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Only Honeywell Offers 

Tomorrow's Breed of I/C Computer ... 

. . . And They're Being Delivered Today! 
l / C construction ... 16-bit word ... 960 nano
second speeds . . . strong software support -
unprecedented computer capability in a low cost 
compact. And these are only some of the features 
that put Honeywell, Computer Control Division's 
two new µ.-COMP machines in tomorrow's computer 
class today. 

THE DDP-516, at $25,000, is the most advanced 
l/ C 16-bit computer now available . Both hardware 
and software are already operational. Hardware 
includes high-speed multiply and divide (optional), 
a 4096-word memory (expandable to 32K), 960 
nsec cycle time. The command repertoire includes 
72 instructions with such capabilities as byte 
manipulation, skip-branch conditioning, and exten
sive memory reference and control. 

250 field proven programs are available with every 
DDP-516 ... including ASA FORTRAN IV compiler, 
selectable one- or two- pass assembler with a 
unique DESECTORIZING loader that lets you ignore 
memory restrictions. DDP-516 delivery: about 120-
days depending on configuration. 

SEE US AT SJCC 

THE DDP-416, at $16,900, was engineered for a 
price/ performance ratio that can't be beat by any 
other on-line rea l-time computer. Hardware features 
include a 4096-word memory (expandable to 16K), 
960 nsec cycle t ime, 1.92 µ.secs add, with indirect 
addressing. 

A 30-command repertoire, priority interrupt and 
power failure protection are standard. Both the 
DDP-516 and the DDP-416 may be mounted in 
standard 19" racks. Best of all, if you decide to 
get the more powerful DDP-516 in the future , you 
can continue to use your DDP-416 programs 
because of direct compatibility. DDP-416 del ivery: 
third quarter, 1967. Write today for information on 
both µ.-COMP computers . You can't go wrong with 
either one. Honeywell, Computer Control Division, 
Old Connecticut Path, Framingham, Massachusetts. 

Honeywell 
Q COMPUTER CONTROL 
~ DIVISION 
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NEW! 
OMNl·COMS* 

DIP CONNECTION! 

,. 

*TRADE-MARK 
PAT. PENDING 

What kind of ad about 
new DIP connections 

doesn't even show them? 

DIP (DUAL IN-LINE PACKAGE) 
is the new code-word of the industry 
meaning "the most sophisticated 
extension of integrated circuit flat
packs yet evolved;" and we have 
developed 2 new equally exotic con
nections to pace this state-of-the-art. 

OUR OMNI-COMB* DIP Con
nection (based on our universally
accepted Omni-Comb*) provides 
even greater density and more nim
ble application for single or double
sided card back-panel wiring. This 
should intrigue you. It costs a lot 
less. This should convince you. 

This kind. 
OUR SERIES 8358 DIP SOCKET 
is a 14-contact connector with .025" 
square tails for wire wrap applica
tions. Its contact noses will mate 
with every known dual in-line pack
age presently available. This should 
excite you. 

WHY NOT SHOW THEM? Be
cause, unfortunately, one picture 
does not speak ten thousand words, 
and cannot reveal the "inside 
stories" these products' outside 
shells conceal. Such as detailed 
design, versatility, performance and 
reliability. However we will be 

delighted to send you complete tech
nical data; and if you insist, photo
graphs. This should invite you. 
Write? 

RELY ON THE RELIABLES 
BY REL YING ON ..• 

ELCO CORPORATION : Main Plant and Administrative Offices. Willow Grove, Pa. 19090 ; 215-659-7000; TWX 510-665-5573 
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Low cost 
(only $195.00) 

Small size 
(3" x 4" x 4") 

High reliability 
(fewer parts) 

_rea 
"Ba 11 Sensing" 
Tape Reader 
A sensing design breakthrough by lnvac means Tape 
Readers are now available for only $195.00 (less standard 
discounts) with sma ller size and inherent high reliability 
as extra bonuses. The Model R-360 utilizes a unique 
"reading" method, "Ball Sensing", and accommodates 
5, 6, 7 or 8 channel tapes (paper, mylar and aluminized 
mylar) at speeds up to 60 characters per second. 

lnvac's new Tape Reader is completely sel f contained 
... no motors or clutches used, direct logic level outputs 
... no amplifiers required . The tape transport mecha
nism is positive-indexing, solenoid-actuated, and operates 
asynchronously from 12, 26 or 48 volt D.C. sources. 
The Model 360 is available as a separate component, 
mounted on a 19" panel, or with a panel-mounted tape 
handler. 

Write for the Model R-360 Technical Bulletin 

/T'S INVAC FOR ADVANCED PERIPHERAL EQUIPMENT 

I 

i IMVAC 
CORPORATION 

26 Fox Road, Waltham, Mass. 02154 Tel. (617) 899-2380 
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Now Cheaper by the Billion. 
Introducing the Bryant Series 4000-2A real time mass memory system. 
It can store 3.8 billion bits. The largest single unit disc file capacity in the 
world. And by far the lowest costing random access system available 
today. All data is on-line, available within an average of 100 milliseconds. 
A basic cabinet offers mod ular growth to capacity. Environmental 
control reduces maintenance to a minimum. Dual access option offers 
increased throughput. The 2A joins 190 Series 4000 files operating all 
over the world. Deliveries begin in November, 1966. But don't wait 
till then. Call your nearby Bryant Application Engineer now or write: 
850 Ladd Road, Walled Lake, Michigan 48088. 

BRYANT 
COMPUTER PRODUCTS 

,....XLO~ 
~~ 

£X- CELL· O CORPORAT IO N 
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_ .... - all the fle1lblllty and performance of an ._ ...... ._:.:. 
1111nl8 and rellalale DC blnob top analyzer 

wo dependent 10x40 crossbar 
rQild JM~.tltcltn enc na prov de up to 40 tests 
~- 'lllltlboalt n1-1n'Olllrarr1mlrur. For example It's now 

qu ck and easy to c:t.:k 10 pi device usina four completely 
without reMlt na any switches to advance 

the test from .,.n to- or pt"Olt8m to program Addlt1onal flex1 
b lity allows the built n DVM to easure current on one pin of 
the device end voltqe on another-all pre programmed. 

Universal Test Adapters Th u1h use of universal test adapters, 
the MICA 150 s detilMd heck ICs accordant to the number 
of p ns of a perticu ar package not device or circuit type Adap· 
ters are available fo dJode tra or TO 5 flat pack, dual an· 
lane and other paclul&e conft1urat o s, and can also be provided 
for Kelvin connections. 

Accurate Dlcltal~ Spec lly designed for the MICA-150 
analyzer the bu It n Of8ibl Volt Ammeter hes a conservatively 
rated readout accuracy of 0 1 with a four digit display. Other 
features include automatic ran1 ng and polarity selection, self· 
calibration, automatic voltage or current readout selection. Meas· 
ures currents as low as 1 nanoamp voltages to 1 mv 

Modui.r Desflq Modular conltruction allows users to select an 
economical ~ without obsolescence problems. 
Maximum capacity of eight fun n 1enerators permits later ex 
pension inc udin1 modules for AC and pulse testm1 without 
additional odfficatlons. 

Van.ible Soak nme Marginal device operation CllR:•ill 
detected throUlh uee of an ~bte 
which provides a period for thermal ltlbH 
measurement A continuous position on the 
parameters to be varied whlle observlnl N8Ults.. 

Precision, Wide Ranp Power SUpplles H lhly 
phes ut1hze multi tum calibrated potentiometer CD111trcila1i 
high resolution and repeatability Constant cunwtt 
are continuously variable from 0.100 ma with VOftaele 
pliance adjustable to lOOv Constant voltage su 
vanable from O.lOOv with automatic current I mltfns to 
ma to provide device protection. 

,--ou1CK ACTI 
I 
I Detailed technical literature on the MICA-150 
I be mailed Immediately upon receipt of this req 

I Attn.: A. N.,..a ln19, M ...... 
Computer Test CerperatlN, 1'llr9I ........, Idle 

I C11enJ Hiii, NJ. 010S4 • PllHt: (609) --

I Nam I .._~~~~~~~~~~....,.~~ 

I Company~~~~~~~----":"-"~..-~ 

I AddnJH~~~~----..~~~~~ 
! Clty~~~~~~-...i~~ ....... ~.ap.;.~~ 
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Are we handing you a line? 

Yes. The biggest in the world. • • 

Reads everything but tea leaves. 
For-Digital-Analog-Instrumentation & Testing 
-Industrial Control-Batching, Conveyor, Stack
ing, Molding, etc.-Aerospace-Military-Civil 
Service Applications. 

Our line includes models for all size cards and can 
meet any price objective-0. E. M. or commercial. 
We match card readers to existing circuits and 
systems for every application and environment 
from office to plant to field. If none of our many 
models can do your job, we'll modify one so it 

will. And still produce it in volume. And deliver 
it and service it anywhere in the world. 

AMP Incorporated, worldwide leader in electricai 
interconnection and packaging, now offers the 
world's widest line of card readers for E. D. P. 
With many different models, from simple badge 
readers to soph isticated reader/imprinters, AMP 
stands ready to ~upply you with card reader 
products in volume-backed up by traditionally 
superior construction and engineering. 

Put your ideas into action with the help of AMP Engineering ... Worldwide AMP 
INCORPORATED 
Harrisburg, Pennsylvania 

CIRClE NO. ~ ON INQUIRY CARD 

Circle No. 7 on Inquiry Card -



the WOVEN PLATED WIRE MEMORY 

Keep in mind: its thirteen advantages apply 
equally to military ;commercial computer, 

telemetry, and data-handling systems. About 
the memory plane shown at left: 2,592 

non-destructive readout (NDRO) bits. 
Completely potted to withstand aero
space environments of shock, vibration, 

and temperature. Ultra-high-speed, low
power operation. • Keep General Precision , 
Inc., Librascope Group in mind to stack some 
planes or supply a complete system for your 
next memory application. Plated, woven, and 
fabricated in the U. S. A. Write for brochure. 

COMPONENTS DIVISION 

LIBRASCOPE GROUP 
1100 FRANCES COURT • GLENDALE, CALIFORNIA 91201 

Telephone (Area Code 213) 245-8591 • TWX 213-240-2165 

SEE IT AT BOOTH #1201 • Sprins Joint Computer Conference• Also on display: Disc Memories, Shaft Encoders 
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FABRl-TEK 
OFFERS 
TODAY'S 
BROADEST 
MEMORY 

Fabri-Tek's business is· electro-magnetic memories. Core stacks or systems, ZYz D 
and 3D organization, thin film systems, low-cost systems with "off-the-shelf" deliv
ery or special designs, Fabri-Tek does it all. 

But offering the widest possible product range is only halfway to leadership in 
memory technology. Research and design capability is the rest of the way, and 
Fabri-Tek is advancing the state of the art. 

Symbolic of leadership is the fact that Fabri-Tek now is stringing cores at the 
rate of 40 per second or a billion per year. That's a lot of customer-confidence. 
By the way, an added benefit is price. Stringing that many cores that fast helps 
attain lowest possible cost per bit. 

21120 STACKS: FABRl-TEK led the way with 21/20 
more than two years a~o. Speeds to 650 nano· 
seconds. Unique low-noise design and manufac
turing techniques. 

CORE MEMORY SYSTEMS: Speeds from 500 nano· 
seconds to 10 microseconds, 21/20 and 30 orga
nization. Use of integrated circuitry . Custom 
performance at " off-the-she lf" prices. 

SEE US AT THE SJCC. AREA D. 

MASS CORE MEMORY: 21/20 mass core storage at 
less than 2 cents per bit for 20,000,000 bits . 
Cycle times at computer speeds . 

30 STACKS : FABRl-TEK is the world 's major pro· 
ducer of 30 stacks. Get 1 microsecond or slower 
with everyday delivery . Now shipping 200 per 
week . 

THIN FILM SYSTEMS : Scratchpad to main mem
ory . FABRl ·TEK has delivered many 300 nano· 
second systems for commercial and military 
applications and is the only manufacturer sup
plying a large thin film system to a computer 
manufacturer for main memory. 

FABRl-TEK LEADS IN MEMORY TECHNOLOGY 

5901 South County Road 18, Minneapolis, Minnesota 55436 • Phone: 612-935-8811 • TWX: 910-576-2913 

CIRCLE NO. 8 ON INQUIRY CARD 
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The only 24-bit 
real-time computer with 
a concurrent floating paint 
arithmetic unit. 

Our SEL-840A is the only computer in its class that offers an independent, 
concurrent, extended arithmetic unit (EAU) with a complete set of 22 addi· 
tional hardware commands. The EAU performs 11 digit floating-point calcula
tions as wel l as single and double-precision fi xed-point calculations. 

Twenty percent less expensive and with twice the throughput (572K words/ 
sec.) of its nearest competitor, the SEL-840A also has the first real real-time 
monitor on the market today. Delivery: 60 days. Price: $54,500. 

For further information, write fo r BULLETIN 9056A, or contact Systems Engi
neering Laboratories, Inc., 6901 West Sunrise Blvd ., Fort Lauderdale, Fla. 
33310. Area Code 305-587-2900. Offices also in Washington, D. C.; Los Ange
les, California; Boston, Massachusetts; San Francisco, California; Cleveland, 
Ohio; Houston, Texas; Huntsville, Alabama; and Orlando, Florida. 

Systems Engineering Laboratories 
CIRCLE NO. 9 ON INQUIRY CARD 
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The Peripheral People announce 
a 200 cps perforator. It's fast CD 
reliable ® easy· to maintain ® 
modular @ accurate ® 
inexpensive® and available (J). 
Any questions? Speak, deniand, 
we'll answer@. 

G) Asynchronous. @ So good, we use it ourselves. NCR 
kn ows electro-mechanics . @ Two moving parts per 
punch channel. No moving parts when unit is on but not 
punching. @Available in three sections : perforator, 

media handler, electronics with validity check. @ Validity 

rather than parity check inhibits media movement and will 
not punch if power is lost. @ Lowest cost, most reliable 
high performance perforator on the market . (j) From 
three to six months. After August, two to four months. 
@ Macbeth, Act IV, Scene 1. 

10 

® 

CR 
THe 
PenPHeraL r ~
PeOPLe ~,... 

Card Readers, Tape Punches, Tape 
Readers, Printers , MICR Readers , 
CRAM (Card Random Access Memory) 

THE NATIONAL CASH REGISTER COMPANY • INDUSTRIAL PRODU CTS DIVIS ION • DAYT ON , OHIO 45409 
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Do you insist on efficiency and reliability while Keeping 
costs at rock bottom? Great ... because UL TRONIC 
has the Data Communications equipment that meets 
both requirements. Here's what we mean! 

Reader Service No. 20 

ULTRONIC® MULTIPLEXING SYSTEMS utilize stand
ard teletype equipment and a single voice-grade 
phone line to increase data volume transmission by up 
to 20 times .. . to reduce TTY line charges by as much 
as 10 times. 

Reader Service No. 21 

Reader Service No. 22 

ULTRONIC MAGNETIC TAPE TRANSMISSION 
TERMINALS transmit up to 4800 BPS on voice-grade 
lines ... up to 40,800 BPS on Telpak lines, and can 
handle any 8 level code. Provides error detection and 
correction. 

Have we made our point? Well ... there's a great deal 
more, and we'd like to tell you the complete story. Just 
drop us a line or call us at 609/663-0712. 

ULTRONIC DATA PUMPS™ sell for only $460 ... 
less than one year's leasing cost for Bell's 2020. Solid
state reliability permits these DAT A PUMPS to transmit 
or receive up to 1200 BPS over voice-grade lines with no 
error, virtually no maintenance. Only 10X" x 7" x 5X". 

ULTRONIC SYSTEMS CORP. 

0 
DATA COMMUNICATION PRODUCTS 

7300 N. CRESCENT BLVD., PENNSAUKEN , N. J . 08110 

Telephone: 609/663-0712 

DATA COMMUNICATION SYSTEMS • SYSTEM MODULES • KEYBOARDS 
CIRCLE NO. 23 ON INQUIRY CARD 
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SEE US AT THE 

SPRING JOIN T 
COMPUTER CONFERENCE 

APRIL 18. 19 & 20 

End high leasing costs forever with Midwestern's M4700 seri es digital tape transports. Designed as direct replacements for 
primary leased transports, the M4700 is ready immediately to become a part of your on-l ine operation . No conversion is neces
sary. The 1-0 connectors are exactly the same. So are the 3-phase power connectors. And the control electronics are completely 
compatible. Just slide it in place and plug it in. The M4700 is ready to start saving your company thousands of dollars per yea r. 

You can own an M4700 outright for approximately the cost of 16 months' leasing. The M4700 is a refinement of Midwestern's 
M4000 that has earned acclaim for its compatibility and superior reliability throughout the O.E.M. market. Exclusive features 
include Midwestern's lightning-quick, but feather-light pneumatic tape drive and proven 
reliability at speeds to 150 ips. 

For complete information on the M4700, {including names of compan ies who have 
made the change already) write or call Digital Tape Products Division , Tulsa, Okla . 
74101. Our phone number is 918-627-1116. 

THE MIDWESTERN 

[[ill@ Ll [ID [ID 
CIRCLE NO. 19 ON INQUlRY CARD 

MIDWESTERN; 
INSTRUMENTS TELEX 
6422 E. 4lst STREET TULSA, OKLAHOMA 74l35 
PHONE !918) 627-1111 • TWX (918) 627·6030 • TELEX 049 S89 
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We'll stop at nothing to 
help you select the right 
memory system 

••• we'll even lend you one (w ith or without the 
applications engineer) for a free trial 

We can help if you have no experi· 
ence with core memories, but are 
designing industrial control sy£
tems that must handle and store 
data. To see how they can profit by 
the use of a low co5t core memory, 
give us a call. We'll send an appli
cations engineer around with the 
system best suited to your needs. 
He'll help you get it on line for 
evaluation. 

We can help if you're fami liar with 
core memories, but don't see how 
a st~rndard off-the-shelf design 
could satisfy your requirements. 
Send us your block diagram. We'll 
study it and send you back a com
plete blueprint showing you how a 
general purpose core memory can 
be used a! a versatile data-manip
ulating system capable of many 

FERROXCUBE 
CORPORATION 
OF AMERICA 

Systems Division 
5455 S. Valentia Way 
Englewood, Colorado 

S03-771 -2000 
Boston 

617-899·3110 
Chicago 

312-261-7880 

more logic funct ions than stGrage. 
(We may even be able to eliminate 
some redundant functions re
quired by less versatile storage 
techniques.) 

We can help even if you're already 
using core storage, but aren't con
vinced that a mass produced mem
ory can provide many of the con
trol, access and operating mode 
functions formerly associated (us
ually one at a time) with custom 
design. Drop us a line. We'll lend 
you a small system for a 10-day 
free trial. See for yourself what it 

Dal las 
214 ·255·0441 

Los Angeles 
213·837· 1484 

Minneapolis 
6 I 2·888·4681 

CIRCLE NO. 24 ON INQUIRY CARD 

can do. If at the end of the trial 
period you can't bear to part with 
it, we'll work something out. 

Our point-to prove that our line of 
catalog standards is broad enough 
to satisfy most data storage re
quirements and that we'll do al
most anything to help you apply 
them to your system. Our FX-12 
and FX-14 Series Systems are 
available in some 200 types. Sizes 
range from 128 words x 8 bits to 
4K x 32, with cycle times from 4 
to 8 microseconds. Prices start at 
$1,190. If you'd like to check de
tails and specifications before we 
talk, write for Bulletins M6612 and 
M6614. 

Ferroxcube ~ 
Systems Division Englewood, Colorado 

New York Area 
201 ·267-5888 

Phoenix 
602-265-1 792 

Philadelphia 
215-,27·6262 
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This New 3M 
Asynchronous Digital 

Recorder writes 
data at the rate of 
0 - 2000 characters 

per second 

14; 

Revere-Mincom's new ADR-100 
records during the start interval 
-that's why you never lose any 
data in the asynchronous mode, 
and why this 3M system accepts 
data at least four times faster 
than any other asynchronous 
digital recorder available to date. 
2000 characters per second, 
internally produced inter-record 
gap if required. 

See it at Booth 308·314, Spring Joint Computer 
Conference April 18-20, Atlantic Ci ty 

Perfect backup for all IBM sys
tems. Using IBM-compatible 
7- or 9 -channel tape format, 
ADR-lOO's packing density (up 
to 800 bpi) is due to improved 
skew control with skew rated at 
less than 250 microinches. Sin
gle-capstan friction drive, no 
pinch rollers. 

R m. n· . . '!JM evere· mcam 1v1s1an ii;J camPANY 
300 SOUTH LEWIS ROAD • CAMARILLO. CALIFORNIA 93010 

CIRCLE NO. 25 ON INQUIRY CARD 

Developed and manufactured by 
the leader in instrumentation 
recording- Revere-Mincom in 
Camarillo. 
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Tantalum's best for the 
big brains. It figures. 

· -----The all-new KEMET W-Series 
Solid Tantalum capacitor. The 
smallest molded solid tantalum 
available ... in an ultra-thin profile 
square case for peak form factor 
... standard card mounting for in
stant plug-in-all at anew low price. 

It's an ideal by-pass or coupling 
capacitor for computers . , . color 
and portable TV ... quality elec
tronic instruments. It features 
ultra-low leakage and is, effec
tively, air cooled. Its case is only 
0.345" x 0.228" x 0.105". 

Want a hard-working, stackable, 
tiny tantalum capacitor? That's the 
new KEMET W-Series. See your 
representative or mail the coupon. 

Capacitance Range: KEMET W-Series 

Voltage (85°C) 

6 
10 
15 
20 
25 
35 
50 

Min./Max. 
(Microfarads) 

0.082/22 
0.082/1 5 
0.082/8.2 
0.082/6.8 
0.082/4.7 
0.082/2.7 
0.082/1 .5 

rr--
1 Clip, fill in name and title , attach to letterhead. 

I Union Carbide Corporation • 
Components Department I 
Dept . CD-4 , • : 1 
270 Park Avenue 
New York, N. Y. 10017 

ELECTRONICS 
Please send details on W-Series 
KEMET Solid Tantalum Capaci tors 

kEMET is a registered trade mark of Union Carbide Corporation. 

REGIONAL SALES OFFICES. New England: T. J . Roper, 300 First Ave. , Needham Heights, Mass. Phone: 617-444-5400. Mid-Atlantic : R. H. Robecki, 1341 Hamburg Turnpike, 
Wayne, New Jersey 07472. Phone : 201-696-2710. Mid-West and South: K. S. Coll art, P. 0. Box 6087, Cleveland, Ohio 44101 . Phone: 216-221-0600. C. F. Fields , 2 Talcott Road , Park 
Ridge, Ill. 60068. Phone: 312-825-8189. West Coast: D. Purcell, 701 East Whittier Boulevard, Whittier, Cal ifornia 90605. Phone: 213-698-8077. C. E. Volpe, 2680 Bay Shore Frontage 
Road, Mountain View, _California 94041. Phone: 415-969-9390. For Overseas Inquiries contact: J. G. Egan , 1341 Hamburg Turnpike, Wayne, New Jersey 07472. Phone: 201-696-2710. 
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~ DATAMARK1 INC. CANTIAGUE ROAD WESTBURY, I. . J •• NEW YORK 
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We have just quadrupled our production capability because of customer 
demand for our complete product line of Cost-Performance optimized 

MEDIUM AN1D 
HIGH SPEED LIN1E PRIN.TERS 
AND PRIN:TER SYST·EMS 

For 

Data Processing 

Digital Communications 

Listing 

Military Systems 

All printers are available with "off the shelf" 
interfaces (discrete or microelectronics) for 

UNIVAC's USQ-20, 1218, 1230 computers 
l.B.M.'s 360 line 
D.E.C.'s P.D.P. 8 series 
C.C.C.'s D.D.P. 124 series 

Custom interfaces can be supplied for any 
computer, data gathering system, or remote 
data transmission terminal (201 and 202 Dataphone) 

Printers are available with any type font, 
number of printed characters, up to 160 columns wide, 
all speed ranges 

Special purpose packages have been designed for 
airborne, van mounted or shipboard installations 

All models are supplied in buffere0 or stripped-down 
versions. 

Off-line print stations including 
magnetic and perforated tape or card to 
printer systems bu i It to custom specifications 

Complete "in-house" capability for 
"state of the art" research and development, 
including miniaturized packaging for 
high speed telecommunications 

We invite you to visit our plant in Westbury, Long I sland to discuss your printer requirements and see a demonstration 
or to write to our Sales Manager for complete specifications and quotes on your requirements. 

DATAMARK1 INC. 
CANTIAGUE ROAD. WESTBURY. I.. I .. NEW YORK. 

516 EDGEWOOD 3-8910 
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A Page.from the Vermont Research 
MEMORY FACT BOOK 

Fact: 
A Computer-Quality Drum Memory System 
Has Broken the Price Barrier 

Take a tremendously versatile drum memory 
system. Put it into less than 3 ~ cubic feet 
in a standard 19 inch rack. Give it data stor
age capacities from 200,000 to 4,000,000 bits. 
Add average access times as fast as 3. 7msec. 
Factor in an operating life exceeding 100,000 
hours. Attach a drum price tag starting at 
just $3,000. 

What have you got? The VRC 1048 ... a 
drum memory system with ideal characteris
tics for solving just about everybody's mem
ory problems. To illustrate, versions of the 
1048 are already earmarked for such widely 
divergent applications as improving control 
of automated mining operations and simpli
fying oceanographic research. Others are be
ing readied to expand memory capabilities 
of several popular computers. 

VRC custom tailors the 1048 exactly to 
your needs, furnishing it in standard or her
metically sealed versions ... with oxide or 
plated drum ... with everything from basic 
read/write electronics to full digital inter
face circuitry. 

Give us the essential memory requirements 
of your application. We'll show you how a 
1048 can meet them, at a price guaranteed 
to make even your budget director beam! 

See the 104S and other 
VRC memory innovations at 
Booths "0"-6 and "0"-7, SJCC 

Computers are known by their MEMORIES 

• 
• • • SO IS 

Box 20 a 
Precision Park • North Springfield • Vermont 

CIRCLE NO. 28 ON INQUIRY CARD 
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The Predictables. 

100°/o DC and dynamic testing verifies 
the performa nee of every circuit in 

ITT's full line of Series 930 DYL 

When your order of ITI Series 930 DTL arrives, you 
can have absolute confidence in its performance. First 
of all, every circuit gets full DC and dynamic testing 
at 25°C, plus temperature cyc ling, centrifuge, and 
fine leak tests. Then there's 1 % AQL testing at -55°C, 
+25°C and + 125°C for 15 DC parameters and at 
+25°C for 2 dynamic parameters. If circuits flunk, 
we just don't ship them. 

ITI's Series 930 " predictables" come in 15 circuit 
functions and three package styles . If you're tired of 
rejecting and returning DTL, try ordering it from ITI. 
It's available off-the-shelf from your distributor or 
direct from the factory through your ITI representa
tive. ITT Semiconductors is a Division of International 
Telephone & Telegraph Corporation. 

integrated circuits ITT 
FACTOR IES IN WEST PALM BEACH , FLORIDA; PALO ALTO, CALIFORNIA; LAWRENCE , MASSACHUSETTS; HARLOW AND FOOTSCRAY, ENGLAND, FREIBURG AND NURENBERG, GERMANY 
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More than 400 PDP-8 /S and PDP-8 general purpose com
puters have been pu rchased in the past nine months for 
burial - inside inst ruments and process control systems. 
Blood analyzers. X-ray diffractometers. Spectrum analyzers. 
Automat ic check-out equ ipment. Why? 

Profit. 

You can now buy a PDP-8/S general purpose compute r for 
$10,000 (much less in quantity). The faster PDP-8 sells for 
$18,000 (before discounting for quantity). At those prices, 
here is how your profits mount: 

The profit may come because more powerful instruments sell 
bette r. And a computer gives power - for analyses, for 
computerized data collection, for computerized control. 

The profit may come because it is easie r to se ll a more 
flexible computerized instrument. Your customer can modify 

you r instrument for his exact needs by writing a computer 
program (or borrowing somebody else's) . Or make the 
instrument bigger and more versati le by plugging in standard 
computer options late r on. Among sc ient ists , DIGIT AL is 
well established as the leading manufactu rer of computers 
for on-line, real-time, in- laboratory investigations. 

If you make more than one instrument, or custom variat ions 
of one instrument, you sti ll may require just one design -the 
difference between instruments just be ing the different 
compute r programs. 

DIGIT AL has bigger, faster compute rs that also might be 
buried - and complete series of logic modules for interfacing 
and bui lding. Write to us for our "Small Compute r Hand
book" and "Logic Handbook". Burying the computer may 
mean your competitor's funeral. 

COMPUTERS · MODULES 

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897·8821 • Cambridge, Mass. • New Haven • Washington, D. C. • Parsippany, 
N.J. • Rochester, N, Y. • Philadelphia • Huntsville • Pittsburgh• Chicago • Denver • Ann Arbor • Houston • Los Angeles • Palo Alto • Seattle • Carleton Place and Toronto, 
Ont. • Reading, England • Paris, France • Munich and Cologne, Germany • Sydney and West Perth, Australia • Modules distributed also through Allied Radio 



MATHEMATICS REVISITE·D: 

Selected Topics 
In Probability 
And Statistics 
DAN M. BOWERS, Contributing Editor 

Part 9 - STATISTICAL PREDICTION 

It is the function of Descriptive Statistics to gather, 
organize, and present data. The data may consist 
of stock prices, performance of a race-horse, lengths 
of brook trout caught in the Willowemoc, times
between-failures of a computer, or presidential 
preferences of a sampling of voters. The resulting 
statistical presentation may be of some historical 
interest, but the usual justification for the required 
expenditure of time and money is the expectation 
that, given past statistics on a phenomenon, we can 
predict future results and take appropriate action 
such as selling short, betting the long-shot in the 
feature at Aqueduct, doing our fishing in the Beaver
kill, improving the design of the computer, or cam
paigning harder for our candidate. As always, we 
must keep in mind the admonitions of the first 
article of this series that we are dealing with "in
dependent trials" of "random" events and that our 
predictions will at best be accurate only "in the 
long run." Therefore our statistical conclusions are 
not necessarily invalid if a particular stock doubles 
in value, the long-shot breaks his leg in the club
house turn, a 28" trout is lured from under a log in 
the Willowemoc, or serial number 47 of the com
puter runs two years without failure. 

We might suspect a flaw in our procedure if 
"Truman" defeats "Dewey," since a national elec
tion certainly provides sufficient results to be in 
the "long run" category. This was shown to be 
the case when the defeat of Roosevelt by Landon 
in 1936 was predicted by the Literary Digest 
which then experienced instant oblivion. 

Index Numbers 

A method of statistical presentation which lends it
self well to predictive techniques is the index num
ber. An index number is a binary comparison of 
two quantities; for example if the price of a loaf of 
bread was 10¢ in 1937 and is 29¢ now, the bread 
index now would be 290, i.e., bread prices have 
gone up 290 % . This is a single-item index, which 
is useful in presenting data on a particular phe
nomenon. As another example, Table 1 lists the 
gross income of IBM Corp. for each of the last ten 
years, along with the associated index. The base 
year of this index is 1957, that is, the index for a 
given year is the ratio of the given year gross to 
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Fig. l Scatter diagram for speed of passenger cars 

the 195 7 gross. Obviously all indices must have a 
base year (which in this case may be noted a s 
1957 = 100). 

