid-state devices offer many

When system designers need
a basis for comparison of
complex alternatives, where
can they turn? To Sperry's
Storehouse of Knowledge. Ob-
jective, in-depth technical in-
formation is a major advan-
tage of keeping in touch with
the world’s first builder of
klystron tubes.

i

DIVISION OF
SPERRY RAND
CORPORATION

enjoy numerous inherent advan-
tages. At frequencies of X band or
higher they are usually the more
attractive choice, even for low- and
medium-power applications.

In general, klystrons satisfy band-
width requirements better than
solid-state sources. They also offer
superior AM and FM noise char-
acteristics, much better temperature
stability and longer, more predict-
able life.

Details of Sperry’s comparative
studies are available on request. For
your free copy of this unusually use-
ful technical paper, contact your
Cain & Co. representative or write to-
day to Sperry, Gainesville, Florida.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives: Cain & Co., Los Angeles, 783-4700; Boston, 665-8893; Arlington Heights, 253-3578; Dallas, 357-8645;
Dayton, 228-2433; East Chester, 337-3445; Philadelphia, 828-3861; San Francisco, 948-6533; Syracuse, 463-0462; Washington,
296-8265; South Amboy, 727-1900; Huntsville, 534-7955; Montreal, 844-0089.
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Four low-cost compacts for 6 circuit functions

These little rotary stepping switches from Automatic Elec-
tric are as versatile as they are economical. Capabilities for
counting, controlling, monitoring, selecting, indicating or
timing are built into each switch.

They're remarkably reliable, too. When the armature
steps the wiper assembly to the next position, it also /ocks
the rotor. Overthrow is impossible, thanks to this positive
positioning —a unique AE design feature. There are no
armature pawl! stops to wear out, or get out of adjustment.
Also...improved shock-resistant spring assemblies; excel-
lent low-maintenance record.

You can get these AE compact stepping switches in
numerous variations—many available directly from stock.
If you need a “custom” variant, we can tailor it to your
specifications, quickly and economically.

For helpful application information, get the 160-page
book, “How to Use Rotary Stepping Switches.” Just ask
your AE representative, or write Director, Relay Control

58 Circle 58 on reader service card

Equipment Sales, Automatic Electric, Northlake, IIl. 60164,

(A) TYPE 40 No bigger than a pack of king-size cigarettes.
A decimal switch with up to five bank levels—but only 10
points per level. Eliminates extra steps when counting
decimally.

(B) TYPE 80 A decimal switch with a larger capacity than
the Type 40. From six to twelve 10-point levels.

(C) TYPE 44 Available with up to eight 10-point levels—or
11 points on all levels where specified.

(D) TYPE 88 A larger-capacity version of the Type 44, with
up to twelve 11-point levels where specified.

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GrElE
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-If your blip is a blooper,
“you'll know it in 10 seconds.

Once you start using Polaroid Land
film, you'll wonder how you and your
oscilloscope ever got along without
it.

In 10 seconds, you get an on-the-
spot record. You can study it, attach
it to a report, send it as a test record
along with a product shipment, or

. file it for future reference.

You have a choice of 5 films for
oscilloscope recording.

The standard film has an A.S.A.
equivalent rating of 3000. You can get
it both in pack film [Type 107] and

roll film [Type 47]. They both give
you 8 pictures 3%a x 4% inches. This
emulsion is also available in 4 x §
sheets [Type 571.

And for extremely high-speed oscil-
loscope recording, there's Polaroid
PolaScope Land film [a roll film, Type
410].

It has an A.S.A. equivalent rating
of 10,000. It can discover traces too

fleeting for the human eye: such as
a scintillation pulse with a rise time
of less than 3 nanoseconds.

Because these films are so sensi-
tive, you can use small camera aper-
tures and low-intensity settings. Every
shot is a sharp, high-contrast image
that's easy to read.

To put these films to work on your
scope, you need a camera equipped
with a Polaroid Land Camera Back.

Most oscilloscope camera manu-
facturers have one.

For instance: Analab, BNK Associ-
ates, Coleman Engineering, EG&G,
Fairchild, General Atronics, Hewlett-
Packard and Tektronix.

You can get the full story by writ-
ing to Polaroid Corporation, Techni-
cal Sales Department, Cambridge,
Massachusetts 02139 [or directly to
the manufacturers mentioned abovel.

About the only thing we can't tell
you is how to keep your blips from
being bloopers.

“Polaroid” and ""PolaScope” ®

Polaroid Land Film for Oscilloscope Trace Recording.



Kay 1500 Sweep
& Marker Generator

TYPICAL PLUG-INS

Model Center Freq. Sweep Width
P-141 20 Hz-200 KHz 20 Hz-20 KHz
P-142 35 Hz-600 KHz 20 Hz-20 KHz
P-130 100 Hz-2 MHz 200 Hz-2 MHz
P-152 10 KHz-20 MHz 10 KHz-20 MHz Pulse-Type Markers
P-855 2-32 MHz 5 Hz-800 KHz
P-856 10-120 MHz 10 Hz-1 MHz ¢
P-860 2-220 MHz 10 KHz-30 MHz i
P-867 220-470 MHz 20 KHz-30 MHz
PI-123 100-1000 MHz 5 KHz-Octave Harmonic (or Comb) Birdie Markers
NY SINGLE OCTAVE
Freq. Marker
PM-7631 6 Pulse & Ext.
PM-7632 6 Pulse & Ext.
PM-932 30 Pulse o Ty
TR R e G T Single-Freq. Type Birdie Markers

B VOLTAGE CONTROLLED OSCILLATORS

B MARKERS m SWEEP
Pulse 0.2 to 60 cps
RF Turn-off Log and Linear
Harmonic External Input
CW Birdie Manual Control

Detected Turn-Off Markers

The basic rack contains a variable, sawtooth
sweep generator, a fast-acting AGC,
frequency-marker control and output
circuits, RF output circuits with
precision attenuators, a calibrated
output meter, an accurate RF
detector, and carefully regu-

lated power supplies.

Undetected Turn-0ff Markers

KAVEI.ECTI!IG COMPANY

Pine Brook, N. J. 07058 « (201) 227-2000 » TWX: 710-734-4347,
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ONLY 3C OFFERS

- 30 DAY DELIVERY

ON THE HOTTEST COMPUTER
: IN THE $28, 500 PRICE RANGE

- DDP-116 computers are now operatlona! in
' over 50 installations including communica-
tions, data acquisition, hybrid and other
real-time control applications. Specifications
include: 16-bit word, 1.7u.sec cycle, ex-
pandable 4096-word memory and keyboard
with paper tape 1/0 unit.

> Software is a proven factor! The compact
DDP-116 offers as many as 134 subroutines
4 in its ASA FORTRAN IV library. Also, it is

compatible with the DAP assembler and
desectorizing loader. A/D and D/A sub-
systems, a full peripheral line and special
purpose systems capability are available to
extend the flexibility of the basic DDP-116.

Write for full details, or telephone today to
> test operate the DDP-116 at a selected 3C
regional office nearest you.

DDP-116

See Us at SJCC, Booth No. 201-205
- =

D D M pUTE R C D NTR D L C D M pAN Y Y I NC T 3C SALES OFFICES: NE[DHAM MASS.; FOREST HILLS,
OLD CONNECTICUT PATH, FRAMINGHAM, MASSACHUSETTS, U.S.A.  Mb: Aosion veids. mavsie Ak Soconsence

FLA; DES PLAINES, iLL: DETROIT, MICH.. WEST CAR'

. LONDON PARIS FRANKFURT ROLLTON, OHIO; 10S ANGELES, CALIF.; RNt WASH

ALBUQUERQUE," N.M.



(advertisement)

How to exiend
measuren ents pusi the

1 Use the Below Coupon To
Order Editorial Reprints

From Electronics!

Fill in, cut out the coupon, insert in envelope
and mail to:

Electronics Reprint Department
330 West 42nd Street, New York, N.Y. 10036

Reprint order form

A R

62

Send me. .. .. .reprint(s) of key no(s)........
[ E= {1 - TG g P oy o ot ol Wl SRal S, e A g ko RS N b R ORI S R
Number & S i « nivn 55 w5 opsusia sl s W s o R Rosivrs, & 5 5 518 5 shianans) Siis slla: o loize o mio 10w
City;, ‘State, Zip €A, ... . 2. d o e T 150 M54 5 DEGIR S R RS B D SR & RS 53

Key no. R-83
Key no. R-82
Key no. R-80
Key no. R-79
Key no. R-78
Key no. R-77

Key no. R-76

Key no. R-74

(See the above list, please order by key number.)

Reprints Available:

(Price: 50¢ each unless otherwise noted.)

A Look at Japanese Electronics
Technology, 36 pages.

Computer Time Sharing, 20 pages.

The Packaging Revolution In
Microelectronics (2 part series, 32
pages.) $1.00.

MOS Integrated Circuits Save
Space and Money, 16 pages.

The Overlay Transistor, 4 color
special feature, 15 pages.

Cold Cathode Tubes (3 part series,
28 pages).

Automated Trains: Who's On The
Right Track? 16 pages.

Unijunction Transistors, 24 pages.

To help expedite mailing of your reprints, please send cash, check, or money order when you order.
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- Get the exira capability,

greater reliability, and

longer useful life
of Rohde & Schwarz!

Since 1933, Rohde & Schwarz’ group of unusually creative engineers have been
designing electronic instruments that are truly unique. These instruments are
constantly ahead of what is considered to be the state-of-the-art. They are more precise.
They are easier to use and read. Many perform extra functions. Some do jobs never
done before. All are constructed with uncompromising quality—drastically reducing
maintenance requirements. As a result, they do not become obsolete as fast as
ordinary instruments—they provide more years of useful life. As you might expect,
you pay a little more initially for some of these—but an investment in

Rohde & Schwarz saves you plenty in the long run!

Get extreme accuracy with these
new solid state FREQUENCY SYNTHESIZERS!

A line of signal generators providing unusually high ac-
curacy and ease of operation. Continuously variable
over its range, each model provides a direct digital read-
out, with no tuning required. Perfect for bridge measure-
ment, work with filters, networks, nuclear magnetic
resonance, and as a source of reference frequencies for
standards labs. All are fully transistorized and designed
for AC or battery operation.
FREQUENCY RANGES: Type ND30M... 300 Hz to 31 MHz
Type NDIM...300 Hz to 1.1 MHz
Type ND99K...0 to 110 kHz
FEATURES:
¢ Built-in 1 MHz crystal has proportional oven and

5 x 10—°/°C stability
e Spurious and noise suppression better than 80 dB
* Decade tuning
* Modular construction
* Completely transistorized
* High resolution search oscillator— 130 divisions

ions!
DIN Recommendations! P g it G ailoth

The Rohde & Schwarz RQZ arameters
Crystal Measuring Set provides P
a truly uniform method of meas-

e
ing equivalent circuit param- re ._'.:;',
eters of oscillator or filter .r-. ¢ E oy s
crystals. Frequency range is 0 4 2.9 4

to 300 MHz, and measuring w5t b1
head will work over a range of By
—20° to +70°C. Provision is };YPE TYMi :
made for remote measuring. or more information,

SERVICE CARD

TYPEND30OM &

For more information, CIRCLE 80 ON READER SERVICE CARD
A Crystal Measuring Set : :

Built to IEC, IEEE & Make rapid, reli-

able measurements

CIRCLE 82 ON READER

The Rohde & Schwarz Transistor-Y Meter is a transistorized pre-
cision instrument which provides a complete measuring system for
both dynamic and static parameters associated with diodes, tran-
sistors and other semiconductor devices and circuits. Also suitable
for impedance measurements on other components, it is designed
for low power consumption, thus reducing operating temperatures
and increasing reliability.
FEATURES:
* Directly measures Yue, Yase, [Yeie|, dize
* Measurements at 8 switchable fixed frequencies from
20 kHz to 37 MHz
* Test jigs for TO-5 and TO-18 packages; others available
* Qutput provided for measurement of phase (R&S Phasemeter
Type PDF available as option)

FEATURES:

* Measures motional
capacitance, resistance, and
inductance, and series
resonance frequency.

* Measures crystals over wide
range of drive levels

* Ranges of motional resistance
Otol7kQ

¢ Built-in load capacitances of

TYPE RQZ

For more information,

For more information, CIRCLE 81
ON READER SERVICE CARD

Use this Microvoltmeter Rohde & Schwarz's USVH Selective Microvoltmeter features
for applications
never before possible!

TYPE USVH
12, 30, and 50 pF CIRCLE 83 ON READER SERVICE CARD

unusual sensitivity and sharpness in tuning that permits meas-
urement of ® selective attenuation and frequency response on
4-terminal networks * RF distortion and waveform analysis
* depth of modulation * receiver and amplifier inter- and cross-
modulation * RF leakage * spurious frequencies and noise—all
without the need for additional equipmentl

FEATURES:

* 10 kHz to 30 MHz frequency range

¢ Full scale deflections of 14V to 1V

* Selectable bandwidth of 500 Hz or 5 kHz

* Six input impedances from 5092 to 500 kQ

¢ Expanded scale with suppressed zero for 3 dB
point measurements

Rohde ‘& Schwarz, 111 Lexington Ave., Passaic, N.]J., 07056 Phone: PRescott 3-8010
Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany.
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test under actual load conditions...

. . . the ultimate test for integrated circuits, transistors,
diodes, thin films, logic cards or modules. The Model 553
Dynamic Test System performs both static (dc) and dynamic

64

Circle 64 on reader service card

tests from dc to 50 megacycles on multi-lead devices in a single

socket! Variable word-length mnemonic machine language

simplifies programming . . . operators can be trained in a

few hours. Unique program modification eliminates repetitive

Lo}

(]

instructions, speeds additions and deletions to save

up to two-thirds in programming time.
Let us tell you more about the 553.

TEXAS INSTRUMENTS

INCORPORATED
APPARATUS DIVISION

P. O. BOX 66027 HOUSTON, TEXAS 77006
118 RUE du RHONE GENEVA, SWITZERLAND
772
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Nimpson

SERIES §
VOLT-OHM* MILLIAMMETER
1 PER VOLT

o
WER LEVEL 20,000 DC
2280 D8 1650 OHMs ‘

- 100 A

4
Dimpsith |
Lt

}i \\nlA.
\)._—th
- RXIOC
x10,000

..7,“,
2ERY OHE |

A.C.
000V

by

new 260" VOM

We're at it again ... making the 260® a better buy than ever. This
latest improvement is built-in meter protection . .. standard on reg-
ular* 260 volt-ohm milliammeters—Series 5 and 5M.

It prevents mechanical damage to the moving element in the move-
ment from instantaneous overloads up to 1,000,000%o, or steady state
overloads up to 500,000%. It also stops overheating or burnout of
the armature coil, damage to hair springs, and calibration change
due to high overloads. Otherwise the famous 260 remains unchanged.

If you now have a Series 1, 2, 3, or 4, 260 VOM, you can install
your own meter protection. Ask your electronics distributor for a
Simpson meter ““safe/guard®.” It takes only minutes to install.

260-5 with new meter protection....................... $5295

260-5M (mirror scale) with meter protection.............. $5495

RANGES (20,000 o/v DC; 5000 o/v AC)
DC VOLTS: 0-0.25; 0-2.5; 0-10; 0-50; 0-250;
0-1000; 0-5000

AC VOLTS: 0-2.5; 0-10; 0-50; 0-250; 0-1000;
0-5000

DC MICROAMPERES: 0-50 (250 MV Drop)
DC MILLIAMPERES: 0-1; 0-10; 0-100; 0-500
DC AMPERES: 0-10 (250 MV Drop)

RESISTANCE RANGES: RX1 0-2000 ohms (12
ohms center) RX100 0-200K ohms (1200 ohms
center) RX10K 0-20 megohms (120K ohms
center)

ACCURACY: DC, +2% F.S.; AC, +3% F.S.

Write for Bulletin 2072 showing
the entire line of Simpson VOM'’s

*260-5P has both meter and circuit protection except on the 1000V and 5000V DC and AC ranges, and the 10-amp DC range. Price $79.95

SIMPSON
5203 W. Kinzie Street,

ELECTRIC COMPANY
Chicago, lll. 60644 « Phone: (312) EStebrook 9-1121

Representatives in Principal Cities ... See Telephone Yellow Pages
Export Dept: 400 W. Madison St., Chicago, Ill. 60606 Cable, Amergaco

INSTRUMENTE THAT S MTRY I ACCURATE In Canada: Bach-Simpson Ltd., London, Ontario
» In India: Ruttonsha-Simpson Private Ltd., Vikhroli, Bombay

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT
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THEN GeT THE RIGHT TAPE FROovM GUDEBROD!

66

Perhaps you are regularly using Gudebrod Gudelace
18, the standard, wax impregnated nylon tape that’s
known round-the-world for its non-slip knotting
(meets MIL-T-713A specs, too). You are doing well
then—with the finest tape and saving money on
harnesses, too!

