
IN THIS ISSUE 

SETTING CHARACTERISTICS FOR FOURTH GENERATION COMPUTER SYSTEMS - Part 1 Hardware 

SERIAL BUFFER STORES USING DELAY LINES 

A PREVIEW OF WESCON 68 



CIRCLE NO.1 ON INQUIRY CARD 



One Head is 
better than. Five 

When you look closely at the head assemblies used 
on our five standard drums, you can see they're really 
all the same. The same 16-head flying pads. The same 
unique compliant-reed mounting. The same connec
tors. The same spare heads. The same reliable head 
actua ting mechanism. Whether the drum has 128, 
512 or 1024 tracks ... measures 10" or 20" in diameter 
... is partially or. full implemented. 

In other words, the VRC common-design concept 
means one head is better than five. And the standard 
heads are only one facet of this concept. All five of 
our standard drums use the same self-clocking inter
face micro-electronics. All five share the same con
nector pin layouts ... the same speed sensors ... and 
the same i-year warranty. 

Thanks to common design, VRC drums (2.6 to 67.5 
megabit capacities) give you reliable, flexible eco
nomical performance. And that means application, 
installation, training and service costs stay low, no 
matter which VRC drums, or how many drums, you 
use. 

Computers are known by their MEMORIES 

. 
... so lS 

IIITI DRUM MEMORIES • SYSTEMS • DISK PACKS 

20a Precision Park • North Springfield, Vermont 05150 • Tel. 802/886-2256 • TWX 710 363-6533 
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we've added another to the series 

The. 7400 T2L, our latest micro-logic circuit card. How did we do 
this? Wejustplacedacomma after our last development, the auto
maticwire-wrapassembly.: The series now looks something like 
this:T2L SUHLI,J2L SUHL II,DTL. AW, 7400 T2L, and ... We've 
placed a comma after the 7400 because we're not done yet Write or 
telephone for more information about our methods of punctuation. 
~ ONTROLLOGIC.INC..3 Strathmore Rd., Natick: Mass, 01760 '617/235-1865. 

Visit Control Logic atWescon~ boothno{182-183 
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While developing the industry's broadest memory line, 

we've built billions of cores. Fast cores with wide operating 

margins, cores for all the major computer programs and 

cores on most of the satellites. In fact, we've got all the core 

types you're most likely to need. As a result, you'll get the 

convenience and economy of filling all your requirements 

from a single source. 

Our magnesium-manganese cores come in diameters from 

18 to 80 mils and operate over the temperature range of 0 to 

+65°C. We can provide cycle times under 600ns and make so 

many for our own systems that we know they'll work for you. 

For our wide temperature, coincident current memories, 

we make 18 to 30 mil lithium ferrite cores. They operate 

from -55 to +125°C, require minimum current compensa

tion and offer wider operating margins than standard ferrites. 

We have these and other core types in production now. 

Write for full details. 

electronic DleDlories em 
12621 CHADRON AVENUE, HAWTHORNE,CALIFORNIA 90250· (213) 772-5201 

We've decided 
its time we stol?ped 
being our own 6est 

core customer. 
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Is it possible to get a really good 
computer for less than $10K? 
How about $9,950 and some 
odd change? 

That's what the new Hewlett-Packard 
2114A will be pegged at. But it'll heave to 

just like its big brothers. Throwing 
round big 16-bit words. Storing 4000 

(or 8000) of them at a time in memory. Fetching them out 
of memory in two microseconds. It'll tie in I/O devices with 
standard plug-ins and use the same setot programming 
languages - FORTRAN, ALGOL and Conversational BASIC. It may 
be the littlest computer in the HP tam ily ... but even at that it more 
than holds its own against its big brothers. 

CIRCLE NO.5 ON INQUIRY CARD 

5 



6 

draw your own 
conclusions ... 

We say IDIIOM is your best interactive display-freestanding, 
with an IBM 360, a DDP 516, Sigma 7, or any digital CPU. We say 

IDIIOM has an optimized balance of hardware and software functions; 
a uniquely efficient Display Processing Unit; and special design con

cepts that give you maximum programming convenience and use versatility. 

But see for yourself! We've assembled 
the specifications for ALL available 
interactive displays in our newest IDIIOM 
brochure. It also includes brief de
scriptions of the significance to you of each 
major system element. We've tried very hard to be objective. In fact we'll 
bet you won't know it's an I DIIOM brochure until you compare the data. 

INFORMATION DISPLAYS, INC. II ~ I 
333 N. BEDFORD ROAD, MT. KISCO, N. Y. 10549 I 
DEPT. CD (914) 666-2936 TWX-71 0-571-2179 

WRITE TODAY FOR IDI'S COMPARISON BROCHURE OF INTERACTIVE DISPLAYS 
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The case for 
• our mlcromemory. 

There is none. 
. Most memories available 

today come in nice pack
ages.Totally-enclosed, well-protected, 
and looking like they still belong to the 
original manufacturer. 

We've got one that doesn't look 
like it belongs to anyone. Our new
est system for industrial/ commercial 
applications, the MICROMEMORY 1000, 

provides up to 32 K bits of storage with 
a cycle time of 2.5 u sec for less than 

7 cents/bit. And it's just as economi
cal with space (400 cubic inches) and 
power (35 watts maximum). 

But it has no case. The system 
consists of a stack and five cards 
of electronics that plug into an un
enclosed mother board, with a single 
connector providing the I/O interface 
for integration into your system. Main-

tainability is enhanced by this config
uration even though you'" probably 
never have to take advantage of it. The 
same advanced 3D drive technique 
that gives you the lower price because 
of a lower component count also 
yields a correspondingly higher MTBF. 

The MICROMEMORY 1000 will fit al
most anyplace in your system. Its open 
construction leaves access unham
pered, while its low power dissipation 
eliminates the need for additional cool
ing. Mount it upside down or sideways, 
show it off or hide it. It looks like it be
longs in your system because it does. 

Price and delivery, true random 
access and ease of electrical interface 
all strengthen the case for the MICRO

MEMORY 1000. Write us for the full story. 

em electronic memories 
12621 Chadrorl Ave., Hawthorne, California 90250· (213) 772-5201 
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Fairchild has introduced 44 
new products in the last 44 weeks. 
Our goal is fifty-two new integrated circuits in fifty-two weeks. To 
obtain the Reader Service number for any product announcement 
ad, simply add 100 to the new product number. For example, New 
Product NO.3 is Reader Service No.1 03. 
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More about: 
9304 
DUAL FULL 
ADDER 

9020 _ 
DUALJKK 
FLIP-FLOP 

10 

15 

9309 
DUAL 
FOUR-INPUT 
DIGITAL 
MULDPLEXER ftl 
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General purpose accumulator 
Three new Fairchild ICs will give you two stages of a 
general purpose accumulator that can shift left, shift 
right, add, complement and clear. 

Accumulator 
Output 

Carry To More 
Significant Stage 

Shift Left In 

Operation 
Control Lines 

Shift Right 
Out 

TWO STAGES OF A GENERAL PURPOSE ACCUMULATOR* 

Two of the new devices are highly versatile MSls: The 
9304 Dual Full Adder and the 9309 Dual Four-Input Dig
ital Multiplexer. They provide the same gating functions 
as seven or more discrete components. This low device 
count is the result of Fairchild's systems approach to 
designing complex circuitry. Our MSls (and LSls) are 
specifically designed to work together without interface 
circuitry. And, each device is highly versatile. For exam-

pie, the 9304 used in this application can be used in 
other systems as an adder, parity checker, exclusive OR 
circuit, or for a half-dozen other useful logic functions. 
You get the benefits of lower costs for design and 
devices, and higher reliability because of fewer con
nections. The third new device is our 9020 Dual JKK 
Flip-Flop. Like the 9304 and 9309, it is a dual device with 
the flexibility of two functional elements per package. 

OPERATION CODE LIST 

So SI INSTRUCTION 

0 0 Shift Left 
1 0 Add 
0 1 Shift Right 
1 1 Complement 

The key device in this 
application is the dual 
four-input multiplexer. It 
provides logical imple
mentation of a two-pole 
four-position switch that 
routes data to the com
moned J and K inputs of 

the dual JKK flip-flop. (Note that in this application we 
have taken advantage of the inherent symmetry of the 
9020; the J and K inputs have been reassigned so the 
faster negation output of the 9309 can be used.) De
pending upon the condition of the So and 8 1 inputs of 
the multiplexer, the data provided to the flip-flops cause 
a left shift, right shift, addition of an externally supplied 
number, or the complementing of the register. A 
common direct clear sets the register to the all-zero 
condition. 

The 9304,9309 and 9020 come in 16-pin hermetic DIPs. 
They're available from your Fairchild distributor in both 
military and industrial temperature ranges. For complete 
specs and other applications information, circle Reader 
Service numbers 102, 103 and 134. 

• Additional stages can be produced by repeating the same func
tional design. 

["._ .. _--- ] ~fi~~~~~i~deC~~~~u~~~ ~B;~~i~;t 
FA IRe H I Lei Corporation 313 Fairchild Drive, 
I I Mountain View, California 94040 
SEMICONOUC"IOR (415) 962·5011 TWX: 910·379·6435 
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When we brought out the original MINIVERTER 
(16-channel multiplexer, sample-and-hold amplifier and 

1 O-bit ADC) on a block small enough to hold in your 
hand, we thought it would hold you. But it didn't. So now 
we offer the MINIVERTER in more packages, with more 

options and more flexibility, but still the same low price. 

For example, you can now have a MINIVERTER with 
64 channels of multiplexing, a 10- or 12-bit binary 

or 13-bit BCD ADC, options like mode select and short 
cycle, register and address indicators, test and calibrate 

functions, and a power supply-all in a compact 

package like a standard 19-inch drawer. All three 
instruments come assembled, wired, tested and ready to 
use. If you want to do it yourself, you can buy individual 
AI D, D I A, sample-and-hold, multiplexer and 
power supply modules. 

Raytheon Com'puter has the only line of analog and 
digital IC modules that you can use for all your logic, 
control and interface functions and the only line of 
packaged IC instruments like the MINIVERTER, ADCs, 
DACs and others built from the same modules. 

Our detailed literature is even more convincing. Write or 

Or one with 256 chonne~O~~~~I~~~I~~i~~ C;AVTHEO~ 
for the really big system, but still in a small _ _ 

call today. Raytheon Computer, 2700 South 
Fairview St., Santa Ana, Calif. 92704. Phone 
(714) 546 -7160. Ask for Data File CB-157. 
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We know somebody with connections. 

So we told 
them about 
wire insulation 
made of Kynar: 

c-:::J r n r? [] 

~ UU@'~ W©l~ "U3~~® 

V®@[l§ ©J~@[] 

Burroughs Corporation's computer plant in 
Pasadena runs 200,000 feet of wire a week, 
makes 120 terminations per minute. With that 
many connections, at that speed, the right 
kind of insulation is important-insulation 
that's not only tough, but absolutely reliable. 
That's why Burroughs has used wire insulated 
with Kynar for back planes since 1963. 

Why Kynar? A Burroughs engineer answers: 
"It works better than many others we've tried 
... so why argue with success?" Kynar works 
for some good solid reasons. It has twice the 
cut-through resistance of other common flu
oroplastics and virtually eliminates cold-flow 
problems. Kynar runs economically in auto
matic wire-wrap equipment ... it feeds, cuts, 
and strips smoothly. It's unaffected by clean
ing solvents, and it won't degrade with age. 