More typical than the single-item index, however, 
are such familiar indices a s the Cost-of-Living In
dex (now known as the Consumer Price Index), the 
Dow-Jones "Average," and the New York Stock 
Exchange Index. These indices are intended to 
quantify, with one number, a vast quantity of data 
such as the cost of all consumer goods and ser
vices, or the price of all 1250 common stocks listed 
on the New York Stock Exchange. In addition to 
summarizing many bits of data, the usual index 
number assigns to each constituent a weighting 
factor which establishes the relative importance of 
each constituent within the index. For example, in a 
Consumer Price Index we should assign a higher 
weight to the price of bread than to the price of 
caviar, if we want to relate the index to an average 
consumer. The general form for an index number is : 

I = ~ Pn · W1 (lOO) 
~Po ·W1 

where P0 are the prices for the given year; P0 are 
the prices for the base year; and W 1 are the weights 
assigned to the various constituents. The weights 
are sometimes assigned by using the quantity of 
that particular commodity sold during the given 
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IBM Corp. 

Year 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 

TABLE 1 

Gross Income Index, 

Gross Income in Billion $ 

l.20 
1.42 
l.61 
1.82 
2.20 
2.59 
2.86 
3.2A 
3.57 
4.25 

59 

58 

57 

56 

:c 
Q. 
::E 51 

1957 = 100 

Index 

100 
118 
134 
152 
183 
216 
238 
270 
297 
354 
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Fig. 3 Variance of best-fit line 

• 

f 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
-YEAR 

Fig. 2 Passenger car speed with best-fit line 

year, the base year, or some benchmark year be
tween. 

As an example of the formulation of a weighted 
index, Table 2 lists hypothetical figures for the 
average wages and labor-hours expended in each 
of three categories for the computer industry, for 
the five years 1960-1964. From this we shall cal
culate a cost-of-labor index for the computer in
dustry. Using a base year of 1960, the formula 
shown above, and given-year quantities as weights, 
we have: 

'1001 = ( O ) (1 .80) (470M) + (2.30) (193M) + (4.80) (208M) _ 
103 

l O (1.73) (470M) + (2.25) (193M) + (4.65) (208M) 

'"'" = 
(1 .92) (485M) + (2.48) (203M) + (4.82) (219M) _ 

108 
(lOO) (1.73) (485M) + (2.25) (203M) + (4.65) (219M) 

lioos = (lOO) (2.01) (510M) + (2.75) (205M) + (5.13) (225M) _ 
(1.73) (510M) + (2.25) (205M) + (4.65) (225M) 

113 

h964 = l (2. 15) (530M) + (2.87) (212M) + (5.35) (238M) _ 
( OO) (1.73) (530M) + (2.25) (212M) + (4.65) (238M) -
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Based on these figures, then, we would conclude 
that our cost-of-labor has risen through gradual 

steps by 20 % since 1960. 
The configuration of a particular index is a sub

ject for study in its own right, and we shall do no 
more here than introduce the concept. The method 
of assignment of weights can give a high or low 
bias to the index. There is also a chain index, in 
which the base-year concept is discarded and each 
index number is based upon the period immediately 
preceding it: the Consumer Price Index, for ex
ample, is month-to-month chain index. The im
portant fact to bear in mind about an index is that 
it is a human-invented statistical measure of a large 
number ("in the long run") of independent trials 
which, although not random, must be treated with 
the same caution we used in applying our prob
ability calculations. 

To conclude the discussion of index numbers, we 
shall illustrate the mechanism of the New York 
Stock Exchange Industrial Index, which was con
cocted in 1966 in an attempt to displace the well
known Dow-Jones Industrial "Average" as the ma
jor indicator of stock prices on the NYSE. In the 
years since its invention, the weighting of the Dow-

21 



TABLE 2 

Hypothetical Wage and Hour Figures for the Computer Industry 

Wireman 

Average Total Average 
w ages hours wages 

1960 1.73 465M 2.25 
196 1 1.80 470M 2.30 
1962 1.92 485M 2.48 
1963 2.01 510M 2.75 
1964 2.15 530M 2.87 

Jones Index has become so affected by stock splits, 
"rights," stock dividends, acquisitions, etc. that there 
is virtually no relation between "points" on the 
Dow-Jones, and dollars in the marketplace. The 
NYSE Index is intended to provide a direct dollars
and-cents measurement of the variation in the 
average stock price by allowing continual variation 
of the constituents of the index. The base of the 
Index is (Dec. 31, 1965 = $50.00), and the Index is 
calculated by the formula: 

I = ~Current Market Value (SO) 
~Base Market Value 

The current market value can be obtained by mul
tiplying the number of shares listed (for each stock) 
by the price. Stock splits and dividends merely 
change the number of listed shares, and "rights" 
values are added if applicable. These adjustments 
are also made, proportionately, to each constituent 
of the base market value. 

Prediction: Trends, Regression 

The mechanisms of prediction involve the finding 
of those characteristics of past statistics which will 
enable us to deduce what the future statistics will 
be. The statistics of interest may be aggregative, 
such as index numbers, or specific, such as the price 
of a particular stock. In simple cases, we may be 
able to find a single mathematical curve which will 
fit the observed data. As an example, one of the 
invaluable bits of information in the 1966 Statistical 

Tech nician Engineer 

Total Average Total 
hours w ages hours 

188M 4.65 199M 
193M 4.80 208M 
203M 4.82 21 9M 
205M 5.13 225M 
212M 5.35 238M 

Abstract of the United States is reproduced in Table 
3: "The average speed of motor vehicles on tangent 
sections of main rural highway during off-peak 
hours." In Fig. 1 we have plotted the "passenger 
cars" portion of this table in a form known as a 
scatter diagram. This diagram appears to be 
amenable to the fitting of a straight-line curve of 
the form y = ax + b; the problem is to find the 
best-fitting line, on the theory that it will provide 
the best prediction. The most common means of 
accomplishing this is to use the method of lea st 
squares, which will provide a line for which the 
sum of the squares of the vertical distances from 
the plotted points to the line will be a minimum, i.e. 

where Yio is the observed value and Yic is cal
culated, given xj 0 , from the equation of our best
fitting line, y - ax + b. (This is called a regression 
line when it describes a set of means, as it does in 
our example.) Dispensing with the intermediate 
manipulations, we can find that the following con
stants provide the best fit through the method of 
least squares: 

n n n 

n ~ X10 Yto - ( ~ X1ol ( ~ Yio) 
i = I i = I i = I a =-------------n n 

n ~ X102 
( ~ Xio) 2 

i= I i = I 

n n 

~ Yio - a ~ Xto 

b i= I i= I 

n 

TABLE 3 

Speed of Motor Vehicles (MPH) 

1945 1950 1955 1957 1958 1959 1960 1961 1962 1963 1964 

Buses 45.5 49 .8 52.6 52.6 53.6 53.5 55.5 55.3 56 .0 58.1 57.3 
Pass. Cars 45.0 48 .7 52.1 52.6 52.8 53.3 53.8 53.7 55.1 57.1 56.9 
Trucks 39.8 43.0 45.8 47.0 47.3 47.3 48.2 48.2 49.4 51.3 50.9 
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Fig. 4 Variance of y = y 

Performing these horrible calculations on the pas
senger car speed above, we find (letting 1954 = 0): 

a= 0.549 
b = 50.9 

The best-fit line is shown in Fig. 2, and based on 
it we might predict that the average passenger car 
speed by 1970 will be about 60 mph. Since this is 
a mean, we will expect as many cars to be exceed
ing 60 as driving less than 60, which might point to 
either a raising of the highway speed limits or an 
increase in the workload of traffic courts. 

There are many potential characteristics of sta
tistical curves over a time base which should be 
taken into account when the black art of prediction 
is being practiced. Depending upon the needs of the 
prognosticator, these may be nuisances to be ad
justed out, or they may be the result he is after. 
The three principle characteristics are: 

• The long-term trend - sometimes called the 
secular trend; this is a supposedly smooth move
ment or gravitation over a relatively-long period of 
time. 

• Cyclic variations - these reflect the effect (cor
relation) of other phenomena on the statistics at 
hand; for example, if we plot department store sales 
on a monthly basis, we will discover cyclic varia
tions related to the time of the calendar year. Other 
statistics may vary with the supposed business 
cycle. 

• Transient variations - these reflect the correla
tion of the statistics with some random factor such 
as war, the horsepower race in automobiles, presi
dential elections or assassinations, etc. 

A statistical curve, then, can be crudely related to 
an electrical signal which is the superposition on 
a steady-state condition (the secu lar trend) of peri
odic ac components (the cyclic variations) and 
aperiodic transients (the transient variations). Pre
diction requires at least an a dequate divining of 
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the secular trend and cyclic variation, and one 
takes one's lumps on the transients . 

Correlation 

Techniques exist for the establishment of correlation 
between two sets of data, and we shall touch only 
briefly on one, the coefficient of correlation. Using 
the technique described above, we can create a 
best-fit relationship between any two events; the 
coefficient of correlation measures whether or not 
the linear relationship thus established is signifi
cant, or whether we have created a meaningless 
line. The coefficient of correlation is a comparison 
of the fit to the data of the least-squares line, with 
the fit of a line drawn through the mean of the y 
variable: 

v 
p = 1 

n 

...;: (Yi o - Yi c)2 

i = I 
n 

~ (Y; o - y)~ 
i = I 

Since~ (y1 0 - y) 2 cannot be less than~ (Y10 - Y1 cl 2 

by the definition of the least-squares method, the 
ratio of the summation terms will vary from 1 in 
the uncorrelated case to 0 in a completely corre
lated case (i.e., all data points are on the least
squares line) . Therefore p varies from 0 to 1, with 
p = 0 indicating no correlation, and p = 1 sig
nifying perfect correlation. (Actually the range 
- 1 ·::::::; p ::::::; + 1 is used, but this is unimportant for 
our nonrigorous interest.) 

Since earlier we established a correlation be
tween passenger car speeds and the passage of 
time, we shall now calculate the correlation coeffi
cient to determine whether the apparently descrip
tive line we created really described a correlation 
strong enough to use for predictive purposes. Figs. 
3 and 4 illustrate the mechanism of the correlation 
coefficient. We shall compare the sum of the 
squares of the distances of the data points from 
the best-fit line (Fig. 3) with the sum of the squares 
of their distances from the line y = y = 54.16 (Fig. 
4). We find that p = 0.925, indicating an excellent 
(strong) correlation between average speed with 
the passage of years. 

One caution should always be observed. A strong 
correlation is often indicated between two unrelated 
events, simply because -both events happen to be 
related to some third event, such as the passage of 
time. For example, we could establish strong cor
relation between the number of UFO sightings and 
the number of persons admitted to mental hospi
tals, simply because both are increasing with re
spect to time. 

Next month we shall conclude this series of Se
lected Topics in Probability and Statistics with a 
discussion of statistical sampling, illustrating the 
methods by which one can predict "long run" 
events (such as presidential elections) through the 
intelligent gathering of limited samples. The con
fidence factor which can be associated with con
clusions based on statistical evidence will also be 
presented. 
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RCA's new 1-p~ 
Integrated Circuit 
Memory System 
is expandable up 
to 32, 768 words 
X 36 bits 
Integrated circuits in this new RCA memory system increase 
speed, reduce size, and lower power needs. Complete front
panel accessibility provides easy maintenance ... panels slide out 
and open like a book. 
Field-proved RCA circuit modules assure high reliability. 
And you have maximum flexibility with such optional features 
as: expandable memory size, a self-tester, Read/Modify/Write 
operation, and easy interfacing. 

Ask about the new RCA 30/ 18 high-speed cores that make 
this system unique ... and reduce the cost to you. 
Call, write or wire your RCA Field Representative today for 
price and delivery information. For a technical data brochure, 
write RCA Memory Products Division, Commercial 
Engineering, Section FZB-4, Harrison, N.J. 07029. 

.. 

RCA ELECTRONIC COMPONENTS AND DEVICES 

The Most Trusted Name in Electronics 

® 

(It's here! It's available! 
See this new 1-µs Memory 
System in operation at the 
Spring Joint Computer Conference 
RCA Booths 102-103.) 



commentary 
Comments and opinions on topics of cur
rent interest to digital design engi-
neering personnel. A monthly column orga
nized and prepared under the direction of 
T. PAUL BOTHWELL, Contributing Editor. 

SMALL GENERAL-PURPOSE COMPUTERS 
ARE REPLACING SPECIAL-PURPOSE COMPUTERS 

GEORGE F. MANAHAN and DAN C. DURAND 

The advantage of flexibility in the application of 
general-purpose computers to digital control system 
configurations has been recognized as long as the 
industry has existed. Historically, however, the 
cost/performance ratio of general-purpose machines 
in the early days of the industry was prohibitively 
high to allow their economic integration as con
trollers within total system configurations. Special
purpose "wired-program" systems were therefore 
configured with digital building block modules to 
accomplish certain control functions within overall 
systems. These were later followed by patchboard 
systems having limited program flexibility. Stored
programmed controllers came next in the large con
trol systems. These, however, were of a pseudo
general-purpose nature, sinc::e they were designed 
to fit a particular application, which made them 
either totally unacceptable or very inefficient for 
use in other application areas. Also, the software 
for these systems was generally written in machine 
language and therefore very expensive to produce, 
and incompatible with other processors. 

Evolution of digital hardware and software tech
nology has improved the cost/performance ratio by 
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George F. Manahan is Communications Systems 
Engineer at the Computer Control Division of Honey
well. He is responsible for various aspects of elec
tronic design, project control, and administration. 
Dan C. Durand is the Director of European Opera
tions for the Computer Control Division of Honeywell. 
He is responsible for all systems operations and 
marketing in the United Kingdom and Europe. 

more than two orders of magnitude over the past 
fifteen years - to the point where the general
purpose processor now represents a small fraction 
of cost in most system configurations. A few appli
cation areas where "off-the-shelf" general-purpose 
processors have replaced special-purpose controllers 
of the three types mentioned above are: 

• Information storage and retrieval 
• Message switching 
• Data concentration 
• Process control 
• Flight trainer control 
• Data acquisition and data logging 
• Machine tool control 
• Data display 
• Graphic arts control 
• Off-line data conversion. 

In considering the pros and cons of general
purpose versus special-purpose central, the system 
designer must weigh the following factors . 

• Hardware design versus operation software de
sign - These generally balance out but the soft
ware of the general-purpose machine is useful in 
future improvements or expansion of the total sys
tem and is much more amenable to such changes. 
Also, computer-independent software languages 
(exclusive of special input or output communica
tions) provide upward compatibility within com
puter product lines, allowing easy exchange of the 
processor if problem scope grows. 

• Recurring costs for identical system hardware -
The general-purpose system is probably more ex
pensive than the equivalent hard-wired system ~:m 
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Contemporary Electronics 
of the largest • is one 

producers of computer pulse 
transformers in the U.S. 

SO? 
So, maybe you 're missing a bet if you haven't checked 
Contemporary Electronics for quality, service and price. 

Contemporary Electronics specializes in pulse trans
formers. It's not a sideline, but a principal part of our 
business. Well over 100,000 pulse transformers are pro
duced each month in 75 different designs. 

Advantages? Here are some. 
Technical Capability. Contemporary Electronics en 
gineering staff knows computers and can design any 
special produc for any application. 

High Quality. Most transformers have special high 
quality design features. All pulse transformers are 100 % 
inspected as many as three times before shipment. QC 
system meets MIL-Q-9858, and has been approved for 
use on the Apollo program. 
Fast Sample Service. Samples, small production lots 
and specials are normally shipped 24 to 72 hours after 
receipt of request. 
Interested in what can be done in terms of performance, 
size, delivery, or MIL-specs? Get to us-we've got lots 
more to tell. 

WRITE, OR CALL COLLECT AND WE'LL HAVE THE FULL STORY TO YOU WITHIN 48 HOURS 

Here are commonly usea packages for vvhich tooling is ·available. Other configurations are always possible. 
t '• ... . + . 

~CONTEMPORARY ~ELECTRONICS 
4838 West 35th Str6!et, Minneapolis, Minnesota 55416 612 / 920-6444 

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY 
CIRCLE NO. 33 ON INQUIRY CARD 
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913- 1227- 1571-525 
non-i lluminated switch 

ANOTHER 
SWITCH 
SERIES 

FROM 
913- 1431- 1631- 525 --,...-------1 
il lum inated switch 

DIALIGHT CORPORATION 

913 SERIES 
ILLUMINATED 
MOMENTARY 
ACTION 
SWITCH 

• 
fOR COMPUTER, 
DATA PROCESSING 
ANO AUTOMATION 
APPLICATIONS 

• 
MOUNTS IN 3 I B" HOLE 
ON 19 I 32" CENTERS 

• 
OTHER DIALCO SWITCHES: 

513 Series-Momentary Action, 
Incandescent or Neon light sources, 
for 1/2" clearance hole. 
Check Reader Service Ca rd .# 16 

922 Series-Momentary Action, 
Incandescent l ight sources, 
for 3/8" clea rance hole. 
Check Reader Service Card # 17 

Dialco's leadership and 
experience in the f ield 
of indication provides 
an ideal background for 
the design and manu
facture of reliable Push 
Button Switches. The 
913 Series is one more 
of the many new switch 
series now available. 

913 Series: Momentary 
action; with or without 
non-replaceable Neon 
Lamp. The series pro
vides a choice of 
S.P.S.T. double break, 
N.O. or N.C. or S.P.D.T. 
double break, two cir
cuit (one N.0., one 
N.C.) switching; the in
tegral resistor may or 
may not be included in 
the switch housing. 

Use is with low currents 
at higher voltages - or 
for dry circuits . Rat ings 
are 0.1 amp, 125V AC 
or 0.1 amp, 30V DC 
(non-inductive). Life is 
one mi II ion operations 
(approx. ). Term inals are 
gold plated. 

Price: 
As low as $1.11 each 
in 1000 lot quantities. 

CIRCLE NO. 18 ON INQUIRY CARD 
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CD COMMENTARY 
(CONTINUED) 

a repeat basis. Certain functions of the general
purpose controller may not be necessary for a 
particular application. For example, multiply-divide 
instructions are unnecessary in data switching ap
plications. Logical instruction may not be necessary 
in certain machine tool control applications. There 
is also the probability that off-the-shelf processors 
contain more than the minimum core memory neces
sary for the operational program. However, these 
cost factors are generally balanced out by the com
patibility of the general-purpose controllers across 
a complete line of products a manufacturer may be 
supplying to a particular market; i .e., the machine 
tool, graphic arts, or process control systems sup
plier may have several product lines of hardware 
all controlled with a single type of processor. This 
allows him the advantage of maximum standard
ization and lowest cost in purchasing the computers. 

• Cost of "breadboarding" prototype hardware -
Use of a general-purpose computer for this function 
offsets prototype development costs and minimizes 
the time required for development and experimental 
analysis . The computer is also available at the end 
of this period for other functions. 

• Cost of programming each problem - Certain 
applications are identical from system to system, 
and the initial programming cost may be pro-rated. 
Other applications involve recurring programming 
cost to adapt to each new situation. Special input 
and output requirements (analog, digital, pulse, 
display, keyboard, etc.) contribute heavily to pro
gramming costs. No recognized standard software 
language for communicating with control type input
output signals has evolved to date. Consequently, 
control input-output programs must be implemented 
in machine language for the equipment in question 
(at a high programming cost). A combination of 
input-output hardware with pre-processing capa
bility plus an accepted language of communication 
could reduce future recurring programming costs 
below the current levels. 

There are other peripheral advantages that one 
secures with a general-purpose computer-based 
system: flexibility of modular hardware and soft
ware; relative ease of expandability of memory and 
addition of peripheral devices; and reliability de
signed into product-line hardware. 

The day is rapidly approaching when there will 
be virtually no real-time environment, sophisticated 
electromechanical device, or data processing appli
cation that cannot be more economically controlled 
with a standard general-purpose machine of some 
type rather than a special-purpose controller. 
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HERE'S HOW ••• MODEL #134.512 Magnetic Memory Disc D Capacity: 

10,000,000 bits D Data Rate: 1 megacycle• Record up to 8 bits parallel with 

an access time of 17 milliseconds! Other capacities available from 50,000 

bits ... all at a competitive price.• For information on any or all of our high

performa nce Magnetic Memory 

components, write or call Magne-Head 

today.• Write for: TYPICAL DISC 

SPECIFICATIONS BULLETIN. 

GENERAL 

151 
INSTRUMENT 

MAGNE-HEAD DIVISION 
13040 South Cerise Avenue I Hawthorne, California 90250 I 213 679-3377 I 772-2351 I TWX 910-325-6203 

CIRCLE NO. 34 ON INQUIRY CARD 
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Congress has been asked to approve $2,723,000 for 
computer science and technology work at the Bureau 
of Standards in the 1968 budget. In Fiscal 1966, 
$ l, 141,000 was spent on this activity and an estimated 
$2,034,000 in Fiscal 1967. The increase would be 
used for the development of uniform Federal standards 
and for assistance to other Federal agencies in op
timizing the effectiveness of their data processing in
stallations. Another proposed 1968 appropriation is 
that of $10,000,000 which would represent the initial 
capital for the EDP fund authorized under legislation 
passed by Congress in October 1965 to provide for 
efficient use of EDP equipment by the Government. 

U. S. manufacturers of computers continued, in 1966, 
to export heavily despite the considerable expansion 
of U. S. production abroad, the Commerce Department 
reports . Sales of these machines went up by a third 
to meet rising foreign demand not only for EDP equip
ment, but also for industrial control apparatus to 
achieve greater reliability and uniformity in production 
and to insure closer tolerances on machine work. Ac
cordingly, most of the increase went to the industrial 
countries, especially Canada, the United Kingdom, Ger
many, and France. 

Precise control of a laser's intense coherent light to 
position a beam to any of 131,072 points, within a 
space smaller than a match hepd and at speeds ex
ceeding l 00,000 selections-per-second, is under Army 
study for high-speed computer printouts. Now in ex
ploratory development at the U. S. Army Electronics 
Command (ECOM), Fort Monmouth, N. J ., the experi
mental equipment was produced under contract by 
IBM. Considering its potential to store data, provide 
printed readouts, and project images, ECOM scientists 
envision a system in which such inputs as typed ma
terial, charts, and line drawings could be fed into a 
computer. Relayed hundreds of miles by radio to an
other computer, they could be processed and repro
duced instantly as printed pages or as greatly-enlarged 
screen displays. 
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A computer-equipped system which provides instant 
information on procurement actions throughout the 
Army Materiel Command (AMC) has been inaugurated 
at the Army Electronics Command, Fort Monmouth, 
N. J . When in full operation, the system, called Stan
dard Work Ordering and Reporting Data System 
(SWORDS), will establish a data bank of contractual 
information at every AMC installation involved in 
providing or using work ordering service. Another 
function of the system provides instant communica
tion between all AMC elements and 1he Defense Con
tract Administration Services on daily procurement ac
tions. Information on the actions can be fed into one 
installation's computer by magnetic tape or punch cards 
and be immediately available at the others. 

The Internal Revenue Service reports that in January 
alone it refunded $6.6 million to 51,000 taxpayers 
thanks to the help of EDP. This is the first year every 
individual and business Federal tax return is being 
processed with IRS's EDP system. Under the system, 
returns are routed to seven IRS service centers where 
magnetic tapes are prepared and forwarded to the 
National Computer Center at Martinsburg, W. Va . Here 
the information is processed against master files for 
all taxpayers and the tapes authorizing refunds are 
sent to the Treasury's Disbursing Offices for issuing 
refund checks. 

Senator Warren G. Magnuson (D. Wash.), Chairman of 
the Senate Commerce Committee, has introduced a bill 
to make critically-evaluated reference data readily 
available to scientists and engineers. The bill , re
quested by the Commerce Department, would au
thorize the Secretary of Commerce to arrange for the 
collection, compilation, critical evaluation, publication, 
and dissemination of standard reference data . Au
thority also would be provided the Commerce Secre
tary to utilize, with their consent, the reference data 
services and facilities of other government agencies, 
federal, state and local, and to prescribe and publish 
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Introducing 

the DATA 620·1 
new systems computer 

The DATA/620-1 integrated circuit computer is the newest 
member of the DATA/620 family of system computers. DATA/620-1 fills the gap 
between general purpose and special purpose computers. It belongs in a 
system, and solves problems previously considered too difficult or 
expensive for computer solution. 

Designed for faster problem solution the DATA/620-1 has a bigger 
instruction set, integrated circuit reliability, is 
smaller, has one-half the components, and 
costs less than any computer in its class. 

DATA/620-1 comes complete with 
software, field-proven and refined on 
the DATA/620. 

Extremely compact, the DATA/620-1 
requires only 10" of 19" rack space. 
It's available with memory modules from 
1024 to 32, 768 words of 16 or 18 bits, 
and with a selection of control, arithmetic 
and IVO facilities, including D.M.1.'s 
uniqi.le Micro-Exec. 

Price: $13,900 with 4096 words of 16 bit 
memory, including ASR 33 teletype. 

We are v_ery proud of our new DATA/620-1, and 
would like to tell you more in a fact filled brochure. 
Please write for one. 

DATA MACHINES 
1590 Monrovia Avenue, Newport Beach, California 
Tel. (714 ) 646-9371 TWX (910 ) 596-1358 
D iv ision of DECISION Control , Inc. 

CIRCLE NO. 35 ON INQUIRY CARD 

The Data 620-1 and the 
Data/620 will be on 
display at booths H8-H10 
at the SJCC. StoP. by and 
discuss your digital 
system requirements with 
a Data Machines 
applications engineer. 



HIGH PRESSURE /VACUUM AIR MOVERS 
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SIMPLEX SPIRAL •Compact - 10" diameter by 5'l'a" axial 
depth •High pressures/vacuums-30 CFM @ 15" static pres
sure, 45 CFM @ free delivery, 0 CFM @ 27" static pressure. 

DUPLEX SPIRAL• 9¥.," diameter by 9114" axial depth• Two 
independent air sources from one package; Two jobs for the 
price of one or extended performance-Pressures-Vacuums 
to 2 PSIG or Airflow Delivery up to 94 CFM @ free delivery 
• Oil free Air Flow - no possible contamination • Quiet -
• Economically priced. 

Rotron Spirals are revolutionary air movers that have 
become standards in the process control and computer 
industries as: vacuum source for tape slack control •.. 
pressure source for tape air bearings ..• vacuum/ pressure 
source for card handling and paper sorting equipments. 
Spirals are the choice-their brushless motor design offers 
unparalleled reliability, unusually long-life and eliminates 
costly equipment down-time. 

E® ROTRON mfg. co., inc. 
WOODSTOCK, NEW YORK • 914-679-2401 

West Coast: Rotron I Pacific, Burbank, Calif. 
Canada: Aerovox Canada Ltd., Hamilton, Ont. 
Rotron Europa N.V. Breda, The Netherlands 
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in the Federal Register such standard reference data 
as may be necessary to carry out the Act. 

Recent Government Contract ••••••••••••••••••••••••••• 

NASA has awarded contracts for the major subsystems 
for the two-spacecraft Marlne.r mission to Mars In 1969. 
The central computer and sequencer and command sub
systems will be produced by the Miiitary Electronics 
Division of Motorola, Scottsdale, Ariz. Litton Industries, 
Guidance and Control Systems division, Woodland, Cal., 
will do the data automation system. 

GOVERNMENT REPORTS ** 

COMPUTER WORD RECOGNITION 

A recent MIT report on the scope of automatic speech recognition, 
technological aims, and other aspects of this complex problem states 
that talking to computers appears to be the most promising applica
tion of a word recognizer. In the work described, recordings were 
made of l 0 male speakers, each of whom read the same list of 54 
computer-oriented words. All processed words were passed through 
the word-recognition program and the results of the measurements , 
were tabulated. The main function of the program was to segment 
the word, make 15 measurements after segmentation, and file these 
measurements for each of the 540 spoken words. The tabulation of 
all measurements was printed and after inspection of the data, a 
decision algorithm was devised. All words were then passed through 
this algorithm and the results tabulated and printed. Out of the 
540 words 7 4 were incorrectly classified by the program. The report 
describes in detail the computer facility, segmentation, the measure
ments, and the decision algorithm, and discusses the results that were 
obtained. 

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va. 
22151 . Order No. AD-634-304. Price: $1.00. 

TIDY - FORTRAN COMPUTER CODE 

TIDY is a FORTRAN Computer code for editing, renumbering and 
generally "cleaning up" FORTRAN source programs whose statement 
numbering has become unwieldy and whose readability has de
teriorated as a result of many revisions, patches, and corrections. 
Such complications frequently result when many programmers work 
together on the development of a · very complex computer code. 
TIDY reads the old FORTRAN program routine and prepares and 
punches a new version with such characteristics as: All statement 
numbers are increased in consecutive order; All FORMAT statements 
are collected and appear at the end of eech routine; All excessive 
blanks are deleted from each statement, while blanks are inserted as 
necessary to ensure uniformity and to improve readability. TIDY also 
offers a limited set of FORTRAN diagnostics that comment on such 
FORTRAN errors and trouble spots as missing or duplicate statement 
numbers, incorrect parenthesis counts, illegal DO-loop indexing, illegal 
statements, and inaccessible parts of the program. 

Order from the Clearinghouse, U. S. Dept. of Commerce, Springfield, 
Va. 22151 . Order No. AD-642099. Price: $3.00 (microfiche 65 cents). 

jjVl. same MicroVersaLOGIC 

jjVl. same performance 

jjVl. same reliability 

jjVl. from Decision Control 

jjVl. now costs ... 

uVL, VersaSTORE, and 
Mainframe VersaSTORE will 
be on display at booths H8-
H10 at the SJCC. Stop by and 
discuss your digital system 
requirements with a Decision 
Control applications engineer. 

less!* 

l -1 : : '1' : d' . ; :l . l ' ·1. : ; < . ' _·.~: ~ . ' -- - . _ .... _.... -.. ; 

L: J ·l j 1 u 1 · r 1 
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..._________...e 

llllllllllllllllllllll . ll lllllf I I 
We've reduced MicroVersaLOGIC prices sharply, 
thanks to lower microcircuit prices. 
Get the same reliable performance-same 
proven DTL circuits-5 v. logic levels -plenty of 
output drive-single power supply-
complete mounting hardware available. 

If you're building a digital system, build it with 
MicroVersaLOGIC and really save time 
and money. We'll show you how-in our uVL 
applications brochure. Send for it today. 
•average module price reduction 

(~) DECISION CONTROL, INC. 

1590 Monrovia Avenue, Newport Beach. California 
Tel. (714) 646-9371 • TWX (714) 642-1364 
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do you think? 

,..,, ... .,~~ This department is devoted to a continuous interchange of 
ideas, comments, and opinions on significant problems facing 
the industry. What do you think about the impact of a com
puter-automated world and the engineer/scientist's role in it? 
What do you think about engineering unions - professional 
societies - industry conferences? Or any significant facet of 
your professional life. COMPUTER DESIGN will print your 
views here. Write to: CD Readers' Forum, Computer Design, 
Baker Ave., West Concord, Mass. 01781. M 

CD READERS' FORUM 

CHARACTER STRUCTURE AND CHARACTER PARITY SENSE 
FOR PARALLEL-BY -BIT DATA COMMUNICATION IN ASCII 
A Proposed US A Standard 

EDITOR'S NOTE: This month we continue our pre
sentation of the current activities of the USASI, with 
extracts from a currently proposed standard. "This 
Proposed USA Standard has been approved by Sub
committee X3.3 and has been accepted for publication 
by the USA Standards Institute Committee X3, Com
puters and Information Processing. In order that the 
final version of the proposed standard refiect the largest 
public consensus, X3 has authorized publication of this 
document to elicit comment, criticism, and general pub
lic reaction with the understanding that such a working 
document is an intermediate result in the standardiza
tion process and is subject to change, modification, or 
withdrawal in part or in lphole." All comments which 
are sent to CD R eaders' Forum will be forwarded to 
the USASI. 