But when you are making gear for tropic or
arctic use, if you are involved with outer space or

special industrial applications—come to Gudebrod.
Here is your one best source for lacing tape informa-
tion. Ask for a copy of our Product Data Book
describing the more than 200 different tapes in our
regular stock. In it you’ll probably find the tape
that fits your requirements—but if you don’t,
inquire about having one made to your particular
specifications.

Area Code 215, WA 2-1122

UDEBROD BROS. SILK CO., INC.

-’

12 SOUTH 12th STREET,

Circle 66 on reader service card

FOUNDED IN 1870

PHILADELPHIA, PENNSYLVANIA 19107
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N Svailble in many st les.

This revolutionary new meter comes in conventional Bakehte models in
. 2%, 3%, and 4%-inch sizes — a modern, dull black model “45” with a pic-
'} "ture frame window — brand new clear plastic 4%-inch square meter
priced for the volume user — the distinctive Medalist series and the con-
temporary “MS”series,each in 3 standard sizes. Auto-Torque meters give
you the widest selection of band-type meters available today. ‘
- « (4 we
More Reliable! =< : NS 4
Auto-Torque’s simplified design has 50% fewer parts. o
~-.._Andsince Auto-Torque meters are machine made, they -
e — give you umform quahty -
and precision never
\m& ‘ before possible (7
a - in conventional "
— — ! ‘ meters. You can
just about say
good-bye
to service
problems'

Outlasts ©
7 conventlona '
#"meters! Auto-Torque’s
¢ ume buyers are ™S ‘ NG > movmg system is sus-
A below comparable e i " pended on metal bands
”f‘ pivot and jewel S - © # under tension. As a result,
i meters! 2 A N —e»there’s no friction and wear. J
: - » - " e
P\ For more information
Auto-Torque meters can be mounted on" ¢} oAl | “on the revolutionary Auto-
any panel without special calibration; o | P Torque meters, write Honey-

b accuracy is unaffected by external fields! well Precision Meter Division,
: » Manchester, N.H. 03105.




Because one data sheet — representing Motorola’s
new MR1120-30 series 12-ampere, 7/16” stud recti-
fiers — now gives you the chance to replace any of
more than 65 older EIA 3 to 12-ampere devices. . .
all priced considerably higher than this new series
(the lowest-cost counterpart to a $1.00,* 400-volt
MR1124 unit is $3.05%)! And Motorola 12-ampere
capability in lower-current sockets gives you an extra
cost-saving bonus in lessened heat sinking needs.

But don’t let the low price tags obscure the topnotch
performance and efficiency advantages of these
rectifiers:
* highest obtainable current/temperature capa-
bility — handles a 12-ampere load up to 150°C
... superior to more than 4 out of 5 other 7/16”
stud devices
* greatest surge-current handling ability — 300-
amperes (l5-cycle) @ 150°C... at least 20%
more protection than other 12-ampere units
* low forward voltage drop — 0.55 Vg,y) @
T = 150°C ... less power loss in your circuit
— minimizes thermal excursions and early

device failure
*100-up

for %3 Less

Contact your franchised Motorola semiconductor
distributor now for evaluation units. For the latest
word in comprehensive, low-to-medium-current-
rectifier data sheets, write Dept. TIC, Box 955,
Phoenix, Arizona 85008.

VRM(rep)
TYPE Volts
MR1120 50
MR1121 100
MR1122 200
MR1123 300
MR1124 400
MR1125 500
MR1126 600
MR1128 800
MR1130 1000

Reverse polarities available

MOTOROLA

Semiconductors

(and throw out 27 data sheets)

68 Circle 68 on readers service card
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Congress likely
to expand NSF's
scope, not power

4 Pentagon to rate
off-the-shelf dealers

-

»
Supreme court
again tightens

) rules on patents

Washington Newsletter

April 4, 1966

Congress is expected to approve a bill this year greatly expanding the
scope but not the power of the National Science Foundation.

Because of strong White House opposition, the House Science and
Astronautics Committee has decided not to push to have the foundation
take over as chief scientific adviser to the President and as coordinator
of all federal research activities. The drive to overhaul the foundation
was initiated last February by Emilio Q. Daddario (D., Conn.), chairman
of the committee’s Science, Research and Development subcommittee.

Under the Daddario plan that Congress is expected to approve, the
foundation’s area of interest would be expanded into such fields as engi-
neering, scientific manpower and resources and scientific information.
Hearings are scheduled for April 19 to 21.

The science foundation once had much broader power but never
fully exercised it. With the rapid growth of the military and space
research programs, power was concentrated within the agencies involved,
such as the Pentagon and the National Aeronautics and Space Adminis-
tration. When President Kennedy took office, he created the Office of
Science and Technology and conferred on it the responsibilities that the
foundation never assumed [Electronics, July 12, 1965, p. 121]. Since this
placed the Office of Science and Technology directly under the Presi-
dent’s wing, the White House saw the recent effort to change this line of
command as a drive to usurp a power of the President.

Apparently satisfied with results of evaluating contractors’ performance
on major weapons systems, the Pentagon is extending the report-card
system to vendors of off-the-shelf electronic equipment. The evaluations
of past performance will help determine who will get future contracts.
The program will cover military equipment supplied under contracts
totaling $100,000 or more.

As a test, the Defense Supply Agency is evaluating producers of
selected supplies and equipment. Starting June 1, the Defense Elec-
tronic Supply Center, the Defense Construction Supply Center and the
Defense General Supply Center will begin using the evaluations for new
contracts. By Jan. 1, 1967, the Defense Department will refine the evalua-
tion program and put it on a permanent basis.

Contractors will be judged on the basis of how well they fulfill their
contracts with respect to technical performance, milestones and cost
levels. They will be allowed to see the evaluations and comment on them.
In case of bad marks, they can advise the Pentagon immediately of cor-
rective steps or make them evident in subsequent contract proposals.

The Supreme Court is continuing to tighten the rules regulating patent
applications by inventors. Setting a precedent that the Patent Office and
lower courts will have to follow, the High Court has ruled that com-
mercial usefulness must underlie a patent request. The court turned
down the inventor of a process to turn out steroid chemicals. The process
has no known usefulness—but could prove helpful to scientists doing
further research.
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Immigration eased
for skilled workers

June 1 adeadline
on accelerator site

All-U. S. Early Bird
proposed by AT&T

Defense priority
briefings scheduled

Addendum

70

Washington Newsletter

Immigration of skilled workers has been eased by a Labor Department
certification that there is a critical nationwide shortage of technicians,
draftsmen, engineers and machinists. Under the certification, companies
in all regions will no longer have to document their own local shortages
before going abroad for wholesale hiring.

The Atomic Energy Commission is trying to pick a winner in the “200-
bev sweepstakes” by June 1. The AEC has been given a list of seven
locales in six states as best bets for location of the proposed 200-billion-
electron-volt particle accelerator.

Sites still in the running are Ann Arbor, Mich.; Madison, Wis.; South
Barrington or Weston, Ill., near Chicago; Brookhaven National Labora-
tory, near Upton, N. Y.; Sierra Foothills, near Sacramento, Calif.; and
Denver.

Unless the AEC meets the June 1 deadline for final selection, it may
lose its chance to get about $7 million in a supplemental appropriation
for fiscal 1967 to start engineering and design.

The American Telephone & Telegraph Corp, has asked the Communi-
cations Satellite Corp. to consider launching a satellite for domestic
communications. The request may open a battle over who owns the
ground stations—Comsat or the common carriers.

AT&T says there is a need to supplement its continental cable and
microwave network with a large-capacity satellite.

Comsat is interested in the plan; earlier it had invited industry pro-
posals on a multipurpose satellite for domestic use. AT&T has suggested
that ground stations for the system be owned by the carriers. But the
Federal Communications Commission ruled earlier that domestic ground
stations for Comsat’s international network should be owned by Comsat
—at least at first. However, this decision is not likely to be binding on
an entirely domestic network.

The Business and Defense Services Administration will begin a series
of briefings April 11 to prepare industry for the speeded-up demand for
priority deliveries of all defense goods at the expense of civilian orders.
A series of 20 or more sessions for defense contractors will be held by
the Commerce Department agency to make sure contractors know what
to expect and how to comply with the regulations under the Defense
Production Act. Firm dates for future briefings now include Dallas, April
11; Atlanta, April 18; Birmingham, April 20; Orlando, Fla., April 22;
Cleveland, April 25, and Philadelphia, May 10. The briefings are in re-
sponse to an increasing flow of requests from contractors for guidance
on how to handle the priority requirements.

By the end of April, the Federal Communications Commission is expected
to propose rules governing the use of long-distance communications lines
by time-shared computer-service operations. Any FCC action will in-
fluence the rates charged on the communications lines and the growth
of the industry.

Electronics | April 4, 1966



y What increased
. chemical cleaning
- production 20%
and cut solvent
& costs in half?

) ITT says:

- [FRIEON solvents
and Branson
) Ultrasonics.

At ITT’s Electron Tube Plant in Easton, Pa.,

components are now cleaned in a Branson

ultrasonic system using FReoN TF solvent.
- Standard degreasing just couldn’t do the job

as efficiently. Time and money were lost
> through recleaning.

Now, FREON leaves components micro-
scopically clean—the first time through. With
its low surface tension it reaches into the
smallest pores and crevices. With its high
+ , density, FREON carries off all traces of dirt,
cutting oils and other contaminants. It dries

4 quickly, leaving no residue.
The result: chemical cleaning production
» up 20% . . . solvent costs down 52% from

$100 to $48 per week.

And, because FREON is nonexplosive and
relatively nontoxic, no special exhaust system
is needed. Its high stability permits recovery
" and reuse after simple distillation.

FREON solvents could be the answer to your
cleaning problems. For more information,
write Du Pont Co., Room 3679, Wil-

mington, Delaware 19898. (In Eu-

LIl rope, write: Du Pont de Nemours

‘ 3] International S.A., “FREON”
" m Products Div., 81 Route de I’Aire,
CH 1211 Geneva 24, Switzerland.)

Better Things for Better Living
N <. through Chemistry

R85, 0. 5 paz OFT
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Amelco’s

New TTL Logic
With 8 Elements
Really Flys!

INITIAL LOGIC ELEMENTS
Five/Three Nand/Nor Gate
Dual Three Input Gate

RST Flip Flop

Dual Shift Register

Gated Buffer

Flip Flop Driving Buffer
Output Interface Circuit
Input Interface Circuit

TTL LOGIC —TYPICAL SPEC'S

Power Dissipation 1.3 mw/node
Propagation Delay 50 ns/node

Noise Immunity 800 mV
(2.5 v with Interface Circuits)

Fan Out 9
Single Power Supply 4 v

72 Circle 72 on reader service card

Designed specifically for advanced avionics
systems, AMELCO TTL permits exceptionally
high packaging density because power dissipa-
tion is limited to 1.3 mw per node. In addition,
the range of logic circuits available facilitates
system design. ® The low power dissipation
has not been obtained by sacrificing other para-
meters. Propagation delay is only 50 nsec and
fan out is 9. Noise immunity is 800 mV and is
increased to 2.5v when interface circuits are
used. ™ A group of 8 elements is presently
available, and more are being designed.The initial
group of 8 elements has been in production for
several months and are now in stock at Amelco
Distributors in both TO-5 and flat packages.

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, 9621 Bellanca Ave., Los Angeles, California 90045,
(213) 678-3146 * Northwest—1300 Terra Bella Avenue, Mountain View,
California, (415) 968-9241 » East—P. 0. Box 2091, Paterson, New Jersey
07509, (516) 334-7997 * Northeast—543 High Street, Westwood, Massa-
chusetts, (617) 326-6600 * Midwest-—650 West Algonquin Road, Des
Plaines, Illinois, (312) 439-3250; 3020 Woodlark Lane, St. Paul,
Minnesota (612) 646-1161,
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A Optical missile tracking and laser — TV systems

v Now in development at Sylvania Electronic Systems morrow’s dreams into today’s engineering

mm An optical radar system that will mea-
sure missile position to within a fraction of
an inch during launch phase, yielding posi-
tion and velocity data an order of magnitude
better than now possible.

mm A laser television system that has already
produced excellent picture transmission
over a 6000-foot link, and is being consid-
ered for use in an optical communications
system to interconnect an 11-building com-
plex over a six-mile radius.

Although stahle CW gas lasers are the heart
of both these systems, a much wider variety
of electronics hardware is necessary to
make the systems successful. And behind
the hardware are the men and women of
Sylvania Electronic Systems who bring to-

VISIBLE

Conventional TV broadcast.
Through laser TV system. gy

reality.

There's a place for you in the complete com-
munications spectrum at Sylvania Electronic
Systems if you have an engineering degree
— BS/MS/PhD plus a high level of technical
competence — and are keenly interested in
advancing the state-of-the-art together with
your career. Enjoy excellent working condi-
tions, security, advancement and educa-
tional opportunities in a scientific environ-
ment. Location — at the firms major com-
plexes in Suburban Boston, Buffalo, and San
Francisco, near world-renowned educational
institutions. )

If you are a candidate send your resume
today to: Manager, Professional Staffing,
Sylvania Electronic Systems, Division of Syl-
vania Electric Products Inc., 56 Sylvan Road,
Waltham, Mass. 02154.

The complete spectrum of opportunity — work range, location, professional satisfaction is awaiting you at Sylvania Electronic Systems

An equal

opportunity employer m/f

&

GENERAL TELEPHONE & ELECTRONICS

Total Communications from a single source through

SYIVANIA ELECTRONIC SYSTEMS

RESEARCH « PRODUCT DEVELOPMENT » MANUFACTURING « FIELD ENGINEERING

Electronics | April 4, 1966
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A. King McCord,
President, Westinghouse Air Brake Company, says,

“We’ve introduced the world to WABCO with Industrial Advertising.”

“We gave seven individual companies a single
corporate identity—virtually overnight. We let
customers in thirty major markets know that
Westinghouse Air Brake now ranks among the
world’s most skilled and diversified suppliers—of
earthmovers, drilling equipment, compressors,

Advertising cuts the cost of selling . . .

74

automatic signal and control systems, electronic
guidance detection and communications equipment,
control valves, hydraulic and pneumatic cylinders,
and—that’s right—air brakes. We told the story fast
and inexpensively to hundreds of thousands of pur-
chasing influences, with Industrial Advertising.”

ASSOCIATION OF INDUSTRIAL ADVERTISERS

@ 271 Madison Ave., New York, N. Y. 10016

Electronics | April 4, 1966



With NEW Automatic Wiring Analyzer

Keeping today’s complex aircraft ready for action is a
major challenge. Dalmo Victor is helping meet the
challenge with the AN/USM-185*%, a mobile, versatile
wiring analyzer that checks electrical integrity of oft-
neglected aircraft wiring by automatically making error-
free resistance, leakage and continuity tests. Though
developed specifically for the F-105 and F4C, this
analyzer can be used for depot or field maintenance
to check out all present and future aircraft in all com-
mands...all services.

Results of Air Force Project CAST and earlier related
studies plus current operational command field tests
that compare automatic and manual methods of
checking aircraft wiring integrity indicate the true sig-
nificance of automatic wiring analyzers. For example,
automatic equipment revealed marginal and faulty
wiring normally not detected by manual means... test
accuracy was significantly increased. .. and reduction in
test times consistently averaged minutes (vs. hours).

MORE AIRCRAFT UP TIME—LESS DOWN TIME

These studies also indicated that wiring age equals
marginal wiring. Translated into more dramatic—but
valid—terms, automatic wiring analyzers can contribute
heavily to more aircraft up time, improved mission
success and saved aircraft.

The USM-185 will make maximum contributions in
these areas. With the simplest tape programming yet
devised, the USM-185 is designed to automatically
make go/no-go tests on a 5,000 point harness in only 36
minutes. Maximum test capacity is 40,000 points. Oper-
ational versatility is provided with automatic, semi-
automatic, “manual” and self-programming operating
modes. The central data processor is expandable for
functional versatility. Self-test features ensure dependa-
bility and maintainability. When required, the USM-185
is readily adapted to card programming.

For more information, contact Dalmo Victor’s Auto-
matic Test Equipment Product Manager today.