Tough arguments? You bet. Tough material 
... that's Kynar. So take a tip from experience. 
Switch to wire insulated with Kynar. It's avail
able from leading wire manufacturers. For 
additional information contact: Plastics De
partment, Pennsalt Chemicals Corporation, 
3 Penn Center, Philadelphia, Pa. 19102. 

tIYOU[}fP ••• 'J:Cil@ ?ffl!!l@p@[jJffflS'J:U@ rr:Cm'J: 9
8 'J:m)I!!JgCil! ~ PE N NSALT; 
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Three-quarters of your next 
digital systeOl is on our shelf. 

Fairchild has enough MSI and LSI building blocks 
on the shelf to produce 60 to 80 percent of any 
digital logic system you have on the drawing board. 

Since last Octobert'we've introduced nine 
versatile MSls and nine unbelievable LSls. Designed 
specifically to work together. And, together, 
they do more jobs than a hundred ICs. 

Our MSI fundamental building blocks do the work 
of shift registers, counters, decoders, latching circuits, 
sto~age elements, digital multiplexers, etc. The LSI 
building blocks serve as comparators, function 
generators and dozens of other complex functions. 

To tie the whole thing together, we make 
Micromatrix ™ arrays that serve as interface circuitry 
for all our building blocks. The arrays can be 
customized for virtually any function in any digital 
system. They can even be used as fundamental 
building blocks themselves., 

We also makeMOS LSl fundamental building 
,blocks: read-only memories, parallel acc,umu- . 
lators, AID converters, you name it. And, 
we have the interface devices that make 
our MOS devices compatible with CCSL. 

Fairchild MSI and LSI building 010(~KSi 
are available in both military. and lnclustnlai 
temperature ranges; in hermetic DIPs and Flatpaks. 
You can buy them from any Fairchild distributor. 
MSI BUILDINGBLOCKS* 
9033 Sixteen-Bit Random Access Memory 
9034 Two Hundred -Fifty Six-Bit Read-Only Memory 
9300 Four:,Bit Universal Register 
9301 One-of-Ten. Decoder 
93041)ualFullAdd~r' 
9306 Up/Down Counter 
9307 BGDtoSeven .. SegmentDecoder 
9308 Dual Four-,BitLatch 
9~09DualFou~-InplltDigitall\1ultil>lexer 
931~E~ght-Input ])igital Multipl~xer 
9328])uaLEight~Bit'ShiftRegister 

LSI BUILDING BLOCKS* 
Bipolar 
4510 Dual Four-Bit Comparator 
4610 Dual Two-Variable Function Generator 
MOS 

, 3501·1024-Bit Read-Only Memory 
3750 Ten-Bit D / A Converter 
3751 Twelve-Bit A/DConverter 
3800 Eight-Bit Parallel Accumulator 
3801 Ten-Bit Serial/Parallel-

Parallel/Serial Converter 
LSI CUSTOM ARRAYS* 
4500 DTL Micromatrix Array 
4600 TT,uL Micromatrix Array 



O.K. What about Linear? 
We don't know how much of your linear system 
we have on the shelf. It depends on your design. 
Our Second Generation linears are so versatile, they 
may be all you need to build a whole system. 
Or, at least half. 

We have a family of Second Generation linear rcs 
that will serve as fundamental building blocks in any 
linear application.We have a temperature-controlled 
differential preamp 
that replaces chopper
stabilized and FET 
input amplifiers. We've 
developed a frequency 
compensated operational 
amplifier that doesn't 

require external stabili
zation components. We've 
introduced the first MSI 

linear. And the first linear with !In N-channel FET 
directly on the chip. And many other devices designed 
to take circuit designing out of systems designing. 

See your Fairchild salesman or distributor. 
He'll give you the whole story. Digital and linear. 
LINEAR BUILDING BLOCKS* 

fLA722 Programmable D/A-
AID Converter Current Source 

fLA 723 Precision Voltage Regulator 
fLA 727 Temperature-Controlled Differential Preamp 
/LA 741 Frequency Compensated Operational Amplifier 
*The devices listed here are those introduced by Fairchild as of 

Aug. 15, 1968. More are on the way. Keep watching the trade 
press. We're introducing a new Ie every week for 52 weeks. 

Fairchild Semiconductor, A Division of Fairchild 
Camera and Instrument Corporation, 

313 Fairchild Drive, Mountain View, California 94040 
FAIRCHILO (415) 962-5011/TWX: 910-379-6435 

SEMICONOUf:TOA 



RCACD2300 
DTLFamily 
direct replacements for 830 and 930 series 

45 types 1 3 package styles 1 2 Temperature Ranges 
Gates 1 Expanders 1 Flip-Flops I Inverters 
2Kn and6Kn Output Pull-Up Options 

• For Your Military Applications: 
CD2300 Series-15 circuits in RCA's Unique 
Ceramic Flat Package. 
CD2300D Series-15 circuits in RCA's Unique Ceramic 
Dual In-Line Package . 

• For Industrial and Commercial Applications: 
CD2300E Series -15 circuits in RCA's Dual In-Line 
Silicone Package. 

I -55°C to +125°C Operation I OOC to +75°C Operation 

14 

14-Lead Price 14-Lead Ceramic 
Circuit and Ceramic (1000 Dual In-Line 
Pull-up Option Flat Pack Units) Package 

NAND Gates 
Oual-4 Expandable (6Ku) C02300/930 $2.50 C023000/930 
Oual-4 Expandable (2KU) C02301/961 $2.50 C023010/961 
Oual-4 High Fanout, 
Expandable (transistor 
output pull-up) C02306/932 $2.75 C023060/932 

Oual-4 High Fanout 
Expandable (no output 
pull-up) C02307/944 $2.75 C023070/944 

Triple-3 Input (6Ku) C02308/962 $2.75 C023080/962 
Triple-3 Input (2Ku) C02309/963 $2.75 C023090/963 
Quadruple-2 Input (6KU) C02302/946 $2.75 C023020/946 
Quadruple-2 Input (2KU) C02303/949 $2.75 C023030/949 

Hex Inverters 
Oiode Input (6KU) C02310/936 $2.90 C0231 00/936 
Oiode Input (2Ku) C02311 1937 $2.90 C02311 0/937 
Expandable Input (6KU) C02312 $2.90 C023120 
Expandable Input (2Ku) C02313 $2.90 C023130 

Flip-Flops 
Clocked RS with 
JK Capability (6Ku) C02304/945 $3.00 C023040/945 
Clocked RS with 
JK Capability (2Ku) C02305/948 $3.00 C023050/948 

Input Expander 

Dual 4-Diode C02314/933 $2.25 C023140/933 

Ask your RCA Representative for details. See your RCA Distributor for his price 
and delivery. For technical information, write Commercial Engineering, Section 
ICZB-8, RCA Electronic Components, Harrison, N.J. 07029. 
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Price 
(1000 
Units) 

$2.50 
$2.50 

$2.75 

$2.75 

$2.75 
$2.75 
$2.75 
$2.75 

$2.90 
$2.90 
$2.90 
$2.90 

$3.00 

$3.00 

$2.25 

14-Lead 
Dual In-Line 
Silicone Package 

C02300E/830 
C02301 E/861 

C02306E/832 

C02307E/844 

C02308E/862 
C02309E/863 
C02302E/846 
C02303E/849 

C02310E/836 
C02311 E/837 
C02312E 
C02313E 

C02304E/845 

C02305E/848 

C02314E/833 

nCIi 
Integrated 
Circuits 

Price 
(1000 
Units) 

$1.05 
$1.05 

$1.15 

$1.15 

$1.15 
$1.15 
$1.15 
$1.15 

$1.45 
$1.45 
$1.45 
$1.45 

$1.90 

$1.90 

$ .90 
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Let's talk about high noise immunity ... number of 

available logic functions ... number of test pOints 

Datascan Integrated Circuit Logic Cards 
Two complete lines - the Standard Series 200 (DTL) and the high noise immunity 
Series 400 (HTL) offer system designers maximum flexibility and economy in develop
ing high performance systems. And, on every Datascan IC card you get these exclusive 
features: 

. D 
Datascan 

o 

o 

o 

o 

DYNAMIC DECOUPLING (Optional) _ this is the only inte-
grated circuit card that offers an active power supply decoupling element, 
to eliminate noise, particularly in larger systems. 

PULL-UP RESISTORS - provision has been made for adding 
resistors directly on individual cards. 

MORE TEST POINTS - located at all convenient circuit nodes, 
not limited in number - valuable in simplified. system troubleshooting. 

CODED CARDS - color coded for quick identification of same-
function cards; slot interpin keyed to prevent interchange of card types 
or card reversing. 

Contact your local Datascan representative or call us direct, for complete 
technical catalog information or to arrange for engineering consultation. 

Datascan, Inc . 
1111 Paulison Ave., P. O. Box 785, Clifton, New Jersey 07013 
Tel. 201-478-2800 

CIRCLE NO. 11 ON INQUIRY CARD 

System Designers: Write, on your 
company letterhead only, for a 
copy of the complete Datascan 
technical catalog and Application 
Notes - the most complete 
publication of its type in the 
~Iectronics industry. 
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• Not really. This one picture represents two distinct capabilities. It's the new 
MSR 1500, a complete Speed reader that reads punched and mark-sense cards, 
and can do both simultaneously. The addition of the mark-sense capability does 
not alter the specifications that have made the Speedreader famous. Accurate 
data transfer, speeds to 1500 cards-per-minute, solid-state reliability, plug-in 
modules, low-cost and ease of interface are still a part of the Speedreader. With 
the mark-sense option, information may be read from virtually any arrangement 
on the card, permitting the use of modular data fields, printed instruction areas, 
with provision for manuscript notes. 

This is the type of "double vision" that our engineers use to help OEManufac
turers solve their customers' problems. Write Data Products, 8535 Warner Drive, 
Culver City, Calif., 90320, for our latest literature on card readers and punches. 
Data Products manufactures LINE/PRINTERTM, DISCfILE®, Core Memories,Dff·Line Printer Systems, Card Readers & Punches 

CIRCLE NO. 12 ON INQUIRY CARD 
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"the peripheralists" 
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3 ways to get .hermetic les 
at epoxy prices. 

1. Call a Fairchild Distributor 
On July 1, we reduced the price 
of all our DTl and TTL integrated 
circuits in hermetic DIPs. Now, 
they cost the same as 
competitive epoxy devices. 
And, you can buy them from 
any Fairchild distributor. 

CIRCLE NO.1 0 ON INQUIRY CARD 

2. Call a Fairchild Salesman 
If you get your samples from one of 
our salesmen, you might as well get 

quantity prices from him, too. 
Now he can quote on 

Fairchild ceramic devices 
from our competitor's 

epoxy price list. 

3. Call Fairchild 
Anyone who wants to call 

Mountain View can get the 
new ceramic prices directly 
from Fairchild. Ask for larry 

Frankfurt. Dia1(415) 962-2103 

FAIRCHIL..C 

SEMICONDUCTOR 

Fairchild Semiconductor/ A Division of 
Fairchild Camera and Instrument Corporation 

313 Fairchild Drive, Mountain View Calif. 94040 
(415) 962-5011 TWX: 910-379-6435 
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Industrial programmer. Model 2924 ..... 
Isolated switches. Remote switch ~ 
contacts. Precious-metal-clad contacts 
take 2 amps DC. Contacts tested to one 
million cycles. Full 80-column reader. 