PROPOSED AMERICAN STANDARD 

Scope 

• This standard specifies the character structure and 
sense of character parity for parallel-by-bit, serial-by
character, data communication in the American Stan
dard Code for Information Interchange (ASCII). 
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• This standard applies to general information inter
change at the interface between Data Processing Termi
nal Equipment (such as data processors, data media 
input-output devices, office machines) and Data Com
munication Equipment (such as data sets, modems). 

Standard Character Structure 

The character structure shall consist of eight bits, i.e., 
seven ASCII bits plus one character parity bit. 

Standard Bit-to-Channel Relationship 

The seven ASCII bits (b1 through b7) plus the character 
parity bit (P) shall be assigned to an ordered series of 
channel designators as follows: b1 to the lowest desig
nator, and in ascending order, with P to the highest 
designator. 

ASCII Bit: b1 b2 b3 b4 b5 bs b 1 P 
Channel: l 2 3 4 5 6 7 8 

Standard Sense of Character Parity 

The sense of character parity shall be ODD over the 
eight bits, i.e., an odd number of "l" (marking) bits 
per character. 

Qualifications 

This standard does not specify the character synchro
nizing technique, the character rate, nor does it apply 
to serial-by-bit, serial-by-character data communication. 
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~REGARIDUS I The tighter you cram little Turbowrap™ wires together, the 
happier they are. Kynar and polysulfone insulation make them as 
tough in tight spots as much bigger wires. 

Think of the opportunities that Turbowrap 312 (with Kynar) and 
Turbowrap 412 (with polysulfone) opel)l up for higher.density wiring. 

Made in sizes as small as 30 AWG, with walls as thjn as .004N -
these wires zip through automated wire·wrap operations with 
never a jam, skip, nick, short or break. And they perform 
faithfully, once in place. 

Special thin-wall extruding techniques, plus the flne electricals 
and mechanicals of the insulation, have made it possible for 
Brand-Rex to produce small 0.0. wires with excellent 
cut·through resistance. 

Looking for ways to put more. wire into less space? Call on our 
tough little extroverts, Turbowrap 312 and -412. 

AMERICAN ~CORPORATION
BRAND·REX DIVISION 

WILLIMANTIC, CONNECTICUT 06226 
PHONE 203 423-77n 
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The character rate is specified in the proposed Standard 
X3.3.6/2 Parallel Signalling Speeds for Parallel-by-Bit 
Data Transmission in the ASCII. 

APPENDIX "A" CRITERIA 

• This Appendix contains the criteria upon which the 
character structure, bit-to-channel relationship and the 
character parity sense were based. Not all criteria have 
been entirely satisfied. Some of these criteria conflict 
with others, and the character structure and the 
character parity sense specified represent compromises 
among these divergent criteria. 

• Criteria were drawn from communication aspects of 
information interchange as well as processing and 
media recording aspects of information interchange. 

• One hundred twenty-eight characters should be 
uniquely specified. 

• A single character structure should be specified re
gardless of the transmission facility, speed, or modu
lation technique. 

• No ASCII character should require special treatment. 

• The character structure for parallel-by-bit communi
cation should be consistent with that for serial-by-bit 
communication. 

• Each character should contain a single character 
parity bit. 

• The character structure and character parity sense 
should cause minimum confusion to maintenance and 
operating personnel. 

• The chara.cter structure should be independent of 
the existence of a timing channel. 

• There should be no restrictions on sequences of 
characters, e.g., successive Null, Sync, Space, Zero, or 
Delete characters. 

• Maximum compatibility should be provided with 
the parity sense requirements of the various media. 

• The character structure and sense of the character 
parity should be the same regardless of the data trans
mission technique, the transmission facility, speed, or 
modulation technique, and should not preclude the use 
of any technique. 

• Equipment complexity should be minimized when 
alternately handling other codes or random binary 
data. 

APPENDIX "B" DESIGN CONSIDERATIONS 

System factors considered in this standard are trans
mission efficiency, reliability, error control, media re
quirements, equipment complexity, maintenance con
fusion, and transition to and from alternate non-ASCII 
codes or random binary data. 

Character Structure 
and Bit-to-Channel Relationship 

• The overriding consideration affecting the choice of 
character structure is compatibility with serial-by-bit 
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data communication in order to min1m1ze confusion . 
An eight-bit character structure (7 ASCII bits and parity) 
satisfies this requirement as well as all other criteria. 

• The overriding consideration affecting the assign
ment of the bits to the channels is the need for a sim
ple and orderly relationship. This requirement and all 
other criteria are satisfied by a b 1 to channel 1, bz to 
channel 2, etc. relationship. 

Sense of Character Parity 

• The choice of character parity sense, odd or even, 
involves a choice between clearly conflicting sets of 
criteria. Consistency with the standard for serial-by-bit 
data communication cannot resolve this choice since 
the standard specifies EVEN parity sense for asynchro
nous transmission and ODD parity sense of synchro
nous transmission. Essentially, the remaining criteria 
present a choice between media consistency with 
paper tape (EVEN argument) and the possibility of 
detecting character presence from the data alone (ODD 
argument). Since it is desirable to allow character 
detection without the requirement for a timing chan
nel, and the character parity sense can be inverted 
by the EDP terminal if required by the particular 
medium, ODD character parity sense was chosen. 

• This implies that the data channels themselves must 
contain sufficient information to define character timing. 
If successive characters are different, a change of 
binary state defines the presence of a character. Such 
a character sequence limitation is neither allowable, 
nor is it necessary provided at least one change of 
binary state occurs in every character. This can be 
accomplished if both of the following criteria are met: 

(a) Defining a 11 111 (or mark) as a change of binary 
state (NRZI coding); 

(b) Defining the character parity sense as odd. 

If this is done, every character will contain at least 
one -11 111 and therefore at least one transition. This 
transition can be used in lieu of a timing signal to 
define the presence of a character on the line. 

• The use of odd character parity is consistent with 
the Proposed American Standard for Character Struc
ture and Character Parity Sense for Serial-by-Bit Data 
Communication in the ASCII for synchronous data 
communication. Since the use of synchronous systems 
is increasing rapidly, this consistency is important. 
ODD parity has also been designated as the standard 
for all military systems. 

EXPOSITORY REMARKS 

Subcommittee Report 

• The X3 .3 Subcommittee was assigned the responsi
bility for developing recommendations for digital data 
communication speeds and formats, specifications for 
system performance and end-to-end control charac
teristics, a glossary of data communication terms, and 
liaison with other groups concerned with the above or 
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who have an interest or related involvement in data 
communication. 

• Task Group 3, on Data Transmission Formats was 
organized in late 1962 and was charged with the 
responsibility for the development of standards of 
formating, or data transmission of characters within a 
hierarchy of groupings (e.g., words, blocks, messages, 
etc.) including group error control and ordering (for 
sequencing) of bits within characters, including parity. 
The task group is also responsible for determination 
of the character parity sense, determ ination of charac
ter framing, defining a standard format for the reverse 
channel, the number of channels and bit-defining as
signments, and defining the character format of the 
subsets and supersets of ASCII. 

• Proposed American Standards for Bit Sequencing of 
the ASCII in Serial-by-Bit Data Transmission and for 
Character Structure and Character Parity Sense for 
Serial-by-Bit Data Communications have been de
veloped and are currently being processed. 

• There is as yet insufficient experience to allow 
proper consideration of reverse channel formats. For 
this reason, the development of a standard has been 
postponed. 

• This proposal define,s the structure of a character in 
parallel transmission, including the assignment of bits 
and the definition of parity. 

Character Structure 

• There have been many historical arrangements that 
have developed to achieve the parallel transfer of 
information. In teletypewriter equipment, the parallel 
transfer occurred from tape through sensing pins to 
a mechanical cam or distributor where the signal was 
transmitted serially. The use of channel or track desig
nations evolved from the "bit designation" given to 
the holes in the tape which, in turn, evolved from the 
order of transmission of the bit stream. In 5-track tape 
the bit designation was 1-2-Feed Hole-3-4-5. In 6-
track teletypesetter tape, the paper tape nomenclature 
became 0-1-2-Feed Hole-3-4-5 for easy reference on 
the tape while transmission on line was bit 1-2-3-4-5-0 
for technical reasons. 

• In ASCII development, the bits of the character 
were first defined as b1 through b7 • Early equipment 
using ASCII carried forth the paper tape nomenclature, 
i.e., track 0-7 representing b1-b1 , P. However, it was 
soon realized that a track representation consistent 
with the bit designation was desirable. The tracks 
were renumbered 1-8 and a consistent bit-to-track re
lationship was specified. 

• A common parallel-by-bit data set uses a channel 
designation based upon technical considerations for 
the timing channel. The convention assumed for chan
nel numbering was that the timing channel should be 
at the middle of the band with the other channels 
assigned to the b its of a character. For example: 

Frequency 
Assignment 

(Cycle/Second) 
Ch1nnel Number 

M1rk 730 900 1070 1240 1410 1580 1750 1920 2090 
Spice 800 970 1140 1310 1480 1650 1820 1990 2160 

1 2 3 4 Ti ming 5 6 7 8 

• ••••• put Rip/e y on the job I 

Designing, development and production 
of precise air·moving units to fit your per
formance requirements and your budget. 
Stocked units available from 4 to 145 
CFM for immediate delivery. For fast ac
tion, call Sales Dept., (203) 346·6678. 

Ripley Company, Inc., Middletown, Conn. 

RIPLEY SMALL BLOWERS a11d FANS 
CIRCLE NO. 39 ON INQUIRY CARD 

CIRCLE NO. 40 ON INQUIRY CA:RD 

A iw iAT:roilE:~IA. ~ 
Rotary Switches ~ 

<!:..,.._ > 

[ 

'O' ring on shaft and bushing. Terminal t'-- ,- "'4 
portion sealed with superior ~dhesive : ' i 

S.EA•Eo::. bonding cement. Withstands water sub· f ,, .' t 
mersion test 9 .8 ft . Non-shorting, 36" 

spc-tcing, 1/ 8 " dia. shaft. Available in One, Two, Three ..... j 
dnd Four Pole configurations. 1/z " dia. body. Non-
adjust~ble. 500 ma (a) 125 VAC. ! )'I 'J J 

Ill ·:c~~ ::::.::.::,:~:~.IK;~ 
CIRCLi NO. 41 ON INQUIRY CARD 
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Micro-Powered 
Lamps 

FOR USE IN 

TRANSISTORIZED 
CIRCUITS 

Conventional lamps, drawing from 40 
ma. to 300 ma., cannot be used in 
transistorized circuits. 

Chicago Miniature Micro-Powered 
Lamps were designed for this applica
tion. By utilizing an ultra-fine filament 
wire current drain has been reduced to 
less than 15 ma. making them ideal for 
monitoring logic circuit functions and 
battery operated equipment. 
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Whenever you need indicator lamps 
in circuits that include semi-conductor 
devices, check first with Chicago Mini
ature-where special lamps are routine. 

Write for Catalog CMT-2 

4433 Ravenswood Ave., Chicago, llllnols 60640 
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• The bit position is to be assigned at the interface 
between the data processing equipment and the data 
communications equipment. It appears logical to as
sign the ASCII bits to the interface in an ascending 
order, starting at b11 to conform to the proposed EIA 
standard channel designation. The channel and bit 
numbering is therefore the same for all media; in 
some media (e.g., paper tape), this also results in a 
corresponding track number; in others (e.g., magnetic 
tape) track numbers would be different. 

Timing Channel 

• The use of a timing channel with some parallel 
transmission systems should not affect the assignment 
of the ASCII bits to the parallel interface. It is ex
pected that the designation of the timing channel will 
be independent of the channel designations. 

Transmission of a Character 
Parity Bit with ASCII 

• Two alternatives exist: (1) a character parity bit is 
always transmitted and, (2) transmission of a character 
parity bit is optional. 

• Since a character parity bit is transmitted in some 
equipment, there is an advantage in always specifying 
its inclusion, i.e ., the character structure would always 
be the same. Including a character parity bit permits 
simple error checking. However, transmission through
put can be increased if the character parity bit is not 
transmitted. This is desirable in at . least two cases: 
(1) where error checking is not used and, (2) where 
the system employs other means of error control. 

• The proposed American Standard for Character 
Structure and Character Parity Sense in Serial-by-Bit 
Data Communications includes the parity bit in syn
chronous and asynchronous transmission. 

• In order to provide a consistent proposal for all 
data communication, a parity bit was also included 
as a part of the character structure in para I I el-by-bit 
transmission. 

Character Parity Sense Within Media 

• The American Standard Perforated Tape Code for In
formation Interchange specifies EVEN parity sense per 
character so that the Null and Delete characters retain 
the all "O's" and all "l's" combinations respectively, 
including parity. It is expected that EVEN character 
parity sense will be used in edge-punched documents 
for the same reason. 

• The proposed American Standard Recorded Mag
netic Tape for Information Interchange specifies ODD 
character parity sense over the nine tracks so that the 
Null character may be recorded and sensed on mag
netic tape. 

• The representation of ASCII in punched cards is still 
under consideration and as yet there are no parity 
sense requirements in 12-row punched cards unless it 
is decided that ASCII be represented in direct binary. 
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In the case of direct binary representation of ASCII 
in punched cards, EVEN parity sense would be re
quired to handle the Null and Delete characters. 

• Optically and magnetically scanned document char
acter parity sense requirements are not defined at this 
time. There are various optical or magnetic document 
reading techniques in use. No preferred technique 
has yet evolved. The relationship of the technique to 
the definition of the character parity sense appears to 
depend on two criteria: 

(a) Whether or not the media can be erased. A re
quirement to erase by overwriting with Delete charac
ters implies an all "1 's" character which demands 
EVEN character parity sense. 

(b) Whether or not a separate timing channel is used . 
If not, at least one "1" bit per character is required, 
implying ODD character parity sense. 

• There are other media which may utilize ASCII. 
Among these are badges, time clock cards, switch or 
keyboard entry, etc. The representation of ASCII in 
these media may not be in any of the forms described 
above. There seems to be little evidence for any 
particular parity sense requirements except insofar as 
these media are susceptible to the same criteria listed 
above. 

CHOICE OF CHARACTER PARITY SENSE 

• The use of EVEN character parity is consistent with 
the American Standard Perforated Tape Code for In
formation Interchange. This specifies EVEN character 
parity sense to allow overwriting with the Delete 
character. It is expected that edge-punched documents 
will utilize EVEN character parity sense. 

• The use of EVEN character parity is consistent with 
the Proposed American Standard for Character Struc
ture and Character Parity Sense for Serial-by-Bit Data 
Communication in the ASCII for asynchronous data 
communication. Since parallel-by-bit and asynchronous 
transmission systems operate in the same speed range, 
this consistency is important. 

• Some 8-level foreign code transmission terminals 
are used to transmit both ASCII and other 8-level codes 
interchangeably. If this is a paper tape terminal, ODD 
parity would require an inversion in the 8th bit posi
tion. END 

Government Reports ** 

SEQUENTIAL DECISION PROCESSES 

An elucidation of the class of optimization problems that can be 

solved by dynamic programming techniques and a general method 

for solving terminating dynamic programming problems are covered 

by a 40-page report. An algorithm that can be used to analyze a 

broad array of sequential decision processes is included. 

Order from Clearinghouse, U. S. Dept of Commerce, Springfield, 

Va. 22151. Order No. AD-642055. Price: $3.00 (microfiche 65 cents). 

What are you buying ... -

... PROFITS? 
Why let printed circuit boards with faulty, unreliable solder 
joints cloud your production and profit picture? Trade those 
problems for profits by specifying Methode printed elec
tronic circuits with exclusive new * SUPER-SOLDERABILITY. 
SUPER-SOLDERABILITY, Meth<;>de's outstanding contribu· 
tion to the reliability of printed circuit assemblies, will 
increase your profits by decreasing your production prob· 
lems. Put an end to time-consuming, work-stopping effects 
of such variables as touch-up, flux variables, solder bath, 
time and temperature variables. 
SUPER-SOLDERABILITY assures 100% fine grain solder 
fillets around leads, fully-wetted pads that solder better, 
that eliminate void areas between leads and circuit paths. 
For space-age reliability, repeatability assured by improved 
quality control, 101nts free of surface imperfections. that 
look better and perform better than ever before, specify 
Methode printed circuit boards with exclusive SUPER
SOLDERABILITY. 

Call, or write for sample board and 
complete information on Methode 
SUPER-SOLDERABLE printed 
circuits on your company 
letterhead. Do it today .. . 
you'll be glad you did! 

&-. --= :-" 
(!l~;'......_ 
"WWUWf!llllll!J/i/ 

t:rMfil~ 

0. t It ~d;d ~~~u~t t:~·:; CS, f n ~~:_ 
~ 7447 W Wilson Ave. 
Chicago. Illinois 60656 • 312 I 867-9600 
* Process Pat. App. For. 
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AN ADVANCED COMMUNICATIONS 
TECHNIQUE THAT CAN DOUBLE 
THE SPEED AT WHICH IBM COM
PUTERS "TALK" TO EACH OTHER 
BY TELEPHONE was announced 
by IBM Corp. The technique, 
called Binary Synchronous 
Communications (BSC), is 
designed specifically for 
IBM System/360 Teleprocess
ing networks. The new trans
mission method is being used 
in a high-performance data 
transmission terminal -the 
IBM 2780 - introduced re
cently, as well as in two 
previously announced com
munications products. The 
ability to send more infor
mation over a communica
tions line in a given period 
of time is made possible by 
BSC, which consists of spe
cial electronic circuitry 
and computer programs. It 
can increase the speed at 
which data is sent and re
ceived from 25 to 100 per
cent by more effectively 
regulating the flow of data 
characters into the trans
mission line. 

COMPUTERS WILL NEVER RE
PLACE LAWYERS BUT THEY MAY 
WELL REVOLUTIONIZE THE PRAC
TICE OF LAW, predicts a Uni
versity of Southern Cali
fornia educator. Vaughn C. 
Ball, who is Legion Lex Pro
fessor of .Law in USC's Law 
Center, foresees a day in 
the not-too-distant future 
when a lawyer will write his 
own computer program, trans
mit it from his office by di
rect line to a computer cen
ter, and have an answer to 

40 

NEWS 

a legal question in seconds. 
Ball believes the computer 
will be used to search legal 
literature, analyze prob
lems of law, and even simu
late legal processes. The 
fantastic increase in legal 
literature will make use of 
the computer, as a tool for 
information retrieval, an 
absolute necessity, says 
Ball. "Case records alone 
are increasing at the rate 
of 70 million words a year," -
he explained. "I don't see 
how we can possibly disre
gard the advantages data · 
processing offers. Because 
the computer can work all of 
the time and perform with 
both high speed and accuracy 
it can produce results no 
man could get ~ only be
cause he would first die of 
old age. Furthermore, with 
the aid the computer can 
give, the legal profession 
can · simply do a better job 
all around." The USC law 
professor anticipates re
sistance from the legal pro
fession to the whole com
puter idea. But this will 
be overcome, although it may 
take a considerable period 
of time, he believes. 

THE NATIONAL CASH REGISTER 
COMPANY HAS ENTERED INTO AN 
AGREEMENT WITH THE RADIO 
CORPORATION OF AMERICA UN
DER WHICH EACH COMPANY 
GRANTS RIGHTS TO THE OTHER 
under its patents in the EDP 
field. This cross-licensing 
agreement is designed to 
free both companies from 

patent infringement con
flicts which could arise in 
the increasingly complex 
computer field, NCR pointed 
out, but it does not involve 
any exchange of know-how. 
The agreement covers not 
only patents on NCR and RCA 
computers, as such, but also 
patents pertaining to other 
products of the two compa
nies when those products are 
employed as direct, •on
line" components of comput
er systems~ 

AN INTEGRATED ELECTRONIC 
CIRCUIT WHICH PROVIDES THE 
BASIS FOR A NEW TYPE OF HIGH
SPEED COMPUTER SCRATCHPAD 
MEMORY THAT COULD RUN ON THE 
POWER OF FLASHLIGHT BATTER
IES has been developed by 
RCA. The new circuits, each 
about the size of a house
fly's eye, were achieved by 
using a novel "silicon-on
sapphire" fabrication tech
nique developed at RCA's 
David Sarnoff Research Cen
ter, Princeton, N. J., in a 
program supported in part by 
the U. S. Air Force Cambridge 
Research Laboratories. Dr. 
William M. Webster, Staff 
Vice President, Materials 
and Device Research, RCA 
Laboratories, said the new 
circuits can be intercon
nected in large arrays to 
form extremely high-speed 
memories. An experimental 
memory employing the cir
cuits and capable of storing 
nine bi ts of information al
ready has been built by RCA, 
according to Dr. Webster. 
He said that it will lead 
eventually to similar mem
ories that can store up to 
256 words, each 16 bits 
long, and process the in
formation at a rate of 20 
million words per second. 
Credit for the development 
was given to two researcb 
teams, one headed by Dr. 
Charles W. Mueller which de
veloped the silicon-on-sap
phire technology, and the 
other headed by Gerald B. 
Herzog which designed the 
memory circuits. 
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First come 
first served. 
You can have all the SDS T Series integrated circuit modules you want now. 
We're in full production. 

All T Series active elements are jnt~grated circuits and gua,rantee reliable 
operation at clock rates to 10 me. Eaeh circuit output d,rives 14 unit loads, 
even after generous allowances for wiring capacitance. 

Outputs switch 60 rna (4 times more than standard IC's). Noise rejection is 
at least 1.5 volts at the 0 and 4-volt logic levels. 

SDS Natural Logic gives you AND and OR as well as NAND and NOR-
Each card uniquely ______ _ 
keyed for proper instal-
lation. 

Test points. "'---------------.., 

Discrete diode-resistor -~~ 
inputs for gating flexibil- r------:;c-;;;;;::=--::----:----;;;: 
ity, high noise rejection. 

Four pins reserved for 
ground lines. 

Four integrated-circuit 
buffer amplifiers in each 
hermetically ·sealed 
T0-5 can. 

52 ribbon connectors (26 
each side) for easy access 
to all circuits. 

Ail components clearly 
identified. 

Individual power line 
filters. 

Actual size 4114 x 4% . 

all at the same 
low integrated-circuit price. 

We designed these modules for our new Sigma computers, 
but we also intend to become the largest manufacturer of 
logic modules for system designers. 

We don't want to give away any of our Sigma secrets. 
But we'll sell them pretty cheap. 

Scientific Data Systems, 
Senta Monica, Callfomia 
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Transitron's new integrated-cir
cuit, high-speed decade counter 
modules have been developed for 
use by equipment manufacturers 
who need low-cost, highly-relia
ble counter operation. The new 
ND 500 Series includes 25mHz 
decade counters, 25mHz decade 
dividers, and 5mHz bi-directional 
counters. All units can be serially 
cascaded. 

Integrated circuit design provides 
excellent reliability, high noise 
immunity. 

Custom models cost 
less than you th ink 
Special counter modules, custom
designed to meet your specific re
quirements, can be produced at 
surprisingly low prices . .. for fast 
delivery. 

Numerical Displays 
Complete "Transindicator" coun
ter/ display units are also avail
able in both standard and custom 
designs. 

Send for complete data 
on this new counter series. 

'!t!!N~J~t~~'~ 
W AK EFtEL D . M A S SA C H US ETT S 0 188 0 
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CONTROL DATA CORP. HAS AN
NOUNCED A .NEW MEDIUM-SCALE 
DATA PROCESSING SYSTEM, THE 
CDC 3150. According to the 
company, the 3150 provides a 
sound base for easy expan
sion. Its central process
ing capability, memory 
capacity, and peripheral 
equipment can be enlarged 
or modified as workload de
mands increase or computing 
applications change. The 
operating system provided 
for the 3150 is Control 
Data's disc pack storage 
system with an extensive and 
varied software product set. 
This system is said to pro
vide a capability for time
sharing the 3150 between a 
foreground stacked-job ac
tivity and a background I/0 
or real-time activity. The 
3150 computer system in
cludes a central processor 
with desk console, I/0 type
writer, 16K memory with a 
1.75 usec. cycle time, two 
twelve-bit data channels, 
one twenty-four-bit data 
channel, peripheral con
troller electronics, one 
card reader, two disc stor
age drives with two disc 
packs, and one line print er. 

SPONSORED BY THE ST. LOUIS
SAN FRANCISCO RAILWAY COM
PANY, TWO RESEARCH ASSOCI
ATES ARE WORKING WITH THE 
NATIONAL BUREAU OF STAN
DARDS TO EXPAND THE USEFUL
NESS OF A COMPUTER SIMULA
TION MODEL of a railroad 

' network. The railroad net
work model is a management 
tool for evaluating the ef
fects of alternative oper
ating policies on the total 
performance of a railroad 
network. According to the 
report the network analysis 
will deal with only freight 
train problems. Apparently, 
there are no problems with 
passenger trains. 

High-speed, integrated-circuit 
counter/ display units providing 
high performance at low cost are 
available from Transitron's Spe
cial Products Division. Utilizing 
high-visibility, in-line neon dis
play tubes, modules are available 
for side or end viewing. Both con
tinuous and latching display types 
can be ordered, with options of 
8- or 4-line output, 8421 or 2421 . 
Complete decades [counter and 
display) or separate decoder/ dis
play units are available as stand
ard products. Most standard mod
els are presently in stock, ready 
for immediate shipment. 

Custom displays cost 
less than you think 
Special decades and display mod
ules, designed to meet the re
quirements of a specific system, 
can be produced at surprisingly 
low cost ... for fast delivery. Try 
us. 

IC Counter Modules 
Individual, IC counters (without 
display) are also available. Line 
includes 25mHz decade counters, 
25mHz decade dividers, and 
5mHz bi-directional counters. 
Send for complete data on this 
new numerical display series . 

W AK E F IELD . M A S SACHUSETT S 0 188 0 
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PENNSYLVANIA'S DEPARTMENT 
OF PUBLIC INSTRUCTION IS 
PLANNING AN "EDUCATIONAL 
MANAGEMENT INFORMATION SYS
TEM" that will eventually 
put 500 school districts and 
14 colleges into direct com
munication with a computer 
located in Harrisburg. The 
system, key to which is a 
National Cash Register 315 
computer, will in the first 
phase handle teacher certi
fication records, profes
sional personnel records, 
and appropriation account
ing. Input initially will be 
by cards punched from infor
mation generated in the var
ious district offices and 
colleges, and sent to Har
risburg. However, a com
pletely "on-line" system via 
direct wire linkage is vis
ualized for the future. 

Did you 
know 
Sprague 
makes ••• ? 

MINIATURE MOLDED-CASE 
PULSE TRANSFORMERS 

Molded eonstruction for 
superior temperature/ 
humidity resistance. 
Variety of turns ratios 
and magnetizing induc
tances with increased 
bandwidth available. 
Designed for general 
d igita I use. 

ASK FOR BULLETIN SERIES 40225 

Circle No. 11 On Inquiry Card 

DELAY LINES 

Single or multiple delay in lumped con 
stant or distributed constant designs are 
tailored to meet customer requirements. 
Furnished in either cast epoxy or molded 
cases. Applications include digital circuits 
in computers, radar equipment, etc. 

Circle No. 13 On Inquiry Card 

DYNACOR~ 
BOBBIN CORES 

Logical flux values in popular physical 
sizes are stocked in production quantities 
for fast delivery. Value engineered for 
quality with economy. Widely used for 
current regulation and memory drive. 

ASK FOR BULLETIN SERIES 50000 

Circle No. 15 On Inquiry Card 

HIGH SPEED, FLAT T.C. 
MEMORY TRANSFORMERS 

Featuring nanosec
ond output rise 
time, minimum var
iation of magnetiz
ing inductance with 
temperature, and 
balanced output be
tween windings. Ideally suited for inter· 
stage coupling, output drive, and sense 
memory applications. Rapid delivery to 
facilitate prototype evaluation. 

ASK FOR BULLETIN 40350 

Circle No. 10 On Inquiry Card 

MEMORY TEMPERATURE 
CONTROLLERS 

EMl-free. Type VZS Series SCR firing 
packages employing zero voltage or cross 
over switching. Low in cost. Temperature 
regulation, ± 2° F typical. Controls re
sistive or inductive loads. 

ASK FOR BULLETIN 87500 

Circle No. 12 On Inquiry Card 

MAGNETIC 
LOGIC CIRCUITS 

For those applications where only mag
netics will do. Sprague Electric offers 
custom engineering service and experi • 
ence in depth. Fixed and variable incre
mental scalers, shift registers, gates. and 
associated driving circuitry. 

Circle No. 14 On Inquiry Card 

For complete technical data on any of the 
standard products, write for applicable 
Engineering Bulletin(s) to Technical Liter
ature Service, Sprague Electric Co .. 555 
Marshall St., North Adams, Mass. 01247. 
For information on custom delay lines or 
magnetic logic devices, address your in
quiry to Special Components Marketing. 

4SSC •6 l 57 

SPRllGUE .. 
THE MARK OF RELIABILITY 

· O 
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INDUSTRY NEWS 

PUBLICATION OF THE "ANNUAL 
REVIEW IN AUTOMATIC PRO
GRAMMING," WHICH LAST AP
PEARED IN 1964 UNDER THE 
EDITORSHIP OF THE LATE RICH
ARD GOODMAN, IS BEING RE
SUMED UNDER THE DIRECTION 

OF AN INTERNATIONAL BOARD 
OF EDITORS, including Pro
fessor Louis Bolliet of 
the University of Grenoble 
(Boite Postale 7, Saint
Martin-D'Heres, Iser e , 
France) , Professor Robert 
W. Floyd of the Carnegie 
Ins t i tut e of Technology 
(Schenley Park, Pittsburgh, 
Pennsylvania 15213), Mr. 
Mark Halpern of Lockheed 

Now ... 
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add light pen 
capability to your display 
for less than •1,000 . 
Sanders new solid state PHOTOPEN• 
Model EO-PT system enables you to 
perform all symbol sensing functions 
in high data rate CRT displays using 
a wide variety of character generation 
techniques with push button ease. 
••• You get all these feat1;1res for less 
than $1,000. 
Fast response ••• output pulse Is 
practically coincident with the leading 
edge of the CRT light pulse. Typical 
time delay is less than 1 microsecond 
- matches fastest CRT writing speed. 
Versatility .•• can be used with a 
variety of character generation tech
niques, inclu.ding shaped beam, 
monoscope, stroke and dot matrix 
types. 
High sensitivity ..• adjustable to 
trigger on CRT symbols too dim for 
human eye detection, yet accommo
dates intensities above the comfortable 
viewing level. Spectral response spans 

the range from 4000 to 11,000 
Angstroms. 
Foolproof ••. special circuitry elimi
nates false or multiple triggering from 
long persistence phosphors, ambient 
light and CRT face and implosion 
shield reflections. 
Pinpoint accuracy ••• an Illuminated 
finder-circle "zeros in" the exact 
CRT area being sampled. 
No speclal power supplies •.• power 
requirement ls 117 volts, available at 
any standard ac outlet. 
For less than $1000, you can get 
greater flexibility and performance 
from your data display equipment -
with Sanders new PHOTOPEN 
system. For further information or a 
demonstration, contact Sanders 
Associates, Inc., Microwave Division, 
Nashua, New Hampshire 03060. 
Phone: (603) 883-3321. Ext. 7291. 
TW X: 228-1887, SA Microwave. 
•r.M, Sanders Asooclalos, Inc. 