*AN/USM-185, completely militarized
automatic wiring analyzer being devel-
oped by Dalmo Victor under contract
to the Aeronautical Systems Division,
Air Force Systems Command, USAF,
Wright-Patterson AFB, Ohio. This ana-
lyzer meets or exceeds requirements
of MIL-T-38218A, MIL-T-21200 and
MIL-R-26667. Contract terms call for
delivery of the first unit early this
summer,

DALMO VICTOR

R sonw e
ﬁmﬁw

noonL
MO e

| v
ﬂ&m m",@i§
4 o

| TR R

k’;‘-’ TR

1515 INDUSTRIAL WAY + BELMONT, CALIFORNIA 94002
A DIVISION
DALMO VICTOR TELEPHONE: 415/597-1414 TWX: 910/376-4400 extron
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Reverse-voltage defense is just one -
more reason for G-E tantalum foil -

76

10 gramguard

Forget about a surprise reverse with
G-E tantalum foil capacitors. They're
designed to take it. And reverse-volt-
age defense is just one reason for
using G-E tantalum foil. Here are
three others:

PROVED IN-CIRCUIT RELIABILITY:
They've been proved—and improved
— for over 17 years. More than 20
million have been successfully ap-
plied. G-E tantalum foil earned a
0.00023 reliability record (per 1000
hours) on Minuteman reliability tests,

Circle 76 on reader service card

based on the Minuteman acceleration
factor.
NO CATASTROPHIC FAILURES: Low
impedance circuits and catastrophic
failures are no problem with G-E
tantalum foils. They're self healing.
LONG SHELF LIFE: We're up to the
14 year mark . . . with less than a 5%
capacitance change at 25C. That's
shelf life!

G-E tantalum foil capacitors are
available in ratings up to 450VDC, 0.15
to 3500uf, —55 to 85 or 125C. They're

virtually risk-proof. And may cost
more. But isn't a proved line your
best defense?

For all the facts on G-E tantalum foil
reliability, Wr/ite for Reliability Re-
port, Section/430—25, General Electric
Co., Schenectady, N. Y. 12305.

ELECTRONIC COMPONENTS DIVISION
GENERAL @3 ELECTRIC

Electronics | April 4, 1966
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Start with the EI-620
DVM with autoject...

Whether your signal levels are single
ended or floating above ground, fool
proof operation is provided by the 620’s
isolated-guarded differential input (140
db of CMR). Ground loops, offset or
error due to noise are eliminated. The
620’s constant high input impedance of
greater than 1000 megohms eliminates
errors due to source of loading. Fluctu-

620 features — ¢ =.01% accuracy * 4
full digits plus 5th for 20% overrange
* Automatic ranging and polarity * 4
readings per second ¢ DC and Ratio *
Differential inputs ¢ Isolated electrical
outputs * Remote control « Completely
solid state circuitry including logic *
From $995.00

ating DC signals are accurately meas- % 620 Data System — Now, a low cost

ured with the 620’s integrating logic,
the value being integrated over the
sampling time base of 100 msec.

The exclusive autoject circuitry
provides greater than 60 db of normal
mode rejection to superimposed noise
of any frequency above 30 Hz, without
the delay required by filters. (See
graph.) All this at =.01% accuracy!

Typical
| integrating DVM

o

8 10 20 40
Noise frequency in cps

60 100

Electronics | April 4, 1966

portable measuring and recording sys-
tem utilizing as its heart, the EI-620
DVM with autoject. Plug in your EI-
620 and the system is complete.

Whether your application is for in
house or field use, the 620 system pro-
vides a portable package everyone can
use, anywhere!

System features — ¢ 40 points of guard-
ed scanning * High-Low limit channel
selection * Automatic or manual chan-
nel selection ¢ Single or continuous
cycle operation ¢ Printed record on

Electro Instruments, Inc.|[3]

8611 BALBOA AVENUE, SAN DIEGO, CALIFORNIA 92112

then add

this complete,
low cost

data system!

(only $4,300, including DVM!)

4 inch wide paper tape * Printed rec-
ord includes channel ID, polarity, 5
digits of measured value and range *
New, bold printed numerals * Auto-
matic or single print operation * From
$4300.00 (including DVM)

Additional systems extensions —are also
available to provide additional signal
conditioning and printout capability.
Write for systems brochure No. S25.512.

Your choice of system or portable DVM
use. When systems operation is not re-
quired, the EI-620 is unplugged
and used with its portable case
with convenient carrying han-
dle and bench stand. All fea-
tures and specifications are
identical in either instance.
Explore the benefits of a su-
perior, low cost, fully solid state
digital voltmeter or system with
Autoject . . . the Series 620!

41 EMMASTRAAT, VELDHOVEN, HOLLAND
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TYPE FT-201A IF-TAPE CONVERTER

Designed to ac-

cept 21.4-mc IF

output from CEI

(and other) re-

ceivers, trans-

lating it to a sig-

nal which can be

recorded on a wide-

band tape recorder,.

Data bandwidth is 100 kc to 1 4 mc, with response
varying less than 2 db. Output center frequency of
750 kc can easily be adjusted to any frequency
within data bandwith by changing a plug-in crystal.
Special techniques insure minimum signal degra-
dation; spurious outputs are a minimum of 50 db
below 1 volt. When used as part of a complete pre-
detection record/playback system, less than 1 db
S/N impairment will bé experienced as compared
to direct demodulation of incoming signal. (In full-
rack 19” configuration, this is designated the Type
FT-101A.)

TYPE TF-201 TAPE-IF CONVERTER

Translates output

signals from a tape

recorder up to 21.4

mc. Provides a data

bandwidth of 1.3 mc

when the input center

frequency is 750 kc, al-

though any input center frequency between 100 kc
and 1.4 mc may be used with a corresponding re-
duction in bandwidth. Response over the data
bandwidth varies less than 2 db, input signals up
to 10 v rms can be accepted, and output level (con-
tinuously variable) is up to 10 mv into a 50-ohm load.
(In full-rack 19” configuration, this is designated
the Type TF-101.)

TYPE TF-202 TAPE-IF CONVERTER

Identical to TF-201 except that additional front-panel
control tunes the second local oscillator to permit
maintaining the 21.4 mc output frequency for input
center frequencies between 100 kc and 1.4 mc. (In
full-rack 19” configuration, this is designated the
Type TF-102.)

TYPE IFD-201 IF DEMODULATOR

Provides AM and

FM detection of

21.4 mc input sig-

nals (companion

unit to TF-201 or

TF-202 above and,

when used with one of

them, comprises a tape s

demodulator system) and offers four selectable IF
bandwidths: 10 kc, 50 kc, 300 kc and 1 mc. Both the
AM detector and FM discriminator in the selected
IF strip operate simultaneously, and separate video
amplifiers for the discriminator and detector outputs
are provided. Front panel controls include IF band-
width, IF gain, AM video gain and FM video gain.
(In full-rack 19” configuration, this is designated
the Type IFD-101.)

NOTE: Half-rack versions of these four units are 8”
wide and 3.25” high, and designed to be used in
CEl's EF-201 dual equipment frames. All full-rack
versions are 3.5” high.

o
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NEW from CEI

WIDEBAND
PREDETECTION
RECORDING
CONVERTERS
AND
DEMODULATORS

@ IF-to-Tape Converters
@ Tape-to-IF Converters
©® IF Demodulators

Introducing an unusual new line of solid state con-
verters and demodulators designed to facilitate
predetection recording of 21.4 mc and 455 kc
center frequencies.

TYPE FT-4557 FREQUENCY TRANSLATOR
For Recording Multiple 455-kc IF Signals Simultaneously

By using the new

FT-4557 frequency

translator, record-

ing and tape re-

quirements can be

dramatically re-

duced in any in-

stance where a

large number of predetected 455-kc IF signals must be re-
corded. The unit will simultaneously accept |IF outputs from
as many as six communications receivers, converting 455-kc
signals to six staggered output frequencies between 580 kc
and 1.33 mc. Each input channel has a data bandwidth of
50 kc; a seventh (video) input is provided which is not trans-
lated and can be used to record timing signals, demodulated
video signals from an additional receiver, or voice announce-
ments.

The seven inputs are combined in a summing network into a
single output signal for recording on a wideband tape re-
corder; thus a single seven-track recorder can accept inputs
from up to 42 receivers (plus seven video signals) when used
with seven FT-4557's.

. For further information about any CE! product, please contact:

COMMUNICATION ELECTRONICS INCORPORATED

6006 Executive Blvd., Rockville, Md. 20852 Phone: (301) 933-2800
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“ACTIV

SUBMINIATURE
MONOBLOC
CERAMIC CAPACITORS

High capacitance to volume ratio.
Hermetically sealed in glass; precision
molded; and phenolic dipped types.

MINIATURE
HERMETICALLY SEALED

BUTTON MICA CAPACITORS

For —55°C. to | 200°C. applicationss

SUBMINIATURE
BROAD BAND

R.F.1.FILTERS

Eliminate RF noise in
10 KC to 10 KMC frequency range.

HIGH RELIABILITY
TUBULAR and DISC
CERAMIC CAPACITORS

General Purpose; Temperature
Compensating; and High Stability types.

MINIATURE .

CERAMIC and GLASS TRIMMERS
Precision trimmers with capacitance
and terminal arrangements to suit need.
MINIATURE

FILM CAPACITORS

Designed for filter, bypass,

coupling and blocking applications.

SUBMINIATURE
DIFFUSED SILICON RECTIFIERS

High forward conductance, low-leakage
currents and reliable performance.

MINIATURE
BYPASS CAPACITOR SYSTEMS
FOR TRANSMITTING TUBES -

Effective capacitive bypassing and

coupling or filtering of all signals in

10 to 3000 megacycle range and beyond.
B

SUBMINIATURE
INTEGRATED NETWORKS

Compact modules of resistor-capacitor
networks with 2, 4, 6 or 8 leads .
with or without semiconductor elements.

Erie's Project “ACTIVE “

Advanced Components through Increased Volumetric Efficiency

e
eooe

ERIE Definition of Advanced
Component Capability

HE term “ACTIVE" in the Erie organization
identifies a total program encompassing
the research, development and production of

Advanced Components Through Increased
Volumetric Efficiency for aerospace, military
and commercial equipment.

Project “ACTIVE” now brings to electronics
and avionics a series of high performance,
subminiature components designed for
applications where every cubic inch of space
and every ounce of weight is critical to
successful equipment performance.

These Erie components have been and are
being designed into the circuitry of such
demanding systems as Gemini, Apollo, Minute-
man, Nike X, Telstar, Polaris...commercial
computers, oscilloscopes...and many other
applications where size, weight and dependable
performance are vital. While the advanced
products illustrated at left are in quantity
production, a number of components are
still in the concept stage, while others are at
final evaluation ready for production.

Consider the problem-solving advantages
Erie ACTIVE components can offer you in your
quest for reliable, subminiature components.
We suggest ERIE as your quality source.

A collect call or letter to your nearby
representative...or to Erie headquarters is all
that is needed as the “first step.”

TECHNOLOGICAL

PRODUCTS, Inc.

Formerly
Erie Resistor
Corporation

o i

644 West 12th Street
Erie, Pennsylvania
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Great editorial is something he takes to work

What a climate for selling! Today’s busy engineer has to
make good use of the time he spends on the 8:05. His is a busi-
ness of lightning change, where a single “space shot” can breed
a new technology overnight.

That's why more than 68,000 engineers turn to Electronics to
keep abreast of what's important in the technical field of their

complex industry. Last year alone, Electronics ran 2,167
editorial pages (almost 25% more than any other industry
publication.) Where the busy engineer seeks editorial, he finds
ads that keep him abreast of products and services. Be there!

Electronics A McGraw-Hill Market-Directed Publication,
330 West 42nd Street, New York 10036
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Just when we've solved your synchro problem,
somebody comes up with a new one.

Designing and producing Autosyn®
Synchros to fill the everyday needs
of our customers isn’t enough. We
also specialize in meeting the unique
need and solving your specific
requirements.

Fact: engineers needed smaller,
lighter-weight synchros for space-
critical designs. Solution: the new
series of 16 Size 08 Autosyn Synchros.

Fact: supersonic aircraft applica-
tions demanded synchros that could
consistently operate at ultra-high

Electronics | April 4, 1966

temperatures. Solution: eleven
different Autosyn Synchros will per-
form accurately at temperatures up
to 800°F.

Fact: we’ve built many of them to
be corrosion- and radiation-resistant.

AUTOSYN® SYNCHROS

Max. ‘ Typical No.
Size Diameter Weight of
[ (In) (0z.) Models

08 | 075 13 16
10 0.937 1.7 ‘ 25
i [ 1.082 3.2 |29
15 | LA% 4.7 | 24
2 | 216l A e

Montrose Division

And we're able to provide synchros
with tolerances as close as 50 mil-
lionths of an inch.

Meeting all needs has been our way
of business since we began business.
in the 1920’s. That’s why the Bendix
line of Autosyn Synchros (and Mil-
Spec synchros) is the most extensive
vou can find. And it’s why we’re
ready to solve your synchro problem.
Try us. Phone (717) 278-1161, Mont-
rose, Pennsylvania. Or write for our
new 42-page catalog.

THE

em/l)/

CORPORATION
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just make
memories...

storage systems
problems

You get more than mere ferrite-memory manufacturing
capability when you talk to Burroughs.

You get experience.

Experience in understanding what a systems de-
signer’s most exacting requirements are, and then meet-
ing them. Experience in manufacturing that has made
our facility the best in the business, bar none. Experience
that goes well beyond just having a line of products for
sale.

Here’s what we make as standard products in our
ferrite memory line:

Ferrite Cores: 20, 30, 50 and 80 mils: They're manufac-

tured to the most rigid MIL and industrial specifications.

They provide those very desirable qualities of low cost, high

speed, and extreme uniformity—core after core after core.

Standard Memory Planes: They employ 20 or 30 mil cores

on a 30 mil center. Two types are available:

e A quad-frame configuration providing a word capacity
up to 16,384 words.

¢ A double-matted configuration providing a word capacity
up to 4,096 words per side.

Both types employ either conventional cores or wide-
temperature types. The latter provide operational re-
liability over a broad temperature range minimizing the
need for costly temperature compensation.

Using these standard memory planes, we can then
make Burroughs Stacks for virtually any coincident-
current application you have in mind.

And if you can’t find something in our standard line
to fill your needs, we can probably help with a special
order. Write or phone your nearest Burroughs Sales
Representative, or use the inquiry card for complete
information.

PLAINFIELD, NEW JERSEY 07061
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April4,1966 | Highlights of this issue

Technical Articles

Selecting the right
digital voltmeter:
page 84

Automatic celestial
guidance, part Il
page 94

Using transistors to
multiply and divide:
page 109

Integrated scratch pads
sire new generation of
computers:

page 118

Three types of digital voltmeter—ramp, integrating, and po-
tentiometric—are widely used, but each has its limitations.
Now a fourth type has been developed combining potentio-
metric and integrating techniques. It measures d-c voltages
with high resolution, even with noisy inputs.

Although the principles of the electro-optical system have
been worked out in detail, much must be done to develop
hardware to implement them. Chief necessities are more ver-
satile and accurate sensors and ultimately an optical computer
to eliminate interface problems,

Because a pn junction exhibits a logarithmic relationship be-
tween current and voltage, it can be exploited to perform
multiplication and division just like a slide rule. These tran-
sistor circuits are simpler, more accurate and faster than
other electronic means to compute analog functions. They
are intended for equipment designs that require analog com-
putation.

Scratch-pad memories for computers have
been talked about for years, but used spar-
ingly because they have tended to be ex-
pensive, Now a microelectronic scratch
pad, containing eight bits of memory and
their decoding networks on a single silicon
chip, makes widespread use of such mem-
ories economically feasible. If many of the
high-speed microelectronic memories are
used, time-sharing becomes more economical. For the cover,
art director Saul Sussman took negatives of the masks used
to produce the IC’s and created this stained-glass window
effect of Signetics Corp.’s new eight-bit scratch pad micro-
electronic memory.

Coming
April 18

» Some experiments with nonlinear optics
= Solid state circuits for color tv

* Protecting against surge voltages

* Power supplies for d-c converters
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Instrumentation

Selecting the right digital voltmeter

Three types of dvm’s—ramp, integrating and potentiometric—are widely

used, but each has its limitations. Now a fourth provides d-c measurements

with high resolution, even when inputs are noisy

By Bill G. Kay

Loveland division, Hewlett-Packard Co., Loveland, Colo.

The ideal digital voltmeter—one that combines
the lowest cost with high accuracy, resolution,
sensitivity, stability, reading rate, superimposed
and common mode noise rejection—just doesn’t
exist. Three basic techniques that enable a digital
voltmeter to convert analog measurements to digi-
tal displays—ramp or slope, integrating, and the
potentiometric or successive approximation—are
widely used, but each has limited applications.
For example, the ramp type voltmeter is a rela-
tively low-cost instrument, but is usually only accu-
rate within 0.05%. If higher accuracy within
0.005% coupled with good stability is sought, the
potentiometric technique is probably the most de-
sirable—but its reading rate is low. And if a good
reading rate combined with relatively high ac-
curacy and good superimposed noise rejection is
needed, then an instrument based on the integrating
technique is the best but the most expensive.
Approaching the ideal is a new, relatively low-
cost instrument that provides d-c measurements
with high resolution, accuracy, stability, and read-
ing rate even with noisy input signals. The in-
strument combines the potentiometric and inte-
grating methods. This techniques employs a
voltage-to-frequency converter to achieve noise re-
jection, while its accuracy depends on the poten-
tiometric method with its precision d-c power sup-
ply and resistive divider. Still, not everybody wants

The author

Bill G. Kay has designed digital
voltmeters since joining the
Hewlett-Packard Co. in 1962.