Desktop card reader. Model 1040. 

-::-
.. -.--~~' 

Up to 960 switches, 80-column format. 
Available in matrix or isolated outputs. 

Contact rating of 0.25 amp DC. Double
wiping action cleans contacts at each use. 

Available panel mounted. 

Motorized full card reader. Model 2980A. 
Semi-automatic card insertion and extraction. 

Behind-panel mounting. Can be bussed by 
column, by row, and by split column. 

Reads full 80-column card. 
Gold-plated, double-

wiping contacts. 

Manual badge reader. 
Model 361. Cross
matrix or individual outputs. 

Takes 15-, 20- or 22-column badge up to 
0.040" thick. One-hand operation. Up to 

264 switches. Designed for one 
million cycles. 



e 
e 

AII·weather reader. Designed for outdoor or industrial 

Behind·panel reader. Model 2981A. 
Industrial full 80-column card reader. 
Complete alphanumeric coding and 160 
six-bit word capability with only 160 
diodes. Can be bussed -by column, by 
split column, or by row. Gold-plated contacts 
take 0.25 amp. 

~ 

Put your data here ... for process control, 
test programming, computer input, machine 
control, production control, status 
indication, access limitation, credit 
validation. The biggest and most versatile 
card reader family around. For more 
information, write AMP INCORPORATED, 
HARRISBURG, PA. 17105. 

INCORPORATED 

CIRCLE NO. 14 ON INQUIRY CARD 

environments. Suitable for air purge system. Bifurcated 
contacts - up to 264 cross points. Credit card 
format up to 12 x 22, matrix or individual. Indicator 
lamps and card release switch available. 

~ Low·cost industrial reader. Model 2900A. Motor
operated or manual model 2901A. Up to 264 switches, 
80-column format. Bussed by row, by half·column or 
by full column. Gold·plated, double-wiping contacts 
rated at 0.25 amp DC. 
~ r_:..--:-. 

.*c-.p-

.", ""'->..,. 
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",,' 
.><? 

<> <? 
<> "" 

~<> 

Solenoid badge reader. Model 360. Reads 15-, 
20- or 22-column badge - up to 264 
switches. Operates similar to time clock. 

Models for 115 VAC and 28 VDC. 
Design life: one-half million cycles. ,. 
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It's that easy to design your own keyboard for any information handling 

system using the IKOR Universal Keyboard with 8 data-bits 

available for coding both shifted and/or unshifted char-

acters. A completely different all-electronic principle of 

operation (patents pending) provides for error-free 

linkages to fail; no lights to 

performance plus the ability to interface with 

any system. It permits you to specify virtually 

any keyboard configuration without requiring 

major modification of the basic design and can 

be supplied with either serial or parallel output. 

A minimal maintenance procedure is incorpo

rated into this simple, highly reliable design -

coding is contained in each key; 

burn out or become masked by 

dust or dirt. These are but a few of the design 

advantages. The IKOR keyboards look like, feel 

there are no cross-bars or 

venience. 

requirements, in the development of special designs and 

will provide systems engineering services to assure electrical 

and mechanical interfacing to your satisfaction. 

IKOR Incorporated, Second Avenue, Northwest Industrial Park, 

Burlington, Massachusetts 01803 - Telephone (617) 272-4400 

I ~I~ A BETTER WAY TO COMMUNICATE 

CIRCLE NO. 13 ON INQUIRY CARD 



Keep your computer in touch with the world. 
How fine a touch is up to you ... 
It's your data. 

The world is analog. Most computers are digital. 
Redcor has eight ways to bridge the gap immediately 
available, from a comparatively simple Analog to Digital 
Converter to a sophisticated Data Acquisition System. 

Each system uses digital monolithic and linear hybrid 
integrated circuits with all silicon construction in a com
pletely modular format for additional flexibility. After 
10 years of "front end" experience, each of these new 
systems has been designed with room for your future 
requirements, in addition to the ability to immediately 
meet your present ones. 

1. The 663 Multiplexer/Analog to Digital Converter 
This versatile instrument features up to 256 channels 
single-ended or differential. 15 bit resolution and attendant 
accuracy. Throughput rates up to 60 KHz. Output coding 
that matches your digital computer. 

2. The 720 Multiplexer/ Analog to Digital Converter 
The little brother to the 663. Up to 256 channels. Output 
is 12 bits at a throughput of 20,000 samples per second. 

3. The 725 Low-Level Multiplexer/ Analog to 
Digital Converter 
Can directly accept signals as low as 5 millivolts full 
scale on a random or sequential basis. Your comput'er can 
dynamically program the range. Output is 12 bits at 
throughput rates up to 20 KHz. 

4. The 645/646 Digital to Analog Converter 
Up to 48 digital to analog converters in a single chassis. 
Input coding to match your digital computer. 15 bit resolu
tion and attendant accuracy. Transfer rates up to 100 KHz. 

5. The 683 Data Acquisition System (Incremental 
Magnetic Tape) 
Acquires, digitizes and records 32 channels of data at 
rates up to 500 samples per second. Complete with the 
663 multiplexer/ A-O converter, magnetic tape formatter 
and incremental magnetic tape transport. 

6. The 684 Data Acquisition System (Hi-speed 
Magnetic Tape) 
All the equipment of the Model 683 above, but designed 
for hi-speed usage with sample rates up to 60 KHz. 

7. The 685 Data Acquisition System (Computer Based) 
Acquires, digitizes. and reduces 32 channels of data 
which is then recorded on tape for input into a large scale 
data processing system. Complete with the 663 Multi
plexer/A-D converter, multiplexer/A-D controller, stored 
program processor, magnetic tape controller, magnetic 
tape transport, and a keyboard/reader/punch unit. 

8. Computer Interface Systems for the IBM 1130, 
IBM 1800 and Others 
Analog front ends and back ends complete with interface 
logic for your computer. You choose the computer, 
Redcor can put it in touch with reality. Contact Redcor 
or your computer manufacturer. Chances are they'll 
recommend Redcor. 

For detailed specifications, circle the reader service 
card number. 

An Open-Ended Approach to 
Closed-Loop Modules 
You'll find that by using plug-in closed 
loop modules, it's possible to stay 
open-minded about system expansion 
and redesign because modification 
is possible without all the problems 
inherent in hard-wired systems. 

World's largest selling IC tester 
now becomes one of the fastest for 
an extra $2,500. 
Now Redcor's low cost IC tester can 
test 10 devices per second by just 
adding the new 990101 high speed 
Automatic Sequencer. Cost: $2,500. 
The new option has 1000 discrete steps 
and up to 21 tests per step, moving 
the effective test rate as high as 
210,000 test/sec. Want to know more? 
Call collect. 

REDCOR 
REDCOR CORPORATION /7800 Deering Avenue / Canoga Park, California 91304/ (213) 348-5892 

CIRCLE NO. 16 ON INQUIRY CARD 
21 



Storage for sale: 
1.5 million characters 

for $1,950 
Now that's a lot of recording 

capacity for very little money. 
And it comes to you in one of the 
smallest IBM-compatible incre
mental recorders ever built. 

The new Cipher Model 70 
is a write-only recorder which 
accepts asynchronous data rates 
from 0 to 100 characters per sec
ond (optionally to 500), and syn
chronous data rates at 5 inches 
per second. The recorder gener
ates all IBM-compatible mark-

ings, gaps, and vertical and 
horizontal parity. A rewind fea
ture is included, along with sen
sors to indicate beginning and 
end of tape. 

The Model 70 is capable of 
either ac or 12-volt dc operation. 
It uses standard 7-inch IBM reels 
with 600 feet of tape. Optional 
features include read, higher 
asynchronous data rates, 556 bpi, 
and error-checking circuits. 

Like all Cipher incrementals 

1219 Morena Blvd., San Diego, Calif. 92110, Phone (714) 276-6320 
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(there are several other config
urations), the Model 70 is light, 
compact and extremely reliable. 
It can be used for recording digi
tal information which requires 
computer processing, or it can 
serve as an inexpensive com
puter input! output transport. 

So if you're paying for a 
lot of expensive storage you 
don't really need, consider the 
alternative. 

It's got to be Cipher. 

C:.: her 
Data ROdUCts 

COMPUTER DESIGN / AUGUST 1968 
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New Multiple-Mode ADC: 
a complete, high-speed analytical instrument 
for measuring: 
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You ought to know the versatile LRS Model 243 Gated 
Linear Analog-To-Digital Converter. It's optimized 
to digitize the amplitude or area of nanosecond analog 
signals. But it can also handle more slowly changing 
waveforms . . . DC levels . . . or measure digitally 
nanosecond time intervals. That's big capability. And 
in a small package .• Actually, the 243 is a complete 
analytical instrument in itself. The unit contains its 
own fast built-in linear gate to permit selection of the 
input pulse or interval to be digitized ... as well as a 
built-in pulse stretcher, 40 MHz crystal clock, and 
binary output register. The 243 accepts unstretched 
pulses from 2 to 100 nanosecond duration directly ... 
and delivers an 8-bit coding of the input amplitude or 
area. Maximum digitizing time: 6.4,pS. Resolution: 1 
part in 256 .• There are many plus features, too. 
Positive or negative inputs permit analysis of pulses 
from virtually any source. Front panel visual display 
continuously monitors the state of the internal buff~r 
register. Buffered outputs are suitable for use with 
on-line computer, magnetic tape transport, typewriter, 
or. other digital output device. For full details, write 
for Bulletin 243. 

LRS 
LeCROY RESEARCH SYSTEMS 
COR P OR A T I ON 
Ate. 303, W. Nyack, N.V. 10994.(914) 358-790m 

INNOVATORS IN INSTRUMENTATION 



THERMAL FATIGUE PROB
LEMS IN TO-3, TO-66 P ACK
AGES ELIMINATED - Fairchild 
Semiconductor, Mountain View, 
Calif., has completely eliminated 
thermal fatigue problems associated 
with TO-3 and TO-55 packages by 
changing to a copper construction 
with a matching disc and utilizing a 
gold-silicon eutectic die-attach, ac
cording to an announcemen t by 
John Bosch, Marketing Manager of 
discrete devices. 

This packaging development af
fects Fairchild's entire line of power 
transistors in the 2-, 5-, and 10-
ampere range, which are designed 
primarily for the military market 
and for the high grade industrial 
and computer markets. 

The improved products, which 
include seven families of comple-

STANDARDIZED TRANSISTOR 
CHIPS SALES PROGRAM INI
TIATED - Fourteen silicon Annu
lar™ transistor chips have been 
selected to form the basis of a new 
program at Motorola Semiconductor 
Products Inc., Phoenix, Ariz. to sup
ply chips to manufacturers of hy
brid devices. The program is organ
ized to provide users engaged in 
breadboard design or prototype de
velopment with completely charac
terized chips, off-the-shelf availabil
ity, and small-quantity pricing. 

The selected chips fill a broad 
range of application categories and 
include both NPl'! and PNP devices 
for general purpose use as well as 
specialized switching and amplifica
tion. Data sheets for each device 
type are available and fully describe 
maximum ratings, electrical and 
physical characteristics and include 
typical performance curves. 

The unencapsulated transistors 
are gold-backed for ease of die 
bonding and have aluminum metali
zation suitable for all standard wire 
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mentary paired NPN and PNP de
vices, replace power transistors in
corporating solder die-attach tech
nology. 