SANDERS ASSOCIATES, INC. a 
MICROWAVE DIVISION .::.c> 

Creating New D
0

irections in Electronics 
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Missiles and Space Company 
(3251 Hanover Street, Palo 
Alto, California 94304), 
Mr. Christopher J. Shaw of 
System Development Corpora
tion (2500 Colorado Avenue, 
Santa Monica, California 
90406), and Professor An
drei P. Yershov (Computa
tion Center, Novosibirsk 
90, u.s.s.R.) The editors 
plan to publish substan
tial, ' authoritative, and 
well-written papers, in 
English, reporting on ad
vances or describing the 
state-of-the-art in auto
matic programming, which is 
defined as the use of the 
computer itself as a tool 
in developing and applying 
computer programs. The se
ries, to be published by 
Pergamon Press, will resume 
annual publication in late 
1967 or early 1968. To meet 
this schedule, noteworthy 
papers from 5,000 to 25,000 
words in length are urgently 
needed. Contributions, in
quiries regarding contribu
tions, or suggestions for 
contributions may be di
rected to the editors. 

IN THE BUSINESS PUBLICA
TIONS INDUSTRY, 49 .2% OF 
THE PUBLISHING COMPANIES 
ARE NOW USING COMPUTERS AND 
AN ADDITIONAL 45.5% WILL 
FOLLOW SUIT WITHIN THE NEXT 
18 MONTHS, according to de
tails of an American Busi
ness Press, Inc. survey just 
released. The survey was 
conducted for ABP by Com
puting Technology Incorpo
rated of Tuxedo, N. Y. The 
computers are now or will be 
employed for circulation 
fulfillment, file mainte
nance, reader inquiry ser
vice, research analysis, 
and label printing, and sec
ondarily for personnel rec
ords, bookkeeping, finan
cial reporting, and payroll, 
to mention a few. (So if you 
happen to miss an issue of 
COMPUTER DESIGN, it may be 
your fault. ) 
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erSChoice 
IEE bright, legible, wide-angle readouts: 
Any characters desired 
Any colors or combinations 
Any input, BCD or decimal 
Any inpµt signal level 

Many sizes 
Many configurations 
Many lamp lives (to 100,000 hours) 
Many brightness choices 

Any mounting, vertical or horizontal Many options and accessories 

Standard Readouts: Rear projection principle, like all IEE read
outs. A lamp in the rear of the unit illuminates one of the 12 
film messages, and projects it to the front viewing screen. 

Unbeatable readability and versatility. 

Large Screen Readouts: For reading distances up 
to 100 feet. Maximum character size 3%". 

Miniature Readouts: Only 1· wide x 1-5/ 16" high, yet can be read at 
30 feet because of clar ity of one-plane projection . Character size: %". 

Micro-Miniature Readouts: Only y,· wide x y.· high, but 20 foot viewing 
distance and maximum 175° viewing angle because 'of front-plane display . 

.... Cha~:_:~i:es;:a:::s; Special lens system increases character brightness 
~ 50%. Particularly good when high ambient light conditions exist. 

Cue-Switch Readouts: Rear projection readout with push-button 
viewing screen. Combination switch and display device. 

Bina-View Readout: Accepts binary or teletype code, decodes, 
and displays the proper character. 

Indicator Assemblies: Available with up to 11 rear pro
jection readouts, for indicating seconds, minutes, hours, 
days, etc. 

Driver/ Decoder Module: Designed to work with IEE Readouts. Accepts 
a variety of binary codes for decimal conversion. 

The new IEE Display Devices catalog gives comp lete information and specifications 
on these products, and their accessories. Ask for it. 

m":I " l-double-E", the world's largest manufacturer of rear projection readouts . 

U:l.:I Industrial Electronic Engineers, Inc. 7720 Lemona A venue, Van Nuys, California 
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Aerial view of Atlantic City showing i:s fame d Boardwalk 
a n d beach. At the left is Convention Hall. the nation's 
largest complete convention facility. 

1967 SJCC 
Convention Hall, Atlantic City, N.J. 

April 18, 19, 20 

Atlantic City's famed five-mile long Boardwalk is an all-year 
haven for sightsee rs and shoppers on foot or in the le gendary 
rolling chairs. Here are the three models - the 80-yea, -old 
"push" type, the IS-year-old motorized version. and the new 
"AC Escorter." 
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The 1967 Spring Joint Computer Conference is being 
held in Atlantic City's Convention Hall. The Confer
ence Headquarters Hotel is the Chalfontc-Haddon Hall. 
The opening session, science theatres, technical sessions, 
and exhibits will be held in Conveittion H all. The 
banquet and reception will be held in the Chalfonte
Haddon Hall. 

Round-trip shuttle service will be provided free of 
charge by the Conference between Chalfonte-Haddon 
Hall and Convention Hall. Ample public parking is 
available in an underground garage at Convention Hall. 
A parking lot and garage is adjacent to Chalfontc
Haddon Hall. 

Atlantic City's weather in April is changeable - it 
may be chilly or balmy. Come prepared with a warm 
coat or sweater and a comfortable pair of shoes for 
strolling the boardwalk at night. A coat checkroom is 
located in the Main Lobby of Convention Hall to the 
right of the entrance. 

Advance registration will take place on Monday after
noon, April 17, at the Chalfonte-Haddon Hall. A 
no-host Pre-Conference Cocktail Party will be held in 
the Pennsylvania Room of the Chalfonte-Haddon Hall 
beginning 5: 30 p.m. on Monday evening. 
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HOTELS 

1. CHALFONTE-HADDON HALL 
2. CLARIDGE 
3. DEAUVILLE 
4. DENNIS 
5. HOLIDAY 
6. LaCONCHA 
7. SHELBURNE-EMPRESS 
8. SEASIDE 
9. TRAYMORE 

10. MARLBOROUGH-BLENHEIM 

MOTELS 

11. CORONET 
12. CRILLON 
13. DEAUVILLE 
14. DENNIS 
15. FOUR SEASONS 
16. HOWARD JOHNSON'S 
17. La FA YEHE 

' 18. MARLBOROUGH-BLENHEIM 
19. MT. ROYAL 
20. PAGEANT 
21. SEASIDE 
22. SHELBURNE0EMPRESS 
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r------------~To LADDER NETWORK .~--------------. 

(30) MSB (29) (4) 

(2Sl REF #I o---_,.IA-N-'A-LO-Gl---~-A-N_AL.LO-Gt - - - - - - - - - - ANALOG 

(9 )REF # 2 SWITCH SWITCH --------- SWITCH 

(31) 

~::~ o-1--1-i.i___,; 

DATA 
PRESET 

(10) 

(14) 
COMPARATOR 

RETURN 
.¢T 

TIME 
IN PUT o---t..__,; 

(12) 

(33) 
TIME 

PRESET o---..+--~-...... 
TIME >--+---+------_.. ___ _ 
RESET 

(34) fr 

(35) 
AC START 

Jr 

llr °LQ: (TIME CLOCK) JT 
(15) 

L---~¢T 

SYNC 
OUTPUT 

(17) 

(3) 

ANALOG 
SWITCH 

9TH STAGE 
OUTPUT 

(21) 

TIME 
OUTPUT 

(19) 

4Httfl1e1• 1\\'Ft_tS l~irsf ••• This Monolithic A/D-D/A Converter incorporates 
General Instrument's exclusive MTOS (Metal-Thick-Oxide-Silicon) process which provides Large Scale 
Integration without the need for high-cost discretionary wiring. 
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tjttll\'e1·te1· 
And only General Instrument makes and 
delivers these advanced LSI devices ... today! 

Actual Size 

General Instrument's MEM 5014 is a Monolithic M'!OS Integrated Circuit 
containing 350 active components on a chip 62xl04 mils. It performs all the 
logic and analog switching functions for 10-bit successive approximation 
analog-to-digital conversion. In addition, it operates in two other major 
modes-as a 10-bit digital-to-analog converter or a IO-channel analog multi· 
plexer. 
As an analog-to-digital converter, the MEM 5014 is used in conjunction with 
an external precision ladder network and voltage comparator. This mode 
provides both serial and parallel binary outputs. The MEM 5014 is packaged 
in a 40 lead hermetically sealed in-line package which can be soldered to a 
printed circuit board or used with a 40 pin socket. Write for complete data 
and application notes. 

•.in quantities of 100 

GENERAL 

Eil 
GENERAL INSTRUMENT CORPORATION • 800 WEST .JOHN STREET, HICKSVILLE, L . I., NEW YORK 

CIRCLE NO. 49 ON INQUIRY CARD 
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1967 SPRING JOINT COMPUTER CONFERENCE 
(CONTINUED) 

CONFERENCE AT A GLANCE 

Monday, April 17 

12 NOON - INFORMATION CENTER OPENS 

4:00 PM 

11:00 PM 

(CHALFONTE-HADDON HALL HOTEL) 
ADVANCE REGISTRATION OPENS 

(CHALFONTE-HA DDON HALL HOTEL) 
ADVANCE REGISTRATION 

A ND INFORMATION CENTER CLOSES 

Tuesday, April 18 

8:30 AM - REGISTRATION OPENS 
9:30 AM - KEYNOTE SESSION 

11 :00 AM - EXHIBITS OPEN 
l :00 PM SESSIONS l, 2, 3, 4, and 5 
l :30 PM SCIENCE THEATER OPENS 
3:30 PM SESSIONS 6, 7, 8, 9, and l 0 
5:00 PM REGISTRATION CLOSES 
5: 30 PM SCIENCE THEATER CLOSES 
6:00 PM CONFERENCE RECEPTION 

6:00 PM 
8:45 PM 

(CHALFONTE-HADDON HALL HOTEL) 
EXHIBITS CLOSE 
SPONSOR SOCIETIES' TECH. SESSIONS 

Wednesday, April 19 

8:30 AM - REGISTRA TION OPENS 
9:00 AM - SESSIONS 11 , 12, l 3, 14, and 15 
9:00 AM - SCIENCE THEATER OPENS 

10:00 AM - EXHIBITS OPEN 
1:15 PM 
3:30 PM 
5:00 PM 
5: 30 PM 
6:00 PM 
6:30 PM 

SESSIONS 16, 17, 18, 19, and 20 
SESSIONS 2 1, 22, 23, and 24 
REGISTRA TION CLOSES 
SCIENCE THEATER CLOSES 
EXHIBITS CLOSE 
CONFERENCE BANQUET 

(CHALFONTE-HADDON HALL HOTEL) 

Thursday, April 20 

8:30 AM - REGISTRATION OPENS 
9 :00 AM - SESSIONS 25, 26, 27, 28, and 29 
9 :00 AM - SCIENCE THEATER OPENS 
9:30 AM - SPECIAL SESSION 

10:00 AM - EXHIBITS OPEN 
12 NOON - SCIENCE THEATER CLOSES 

l :30 PM SESSIONS 30, 31 , 32, 33, and 34 
5:00 PM - EXHIBITS CLOSE 

Friday, April 21 

9: 00 AM to 5:00 PM ................ . 
SPONSOR SOCIETIES' TECHNICAL SESSIONS 
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TECHNICAL PROGRAM SUMMARY 

TUESDAY, APRIL 18 

KEYNOTE SESSION . . . . 9:30-11 :30 AM, BALLROOM 

NATIONAL DATA BANKS AND PRIVACY 

The keynote speaker, Representative Cornelius E. Gallagher, and other 

specialists wil l give appraisa ls and possible solutions concerning the 
problem of safeguarding individual privacy in a computerized society. 

SESSION 1 . . . . . . . . . . . . 1 :00-3:00 PM, ROOM H-J 

DYNAMIC ALLOCATION 
OF COMPUTING RESOURCES 

Resource allocation, the heart of programming, has become an iden

tified topic of importance only in the context of large computing 

utilities used for concurrent execution of many independently-initiated 
computations. With logical constraints imposed by the definition of 

a complex computational task, there normally is a large area of choice, 

both in the sequencing of sub-tasks and the assignment of alternate 

computer sub-units. The choice is among alternate storage areas, 

registers, processing units, channels; and in allocation of resources to 

sub-tasks. Thus, the programmer always solves a resource allocation 

problem. Papers on dynamic resource allocation are really papers 

about widely app licable programming policies, capable of embodi

ment in scheduling and allocating programs. In this session, three 

papers will be synopsized by their authors . Each will be followed by 

critical commentary on the part of a panel. 

SESSION 2 ... _ . . . . . . . . 1 :30-3:00 PM, BALLROOM 

MANAGING THE DEVELOPMENT 
OF COMPUTER PROGRAMS -
A User's Viewpoint 

This session concerns methods and procedures that can be used to 

control the development of computer programs. The session's theme 
is based on the proposition that computer programs, like hardware, 

are the end items of an order ly, describable process than can be 
effectively managed . The practices presented cover such items as 
specifications, configuration management, and testing of computer 

programs. They were developed for and are being used by several 

organizations that are heavy users of computer-based systems. 

SESSION 3 . . . . . . . . . . . . . 1 :00-3:00 PM, ROOM 20 

COMPUTER LOGIC AND ORGANIZATION 

With the demand for larger data processing systems, attention in

creasin~ly has been focused on improving total system performance. 

However, most of the "multiple" techniques such as multiprocessing 

and multiprocesso rs, which theoretical ly should accomplish this goal, 
inherently seem to increase control functions . This actually reduces 
potential system performance. Improvements, therefore, must tend 

to embrace both hardware and software techniques and the interplay 
between the two . This session ex.Plores specific organizations offering 
these improvements . 

SESSION 4 . . . . . . . . . . . . . 1 :00-3:00 PM, ROOM 21 

VISUAL OUTPUT RECORDING 

The objective of this session is to introduce concepts for improved 
visual recording in a time-sharing complex. A panel discussion by the 
authors concerning the future of computer visual output recording 
will be conducted. 
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9uood 
reasons 
why 
Philco 
Epoxy 
Transistors 
(PET) 
are your 
best 
buy. 

1. 
PET T0-18 is rated 
from 360 to 675 mW at 
25°C (chip dependent) . 

PET's are immediately 
available in large 
volume production 
quantities. 

• 7. 
PET's are packaged in 
our low-cost Taiwan 
product ion facility-to 
keep your cost low. 

2. 
PET T0-5 is rated 
from 550 mW to 1.2 Wat 
25°C (chip dependent). 

5. 
PET's have a special 
deep-well interlock 
construction that 
insures hermeticity 
and reliability . 

8. 
PET amplifiers operate 
on currents rang ing 
from 10 µ A to 1 A ; 
PET switches to speeds 
8 ns turn on and 11 
ns turn off. 

3. 
PET packages have 
reliability factors equal 
to or exceeding that 
of metal cans. 

6. 
PET packages are 
permanently and 
legibly marked
lettered black on whi te. 

9. 
PET's cover 
frequencies from 40 
MHz to 1400 MHz. 

Call or write : Philco -Ford Corporation Microelectronics Division Sales Offices : 2920 San Ys id ro Way, Santa Clara, 
Cal i fo rn ia (408-245-2966) / 999 North Sepul veda, El Segundo , California (213-772-6226) / Northwest Industri al Park, 
Second Avenue, Burlington, Mass . (617-272-1600) / Benson Manor, Suite 11 4B, Washington Lane, Jenkin town , Pa. 
(21 5-885-0430) / 1215 Drew St ., C learwater, Flor ida (813-446-0124) / 815 Connecticut Avenue, N. W. , Washi ngton, D. C. 
(202-298-7810) / Su ite 208, 700-108th St., N. E., Bel levue , Washington (206-454-5061) I New York, N. Y. (212-244-1 373) . 

I. PHILCO-FORD CORPORATION 

PHILCO · • Microelectronics Division 
_________ __._ Santa Clara, California • 95051 

CIRCLE NO. SO ON INQUIRY CARD 
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If you're not happy 
with y:our present 

delivery of 
special motors ... 

Call this number 
collect. 

And if this gives you the idea that we may be among the last 
of the Big Spenders, good! We think we've earned the repu
tation when it comes to special motors. We've just spent l.5 
million dollars on new facilities to speed up the production 
and delivery of instrument servo motors, special induction, 
D-C, and hysteresis synchronous motors. We've gambled 
that these facilities will produce more of these motors, faster, 
than any of our competition . . . and deliver them faster 
too. Here's one example of how fast it is now: our delivery of 
instrument servo motors is eight weeks from receipt of order! 

You know our reputation for product quality and com
pany stability. On top of that now, put fast delivery of pro
duction quantities. To find out how fast , just call John 
Kachmar or Jim Ryan, Customer Service Department, THE 
SINGER COMPANY, Diehl Division (201) 725-2200 . 
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SINGER 
INDUSTRIAL CONTROLS 

CIRCLE NO. 51 ON INQUIRY CARD 
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1967 SPRING JOINT COMPUTER CONFERENCE 

(CONTINUED) 

SESSION 5 . . . . . . . . . . . . . 1 :00-3:00 PM, ROOM 13 

APPLICATIONS 
OF ANALOG AND HYBRID COMPUTERS 

This session should be of special interest to computer personne l con

cerned with analog and hybrid computation . Two situations will be 

d iscussed in detail - one that makes optimum use of hybrid simula· 

tion and one that does not . The session also will point up tw o 

unique and especially interesting applications of these computer sys· 

terns . One is the production of animated films using a hybrid system, 

and the other is a special hybrid system used for simulation studies 
of learning machines. 

SESSION 6 . . . . . . . . . . . . 3:30-5:30 PM, BALLROOM 

DATA MANAGEMENT 

One of the key problems facing designers of management informa· 

tion systems, command and control systems, and intelligence data 

handling. systems is the lack of tools to accept, modify, update, ma in· 

lain and make available, large volumes of data, of varied and complex 

logical structures, found in the real world . In th is session, des ign 

solutions to the problem of generalized data management w ill be 
reported, and the role of generalized data management in third 

generation information processing systems w ill be discussed by a 
panel of authors and software designers. 

SESSION 7 ... ... .... ... 3:30-5:30 PM, ROOM 11 

HANDLING THE GROWTH BY DEFINITION 
OF MECHANICAL LANGUAGES -
A Special Tutorial Session 

In this session, Professor Saul Gorn attacks intercommunication prob

lems by considering a strongly structured category of language 

functions in wh ich alphabets may change by "explicit definitions ." 

SESSION 8 ... 

ILLIAC IV -
An Orientation Session 

3:30-5:30 PM, ROOM H-J 

This special session was arranged to acquaint those plann ing to attend 
the Wednesday panel d iscuss ion on " The Best Approach to Large Com· 

puling Capability" with the basic concepts of th is advanced system. 

However, since it will be the first description of ILLIAC IV to be 

presented at a general computing conference, it may be of great in

terest to the general audience as well. 

SESSION 9 . . .. . ........ 3:30-5:30 PM, ROOM 21 

1/ 0 DEVICES 

This session is devoted to papers describing recently-developed 

peripheral devices which feature novel design approaches . Emphasis 
is on hardware, stress ing those details of the design which are uniq ue . 

SESSION 10 . . .......... 3:30-5:30 PM, ROOM 13 

BIOMEDICAL COMPUTER APPLICATIONS 

While medicine was in itially slow in applying computing power to its 
research and practice, inroads into simulation and statistical corre la
tions and analysis are now being made. This session presents three 
examples of computational solutions to problems in medical research . 

A fourth report on learning networks includes impressive experimental 

results. 
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WEDNESDAY, APRIL 19 

SESSION 11 . . . . . . . 9:00-12:00 NOON, BALLROOM 

SECURITY AND PRIVACY 
IN COMPUTER SYSTEMS 

This session provides a coordinated discussion of the security/ privacy 

problem. It is not concerned with the existence or nature of the 

problem in a moral, ethical, legal, political, or social sense. The focus 
is rather on the technical aspects of guaranteeing protection of infor
mation. 

SESSION 12 ...... .. 9:00-12:00 NOON, ROOM 20 

COMPUTING ALGORITHMS 

This session will discuss the effects of hardware design on implemen
tation of numerical routines and mappings from a set of internal to 

a set of external number representations. Some surprising properties 

of these mappings are established and their implications are discussed. 

SESSION 13 . . . . . . . 9:00-12:00 NOON, ROOM F-G 

MACROMODULAR COMPUTER SYSTEMS 

The properties of macromodular systems are of growing importance 

in the search for more effective information processing systems. 

Papers in this session will cover a functional description and the logi

cal design of macro-modules and system examples. 

SESSION 14 . . . . . . . 9:00-12:00 NOON, ROOM H-J 

SOME ASPECTS 
OF COMPUTER-ASSISTED INSTRUCTION 

This session deals with the development of a suitable system for 
computer-assisted instruction. The topics include aspects of hard

ware economics, appropriate software for course presentation, and 

hardware selection as influenced by educational/student consideration. 

SESSION 15 . . . . . . . . 9:00-12:00 NOON, ROOM 13 

ANALOG/HYBRID TECHNIQUES 
FOR SOLVING PARTIAL 
DIFFERENTIAL EQUATIONS 

Implementing analog or hybrid computer program to solve a par

ticular P.D.E. problem requires the analyst to choose from among 

many methods and algorithms, without a sufficient arsenal of theories 

to compare meaningfully their relative value. This arsenal of theories 
still is in the development stage. Furthermore, even many completed 

theoretical works have received too little publicity and still are 
largely unknown to the computer users' community. The panelists 

of this session have been directly engaged in this area. They will 

discuss some of the recent advances that have been made. 

SESSION 16 . . . . . . . . . . . 1 : 15-3: 15 PM, ROOM H-J 

INFORMATION PROCESSING 
IN THE BUSINESS ENVIRONMENT 

This session considers the collection, classification, organization, and 

selective dissemination of information in the business environment. 
The source and character of errors in on-line data collection systems 

is the concern of one paper. Another defines the attributes of an 

information retrieval facility in terms of the user's requirements. The 
third paper describes a utility information system designed primarily 

to service customers, but which also provides essential facts for key 

personnel . 

SESSION 17 .... . .. .... 1:15-3:15 PM, BALLROOM 

TECHNIQUES IN PROGRAMMING LANGUAGES -
Part 1 

This session concerns itself with three methods of construction of pro

grams; a technique of using a questionnaire to define a program in 

an application area and constructing the program; a system for 

generating a compiler whose source and object languages may be 

rigorously defined by the user; and a system which supplies a gen

eral-purpose compiler whose input languages may be defined by the 

user. The session will conclude with a panel discussion of the papers. 

SESSION 18 . .. .. ....... 1:15-3:15 PM, ROOM 20 

THE BEST APPROACH , 
TO LARGE COMPUTING CAPABILITY -
A Debate 

Large computing capabilities can be achieved either through faster 

single processors or through configuration of conventional or uncon

ventional computer hardware sharing the load. But, which approach 

produces the greatest performance per unit cost? One of these con
figurations may be better than its competitors for certain special 

problems. The debate will center around which problems can be best 

handled in one or the other configuration, and whether one of these 
configurations is better for general-purpose environments. 

SESSION 19 . ......... .. 1 :15-3:15 PM, ROOM 13 

THE EXPANDING ROLES 
OF ANALOG AND HYBRID COMPUTERS 
IN EDUCATION 

A panel consisting of a select group of educators from the fields of 
chemistry, mathematics, physics, chemical engineering, mechanical 

engineering, and electrical engineering will discuss their own expe

riences, make recommendations to the industry, and answer ques

tions concerning the place of analog/hybrid computer techniques in 

today's school curricula. 

SESSION 20 . . . . . . . . . . . . 1: 15-4: 15 PM, ROOM 21 

LOGIC-IN-MEMORY 

The papers in this session wi 11 describe magnetic, semiconductor, and 

superconductor techniques for special-purpose memories which have 
logic capability within the memory cells. 

SESSION 21 . . . . . . . . . . . . 3:30-5:30 PM, ROOM 20 

SCIENTIFIC PROGRAMMING APPLICATIONS 

From among the large number of papers submitted in this category, 

three have been selected that have general inters!, either because 
of the potential importance of the application itself, or by virtue of 

the novel techniques employed in making the computer application 

successfu I. 

SESSION 22 . . . . . . . . . . . 3:30-5:30 PM, BALLROOM 

TECHNIQUES IN PROGRAMMING LANGUAGES -
Part 2 

This session includes a FORTRAN language extension to include the 

use of graphic d isplay devices, and an ALGOL extension for on-line 
programming. These papers are followed by descriptions of a special 

language for data reduction applications, a command language for 
on-line problem solving, and an experimental time-s haring system. 
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1967 SPRING JOINT COMPUTER CONFERENCE 

(CONTINUED) 

SESSION 23 . . . . . . . . . . . 3:30-5:30 PM, ROOM H-J 

WILL INTEGRATED CIRCUITS 
REMOVE THE MILITARY / COMMERCIAL 
COMPUTER SPLIT? 

It seems that the traditional cost-reliabi lity tradeoff is undergoing 

drastic transformation, and that previously un heard-of combinations 

of high reliability and low cost shortly wi ll become available . Will 

this produce a convergence of commercial and military computer tech

nology? Are we approaching an era in which best commercial prac

tice will intrinsically satisfy the critica l military reliability requirement? 
The panel will address itself to various aspects of these questions . 

SESSION 24 . . . . . . . . . . . 3:30-5:30 PM, ROOM F-G 

PAPERS OF SPECIAL INTEREST 

Not every paper of quality and interest that warrants presentation 

conforms to the planned theme of a conference session. Papers 

concerned with unique subject areas or unsupported by additional 

submissions of comparable quality wou ld be by-passed were it not 

for a themeless session such as this one. The papers presented will 

be of interest to persons in sever~I major fie lds of computing research 
and industry . 

THURSDAY, APRIL 20 

SESSION 25 . . . . . . . . . . 9:00-11 :00 AM, ROOM H-J 

ADVANCES IN SOFTWARE DEVELOPMENT 

For this session, " software" is defined as programming tools for the 

computer programmer and designer in building and maintaining pro

gramming systems. The first part of this session wi ll reflect significant 

new software developments, and wi ll cover a new report generator, 

a system designed to produce efficient code, and a system developed 
to help eva luate hardware and program interaction. The second part 

will call attention to the failure of software to keep in step with 

advances in computer hardware . 

SESSION 26 . . . . . . . . . . 9:00-11 :00 AM, ROOM F-G 

TECHNIQUES IN PROGRAMMING LANGUAGES -
Part 3 

This session represents a broad spectrum of techniques for the devel

opment and specification of programming languages and includes: 
(1) Machine Synthesis of Programs; (2) Applications of Languages; (3) 
On-Line Programming Systems; and (4) Syntax-Oriented Recognizers 

and Compilers. Three distinguished panelists will offer a critique after 
each group of papers is presented. 

SESSION 27 . . . . . . . . . . 9:00-11 :00 AM, ROOM 20 

SOME IDEAS FROM SWITCHING THEORY 

This session discusses some relatively-new switching-theory ideas that 

may influence the computer field in the years ahead. Two papers will 
focus on logic modu les, considering both the choice of the module 

itself and how to design computers with them. One paper takes the 
point of view of combinational logic; the other, the point of view 

of adaptive systems. The third paper investigates erro r detection by 

developing a technique for designing diagnosable sequential machines . 
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SESSION 28 .. . . .. .. .. 9:00-11:00 AM, ROOM 21 

NON-ROTATING MASS MEMORY 

The first paper in this session describes the system experience which 

has been gained by using a mass core store for job-shop and real

time applications . The other two are concerned with engineering as

pects of a mass core store and simulation of a system ut ilizi ng this 

memory. 

SESSION 29 . ... .. .. 9:00-12:00 NOON, ROOM 13 

FAILURE FINDING IN LOGICAL SYSTEMS 

The current tendency toward larger, more sophisticated logical sys tems 

has produced a great deal of concern about the growing problem of 

failure finding . Failures are getting harder to find, and syste m down

time is becoming more critical. A broad spectrum of approaches to 

this problem is presented in this session, ranging from a highl y

theoretical development of a structura fly-oriented diagnostic p ro
cedure to a practical description of failure finding in a telephone 

central exchange. 

SESSION 30 . . . . . . . . . . . 1 :30-3:30 PM, BALLROOM 

LEGAL PROTECTION OF COMPUTER SOFTWARE 

The panel (including legal experts in this field from industry, govern

ment and private practice, as well as software management people) 

will consider the legal and economic impact of computer p rog ram 

patents on the data processing industry . The panel w ill deal w ith the 

following questions : (1) What are the policy considerations in fil ing 
patent applications on computer program invent ions? (2) What pro

tection will such patents afford? (3) What is the likelihood of obtain

ing such patents? (4) What alternatives are available for the protection 

of proprietary rights in software? 

SESSION 31 . . . . . . . . . . . 1 :30-3:30 PM, ROOM H-J 

WHAT'S NEW IN PROGRAMMING? 

The panel will discuss new developments in the field of universal 

versus specialized languages, new techniques, and new direct ions for 

the future . 

SESSION 32 . . . . . . . . . . . 1 :30-3:30 PM, ROOM F-G 

SHOULD THERE BE STANDARDIZATION 
OF MACHINE INSTRUCTIONS? 

Panelists will develop the question from differing viewpoints . They 

will explore the need for such standardization as well as its d is

advantages. 

SESSION 33 1 :30-3:30 PM, ROOM 20 

COMPUTERS FOR 
INDUSTRIAL PROCESS ANALYSIS AND CONTROL 

This session will treat some of the current adva nces made by a user, 
s systems supplier, and a combined computer manufacturer and sys
tems supplier. 

SESSION 34 . . .. . ... .... 1:30-3:30 PM, ROOM 21 

SIMULATION LANGUAGES 
A Tutorial Session 

The purpose of this session is to present the basic principles involved 
in both discrete and continuous systems application areas of simula
tion languages and to compare and / or contrast their objectives and 

techniques. 
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NUFACTURERS OF PRECISION 

Reel fast delivery of ceramic 
capacitors ... the result of 
Mepco's automated production 
techniques 

Mepco's subminiature Ceramic Capacitors meet the 
standards of military specifications, 
yet are designed and priced for high-volume 
industrial-commercial programs. 

• Conformal epoxy enclosure offers excellent 
environmental protection and unusually high 
body insulation. 

• Mepco's unique, non-migratory electrode system 
eliminates a major cause of ceramic 
capacitor failure. 

• Delivery weeks ahead of usual industry standards. 

• Dimensions as small as .100" x .100". 

• Capacity ranges from 2.2 pF to 10,000 pF. 

For complete details, call or write today 
Mepco, Inc., Morristown, New Jersey 07960 
(201) 539-2000 TWX: 710-986-7437 

O.E.M. Sales Offices from Coast to Coast 

LECTRONIC DEVICES A Heritage of Reliability 
CIRCLE NO. 52 ON INQUIRY CARD 
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A SMALL TIME-SHARED COMPUTER 
In the midst of the battle between large time-shared computers 
and small stand-alone computers, the author presents a case 
for a small, slow, time-shared computer. 

LARRY L. CONSTANTINE, 
Senior Consultant, 
Information Systems Institute, 
Cambridge, Mass. 

Two complementary trends are ob
servable in the computing world. 
On the one hand is the move toward 
ever larger, faster, and more ex
pensive computers for time-sharing, 
based on the belief that the amor
tized (per-user) costs will decrease 
as the potential number of users per 
machine rises. On the other hand is 
the effort to produce smaller, cheaper 
"personal" computers, which cur
rently are more economical per user, 
in the belief that this position will 
continue for some time. 