He is currently a digital-voltmeter
project leader in H-P's Loveland
research and development
laboratory.

84

this new type and the problem is which of the four
kinds of digital voltmeter to use.

The ramp method

Digital voltmeters that utilize the ramp tech-
nique are in what can be considered the econ-
omy class of dvm’s. These voltmeters meas-
ure the length of time it takes an internally
generated ramp voltage with a precisely known
slope, starting from a known level, to become equal
to the unknown input voltage.

In a typical dvm of this type, the ramp voltage—
shown in the diagram on page 85—is compared
with two voltage levels: ground and the unknown
voltage E to be measured. When the ramp voltage
equals ground potential, the first comparator gen-
erates a coincidence pulse that opens the gate at
time t;. The second comparator closes the gate
when the ramp and unknown voltage coincide at
time to. The time T = t, — t; is proportional to E..

While the gate is open, a train of pulses from
the fixed oscillator passes to decimal counters and
the number of pulses counted during the gating
interval is also proportional to E,.

The relationship between the number of counts,
N, entered into the counters and the gating time,
T, with respect to the oscillator’s fixed rate, R, is
simply N =RT. Thus, the appropriate choice of
ramp slope and oscillator frequency provides a
direct readout in volts of the totalizing circuit. For
example, a four-digit voltmeter might have a ramp
slope R=60 volts per second and an oscillator
frequency of 600 kilocycles per second. With the
dvm set on the one-volt range, if E,=0.75 volt,
then T = 0.75/60 second, and the number of gated
oscillator cycles—N = RT—is 7,500,

Integrating dvm technique

Ramp type meters are usually limited in accu-
racy to within 0.05% by the accuracy of the com-
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Circuit design

Designer’s casebook

Overload protection
for d-c amplifier

By Leander Payerl,

Visolux-Electronic GmbH, Berlin

In spite of the loss which occurs, a high series
resistance is often included in a d-c amplifier to
protect it in the event of an overload. In the d-c
amplifier circuit at the right however, an elec-
tronic fuse switches the high series resistance Ry
into the circuit only when an overload or short
circuit actually occurs. This circuit restores the full
output voltage immedaitely after the short circuit
or overload is removed.

During normal operation, there is only a small
resistance in the load, formed by R, and the col-
lector-emitter resistance of Q.. In this state the
voltage drop across Ry is less than the turn-on base-
emitter voltage of Q;. Hence, Q, and Q, are off,
and Q- is on, shunting Rj.

If I, increases beyond a certain level because
of short circuit or overload, the voltage drop across
R, increases and Q; turns on. Simultaneously, tran-
sistor Q4 turns on and zero-biases the base of Q..
This cuts off Q. so that Ry limits the current.

Switching will occur when I,,(Rs = Vg, In this

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.

= 424V DC
Ry . R2
2.2K 10
02 Q
2N1613 2N2617
R3
[
W R4
10K
v Q
PREAMPL |IN 2§16,3
Tour
Qq4 .
BFY39 l OUTPUT:
0.01 Rg < Rs & 0...22VDC
MFD 10Ki 3.3% 40 ma

Electronic fuse in d-c amplifier cuts in high series
resistance R; when there is an overload or short

circuit and bypasses R, instantly when they are removed.
All resistors 0.5 w unless otherwise specified.

circuit, maximuim output current is 40 milliamperes.

When Q. turns off, voltage R. may decrease
enough to turn off Q. This circuit will thus oscillate
at an amplitude and frequency determined by R;
until the fault is removed. In the circuit shown, the
amplitude of the oscillation is 1.5 volts peak to
peak; its frequency is about 250 ke. The base of Q,
is shunted by a small capacitor to prevent oscilla-
tions that might be excited by fast load changes

Latching gate removes
counter ambiguity

By Roy A. Wilson

Hycon Manufacturing Co. Monrovia, Calif.

Clock pulses being gated into a register require
positive gating action to avoid putting an extra
count into the register. The ordinary diode gate
provides this positive gating action with the addi-
tion of a silicon controlled rectifier.

Dy
cLOCK 5 e
INPUT ¢
-6 VOLTS Da
IN270
j¢
R
Sy 2

b A '\1/5\ SCR

2N1595
Ry
1K

= {2V =

Adding latching feature to diode gate allows output to
follow clock input when S, is closed. When S, is opened,
output will be fixed at existing clock level.
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The latching gate on page 91 allows the output output will remain at zero as long as S, remains
to follow the clock input when S, is closed and, open. This is because point A is now at —12 volts,
after S; is opened, the output remains indefinitely —precluding any possibility of the gate becoming
at the level of the clock input at the time the switch  forward-biased. *
opened. If S; is opened when the scr is conducting, the 2!
Closing of switch S; grounds point A; this for- output will remain at —6 volts. Opening of the w1
ward-biases the gate-to-cathode terminals of the switch applies — 12 volts to the scr cathode through — »
ser every time the clock input is at —6 volts. When R, and D.. This reverse-biases D;, maintaining the
the clock returns to zero, the scr has no voltage voltage across the scr. The ser will continue to #
across it and thus turns off. conduct and maintain the output at —6 volts until |
If S; is opened during the time the scr is off the S, is again closed.
» A
= . - . : ; ’ 4
Delay Clrcu't varies of the input pulse, which it can never exceed.
An input voltage of 28 volts d-c is applied to the &
turn-on delay circuit, a relaxation oscillator. The
turn-on’ turn-Off turn-on time for the unijunction transistor Q, is set .
by adjusting R;, which controls the charging rate 4 |
of C,. As C, is charging, the emitter voltage of Q
By Cruz R. Mora b e - sy B o
rises exponentally towards the supply voltage. 4
North American Aviation, Inc., Downey, Calif. When the emitter voltage reaches its peak, the
emitter becomes forward biased, providing a dis- ¥
charge path for C; and briefly turning on Q,. The ¢
Turn-on and turn-off delays, independently and con-  resulting voltage pulse across R, is coupled through
tinuously variable, are achieved with the four-stage D, to the gate of SCR;. This turns on SCR;, re- * ‘
circuit shown below, Both input and output delays  sulting in a voltage drop across Ry, which provides
are variable from 1.5 to 1500 milliseconds; a limita-  forward bias to Q. In turn, Q, provides forward
tion on the maximum turn-on delay is the duration bias to Q5 turning it on. The resultant output volt- 4
TURN-ON TURN-OFF ON-OFF INVERTER
DELAY DELAY CONTROL AMPLIFIER s
STAGE 1 STAGE 2 STAGE 3 STAGE 4
L s e 1 L . 28V 4
l I R2 ] I |
I 4
Il |
-
fL |
Il
28V | 1 PYRYY {
INPUT loutPuT
1| I . P
-
le l KD3 : I 2
| | R I ¢
11 JE.)
2 B B TR TS S R s A *
STAGE 1 STAGE 2 STAGE 3 STAGE 4 -
Ry—1M Rs — 82K Cp— 2.5uF Ro—1K Ryz— 390 4
R, —680 R —22K Dy — NG4S Ryp—1.2K Ryq—3.3K
Ry —330 R,—1M D,— IN645 Ry = 220 R, —LOAD RESISTOR .
Ry —100 Rg—175 02—2N167IA R’2—470 04—1N645 9
Cy —2.5p4F Q3 —2N1132 C3—0.056uF D5 —IN645
Q, —2Nt6e7t D; —1N645 Q,—2N388 ks
SCR{-2N1595 Q5 —2N1132 i
Increasing time constants R,C, and R:C., in con-
junction with unijunction transistors having +
higher intrinsic stand-off ratios, increases
possible time delays up to four minutes. 4
See pulses at top of page 93.
¢
’
-
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VOLTAGE-TO-FREQUENCY CONVERTER

SAMPLE "t"
TIMING SIGNAL

e

GATE TIME
GENERATOR
(T)

SAMPLE "2"
TIMING SIGNAL

HIGH
Ey =
LOW REFERENCE SUPPLY

AND PROGRAMABLE
e RESISTIVE DIVIDER
GUARD
REED SWITCHES
18T 2ND 3RD 4TH
DIGIT DIGIT DIGIT DIGIT

5TH 6TH
DIGIT DIGIT

Potentiometric/integrating digital voltmeter combines the noise immunity of the integrating technique and the accu-
racy and stability of the potentiometric method. Two samples of the unknown voltage are made: the first results in a
measurement accurate to approximately 0.39%, and sets the programable reference supply to this reading. The second
sample measures the difference between the unknown and the first sample. The two measurements are then added

and displayed on decimal counters.

gramable power supply.

For example: a voltmeter that reads low by 1%
and a perfect programable power supply are to be
used to determine an unknown voltage E to within
0.01%. At the first measurement, the voltmeter
reads low by 1%; this initial measurement is equal
to 0.99 E,, which is not within the desired accuracy.
The programable power supply is then set to 0.99
E,, and the output of the supply is used to “buck”
E.. The difference is 0.01E,. Since the voltmeter
is still 1% low, the second measurement equals
0.01E, — (0.01)0.01E, or 0.0099E,. By adding the
two approximations, the final reading, 0.9999E.
is obtained and is accurate within the desired
0.01%.

While this technique may, in a broad sense, be
called successive approximation, it differs from
the technique used by successive approximation
voltmeters in that the power supply in the example
was programed to exactly the voltmeter reading.
In the successive approximation voltmeter, Ey is
approached by quantizing the power supply volt-
age and then by deciding logically whether Eg
was large or smaller than the bucking voltage.

In the HP 3460A, the voltage-to-frequency con-
verter and time base, which alone constitute a
truly integrating voltmeter, are analogous to the
inaccurate voltmeter of the previous example; the
reference supply-resistive divider combination is
the equivalent of the ideal power supply. In the

example, the error contributed by the voltmeter

to the final reading was simply the voltmeter
error squared—the 1% voltmeter with two.sam-
ples yielded E, to within 0.01%. Similarly, if the
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voltage-to-frequency converter and time base are
accurate to within 0.1%, then with a two-sample
technique, the error of the final reading due to
the voltage-to-frequency converter and time base
is only 0.001* or 0.0001%. This represents one-
tenth of one count in the least significant digit of
the instrument. Thus the accuracy of the voltage-to-
frequency converter and the time base need not
be as closely controlled as in the basic integrating
technique.

The instrument’s accuracy is determined pri-
marily by the reference d-¢ power supply and the
resistive divider which has a typical conversion
error of 0.0015% of reading. This error is not re-
duced by the multiple sample technique as in the
basic potentiometric technique. As a result, its er-
ror and the possible logic error in the sixth digit
represent the accuracy limit of the instrument.

The voltage-to-frequency converter achieves
superimposed noise rejection, but its performance
requirements have been drastically reduced by the
new techniques involved. First, its accuracy is now
of secondary importance. Secondly, the maximum
frequency output of the converter may be quite
low without appreciably affecting the instrument’s
reading rate. As shown previously, a voltage-to-fre-
quency converter capability of 500 ke with a gate
time of 1/60 second enabled a five-digit integrat-
ing voltmeter to read at a rate of five readings per
second. With the new technique, the voltage-to-
frequency converter is never asked to fill more than
three decades—plus a 20% overrange—during a
given sample period. Thus the converter needs
only to operate linearly up to 72 ke with a gate
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Latest in H-P line of digital voitmeters is model HO4-3460A. The meter extends basic potentiometric/integrating
technique and results in instrument with a resolution of one part per million and a sensitivity of one microvolt.

time of 1/60 second to achieve an instrument read-
ing rate of 15 readings per second. Because of the
reduced requirements of the converter, its cost is
considerably lower than a similar instrument em-
ploying the basic integrating technique.

Limit on superimposed noise

The only compromise concerning the voltage-to-
frequency converter pertains to the magnitude of
superimposed noise that may be applied to its
terminals. Even though a 60-cps noise signal may
be completely rejected by the converter, the magni-
tude of that signal could not be increased indefi-
nitely. The limit on the magnitude of superimposed
noise is established as follows: during the second
sample period, the voltage-to-frequency converter
has the d-c difference voltage between the un-
known input and the reference supply’s output
applied to its terminals. However, the unattenuated
superimposed noise signal also is applied to it. Un-
like the basic potentiometric digital voltmeter, the
difference voltage may be smaller than the noise
without a loss of instrument accuracy as long as the
noise is properly integrated. If the noise signal
becomes too large, however, the required frequency
out of the converter exceeds the maximum design
frequency and the converter becomes non-linear.
The compromise that must be made is a trade-off
between the cost of the converter and its maximum
frequency output with respect to the noise han-
dling ability of the instrument. In the HP 3460A,
the maximum allowable magnitude of the super-
imposed noise has been chosen to be 6% of full
scale.

Just how much superimposed noise a voltmeter
should be capable of handling cannot be stated
with certainty. Application may range from the
measurement of a noise-free standard cell voltage
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to an aircraft engine test measurement where noise
may exceed 100% of full scale. In addition to the
basic problem of how much superimposed noise
may exist, there is always the possibility of large
common mode signals being present. Although a
fully guarded instrument is able to reject common
mode noise signals of up to 500 volts, a great deal
of confusion exists about how to properly use the
guarding capability. Consequently, what often ap-
pears to be superimposed noise in a test set up is,
in reality, a common mode signal that could be
eliminated by the proper use of the guard.

New breed emerges

The new potentiometric/integrating technique
lends itself to the development of a new breed of
digital voltmeter—the full six-digit instrument, with
seventh digit overrange, that is capable of making
highly accurate measurements with a resolution of
one part per million at a relatively fast reading rate.

One more significant digit is added and the gate
time T for the second sample period is increased.
By increasing T, the maximum rate of the voltage-
to-frequency converter need not be increased since
the time required to fill the seventh decade can
automatically be accounted for. Also, by increasing
T, it is possible to take advantage of the resulting
effective noise bandwidth reduction that occurs in
integrating voltmeters as the gating time is in-
creased. Thus, it is quite possible to measure and
read one volt with a resolution of one part per
million and a sensitivity of one microvolt.

This extension of the basic technique has been
incorporated into the Hewlett-Packard HO4-3460A
voltmeter shown above. In addition to having high
resolution, the new meter is accurate within 0.002%
of reading. It is a fully guarded instrument with
high common mode noise rejection—160 decibels.
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quency converters used in integrating dvm’s.
Design compromises

Certain compromises must be made in the de-
sign of the potentiometric digital voltmeter. The
primary compromise involves a trade-off between
reading rate and superimposed noise rejection. The
reading rate is limited by the rate at which the
reference voltage may be quantized and compared
to the unknown. It is not unrealistic to effect read-
ing rates of 10,000 readings per second. However,
without an input filter, the potentiometric instru-
ment has no noise immunity at all because only the
unknown d-c signal is nulled out by the resistive
divider output. Thus, as soon as the total super-
imposed noise is greater than the minimum voltage
increment generated by the divider, the sensitivity,
resolution, and hence the accuracy of the instru-
ment are degraded. Since very few unknown sig-
nals are noise free, an input filter is almost always
used in a five-digit potentiometric instrument. The
response time of the filter then lowers the reading
rate considerably.

A potentiometric voltmeter with a five-digit dis-
play accurate within 0.01% of reading, has a read-
ing rate of five per second with a filter on its input.
How well does the instrument reject superimposed
noise, particularly at line frequency, and how much
superimposed noise can be tolerated before the
accuracy of the instrument is significantly de-
graded?

In a five-digit instrument, the least significant
digit represents a resolution of 10 parts per million.
Thus, a signal with superimposed noise equal to
0.001% of full scale that reaches the input of the
comparator amplifier will cause a one-count devia-
tion in that digit.

Even so, jitter in the least significant digit is
not the major limitation since the instrument’s ac-
curacy is not degraded significantly. The most
important criterion is when an abrupt change or
step in the d-c voltage occurs, the filter’s response
time must be fast enough so that within the time
allotted for one reading, the error due to the filter
is less than the rated instrument error of 0.01%.
This is a rather idealized situation since the entire
200 milliseconds is not available to the filter be-
cause of the digitizing time in the instrument.

Most potentiometric dvm’s use RC filters with
up to three poles—frequencies at which the filter
impedance is infinite. For example, an RC filter
with three identical poles results in the maximum
rejection of noise signals at the line frequency.
Analysis of such a filter’s performance with a step
input, using Laplace transform analysis, shows that
the filter must have a pole frequency of about 11.2
cycles per second to meet the basic accuracy re-
quirement of a reading rate of 5 per second. Atten-
uation of the superimposed noise at 60 cps is cal-
culated to be 44 decibels. This attenuation can be
increased slightly more, without changing the other
response characteristics, with a more sophisticated
filter, one that has more poles.
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Glossary of terms

Resolution—The smallest increment of a variable that can be
read without ambiguity.