The power transistor series ac
hieves increased reliability through 
the new copper packages and pro
vides burn-in capabilities as part of 
standardized testing procedures. 

The eutectic die-attach technique 
relies on a thermally matched disc 
to give freedom from thermal fa
tigue. The bonded joint is not af
fected by repeated temperature 
stressing, and this is in contrast to 
solder die attach systems, where 
the failure rate is 100 per cent pre
dictable through a complete cycle 
range. 

Having a copper base, the new 
TO-3 and TO-55 are said to offer 
extremely low thermal resistance 

bonding techniques. Transistors of 
a type intended for both encapsula
tion and sale as chips are fabricated 
on the same line. They undergo 
identical processing up to the point 
of wafer classification, then wafers 
selected for sale as chips receive 
the special handling essential to 
their intended use. 

To accommodate the needs of 
customers for both small and large 
quantities, the transistor chips are 
supplied in two specially designed 
carriers: 

1. The Deka-Pak™ - a 10-chip 
plastic carrier providing storage 
and handling protection, easy in
ventory control, and in-carrier 
visual-inspection. 
2. The k_Pak™ - a 1000 chip 
plastic carrier providing all the 
advantages of the Deka-Pak plus 
one - the carrier actually con
tains 1020 chips. This version of 
the baker's dozen provides statis
tical assurance that 1000 chips 
per carrier will be within dimen
sionallimits. 

and thus, achieve superior . heat 
transfer characteristics over their 
steel-base counterparts. 

Both high reliability packages are 
constructed with welded-in pin as
semblies of Kovar and glass, which 
result in a matched glass seal to as
sure hermeticity. With glass and 
copper completely separated, the 
packages are able to pass the Radi
flow hermeticity tests with leak 
rates less than 10-8 cubic centi
meters per second. They also pass 
all other tests in the environmental 
test series of Mil Standard 750. 

All basic chip types can be 
adapted to the new packages in
cluding Fairchild's 200V NPN 
switch and discrete emitter devices 
in the 30W, 50W and 100W tran
sistor series. 

Although a wide variety of ap
plications are served by the 14 
standard chips, designers occasion
ally have unusual circuit require
ments. On a specially negotiated 
basis, therefore, virtually any tran
sistor may be purchased in unen
capsulated form either as a wafer 
or individual chips. 

Under these special terms the 
customer may prescribe certain 
100% tested electrical specifications 
within a specific set of ground rules. 
If need dictates, he may arrange to 
have other characteristics tested on 
a sample basis. 

Devices purchased on a special 
basis are packaged in two· addi
tional carriers supplementing the 
Deka-Pak and k-Pak. Wafers, need
ing a carrier of their own, are ship
ped between two layers of mylar, 
sandwiched between two slabs of 
polyfoam, all in a plastic box. 
Large volume-users may elect to 
have their transistor chips packaged 
in a glass vial, the most economical 
shipping method. 
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NEW MIL STANDARD FOR 
MICROCIRCUITRY TESTING -
The Department of Defense has re
leased the first military standard 
specifically designed for microcir
cuitry testing. 

Test method 1014 of MIL STD 
883 describes the procedures to be 
used in determining fine and gross 
leaks that would cause electronic 
device failures when the component 
IC's were exposed to high humidity 
and gas contaminated atmospheres. 

Of particular interest to manufac
turers of electronic equipment and 
components, the new MIL STD de
fines two gross leak procedures that 
specify the use of completely fluor
inated liquids. 

The joint DOD/NASA standard, 
prepared by the Air Force's Rome 
Air Development Center after a year 
of testing, notes that the use of per
fluorinated, rather than partially 
fluorinated liquids, eliminates the 
possibility of contamination from 
moisture and dissolved greases. The 
completely fluorinated liquids also 
drain clean leaving no residue and 
will not damage the markings or 
other elements of the device struc
tures being tested. 

The first gross leak test proce
dure, for package leaks I greater 
than 10-3 atm/cc/sec. uses FC-43 
maintained at 125 ±5°C as an im
mersion fluid to detect severe pack
age -leaks. These leaks may be 
caused by package cracks, solder 
voids or tilted lids, flange leaks and 
blow holes in the package or lid 
sealing materials. 

The second procedure, used for 
leaks greater than 10-5 atm/cc/sec 
uses FC-78 under pressure to deter
mine leaks caused by fine package 
cracks 0r pores, minute pinholes in 
solder, minute weld flange pinholes 
and leaks around metal to glass 
seals. This second procedure over
laps into the helium fine leak test 
range as well as the first test proce
dure noted for gross leaks. 

FC-43 and FC-78 are two of a 
family of six Inert Fluorochemical 
Liquids made by 3M Company, st. 
Paul, Minn. They are clear, non
flammable, colorless, relatively 
dense and of low viscosity. The 
major difference between the six 
lies in their respective boiling 
points, ranging from 88°F to 345°F. 
Characteristically, their pour points 
are qui'te low, in most cases being 
well below -100°F. Dielectric 
strength of the fluids exceeds 35,000 
volts per 0.1 inch gap. 
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OCCUPIES NEW QUARTERS 
- Varian Data Machines has re
cently completed its move into a 
100,000 square foot headquarters 
plant in the Irvine Industrial Park, 
located next to the Orange County 
Airport, Irvine, Calif. The new 
building is a few miles from the 
previous facility in Newport Beach. 

According to Robert Herman, 
President: "Our new plant has 
doubled our production facilities, 
which enables us to meet the large 
demand for our 620/i and 520/i 
digital computers at an ever increas
ing rate. For example, because of 
the facilities expansion, we have 
increased production so that we can 
now offer 30-day delivery on a 
standard 620/i computer." 

•..•..•..•..•..•..•..•..•..•..•..•..•..• 

RCA BREAKS GROUND FOR 
NEW COMPUTER EQUIPMENT 
PLANT - RCA recently broke 
ground for the construction of a $12 
million plant in Marlboro, Mass. for 
the engineering and production of 
computer peripheral equipment. The 
new facility, to be located between 
Boston and Worcester, is expected 
to be opened for operations in 
April, 1969, according to James R. 
Bradburn, Executive Vice President, 
RCA Information Systems. 

Mr. Bradburn noted that an initial 
group of engineering and manufac
turing personnel are presently oc
cupying a 50,000-square-foot build
ing leased in Framingham, Mass. In 
addition to designing and producing 
prototype models of peripheral de
vices, the facility is being used to 
recruit and train personnel to staff 
the permanent operation once it is 
completed. 

Initially, a limited number of dif
ferent types of electronic data proc
essing devices for RCA's Spectra 70 
systems will be assembled at the 
Marlboro plant. At full operation, a 
broad range of computer peripheral 
devices will be designed and manu
factured there. 

The new plant will be built with 
an eye toward additional expansion 
in the early 1970's. "It is expected 
that future requirements for In
formation Systems' manufactured 
products will rise sharply," he said, 
"particularly in the area of on-line 
communications systems with em
phasis on data collection, display 
devices, and mass random access 
storage." 

We'll give you 
service whether 
you buy from us or not 

Our business is solving prob~ 
lems in the most effective, 
economical way, rather than 
trying to sell you what we hap~ 
pen to have on hand. If you 
have a quick question call 
(213) 678~4251. For a complete 
analysis, send us a logical block 
diagram describing your sys~ 
tern, and tell how large a seg~ 
ment you want us to tackle. 
You'll receive a complete list 
of cards and quantities plus a 
description of other hardware 
and a detailed price analysis, 
without obligation. 

If your problem is larger 
than logic cards, write us any .. 
way. We can provide black .. box 

special purpose systems, or 
complete systems with any 
computer you choose. We'll 
even supply software. 

Because we take a sys~ 

tems approach, rather than a 
product approach, when you 
compare total costs you'll find 
Wyle highly competitive. 

Our main business isn't 
selling logic cards, it's solving 
problems. Logic cards happen 
to be one way we do this. 

Call or write Mr. Norm 

Conwill, Wyle Systems Div. 
Wyle Laboratories 
128 Maryland Street 
EI Segundo, California 90245 

WYLE 
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Q:WhyisaTRW 
Extraverter like 
an Extrapus? 

A: Extrapuses have lots 
of extras. Example: Twelve
acles instead of eight- or 
tentacles. 
Extraverters are inverters with 
lots of extras. 
For example: 
Extra reliability 
Extra protection 
Extra overload capacity 
Extra KVA at low PF 
Extra power quality 
Extra-low harmonics 
Extra -high efficiency 
Extra-easy maintenance 
Extra -experience 
Extra-ordinary service. 
Available from 1 KVA to 
lOO-plus KVA. 
If you're an extravert, phone 
us (collect). 
If you're an intro
vert, just write 

Think initially of TRW 
TRW Equipment Group/Dept. 0855 
23555 Euclid Avenue 
Cleveland. Ohio 44117 

TRIM 
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VERSATILE USER - ORIENTED 
COMPUTERIZED SYSTEM 
DEMONSTRATED - A versatile 
computerized system that will assist 
U.S. military installations in coping 
with the "information explosion" 
was recently demonstrated at An
drews Air Force Base, Md., to 500 
representatives of the Department 
of Defense and other federal 
agencies. 

The system, called ADEPT-50 
was designed b3i System Develop
ment Corporation (SDC) under a 
two-year, $3,350,000 contract from 
the Advanced Research Projects 
Agency of the Department of 
Defense. 

Essentially it is a user-oriented 
system of computer programs that 
greatly increases the flexibility of 
standard, third generation data pro
cessing equipment. Itprovides mili
tary installations with the capability 
for immediate access to a central 
computer from different locations at 
a base or installation at reduced 
cost. 

Working from terminals that are 
connected to a centrally located 
computer, the system gives many 
users complete freedom in manipu
lating, retrieving, updating and stor
ing data. 

A military base commander, for 
example, by using a terminal to a 
central computer could get immedi
ate response to questions about the 
training and readiness of forces or 
of the logistics of men and materials. 
A-t the same time the computer 
would be available to other base 
personnel for simulation,computa
tions, document retrieval, personnel 
records, statistics, and many other 
management information needs. 

Ordinarily these functions would 
have to be accomplished by several 
computer systems. But ADEPT-50 
provides the flexibility for a single 
system to serve a variety of facil
ities, users and applications. 

The system is presently being in
stalled in two major DOD installa
tions for tests and evaluation: the 
National Military Command System 
Support Center and the U. S. Air 
Force Command Post. 

ADEPT-50 is composed of three 
separate components: 
(1) A large-scale time-sharing con
trol system, or executive, that allows 
multiple users on a variety of termi
nals to simultaneously exchange in
formation with the central compu
ter. Each user receives instantane
ous response and needs no program
ming or computer experience. Users 
can work independently, each hav
ing the feeling that he has sole use 
of the computer, or can work on a 

problem together sharing the same 
store of data in the computer. 

The executive is equipped with 
file security measures that prevent 
unauthorized access to restricted 
files and prevent accidental damage 
of data or programs. 
(2) A data management system 
which allows users, without sophis
ticated knowledge of programming, 
to have complete control in manipu
lating large amounts of data and 
complex programs in the computer. 
The user can request selected por
tions of data be printed on his type
writer-like terminal or other types of 
output devices for analysis. He can 
ask questions, change values, per
form arithmetic operations and 
combine or rearrange groups of 
data. He receives only the informa
tion he really needs, at the time he 
needs it and in the form most usable 
in answering his question. 
(3) A programmers' package that 
permits construction and debugging 
of programs. Using a terminal, the 
programmer can construct, modify, 
delete or insert programs or parts of 
programs. Having a direct and im
mediate link with the computer al
lows him to "see" his program de
veloping and to experiment with 
various alternatives. 