But what is cheaper than a cheap 
computer? Why not a time-shared 
cheap computer? The computer de
scribed here is such a machine. The 
class of machines to which the TMC 
(Time Multiplexed Computer) ma
chine belongs is that of small, "ordi
nary" (perhaps even "obsolete" ) 
units using acoustic delay lines for 
memory. Acoustic delay lines, espe
cially those based on magnetostric
tive techniques, were long used as 
the primary storage medium for 
computers of modest capabilities. 
They work by storing information 
bits as acoustic (sound) waves seri
ally in a solid medium such as nickel 
wire. Bits are entered at one end 
and are presented sequentially at the 
other after a delay proportional to 
the length of the line. The chief 
advantage of serial delay line storage 
is its low cost. In addition, delay 
lines are free from the mechanical 
limitations associated with other low
cost, low-speed media, such as mag
netic drums and discs. 
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The principle disadvantage of de
lay lines is a function of the direct 
relationship between length, that is 
size in bits, and access time to a 
given bit or word. Inherent char
acteristics of magnetostrictive lines 
have stabilized the maximum usable 
bit-rate at about two million bits 
per second. A computer constructed 
around a small memory of 2000 bits 
will thus have a main cycle time of 
one millisecond. Traditional ap
proaches to circumventing this prob
lem and expanding the size of such 
memories use independent delay line 
systems as separate sections of mem
ory, but as this method is carried 
further and further, part of the cost 
advantages disappear. Very long de
lay line memories (20,000 bits or 
more ) are now available as stock 
items at essentially the same cost as 
much shorter lines, giving a storage 
cost of slightly more than 1 cent per 
bit. The low cost, however, is usually 
considered offset by the very long 
main cycle dictated by delays of this 
length. Since only one addressable 
instruction can be executed each 
cycle, a conventional computer con
structed around long delay lines 
would execute few instructions per 
second. 

However, there are certain unique 
characteristics of serial, circulating 
memory systems that can be exploited 
for special purposes. One of these 
is the fact that, in each full memory 
cycle, one gets "a look at" every 
word stored in the system. This al
lows the construction of associative 
memories without any penalty in 
speed. It also enables the imple
mentation of rather novel hardware 
instructions and unusual program
ming approaches. Another charac
teristic, often ignored as unimpor
tant, is that the separation of words 

in what might be called the address 
domain is duplicated in the time 
domain. That is, items of informa
tion located at different addresses 
are, of necessity, displaced in time. 
This leads directly to the possibility 
of time-sharing a serial delay line 
memory. 

The TMC uses this latter feature 
to allow several users to time-share 
a single memory and central proces
sor. The design is such that each 
user "sees" a medium-to-small-scale 
computer of modest capability which 
is autonomous and not subject to 
any effects related to the usage of 
the equipment by others. Its or
ganization is distinct from current 
trends in time-sharing evolution. The 
user is not screened from the fun
damental machine characteristics by 
a monitor or executive nor is it neces
sary to relinquish memory space or 
tii-ne to such a supervisor. Further, 
there is no restricted subset of in
structions reserved for a Monitor or 
Executive or Scheduler. All capabili
ties of the computer are available 
directly to the user. It is a true time
shared computer, as opposed to a 
time-shared facility. 

External Characteristics 

The particular version of the TMC 
design described here (referred to 
as the TMC-1 ), was chosen pri
marily for the sake of concrete pre
sentation. The size of the instruction 
set, length of the memory, and input
output structure reflect an orienta
tion to a class of potential users 
whose requirements now fall below 
the lower end of the computer spec
trum, in particular, for educational 
institutions in teaching computer 
courses and in laboratory use, and 
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for filling the needs of small busi
nesses. However, the key design fea
tures, the automatic time-sharing of 
a serial memory medium, and, con
sequently, of a central processor, 
could form the basis for other vari
ants, such as a computer designed 
around a very long, glass, delay line. 

The TMC-1 is really five com
puters in one, that is, five users can 
operate simultaneously. The memory 
of the TMC-1 has a 16-bit word 
(two ASCII characters with parity) 
and a total storage of 4096 words. 
The instruction format is single ad
dress, allowing four bits for opera
tion code. Table 1 shows the list of 
commands. 

Each user must have his own 
complement of input-output devices, 
such as a medium-speed paper tape 
reader and punch capable of about 
50 characters per second and/or a 
typewriter-like device for direct man
machine communication and hard
copy output. The range of devices 
that can be operated successfully 
with the TMC-1 is, in general, lim
ited to devices with transfer rates of 
200 characters per second or less. 

Hardware Organization 

The primary memory of the TMC-1 
complex is a single _bank of sixteen 
magnetostrictive acoustic delay lines, 
operated bit-parallel, word-serial, and 
locked in synchronism by a common 
clock. Using delay lines of 20,000-
plus bits, which are now available 
off-the-shelf, the overall master cycle 
time of the TMC-1 complex would 
be approximately ten milliseconds. 

It is difficult to define the process
ing speed of the computer. If the 
discussion is limited to addressable 
instructions, then the execution rate 
is an extremely modest 100 instruc
tions per second. (The design allows, 
however, any number of sequential
operate-class instructions to be exe
cuted during a single main memory 
cycle, which yields a theoretical max
imum of 400,000 executions per sec
ond.) While each user is getting 100 
instructions executed per second, the 
complex is servicing five users, hence 

TABLE 1 

Instruction Set for the TMC-1 

CODE MEANING 

y (y) ~(AR) 

y (y) ~(ER) 

y (AR)~ (y) 

y (ER)~ (y) 

01 

02 

03 

04 

05 

06 

07 

10 

11 

12 

13 

14 

LA 

LE 

DA 

DE 

AD 

SB 
MP 

DR 

TR 

TD 

CM 

SK 

y (AR) + (y) ~ (AR) 

y (AR) - (y) ~ (AR) 

y (AR) X (y) ~ (AR, ER) 

y (AR, ER)/(y) ~ (AR) 

y y ~(PC) 

y (PC) ~ (y), y + 1 ~ (PC) 

y (AR) : (ER), HI or EQ INDICATOR SET 

m micro-programmed skip group to skip on compares, AR 
and ER sign bits, overflow, 1-0 indicators, etc. 

15 OP m micro-programmed operate group to clear and comple· 
ment AR, ER, shift, etc. 

16 1-0 m input-output group, transfers a character to or from ER 
and/or signals a device. 

17 LG m micro-programmed, inter-register logic group (AND, OR, 
etc.). 

00 AX Auxiliary group which might include sort and lookup 
instructions. 

executing a total of 500 per second. 
If particular applications require less 
memory, the number of users can be 
expanded to ten, or even twenty, or 
the main cycle decreased. Except 
that each user must have his own 
I-0, almost no additional hardware 
is needed, and the cost per user 
becomes smaller. 

Conceptually, the 20K memory of 
the complex is divided into five 4K 
blocks of contiguous words, one block 
being associated with each of the five 
users. Since the storage is word
serial, the spatial separation of user's 
blocks is duplicated by a time dis
placement. With each user assigned 
a contiguous block of words which 
are mutually exclusive of those as
signed to all other users, the process
ing facility need service only that 
user which is active at any given 
time, that is, whose block is circulat
ing through the read amplifiers of 
the delay lines. No other user's area 
will be accessible, since other areas 
will exist only as acoustic waves in 
the lines. This characteristic affords 

an automatic or inherent memory 
protection feature, and no separate 
device is needed to eliminate acci
dental user interaction. This orga
nization does not require a separate 
processing facility for each user, but 
only one capable of functioning for 
a given block as if it were the sole 
property of that user. 

The Central Processor 

A processor which can function in 
this time-sharing manner must be 
capable of storing information per
tinent to a section, sufficient to define 
the state of that section completely 
so that its operation may be resumed 
upon the next master cycling. In 
conventional time-sharing systems, 
this often means dumping the cur
rent contents of memory and selected 
active registers onto some auxiliary 
storage device. In the TMC-1, since 
each user has a unique, permanently 
assigned, section of memory, it is only 
necessary to save the state of the pro-
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60 
Series 

Photoelectric Paper 
Jape Readers 

LOWEST COST 
RELIABLE PERFORMANCE 
MINIMUM MAINTENANCE 

General Electric's new, low-priced 60 Series photoelectric 
paper tape readers have only one moving part. Sealed bear
ings are used on the ultra-compact 60 Series readers and 
require no maintenance. 

Simplicity is the key word in design and operation. 
The GE 60 Series are fast. All units read asynchronously at 

up to 125 characters per second. Other features are: 
• Silicon solid-state components used throughout 
• Reads opaque and translucent tapes 
• Simple loading 
• No adjustments requ ired 
• Unidirectional and bidirectional models 

GE photoelectric paper tape readers are also available with 
match ing reelers. Get all the details on the GE 60 Series, 
write: Sales Manager, GE Printer-Reader Business Sect ion, 
511 N. Broad St., Philadelph ia, Penna. Ask for GEA-8480. s31-01 

PRINTER-READER BUSINESS SECTION 

GENERAL fj ELECTRIC 
PH ILADELPH IA, PENNA. 

CIRCLE NO. 53 ON INQUIRY CARD 

cessor itself. To store the relatively
small number of bits needed to define 
the state of the processor at the ter
minal boundary of a user's area, 
simple flip -flop registers or a small 
core storage could be used. It is not 
necessary, however, to employ such 
relatively expensive methods, since 
the auxi liary memory which is used 
to store the processor state at the 
boundary between user blocks, can 
be low-cost delay line storage. Many 
schemes are possible, subject only to 
the requirement that for an N-user 
complex, the processor state for a 
given user must become available at 
the initial boundary precisely N-1 
block-times later. 

The details of the requisite pro
cessor characteristics can best be 
understood by following through the 
processor cycle. We shall assume that 
the terminal boundary of some user's 
memory area has just been reached, 
the state of the processor has just 
been stored in auxiliary storage, and 
that the area of storage associated 
with user 3 has been entered. Im
mediately upon entering user 3's 
block, t he address counter (AC ) is 
reset to zero. The AC will be used 
to compare for coincidence with 
other address registers in order to 
fetch or store a given word and , 
therefore, will be incremented by 
one each time a word passes through 
the read section of the delay mem
ory. In addition, the processor has 
been set to correspond to the state 
last recorded in the auxiliary storage 
by user 3. Let us assume that there 
is no instruction waiting for comple
tion and that the processor state as 
restored indicates that the next in
struction to be executed is at loca
tion 104 (that is, word number 104, 
counted from the start of this user's 
block) . In other words, the program 
counter contains 104. 

When word 104 is accessible (as 
indicated by the count in AC) it 
will be read into the instruction de
coders. Let us say that the contents 
of 104 required fetching the con
tents of location 70 into the accumu
lator register (AR) . Word 70 has 
already passed, so the terminal boun
dary for user 3 will be reached with
out the word having been fetched. 
At the boundary, the processor state 
(i.e., the computer is wating for word 
70) will be saved, the processor will 
be restored from the state last re
corded for the next user, user 4, and 
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•When , 
You re 

Tied 
Down 

With 
Deadlines• 

WHAT eoMPANY DO YOU fAll ? 

PICK A SUPPLIER, NOT JUST A 'LINE' 

SELECT FROM THE MOST COMPLETE OFF-THE - SHELF STANDARD LINE 

ON THE MARKET 

Engineering assistance on special cards and systems 

FREE Applications manual furnished on request 

0 CALlrn~NIA SYSHMS COMPONrnTS, INC. 0 
9 17 6 I N DEPENDENCE AVENUE • C H A TSWORTH , CAL. IF"C R N IA 9 1311 • C213l 341-1050 
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CONVERT 
COMPUTER DATA 
TO TV DISPLAY 

WITH THE 
ELECTROSTORE® 

• • • • • • • • • • • • • 
This TV Display shows a high resolution 
alphanumeric presentation . derive<l_from 

a computer. It is only one example of a 
computer display using the Electrostore, 
Model 221. 

Model 221 Electrostore 
I' single-gun storage tube 

Input/Output Response 
10 MHz or 20 MHz 

~ Input Amplitude 
Required 0 .7 volts to 
2.0 volts p-p 
Deflection Amplitude 
5 vo lts p-p 
Deflection Response 
DC to 800 KHz 
Programmer Optional 

The Model 221 scan-converter utilizes 
a cathode-ray recording storage tube. 
Input video signals and deflection 
information are applied to the tube 
through various amplifiers and con
trol circuitry. Data is stored within 
the tube in the form of a raster, cir
cular, or spiral scan. This information 
can be read off periodically through 
appropriate amplifiers without de
stroying the stored data. The input 
can be up-dated periodically and the 
stored informati on erased partially 
or in its entirety. By introducing the 
proper signals, the Electrostore can 
convert a variety of formats to TV 
display, i.e. computer-to-TV, radar
to-TV, IA-to-TV, or sonar-to-TV. 

Write for technical memos and application 
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notes covering the Electrostore. 

• 
... ~ .... i.zn.ccge 
--- instruments 
... 223 Crescent Street 

.• Waltham, Mass . 02154 
Tel. (617) 894-8200 

A DIVISION OF 
CASA CORPORATION 
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INPUT / OUTPUT 

CENTRAL PROCESSOR (CP) 

I 

LOGIC, ARITHMETIC, AND 
CONTROL FUNCTIONS 

I/ 
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Central Processor Auxiliary Storage (CPAS) 

Total Delay Length is N-1 Blocks for N Users 

Key - Length in bits in parentheses 

AR Arithmetic Register 
ER Extension Register 
BR Memory Buffer Register 

PC Program Counter 
MA Memory Address 
IR Instruction Register 
SR State Register 
AC Address Counter 

Fig. 1. Organization of the TMC-1. 

the AC reset to zero. 
When the initial boundary of user 

3 is reached again, the state as re
stored from the auxiliary memory 
will cause the computer to wait for 
location 70, load its contents into 
the AR, and then wait for loca
tion 105 (the next sequential in
struction) . If 105 contains a non
memory-referencing instruction, say 
a shift, this can be executed imme
diately. With sufficiently-fast decod
ing and arithmetic logic units, this 
can be completed by the time word 
106 is read from memory, and the 
instruction in 106 could then be 
executed in the same cycle. 

It is clear from the preceding dis
cussion that the appearance of the 
TMC to the user, or more correctly, 
the user's program, is precisely that 
of a "typical" small delay line com-

puter with a memory size equal to 
the user's assigned block length. The 
facts that memory reference instruc
tions are completed in a single main 
cycle, rather than two as with static 
storage, and that any number of 
consecutive non-addressable (operate 
class) instructions can be executed 
in a single cycle could be employed 
in any delay line computer. 

The foregoing discussion, while 
somewhat elementary, illustrates the 
principal characteristics of the TMC-
1, which allows the hardware time
sharing of a very large, serial delay 
line memory system and the associ
ated central processor among several 
users at very low cost. It can be seen 
from the organization diagram (Fig. 
1) that the only difference between 
the main frame of the TMC-1 and a 
single-user machine with a 4K mem-
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ory is the length of the delay lines 
and the provision of the auxiliary 
memory in the time-sharing version . 

Applications 

Currently there are several very 
small-scale digital computers on the 
market designed for use as instruc
tional devices in classes in program
ming and computer applications. For 
this type of purpose, cost is usually 
the paramount consideration. Slow 
speed is not considered a great dis
advantage and restricted instruction 
sets are even considered by some to 
be advantageous for teaching. The 
hope has been to bring the cost of 
such a device within the budget of 
small colleges and even high schools. 

However, for effective classroom 
utilization, what is really needed are 
several small computers, enabling a 
significant fraction of the class or 
even different classes in different de
partments to be using a computer at 
the same time. The use of consoles, 
linked to a large time-shared facility, 
is a possibility but poses the problem 
that the student is separated from 
the computer by several "layers" of 
languages, monitors, executives, and 
supervisors. Whether or not this is 
wholly desirable is still in debate. 
Further, there are very few large 
facilities of the sort that could offer 
a service to small colleges and high 
schools and none have chosen to as 
yet. The TMC offers one possible 
solution for these educational users. 
For very little more than the cost of 
a simple, single user computer, an 
institution could have a computer 
that could serve five or more stu
dents simultaneously. If the memory 
requirements are relaxed, the com
puter is much cheaper. If a thou
sand words for each of five users is 
sufficient, not only is less memory 
required, but the slower effective 
word rate enables the use of slower 
(hence, cheaper) logic in the central 
processor. 

The small and very small business 
user could also make good use of this 
class of equipment, rather than using 
much faster equipment in a batch 
processing arrangement. This small, 
relatively-slow computer could han
dle transactions as they occur with 
only occasional waits when two or 
more arrive simultaneously. (It is 
not true that real-time operation re
quires very high-speed equipment; 

this depends on the arrival rate of 
information and information requests 
and the complexity of processing as
sociated with each transaction. In 
the small business, both the arrival 
rate and complexity are low. ) Fur
ther, the TMC is not inapplicable 
to batch processing problems for, if 
the equipment is inexpensive enough, 
the fact that it may take a full shift 
to process a payroll is tolerable. 

The TMC also has multiple use 
capability. One section could be per
manently relegated to inventory con
trol, another to payroll processing, a 
third to billing, invoicing, and other 
automated typing applications, and 
a fourth used for program debugging 
and maintenance. The last one might 
be left free for miscellaneous appli
cations. Further, businesses which 
cannot now afford a computer could 
form alliances, sharing a single TMC 
with each business getting the num
ber of consoles it can use and is 
willing to pay for . 

Whereas educational users are 
probably best served by a more or 
less standard instruction set, business 
users could benefit from special in
structions. In particular, serial or 
tabular operations can often be im
plemented with rather simple hard
ware at great savings in execution 
time. For example, the table look-up 
and sort instructions mentioned in 
Table 1 would be highly desirable 
and useful in small business applica
tions. To facilitate achieving maxi
mum input-output rates, it would 
be desirable to have I-0 instructions 
transfer entire blocks as well as op
erate on a character-at-a-time basis. 

Conclusions 

Based on the simple principle that, 
in a serial storage medium, informa
tion separated in the address domain 
is also separated in the time domain, 
a straightforward technique for time
sharing such a memory has been 
described. The Time Multiplexed 
Computer embodies this technique 
in a rudimentary computer of modest 
capability. While not so limited, 
hardware of this design seems to 
have the greatest potential for small, 
budget-limited, educational and busi
ness users. With careful choice of 
applications and appropriate special 
instruction sets, the TMC could fill 
both needs at low cost. E ND 

Here's one to have on your side. 

It's the Gurley Model 8602 Photo
e I ectri c Incremental Encoder. 
Lightweight, compact, built to instru· 
ment-maker tolerances. 

One of a complete Gurley family 
of versatile incremental encoders, 
with pulse patterns from 1 to 5000 
per input revolution. At prices 
tailored to the application. 

Contact Gurley. We take the mys
tery out of encoders. Write for data 
sheets on Models 8602, 8605, 8606. 

W.&. L. E. GURLEY 
537 Fulton Street, Troy, N.Y. 12180 

Telephone: (518) 272-6300 
TWX: (518) 241-6099 

Instrument-makers since 1845 
CIRCLE NO. 56 ON IN.QUIRY CARD 
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THE FIRST STANDARD LINE 
OF PRECIOUS METAL TIP 
CONTACT PC CONNECTORS 
A standard line of precious metal 
tip (PMT) contact printed circuit 
board connectors - claimed to 
be the first in the history of the 
electronic data processing indus
try - has been developed by 
Amphenol Corporation's Connec
tor Division, Chicago, Ill. "Until 
now, PMT connectors, with their 
superior operating performance 
and cost-saving characteristics, 
have been limited to high-volume 
applications because," Paul P. 
Hoppe, Jr., division PMT prod
ucts programs manager said, 
"speeial connectors had to be 
developed to suit each individual 
application . Consequently, the 
high tooling cost had to be spread 
over a long production run. But 
development of a standard line 
of connectors made PMT's sig
nificant advantages available to 
both small and large producers 
of all data processing and other 
types of dj.gital equipment." 

The 261 Series PMT connec
tors use a solid, precious metal 
button, 0.007 to 0.010 in. thick, 
which is welded to the contact 
member at the point of electrical 
contact with the PC board. This 
supplants the former procedure 
of plating the complete contact, 
including non-functional areas, 
with precious metal. The new 
type of button requires less 
metal, thereby reducing connec
tor cost and also is far more 
durable than a standard plated 
contact. 

Wrought alloy structure of the 
metal tip enables it to withstand 
more than 500 mating cycles 
without loss of continuity or sig
nificant increase in resistivity. 
Except for a slight decrease be
tween the first and tenth cycles, 
the resistivity curve of the new 

connectors is flat and stable for 
a minimum of 500 mating cycles. 

Stress relaxation characteristics 
of phosphor bronze, the base 
contact material, have been fully 
exploited - permitting the con
tact to function effectively over 
an extended period of years. 
Contacts are confined in the di
electric to a determined pre-load 
force . As a result, there is a 
fixed, definite contact separa
tion that eliminates shorting. All 
these factors contribute to the 
connectors' basic dependability. 

High contact density - with 
contacts spaced as close as 0.100 
centers - permits a large num
ber of contacts in a small space. 
Connector blocks can be stacked 
side by side in frames and ter
minations made automatically, 
individually-soldered or flow
soldered to a motherboard. 

The PMT connectors are avail
able with single- and double-

sided connections in a wide 
range of spacings and number 
of contacts suitable for almost 
any PC board application. Con
tact spacings range from 0.100 
in. to 0.250 in. and contact po
sitions, from 15 to 43. Current 
rating, contact resistance, voltage 
rating, and voltage breakdown 
depend on the spacings. For ex
ample, 0.100 in. connector has 
a current rating of 5.0 amp, 
contact resistance maximum of 
6.0 mllliohms, voltage rating of 
300 volts rms at sea level and 
minimum breakdown of 1800 
volts rms. Card guides for use 
with the connectors are available 
for applications requiring added 
PC board support and also for 
making blind insertions easy and 
positive. 

For more information on the new 
PMT connectors: 

Circle No. 108 on Inquiry Card 
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DRC-77 
for applications requiring
Incre01ental encoder 
Bidirectional pulse generatcfr 
Shaft-angle transducer 
Digital tacho1neter 

For years systems designers have been waiting 
for digital components that compete head on 
with analog devices and offer proven in-service 
operational reliability. The new DRC-77 shaft
angle digitizer has this kind of performance, 
and at a price level that will meet your costing 
requirements for commercial equipment. De
signed for simplicity and reliability, the DRC-77 
is especially suited to laboratory, test area, and 

0[ CIM&L5 ! COS UNL ESS OTH [ RWIS[ NOT ED 

FIHC T10HS ! p 

general industrial environments. Resolution: 
up to 4,096 pulses per shaft revolution. Ac· 
curacy: down to 2.6 arc minutes. Starting 
torque: 0.1 oz. in. Output signal levels: 200 
mv peak to peak sine wave, or 6 volt square 
waves. Two configurations are available: One 
provides dual channel, quadrature-phased 
quasi-sinosoidal output signals of up to 1024 
cycles per shaft revolution; the other provides 
dual channel, quadrature-phased square 
waves. A bidirectional pulse multiplier card 
is available to produce (by various intercon
nections) one, two, or four output pulses per 
square wave cycle. A once-per-revolution zero 
reference pulse is also available. 

For more information on the versatile new DRC-77 encoder, 
write for brochure DR6-1066 with detailed performance 
charts, specification tables, and dimension drawings. 

DYNAMICS RESEARCH co~stoRATION 
The Components Department I 38 Montvale Avenue, Stoneham-.~~ssachusetts 02180 

Phone: (617) 438-3770 
CIRCLE '.N.o . 57 ON INQUIRY CAlt~ 
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A NEW NUMBER SYSTEM 
on which to base the design of digital 

systems! It·may revolutionize the 
computer industry by providing: 

LOWER PRODUCTION COSTS 
SMALLER SIZE 

LOWER POWER CONSUMPTION 
. HIGHER RELIABILITY 

REDUNDANCY EASILY BUILT-IN 
STANDARDIZATION OF 

FUNCTIONAL ARITHMETIC MODULES 

This vital new number system 
will be introduced in a series 
of articles in Computer Design. 

IF YOU ARE NOT NOW A 

DIRECT SUBSCRIBER TO COMPUTER DESIGN 

FILL OUT THE QUALIFICATION CARD 

OPPOSITE PAGE 1 AND MAIL IT NOW 

FOR YOUR YEAR'S FREE SUBSCRIPTION 



Monolithic 
Interface 
Circuits 
New high and low voltage mono
lithic interface circuits can be com
bined with firm's monolithic diode 
matrices to satisfy all input/ output 
matrix interface requirements in in
tegrated form. The new circuits are 
available in standard T0-84 flat 
packs or in ceramic dual in-line 
packages. Circuits include low volt
age hex interface inverters, high 
voltage hex interface drivers, and 
hex indicator drivers. The interface 
inverters provide the necessary low 
voltage input/output interface be
tween standard 5 volt integrated 
logic circuits and diode matrices. 
The hex interface drivers adapt 
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matrix input/ outputs to high voltage 
interfaces, up to 35 volts, while the 
hex indicator drivers, presently un
der development, provide output 
drives in excess of 50 volts. The ob
vious applications of diode matrices 
and interface circuits is in code con
versions such as binary coded deci
mal to decimal conversion. Diode 
matrices, when coupled with the in
terface inverters, may open the door 
for economic methods for generation 
of complex logic functions using 
simple diode logic. The speed of 
computation is said to be greatly 
increased over that obtained with 
conventional integrated logic circuits . 
A typical application of diode ma
trices and interface circuits is shown 
in the logic function generator above. 
Radiation, Inc., Melbourne, Florida. 

Circle No. 254 on Inquiry Card 

A CHOICE OF 

3 
INCREMENTAL 

$3200~~CH COMPLETE! 

!Jll1~ID 

DATA AT ANY RATE - A CHOICE OF 
0-200 CPS OR OPTIONAL TO 1500 CPS 

ON. ANY IBM COMPATIBLE TRANSPORT 

GENERATES FULLY-COMPATIBLE IBM TAPE AUTOMATICALLY! 
• Choice of 200 or optional 556 bits per inch • Standard IBM type 101/2 " reels, 112" tape 
• 7 track standard spacing • % " inter record gap with longitudinal check character 
• Lateral parity selectable - odd or even • Binary Zero to BCD 10 Converter 

.. .... DIGITAL STEPPING RECORDERS 
., .,... DIGITAL DATA HANDLING EQUIPMENT 

DIGl-DATA CORPORATION 
Main Office: 4315 Baltimore Ave. Bladensburg, Md. 20710 (301) 277 ·9378 
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AN INTERFACE BETWEEN TELEPRINTER CIRCUITS 
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REQUIRING TEMPORARY OR BUFFER STORAGE .. . 

• Uses magnetostnctive delay line with 2400 character minimum storage 
for accept ing, regenerating and temporary storage of signa Is 

• Input is standard 5 level teleprinter code, 7.0 units or longer in length, 
60-200 wpm 

• Output is standard 5 level teleprinter code, 60-200 wpm 
• Packaged on plug-in circuit cards 
• Three separate assemblies 

(a) Serial to parallel converter 
(b) Electronic storage unit 
(c) Parallel to serial converter 

• Solid-state dig ital packaged for mounting in standard 19" relay racks . 

Model 1300 Electronic Storage Unit I $2400.00 F.O.B. Frederick, Md./ 90 days delivery 

~ .. ·. ' 

FREDERICK ELECTRONICS CORPORATION 
HAYWARD ROAD, P.O. BOX 502, FREDERICK, MD. 

PHONE: 301-662-5901 
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And we have more than 188 other 
types designed and quickly available 

It's the most comprehensive line of digital logic 
modules available anywhere. Greatest versatility is 
found in EMC's complete families of rugged potted 
germanium and silicon modules, operating over an 
ambient temperature· range of - 55°C to + 125°C. 
Quality and reliability is demonstrated by a proven 
4Y2 million hours MTBF. You'll find lowest cost, too. 
For example, 100 KHz S-R flip-flop module, $3.95 
each in quantities of I 00. "Off-the-shelf" families in
clude 250 KHz, 2 MHz Germanium, 2 MHz Silicon, 
and 100 KHz. 

A variety of EMC power supplies are available for 
use with the standard EMC logic modules. Com
monly used special function boards are available from 
stock in 250 KHz, 2 MHz and I 00 KHz versions. 
Other accessory equipment includes universal mount
ing boards, mounting racks and extender cards. 

CUSTOM APPLICATION. To provide the flexibil
ity which is often lacking in "off-the-shelf" products, 
EMC has adopted a policy which should appeal to the 
system and logic designer. In addition to offering 
standard families of circuit modules, EMC also offers 
a line of basic techniques at various frequency ranges 
and the ability to alter inputs, outputs and other 
parameters to better satisfy a specific need. Your cir
cuit can be packaged with the same 2 to 3 week deliv
ery as for standard modules. Interesting? Then write 
for EMC's catalog. 

m•maa1111m•••E:IVI~ 
•• llllJlllJ•lllJ• COMPONENTS 
Bl111111Jlll1•••• DIVISION 

P.O. BOX 141 T IMO NIUM, MARYLAND 21093 

TWX-301-0723 301 -666-3300 
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GOVERNMENT REPORTS ** 

SOLID-STATE DISPLAY DEVICES 

Report describes the development of a solid-state display device using 
binary input information. Thin film photoconductive elements were 

made having as many as 128 individual switching elements on a 
single substrate. Electroluminescent (El) lamps drive the photo

conductor switches. Readout consists of five columns of segmented 

EL lamps with a resolution of 32 lines per inch. Four of the columns 

are of the thermometer type; whereas the fifth is a single line which 

moves as a time reference. 

Order from Clearinghouse, U. S. Dept of Commerce, Springfield, 

Va. 22151. Order No. AD-643525. Price: $3 .00 (microfiche 65 cents). 

UNIVERSAL ENCODER TESTER 

An advanced special-purpose synchronous digital computer auto

matically isolates and helps define failures of analog-to-digital devices 

tested under dynamic conditions. Developed to provide the Navy 

with an automatic testing system capable of evaluating analog·to

digital (A/ D) converters, the tester was converted from an asynchro

nous (no clock or master timing reference) machine to one with a 

synchronous mode of operation by redesigning the error detection 

logic. 

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va. 

22151. Order No. AD-641086. Price $3.00 (microfiche 65 cents). 

MESSAGE RETRIEVAL SYSTEMS 

A methodology for evaluating message retrieval systems has been 

developed from a 2-year study with an experimental collection. 

Various methods of evaluation of materials, processing, and retrieval 

in terms of potential mathematical techniques, manual versus auto

matic procedures, and user requirements and satisfaction are described. 

The researchers feel that the methodology which they have experi· 

mentally developed, or associative interactive retrieval system, could 

be feasible within the appropriate environmental setting . Modifica
tions would be necessary before imposing the system on already 

existing methods, although a great deal could be profitably adapted. 

Order from Clearinghouse, U. S. Dept of Commerce, Springfield, 

Va. 22151. Order No. AD-642829. Price: $3 .00 (microfiche 65 cents) . 

PROGRAMMER PERFO RMANCE 

In what is described as "the first known study measuring the per· 

formance of programmers under controlled conditions for a standard 
task,'' researchers compared the program "debugging" performance 
of programmers working under conditions of on-line and off-line ac· 

cess to a computer. Statistically significant results indicate faster 

debugging under on-line conditions, but the investigators feel that 
the most practical find ing of the study is the striking individual dif· 

ferences in programmer performance. Attempts are made to relate 
observed individual differences to objective measures of progl'!lmmer 

experience and proficiency through factorial techniques. 

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va. 
22151. Order No. AD-640654. Price: $3.00 (microfiche 65 cents). 
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We started 
developing our skills in 

computer bus bars 
before computers 

were invented 

... or bus bars. 

We started, in fact, way back when elec
tricity was coming of age, bringing with 
it increasingly critical requirements for 
insulation. 