Sensitivity—The minimum signal to which an instrument will
respond. For example, a dvm set for a full-scale range of 1.00000
has a sensitivity of 10 microvolts.

Stability—The ability of an instrument to maintain a constant
error as a function of time and/or environment.

Reading rate—The rate at which an instrument is capable of
performing continuous independent measurements and display
them.

querimposed noise rejection—The degree to which an instrument
rejects unwanted signals in series with the unknown input voltage.

Common mode noise rejection—The ability of an instrument to
reject unwanted signals caused by unbalanced voltages between
input terminals and ground.

The amount of superimposed line-frequency
noise that can be tolerated without significantly de-
grading the instrument’s accuracy is more difficult
to ascertain. Because the error is specified as
0.01% of reading, for a full-scale reading of 100,-
000, 0.01% error is equivalent to 10 counts in the
least significant digits. However, for a reading that
is one-tenth of full scale—for example, 10,000—
0.01% error is equivalent to one count in the least
significant digit.

For ease of calculation, assume the line fre-

ATTENUATION
(DECIBELS)

ASYMPTOTE
6DB/0CTAVE

AL 12345 ..

T T TTT FREQUENCY (CPS)
Infinite attenuation exists for those frequencies that

are multiples of the integrating dvm’s period, 1/gate
time. The gate time is therefore chosen to give the
greatest possible rejection of the 60-cps line frequency.

FREQUENCY IDEAL

ACTIIA

VOLTAGE

Large source of error in integrating dvm’s
occurs becauise voltage-to-frequency converter
characteristic curve is not perfectly linear.
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quency is attenuated by 46 db. In this case, if the
peak value of the superimposed 60-cps noise sig-
nal is 2% of full scale it will yield a jitter of 10
counts in the display. The magnitude of the 60
cps signal must be less than 0.2% of full scale to
prevent more than one count of jitter in the display.
This can be overcome if the reading rate is re-
duced and a large filter is used. What is left is a
technique that allows d-c voltages to be measured
accurately and has excellent long-term and environ-
mental stability. But a technique in which the
speed of operation must be greatly sacrificed to
maintain accuracy and resolution in the presence
of superimposed noise.

Best of two methods

A new method, the potentiometric/integrating
technique, combines many of the advantages of its
two namesakes while eliminating some of the more
objectionable weaknesses, and at a cost competi-
tive with either system,.

The potentiometric/integrating technique com-
bines integration with successive approximation
to achieve a fast, highly accurate, stable system
that is capable of rejecting superimposed noise
signals. The new approach to voltage measure-
ments is employed in the Hewlett-Packard Co.’s
3460A digital voltmeter. A simplified block diagram
is shown on the next page. Each reading consists of
two approximations or samples of the unknown
voltage and two transfer periods.

At the beginning of the reading, a one-millisec-
ond delay is introduced during which all the timing
circuits are set and the reversible decade counters
set to zero. Thus when the first sample is initiated,
the stored count in the decade counters is zero and
the output voltage of the programable resistive di-
vider-precision d-c supply is zero. Initially, the
unkrown voltage Ey is applied directly across the
terminals of the voltage-to-frequency converter.
The converter’s output frequency which is propor-
tional to Es, is transformer coupled through the

COMPARATOR
AMPLIFIER

LOGICAL
PROGRAMER

l

PRECISION POWER SUPPLY
AND PROGRAMABLE
RESISTIVE DIVIDER

l DISPLAY I

Potentiometric dvm uses comparator amplifier to
drive a logical programer. The programer in turn
adjusts a precision power supply and resistive
divider to null out the unknown voltage at the
comparator’s input. The final setting of the divider
in code form provides a readout of the input voltage.
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guard to the logic section of the instrument. No
counts are entered into the decimal counters until
the gate time generator and the sample 1 timing
signal coincide, opening gate 1 and allowing the
transformer-coupled pulses to pass through the
gate into the fourth decade counter. The counts
are entered into the decades until the fixed gate
time T has passed.

The count in the four most significant decade
counters at the end of the first sample period repre-
sents a measurement of the unknown voltage
within 0.3%, or three counts of error in the fourth
digit. This error consists of a possible logic error of
=1 count, and the combined error of the voltage-
to-frequency converter and gate generator, on the
order of 0.1% or one count in the fourth digit. The
count stored in the four decades is retained during
the remainder of the reading cycle but is not dis-
played until after the second sample period during
which it will be corrected.

The transfer period occurs immediately after the
first sample period is completed. During the trans-
fer time, the counts stored in the four decades are
used to quantize the reference supply voltage in-
side the guard. The information is relayed from the
counters to the resistive divider through the
guarded reed-relay switches. The ¢ version accu-
racy of the resistive divider-reference supply is
typically within 0.0015%, and its quantized output
opposes the unknown voltage applied to the ter-
minals of the voltage-to-frequency converter.

At the beginning of the second sample period,
the output frequency of the voltage-to-frequency
converter is proportional to the difference voltage
across its input terminals. The gate generator and
the sample 2 timing signals allow the transformer-
coupled pulses to enter the more significant dec-
ades. The count is allowed to overflow from the
fifth into the fourth decade to correct the error of
the first sample as necessary. Because the error
of the first sample reading may be either posi-
tive or negative, logic circuitry determines the
polarity of the difference voltage relative to the un-
known voltage. The circuitry also determines
whether the pulses from the voltage-to-frequency
converter during the second sample period are to
be added to or subtracted from the original approx-
imation of the unknown voltage.

The second transfer period takes place at the
end of the second sample. Its duration is adjust-
able from the front or rear panels of the instru-
ment. During this time, the final count in the
five decades—plus six digit overrange—is trans-
ferred to the in-line digital display tubes on the
front panel, and a print comand is issued to permit
accumulation of the stored count by an external
digital recorder. The instrument has now com-
pleted one reading.

Still not perfect

An analogy may be drawn between the system
just described and a measurement scheme that
uses an inaccurate voltmeter and an errorless pro-
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parators and the linearity of the ramp, and are sub-
ject to false triggering by input noise. The outstand-
ing feature of an integrating dvm is its inherent
capability to reject superimposed noise signals with-
out an input filter. Generally a filter is unde-
sirable because its response time tends to
degrade the istrument’s maximum reading rate;
and in instruments of high resolution, the filter
capacitors can act as high impedance voltage
generators after removal of an input voltage as
a result of dielectric polarization, degrading the
voltmeter’s accuracy by adding a small d-c com-
ponent to the next input signal to be measured.

The integrating voltmeter measures the true
average of an unknown voltage over a specific time
interval. The ramp type instrument measures the
voltage itself at the end of a time interval. In most
integrating meters, the unknown voltage, E, is first
converted to a frequency—as shown in the diagram
on page 86—then the frequency is counted over a
fixed time interval. The simple relationship, N =
RT, is still valid except that now the rate R, rather
than the time T, is proportional to the unknown
voltage E..

>

Eliminating noise

How the voltmeter integrates an input signal and
thereby averages out noise signals, can be demon-
strated with the aid of the graphs on page 86.
Consider the case where the unknown voltage E
is a sine wave with a period equal to the fixed gate
time: il

The choice of starting time t, relative to E(t)
is inconsequential. The frequency generated by
the voltage-to-frequency converter is proportional
to the instantaneous input voltage. Thus at t,, the
frequency of the converter output is zero, and at
t; and t;, the frequency is highest. A graph of N,
the total count stored in reversible decade counters,
is shown in the lower figure on page 86. Between t,
and t; the instantaneous output frequency increases
as E«(t) becomes larger. Hence, the slope of N as a
function of time continually increases. Between t;
and t., the rate of increase of the converter fre-
quency declines until it is zero at time -t
[Ei(t2) = 0]. During this period N continues to in-
crease, but its slope decreases until it reaches zero
at to. At to, N is proportional to the average value of
E.(t) over the first half of its period; thus E\(t) has
been integrated over the period t, to to. If the instru-
ment is capable of observing the polarity change at
the time t», and is equipped with reversible coun-
ters, then the integration may continue from time t,
to t,. With reversible counters, N at t; will be
exactly equal to zero since the above sters are re-
reated with N now bzing decreased over the inter-
val ts to ts.

The attenuation versus frequency characteristic
of the integrating type digital voltmeter is shown in
the upper figure on page 87. Note that infinite input
attenuation exists for the frequencies :4? where
m =123, ... «. The previous example, in which
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m = 1, can be extended to the case of m = 2.
Here, two cycles of the input signal will be com-
pleted during gate time T and the net count will
again be zero. This can be used to reject a specific
a-c input signal by properly choosing T.

Usually the largest noise component present at
the input terminals of the voltmeter will be at the
line frequency. If the gate time T is chosen to be
n/60 seconds (n=12, ... ), the instrument will
reject signal components which contain the 60-cps
line frequency and its higher harmonics.

Increased sensitivity

The inherent noise rejection of the integrating
voltmeter has one other very good use. Note in the
graph on page 87 that as T is increased, the
lower frequencies are attenuated by a larger
amount. The net result is that the effective noise
bandwidth of the voltmeter is smaller for longer T.
Thus, at low frequencies down to d-c, the noise
always present in the input circuitry is effectively
reduced, making it possible to increase the sensi-
tivity of the instrument.

For example, a voltmeter might have T = 1/60
second and an inherent amplifier noise of 10 micro-
volts over the resulting effective noise bandwidth.
The ultimate lower limit on the instrument’s sensi-
tivity  is therefore 10 microvolts. If T were in-
creased to 1/6 second, the amplifier noise over the
reduced effective noise bandwidth might reason-
ably be expected to decrease to four microvolts.

INPUT
COMPARATOR (NO.1)

Ex =

RAMP _4 | Fixeo | GATE ) DECIMAL
GEN 0sC CONTROL COUNTERS
GROUND
| COMPARATOR (NO.2)
VOLTAGE RAMP VOLTAGE
Eyx /
1
|
|
|
i
|
|
GROUND ! TIME
0 "”’17 t
1 2
| SRR AR

D-c voltage is measured with ramp technique by
counting the number of cycles allowed through the gate
during the time (T=t.—t.) the ramp voltage requires to
increase from ground to the unknown voltage E..
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This is the technique used in integrating digi-
tal voltmeters to resolve low-level signals in the
microvolt region, at the sacrifice of reading rate.

The ramp technique has an attenuation versus
frequency curve similar to that shown on page
87. However, since T is proportional to the un-
known input signal, the cusps of infinite rejection
are not fixed with respect to frequency. Thus the
ramp technique canmot easily be used to integrate
out, or reject a specific a-¢ input signal.

Although the integrating technique itself places
no limit on reading rate, the limitations of the
voltage-to-frequency converter and the selection of
the cusps of infinite rejection do.

To reject noise signals at line frequency, T is
chosen to be at least 1/60 second. This means that
if no dwell time is required between readings for
such operations as resetting the range, the maxi-
mum possible reading rate is 60 per second. Some
three- and fowr-digit integrating voltieters ap-
proach this rate, but in a five-digit instrument the
reading rate is usually considerably slower because
of the voltage-to-frequency converter’s limitations.
The outputs of tvpical voltage-to-frequency con-
verters are 500 ke or less because of cost and
linearity problems.

The maximum reading rate of a given instrument
can be determined from the basic formula, N =
RT. For a 5-digit instrument, a full-scale indication
is equivalent to N = 10° counts. Thus if Ry, =
500 ke, then T = 10°/5(10°) =1/5 second. This
implies that the maximum reading rate for the 5-
digit instrument is 5 readings per second.

From the equation N = RT, the accuracy of the
integrating instrument is obviously dependent upon
the accuracy of both T and R. T may be controlled
with great precision by using a crystal time base;
essentially then. the accuracy of the instrument de-
pends on R.

The ideal and realizable transfer curves for a
typical voltage-to-frequency converter are shown
on page S7. A detailed discussion of why the
curves differ is beyond the scope of this article, but
the linearity of a voltage-to-frequency converter
becomes more difficult to control as frequency is
increased, and the cost of building a converter rises
rapidly as the maximum frequency output in-
creases. Converter nonlinearity and stability are
formidable design problems.

Successive approximation

The potentiometric or successive approximation
technique is quite different in concept and imple-
mentation from the two methods already described.

Digital voltmeters of this type use a precision
d-¢ power supply with a resistive divider to null
out the unknown input voltage. As shown in the
diagram on page 88, the resistor divider is con-
trolled by a logical programer to quantize the out-
put of the power supply. The discrete increments
of voltage thus created are applied to a comparator
amplifier whose other input is the unknown voltage,
Io.. The amplifier output serves as the input for the
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In an integrating dvm the time interval, rather
than the frequency, is fixed. The unknown
input voltage is converted to a proportional
frequency, which is counted for a fixed period.
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Integrating dvm has high immunity to noise since a-c
signals are averaged out by reversible decade counters in
the instrument. The number of counts builds up during
one-half the sine wave. But during the second half of the
cycle, the counts are subtiracted. The net count is zero.

logical programer, which drives the resistor divider
in a prescribed sequence, adding or subtracting
more voltage increments to null out the unknown
input signal. The final setting of the divider can be
sensed logically by determining whether the indi-
vidual resistors are connected to ground or the
reference supply. This simple code is then con-
verted to decimal information that can be displayed.

Both the accuracy and stability of a potentio-
metric instrument depend upon the d-c¢ reference
supply and the resistive divider. Both the stability
and temperature coeflicient of the reference diodes
or standard cell contribute to inaccuracies in the
reference supply. As a result, the critical compo-
nents associated with the supply are usually placed
in an oven whosé temperature is accurately con-
trolled. The divider is generally constructed of
precision wire-wound resistors. The linearity of the
quantized output from the divider and the stability
of this system are much more easily controlled than
the linearity and stability of the voltage-to-fre-
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Time delay capabilities of the circuit are repre-
sented by the pulses. The maximum input de-
lay is limited by the width of the original pulse.

age across Ry, is slightly less than 28 volts because
of voltage drops across D; and Q;.

The turn-off operation is started by transistor
Qz. While the input voltage is present, the collector
of Qy is at nearly zero volts and almost all the input
voltage appears across R;. When the input voltage
drops to zero, Qs turns on and a voltage of about
25.5 volts appears across Rg The turn-off delay
time is controlled by the setting of R; which governs
the charging rate of C.. When the peak emitter
voltage of Q. is reached, C. discharges, turning Q.
on. The conduction of Q. connects the anode of
SCR; to nearly ground potential; at the same in-
stant, the cathode of SCR; is above ground poten-
tial because of the charge on C;. The reverse bias
on SCR; simultaneously turns it off and also Q.
and Q, off.

Transistors control
small d-c motor

By James B. Tiedemann

University of Kansas, Lawrence, Kan.

A versatile transistor servo-control circuit combines
the functions of a rectifier and a power amplifier
while providing directional control of a small direct-
current motor.

The direction of the motor’s rotation B is de-
termined by the polarity of the input signal. This
input, or error signal, provides the base current to
turn on Qj or Qy. These transistors in turn supply
the base drive for either Q; or Q.. Current from
the six-volt transformer will drive the motor in
either direction, depending on which of the p-n-p
power transistors, Q; or Q- is conducting,

Input impedance and sensitivity are determined
by resistors R; and R.. They must be large enough
to prevent excessive base current in Q; and Q, at
the highest input-signal level anticipated. A value
of 1,000 ohms will cause a typical six-volt motor
to start with a one-volt signal. If the source is not
limited by current, Q; and Q, can be protected
without sensitivity loss with zeners at Dy and D;.

A six-volt, d-c motor, such as a Pittman DCS5A-6,
requires several hundred milliamperes for reason-
able power output. Rectifiers D; and D, and tran-
sistors Q; and Q. should therefore be capable of
handling at least 750 milliamperes. Because the

Six volt d-c motor B is energized by rectified voltage
from filament transformer T.. Motor’s direction of
rotation is controlled by the polarity of the input

signal which determines whether Q, or Q- is conducting.

grounded collector configuration of Q, and Q. pro-
vides a high base impedance; control transistors
Qs and Q, and rectifiers Dy and D, need only
handle a few milliwatts of power. An ordinary fila-
ment transformer, with a secondary current rating
of one ampere, is satisfactory for T;. Heat sinks
are not required unless sustained operation at full
power is required. A center-tapped battery and po-
tentiometer can be used as the signal source.
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Space electronics

Automatic celestial guidance, part 2:
new challenge to designers’ ingenuity

An electro-optical system for space flight has been proven out
in principle. Still needed are further advances in microelectronics,
and computers that work directly with optical data

By Robert L. Lillestrand, Jose Hh E. Carroll and James S. Newcomb

Control Data Corp., Minneapolis, Minn.