.......................................... 

NEW SOFTWARE FIRM TO 
SPECIALIZE IN COMPUTER 
GRAPHICS - A new software 
firm, Graphtek Corp., has recently 
been formed in Phoenix, Ariz., and 
will specialize in the developmenf 
of computer graphics software fOl 
individual customer applications. 
Graphtek provides the full range of 
software support from system 
studies, conceptual design through 
implementation, documentation and 
maintenance. 

The founders are Dr. Marvin T. 
Ling, formerly with General Elec
tric's Advanced Systems and Tech
nology Operation, and Mr. Walter 
F. Cook, previously with General 
Electric's Large Systems Depart
ment in Phoenix. 

Specifically, Graphtek Corpora
tion will offer services in such areas 
as development of generalized basic 
graphic display systems, computer 
aided design, systems simulation, 
remote and/or interactive APT for 
numerical control, design automa
tion, dynamic management informa
tion system, and many others where 
improved methods of design or 
problem solving may be accomp
lished by Man-Machine interac
tions using CRT display with light 
pen type of devices. 
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The world's first medium size 
computer at a small computer price. 

. $1~900 complete. 
Never before has a computer with the 
power of the PDP-9, the 18-bit word 
length of the PDP-9, the program
mability, the multi-channelling, the 
expandability of the PDP-9 been 
available at a price near the price of 
the new PDP-9/l. 

PDP-9/l is a leaner version of the 
PDP-9, but it's a medium size com
puter by any standards. Expandable 4K 
memory, with 1.5 J.Lsec cycle time. 

Teletype. Standard 1-0 bus. Eight built
in high-speed data channels. Devices 
interface directly to the 1-0 bus by 
inexpensive FLIP CHIP modules. 

And it can be expanded to 32K 
memory. When you reach 16K, back
ground-foreground programming 
becomes available. But even the 4K 
software includes assembler, editor, 
debugging aids, math package, and 
utility programs. 

If your investigations require a medium 
size computer, but you simply couldn't 
afford one before, write us. The new 
PDP-9/l is designed for you. 
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COMPUTERS' MODULES 

DIGITAL EQUIPMENT CORPORATION, Maynard, 
Massachusetts 01754. Telephone: (617) 
897-5111 • Cambridge, Mass. • New Haven 
• Washington, D.C. • Parsippany, Palisades 
Park, N.J. • Princeton, N.J. • Rochester, N.Y. • 
Long Island, N.Y. • Philadelphia • Pittsburgh • 
Cleveland • Dayton • Huntsville • Cocoa, Fla. 
• Chicago· Denver • Ann Arbor • Salt Lake 
City • Houston • Albuquerque • Los Angeles • 
Palo Alto· Seattle. INTERNATIONAL, Carleton 
Place and Toronto, Ont. • Montreal, Quebec • 
Edmonton, Alberta, Canada • Reading and Man· 
chester, England· Paris, France • Munich and 
Cologne, Germany • Oslo, Norway • Stockholm, 
Sweden • Sydney and West Perth, Australia· 
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wti 
IS DELIVERING! 

NEW 15 CHANNEL SOFTWARE 
SUPPORTED IBM 1130 

COMMUNICATIONS CONTROLLERS-

PROVIDING THE BEST LOW COST 
TELEPROCESSING SYSTEM 

AVAILABLE TODAY! 

MODEL 1JT~]TITI~ 
connects any combination of up to 15 tele
printers (28, 33,35) or IBM terminals (2741, 
1050) to any model of the IBM 1130. All 
terminals operate simultaneously with the 
execution of any 1130 program. 

The SOFTWARE package permits FORTRAN 
calls to communicate directly with terminal 
equipment. No monitor modifications are 
required, and terminal I/O is fully overlapped. 

Applications for systems already delivered 
include: REMOTE JOB ENTRY, EDUCATION, 
INVENTORY AND PRODUCTION CONTROL, 
SCIENTIFIC TIME SHARING AND STOCK 
MARKET ANALYSIS. 

If you have a requirement for teleprocess
ing, and you are not aware of what a really 
effective low cost computing system the 
IBM 1130 is; call or write WTI today with 
your application. 

Demonstrations can be arranged on either 
coast ... delivery is 90 days ... rental rates 
including control software, start at only 
$275/mo. plus $25.00/line. 

wti 
western telernatic inc. 
5507 Peck Road, Arcadia, California 91006 

Tel: (213) 442-1862 
CIRCLE NO. 24 ON INQUIRY CARD 
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SUPER-SPEED COMPUTERS 
PUT INTO OPERATION BY 
NASA - Formal acceptance of 
two, new super-speed computers
IBM System/360 Model 95s -- by 
NASA's Goddard Space Flight Cen
ter has been announced by Inter
national Business Machines Corpor
ation. 

The two computers are the first 
and only ones in IBM's Model 90 
series equipped with ultra-high
speed thin-film memories. Over a 
million characters (bytes) of in
formation are stored in each on 
magnetic "spots" four millionths of 
an inch thick. 

With an access time of 67 ns, 
these are the fastest, large-scale 
memories in user operation. 

Both of NASA's Model 95s are 
handling space exploration prob
lems which require unusually high 
computation speeds. The Model 95s 
are capable of computing 14-digit 
multiplications at a rate of over 
330-million in a minute. 

One Model 95 serves .as the 
primary data processing facility for 
the Center's Tracking and Data Sys
tems Directorate. It provides addi
tional computing support to the 
Project, Technology and Systems 
Reliability Directorates. 

The second Model 95 is being 
used by astro-physicists at NASA 
to create massive mathematical 
models of the universe. The boost 
in computing capability is enabling 
them to simulate the evolution of 
galaxies, stars and planets to a de
gree never before possible. 

The speed of the thin-film mem
ories gives the Model 95s a perform
ance edge - up to twice as fast on 
certain problems ~ over the Model 
91 which was the first super-speed 
computer in the Model 90 series. 
IBM's initial Model 91 was placed 
in operation earlier this year by 
NASA-Goddard. 

These memory units, developed 
and manufactured by IBM's Com
ponent's Division facility at Burl
ington, Vermont, utilize advanced 
array and circuit technology to 
achieve high speed. The magnetic 
storage element consists of a very 
thin nickle-iron-cobalt film, which 
is vacuum deposited on a copper 
plate. These storage elements are 
driven and sensed by means of thin 
copper strip lines. New circuit and 
packaging techniques are used with 
the unique memory array to achieve 
the fast - 120 ns - cycle time. 

Each Model 95 is equipped with 
16 thin-film memory units. The data 
width, at which information is 
transferred to the processor, is 
eight bytes. 

In addition to the thin-film mem
ory, the Model 95 has a 4-million 
character core memory. The core 
memory has a cycle time of 750 ns. 
The memory combination gives the 
1vlodel 95 a 5-million-plus character 
main storage system - more than 
twice the storage capacity of the 
Model 91. 

The Model 95 has auxiliary stor
age of about one billion alphanu
meric characters. It consists of disk, 
drum and data cell devices. With 
five high-speed printers, it can gen
erate up to 5500 lines of information 
a minute. 

The Model 90 series was initiated 
by IBM as a program to advance 
the state of computer art and to 
serve a limited number of sophisti
cated data processing users. With 
its program objectives met and all 
deliveries now scheduled over the 
next 12 months, IBM has stopped 
accepting orders on the series. 

. ...................................... . 
MAJOR BREAKTHROUGH IN 
SOFTWARE DEVELOPMENT
Datamation Services, Inc., New 
York, N.Y., has developed a 1401/ 
360 Simulator which marks a major 
breakthrough in software develop
ment, according to a recent an
nouncement by, Thomas T. Connors, 
president. This powerful and versa
tile programming tool makes it pos-· 
sible to run on an IBM System/360 
model 40 and up, a program original
ly written for an IBM 1401 or 1460 
computer. 

"This is a true load-and-run simu
lator, and under a normal input-out
put mix can equal or better the 
original 1401 speeds. Through this 
advancement Datamation has now 
developed a simulator to operate 
with RCA Spectra 70 equipment," 
Connors said. . 

The SIM 1401 can run in a multi
tasking environment. The program 
mix may include 360 as well as other 
1401 programs under these condi
tions. It operates with the following 
supervisors: OS (Operating System), 
DOS (Disk Operating System), and 
TOS (Tape Operating System), etc. 

The simulator makes possible an 
elimination of cost in hardware 
emulation. on 360/30, hardward 
based simulation on 360/40 and in 
some cases will enable the user to 
eliminate the cost of complete 360 
and 1400 systems, presently main
tained only for 1401 compatibility. 
Datamation is prepared to market 
SIM 1401's to other computer users 
now that field testing has been suc
cessfully completed. 
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The world's lowest cost, full scale, 
general purpose computer. 

$8,500 complete. 
PDP-8/L 
Complete. With teletype. With software 
4096 12-bit words. 1.6 usec cycle time. 
All integrated circuit. On-line, real
time. Expandable. 

PDP-8/L is the latest achievement in 
the history of a company that intro
duced the first under-$100,OOO com
puter, the first under-$50,OOO computer, 
the first under-$20,OOO computer, the 
first under-$10,OOO computer. 

PDP-8,'L is based on the family of 
PDP-8 machines, thousands of which 
have been sold and delivered - to 
scientists in laboratories, instrument 

builders, manufacturers of process 
control equipment, industrial users 
who have automated their machinery. 
The PDP-8 family is, without question, 
the most successful set of small 
computers ever built. Bar none. 

To those of you who have never used 
computers before, because of price, 
write to us. A large part of our back
ground is in introducing people to 
their first computers. We can be 
extraordinarily helpful. 

To those of you thinking of incorpo
rating a computer in another system, 
or another instrument, write to us. ' 
Quantity discounts are available. And 
our experience includes selling more 
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computers as built-ins than any other 
company in the world. 

COMPUTERS' MODULES 

DIGITAL EQUIPMENT CORPORATION, Maynard, 
Massachusetts 01754. Telephone: (617) 
897-5111 • Cambridge, Mass. • New Haven 
• Washington, D.C. • Parsippany, Palisades 
Park, N.J. • Princeton, N.J. • Rochester, N.Y. • 
Long Island, N.Y. • Philadelphia • Pittsburgh • 
Cleveland • Dayton • Huntsville • Cocoa, Fla . 
• Chicago. Denver· Ann Arbor • Salt Lake 
City • Houston • Albuquerque • Los Angeles • 
Palo Alto • Seattle. INTERNATIONAL, Carleton 
Place and Toronto, Ont. • Montreal, Quebec • 
Edmonton, Alberta, Canada • Reading and Man
chester, England • Paris, France • Munich and 
Cologne, Germany • Oslo, Norway • Stockholm, 
Sweden • Sydney and West Perth, Australia· 
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a report 
on the 

OPTI MAL SYSTEMS 

PLANNING SYMPOSIUM 

NEW METHODOLOGY FOR 
STRUCTURING LARGE SYS
TEMS EXPLORED AT SYM
POSIUM - Scientists from both 
sides of the iron curtain contrasted 
new methods for optimizing large 
systems at the Optimal Systems 
Planning Symposium sponsored by 
the International Federation of 
Automatic Control in Cleveland, 
Ohio on June 22, 1968. Under the 
chairmanship of G. L. Hollander, 
President and Technical Director of 
Hollander Associates in Fullerton, 
Calif. (and Consulting Editor, Com
puter Design), delegates from Bul
garia, Czechoslovakia, California, 
England, Mexico and the U.S.S.R. 
disclosed new approaches by which 
large economic, industrial and pos
sibly "military systems can be de
signed to produce the most effective 
results at the least cost. Not unex
pectedly, the representatives from 
th e eastern countries were con
cerned with planning of state eco
nomic functions and industrial com
plexes, while the representatives 
from the western countries were 
more concerned about maximizing 
the profit of industrial and educa
tional undertakings. 