Responding to those needs, we became 
insulation system specialists ... ideally 
equipped when the computer age dawned 
to pioneer the concept of voltage distribu-

tion by laminar bus assembly. 
Today, Rogers MEKTRON® Laminar 

Bus Asseqiblies are used by every major 
computer manufacturer. 

If you want Mektron data for your 
files ... or want help on bus assembly 
design, call or write today. We promise 
an appropriate and prompt response. 

ROGERS CORPORATION ROGERS, CONNECTICUT 06263 CR 
Other Mektron products include : flat, flexible cable, circuitry and connective hardware; molded circuits; Mektherm heater circuits. 
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There are many methods for converting numbers from 
one base to another. This article outlines a new meth
od which is simpler than any now used. The Hartmann 
method will convert any number, including fractions, 
from one base to another in a few, easily-remembered 
steps, and can be either used manually or implemented 
by a computer. For instance, to convert 97 base 10 to 
binary, the following operations are performed: 

1. Write the BCD of 9 
2. Shift two places to the left 
3. Write the BCD of 7 shifted one 
place to the right 

4. The sum is the answer 

1001 
1001 

111 

1100001 2 = 9710 

The Hartmann method follows a consistent set of rules 
and is mechanical in nature. These rules are listed in 
Table 1. Because of the simplicity of the binary number 
used in Table 1, it might appear that the Hartmann 
method provides no real simplification. However, once 
the method is understood, it will become clear that it 
is a powerful tool for converting from one base to 
another for both integers and fractions. A few examples 
will illustrate this. 

Example: Octal to Decimal 

To convert octal 777 to decimal: (Note that arithmetic 
is done in decimal base) 
1. M = 8 - 10 = -2 
2. Multiply left digit (MSD) by M and move one 
place to the right and sum. 

777 
- 2 x 7 = -14 

63 
3. Multiply remainder by M, move one place to the 
right, bring down the next MSD, and sum: 

637 
- 2 x 63 = -126 

51110 = 7778 

68 

c ONVERSION 

Exam pie: Decimal to Octal 

To c onvert decimal 511 to octal: (Note that arithmetic 
ne in octal base) is do 

1. M = 10 8 = 2 
2. ( 2 x 5) 8 = 12s 

3. (2 x 63 )s 

51110 
12s 

63s 
146s 

631 
1468 

Example: Decimal to Binary 

To convert decimal 971 to binary: 
1. All arithmetic must be done in binary, therefore, 
each decimal integer must first be converted into an 
equivalent BCD number: 
9 1001 (Most Significant Character, MSC ) 
7 = 0111 (Second MSC ) 
1 = 0001 (Least Significant Character, LSC ) 
2. M = 10 - 2 = 810 = 10002 

Further care must be exercised in following the stated 
rules. In the previous examples, the number being con
verted from one base to another had the same integers 
in either base; e.g., 510 = 58 • As a result of this com
patibility, the entire number to be converted could be 
written down and operated upon digit-by-digit. In this 
example, each digit is considered separately. 

3. Write down the MSC: 
4. Multiply MSC by M: 
100 l 2 x 10002 = 1001000 
5. Move the M-product one 
place to the right: 
6. Move the second (next) 
MSC one place to the right: 

7. Partial Sum: 
8. Multiply result by M 
9. Repeat step 5: 
10. Repeat step 6: 

11. Answer (repeat step 7) 

1001 

1001000 

0111 

1100001 

1100001000 
001 

1111001011 2 = 97110 
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This article presents a new technique for either man
ual or mechanized conversion of any number, from 
any base to any other base, using one simple set of 
rules. The technique, known as the Hartmann method, 
may well be the most significant contribution to num
ber conversion since John Couleur's BIDEC in 1958. 

EUGENE J. ATKINS, 
Staff Assistant, 
Program Management Staff. 

MAURICE DeMONG. MTS, 
Digital Systems Depj., 
Minuteman Program Office, and 

Most 
sighificant 

BCD 
Character 

Shift 
Z left 

Znd Most 
significant 

BCD 
<;haracter 

·shift 
l right 

----~ 

Shift* 
Z left 

I 
I 
I 
I - - -- --

Least 
significant 

BCD 
Character 

Shift 
l right 

ANSWER 

Fig. l Flow diagram for BCD to binary conversion. The 
asterisk refers to the fact that when the I.SC has been 
summed, the answer will appear and further shifts are not 
necessary. 

Most 
significant 

BCD 
Character 

Shift 
Z left 

2nd Most 
significant 

BCD 
Character 

Shift 
2 left or 
Stop 

Least 
significant 

BCD 
Character 

ANSWER 

Fig. 2 Decimal to binary conversion flow diagram. 

COMPUTER CONVERSION 
OF DECIMAL TO BINARY 

The Hartmann method can be further simplified for 
decimal-to-binary conversion. The resulting process is 
simple for either manual or computer implementation, 
since only iterative shifts and additions are required. 
The manual process explained in the preceding example 
(conversion of decimal 971 to binary ) can be simplified 
by the following equivalent set of rules: 

SIGMUND HARTMANN. 
Manager Support Systems Lab ., 
Electronic Hardware Operations, 
TRW Systems, San Bernardino, Cal. 

TABLE 1 

RULES FOR THE HARTMANN METHOD 

RULES EXAMPLE 

Note: All arithmetic is to be Convert binary 1101 to its dec-
performed in the new base imal equivalent 

1. Subtract the new base from M = 2 - l O = - 8 
the old base. The result is the 
magic number, M. 

2. Multiply the Most Signif1- - 8 X l (MSD) = - 8 
cant Digit (MSD) in the num-
ber by M. 

3. Move the product (of the 
above calculation) one to the 
right and sum with the MSD 

and the second MSD (regard 
the sign and carry or borrow 
as appropriate). 

4. Multiply the result by M. - 8 X 3 = -24 

5. Move the product one to 
the right and sum with the 
second and the third MSD. 

6. Repeat the procedure in - 8 X 6 = -48 

steps 4 and 5, moving on to 
the next MSD, until the LSD 
is reached. 

7. The result is the number 
in the new base. 

1101 
- 8 

3 

30 
24 

6 

61 

48 

1310 

Once the method is understood, the actual arithmetic would 
be: 

1101, 
- 8 

30 
- 24 

61 
- 48 

1310 
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TABLE 2 • PROOF OF THE METHOD 

Any whole number N. to any base b can be expressed by the 
following mathematical expression: 

(Eq. 1) 

where b and a are the multiplying constants. The problem is 
to find the equivalence between the constants in two number 
systems, when both are describing the value N. The fol lowing 
symbols will be utilized: 

bn = new base 
b . = old base 
a ; = multiplying constants of b. 
CJ = multiplying constants of bn 

Find CJ in terms of a 1 so that the following equality is true . 

(Eq. 2) 

Since aob0 o = ao, then: 

K K 
:s a 1b 1

o = ao + ~ a1b 1
0 (Eq. 3) 

i = 0 i = 1 

When b 1 n is added and subtracted to the right-most term of Eq. 3, 
and the identity of Eq. 2 is employed, the following equation 
results: 

Nbn = Nb
0

= ao + ii 
1

a1 [ b 1., + (b 1
0 - b 1

0 )] (Eq. 4) 

To put Eq. 4 in a more usable form, an expansion of (b 1o - b 1n) 
is helpful. By long division (or reference to an algebra text): 

b 1
o - b1

n == 
(bo - bn) (b 1- ',. b'n + b 1-' ,. b'o + b; - ' n b' ,, 

(Eq. 5) 

for i ~ 1. 

Substituting Eq . 5 into Eq. 4, the following equation results : 

Nb = ao· + ~ a 1 [ b,, 1 + M(b,.; -1 

0 i = 1 

+ bn 1- ' b.' . .. bn' bn1-1
)] (Eq. 6) 

where M = (bo - b,.), and b". has been dropped since it is 
equal to l; b,.0 has been retained because the powers of bn de
termine the position of factors in the new base. Proof Example 
1: Convert binary 1101 to decimal. 

N.
0 

= 1101 = l X 2' + I X Z' + 0 X 21 + l X 2°. 

The terms of Eq . 6 are, by inspection: 

K = 3, aa = l, a,= 1, a1 = 0, ao = 1, bo = 2 and bn = 10. 

Therefore M = bo - bn = - 8 

Applying Eq. 6: 

N.
0

= N•.= 1+o[10 + (- 8)(1)] 

+ l [ 100 + (- 8)(10 + 2)] 

+ 1 [ 1000 + (-8)(100 + 20 + 4)] 

N •• = 1 + 4 + 8 = 1310. 

Therefore c1 = l and Co = 3. 

Proof Example 2: Convert 1310 to binary. 

N.
0 

= a1 X b1
0 + a0 X b0

0 = 1310 = l X 101 + 3 X 10° 

Therefore: bo = l 010, bn = 210, a, = 110, ao = 310 

And M = 10 - 2 = 810. 

From Eq. 6: 

N" ,. = 310 + 110 [ 2110 + (10 - 2)10 2°10] 

Expressing all numbers in terms of the new base (2): 

N.
0 

= 011 + 1 (10 + 1000) = 1101,. 

Therefore ca = 1, c, = 1, and c1 = 0 and Co = l. 

The following shows how this technique is developed into a fast 
method of conversion. By rearranging and following the terms 
in Proof Example 1, the correlation between the proof and the 
method is shown . 

THE CORRELATION 

When the terms of the Proof 
Example 1 are arranged verti
cally and grouped by powers in 
b. the example will appear as 
follows : 

1000 contribution by 
positive b' n 

term 
100 contribution by 

positive b2 
n 

term 
00 contribution by 

positive b1 n 
term 
contribution by 
positive b0 

n 

term 
1101 sum plus terms 

- 800 contribution by 
negative b2 n 
term 

301 partial sum 

- 160! contribution by 
negative b1

,, 

80 term 

61 partial sum 

- 32! contribution by 
- 16 negative b'n 

0 x (-8)- 0 term 

1310 final sum 

THE HARTMANN 
METHOD 

Determine the magic number 
M = (old base) - (new base) 
= - 8 

1101 write down number 

- a multiply MSD X M 

3 partia I sum (p,) 
30 bring down next MSD 

and 
- 24 multiply P1 X M 

6 partial sum (p,) 
61 bring down next MSD 

- 48 multiply p2 by M 

1310 sum 

The calculation reduces to the following: 

1101 
- 8 

30 
- 24 

61 
48 

1310 



ARITHMETIC HARTMANN METHOD 

1001 MSC 
1001 Shift MSC "two" left 

101101 First Partial Sum 
0111 Second MSC shift "one" right 

1100001 Second Partial Sum 
1100001 Shift 2nd Partial Sum "two" left 

111100101 Third Partial Sum 
0001 LSC shift "one" right 

1111001011 2 Final Sum 

Fig. 1 illustrates a hardware /software implementation 
that will convert a decimal number (in BCD ) to the 
equivalent binary number, following the arithmetic of 
the above example. A better computer implementation 
is obtained by deleting the "Shift 1 Right" and adding 
a "Shift 1 Left" as shown in Fig. 2. 

CONVERSION OF FRACTIONS 

The method is especially useful in converting a fraction 
in one base to the equivalent fraction in any other base. 
The proof of this method of number base conversion 
states that the process will work for any whole number. 
(It can be shown that the method fails for negative 
exponents.) Therefore to convert a fraction from one 
base to another, the number is treated as consisting of 
a whole number in the numerator and a whole number 
in the denominator. When converting a mixed number, 
first convert the whole number and then the fractional 
part. The following examples demonstrate the principle 
of base conversion of fractions. 

Binary Fraction To A Decimal Fraction 

To convert 0.011 in binary to decimal : 
1. Apply the method as previously explained, disre
garding the binary point ; i.e., convert 11 2 to the base 
ten: 

M = 2 - 10 = - 8 
11 
8 

310 = numerator 
2. Find the denominator by raising the old base to a 
power equivalent to the number of places. H ence, the 
denominator is equal to 2n = 23 = 8, and the fraction 
to the base ten is %-

Octal Fraction To A Decimal Fraction 

To convert octal 0.400 to the decimal: 

1. Find the numerator : 
M = 8 - 10 = -2 

400 
- 8 

320 
- 64 

25610 Numerator 

2. Find the denominator: 

3n = 83 = 51210 = Denominator 

Hence 0.400s = ( ~i~ )10 = 0.50010 

SUMMARY 

This simple method for converting from one base to 
another is useful for anyone working in computer tech
nology. It is easily-remembered, and easily implemented 
in either hardware or software. A proof of the validity 
of this method of conversion is given in Table 2, to
gether with illustrations relating the algebraic proof with 
the simple mechanics of the method. Further informa
tion on the H artmann method will be included in S. 
Hartmann's "Fundamentals and Design Concepts of 
Digital Computers," to be published by John Wiley and 
Sons in the first quarter of 1967. END 
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New CAMBION®integrated 
circuit assemblies ... 

Typical Logic A ssembly (4'h'' x 4'h'') Shown Front and Back 

150 ways to better logic design 
Start projects at the systems level. New low cost, highly flexible 
and universal , CAMBION IC logic assemblies comprise a broad 
selection of logic functions such as decoders, counters, shift 
registers, etc. CAMBION DTL (diode transistor logic) integrated 
circuit logic assemblies are characterized by high speed opera
tion, positive logic levels, low power input, large noise threshold 
and 70 pin output/input configuration. Send for our latest 
Fact-pak on CAMBION digital logic assemblies. It's FREE. 
Cambridge Thermionic Corporation, 414 Concord Avenue, 
Cambridge, Massachusetts 02138. Phone: ( b 17) 491-5400. In Los 
Angeles, at 8703 La Tijera Boulevard 90045. Phone: (213)776-0472 . 
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SMALL EC,ONOMICAL DIGITAL SYSTEMS 
USING MULTI-SECTOR CORE MEMORIES 

Mass-production has significantly altered the cost/performance character
istics o.f core memory systems. In this article, the author contends that 
many tasks for which small computers are currently being selected can 
be done more economically adding a minimum of circuitry to core memory 
systems. 

EDWIN PODSIADLO, Product Mgr., 
Memory Systems Div., 
Ferroxcube Corp., 
Denver, Colo. 

The modern general-purpose, coinci
dent-current core memory is actually 
usable as a versatile data-manipulat
ing system, capable of many func
tions other than simple data storage. 
This versatility is made possible by 
the fact that memory systems are 
now mass-produced in forms that 
provide, as standard features, many 
of control, access, and operating
mode functions formerly associated 
with custom-designed systems. The 
mass-produced memory of today is 
a true general-purpose device, de
signed to provide most, or all, of the 
operating and access modes listed in 
Table 1. The low-cost, general-pur
pose memory is not yet capable of 
the highest speeds available in state
of-the-art custom designs but it is, 
with the .addition of a minimum of 
external circuitry, perfectly adequate 
for the majority of everyday data
processing tasks - including most of 
those ordinarily assigned to small
scale EDP machines - and it pro-

72 

vides this versatility at low cost
per-bit and cost-per-function opera
tions, unprecedented in the industry. 

As an example, a standard "off
the-shelf," medium-speed memory, 
as illustrated in Fig. 1, can be turned 
into a small data-processing system 
by adding to it only five standard 
logic cards (four in the adder/ sub
tractor and one containing steering 
gates and control flip-flops) as shown 
in Fig. 2. The complete system costs 
only about $400 more than the mem
ory, or about one-third of the cost of 
the smallest "desk-model" computer. 
Such a system will perform all of the 
following functions: 

• Data storage 
• Code conversion 
• Random-access data search 
• Sequencing of data 
• Grouping of data 
• Format conversion 
• Time buffering (between elements 
having different data rates) 
• Gating of data (in response to 
commands) 
• Table look-up (using a stored
program). 

System Example 

To illustrate this capability let us 
assume that we wish to set up a small 
department store inventory-control 
system. As shown in the data-flow 
diagram of Fig. 3, it must perform 
the following functions. 

• Accept batched "transaction" data 
from a primary medium such as key
board-loaded paper tape or punched 
cards. 

• Use the transaction data to up
date a permanent inventory of the 
stock in a local warehouse or store
room. 

• Compare the inventory with pre
established minimum stock levels, 
and issue orders that will replenish 
the stock adequately. 

• Link the system to a remote cen
tral warehouse by Teletype, or to a 
local typewriter that will prepare 
purchase orders. 

• Provide a permanent record, on 
magnetic tape, of both the transac
tions processed, and the orders 
placed. 

• Provide a printed record, on com
mand, of the inventory levels in any 
or all categories of products. 

The key to the use of a c01nc1-
dent-current memory as a multi
function data-processing device is to 
divide the memory into sectors, each 
of which has a special function, and 
to use the sectors independently in 
the many possible access and . opera
ting mode combinations of a general
purpose memory. This use of the 
memory is practical because not only 
is a modern core memory equipped 
to function in many different access 
and operating modes, as shown in 
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TABLE 1 

OPERATING & ACCESS MODES IN CORE MEMORIES 

FULL-CYCLE OPERATION Read / restore (unload ). The information 
stored at a selected address location is read 
out, then restored in the same location. 

Clear/ write (load ). The infom1ation stored 
at a selected address location is erased by 
the clear operation, and new information is 
written into the same location. 

SPLIT-CYCLE OPERATION Information at one selected address location 
is read out and externally modified; then, 
on command, the modified information is 
restored to the original address location. 

HALF-CYCLE OPERATION Read-only - stored information is read out 
of one selected address during each half
cycle operation. 

RANDOM ACCESS MODE 
(Full-cycle, H alf-cycle, 
or Split-cycle) 

SEQUENTIAL ACCESS 
MODE 
(Full-cycle or Half-cycle) 

SEQUENTIAL-INTERLACE 
ACCESS MODE 
(Full-cycle or Half-cycle) 

( DATA INPUT i TERMINALS 
~ 1-15 

MEMORY 

24·BIT 
OUTPUT 

Write-only - information is written into 
one selected address during each half-cycle 
operation. 

Memory addresses are selected individually, 
for readout and/or storage, by loading an 
appropriately-coded instruction into the ad
dress register. 

Addresses are loaded or unloaded in a pre
selected sequence, under the control of a 
counter. 

Permits independent reading and writing; 
information may be written a t any series of 
addresses, interlaced with reading out other 
previously-stored information at any other 
series of addresses, under the control of two 
separate counters. 

15-BIT 
INPUT 
REGISTER 

15·BIT 
OUTPUT 
REGISTER 

Fig. 1. Basic core memory system. 

STORAGE 
MEDIUM 

STORAGE 
CAPACITY 

OPERATING 
MODES 

READING RATE 

POWER 
REQUIRED 

SIZE 

'/2 ", 7 track, cartridge 
loaded magnetic tape. 
500,000 data bits on 36 
feet of tape at a density 
of 200 characters per 
inch. 
Read, Rewind, Search, 
Standby. 
8400 data bits per 
second. 
8 watts DC; 
30 watts AC. 
6.5" H x 7 .O" W x 6.5'' D; 
Weight, 8 lbs. 

TEMPERATURE 20 ' to 140' F operating. 
TAPE Magnetic tapes can be 

PREPARATION generated by computers, 
DACOL Recorders or 
paper tape masters 
utilizing DACOL's Model 
PMC20 Paper Tape-to· 
Magnetic Tape Con· 
verter. 

WRITE FOR 
COMPLETE SPECIFICATIONS 
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OPERATION STEP 

LOAD RAW DATA 

CORRECT .STOCK 

LEVELS 

RECORD 

TRANSACTIONS 

CHECK STOCK 

LEVELS 

ISSUE ORDERS 
.( 

RECORD ORDERS 

REPORT STOCK 

24 

+4.5 (ONE) 

L g 

74 

2 

3 

4 

5 

6 

7 

8 

9 

l ADDRESS 
) INPUT 

TABLE 2 

SUMMARY OF SYSTEM OPERATION 

MEMORY MODE 

Ful I-cycle, clear /write 

Full-cycle, read restore 

Random-access, half-cycle, read-only 

Random-access, half-cycle, write-only 

Sequential access, half-cycle, read-only 

t'"'""'' •m.,, '""""'" Random-access, read/ restore 

Random-access, half-cycle, write-only 

tequentia l acc~s, full-cycle, read / restore 

Random-access, full-cycle, read / restore 

f ""'""'' •m.,, folk"I" "•d/ m<ore 

Random-access, full-cycle, read/ restore 

Sequentia l access, ha lf-cycle, read-on ly 

Random-access, split-cycle, read-modify/ write 

MEMORY 

SECTOR(S) 
USED 

A 

A 

B 

B 

A 

B 

c 

D 

D 

For G 

D into E 

E and H 

E 

B 

Fig. 2. Core memory processing system. 

NOTES 

Into adder/ subtracter 

Into adder/ subtracter 

From adder/ subtracter back into B 

To magnetic tape recorder from A 

Into adder/ subtracter 

Into adder/ subtracter 

Writes a ONE into 24th bit posi
tion of selected word. 

Searches for a ONE in 24th bit pos . 

Executes order by Teletype or 

typewriter 

Collects orders in sequence, with

out gaps 

H acts as code converter, to per

manent record (magnetic tape) 

E is purged of data 

Printer controls the write timing . 

(No actual modification of data .) 

ADDER
SUBTRACTOR 

POSIT IV E DI FF. =ZERO 

NEGATIVE DIFF. =ONE 
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The 45-pound* Potter PT-5000 militarized perforated tape reader 

Potter tape reader features subassem
blies that are completely interchange
able and can be maintained with a 
screwdriver. Can be completely dis
mantled in 20 minutes. 
The Potter PT-5000 militarized perfo
rated tape reader - dual-speed operation, 
250 / 500 characters-per-second from 
-25°F to+ 135 °F, built to stringent high 
reliability specs, featuring complete inter
changeability of subassemblies without 
adjustments and built-in diagnostic test 
exercises and indicators. A high-reliability 
unit modularly constructed providing for 
malfunction isolation without the need for 
special tools or test equipment of any 
kind. Built to ABMA standards. 

Send coupon today for all the details. 

•1a"W x 9"H x 8"D 

--
• • 

Completely dismantled in 20 minutes 

hrs 
min 

------------------------------, 
POTTER POTTER INSTRUMENT 

COMPANY, INC. 
151 Sunnyside Blvd. 

1NaTRuMENToo..1No.® Plainview, N. Y. 11803 
(516) 681-3200. •TWX (510) 221-1852 •Cable PICO 
In Europe: McGraw-Hill House, Shoppenhangers 
Road, Maidenhead, Berkshire, England, 
Maidenhead 20361 
Please rush me complete facts on the Potter 
PT-5000 perforated tape reader. 

Title---------------

Company ____________ _ 

Address--------------

City _____ state ____ Zip __ _ 

·----------------------------·--
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TABLE 3 

DETAILED IMPLEMENTATION OF SYSTEM EXAMPLE 

Step 1: LOAD RAW DATA - Up to 1024 words of raw 
data are loaded into Sector A, operating as a sequential 
access, full-cycle, clear/write buffer. Each word contains 
24 bits; ten show the quantity of the item sold or returned, 
four show which department originated the transaction, 
one shows the nature of the transaction (does it raise or 
lower inventory on hand?), and the last nine designate the 
specific item involved. 

Step 2: CORRECT STOCK LEVELS - In the sequen
tial access, full-cycle, read/restore mode, the memory reads 
the first address in Sector A. As the 24-bit word is read 
out, the 10-bit quantity segment is fed into the shift regis
ter that forms the input to the 15-bit serial adder/subtrac
ter; the transaction bit goes to the add/subtract flip-flop, 
and the 9-item identification bits are routed back to the 
address register of the memory, to be used in the next step. 
At the end of the cycle, all 24 bits are also restored in 
their original location in Sector A. 

Step 3: CORRECT STOCK LEVELS - The 9-bit iden
tification segment stored in the address register 210 added 
to it (a one on the 10th line) which adds 1024 to the ad
dress number, thus directing the 9-bit segment to its cor
responding segment stored in Sector B (locations 1025 
through 1536). In addition to this identification segment, 
each word in Sector B contains a 14-bit quantity segment 
showing the stock level of the item. With Sector B in the 
random-access, half-cycle, read-only mode, the 14-bit 
quantity segment at that location in Sector B is fed to the 
adder/subtracter, where it is raised or lowered by the 
quantity previously stored from Sector A in Step 2. 

Step 4: CORRECT STOCK LEVELS - Sector B is 
switched to the random access, half-cycle, write-only mode, 
and the new stock level from the adder/subtracter is re
stored to the same address used in Step 3. Steps 2 through 
4 are repeated until all 1024 addresses in Sector A have 
been used to correct the stock levels they affect in Sector B. 

Step 5: RECORD TRANSACTIONS - Sector A is now 
used as a sequential access, half-cycle, read-only buffer to 
record all 1024 transaction words on mag tape; after this 
operation the sector is clear and ready for new raw data. 

Step 6: CHECK STOCK LEVELS - Each stock level 
stored in Sector B is compared with the corresponding 
minimum inventory figure already stored in Sector C; the 
C address is simply the B address plus 512. Both quanti
ties are fed into the adder/subtractor (and restored in 

their original places) and the C quantity is subtracted 
from the B quantity. If the difference is negative, an order 
must be issued, in which case an ordering bit is stored in 
the 24th bit position of the corresponfiling address in Sector 
D (which is simply the B address plus 1024) . 

Step 7: ISSUE ORDERS - It is most practical to check 
stock levels and issue orders at the end of every day -
or less often, if desired. Sector D stores the information 
that a reorder is needed for an indefinite period, even if 
the system has been shut down, because a core memory 
is non-volatile. When we are ready to reorder, Sector D 
is scanned sequentially until a ONE is found in a 24th bit 
position, at which time, the first 12 bits of the D word 
are used to address either Sect:J:>r F or Sector G. Sector F 
and G words identify the item and quantity to be ordered, 
and in the 24th bit position store a ONE if the order is to 
be Teletyped to a remote warehouse, or a ZERO if it is 
to be locally typewritten for issue. 

Step 8: RECORD ORDERS - If it is desirable to record 
the orders issued on magnetic tape in a different code from 
that used in Sectors D, F, & G, we have a stored-program 
in Sector H, in which every address has an order quantity 
and item-identification in the magnetic tape code. To 
record orders, we again scan Sector D, looking for ONE 
in the 24th bit position, but this time using bit positions 
13-23 of the D word, which (with a one added ) will locate 
the corresponding newly-coded word in Sector H. The 
orders can be consolidated in a continuous sequence, so 
that the tape recording may be efficient and without gaps, 
by using Sector E as a "scratch pad" and writing bits 13-23 
of every word from Sector D containing a 24th bit ONE, 
into successive addresses in Sector E, then using Sector E 
to address Sector H. Here, Sector E is used in the sequen
tial-interlace, half-cycle, read-only mode, in order to purge 
itself of the order data. Sector H is used in the random
access, full-cycle, read/ restore mode, so as not to lose the 
stored program. 

Step 9: REPORT STOCK LEVELS - To report stock 
levels at a given time, Sector B is used as a sequential
address, split-cycle, read/restore memory to print out each 
14-bit quantity segment and the address from which it 
comes, (which identifies the item). The split cycle is used 
to allow the printer to control the timing and avoid the 
need for a separate buffer; the end-of-print signal acts as 
the restore command. 

TRANSACTION RECORD TO 
TAPE RECORDERS 

CORRECTS STOCK 
LEVELS ACCORDINGLY 

RAW DATA 
FROM MANY 

SOURCES 

(1,000 Transactions) 
GATHERED AT 
RANDOM TIMES 
OVER SEVERAL 

MINUTES 

INVENTORY 
RECORD 

FILE 
500 items, 
grouped by 

category 

COMPARES 
ACTUAL INVENTORY WITH 

MIN. LEVELS, & ISSUES 
ORDERS WHEN NECESSARY 

MINIMUM-LEVELS Fl LE 
500 items, grouped by same 

categories as inventory 

TO REMOTE 
WAREHOUSE 

BY TELETYPE 

TO TAPE
DRIVEN 

TYPEWRITER 
FOR LOCAL 
ORDERING 

TO MAGNETIC TAPE 
RECORDER; PERMANENT 
FILE OF DAYS' ORDERS 

Fiq. 3. Data flow for a small inventory control system example. 
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LOC ATI ONS 
1-1 024 

SECTOR A 
(1,024 Words) 

RAW DATA BUFFER 

LOCATIONS 
1025-1536 LOCATIONS 

1537-2048 

SECTOR B SECTOR C 
(512 Words) (512 Words) 

INVENTORY- MINIMUM-
RECOAD FILE LEVELS 

FILE 

LOCATIONS 
3073-3456 

SECTOR F (384 Words) 
TELETYPE BUFFER 

LOC ATI ONS 
3457-3584 

SECTOR G (128 Words) 
TYPEWRITER BUFFER 

SECTOR E 
(512 Words) 

"SCRATCH-

SECTOR D 
(512 Words) 
RE-ORDER 

SECTOR H (512 Words) PAD" 
BUFFER 

LEVELS 
PROGRAM LOCATIONS 

3585-4096 
CODE CONVERTOR FOR 
ORDER RECORDING TO 
PERMANENT MAGNETIC-

TAPE FILE 

LOCATIONS 
LOCATI ONS 2049-2560 
2561-3072 

Fig. 4. Memory sector assignments. 

Table 1, but it may be easily switched 
from one mode to another by means 
of very simple external circuitry -
often no more than a single-line sig
nal. The inventory stock in the 
above example consists of different 
quantities of some 500-odd separate 
items (e.g., 1200 of I tern A, 50 of 
I tern B, 300 of I tern C, etc.) , and 
these stock levels must be processed 
as outlined above. We shall, there
fore, need a memory divided into 
several sectors, two or more of which 
are involved in each of the processes 
contemplated, and each containing 
512 "addresses" - one for each item. 
A larger sector of, for example, 1024 
addresses will be required to handle 
our initial raw individual transaction 
data. Planning from the flow dia
gram of Fig. 3, we select a memory 
of 4096 words and sector it as shown 
in Fig. 4. This memory, together 
with the external circuitry previously 
shown in Fig. 2, will perform the 
required operations summarized in 
Table 2. The step-by-step process is 
described in Table 3. 

By using a single, small, relatively 
inexpensive core memory, and by 
adding to it one logic card with 12 
gates and 6 flip-flops, and four logic 
cards containing the lowest-cost 
adder-subtracter circuit, we have im
plemented every one of the require
ments imposed on the system. Fur
thermore, we have designed a more 
reliable, more efficient, and smaller 
system than could be done by adapt
ing a static flip-fl.op EDP machine 
to our needs. Nothing has been lost 
except a few seconds per hour of 
cycle time, which are not needed in 
this system. As it is, the memory will 
be active only about 5% of the time 
between batches of raw data. Most 
of the time, it is waiting for the 

printer, or the Teletype transmitter, 
or the typewriter. 

Modem core memories offer so 
many built-in logical functions be
yond mere data storage that the alert 
designer can simplify and lower the 
cost of almost any digital system em
ploying core storage. Moreover, he 
can almost always add more func
tional capability to that system or 
machine, at little or no additional 
cost, by using more of the core mem
ory's "logic power." It is particu
larly important to note that many 
of the small EDP machines - the 
so-called "desk-top" economy models 
- contain little more than what we 
have described above, with provi
sions for adding (at extra cost ) a 
variety of interface and program
ming accessories. Beyond a flexible 
core memory and a modest arith
metic unit, these "computers" of
fer little more than well-organized 
groups of input/output terminals. 
In the author's opinion, they are a 
poor choice for fixed-operation data 
processing, and are certainly over
priced for such tasks as described in 
this article. 