Early on the bitter-cold morning of Dec. 1, two busy
silhouettes could be seen on the roof of the Con-
trol Data Corp.’s Government Systems laboratory
near Minneapolis. Below, in a warm and comfort-
able computer room, three men were watching data
coming through, culminating five years” work.
The five researchers were demonstrating a new
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concept for space systems: celestial, in place of
inertial, guidance. Randomly pointing a sensor at
the sky, they succeeded in obtaining position and
attitude measurements accurately from the stars,
without the need for an external reference or any
previous assumptions about orientation. The men
on the roof were George Zenk and Robert Willey,
electronics specialists.

The experiment showed further that the system
could provide its accurate measurements rapidly,
on-line, eliminating the need for gyroscopes in
travel beyond the earth’s atmosphere. By adding
a strapped-down gyro to the already strapped-down
celestial sensor, the range of applications to guid-
ing a vehicle’s ascent and descent can undoubtedly
be extended.

The principles of this system, described in the
first part of this article [Electronics, March 21, p.
115], are now well established. Results of the roof-
top experiment are described in detail on page
103. Still needed, however, are final versions of
the hardware that can implement these principles.
The hardware consists chiefly of two pieces of
equipment: a three-axis attitude sensor (TAAS)
that can perform many measurement and control
tasks in space, and a small but fast computer.

The electro-optical sensor

Celestial guidance, the ultimate successor to
inertial guidance for space applications, is achieved
in four steps: attitude detection, attitude control,
navigation and guidance. For the most general
problem, the system operates with 24 unknowns—
12 for measurement and 12 for control—as shown
in the table below the chart on page 95; the chart
gives more detailed descriptions of various applica-
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Celestial guidance for various space operations. For attitude control, top left sector, TAAS controls local vertical
without horizon sensors if its orbit is known; upon completion of maneuver, realignment will carry optical axis of
disk-shaped vehicle to local vertical. TAAS can also control yaw orientation relative to the orbit plane. Surveillance
of the earth or another planet can be achieved by driving the optical axis relative to the stars so that sensors pointed
at the planet are stabilized on a specified target area. For attitude detection, in top right sector, when spacecraft

is spinning, TAAS provides star-transit data; this permits computer to determine vehicle’'s time-dependent orientation,
including processional and nutational motions. When spacecraft is not spinning, sensor provides celestial orientation.
For navigation, at lower right, TAAS can either sense the position of another body relative to the stars, or, with the
help of a periscope, lock a ground tracker onto a point on the surface while the TAAS sweeps across the sky. For
guidance, at lower left, TAAS with hyperhemispheric field of view senses position of another spacecraft and controls
its own vehicle’s propulsion system to accomplish rendezvous. Note that the two bright upper sectors represent
attitude measurement and control, while the bright lower sectors represent navigation and guidance; also that the
two sectors at the right represent measurement functions while those at the left represent spacecraft control
functions. Table below shows classes of problems entailed in performing various operations in space.
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Experimental three-axis attitude sensor. Parts are: 1,
simulated star field; 2, collimating lens; 3, mounting tube
for lens and angle encoder; 4, synchronous drive motor;
5, photomultipler housing; 6, variable filter; 7, strip-
chart recorder; 8, plate for gimbal mounting; 9, battery.

tions. The system’s computer must process varying
amounts of information on-line. Attitude sensing
and navigation involve only 6 unknowns; attitude
control, a maximum of 12; for guidance, at least
18 parameters are necessary to describe the state
of the system.

An experimental TAAS is shown above. The
system consists of a lens, a rotating disk with
three slits, a photomultiplier, a drive motor, and
a 16-bit angle encoder. When one slit passes under
the image of a star on the focal surface of the
objective lens, the starlight is transmitted to the
photocathode of the multiplier, and the resultant
electrical pulse gates the angle encoder’s output
to the digital computer. Each detectable star pgen-
erates three pulses. The computer also receives
noise pulses produced by the stellar background
and the photomultiplier’s dark current.

Measurement and control

One objective of the TAAS design is to provide
a single sensor for many applications. Studies are
being conducted to determine whether one TAAS
design can be used both for measurement and as
part of a control loop. This dual capability would
be particularly valuable in electro-optical designs
without moving parts, in which accuracy can be
traded for scanning rate when switching from
measurement functions to control functions. Ver-
satility is essential for a high degree of stand-
ardization,

To circumvent the blocking effect of the earth
or to avoid exposure to the intense light of the sun,
two TAAS sensors may be necessary in a space
vehicle. As an alternative, the computer’s attitude
program can be arranged to cause the spacecraft
to turn about an axis perpendicular to the sensor’s
optical axis until an acceptable pointing direction
is found.
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Computer subroutines also can be standardized
because most applications for the sensor pose cer-
tain common problems: pattern recognition,
manipulation of trigonometric functions, matrix
inversions and orbit computations. By tying these
subroutines together with additional logic, various
operating modes can be added.

To accomplish these functions, it is necessary
first for the system to recognize patterns of stars;
this task, like that of determining the spacecraft’s
attitude and later of guiding the vehicle, requires a
general-purpose digital computer that can fulfill
a variety of input-output requirements. Such a com-
puter is being developed. If present advances in
microminiaturization continue, an operating com-
puter may be built in five years that occupies only
five cubic inches.

Whenever the sun, earth or moon lies in the field
of view, a shutter can protect the photodetector.
The shutter design varies from one application to
another, but generally the type required follows
the pattern shown on page 117 of the March 21
issue. For optical and mechanical shutters, sensing
and actuation would be accomplished with a small
photocell.  Self-actuating photochromic shutters
have been described by G. H. Brown and W. G.
Shaw.® The Kerr cell and Pockels cell require a
separate photosensor to drive them; this system
has been described by Bruce H. Billings and Robert
O’B. Carpenter.” The electrical shutter would be
actuated when the signal output from the photo-
multiplier exceeds a preestablished level. The cir-
cuitry is described in detail on page 103.

Looking ahead, the next step should be a TAAS
which is purely electro-optical, with no moving
parts for any mode of application. Later, optical
computers will be necessary, to which information
will be transferred directly from an optical sensor.
These prospects are discussed on page 104.

In recognition of guiding stars

Man identifies the stars from three character-
istics: their relative positions in the sky, their in-
tensities and apparent colors. Researchers at CDC
studied all of these approaches before deciding to
rely entirely on geometry for pattern recognition.
The decision was based on the fact that most ap-
plications for TAAS require highly accurate meas-
urements of star position if the vehicle’s attitude is
to be determined accurately; since these measure-
ments are available, the researchers reasoned, they
might as wll be used also for pattern recognition.
Furthermore, the problem of obtaining absolute
intensity measurements accurate to about 1% would
be extremely difficult, requiring periodic calibra-
tion, more sophisticated detection electronics, and
an additional analog-to-digital converter.

If the TAAS’s approximate orientation is known,
it is possible to solve the three-axis problem with
only # measurements, in which case the scanner
disk needs only one radial slit. For random orienta-
tion, however, each star’s polar coordinates (p, 6)
must be determined.
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But is the geometric approach to pattern recog-
nition feasible? Given a minimum of stars for all
fields of view, how accurate must be the measure-
ments of their relative positions if the pattern is
to be recognized without ambiguity?

The problem was simulated on a Control Data
1604 computer for an optical system with a 46°
field of view, “pointed” at 2,580 positions across a
“sky” studded with 789 simulated stars.

When only two stars were used, the angular
separation had to be measured to an accuracy of
about one second of arc, as shown below in the
graph of results. With a third star, the allowable
error was increased to about 100 seconds of arc.
As more stars are added, the allowable error in-
creases, but at a diminishing rate.

For celestial guidance, a typical field of view—
in this case 46°—requires the detection of at least
three stars for all pointing directions, with root
mean square errors in angular separations held to
30 arc-seconds.

The seven steps in pattern recognition are shown
in the figure on page 98, and may be summarized
as follows:

1. Angle storage. The computer memory receives
angle data generated by pulses from stars, back-
ground noise, dark current, planets, airplanes, satel-
lites and other sources.

2. Slit matching. A star which is detected at each
of the three slits produces pulses at two equally
sraced intervals, designated Aij and Ajk. The com-
puter logic then searches through a list of angular
measurements which have the property that Aij =
Ajk == &, where e << Aij, Ajk. Whenever this
condition is met, three angles are stored in the
memory. This technique eliminates most noise
pulses, false targets and inaccurate data about
stars. It has been shown experimentally that nine
signal pulses (from three stars) can be readily
identified by this method from as many as 30
associated noise pulses.

3. Target positions. For each set of three angles,
the computer finds the polar coordinates of the
hypothetical target. At this point, it is not known
whether any of these targets are stars. In fact, it
would be possible—though highly unlikely—for a
“target” to be indicated by three noise pulses
accidentally spaced in accordance with the criteria
of step 2.

4. Angular separations. The angular separations
between all of the targets are computed and stored
in memory. The number of these separations is the

combinatorial where n is the number of

n!
(n-2)! 21
targets. The process cannot begin unless n=2;
however, because of possible ambiguities in the
angular separations, it is preferable that n==3,

5. Matching of angular separations. The next
step is to search through the computer memory
for stars whose angular separations are similar
within ¢, of each of the angular separations
computed in step 4. Usually, more than one pair
of stars will meet this criterion; this potential
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ambiguity is removed in step 6.

6. Linking of pairs. If S;, S, and S; represent
the star numbers for three detected stars, then
when the pair numbers are written out they must
have the following cyclic property: first pair, S;, So;
second pair, S., Sy; third pair, S;, S;. When this
requirement is met, the ambiguities in step 5 are
removed.

7. Computing sensor’s orientation. When the
stars have been identified, their positions can be
determined from star lists stored in the computer’s
memory and the three axes of orientation of the
sensor can be determined.

If a pattern has not been recognized, the values
of the parameters e and ¢ must be enlarged.
During the rooftop experiments, values for « and
e were determined empirically, and done fre-
quently; the process always converged on the
correct answer when enough stars were detected.
However, each time e« and e are increased, the
danger of an erroncous pattern recognition is en-
hanced. Another approach which has been success-
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When more stars are used in pattern recognition,

larger errors are permissible in measurements of angu-
lar separations between the stars. Shaded area

gives approximate values for a 46° field of view and

a 999, probability of unambiguous pattern recognition.
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Seven steps in pattern recognition

1. Angle storage. Photomultiplier
transmits to computer pulses from
stars, also false targets and noise.

3. Target positions. The three pulses
from a given target define the polar
coordinates of its position.

5. Matching angular separations.
From a stored catalog, selecting star
pairs which have similar angular

separations.

p * P12 P2 P
% p2 ! 29 — 43 13—19 92 — 29
71 — 62 24 — 60
82 35 —80
8 -
WE B SR RS (N 3| by ¢ Al
SCANNER ANGLE ()
/i e :
3 6. Linking angular separations.
*

Searching for a linked triad among

2. Slit matching. Finding the three
pulses from a given star
Ai‘,=Q‘—@,
A.H\:@I\_Q\

Test condition: is Ajj=A = ¢0?

4, Angular separations. Computing
the separations of the stars based
on TAAS measurements.

the lists in step 5

29 — 43 43 — 92 92 — 29

7. Computing sensor’s orientation.

LR A
9| Gj Gk

a=right ascension, &=declination,
B=azimuth relative to north celestial
pole.

ful, especially when scintillation problems are
severe, is to discard the data and scan again.

Pattern recognition for a randomly oriented TAAS
requires detection of at least three stars. If only
two targets result from step 2, then e might be
increased to see whether a third target can be
found. In certain cases, where the pointing direc-
tion of TAAS is known to within about 57, two
stars are sufficient. When ¢, is too large and an
ambiguity remains after performing step 6, e, can
be reduced and the recognition program returned
to step 5.

A problem in star-pattern recognititon is
of the computer memory necessary to contain the
star data. At the minimum, the right ascension and
declination of each star must be stored. For a
typical system with 100 stars, about 4,200 bits of
memory are required, including star-identification
numbers. Ultimately, angular separations are re-
quired; the system may carry a list of these separa-
tions, or they may be generated from the data in
the basic star list. If the list of angular separations
is carried, the size of the computer’s memory is
enlarged but the solution time is reduced; if the
list is not available, the converse is true. Experience
indicates that a minimum list of angular separa-
tions is usually desirable; the list may include up
to 3,000 separations, depending on the size of the
optical system’s field of view.

The computer memory can be reduced by about
one-half if the star pairs are listed in order of in-
creasing angular separation, even if the separation
values are not included. An interpolation scheme

size
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then helps to approximate the location of the cor-
rect star pairs and to start a process of angular-
separation calculation, which becomes the basis
for more refined interpolation. This process is sim-
ilar to that of opening a book to a certain page. It
is not necessary to start at page 1. The list of
angular separations corresponds to the number of
pages; if the total is known, four or five attempts
will usually be sufficient to find the correct page.

Processing the sensors’ outputs

The pattern-recognition and navigation tech-
niques are complex enough to require the help of
a general-purpose electronic computer for data
reduction, The digital nature of the TAAS outputs
makes them ideally suited to digital processing,

The computer’s size, weight, power and reliabil-
ity depend chiefly on the speed and memory needed.
To estimate these, it is necessary to count the
elementary operations which the computer is likely
to perform while executing a particular task, and
to calculate the amount of data and number of in-
structions to be stored.

But what operations should be elementary, re-
quiring complex hardware? And which should be
synthesized by programing, increasing the size ot
the computer’s memory? This trade-off is illus-
trated in the chart below.

The practice is to synthesize with subroutines
all operations at the “sine” level of complexity
and above. Whether this shou]d be done for more
basic operations, such as multiply/divide, requires
further consideration of machine organization and
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the complexity of the problem to be solved.

Complex programs, such as recognizing patterns
of stars and determining a space vehicle’s orbit,
require a large computer memory, but can tolerate
slow solution. In contrast, controlling attitude and
position requires a high-speed computer. In prac-
tice, this can be accomplished only by selecting
a starting point such that the computer needs to
process only the incremental changes in the state
of the entire system. Such computers can be rela-
tively simple.

Two examples of very simple organizations (one
serial, one parallel) are shown on page 100. The
serial design is effected using only 14% as many
gates as required of the simple parallel design. How-
ever, the serial machine is a bit-by-bit device with
only eight fundamental instructions. Thus, even
such simple operations as the addition of two 24-
bit numbers must be constructed as subroutines out
of these bit-oriented instructions. In effect, a set
of such subroutines simulates a machine of higher
basic capability on the minimal machine. Then the
programing need only be accomplished using the
more sophisticated simulated machine. Programing
the original device for problems of the complexity
of those discussed here would be almost impossible.

In contrast, the parallel computer shown is
more powerful, containing even a multiply (but not
a divide) instruction. This increased capability to
perform more complex operations is achieved in
slightly over 500 gates, by two techniques: the
24-bit arithmetic is performed in 12-bit bytes, and
a “register file” is used. The register file eliminates
as many as four full-length (12-bit) registers from
the hardware by assigning them to specific loca-
tions in the memory. The resulting reduction in
complexity is achieved in exchange for an increase
in running time, caused by the need to refer to
memory several times during each instruction.

The two designs thus form an interesting con-
trast: the serial operations are so fundamental that
it was deemed too complicated to execute an add

SYNTHESIS OF MORE
COMPLEX FUNCTIONS FROM
LESS COMPLEX FUNCTIONS

MULTIPLY/
DIVIDE

JUMP/TEST/

LOGICAL
SINE/f—/LOG

*ﬂMATRIX INVERSE

PR/TAAC/ORBIT

ADD/SUBTRACT
/ SHIFT

b
S

RECONNAISSANCE/NAVIGATION

INCREASING TIME REQUIRED FOR SOLUTIONS

INCREASING COMPLEXITY OF OPERATION

-
-

Hardware vs. software. As machine’s logical complexity
increases, computation time is reduced at the
expense of additional computer hardware.
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Computer trade-offs for navigating along the moon’s
surface with TAAS. Increasing each computer’s
complexity reduces solution time considerably;
surprisingly, this tends to make the computer smaller
because the reduction of memory size is greater than the
increase in logic volume. This is true because most
aerospace computers require memories that occupy
609, to 809, of the design volume. In bottom graph,
as complexity of computer logic is increased,

memory requirement is gradually reduced. Problem
solution times refer to initial pattern recognition

and to three-axis attitude determination.

with hardware; in the parallel design, a multiply
could be included easily from existing, complex
functions. In the parallel organization, a little extra
hardware buys much more power than in the serial
organization,

An illustration of the data-processing problem is
provided by the TAAS’s potential use in navigating
on the surface of the moon, as described in the
panel on page 101. If several computer schemes are
compared as to logic complexity, memory size and
solution time, results of the type shown in the
diagram above will be obtained.