In his opening remarks, Mr. Hol
lander pointed out the similarity of 
the methods irrespective of their 
ultimate application. He cited ex
amples from his own organization 
in which methods developed for 
military, industrial and commercial 
applications could be transferred 
with little change. In' fact, unique 
research of his firm in another field 
will prove to be of greatest benefit 
in commercial applications. 

Dr. Jiri Benes, from the Institute 
for Information Theory and Auto
mation, Praha, Czechoslovakia, in 
his paper entitled, "Probabilistic 

32 

Planning of the Spread of Means in 
an Interconnected System", de
veloped models whereby he could 
determine the best way of introduc
ing catalysts into production pro
cesses for large interconnected sys
tems. The paper by Dr. D. W. Gill
ings, of Imperial Chemical Indus
tries in Reading, England, "Evalua
tion of Profitability of Industrial 
Production Supported by R&D" 
Activity", develops a model for the 
seeding of research funds in the 
profit-building of a large chemical 
complex. Chairman Hollander 
pointed out the similarity of char
acteristics, if one visualized the 
stimulating research funds as a cata
lyst in accordance with the paper 
presented by Dr. Benes. 

Mr. A. E. Eulberg, of Gulf Gen
eral Atomic, Inc., of San Diego, 
California, in his paper, "Soft De
cision Engineering", contrasts how 
some business decisions must be 
made with less than complete infor
mation, and assesses the risk and 
cost related to decision-making 
with incomplete information. 1. 
Popchev, of the Institute of Engi
neering Cybernetics of the Bulgarian 
Academy of Sciences in Sofia, Bul
garia, in his paper, "On The Be
havior and Evaluation of the Ef
ficiency of a Class of Large Scale 
Systems," formulated methodical 
relationships for hierarchical sys
tems. Paul Alper, of the National" 
Polytechnic Institute in Mexico City, 
Mexico, applied his decision
making and optimization process to 
the educational policies for a state. 
Probably the most ambitious paper 
entitled, "To the Question of Func
tioning of the Economy of a Union 
Republic in the All-Union System 
of Planning and Regulation", by A. 
N. Pirmukmamedov, of the Institute 

of Cybernetics of Uzbek, U.S.S.R., 
attempts to address the planning of 
an entire economic unit, namely one 
of the states of the U.S.S.R. 

In his closing comments, Chair
man Hollander reiterated the simi
larity of objectives despite the dif
ferent applications. He urged not 
only the 250 scientists attending the 
meeting, but other system planners 
and executive decision-makers, use 
the ideas from these papers for their 
own applications. 

The Optimal Systems Planning 
meeting is sponsored by the Ameri
can Automatic Control Council 
(AACC), the Systems Science and 
Cybernetics Group of the Institute 
of Electrical and Electronics Engi
neers (IEEE), and the Systems Engi
neering Committee of the Inter
national Federation of Automatic 
Control (IFAC). Although attended 
by several hundred scientists from 
all over the world who were inter
ested in planning large communica
tion, transportation, engineering and 
industrial systems, a special evening 
session of invited talks relating eco
nomic and organizational systems 
under the chairmanship of M. D. 
Mesarovic of Case Western Reserve 
University received a paper from V. 
A. Trapeznikov, Academician of the 
Institute of Automatics and Tele
mechanics, in Moscow on "State 
Planning of Industry". His views 
were contrasted by three papers by 
United States authors from M.LT., 
Case Western Reserve University, 
and I.B.M. 

Proceedings containing all papers 
formally published at the meeting 
can be obtained from the headquar
ters of the Institute of Electrical and 
Electronics Engineers, 345 East 47th 
Street, New York, New York. 
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[? I~~e Memory 
- Machine That 
Grows and Grows 

This is no fairy tale. We're talking about the Fabri-Tek 
modern-day ((memory machine", the Model 470 Standard 
Core memory system. And how it grows and grows-true 

field expansion in" both word and bit length, 
to 32,768 words. With access time of 750 n.s. 

Integrated circuits and modular printed circuit 
board design are used for improved reliability 

and package density. Expandability is by 
installation of additional modules. No 

addition of special interface 
expansion circuitry is needed. 

Of course there's lots more to 
this story. And it can have a 

happy ending for any computer 
manufacturer looking for an 

expandable system at a sensible 
price. For a first edition 

copy of ((THE MEMORY 
MACHINE" story book, 

write Bob Rife at our 
home office. 

rid r:= /"\ r;7C) ri1'EJ nn ... ""J r:2 [ .. rt' LT L:::=illlB u~\..s,. U~ = L Ls~·~ 
5901 So. County Road 18, Minneapolis, Minn. 55436 

Phone 612-935-8811 • TWX 910-576-2913 



• DEVELOPMENTS 

Glass-Epoxy Laminate 
Eliminates Measling 

A copper clad laminate that will not 
measle, blister or warp has been de
veloped by John Harrington and 
Smith A. Gauss, engineers at the 
Industrial Micarta Division of 
Westinghouse Electric Corporation, 
Hampton, S.C. Due to its moisture
resistant properties, the glass-epoxy 
laminate, designated Micarta 
65M27 eliminates "measling" in the 
normal manufacture of printed cir
cuits. 

Measling is the occurrence of 
"measles" or minute opaque spots, 
frequently caused by moisture ab
sorption through high humidity con
ditions during storage or distribu
tion of the laminate, from the time it 
is manufactured to its ultimate use 
as a printed circuit. Considered a 
defect by many end users, measling 
is a factor in rejected material, par
ticularly by the military. 

Moisture absorption by conven
tional G-I0 copper clad laminates 
has long been a problem. At the 
latest Electrical Insulation Confer
ence, a major resin producer urged 
laminate manufacturers to help 
solve the problem and give some 
consistency to processing. 

The glass-epoxy laminate is de
signed for use in airborne computer 
circuits where weight and space sav
ings are important, and in electronic 
circuits that must support heavy 
components on a small area. In 
tests conducted by both Westing
house and independent companies, 
the 65M27 laminate proved to be far 
more resistant to measling, blister
ing and delamination than conven
tional G-I0 laminates, according to 
the engineers. 

To simulate high humidity con
ditions, Harrington and Gauss took 
5-inch square samples of 1/l6~inch 
thickness with 2-ounce copper on 
one side; and exposed them to 90 
per cent relative humidity at 95°F. 
Test specimens were removed daily 
from the humidity cabinet and float
ed on molten solder at 500°F. for 
one minute or until the first measle 
appeared. The Micarta 65M27 spe-
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cimens showed no effects after a full 
month, while conventional G-I0 
copper clads began to measle at 4 
days and showed increasingly worse 
signs of crazing, blistering and de
lamination. 

In standard industry test specifi
cations, smaller samples are called 
for. But Harrington and Gauss rea
soned that the 5-inch square samples 
gave better tests for measIing and 
warpage. 

Under independent testing, the 
glass-epoxy laminate not only with-
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stood the solder bath, but it was ex
posed to Hydro Squeegee for one 
minute at 450°F.; placed in a hu
midity chamber for 160 hours; fused 
for 45 seconds at 475°F.; and baked 
for 30 minutes at 250°F. The new 
laminate showed no effects after the 
five-stage tests, while conventional 
G-I0 laminates warped, measled or 
delaminated at various stages. 

In drilling, routing, siIearing and 
punching tests, the 65M27 laminate 
was found to be as good as, if not 

(continued on Page 36) 
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Flexural strength of Westinghouse's Micarta 65M27, improved copper laminate is 
graphically compared with the Standard G·I0 copper clad. After 18 days of con· 
ditioning at 35°C. and 90 per cent relative humidity, it is as strong as G·I0 at the 
beginning of the test. 
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This chart compares peel strength of Micarta 65M27 with Standard G-I0 at tem
peratures ranging from 25 to 175°C. 
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OPERASARE 
_PEOPhE 
The grandeur of Wagnerian opera was Wagner. His genius demonstrated a total ability 
to unify diverse musical elements into strong, cohesive, majestic compositions. 

compulers are people 
The computer is an engineering composition, 
developed by people demonstrating a total 
ability to unify diverse scientific elements into 
an entity - an automation system that 
people will use to enhance their creativity 
and productivity. 
At Honeywell - COMPUTERS ARE PEOPLE 

SENIOR ELECTRO-MECHANICAL 
PROJECT ENGINEER 
An opening exists in the computer peripheral 
area for a senior project engineer with a strong 
background in the design of electro-mechanical 
equipment. The applicant must have demonstrated 
project responsibility for the development 
phase of a program with emphasis on electronics 
and/or logic design. MSEE or MSME preferred 
with 6-10 years of related experience. 

DEVELOPMENT ENGINEERS (Electrical) 
Openings exist for intermediate to senior 
electrical engineers to advance a future 
development program In small peripherals. The 
work requires the ability to conceive new 
and simplified design concepts and carry them 
through to the design of feasibility models. 
A BSEE and a minimum of 3 years' experience 
is required, preferably in any or all of the 
following areas: servo systems, position 
transducers, actuators, logic, solid state and 
integrated circuits. 

LOGIC DESIGN ENGINEERS 
To perform central processor design and/or 
I/O interfacing. Prior background should include 
1-3 years' experience with a BSEE or the 
equivalent in experience. 

MECHANICAL ENGINEERS 
We are seeking Mechanical Engineers to 
investigate developments of high performance 
tape drives. Responsibilities will involve 
component design, automated operation and 
structural design of new tape drive units. Prior 
experience should involve approximately 5 years 
minimum in the design and development of Data 
Processing Equipment. BSME or equivalent. 

ELECTRONIC ENGINEERS - Tape Drive 
To be involved with high density magnetic 
recording techniques, read-write circuit design, 
low inertia motors and their associated controls. 
Objective will be the continuing development 
and improvement of high performance tape 
drives. EE with 3 or more years' experience in 
peripheral equipment design. 

ELECTRONIC ENGINEERS
Mass Memory 
Intermediate and senior openings exist for 
engineers to work in advanced development of 
mass storage devices including magnetic drums 
and discs. Openings exist in all areas of mass 
memory storage development including magnetic 

Richard Wagner 
1813-1883 

recording techniques, read-write circuit design, 
electro-mechanical servo systems, magnetic 
head design, packaging and tests. Requirements 
are 2-5 years' experience in magnetic recording 
devices or related areas with as in EE or physics. 