Conclusion 

Now that medium-speed core mem
ories have reached mass-production 
volume, their cost-per-bit and cost
per-function have decreased dra
matically. It is reasonable to feel 
that even the designs of older systems 
and machines, which have already 
been put into large-scale production, 
should be reviewed for possible adap
tation to "memory processing." Cer
tainly all new designs should con
template the use of a core memory 
as the data processor. END 

DELAY LINES 

MEMORY 
SYSTEMS 

SPECIAL 
SUBSYSTEM 

SEE US AT 
THE SJCC 

Digital Devices Inc. offers a com
plete line of delay lines, associated 
electronics and related systems and sub
systems. Write, wire or phone .for the 
name of your nearest DDI represen
tative and let him show you how you 
can store more information with great
er reliability and at less cost. 

DEVICES INC . 

200 Michael Dr., Syosset, LI., N.Y., 11791 
Phone: (516) 921 .2400. TWX: (510) 221-2187 

CIRCLE NO. 65 ON INQUIRY CARD 

77 



@ NEW PRODUCTS 

SYSTEM POWER SUPPLY 

New series of wide and slot voltage power supplies 
features all-silicon design with matched differential am
plifiers and integrated reference amplifiers, full power 
to maximum temperature, a 0.005% regulation, 0.01 % 
stability, and a low ripple for IC applications (less than 
0.5 mv rms, 3 mv peak-to-peak). The power supplies 
are packaged in two sizes and sixteen different power 
ratings. L3R units are 3Y2" rack mounting, slot range 
power supplies with outputs from 2.5-4.5 vdc at 40a to 
115-160 vdc at 3a. The L5R units are 5Y," rack mount
ing, slot range power supplies with outputs from 2.5-4.5 
vdc at 70a to 115-160 vdc at 6a. Other voltages can be 
provided. The L3P /L5P units provide wide output volt
age ranges from 0-8 vdc at 25a in a 3Y2" package to 
0-60 vdc at lOa in a 5 Y." package. Trygon Electronics, 
Inc., Roosevelt, N. Y. 

Circle No. 28 1 on Inquiry Card 
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Kaye engineers have revolutionized thermocouple refer
ences used with computerized data acqu isit ion systems 
with the Mode l UTR Float ing Temperature Reference 
System. 
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• Universa l - accepts any type of thermo
couple material interchangea bly. 

• Highly Accurate - ± 0.1 °F. 
• Inexpensive - costs less than other refer

ences of same capacity. 
• Fa il-Safe - it has no "working" parts. 

•••••• •••••• 
••• • •• • •• • •• • 

State-of-the-Art Reference Systems - Our Only Endeavor 

JOSEPH KAYE Be COMPANY , INC. 
737 CONCORD AVENU E • CAMBR I DGE , MA SS . Oll3 8 

TELEPHON E: (6 17) 868 -7 080 

CIRCLE NO. 66 ON INQUIRY CARD 

MULTIFUNCTION INTEGRATED CIRC UITS 

A new integrated circuit adder and subtractor are said 
to eliminate the delay-producing cascaded gates required 
for conventional designs. Instead, the complete gating 
function - whether sum, carry, difference, or borrow 
- is performed simultaneously. This represents a savings 
in gate delays of at least one and frequently three or 
more. Coupled with the inherently high speed of cur
rent mode ECL circuitry, the series gating technique, 
according to the manufacturer proyides a 4 or 5 to 1 
reduction in propagation delay compared to other mono
lithic full adders. While the slowest propagation delay 
encountered in the new adder is extremely short - a 
maximum of 15 ns for the addend to sum or carry -
the design is such that the highest speed response is 
provided where it will most improve system performance. 
For example, in the full adder, the carry input (to carry 
output ) propagation delay is the shortest, a maximum 
of only 8 ns. This means that in a parallel or ripple 
adder, the propagation of the carry across the adder 
will be as short as possible. This same system-oriented 
design is applied to the full subtractor which shows an 
8 ns maximum propagation time for the borrow-in to 
borrow-out. The circuits are designed for operation 
from a - 5.2 vdc power supply. The ac fan out is 15. 
Both units are housed in a 14-pin plastic dual in-line 
package. Motorola Semiconductor Products Inc. , Phoe
nix, Arizona. 

Circle No. 284 on Inquiry Card 

DIGITAL METER 

General purpose digital meter combines the features of 
three commonly used laboratory instruments in one unit: 
a 100 microvolt resolution de digital voltmeter, a greater 
than 1 MHz multi-function electronic counter, and an 
electronic integrator. The extensive use of integrated 
circuits and plug-in modules, along with circuit sharing 
is said to account for the low price of $950. No external 
plug-ins or adapters are required for the above functions. 
As a DVM, this instrument offers automatic polarity, 
five voltage ranges from -+-100 m V to -+-1000 V, cali
brated over-ranging to 40% accuracy of -+-0. l % , 100 
microvolt resolution, and an input impedance greater 
than 10 megohms on all ranges. When functioning as 
an integrator, it displays the digital value of the time 
integral of the analog input signal. Inhibit and reset 
functions are controlled by either front panel switches 
or remotely by external voltage inputs. Technology 
Inc., Dayton, Ohio . 

Circle No. 289 on Inquiry Card 
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DIGITAL PRINTERS 

Meeting a wide variety of requirements, such as card 
printers, ticket printers, pre-printed tape printers, new 
digital printers feature print module design for modular 
column build-up, 6 column to 24 column (or more, if 
necessary ) models, 10 line, BCD or pulsed inputs, a 4.5" 
x 4.5" panel space for 12 column print, a medium speed 
of 4 lines/sec. for 10 line or 40 counts/ sec. for pulsed 
inputs, a disposable ink cartridge giving 250,000 lines 
of print, and immediate print display with last line of 
print clearly visible. The printers come complete with 
printing mechanism, power supply, paper transport, 
chassis, and slide. Datatotal, Inc., Arlington, Texas. 

Circle No. 283 on Inquiry Card 

DESK-TOP DATA PROCESSOR 

An integrated circuit desk-top data processor is said to 
have many of the capabilities of larger, higher-priced 
systems. Known as the 5610 Computyper Data Proces
sor, this third-generation machine has two separate 
memories. For data storage, it has 60 registers of 13 
digits each plus sign. The second memory contains 1,118 
alphanumeric characters exclusively for internal program 
storage. Software language is composed of 38 simple 
alphabetic command statements, such as add, divide, 
branch, and type. A programmer writes the program on 
a worksheet in his own language, whether it be English, 
German, French, etc. The 5610 automatically and simul
taneously translates the alphanumeric program to ma
chine language and punches it into a permanent, easily 
handled paper tape or tab cards. The 5610 is said to 
be the only small-scale data processor with a diagnostics 
capability. If a malfunction should occur, a special 
diagnostics program searches for the fault and types out 
the location. An input output station transmits data to 
the electronic processor and prints out finished docu
ments. Input is automatic through punched tape, 
edgepunched cards, tab cards, or program control. 
Variable data can be manually entered via an electric 
typewriter keyboard. Five auxiliary on-line input/output 
units are available to expand the capabilities of the 
5610 system to meet individual applications. A con
venient horizontal tape transport is built into the 5610's 
console desk, Basic system is priced at $14,350. Friden, 
Inc., San Leandro, Cal. 

Circle No. 292 on Inquiry Card 

'''The versatile Neyhart AUTOMAX 35MM PULSE 
CAMERA is now being used in Graphi c Data Pl ott ing 
Syst ems. Automax cameras have been int egrat ed 
into many kinds of modern data record ing syst ems 
... for the military , ind ust ry, space programs, 
highway congestion stud ies and many more. This 
rugged, versatile camera has become t he standard 
data panel recording camera of t he aircraft ind ustry 
for over ten years. 
WH AT CAN AUTOM AX DO FO R YOU? Find out more 
about old reliable before you consider any cam era 
for your specific data record ing needs. 

Write for Spec I Data literature on the 
G-1 and G-2 AUTOMAX 35MM PULSE CAMERAS 

t-+ TRAID CORPORATION 
777 Flower St. Glendale , California 213 /247-3000 

CIRCLE NO. 67 ON INQUIRY CARD 

LIGHT PENS 

FIBER OPTICS 

Off-the-shelf delivery of light pens engineered for OEM equip
ment or for retrofit to CRT systems in the field . 

* LIGHT PENS - Compact - lightweight - rugged -
avai lable in many colors. 

• SWITCH - Gold or silver contacts. 

* NO or NC - Flush, cannot be tripped accidentally. 

• LENSES - Variety of focal length - sensitivity area to 
customer's specs. 

* FIBER OPTIC CABLES - Single or Coaxial for locating 
ring - glass or plastic fibers - PVC-rubber-armored or s.s. 
braid for strength and durability - any length. 

~ OR we will build your pen and/or cables to your specs. 

P. 0 . B 0 X 3 96 
BIL L E R ICA, 
MA SS. 0 18 2 1 

Panel mounting hardware and pen 
holders also available. 

Phone - 617-667-1 951 

CIRCLE NO. 68 ON INQUIRY CARD 
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What do Hewlett-Packard• 
Kimball Systems • Auto-Trol • 
Systron-Donner • Berkeley 
Scientific Laboratories •Vidar• 
Calm a ·Victoreen Instrument• 
Bisset-Berman •Baird-Atomic• 
and Raytheon Computer have 

in common? 

us 
The outstanding firms listed above, and many others, in · 
elude Kennedy incrementa l magnetic recorders in their 
data gathering systems because of the simpl icity, reli 
abil ity, and easy handl ing designed into every Kennedy 
recorder. 

See them at t he Spring Joint Computer Conference and 
visit us at Booth 1002. 

We may have a lot in common with you . 

275 N. Halstead Ave., Pasadena, Calif. 91107 (213) 681·9314 
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NEW PRODUCTS 

TANTALUM CAPACITORS 

A new metal-encapsulated solid tantalum capacitor is so 
compact in shape that 14 of them can be stacked in less 
than a cubic inch. The new polar capacitor starts as a 
high-purity slab (rectangular ) anode, fitting tightly into 
a metal case that is hermetically sealed to a mating, all
metal top. The construction makes it especially suitable 
for use on printed circuit boards where space is at a 
premium and where volumetric efficiency is mandatory. 
Working voltages are 6, 10, 15, 25, 35, and 50. The 
permissible temperature operating range is from - 80 
to + 125 degrees C. The capacitors come in two case 
sizes. In the Y case the height is 0.385", the length 
0.360", and the width 0.170". In the Z case the height 
is the same, the length 0.600", and the width 0.195". 
All measurements are -+-0.015". .Each capacitor has 
solder-coated, high purity Kovar wire leads uniformly
spaced 0.200" apart to fit printed boards and a glass 
seal. This particular construction feature is said to elimi
nate the problem of destroying hermeticity during wave 
soldering applications. Union Carbide Corp., Green
ville, S. C. 

Circle No. 280 on Inqui ry Card 
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DIGIT AL SYSTEMS TESTER 

By providing a simultaneous visual indication of the 
logic states of up to 18 digital or binary circuits, a new 
test instrument gives a total insight into the operation 
of any discrete or integrated system. The unit will not 
affect the circuit under test and can be used with any 
commonly used logic voltage system in use today. Called 
the Logico, the testing instrument can replace an oscillo
scope in numerous applications and can be left per
manently in the circuit while breadboarding a system. 
It is said to be extremely useful for trouble shooting, 
life, and temperature testing. Industrial Inventions, Inc., 
Monmouth Junction, N. J. 

Circle No. 295 on Inquiry Card 
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INCREMENTAL PHOTOELECTRIC ENCODER 

A new photoelectric encoder is said to be ideally suited 
for use as an electrical tachometer or shaft-angle mea
suring device in numerically-controlled machine tools, 
computer tape transports, processing equipment, and in 
applications demanding accurate determination of ro
tational speed or angular displacement. The Model 8608 
is 2~ inches in diameter, with rugged all-metal case 
construction, and is fully shielded from dust, oil, and 
moisture. Mechanical features include low moment of 
inertial - 2.5 x 10-5 oz. in. /sec. 2 ; low torque 0.2 in. oz. 
startini; and 0.1 in. oz. running; and light weight -
8 oz. The encoder delivers a 2-volt peak to peak quasi 
sine wave output, zero centered, into a 10,000 ohm load. 
A number of standard stock code patterns are available 
for use with this assembly, providing single track, quad
rature, and index pulse outputs. Custom disc patterns 
can be made to specific requirements. W . & L. E. 
Gurley, Troy, N. Y. 

Circle No. 282 on Inquiry Card 

DIGITAL LINE RECEIVER 

An integrated circuit digital line receiver was developed 
for military and industrial logic applications requiring 
high noise immunity. Designed primarily as a signal dis
criminator at the end of a coax transmission line in 
digital data systems, the circuit is also useful as a voltage 
comparator. Consisting of tw0 gates driven by a differ
ential amplifier, it has a TTL input and complementary 
outputs compatible with DTL and TTL logic. Input 
threshold is set by the differential amplifier reference 
voltage which may be adjusted over a 3- to 4.5-volt 
range. Propagation delay time is typically 40 nsec at 
25°C. Nominal supply voltages are 3.6 volts bias, +5 
volts gate supply, and + 12 volts differential amplifier 
supply. Typical power dissipation is 100 mw. Siliconix, 
Inc., Sunnyvale, Cal. 

Circle No. 276 on Inq uiry Card 

TIMER/ COUNTER 

Laboratory instrument combines timing or counting 
functions in one low-cost package. When used in the 
counting mode, it can indicate 1,500 counts/minute. 
When in the timing mode, it can indicate to 0.001 
minute. Among the possible uses, the unit may perform 
as a delay-interval times, an event timer, a stop clock, 
a totalizing counter, or predetermining counter. It can 
operate passively as a timer or totalizer, or can operate 
other equipment a predetermined length of time or 
number of operations. Digital readout (999,999 maxi
mum count or 999,999 minutes maximum time ) pro
vides fine resolution for large total time. Maximum 
timing error is +0.001 minute over the total 16-hour 
40-minute timing period. H eli-Coil Corporation, Dan
bury, Conn. 
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NEWt 
Micro miniature 

"BlTE"* 'Indicators 
Continuously monitor circuit and 

system performance. 
* BITE •.. Built-In Test Equipment is now required by DOD on 
avionic equipment down to the module level where possible. 
These indicators give a visual indicat ion if circu it or system 
performance falls below design parameters. 

Now you can design a microminiature indicator into any 
electrical or electronic circuit to alert operators if equipment 
performance is faulty or below desired opera tional levels. 
Even if the failu re is transient, the indicator continues to 
register the fau lt by means of magnetic latching until a reset 
signal is applied to the terminals. Normal appearance of the 
case is black. If a fault develops, the windows show white 
in sharp contras t to the case. 

TYPICAL APPLICATIONS 
In-flight monitoring of 400 cycle alternators. 
Voltage sensors to determine if voltage variations exceed an 
allowable excursion range. 
Servo loop in aircraft control system. Indicator has a built-in 
time delay. When a control signal is applied to the system, 
the indicator detects any failure to respond within 10 milli
seconds, after which the time delay triggers the BITE indicator 
to signal failu re. 
Ground-suppor t computer equipment. Indicator continuously 
monitors the complement of the output code and signals if an 
erroneous code is generated. 

GENERAL SPECIFICATIONS 
These units measure only .7" x .2" x .4", a volume of only 
.056 cu. in. Operating range is 17-29 VDC. Response is to a 
p ulse width as low as 15 milliseconds ; special units will re
spond in 5 microseconds. They can be supplied with internal 
switching so power is used during indication transfer only. 
Several variations are available: Units utilizing a 4 volt fault 
signal ; round types; pop-up indicators; and units with special 
interface circuitry. All meet the applicable requirements of 
MIL-E-5400H (ASG) Class 1-A Equipment. 

SEND FOR TECHNICAL- DATA 

IUIHAYDON 
AO COMPANY 

232 North Elm Street 
Waterbury, Con n. 06720 

4060 I nee Boulevard 
Cu lver City, Calif. 90231 

Timing L St epper Mo tors • Electromechani cal a.. Elec tron ic Timi ng Devices Ii Sys tem$ 
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RCA SEMINARS 
IN AUTOMATION 
AND COMPUTER 

TECHNOLOGY 
A series of complete 5-day programs researched by 
RCA Institutes, Inc. , for engineers and other technical 
personnel faced with the challenging new areas of ex
pand ing technologies and systems refinements. 

Los Angeles 3/ 6 
San Francisco 3/ 13 
Cherry Hill 4/ 3 
Denver 4/ 17 
Detroit 5/ 8 
Seattle 5/ 15 

LOGIC DESIGN Long Island 5/ 22 
Boston 6/ 5 
Atlanta 6/ 19 
Minneapolis 7/ 10 
Dallas 7/ 31 
Wash ington , D.C. 8/ 7 

Dallas 3/ 13 
Palm Beach 4/ 17 
New York City 5/ 8 
Albuquerque 5/ 15 

DIGITAL SYSTEMS Rochester 6/ 5 
ENGINEERING Washington , D.C . 6/ 12 

Detroit 6/ 19 
Seattle 7/ 10 
Cherry Hill 7/ 24 

DIGITAL New York City 3/ 6 
ELECTRONICS Washington , D.C. 7/ 10 

Boston 4/ 3 
Washington, D.C. 4/ 10 
New York City 4/ 24, 7/ 10 

DIGITAL Los Angeles 5/ 8, 8/ 7 
COMMUNICATIONS San Francisco 5/ 15, 8/ 14 

Palm Beach 6/ 5 
Chicago 6/ 19 
Denver 7/17 

INTEGRATED New York C ity 8/ 7 
CIRCUITS Chicago 8/ 21 

Wash ington , D.C. 9/ 11 

Oates shown are sem inar starting dates. Schedules are subject to change and additions 

Special in-plant seminars can be arranged. For full infor
mation and registration , call Mr. Bradford Daggett, 
212, 247-5700 or use coupon below. 

r-----------~---------1 I Bradford Daggett, Director of Seminar Programs I 

G 
RCA Institutes, Inc., Dep 't 

I 49 W est 45th Street, New York, N. Y. 10036 I 
I Pl ease send me complete information on RCA's 5-day I 
I ® semi nars, and keep me informed on fu ture prog rems. I 

I Name Ti tl e I 
I I 
I Company_ I 
I Address I 
I City State Zip Code I L---------------------J 

CIRCLE NO. 71 ON INQUIRY CARD 
82 

NEW PRODUCTS 

12-STAGE COUNTER 

A 12-stage counter circuit card is particularly useful in 
time base generators and as frequency dividers. Capable 
of operation in binary or BCD code, the 12 flip-flop 
stages of th e counter may be used as a 4 bit to 12 bit 
binary or as a 1 to 3 d igit BCD counter. Two or more 
cards may be used to const ruct counters of any length. 
The overall counter is set up in three independent 4 bit 
groups, each with separate reset and counter inputs. For 
operation in BIN or BCD code, feedback terminations 
from each group are wired in at the connector. Control 
gates associated with the counting inputs a llow gated 
operation for period and frequency measurement. 
Counters operate from de to 1 me and have a maximum 
propagation delay per decade of 120 ns. Control Logic, 
Inc., Natick, Mass. 

Circle No. 290 on Inquiry Card 

DIGITAL-TO-SYNCHRO CONVERTER 

New dual-channel digital-to-synchro converter accepts 
parallel binary words and converts to precise synchro 
output signals slew rate is 36,000 degrees per second. 
Input is 8 to 14 bit binary angle or sine / cosine binary. 
O utput is 60 HZ synchro or sine/ cosine. Unique circuit 
is said to accomplish trigonometric conversion and analog 
conversion in a single step without sequential logic_ No 
motors, gears, encoders, or adjustments are used in the 
converters. Monolithic integrated circuit logic allows 
packaging in a 3Vi" chassis. An interface transmitter 
is available to operate converters from remote data 
source. Northridge Engineering Co., Northridge, Cal. 

Circle No. 294 on Inquiry Card 

MONOLITHIC OPERATIONAL AMPLIFIERS 

New operational amplifier is manufactured with a sili
con planar epitaxial construction technique on a single 
monolithic substrate. It may be used as a sing le or dual 
input amplifier . O ne single chip monolithic technique 
provides low offset voltage and current along with high 
thermal stability and high common mode rejection capa
bilities. Continental Device Corp., Hawthorne, Cal. 

Circle No. 288 on Inquiry Card 
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A-D CONVERTERS 
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A new principle of A/D conversion is employed in a 
full line of new converters which is said to permit greater 
speed with fewer parts. The new line encompasses a 
range from one bit at 50 MHz to nine bits at 5 MHz. 
Model HS-710, for instance, produces a 7-bit word at 
a rate of 10 MHz. It is capable of encoding an analog 
band width of 5 MHz, such as high-quality television 
video information. With only +O. 75 nanoseconds aper
ture time, the converters offer continuous encoding as 
well as external command encoding at any random or 
periodic rate up to the maximum word rate. Both gray 
and binary outputs are provided. All models include 
sample-and-hold circuitry as well as power supplies in 
conventional packages for convenient 19" or 24" rack 
mounting. Computer Labs Div., Strandberg Engineering 
Labs., Inc., Greensboro, N. C. 

Circle No. 278 on Inquiry Card 

TIME CODE GENERATOR 

New time code generator generates any popular analog 
or digital time code (NASA, IRIG, AMR etc.). It can 
encode any five simultaneous analog (modulated car
rier) time codes and also generate a digital level shift 
code, a parallel binary coded decimal indication of 
time, pulse rate outputs, and a front panel display of 
time in days, hours, minutes, and seconds. It can be 
used as a basic time standard for data logging, com
puter applications, range timing, and display. The en
tire unit, including the front panel display, will auto
matically switch over to operation from an external 
battery in the event of a primary ac power failure with
out disrupting the time code. Dynalectron Corp., 
Wash., D.C. 

Circle No. 277 on Inquiry Card 

BUFFER MEMORY 

New delay line buffer provides storage for up to 67,000 
bits of information at a 2 MHz bit rate. The system 
recirculation rate is 33 msec corresponding to 30 per 
second refresh rate used in most TV display applications. 
The package consists of four conservatively-rated mag
netostrictive delay lines, each complete with read, write 
and re-timing electronics. A separate interface board 
matches buffer electronics with external system logic. 
Standard board5 provide compatibility with integrated 
logic circuits. Quantity prices approach 1 ¢ per bit in
cluding recirculation and interface electronics. Digital 
Devices, Inc., Syosset, N. Y. 

Circle No. 293 on Inquiry Card 

The lighted pushbutton 
switch with aerospace quality 
at commercial prices! 
The MSC Series 12 embodies aerospace features that reduce 
installation costs, increase performance and simplify mainte
nance, yet it is priced for commercial use. Compare the fea
tures below. From the Twist/ Lock front end removal for easy 
lamp, legend and color filter change to the time and cost saving 
internally bussed lamp circuits, you'll see 
why it is your best buy for industrial 
controls and any commercial equipment. 

GET THE 20-PAGE CATALOG 2001 

It details the many options offered by 
the versatile Series 12. Use the reader 
service card ... or write on your letter
head and ask for an operating demon
stration by your nearby MSC specialist. 

Master Specialties Company, 1640 Monrovia, Costa Mesa, Calif. 92627 
Telephone (714) 642-2427 • TELEX 6-78433 Offices in Principal Cities. 

CIRCLE NO. 72 ON INQUIRY CARD 
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EECoLoglC® 
INTEGRATED CIRCUIT LOGIC CARDS 

84 

Logical Answers 
to Digital Systems 
Problems 

IN -LINE 

28 Basic Cards PLUS 50 
Useful Function Cards 
PLUS Your Specials 

Santa Ana, California 

Ask for 144-page EECologlC Catalog 
CIRCLE NO. 73 ON INQUIRY CARD 

NEW PRODUCTS 

DATA GENERATOR 

Data simulation capabilities of a new 
book-size data generator include bit 
rates to 10 MHz, easily expanded 
16-bit cycle lengths, continuous or 
command recycle, variable baseline 
offset to -+-lOV, and lV-lOV data 
output amplitude. Any pulse gen
erator may be used as a clock for 
NRZ formated outputs. Any asyn
chronously gated pulse generator 
may be used as a clock source for 
RZ formats. The new Model 201 
data generator is identical in size 
to the company's Model 101 pulse 
generator. A 201 / 101 combination 
provides a 10 MHz RZ/NRZ data 
simulation system for under $1100.00 
with variable width and delay to 
10 ms and rise times to 5 ns. The 
two units require only 3 Y2" of rack 
panel height. Datapulse, Inc., Ingle
wood, Cal. 

Circle No. 231 on Inquiry Card 

SELECTOR SWITCH 

New crossbar selector switch is said 
to offer important advantages to 
builders of equipment with rapid 
program changing requirements. 
Such equipment might include col
lators, sorters, and data processing 
machines. According to the manu
facturer, the switch is easier to oper
ate than rotary switches, and it 
offers higher density than either pin
boards or rotaries. Other advan-

tages claimed for the unit are its 
high reliability and extremely low 
cost of installation in multiple cir
cuit situations. The Model CI0-04A 
is a 4-module, basic-type switch in 
which 40 crossbar slider rails and 20 
rhodium-plated printed circuit strips 
form 800 crosspoints. Variations can 
be provided to meet specific electri
cal and mechanical requiremrnts. 
Cherry Electrical Products Corp., 
Highland Park, Ill. 

Circle No. 203 on Inquiry Card 
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COMMUNICATION TRANSCEIVER 

A new communication transceiver 
weighs less than 5 lbs and provides 
the capability to operate a Teletype 
or similar device as a portable remote 
computer terminal. Designated the 
Audio Magnetic Data Transceiver, 
the terminal may be used to com
municate with a computer connected 
through a data set from any location 
where an ordinary telephone is avail
able. The transceiver is connected 
to the Teletype by an interface adap
tor. By simply dialing the number of 
the computer from the telephone and 
placing the telephone handset on the 
transceiver, information can be trans
mitted to and from the terminal 
device and computer over standard 
·telephone lines. Tymshare, Inc., Los 
Altos, Cal. 

Circle No. 250 on i'lquiry Card 

CYLINDRICAL CONNECTORS 

New line of high reliability, compact, 
miniature round connectors, was de
signed to meet the needs for reduced 
weight, higher temperature environ
ments, and higher density. The new, 
lightweight connectors have short 
rugged pin contacts which are 
guided into closed-entry socket con
tacts, eliminating mismating. A com
plete line of termination hardware is 
also available. Burndy Corp., Nor
walk, Conn. 

Circle No. 240 on Inquiry Card 

REED RELAYS 

New line of reed relays is available 
in three standard and three minia
ture sizes. Features include indi
vidually supported reed switches to 
eliminate glass breakage with all 
coils wrapped with magnetic foil to 
minimize flux leakage. Reed switches 
are terminated to non-magnetic ter
minal stakes in the nylon bobbin, 
making it impossible to change op
erating characteristics when termi
nals are cut following soldering to 
printed circuit boards. All relays 
used rhodium plated contacts with 
high ampere turn switches. Auto
matic Controls Div., Cook Electric 
Co., Chicago, Ill. 

Circle No. 226 on Inquiry Card 

BIAX® 
and 

Core 

Two ways to remember 
Raytheon Computer. 

Raytheon Computer now makes DRO core memories as well 
as NDRO BIAX memories. The new 300 Memory System is 
a 900 nanosecond, 21/2 D core memory for large capacity, high
speed random access storage. Systems come in 8K and 16K 
modules with word lengths to 72 bits and are delivered com
plete with power supply and built-in self-tester. If you need 
an 8K or 16K memory with 28 bits or less, we can ship you a 
system in just a few weeks. 

Since the first of this year, engineering sales representatives 
throughout the U.S. and Canada have been primed on both 
core and BIAX memories. If you'd like fast answers on prices, 
technical details and delivery, call any one of them today. 

ALABAMA 
CURRIE AEROSPACE ASSOC. 
Huntsville (205) 536-5650 

CALIFORNIA 
WILLIAMS. HEDGE & MARTIN 
Costa Mesa (714) 540 -3244 
From L.A. (213) 944-3257 
Palo Alto (415) 941 -3505 

COLORADO 
AZTEC ENTERPRISES, INC. 
Englewood (303) 761 -0101 

CONNECTICUT 
J & J ASSOCIATES 
Hamden (203) 624-7800 

FLORIDA 
CURRIE AEROSPACE ASSOC. 
Orlando (305) 855 -0843 

ILLINOIS 
PIVAN ENGINEERING 
Chicago (312) 539-4838 

Visit us in booth "K" at SJCC. 

INDIANA 
PIVAN ENGINEERING 
Indianapolis (317) 846·5805 

IOWA 
PIVAN ENGINEERING 
Cedar Rapids (319) 365-6635 

MASSACHUSffiS 
J & J ASSOCIATES 
Waltham (617) 899·0160 

MICHIGAN 
WKM ASSOCIATES. INC. 
Detroit (313) 892-2500 

MINNESOTA 
PIVAN ENGINEERING 
Minneapolis (612) 537 -4501 

MISSOURI 
HARRIS·HANSON CO. 
Kansas City (816) 444 -9494 
St. Louis (314) 647-4350 

NEW JERSEY & MET. NEW YORK 
KENNHH E. HUGHES CO., INC. 
Fort Lee (201) 944·1600 
N.Y. Phone (212) 695·0082 
NEW MEXICO 
AZTEC ENTERPRISES. INC. 
Albuquerque (505) 268·6421 
NEW YORK 
flB ASSOCIATES, INC. 
De Witt (Syracuse) (315) 446·0220 
Lancaster (716) 835 -6186 
PENNSYLVANIA 
WKM ASSOCIATES, INC. 
Pittsburgh (412) 892-2953 
TEXAS 
CAREY-WOLF CO. 
Houston (713) 643-2114 
WISCONSIN 
PIVAN ENGINEERING 
Waukesha (414) 547-5131 
CANADA 
RAYTHEON CANADA, LTD . 
Waterloo (519) 745-6831 

Raytheon Computer, 2700 S. Fairview St., Santa Ana, Calif. 92704 
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The idea here 
• • 1s economy 1n 
Instrumentation 
Lighting 

-

Encapsulated 
Subminiature 
Readout 
Lamps 

Tu-Pin 
Molded Base 
Subminiature 
Lamps 

Wherever small bulbs are used 
for instrument illumination or 
computer applications, equip
ment manufacturers will find 
economy in the Tung-Sol con
cept. If circuit board type of 
mounting is practicable, Tung
Sol molded base lamps can pro
vide high reliability with rea l 
manufacturing economy. No 
mounting receptacle is required 
so you don't have that cost. In 
addition, the Tung-Sol molded 
base lamp is more reliable be
cause it completely eliminates 
the usual cemented-on metal, or 
plastic base. Installation is as 
simple as soldering in a semi
conductor. In fact, the Tung-Sol 
Tu-Pin lamp can be applied by 
automated equipment. Tung-Sol 
can also mold bases to special 
configurations and can harness 
to your specifications. Let's dis
cuss your application in the de
sign stage. Chances are we can 
save you even more on your 
assembly costs. Try us. Tung
Sol Division, Wagner Electric 
Corporation, One Summer Ave., 
Newark, N.J . 07104. 

TUNG-SOL® 
MOLDED BASE 

SUBMINIATURE LAMPS 

CIRCLE NO. 75 ON INQU IRY CARD 

I NEW PRODUCTS 

COMPUTER TAPE TESTER 

New Magnetic tape tester was designed for users of the 
new generation of 3200 fci (1600 bpi ) computer tape. 
The Model 3200 in a single pass operation checks the 
tape in accordance with quality standards chosen for 
the specific installation or application . The total surface 
of the tape is tested using nine overlapping tracks in the 
IBM 5 + 4 array. Flaws are indicated on a counter and 
on a circular graphic recorder. Built-in cleaning devices 
upgrade the tape quality prior to testing. A convenient 
illuminated work station is provided for visual inspection 
and manual repair of tape flaws. The modes of opera
tion include: evaluation, rehabilitation, and certification. 
General Kinetics Inc., Arlington, Va. 