The block diagrams of the computers labeled
“minimum component” are on page 100. The La
Manna machine is a serial computer with 16 in-
structions designed according to principles laid
down by T. J. LaManna.* The fourth machine is
the CDC 5500—a high-capability space computer
for general-purpose data processing.

There are two boxes for each type of computer,
representing two versions; they indicate the range
of parameters for each type.

The class of digital computers discussed here
is simpler than the typical aerospace computer
under development. This is principally because the
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Serial vs. parallel organization of computer. Serial design is simpler but slower and
more difficult to program for problems of the complexity encountered in celestial guidance.

TAAS is a versatile instrument whose outputs are
readily convertible to meaningful attitude and navi-
gational information. This permits fewer subpro-
grams and fewer input-output channels, and results
in significant reductions in size, weight and power.
The type of computer required to process the out-
suts of a TAAS can be fabricated in less than 20
cubic inches, and will require no more than three
to four watts. Technological advances over the next
two to five vears are expected to reduce these num-
bers by about one-half.

Filtering signals from the sky

The electro-optical detection system is basically
a series of filters. As outlined in the first part of
the article, the optical system and photodetector
constitute a spectral filter for incoming electro-
magnetic radiation, and the scanner disk with its
slits is a mechanical filter. There are also two types
of electrical filters: digital and analog; the pattern-
recognition logic in the computer constitutes a
digital filter, and the filters immediately behind the
photodetector are analog.

The optical test bench for scanning the stars
is shown on page 96. The major design character-
istics of the sensor are summarized in the table
at the left.

In the rooftop experiment, the signal from the
photomultiplier contained two kinds of noise: shot
noise from the instrument itself, and optical “noise”
from the sky. The sky noise was mostly reflection
of lights from Minneapolis and St. Paul. The shot
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noise consisted of short pulses of random ampli-
tude; the sky noise produced a relatively continuous
signal that changed somewhat as the pointing
direction was altered, also changing slowly even
when the pointing direction remained constant.
Unwanted short pulses were removed by an
active low-pass filter with a constant phase shift
over the pass range. An active filter, rather than
passive, was chosen to avoid bulky inductors and
impedance-matching problems. The filter was a
modified sixth-order Bessel type, called a Paynter
filter; such a device has been described by P. J.

Hansen.™ The filter’s characteristics and operation

Sensor-design summary

1. Optical system

Objective diameter (inches)........... 1.8
FRUIIBOT: o3 % oo s s deimmb e s 1.1

On-axis blur circle (seconds of arc).... 20

2. Scanner system
Numberiof Slits..c . s« s« vavmmigseisma 3

Shane af slits .. ;¢ ou b s pbanmenos sk pie-section
Field of view (min. and max.).......... 16, 38
3. Detectjon system
Photemltipliercs . s « sash ssuemoeieemsess EMI 95148
quantm effiCientY s 5w s s o s momse 0.075
dark current (pulses per second). .. 300
(R U I e T e s AL e Paynter
Bias |&VETL. i < sivssivs vs ian o5 6 im s o mems = sinc floating
(on noise)
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Exploring the mqon

After a landing on the moon or on a remote planet,
a three-axis attitude sensor can be used for surface
navigation. Supported pendulously on a roving lunar
vehicle, the TAAS might quickly check position and
heading each time the vehicle stops. Early explora-
tion of the far side of the moon will almost certainly
require such celestial measurements.

For these measurements, the position fix is based
on astronomic coordinates represented by 1 on the
drawing. This type of measurement is subject to
local deflections of the gravity vertical, caused by
the irregular distribution of the moon’s mass, and
by physical librations which are on the order of 10>
seconds of arc. On earth, specifically in the United
States, average rms deflections of the vertical are
approximately five seconds of arc; deflections on the
moon are unknown.

An alternate method of navigating on the moon
is to sense the position of a satellite of known orbit,
perhaps the vehicle’s mother ship as it moves over-
head, as represented by 2. These measurements
can be used to provide the lunar vehicle’s seleno-
centric coordinates—based on the center of the
moon—and would not suffer detectably from errors
associated with local deflections of the vertical.

For another application, a pendulously supported
TAAS could be mounted on a lunar excursion module
for computing its coordinates relative to the orbit-
ing command-and-service module; these computa-
tions would be vital in planning a reunion in space.

A scientific application of TAAS is for comparing
astronomic coordinates with selenocentric coordi-
nates as a means of investigating geologic processes
on the moon. Comparative position fixes, made by a
roving vehicle, could be used to obtain a grid-type
measure of the deflections of the vertical in any re-
gion of the moon’s surface. By comparing these de-
flections with the topography, subsurface variations
in density could be studied; this principle is already
followed in geologic studies of the earth. These
measurements would aid considerably in attempts
to understand the relative role of meteoric and vol-
canic action in creating the visible features of the
lunar surface.

Photo courtesy of University of Chicago f

ress

are shown in the drawings and photos on page 102.

Background noise from the sky was controlled
by a threshold-detection system. Unwanted signals
were kept out by manually setting the detector’s
threshold higher than the level of background sig-
nals but lower than the level of star signals.

In various pointing directions, particularly near
a bright target such as the moon or the planet
Jupiter, the background signal was found to be
much stronger than in other regions included in
the same scan. Therefore a fixed-threshold setting
high enough to reject background signals in the
vicinity of the bright targets would also reject
taint but valid star signals in other parts of the
scan. The circuit provides a varying threshold-
control voltage that causes the detection threshold
to operate at a level slightly higher than that of
the background signal. The input of the variable
threshold control is the output of the Paynter filter.

The operation of the circuit can be understood
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from the block diagram on page 103. The signal
enters an amplifier, which clips any signal that is
more than a few tenths of a volt stronger than the
long-term average signal. Thus any fast-rise pulse,
such as the signal from a star, is clipped and, in
effect, removed from the threshold circuit,

This signal is passed to the threshold-shaping
unit, which operates as a fastrise, slow-fall auto
matic gain control. A constant of 2.3 milliseconds
was chosen for the rise time; this is about 10 times
the star signal’s pulse width and fast enough to
follow changes in background, but too slow to
respond to the clipped star pulses. The discharge
time constant was chosen to be about one-tenth
the speed of the attack time constant.

An isolator, shown in the block diagram between
the threshold-shaping circuit and the gain-control
circuit eliminates any positive feedback to the
signal amplifier from the reference return.

The gain-control circuit allows manual adjust-

101




Two key circuits of celestial sensor are low-pass filter . . .
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Active low-pass filter with constant phase shift

Response to 2.5-millisecond pulse

Low-pass filter for celestial sensor with
15-secand scan period and 2.3-milli-
second delay between input and output
signals. Graph at right shows frequency
response and phase shift. Oscillogram
at left above shows filter’s response

to a 2.5-millisecond pulse; upper trace
is filter output, lower is input.
Oscillogram at right above shows
circuit’s pulse-shaping and delay
properties; top trace is a noisy star
signal, bottom one is the amplified and
filtered pulse with a constant

time delay.

ment of the range of variable threshold control.

The manual bias control sets the direct-current
level from which the automatic control operates.
The d-c bias voltage and the threshold-control volt-
age are added in the operational amplifier labeled
“mixer.”

A detailed circuit diagram of the system is shown
at the top of page 103; below it at the right
is an oscillogram showing the effect of the auto-
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Star signal noise (bottom) and filtered (top)
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Frequency response vs phase shift

matic threshold control.

The relationships of the various members of the
analog detection system are shown in the diagram
on page 105. Typical oscillogram traces for test
points A, B and C are included.

This analog system sends three classes of in-
formation to the computer:

* The encoder reading at the time each star
entered the slit,
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Six steps in automatic threshold control

Star signal (top) detected through noise (bottom)

Automatic threshold control keeps detection threshold slightly above the level of background signal. Oscillogram shows
how circuit detects star signals through noisy sky background; upper trace is threshold-control voltage, lower is sky
background plus star-signal spikes. Note that threshold-control voltage ‘““follows’” the background, not the signal
spikes. For clarity, static position of automatic threshold trace has been displaced from its position relative to

background signal.

® The number of encoder counts that occurred
while the star was in the slit.

= A digital indication of the relative height of
the star pulse; this is obtained from a peak detector
and an analog-to-digital converter,

Experimental results

To evaluate the results of the rooftop experi-
ments, the output of a TAAS sensor was processed
on-line on a Control Data 160-G computer installed
about 100 feet from the observatory. Pattern-
recognition tests, based on random pointing, were
performed with real stars. To evaluate the system’s
potential accuracy in space, free from the degrada-
tional effects of the earth’s atmosphere, tests were
performed with an artificial star field.
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A computer printout, resulting from a single
scan of the sky from the roof of the Government
Systems building, is shown at the top of page 104.

The sensor was pointed at both artificial and
real stars, with various accuracies. Typical values
are shown in the table at the bottom of page 104.

Errors (o) in azimuth are significantly greater
than errors in latitude or longitude, as might be
expected with a sensor whose field of view was only
36°. With a larger field of view, the value of os
would have been smaller,

When a satellite or aircraft crossed the field of
view, the pattern-recognition technique discrimi-
nated successfully against these false targets.

Another class of problems was caused by the
earth’s atmosphere, particularly background radia-
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1. DATA ACQUISITION 2. SLIT MATCHING 5. ANGULAR SEPARATION MATCHING
ANGLE (ao = -+ 30 counts) (e, = == 6 minutes of arc)
DATA ENCODER A+ Qi g e a—b b—c c—d d—a
POINT NO.  MEASURE- b, B 7B 18971-18458 8833-6937  8302-8969  8302-4633
MENT e i3 17 6681-6029  8302-7078 19728-18971 5605-6937
1 9596 d. 12—15—16 22558.21332 10438.9947 10120-10438 10438-7543
2 35071 7543.7557 17374-14842 16942-16724 18144-19033
3 38900 23693.22677 10120-8633  9443.9886  1117-4427
4 40059 8969-8675  7557-10120 16953-16724 11105-9307
5 41359 17029-16618 16952-18809 20029-16268
6 42725 6960-8223 1400-3664
7 44438 6681-4688 18458-14842
8 47523 4041-2572 19656-22845
9 49442 16953-18809 27354.28295
10 51446 3. TARGET POSITIONS 127-32149 23693-26386
11 57005 (Radians) 17262-17179 20128-23708
12 58548 P © 18133-19607 8969-9307
13 60502 a. 0.21973  3.73095 25024.22677 8969-13506
14 61077 b. 0.26843  4.26115 6029-4427 25024-21982
15 61141 c. 0.23902  5.80209 17179-21332 19975-20926
16 63738 d. 0.31530  5.86282 20926-22845 13443-15340
17 63997 9307-10040
18 64792 4633-8941
4. ANGULAR SEPARATION 6. ANGULAR SEPARATION LINKING
STAR PAIR G a—b b—c c—d di—a
a—b 7 44 42 7543.7557  7557-10120 10120-10438 104387543
b—c 20 10 25
c—d i 28 16 |7 COMPUTED POINTING DIRECTION
18° d—a 26 53 25 Right ascension: a = 106° 26.490’
Declination: & = 44° 50.907’
—— Azimuth: B — 319° 27.240
it 8. IDENTIFIED STARS
G. C. No. Constellation Name m;, m.
a. 7543 B Auriga Menkalinan 1.92 1.90
b. 7557 O Auriga = 2.55 2.63
& 10120 a Gemini Castor 1.61 1.58
d. 10438 B Gemini Pollux 2.13 1.13
POINTING DIRECTION ASSUMPTION: S=NONE

Computer printout from a single scan of the sky made Dec. 1, 1965, at 2:37 a.m. Step 1 shows raw data from 16-bit
angle encoder (360° = 65,536 parts). Steps 7 and 8 show the stars which were recognized and the completed
three-axis attitude determination. In step 8 m, and m. refer to the blue and visual magnitudes of the stars detected.
Note in step 8 that the sensor detected Castor and Pollux, the twin stars that constitute the Gemini constellation.

tion caused by scattering of radiation from city
lights and by atmospheric turbulence causing scin-
tillation or twinkle.

The future of celestial guidance

What is the next step in the evolution of celestial
sensors? What effects will the TAAS and its as-

Type of star field

Type of error Artificial Real
e (loNBIUE). ol s sinics. os 3.8 26
ab (latitrdes e s aeimn e os 37 38
B (BZIMUER ). . s setesnbsesios e 13:8 97
Pointing errors:

SINIBIE-SCAM « 2 aivisiereivse olividbine was 5.3 46
B[00 1 R2Tors () i SR R s S 1.7 15

Pointing accuracy with artificial stars was 5 to 10 times
greater than with real stars; the main reason is the error
introduced by atmospheric effects which would be absent
in space. Errors are measured in arc seconds. Artificial
stars were matched with real stars in intensity.
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sociated computer have on future space systems?
Is the present state of computer technology ade-
quate to cope with the high information rates
of optical sensors operating close to their theoretical
limits? Some of these questions can be answered
accurately today; others must wait.

Certainly a next step in the development of
strapped-down celestial systems will be the fabri-
cation of a TAAS which is purely electro-optical,
containing no moving parts for any mode of ap-
plication. In the next few years small sensors with-
out moving parts are likely to achieve accuracies
to within one second of arc with apertures of
approximately one inch and with sampling periods
of one second. With a single optical element whose
field of view is 407, these sensors will be able to
recognize star patterns anywhere in the sky, and
provide a complete three-axis attitude capability.

Once approximate attitude control is achieved
with TAAS, improved systems will attain pointing
accuracies to 10 * second of arc with one-inch
apertures in a few seconds of integration time.
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This will be accomplished by information-limited
angle interpolation of optical images. Most passive
electro-optical sensors—such as star trackers—now
fall short of their information limit by several orders
of magnitude.

A great deal of progress can be expected in the
next few years in reducing the number of sensors
and the number of kinds of devices required for
space systems. The TAAS sensor already provides
solutions applicable to all 24 variables in the gen-
eral guidance problems. For example, a system
based on a strapped-down TAAS functions with-
out gimbaled star trackers or gyros. TAAS re-
places the star tracker because of its ability to
solve the pattern-recognition problem; it replaces
the gyros because of its high potential sampling
rate when using multiple-slit autocorrelation tech-
niques.

Other sensors can also be eliminated. 1f the
orbit is known, the system can control a space-
craft’s orientation relative to local vertical better
than horizon sensors can—and TAAS also controls
vaw. By using TAAS to sense the position of a
released test probe relative to the stars, autonomous
satellite navigation systems accurate to within 500
feet can be achieved. These would do away with
the need for ground-tracking or horizon-sensing
equipment.

Present electrical analog filters unavoidably de-
grade the observational data from stellar sources.
As the computer’s data-processing capacity is in-
creased, designers will be able to use purely digital
filters. Thus, each measurement of angle or time,
corresponding to a quantum event at the photo-
cathode, can be transmitted to the computer. Be-
cause of the intrinsic complexity of the statistical
hypotheses to be tested, digital data-processing
techniques can be used to improve the ability to
extract useful information from the radiation en-
vironment,
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One of the greatest needs is for optical com-
puters to which information can be transferred
directly from an optical sensor with no inter-
mediate electronic elements. The information at
the lens’s focal surface will then directly actuate
an alterable memory matrix in the computer. In
this way the boundary between the computer and
the sensor of electromagnetic radiation will begin
to vanish and one of the major bottlenecks in the
input section can be eliminated.

The evolution of guidance techniques has pro-
gressed from instinet to dead reckoning to inertial
guidance, The logical next step for space systems
is celestial guidance. The mechanical simplicity
and versatility resulting from application of modern
electro-optical technology makes the approach par-
ticularly attractive.
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ratings are available in 112", 2"
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Besides saving you valuable panel
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fast delivery, too. For free descriptive bulletins describing G.E.’s full line of panel meters, write

General Electric Co., Section 592-25A,
Schenectady, New York 12305.
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to bring in his kit (with samples) detailing
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base laminate is FORMICA® brand copper
clad laminated plastic, FR-45—documented
reliability. Pre-preg has resin specifically
developed for use with FR-45 . . . has in-
organic additives which increase thermal
conductivity of laminate; OKs use of thin

circuit lines, thin copper foil, dense packag-
ing. And circuit pads hold tight for accurate
registration . . . no slippage. Go ahead and
weld or solder: bond holds. Reliable circuits
. . . resin stays viscous (but not watery) to
fill around all elements. Many tiny, closely-
spaced holes to drill? Your Formica rep
can tell you how. Also how you can use one
laminate (instead of 4) for G-10, G-11, FR-4,
FR-5 requirements. Write, Dept. ID-5.

industrial plastics

Leadership through innovation « FORMICA CORPORATION- Cincinnati, Ohio 45232 subsidiary of —_ € vaNAnM 1D —

FORMICA® is our trademark for various products, including our brand of laminated plastic.
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Circuit design

Using transistor circuits
to multiply and divide

They effectively employ the transistor’s
current-voltage characteristics to

raise numbers exponentially and extract roots

By George E. Platzer Jr.
Chrysler Corp., Detroit

Because a pn semiconductor junction exhibits a
logarithmic relationship between current and volt-
age, it can be exploited to perform calculations
such as multiplication, just as a slide rule does.
Since the junctions may be used to take antiloga-
rithms as well as logarithms, it is possible to mul-
tiply, divide and raise to exponents in the loga-
rithmic domain by simple addition and subtraction,
Thus, in instrumentation and control systems, tran-
sistor circuits can perform the same function as a
slide rule, but with the advantage that the mathe-
matical operation is performed continuously and
rapidly as the input quantities change.