SYSTEMS ENGINEER-
Remote Terminal Communications 
This is an opening for a senior level 
communications systems designer who is 
familiar with remote terminal devices and their 
operating characteristics; is familiar with the 
problems of traffic control of data at the remote 
site and familiar with tha details of 
communications link control procedures. 
Experience in any or all of the following types of 
systems would be desirable - Batch 
Transmission, Transaction Systems, Inquiry / 
Response Systems. Background should include 
some hardware (logic design preferred) or 
software. BSEE or MSEE. 

SYSTEMS ANALYSIS 
Responsibilities will involve evaluating and 
measuring the performance of planned and 
existing hardware/software system structures 
using hardware monitoring, simulation and 
analytic techniques. General experience should 
include at least 4 years' experience in hardware 
and/or software systems design. More specific 
experience should be in one or more of the 
following areas: application of advanced 
statistical techniques In systems analysis -
particularly queuing and sampling theory; 
experience in simulating data processing system 
structures; key responsibility for logic design of 
general purpos6 data processing systems. 

CIRCUIT DESIGN
Memory Development 
Engineers with 1-3 years' circuit design 
experience will find a great Interest in our 
memory development and design group. Prior 
experience in memory drive and sense circuitry 
would be preferable, but other circuit background 
is completely acceptable. 
PI •• ,. forw.,d ,OUI I.,ume to MI. Jack Welmuth. 

The Other COlnputer COlnpany: 

Honeywell 
200 Smith Street, Dept. CO-S 
Waltham, Massachusetts 02154 

Opportunities exist in other Honeywell Divisions. 
Send resumes to F. E. Laing, Honeywell, 
Minneapolis, Minnesota 55408 
An Equal Opportunity Employer 
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DEVELOPMENTS 

(continued from Page 34) 

better than, conventional G-I0 cop
per clads. 

Manufactured under "clean 
room" conditions, the laminate is 
produced by a new epoxy-resin for
mulation which, the engineers said, 
give it high flexural strength and 
high flexural modulus, even under 
elevated temperature and high hu
midity conditions. The formulation 
provides the 65M27 laminate with 
twice the hot flexural strength of 
conventional G-I0 laminates of the 
same thickness, when subjected to 
high humidity and temperature. 
Other tests showed the material to 
have as much as three times the peel 
strength of conventional G-I0's at 
165°C. (329°F.), an important fea
ture in high reliability printed cir
cuit boards. 

Experimental Optical Store 
For Computers 

As part of the Advanced Computer 
Technique Project sponsored by 
Great Britain's Ministry of Tech
nology, International Computers 
and Tabulators Ltd., Putney, G.B. 
is investigating the practicability of 
developing a special-purpose mass
information optical store for com
puters. The store has been designed 
to provide an inexpensive means of 
holding permanent information to 
which access is required rapidly, but 
which changes infrequently. 

Interest in such stores arises from 
the fact that the performance of a 
modern computer depends as much 
upon its software as its hardware. 
The operations of multiprogram
ming and multiaccess computers are 
controlled by supervisory programs 
that are permanently held within 
the computer. 

Currently supervisory programs 
and other fixed operating informa
tion required for immediate use 
have to be held in a computer's core 
store. Core stores are expensive and 
therefore, usually only limited data 
storage capacity is available for 
such information. Furthermore, 
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core stores possess qualities that are 
not needed for storing fixed infor
mation. For instance, information 
can be written into a core store as 
rapidly as it can be read. Fixed in
formation need only be retrieved 
rapidly - writing speed is not criti
cal. Hence the search to find a new 
technique of storing fixed informa
tion en masse which dispenses with 
some of the expensive facilities of 
conventional computer stores. 

A secondary though no less im
portant reason for seeking to evolve 
a new type of store for fixed infor
mation is the desirability of having 
on-call other software like compilers 
that translate programs written in 
different languages into machine 
code instructions, and formalised in
formation processing procedures 
such as data sorting and editing 
routines. At present this software is 
loaded into a computer, often on 
magnetic tape, the relevant sections 
being transferred to the core store 
when required, but it would be of 
considerable operational benefit if 
this software were immediately 
available within the machine at all 
times. 

The general requirement, there
fore, is for a means of storing vast 
quantities of permanent or fixed in
formation at low cost. The rate at 
which fixed information can be re
corded in the store is not important, 
but access speed is. Moreover capa
bility must be provided for retriev
ing fixed information at random and 
as rapidly as with a conventional 
computer store - that is within 2 to 
3 microseconds. 

Photographic methods are attrac
tive because information stored on 
plate or film can be readily and ac
curately reproduced by proven, 
simple, cheap and reliable tech
niques. To achieve the necessary 
speed of response obviously the data 
must be handled electronically, and 
the current research at I.C.T. into 
stores for fixed information seeks to 
combine these features in an optical 
store. 

Cod. 
pl.t8 

Ptojectionlens 

Mirror tunnel 

6981t./word 
10t.1 

Feedback to 
position C.R.T.lpot 

Add .... 
fromeomputer 

Fig. 1 Block diagram of the optical fixed 
store. 

The experimental optical store is 
being built at I.C.T.'s Stevenage Ad
vanced R&D Laboratory. The re
search model being constructed to 
evaluate the idea can accommodate 
65,000 68-bit words. It is envisaged 
that 50 bits would be used for data 
with up to 18 available, if necessary, 
for use as check bits. Access time to 
a word is expected to be 2 micro
seconds - all 68 bits being read in 
parallel. 

The optical store Fig. 1 comprises 
a cathode ray tube, a minifying 
lens, a mirror tunnel, a projection 
lens, the photographic plate holding 
the information and a photo-multi
plier assembly. 

Binary data are stored as a pat
tern of black and white areas on a 
circular glass photographic plate 10 
in. in diameter. 

(continued on Page 38) 
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Something new 
in T2L---

deliVery delay: 0 
Philco-Ford series 9620 T2 L gates, expanders, and flip-flops 
are now immediately available from our distributors' stocks. 
In MIL and industrial temperature ratings. With 6 ns 
propagation delay. Pin interchangeable with SUHL::: II. 
Ceramic flat packs and ceramic DIP. 

CIRCUITS 

NAND/NOR GATES 

9620 Dual Four Input 

9621 Quad Two Input 

9622 Triple Three Input 

9625 Single Eight Input 

9634 Expandable Single Eight Input 

AND-OR-INVERT GATES 

9628 Expandable Dual Four Input 
9630 Expandable Four Wide 2-2-2-3 Input 
9632 Expandable Dual 2 Wide, 2 Input 
9637 Expandable Triple Three Input 

DISTRIBUTORS 

AND-OR EXPANDERS 

9629 Dual Four Input 
9631 Expandable Four Wide 3-2-2-3 Input 

AND/OR GATES 

9635 Expandable Dual Four Input 
9636 Dual 2 + 3 OR Expander 

FLIP-FLOPS 

9623 30 MHz JK Flip-Flop (AND Inputs) 
9624 50 MHz JK Flip-Flop (AND Inputs) 
9626 30 MHz JK Flip-Flop (OR Inputs) 
9627 50 MHz JK Flip-Flop (OR Inputs) 

Milgray Electronics 
Hyattsville, Maryland 
New York, New York 
Burlington, Massachusetts 

Milgray-Delaware Valley 
Electronics 

Philadelphia, Pennsylvania 

Arco Electronics 
Elk Grove Village, Illinois 

Electronic Marketing 
Corporation 

Columbus, Ohio 

Electronic Parts Company 
Denver, Colorado 

Kierulff Electronics, Inc. 
San Diego, California 
Seattle, Washington 
Phoenix, Arizona 
Albuquerque, New Mexico 

Genesee Radio & Parts Co. 
Buffalo, New York Hammond Electronics, Inc. 

Orlando, Florida 
Bell Electronics Corp. 
Menlo Park, California 

Solid State Electronics 
of Texas 

Dallas, Texas 

Rome Electronics, Inc. 
Rome, New York 

QPL Electronics Distributors 
Watertown, Massachusetts 

K-tronics 
Los Angeles, California 

Philco-Ford of Canada Ltd. 
Don Mills, Ontario, Canada 

*Trademark of Sylvania Electric Products, Inc. 

For additional information, contact Philco-Ford Corporation 
Microelectronics Division, Bipolar Marketing, Blue Bell, Pa. 19422 

I PH.LCO ,. 
Bipolar • Hybrid • MOS • Discrete Devices / Electro-Optical and Microwave Products 
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DEVELOPMENTS 

(continued from page 36) 

OPTICAL STORE GEOMETRY 

A spot of light appearing on the 
screen of the cathode ray tube is 
focussed by the minifying lens in 
the plane of the aperture of the 
mirror tunnel. This tunnel consists 
of four mirrors arranged in the form 
of a square with their reflecting sur
faces inwards. .The tunnel is 14 in. 
long with sides 0.7 in. wide. The 
purpose of the tunnel is to produce 
a pattern of light spots from the one 
spot generated by the cathode ray 
tube. 

The mirror tunnel acts as a kalei
doscope, the internal reflections of 
the single spot within the tunnel 
producing a multiple array at its 
exit. This image is then focussed on 
to a photographic plate by the pro
jection lens. 

Within the 10 in. diameter target 
area of the experimental store a pat
tern of 69 light spots is generated 
from the single spot of the cathode 
ray tube. If the position of the spot 
on the screen of the tube is changed 
the positions of all the spots on the 
photographic plate also change, with 
alternate spots moving in the same 
direction but adjacent spots moving 
in opposite directions. In effect the 
area covered by the screen of the 
cathode ray tube is reproduced as 69 
one-inch squaJ;es on the photo
graphic plate. 

One of the 69 one-inch squares is 
used for control purposes, leaving 
68 available for data. 

Provision has been made for the 
spot on the CRT screen to be pro
jected at 256 positions in the x axis 
and at 256 positions along the y 
axis. Thus the spot can be posi
tioned at anyone of 65,536 (256 x 
256) discrete positions on the face 
of the tube. Similarly the spots pro
jected in each of the 69 inch-squares 
on the photographic plate can oc
cupy any of 65,536 discrete positions 
within each square. 

STORE OPERATION 

Data are read from the store in the 
following manner. Assume that a 
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photographic plate containing fixed 
data is fitted in the store. The data 
will be recorded as clear or opaque 
areas in each of the 65,000 or so pos
sible positions in each of the 69 one
inch squares on the plate. Behind 
each one-inch square area is a photo
multiplier. To read a specific word, 
a spot of light is positioned on the 
screen of the CRT at the relevant 
position, say x = ± 10, y = ± 10. As 
'a result 69 spots of light will be pro
jected at x = ± 10, y = ± 10 in all 
69 one-inch squares on the photo
graphic plate. Opposite signs apply 
to adjacent squares. Where these 
spots fall on clear areas in the photo
graphic emulsion the light will be 
transmitted through the plate and 
be detected by the photomultiplier 
situated behind that particular one
inch square. As a result, the photo
multiplier will issue a signal. Con
versely, where the spot of light falls 
on an opaque area, the correspond
ing photomultiplier will issue no 
signal. Hence, the projected light 
spots interrogate a specific location 
in all 69 areas of the photographic 
plate simultaneously and the signals 
from all 69 photomultipliers will be 
converted into the 69 bits of the 
complete word stored at that loca
tion. All 69 bits (68 data bits plus 
1 control bit) will be available 
simultaneously. 