Circle No. 279 on Inquiry Card 

CHIP CAPACITO RS 

Designed for use in hybrid and integrated circuits and 
encapsulation in capacitor bodies, multilayer ceramic 
capacitor elements offer a capacitance of 5 picofarads 
to 1 microfarad. These chips are composed of up to 
40 layers of high "K" ceramic dielectric and platinum 
electrodes. They are available in square and rectangular 
configurations and 10 basic sizes. Volumetric efficiency 
of 70 uf per cubic inch with a temperature stability of 
-+- 13% over a range of -55 to + 150°C is standard. 
They carry a voltage rating of 50 to 200 Vdc. Ultronix, 
Inc., Grand Junction, Colo. 

Circle No. 291 on Inquiry Card 

FLAT-PACK VO LTAGE REGULATORS 

A new line of series regulators offers regulated output 
voltages from 6 to 24 volts. Models are operable from 
any available type of source and usable both as point
of-load voltage regulators fed by a remote common 
source or as integral components of single- or multiple
output master supplies. These modules are solid-state, 
encapsulated fiat-pack units with over-all measurements 
of 1.25 inches wide, 1.5 inches long, and 0.6 inches thick. 
An integral copper heat sink enables effective dissipation 
of internally-generated heat in a variety of ways. The 
module may be mounted on a PC board with the sink 
exposed to free air or a metal fin may be bolted to the 
sink for increased dissipation or the module may be 
mounted in firm contact with a chassis, finned sink, or 
cold plate to achieve the maximum rated dissipation of 
25 watts. This power rating represents the product of 
the voltage "stored" across the regulator, and the load 
current. The storage value may vary widely since these 
regulators are designed to accommodate broad ranges of 
input voltages (as much as five times the regulated out
put voltage). Trio Laboratories, Inc., Plainview, N. Y. 

Circle No. 285 on Inquiry Card 
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LIGHT PEN 

High resolution, high sens1tiv1ty, 
light pen uses a phototransistor as 
the light sensing element. A fiber 
optic bundle usually employed in 
such devices has been eliminated. 
Elimination of the fiber optics, ac
cording to the manufacturer, has 
resulted in a unit which is much 
lighter in weight, has a lighter 
weight cable, has greater sensitivity, 
has a broader spectral response, does 
not require high voltages for a photo
multiplier, and minimizes operator 
fatigue. The new light pen also 
features a touch-sensitive actuator 
which, unlike the usual mechanical 
shutter or microswitch, has no mov
ing parts. In order to permit the 
unit to see light, the operator has 
only to touch a metallic band placed 
where the index finger falls naturally 
during operation. Abacus Div., In
formation Control Corp., El Segun
do, Cal. 

Circle No. 248 on Inquiry Card 

MINIATURE PCB RETAINERS 

Designed for integrated circuit boards 
and for applications where space is 
at a premium, a new printed circuit 
board retainer uses only Ys" (maxi
mum) of board height while pro
viding the spring retention and shock 
protection qualities of a standard
size retainer. Board spacing as close 
as ~" is possible; design provides 
minimum impedance to air flow. 
Retainers are available for 1 /32" 
and 1/16" boards, in lengths from 
1" to 6", in Y2 " increments. Stan
dard material is beryllium copper. 
Retainers mount easily in card files 
with two 0.067" rivets. The Birtcher 
Corp., Industrial Div., Monterey 
Park, Cal. 

Circle No. 235 on Inquiry Card 

Monitor is a prime source for 
integrated circuit logic cards. 

We want .to s 

Fewer than you'd need if 
you used competitive 
logic cards. We've taken 
a sensible, systems ap-

proach to logic card ·· ·~-------..::.._ ___ ~j 
design. As a result, our Moni-
logic™ cards include related, auxiliary functions that 
would normally require additional cards. (Built-in gating and storage registers 
in our D-to-A converters, for example.) The benefits of this approach are 
obvious in the considerable savings you realize. Fewer cards mean savings 
in space, savings in money. 

We've taken the only sensible way out of the DTL-TTL thicket, too. We're 
producing both types and, furthermore, they're compatible with each other. 
Regardless of your preference, we can supply you from stock. And you save 
still more money (about 40%) now that both types are available with dual in-line 
IC packages. Of course, we still have a broad line of cards with flat-pack devices. 
(We happen to have the most comprehensive line of logic circuit cards available 
today: over 140 different compatible types at last count.) 

Our Monilogic system approach serves you better in other ways, too. For 
instance, integral buffering and high fan-in and fan-out capability. And easy
access, top-mounted test points and gold-plated, spring-pin connectors. All 
things considered, Monilogic may be your best IC logic buy. For mo1e informa
tion, write us for technical literature. It's yours for the asking. 

ONITOR 
~V'~IE......_,,~ IN~. 

Fort Washington, Pa. 19034 O A Subsidiary of Epsco, Inc. 
3600 
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• main enance 
tools 
for 

6 the 

World's Fastest, 
Low-Cost 

Digital Printer 
Apply several drops of oil to the 

drive-motor shaft-ends each year (or 
every fifty-million lines). Brush out 
any accumulated dust or lint. Clean 
the air filter periodically. 

That's the extent of maintenance 
for a Franklin Model 1000 ... the 
only digital printer that offers a 
printing rate of 40 lines per second 
(or less) at low, low, OEM prices. 

REQUEST BULLETIN 2301 

1~1~1~1~1~1~ 1~EI 
East Fourth S·t. • Bridgeport, Pa. 19405 

A Division of the Anelex Corporation 

CIRCLE NO. 77 ON INQUIRY CARD 
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«il LITERATURE 

Data Display System 

An 8-page technically-oriented bro
chure discusses the operation of a 
cathode ray tube display system. A 
general as well as a complete techni
cal description is included, as are 
complete specifications and lists of 
applications and operating advan
tages. Laboratory For Electronics, 
Inc., Boston, Mass. 

Circle No. 324 on Inquiry Card 

Computer Handbook 

Unique 544-page handbook details a 
small computer product line. The 
handbook contains detailed material 
on computer fundamentals and pro
gramming examples and three user 
manuals fully describing the com
pany's family of scientific/ engineer
ing computers. Digital Equipment 
Corp., Maynard, Mass. 

Circle No. 325 on Inquiry Card 

Core Memory System 

Bulletin describes line of core mem
ory systems which exhibit cycle times 
of 0.6 µ.sec. to 1.0 µ.sec. The bulle
tin includes a block diagram of the 
system, a system timing diagram, 
complete electrical and mechanical 
specifications, and a list of optional 
features. Burrouc-hs Corp., Electron
ic Components Div., Plainfield, N. J. 

Circle No. 323 on Inquiry Card 

Terminals/Connectors 

Bare insulated, insulation grip minia
ture terminals, connectors: and spe
cialty products for electronic appli
cations for wires, ranging from No. 
22 and up, are detailed in a 12-page 
catalog. The color-coded pages pro
vide charted dimension information 
on 31 items. Crescent Insulated 
Wire and Cable Co., Trenton, N. J. 

Circle No. 322 on Inquiry Card 

Analog-To-Digital Converter 

Bulletin describes a versatile high
speed analog-to-digital converter 
providing digitizing rates to 50 KHz. 
Unipolar or bipolar models are avail
able with input ranges to 10.0 volts 
unipolar or + 10.0 volts bipolar. 
Output word structure can be binary 
or BCD limited to 15 bit binary or 
17 bits BCD. Serial code ouput from 
the Model 521 provides data trans
fer as each bit of the digital word is 
generated, therefore, eliminating un
necessary delay when working in real
time applications. Systems Engrg. 
Labs., Fort Lauderdale, Florida. 

Circle No. 300 on Inquiry Card 

RTL Logic 

A comprehensive summary of mW 
resistor-transistor logic includes sys
tem design rules. Information is al
so given on noise margins, propaga
tion delay, and power consumptions, 
along with a description of various 
RTL circuit applications. Sprague 
Electric Co. , North Adams, Mass. 

Circle No. 303 on Inquiry Card 

Component Catalog 

A 25-page catalog offers a ready 
reference to plugs, jacks, switches, 
connectors, molded cable assemblies, 
adapters, and audio accessories avail
able for off-the-shelf delivery at fac
tory prices. Switchcraft, Inc., Chi
cago, Ill. 

Circle No. 306 on Inquiry Card 

Static Power Converters 

A 6-page bulletin includes informa
tion on high power rectifier invert
ers, cycloconverters, direct digital 
control for precise positioning, ve
hicular drive systems, and static non
break continuous ac power supplies. 
The Louis Allis Co., Milwaukee, Wis. 

Circle No. 302 on Inquiry Card 
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Cooling Systems 

A 24-page catalog details seven spe
cific series of RFI-shieldable cabinet 
cooling blowers. Standard blower 
systems shown have capacities from 
200 to 1200 cfm and fit standard 19" 
racks. Catalog contains listing of ap
plicable military and federal specifi
cations, photos and dimensional 
drawings of the units, mechanical 
and electrical specs, and air delivery 
curves for each series. Technical en
gineering data with characteristic 
curves for blower selection, noise 
level, and horsepower requirements 
are included. Zero Manufacturing 
Co., Burbank, Calif. 

Circle No. 328 on Inquiry Card 

Interconnection System 

An 8-page bulletin describes a mod
ular interconnection concept for per
pendicular or parallel stacking of 
printed circuit boards. The system 
involves posts and receptacles with 
a multi-selection of contact spadngs 
to maximize packaging flexibility. 
The receptacle utilizes a two-beam 
contact concept providing wide 
mouth entry to permit unusually 
wide post-to-receptacle alignment 
tolerance, and featuring low inser
tion forces with anti-overstress pro
tection. The receptacle contacts are 
adaptable to automatic machine 
clinching for attachment to printed 
wiring boards in selective groupings 
at rates up to 1800 per hour. Re
ceptacle designs are available to pro
vide crimp-type "snap-in" contacts 
for individual wires, coaxial cable, 
and flat flexible cable. This feature 
is accommodated with a high-contact 
pressure to insure low-contact re
sistance. Male posts are 0.031" x 
0.062" x 0.022" x 0.036" or 0.025" 
square and may be staked directly to 
printed wiring assemblies or used 
with nylon housings supported in 
metal or plastic panels. A special 
post is available for staking directly 
to metal panels for grounding. The 
modular interconnection system is 
provided with center-to-center con
tact spacing of 0.100, 0.125, and 
0.156. Spacing on the free standing 
receptacles and posts can be any
thing greater than 0.100. Amp Inc., 
H arrisburg, Penna. 

Circle No. 317 on Inquiry Card 

Sophisticated! 
... yet 

you 
just 
plug it . 
In ... 

Your oci Signoflo signal o r transmission 
line wiring system (shielded or unshie lded) 
con be thin, flat, flexible, lightweight, and 
cost reducing. Let us plug in your require· 
ments a nd come up with a highly sophisti
cated oci Signoflo wiring system you'll just 
plug in! 

• a c 1 D I V I S I ON o ,. K E N T C ORPORATI ON 

206 Industrial Confer, Princeton, N. J . 08540 
Telephone 609-924·3800 TWX . 609-921-2077 

"Acknow ledged leader in flat coble systems." 

CIRCLE NO. 78 ON INQUIRY CARD 
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LITERATURE 

Automated Data Systems 

A recent development in multiplex 
data handling technology - an auto
matic computer-controlled data pro
cessing system (analog, FM, and 
time multiplex ) - is discussed in an 
informative 16-page booklet. In
tended primarily for aerospace te
lemetry applications, the automated 
system also can perform as a flexible 
checkout system, simulation system, 
and in real-time data processing and 
c0ntrol applications. The system 
combines a central processor unit and 
modular telemetry processor units 
which can be programmed and con
trolled by the CPU or operated 
manually. Under program control 
telemetry system setup, operation, 
checkout, calibration, and preventive 
maintenance are performed auto
matically. Electro-Mechanical Re
search, Inc., Princeton, N. J. 

Circle No. 331 on Inquiry Card 

Digital-To-Analog Converters 

An 8-page brochure describes a series 
of multi-channel (up to 512 chan
nels ) digital-to-analog converters 
with word lengths from 8 to 15 bits 
and full scale accuracies of -+-0.05% 
and -+-0.01 %. Brochure includes 
complete specifications, description 
of operation, input/ output circuit 
characteristics, model identification 
tables with description of ·options, 
and mechanical dimensions. Redcar 
Corp., Canoga Park, Cal. 

Circle No. 326 on Inquiry Card 

Pulse Transformers 

A 6-page brochure discusses defini
tions, measurements, and specifica
tions of pulse transformer parame
ters. This explanation of the 
fundamentals of transformer design 
includes diagrams. Contemporary 
Electronics, Minn., Minn. 

Circle No. 330 on Inquiry Card 

Data Transmission Set 

An 8-page bulletin covers a new 
data set for transmission of serial 
binary data over microwave or 
leased lines at speeds up to 1800 bits 
per second. The publication de
scribes the equipment and gives de
tails on its operating characteristics. 
General Electric Communication 
Products Dept., Lynchburg, Va. 

Circle No. 316 on Inquiry Card 

IC Logic Cards 

A 4-page brochure includes informa
tion on sixty different IC logic cards, 
including several additions to the 
line, as well as power supplies, card 
files, card drawers, accessory parts, 
an automatic module tester, and an 
"experimenter" for breadboarding 
up to a ten-card system. Also in
cluded is a discount schedule and 
other ordering information. Wyle 
Laboratories, El Segundo, Cal. 

Circle No. 318 on Inquiry Card 

MEMORY 
DESIGN ENGINEER 

Senior position available in the Memory 
Development Group for an engineer 
with at least five years experience in 
core memory design and memory cir
cuit design. BSEE degree or higher 
desirable. 

Computer 
Project 

Manager 

90 

Position includes responsibility for 
advanced memory system design, devel
opment, and analysis, including investi
gations into state-of-the-art memory 
systems. 

For further information call 757-5181, 
or send resume to 

Professional Placement Office, 
2301 W. 120th St., Hawthorne, Calif. 

NORTHROP NORTRONICS 
A Division of Northrop Corporation 

An equal opportunity employer 

Our client, a major electronics organization in 
~ew England , has retained us to assist in filling 
this key technical management position. 

Responsibilit ies will include the overall planning, 
design, development, production and taking to 
market of a new compact, solid-state computer 
system. 

This position . will be particularly attractive to an 
engineer who has gained experience in digital sys
tem design, applications engineering, and project 
management in the computer industry and now 
seeks gre<>ter challenge. Starting salary to $25,000. 

To investigate this opportunity in confidence please 
write or forward a resume of your background to 
Allen West. 
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Aerospace 
San Bernardino 
needs Computer 

Scientists 

Aerospace/San Bernardino provides challenging 
positions in a stimulating environment, with con
siderable latitude for individual assignments. You 
will have direct access to a broad range of Govern
ment sponsored research and development pro
grams and a chance for an overview of the entire 
aerospace computer industry. In addition, you may 
have the opportunity to build and develop skill in 
technical management. 
Computer scientists at Aerospace are involved in 
computer application analysis, software systems, 
computer architecture, device technology (includ
ing integrated circuits and solid state memories), 
and radiation effects on computer electronics and 
structures. Available technical staff assignmen~s 
and the related duties and desired attributes are 
listed below. 
Computer System Architect: Assist in providing 
technical direction for studies determining the proper 
computer architectures required to satisfy a broad 
range of weapon functions. Relate software structure 
to computer organization and assimilate the effects of 
batch fabrication techniques on computer organi
zation. Perform individual research in computer 
organization theory and practice. 

Radiation Hardening Scientist: Perform general 
studies on selected guidance computer hardening 
problems. Should have a good foundation in circuit 
design, computer organization, and desire to learn 
fundamentals of interaction of nuclear radiation with 
circuit components. Will provide contractor technical 
direction in these areas. Perform individual research in 
related topics. 

Computer Technologist: Perform technology surveys 
to define future computer requirements. Will provide 
technical direction in support of advanced weapon 
systems. Typical assignments will include definition 
of evaluation procedures for computer prototypes, 
preparation of computer and acceptance test specifica
tions, and monitoring testing activities. Should have a 
strong background in the design aspects of computers 
and their application to real-time computational prob
lems and be motivated to have a general understanding 
of software development problems. 
If you possess a Bachelor's Degree (Advanced Degree 
preferable) and a minimum of 5 years applicable 
experience, please write to Aerospace Corporation, 
Room 236, P.O. Box 249, San Bernardino, California. 
An Equal Opportunity Employer 
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INFORMATION SYSTEMS 
SCIENTISTS AND ENGINEERS 

Bendix Research Laboratories has excellent career opportunities for B.S., M.S., and 
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas: 

• ARTIFICIAL INTELLIGENCE, pattern recog
nition, trainable systems, adaptive logic. 

• COHERENT OPTICAL PROCESSING, holo
graphy, spatial filtering, optical correlation, 
electro-optical systems. 

• DIGITAL AND ANALOG COMPUTERS, sys
tems analysis, logic and circuit design, real -time 
computer control. 

• AUTOMATIC CONTROLS, information theory, 
control theory, circuit and servo analysis, 
correlation techniques. 

• COMPUTER PROGRAMMING, mathematical 
analysis, scientific computing. 

Assignments involve research and development in automatic extraction of information 
from photographic records, image processing and analysis, adaptive and trainable 
control systems, digital and hybrid computing techniques, and advanced real -time 
computer control appl ications. 

Located in progressive suburban 
Detroit. Call collect or send resume 
to Re sea rc h Laboratories, The 
Bendix Corporation, Southfield, 
Michigan (313) 353-3500. 

An eQuaJ oppat1i1nity employer 

Research 
Laboratories 

I , 

CIRCLE NO. 900 ON INQUIRY CARD 

- . - ' 

LOGIC DESIGN 
Disciples of George Boole and John Venn : We have 
basic design positions in system organization and 
logic for real-time, airborne computer systems (also 
MOS LSI distributed logic processors). Experienced 
logic designers and theoretical mathematicians are 
invited to write Mr. Frank R. Mccarter. 

- An equal opportun it y employe r M/ F -

rn LITTON INDUSTRIES, Guidance & Control Systems Division 
5500 Canoga Avenue, Woodland Hi lls, Cal ifornia 

LITERATURE 

Computer Motors 

An 8-page publication describes a 
new line of de-servo motors for use 
in EDP peripheral equipment. The 
motors are said to meet the need for 
instant response with inertial time 
constants low as one millisecond and 
torque-to-inertia ratios approaching 
350,000 rad / sec2

• Units were de
signed for use in equipment such as 
magnetic tape transports, memory 
disc packs, card readers, high-speed 
printers, and document handlers. 
Illustrated bulletin contains de
sign and application information, 
performance charts and graphs, 
speed-torque curves, and ordering 
information. Bulletin also provides 
information on computer cooling 
fan assemblies. General Electric Co., 
Fort Wayne, Ind. 

Circle No. 309 on Inquiry Card 

Data Modem 

A two-page bulletin and technical 
specification is available on a new 
data modem specifically developed 
to transmit 2400 bits per second on 
unconditioned voice-grade, schedule 
4 telephone lines. The new model 
requires only 800 Hz of the available 
bandwidth of the telephone line 
channel. It is said to eliminate the 
need for special line conditioning 
and to allow additional data to be 
transmitted simultaneously over the 
remaining bandwidth. Milgo Elec
tronic Corp., Miami, Florida. 

Circle No. 312 on Inquiry Card 

Magnetic Tape 

A 6-page brochure describes a pre
cision computer tape made especial
ly for new high-speed computers. 
The brochure includes specifica
tions, microphotographs, profilome
ter readings, charts on durability 
and drop-out activity, and a descrip
tion of Tensaflex, a new backing ma
terial. Memorex Corporation, Santa 
Clara, Cal. 

Circle No. 308 on Inquiry Card 
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••• 
there's any reason you might 
change jobs, talk to CDC 
during the SJCC 

IF you like working in the world's fast
est growing industry, the one that of
fers the best opportunities and the top 
rewards, the Computer Industry is the 
place to stay. 

IF you want challenging assignments 
and responsibility with a company that 
is enjoying the strongest growth and 
the most success in the Computer In
dustry, Control Data is the answer. 

IF you want to join the company that 
has the technical capability to make 
the world's most powerful computers -
the largest and fastest by a wide mar
gin - it's Control Data again. 

IF you want to work where career op-

portunities, salary progressions, bene
fits and professional environment are 
among the best in the industry, score 
one more for Control Data. 

IF you want your choice of some of the 
country's finest living areas - Minne
sota, California, Pennsylvania, Wash
ington, D.C. and others - Control Data 
again. 

IF you are interested in good Engineer
ing openings, take a look at what we 
have in the fields of Systems Engi
neering, Electronic Design, Mechanical 
Design, Manufacturing Engineering, 
Production Engineering, Installation 
Engineering, Site Planning, Quality 

Control Engineering, and Civil Engi
neering. 

IF you'd like to find out what's happen
ing at Control Data, send us a resume 
and arrange an interview at SJCC. 

Where success creates opportunities 

CONTROL DATA 
CORPORATION 

An equal opportunity employer 

C. E. APPLICATIONS SYSTEMS 
DEVELOPMENT 
D. M. Noer 
Development & 
Standard Systems 

MANUFACTURING MANUFACTURING DEVELOPMENT APPLICATION 
GOVERNMENT 
SYSTEMS 

4201 Lexin~ton Ave . No . 
St. Paul, Minn. 55112 

C. W. Bauer 
Manufacturing Group 
4201 Lexington Ave. No. 
St. Paul , Minn. 55112 

T. J. Murphy 
Rochester Div. 
1480 N. Rochester Rd . 
Rochester, Mich. 48063 

E. R. Thode 
Melscon 
Suite 901, Brooks Bldg. 
223 W. Jackson 
Chicago, Ill. 60606 

Employment Administrator 
La Jolla Division 
4455 Miramar Road 
La Jolla , Cal. 92037 

S. E. Abrahamson 
Government Systems Division 
3101 East 80th Street 
M lnneapolis, Minn. 55440 
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3C offers, to its customers, a total digital capability; to our professional 
engineers we off er a dramatic, dynamic growth potential. Continued 
market acceptance of our new DDP-516, DDP-416 and DDP-124 
computers, I/C logic modules and core memory systems has created 
key opportunities for professional design engineers with experience 
in integrated circuits, high speed switching circuits and A/D-D/A 
circuitry to work on our next generation of digital equipment. 

If you want growth, in a challenging atmosphere, call collect, Mr. Martin 
Dorfman (617) 235-6220, or send your current resume to Honeywell, 
COMPUTER CONTROL DIVISION, Old Connecticut Path, Framingham, 
Massachusetts 01701. 

Honey"7"ell 
To explore professiona l opportun iti es in other Honeywe ll locations, coast to coast. send your application in confidence to Mr. Fred G. 
Laing, Honeywell . M l nneap~ l i s 55408. 

An Equal Opportunity Employer 
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careers in 
micro-
electronics/ 
computer 
technology 
Why" base you r career on just one 
interview? 

EUROPEAN and 
NATIONWIDE CHOICE 

N. Y., N. J., NEW ENGLAND, WASHING
TON, D.C., PHILA., MINNESOTA, TEXAS, 
HUNTSVILLE, FLA., AR IZONA, CALI 
FORNIA AND OTHERS 

Contact us if you have some experience 
or interest in any of the following: 

D Newest Memory Dvmt.- Cryo
genics, Thin Films/ Magnetics, Multi
aperature Cores, Delay Lines, Disk 
Files 

D Micro-Electronics Design/ 
Dvmt- Devices, Circuitry, Compo
nents, Systems 

D Solid State Circuitry-State of 
the Art Technique Dvmt., New Uses 
for Available Modules 

o Logic and Digital Design 

D Semi-Conductor Engineering 

D Solid State Materials 
Technology 

Unus·ually interesting Senior Staff 
and Managerial Positions Available 
to $22,000 

Circuitry Design/Dvmt 
Logic & Memory Design 

Exceptional Jr. Posts 
Now Available 

All expenses are assu med by our client 
companies 

Write in confidence, including· 
present salary, acceptable loca
tions or call (Collect) Mr. Nellis· 
sen. (Area Code 212) Plaza 9-1720 

a&n 
aLBeRT. neLussen. me. 

Leading r:onsu/tants to Management 
in the Computer field · 

510 MADISON AVENUE, N.Y .. N.Y. 10022 

CIRCLE NO. 901 ON INQUIRY CARD 

Plated Wire Memories 

A new high-speed magnetic memory 
that is woven like cloth on a loom is 
described m a 16-page brochure. 
Woven plated wire memory is made 
of fine, high-quality copper wires 
woven like cloth to any desired 
length on an especially designed 
loom. The loom interweaves thin
film, magnetically-coated wires with 
insulated wires. The woven plated 
wire memory provides access speeds 
in the 100 nanosecond range. The 
brochure describes the versatility of 
these memories and how they are 
well suited to practically any com
puter system for mam memory, 
scratchpad memory, buffer storage, 
as a con trol memory, or as a supple
ment to other memories. Librascope 
Group, Glendale, Cal. 

Circle No. 319 on Inquiry Card 

Integrated Circuit Handbook 

An integrated circuit data handbook 
contains complete specifications, per
formance data and application in
formation for high level TTL cir
cuits. The handbook features several 
new series on gates, flip-flops, and 
memory cells in standard and high 
speed classifications for both indus
trial and military parameters. The 
new handbook, priced at $15.00, will 
be provided to all qualified recipi
ents. Transitron Electronic Corpo
ration, Wakefield, Mass. 

Circle No. 327 on Inquiry Card 

Indicator Lights 

A complete line of one- and two
terminal edge lighting assemblies is 
described m an 8-page catalog. 
These indicator lights are designed 
to emit light through a colored filter 
radially into the plastic plate. In
cluded are descriptions, data and 
ordering information for one- and 
two-terminal assemblies conforming 
to MS25010 - Revision D. Also 
detailed are inset lens top indicator 
lights, and dimming and non-dim
ming indicators with extended neck 
to pass through MIL-P-7788 panels. 
Dialight Corp., Brooklyn, N. Y. 

Circle No. 310 on Inquiry Card 

REVISED TO JAN. '67 

FREE 
COMPUTER 

CAREER 
WAGE 

ANALYSIS 
Based on individual career 

experience, what are current 
earnings levels in the computer 
field? Thousands were able to 
answer this crucial question 
last year by studying the Albert, 
Nellissen 1965 Survey of Suc
cessful National Staffing As· 
signments and Wage Levels. 

Compiled by the computer 
field's leading management 
consultant, this revealing sta· 
tistical analysis of computer 
salary levels has been com· 
pletely updated to reflect ca
reer conditions-right up to 
January 1, 1967. Now available 
without obligation, it covers 
such key technology areas as: 

D Scientific or Real Time or 
Message Switching 

D Systems Programming 
D Commercial Application 

and Data Processing 
D Circuit, Logic & Hardware 

Design 
D Sales/ Marketing 

circle reader se rvice number on card in 
back or tear out coupon and send to: 

ALBERT, NELLISEN, INC. 
510 Madison Avenue 
New York, N·.Y. 10022 

Please send me your free 1967 
Computer Career Analysis. 

Address _______ _ 

City _ ____ State __ 

CIRCLE NO. 902 ON INQUIRY CARD 
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BOSTON 

SALES 
OFFICES 

Lindsay H. Caldwell 
Professional Bldg. 
Baker Ave. 
W. Concord, Mass. 
phone: ( 617 ) 369-6660 

NEW YORK 

Robert J. Bandini 
18 East 41st St. 
Room 1501 
New York, N.Y. 10017 
phone: (212 ) 685-5854 

CHICAGO 

Brent Salmon 
410 N. Michigan Avenue 
Chicago 11, Illinois 
phone: (312 ) 467-6240 

DETROIT 

James Stem 
424 Book Bldg. 
Detroit 26, Michigan 
phone: (313) WO 1-0278 

LOS ANGELES 

David Barton 
672 So. Lafayette Park Pl. 
Los Angeles 5 7, California 
phone: (213) 382-1121 

SAN FRANCISCO 

David Barton 
672 So. Lafayette Park Pl. 
Los Angeles 5 7, California 
phone: (213) 382-1121 
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With many hands like these ... 

• Burroughs man ufactures a complete product line of 20. 30 
and 50 mil ferrite cores . 

• Burroughs manufactures temperature stable ferrite cores (for 
operation over a 100°C range in an environment of - 50 °C 
to + 100°C). 

• Burroughs manufactur.::s 2 1/2 D memory stacks. 

• Burroughs manufactures mass memories. 

• Burroughs manufactures the highest quality memory products 
(cores, planes and stacks) under a Zero Defects Program. 

• Burroughs now makes complete memory systems available 
fo r your computers . 

Burrou~hs Corporation/ ELECT RONIC COMPONENTS D I VISION 

PLAINFIELD, NEW JERSEY 07061 



New Tally 500 series photoelectric tape readers 
work up to 1000 characters per second. 

But working without pinch rollers, 
friction brakes, clutches, or solenoids-that isl 
There's no point in Number l in

troducing just another "me too" product. 
Just to give you an idea of how good the 
new line is, in a recent life test, one photo
electric reader ran for 15 ,000 hours at 
maximum speed without a failure. You 
can see why we say these new readers 
represent genuine "state of the art " 
achievement. Adding them to the Tally 
line rounds out the broadest line of per
forated tape equipment on the market 
today. 
The SOOR, SOORF, and SOOT. 

These three readers operate at up to 
200 characters per second asynchro
nously (stop on character) , up to 500 
char/ sec in the synchronous or free run
ning mode (stop before next character) , 
and 1000 char/ sec in the wind / search 
mode. All feature printed motor direct 
capstan drive, and bi-directional reading 
and winding. The Model 500R (recess 
mounted) and the Model 500RF (flush 
mounted) are reader and spooler com-

binations, while the Model SOOT comes 
without the reel servo system . For tape 
handling only, two spoolers using printed 
circuit motors and proportional reel 
servo are offered , one with 8 inch reels. 
the other with 1 Ol/2 inch reels. 

MIL-SPEC reader, Model SOORM and 
"ruggedized" reader, Model SOORF / 10 

Fully militarized , the Model 500RM 
is the first high speed reader that meets 
all applicable military specifications with
out exception. Featuring the same basic 
design as other Series 500 photoelectric 
readers, this unit will work in environ
ments of-40°F to+ l 45 °F, in humidities 
of 100% , and take more than 15 g's 
shock. Pertinent RFI specs are met. 
MTBF is 5,000 hours. Expected life is 
10,000 hours minimum. 

Where severe environmental condi
tions are not encountered, the Model 
500 RF/ 10 will perform with the same 
accuracy and life for about half the cost. 
Reading speeds for both readers are 

150 char / sec asyn
chronously , 500 
char/ sec synch ro
nously, a nd l 000 
char / sec wind / 
search. 

Full disclosure. Model 500 RM 
For a ll the fact s. 

call your full service Tally sales engineer 
(see EEM) ,or write Ken Crawford. Tally 
Corporation , 1310 Mercer Street. Sea ttle. 
Washington 98109. Jn the U.K. and 
Europe, address Tall y Europe, Ltd .. 
Radnor House, 12 72 London Road. Lon
don , S. W. 16. England . 

TALLY" 

"See the new Tally photo readers and Dartex data terminals at S.J.C. C." 
CIRCLE NO. 80 ON INQUIRY CARD 
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