Although there are other electronic ways of per-
forming analog operations, these transistor cir-
cuits"? generally have advantages of simplicity,
accuracy and faster response time. For example,
conventional servomultipliers, which use ganged
potentiometers to perform multiplication, operate
more accurately but the frequency response is gen-
erally poor. Other devices require complex circuits.
Analog circuits most closely equivalent to transis-
tor circuits in performance utilize Hall effect de-
vices and magnetoresistors. Compared with these,
the transistor circuits are generally more accurate
and less sensitive to temperature,

The author

George E. Platzer Jr. heads the
physics group of Chrysler Corp.’s
physics-instrumentation research
laboratory, where he directs

the development of solid state
circuitry for automobiles.

His background includes degrees
in physics and in electrical

and automotive engineering.
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Engineers at the Chrysler Corp. use the transis-
torized computers for controlling the input energy
of a resistance welder, for calculating the average
of squared values and root mean square values, and
for direct computation of efficiency and slip in
mechanical systems. In the welding application, a
multiplier computes the instantaneous power de-
livered to the weld area. The frequency response of
the multiplier is high enough to respond to the
transients caused by the welder’s phase controlled
transformer. Within limits, the circuit is able to
compensate for line voltage variations, electrode
wear, and dimensional variations of the workpiece,

Log and antilog

The basic principle of the electronic slide rule is
that for low-level input signals, the current and
voltage in an ideal diode junction are related by

ay av
kT KT .
I=1Ig(e — 1) =Ige (1)
where I = the diode current in amperes
Iz = the diode reverse-saturation current in
amperes
V = the voltage across the diode in volts
( = electron charge in coulombs
k = Boltzmann’s constant
T = temperature in degrees Kelvin

At the current levels used for logarithmic compu-
tations, the approximation in equation 1 is in error
by less than 1 part in 10 million.

The diode’s saturation reverse current, Iy, is tem-
perature sensitive and is given by?

T L4 By (_L_l)
W k. M T
Ir = Igo | v e ! " :
11)

where I is the reverse saturation current at tem-
perature To in amperes and Eg is the energy gap

(2)
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of the material at 0° Kelvin in electron volts.

Taking the logarithm to the base ¢ of both sides
of equation 1, and rearranging terms results in

log. LI . (3)

IR kT ki
From equation 3 are derived the two fundamental
statements expressing the characteristics of an idgal
diode junction:

= The voltage across the diode is proportional
to the logarithm of the current through the diode.
The corollary to this statement is:

= The current through the diode is proportional
to the antilogarithm of the voltage. For an ideal
transistor, the foregoing is reworded to read:

The base-to-emitter voltage of a transistor is
proportional to the logarithm of the emitter cur-
rent. As a corollary statement:

The emitter current is proportional to the anti-
logarithm of the base-to-emitter voltage.

Simple multiplier

The multiplier circuit on this page won't work
well in practice, but it clearly shows the principle
of the slide rule. Input currents I, and L. flow
through diodes D; and D.. The voltage across
each diode is proportional to the logarithm of the
current. Because the diodes are in series, the volt-
age at the emitter-to-base junction of the tran-
sistor Q is proportional to the sum of the logs or
equivalently to logI;iI.. By the corollary statement
already given, the emitter current is proportional
to the antilogarithm of logI;I. or simply to Iil..
If the junction characteristics are ideal and the
transistor has infinite current gain, the multiplica-
tion is exact and the collector and emitter current
are proportional to the product of the diode cur-
rents.

With a bit more complexity, the circuit can be
made practical with excellent accuracy. As a multi-
plier operating over an output range of 500 micro-
amperes to 5 pa, maximum error is about 0.5%
full scale, while the maximum absolute error at
any point is about 2% of the reading. In other
words, accuracy is maintained even at the low end
of the current range.

Transistors and diodes

Characteristics of transistors and diodes must
be more closely examined to select devices that
will function properly in practical circuits; diodes
are not suitable in this application.

In these computing circuits, the junction device
must exhibit an exponential characteristic over
an extensive range of input voltages or currents.
Since equation 1 is for an ideal junction, it does
not indicate any bound on the exponential region.
However, series resistance within the junction
modifies the exponent in equation 1, preventing
the device from operating ideally. In addition,
the value of the exponent also varies with current
density and temperature. All these factors limit
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In simple multiplier, the voltage across
D: and D. is proportional to log, I.l..
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Diodes and transistors exhibit exponential character-
istics represented by linear section of this semilog

plot. Transistor curves, in color, have a slope equal

to qV/kT. Reference line parallel to transistor curves is
computed from equation | for an ideal junction at 298°K.

the range over which practical junction devices
will exhibit an exponential characteristic.

The departure from ideal operation is illus-
trated above in the graph, which plots the voltage
current characteristics measured in several com-
mercial diodes and transistors. In this semilog-
arithmic plot, the exponential regions are repre-
sented by the linear segments of the curves. Since
the silicon planar epitaxial transistor is linear over
three decades of current, it is used in the output
of the multiplier circuits.

In a transistor, a linear semilogarithmic relation-
ship is possible only at relatively low-power levels.
This happens because a few milliwatts of collector
dissipatian are sufficient to increase the junction
temperature and to make the emitter-base letalgv
a significantly strong function of collector dissipa-
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Multichip transistor multiplier contains four
silicon planar epitaxial, pnp transistors in a TO-5 case.

tion, as well as current. However, using a tran-
sistor to take the antilogarithm of a voltage pre-
sents no problems as long as the base-to-emitter
voltage is scaled to the capabilities of the tran-
sistor.

Though they may have a large exponential re-
gion, commercial diodes are not suitable for an
application in these analog circuits. The primary
reason is that the value of the exponent in equation
1 is smaller than the value for transistors. A differ-
ence in exponents is represented as a change in
slope in the graph on page 110. In a multiplier
circuit, this would mean that the output would be
proportional to some power of the input, rather
than to the product.

Therefore it is necessary to find a device that
has an exponent that matches that of the tran-
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sistor. Although conventional diodes do not qual
ify, the emitter-base junction of the transistors
niight qualify, but the exponential characteristics
are satisfactory only at extremely low-current
levels.

The solution is to operate a transistor as a
diode with the collector connected to the base, so
that Vo = Vpgg. Operated in this manner, the cur-
rent-voltage characteristics is substantially the same
as the amplifier connection. This occurs because
the collector-base barrier potential is still large
enough to collect the charge carriers that diffuse
across the base to the collector. Although the
collector-to-emitter voltage is lower than usual,
currents and voltages at the terrninals have the
same range of values found in normal amplifier
operation.

Transistors that have been tested and found
satisfactory for this application include silicon
planar epitaxial types 2N3053, 2N1711, 2N2904 and
2N2905A. In the multiplier circuits, only the output
transistor must have high current gain. One multi-
plier has beeri constructed in the multichip tran-
sistor in the photograph at the left. Called the SC-
286 it is manufactured by Motorola Inc.

Multiplier theory

A more exact multiplier circuit at the top of page
112 is similar to the simple multiplier, except that
transistors are used in place of diodes. The output
current I, proportional to the product I;I,, is de-
termined using the basic equations.

From equation 2, the sum of the voltages across
the diode-connected input transistors

Vi+ Ve = kql log. LI

IRllR‘Z

where Ip; and Ips are the reverse saturation cur-
rents of Q; and Qs
Taking the antilogarithm

a(Vi+Vo)
LI = Ipidgee ** (5)
For the output transistor Qs,
aVBE
IE = IREG J‘T (6)

where Ij; is the emitter current and Igy is the re-
verse saturation current of the output transistor Qs.
From the diagram on page 112

\'Bli = \'1 + ‘YQ (7)
Substituting equation 7 into equation 6, and the
subsequent result into equation 5

e —112% LI, ®)
Because Iy = Ip/a )
T, = 288 1y (10)
Irilge
where « = common-base current gain
111
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Practical multiplier adds circuit consisting of Q.
and its current supply to permit increased
input levels and to provide thermal compensation.

For equation 10 to define a useful multiplier. sig-
nal currents I, and 1. must be independent of the
output circuit. This occurs if the current gain, f,
of the output transistor, Qs, is high so that its
base current is much smaller than the signal cur-
rents, I; and L. Ideally, I;; should be zero.

Even this multiplier circuit may not be entirely
satisfactory. First, all the transistors may not
operate in the same current range. This occurs
when the same type of transistor is used for- gen-
erating both the logarithm and the antilogarithm
values. Secondly, to operate with reasonable cur-
rent levels in the logarithmic region of the tran-
sistors requires input and output currents of the
same order of magnitude. This requirement can-
not be met with this configuration. For example,
it 1 ma is set as the upper limit of output current,
the circuit at the top of the page would allow maxi-
nmium input currents of only 0.01 pa in each of the
input transistors. This is easily seen on the graph
on page 110, which shows that Vi must be ap-
proximately 0.6 volt at 1 ma.

For equal voltage across each of the input tran-
sistors, Vi would only be 0.3 volt. The current
at this voltage is about 0.01ga. This is not only an
unreasonably low signal current to work with, but
it is also comparable to the base current of the
output transistor. This difficulty may be avoided
by increasing V; and V. and using a constant
series voltage in the circuit to subtract from Vy +
V.. If each of the input currents is 1 ma, V; and V.,
each will be about 0.6 volt. For Vy;, to be 0.6 volt, a
bucking voltage of 0.6 volts must be provided.

112

Another difficulty—indicated by equation 10—
is that the highly temperature-dependent reverse-
saturation currents are unbalanced since they ap-
pear once in the numerator and twice in the de-
nominator. This will make the multiplier tempera-
ture sensitive. Using a transistor for the bucking
voltage source compensates for the temperature
dependence.

In the lower circuit, left, which incorporates
these improvements, current I, is maintained con-
stant. Following a procedure similar to that used
to develop equations 4 to 10 results in

algplgy

IRIIR‘_'I:<

where Iy, is the reverse saturation current in the
diode-connected compensating transistor Q..

Now the saturation currents are balanced, and
I is reduced as compared to equation 10 for
given values of I, and L.

This multiplier will be stable and accurate over a
wide range of currents and temperature,

Equation 11 indicates that if T; or I are constant,
and I is a variable signal current, the multiplier
may operate as a ratio or dividing circuit, in which
the output current is given by

Ic = I 1. (11)

gIR ]‘i?{vir 711

[ = S 5
; I I;

(12)

As a divider, the output current, I, decreases as
the signal current, I, increases. As a result, both
range and accuracy are reduced because the base
current may become a significant part of the input
transistor current. However, good accuracy can still
be maintained over a 20-to-1 range.

Another valuable operation is extracting roots.
The circuit at the bottom of page 113 will pro-
duce the square root of an input signal, Ix. Diode-
connected transistor Qy is placed in series with the
emitter of Qy to make the output circuit perform
the square root operation. Current I, is constant.
Transistor Q. provides thermal equalization and
balances the voltages in the input and output cir-
cuit. The input circuit acts as a multiplier so that

\'1 "Jr‘ \b-g o l();.’,'f Ing (13)
where V; and V. are the voltages across Qg and Q.
and o is the proportionality symbol. V,4-V,
equals the sum of the base-to-emitter voltage drops
across Q; and Q,. The voltage drops across each
of these transistors is proportional to the log of the
collector current developed by Q.. Therefore

Vi -+ Ve « 2log. Ic = log: (1e)? (14)
Since 1. is constant, combining equations 13 and
14 results in

(Ic)? = Ix (15)

More exactly, the collector current is

S
Tpiplpds | :
el B S (16)
IRlIR'l

where Ipy is the reverse saturation current of Q.

I =«
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Generalized logarithmic computer

A valuable feature of this transistorized slide
rule lies in its ability to perform combined opera-
tions of the basic functions. For example, the cir-
cuit shown below will perform the computation
/XY/Z. which is useful in computing mass flow
of a compressible fluid. In this circuit, Q; and Q.
form the log of the product Ixly; Q; subtracts the
term loge I,; and Q, and Q; perform the antilog
and square root operation.

A generalized statement of the operations that
these circuits can perform is

7 = == ; CLT)

It m is the number of multiplying factors, there
must be m transistors connected in such a way as
to increase conduction in the output transistor when
the signal current increases. If n is the number of
dividing factors, there must be n transistors con-
nected in such a way as to decrease conduction
in the output transistor when the signal current
increases. If r is the order of the root to be taken,
there must be (r-1) transistors in the emitter circuit
of the output transistor connected so that the
emitter current flows in the forward direction for
that element.

The number of diode-connected transistors re-

6 1. N
c
\[x_/ Q
Q4
Qe 4@02 "3
Qs
% <£ 203
JI
+'—
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Functions of the form \/ vy » are computed by combining
the multiplying circuit Q, and Q., the dividing circuit
Q. and the square root circuit, Q, and Q..
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Square root of the input I« is produced by transistor Q.
in series with diode-connected transistor Q..
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required for temperature stabilization will be equal
ton -+ r — m, If this sum is positive, the compen-
sating transistors are connected as multipliers:
if the sum is negative, they are connected as di-
viders, The constant current through the compen-
sators is made large enough to assure that all the
transistors are working in their logarithmic range.

A four-quadrant multiplier.

All of the. circuits shown so far have been one-
quadrant types in which only positive signals are
accepted and only a positive output is available.
With the multiplier circuit on page 114, four-quad-
rant operation can be obtained. The circuit consists
of two basic multiplier units connected together.
A bias current I;; must be supplied to each of the
input transistors and inverted signal currents to
one side of the unit. Summing the individual output
currents in the load resistor vields

IL = I(‘l I IC‘_’ = |2 (I]‘.i): i 1112] Iil

where K; is a function of the saturation currents
that are assumed equal for both sides of the circuit
and I;, is the load current. The product may, of
course, be easily separated from the constant term

2(I)>
Sources of error

The capabilities and limitations of the circuits
depend on the simplifying assumptions that were
made. In the development of equations 4 to 10 it
was assumed that:

» Transistors are accurately described by equa-
tions 1 and 2;

* Transistors are all operating at the same tem-
perature;

* The base current of the output transistor is very
small compared with the input currents; and

® The current gain, g3, of the output transistor is
constant.

In addition to these assumptions, system capac-
itance and its effect on frequency response have
been ignored.

Silicon planar transistors, have been proved best
for these applications. Equation 1 is accurate in
the forward conduction region if a saturation cur-
rent is calculated from some point in the linear
semilog portion in the graph on page 110. At 27°C,
the slope of the exponential region is approximately
59.5 millivolts per decade of current and is nearly
the value predicted by equations 1 and 2. As the
temperature increases, the slope decreases, as indi-
cated by the graph on page 114,

There are also slight slope variations at a fixed
temperature and from one unit to another. For in-
stance, at 25°C, variations in excess of a millivolt
per decade of current have been observed among
several units. In addition, the change in slope with
temperature is not always uniform.

At a fixed temperature, a difference in slope of
I millivolt per decade of current between a multi-
plier’s input and output transistor causes an abso-
lute error of 4% over a decade of current. To
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Four-quadrant multiplier performs multiplications

for any combination of negative and positive inputs.
Circuit consists of two multipliers connected in

parallel. I;:; is a bias current.
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Increasing temperature shifts the transistor’s
exponential characteristics and also reduces the slope.

minimize this kind of error, it is necessary to care-
fully match the transistor’s slope.

Furthermore, if the device is to work over an
extended temperature range, matching will also be
necessary at the lower temperatures, where slope
variations are particularly accentuated. However,
from 0°C to 100°C, slope variations in the absence
of any special matching results in a 0.02% change
in the output current per °C.

Reference shift

Another effect arises from the different transistor
temperatures in a given circuit. At a constant cur-
rent, the diode voltage shifts approximately —2
millivolts/“C as indicated by the graph directly
above. If a one-degree difference exists between
an input and output transistor, the reference point
will shift by about 8% resulting in an error in the
calibration of the readout.

To prevent a reference shift, all transistors are
placed on an isothermal mounting pad. This pad
is either an anodized aluminum-block, drilled to
accept individually packaged 