One of the problems that had to 
be solved to enable the machine to 
work at all was to be able to position 
the interrogating spot on the screen 
of the CRT at an accurate location 
(or address) relative to the remain
der of the optical system. This is 
achieved by means of a digital servo 
system. A cylindrical mirror aligned 
along one axis reflects light from the 
CRT spot onto a digitally coded 
scale. In this manner the exact posi
tion of the spot, expressed digitally, 
along one axis is obtained. A similar 
optical system is used to detect the 
position of the spot along the other 
axis. The actual co-ordinate posi
tion of the spot is then compared 
with the position commanded, and 
control voltages applied to the CRT 
to move the spot to the correct posi
tion and maintain it there. 

Besides conferring precision, this 
control system enables any cathode 
ray tube of the correct type to be 
fitted to the optical store since the 
accuracy of spot positioning is not a 
function of the characteristics of the 
particular tube. 

To produce a master photographic 
plate for use in the optical store the 
technique is akin to reading except 
a special shutter mechanism is re
quired. This shutter will expose 
only one-inch square of the plate at 
a time. To prepare a plate the 
shutter is set to expose the required 
one-inch square and the spot on the 
cathode ray tube is controlled to 
dwell where binary 0 is to be re
corded at each of the 65,000 discrete 
posi tions on the screen. In such po
sitions the film, when developed, 
will be opaque. When binary 1 is to 
be recorded the position is left un
exposed and the corresponding area 
on the film after development will 
be transparent. 

The en tire da ta recording se
quence will be controlled by com
puter and to record bits in all 
65,000 positions in all 69 one-inch 
squares is estimated to take about 
one hour. Once a master photo
graphic plate has been made how
ever duplicate plates can be pro
duced in quantity quite simply by 
normal photographic methods. 

The store has been designed so 
that the photographic plates can be 
quickly and easily changed. In fact 
one of the major design require
ments is that the photographic data 
plates be interchangeable between 
stores. 

To avoid interference with correct 
operation due to temperature 
changes and vibration the opti cal 
elements of the store are fixed in a 
tetrahedral framework of struts 
which is supported on three low
frequency anti-vibration mountings. 
To prevent optical distortion, the 
mirror tunnel is held vertically with 
the cathode ray tube below and the 
photographic data plate above. 
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NEW 
Storage Display Unit 
from TEKTRONIX® 

The Type 611 Storage Display Unit is designed to 
function as a computer console and remote termi
nal readout device. With X, Y, and Z inputs pro
vided by peripheral equipment, this new instrument 

presents flicker-free displays of alphanumeric and 
graphic information without refreshing. 

TYPE 611 

" .. ~"'" 
~ 

~ 

The Type 611 Storage Display Unit features an 11-inch, 
magnetically deflected, bistable storage display tube. 
This new storage tube offers high information density 
and excellent resolution on a 21-cm x 16.3-cm screen. 
4000 characters, 90 x 70 mils in size, may be clearly 
displayed with good spacing. Resolution is equiva
lent to 400 stored line pairs along the vertical axis 
and 300 stored line pairs along the horizontal axis. 
Dot settling time is 3.5 [Lsi cm + 5 [Ls and dot writing 
time is 20 [Ls: Time required to erase and return to 
ready-to-write status is 0.5 seconds. Operating func
tions are remotely programmable through a rear-panel 
connector. A "Write-Through" feature provides an 
index to the writing beam position without storing new 
information or altering previously stored information. 

Type 611 Storage Display Unit ................... $2500 
u.s. Sales Prices FOB Beaverton, Oregon 

For a demonstration, contact your nearby Tektronix field engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005. 

Tektronix, Inc. 
committed to progress in waveform measurement 
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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. 

Data Format Considerations in 
Head - Per-Track Mass Memori'es 

THOMAS M. DUNDON 

Track Organization Head-per-track disk and drum mass memories allow 
the system designer unusual freedom in choosing his 
data format. Other secondary storage devices (e.g., 
magnetic tape and moving-head disks) tend to have 
·data for.mats determined by industry conventions 
which allow inter-systems compatibility. These de
vices also tend to require the computer to locatt; 
data by conte'nt~ rather than address. Head-per-track 
devices, on the other hand, locate data in space (head 
address) and time (clock count or sector mark). 

Single vs. parallel track transfer is depicted in Fig. 1. 
Parallel track transfer trades hardware simplicity for 
high data transfer rate. A data read/write channel 
must be included for each simultaneously active track. 
The computer interface must be capable of handling 

The format freedom offered by head-per-track mass 
memories permi ts the designer to: 
1. Trade off hardware cost against system perform
ance. 

2. Tailor data format to the application. 
The following discussion considers some specific cost/ 
performance tradeoffs and some useful data' formats 
obtainable with head-per-track devices. 

We assume that the designer has already determined 
total storage capacity, bit density, track length, and 
rotation speed, based on his needs and the current 
state of the art. Within these constraints, the follow
ing basic parameters may still be varied independently: 
1. Number of tracks which transfer data simultane-

ously. 
2. Amount of data addressed per "location" or block. 
3. Nature and size of gaps between blocks of data. 
4. Sequence in which data is transferred to and from 

the memory. 
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The author of this month's CD Commentary, Mr. 
Thomas M. Dundon, is a Section Manager in the 
I/O Department at Honeywell, Inc., Computer Con
trol Division. He is responsible for selecting and 
interfacing peripheral equipment for CCD's line 
of computers. 

A.PARALLEL-TRACK TRANSFER 

£"RACK 
SELECTION 
MATRIX 

B. SI NGLE-TRACK TRANSFER 

I----+--< . DA T A 

DATA 
OUT 

READ/WRITE 

DATA IN 

DATA OUT 

IN 

TRACK SELECT 

Fig. 1 Mass memory track transfer schemes. 
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Does your present custOlll 
power supply give you ... 

70% to 900/0 
efficiency? 

? • 

Instant fault repair 
by plug-in module 
replacement? 

? 
• 

Add-on power capa
bility by using more 
modules? 

? 
• 

Ability to handle full 
load steps while 
maintaining out put 
in regulation 
band? 

? • 

New Olllnilllod does! 

Omnimod power control module. 

Omnimod control amplifier. 

OMNIMOD gives you all these features-and 
more-and at a lower price! Want to know more? 

OMNIMOD is a dc to dc converter using tran
sistors in a CONSTANT PULSE WIDTH, variable 
repetition rate switching mode to regulate out
put voltage or current. Two small plug-in units 
make-up the OMNIMOD concept-a power con
trol module and a control amplifier. 

Output can be regulated between ± 2 and ± 60 dc at 
up to 20 amperes using the OMNIMOD family of mod
ules WITHOUT MODIFICATION OR ADJUSTMENT. 
Higher current ratings are obtained by paralleling power 
control modules. 
Any number of power controller modules can be con
trolled by one amplifier. OMNIMOD has a current lim
iting parameter, over voltage protection, voltage se
quencing, and remote sensing. 
To design a custom power supply, one must simply 

1. design one input power converter to change un
regulated line ac power to unregulated dc power 

2. select the number of plug-in OMNIMOD power 
control modules to supply the power needed for each 
output 

3. package these elements with filter capacitors and 
a plug-in amplifier module for each output 
All the power used by every element in a typical data 
processing system could be supplied by custom power 
supplies constructed with interchangeable OMNIMOD 
modules. 
Isn't this enough to consider OMNIMOD for your cus
tom requirement? We will design an OMNIMOD cus
tom power supply to your specs, or will help you design 
your own system using our plug-in OMNIMOD modules. 
Write for the complete story. We'll have· 
it to you within 48 hours. 

~ CONTEMPORARY ~ ELECTRONICS 
EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY 

4838 West 35th Street, Minneapolis, Minnesota 55416 • 612/920-6444 
CIRCLE NO. 28 ON INQUIRY CARD 
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NEWNEWNEW 

I=ACIT4210 

Incremental 
tape recorder 

• IBM-compatible 

• low price 

• control unit available 

• extremely compact 

Contact 
for USA: 
Potter Instrument Co, Inc 
151 Sunnyside Brvd. 
Plainview, N.Y. 

for Europe: 
FACIT AB, 
Fack 
Stockholm 7 
Sweden 
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E~MNDOM~ACCESS RECORDS. F. INTERLACE 

Fig. 2 Mass memory data formats. 

N times the bit rate of a single track, where N = num
ber of simultaneous tracks transferred. N is usually 
chosen to be a byte or a mainframe word length. 
Parallel track organization is mainly used in time 
shared system "paging" applications. A separate core 
memory port is usually dedicated to the mass memory. 

Head-per-track memories are addressed by track 
number and distance along the track from a defined 
"origin" or "index" location. It is common practice 
to allow addressing of individual tracks (or track 
groups, in the case of parallel transfer organization) , 
but the resolution of access within a given track may 
vary from a single bit to the entire track (Fig. 2 A 
& B). The designer must consider the following fac
tors in choosing the minimum accessible data "block" 
on a track: 

1. What is the smallest data field which will be com
monly manipulated? 

2. How much core space can he afford for buffering 
(and double-buffering) mass memory transfers? 

3. What is he willing to pay for high-resolution data 
access? 

Often, a card image, source text line, or object block 
is used as the benchmark for minimum block size. As 
block size decreases, core buffer size decreases, but ad
dress register and counter size increase. If only one 
block may be accessed per device revolution, the mass 
memory will be inefficient if block size is low. It is 
usually a mistake to treat the mass memory as a byte 
or word-addressable core memory with large average 
access time. The best data block choice is usually the 
largest block which, in practice, does not result in a 
large percentage of unfilled space within blocks. 
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System Efficiency 

Overall system efficiency is not always maximized by 
placing data blocks (or records) around the track in 
an unbroken chain, all beginning at the system index 
mark. Because latency time. is large compared to the 
data transfer period, it is often advantageous to invest 
hardware cost or a small amount of storage space to 
minimize latency. Three possible schemes are shown 
in Fig. 2C, D and E. A "window", or index gap is 
used in Fig. 2C to allow the computer system time to 
decide which track will be transferred next and to 
accomplish re-initialization of the memory. The win
dow can be as small as 1-570 of track length. Often, 
track capacity is determined by a convenient power
of-two number of records. 't\Then this determination 
has been made, a 1-5% increase in bit density will 
yield the "window". In Fig. 2D, the first record in 
each track is advanced with respect to the previous 
track. This technique avoids loss of storage area, but 
incurrs higher cost for addressing hardware and fails 
when addressing is retrograde. In Fig. 2E, a gap is 
left between every record on a track so that the next 
record on any track is available upon completion of 
a transfer of a given record. This technique is waste
ful of storage space, but is often used in time-sharing 
applications in which "random" access is paramount. 

Latency can sometimes be minimized by a software 
technique that does not involve a "window". The 
program senses current head location along the track 
by interrogating the record address counter. The 
program, then, rearranges the queue of pending 
memory transactions so that they start at the next 
addressable record. Latency is, thus, reduced by a 
large factor, but only in applications which are char
acterized by large sequential record queues. 

Interlacing 

A final parameter, interlacing, is open to the system 
designer. Interlacing involves an ordered stringing 
of related data elements along a track. The usual 
goal is to slow down data transfer rate to match com
puter characteristics without employing expensive 
hardware buffers. Fig. 2F shows interlacing results 
in a series of sub-tracks, or "rings", in which each 
element is separated by a member of each of the 
other sub-tracks on the track. The "order" of the 
interlace refers to the number of sub-tracks per track 
and is a measure of the buffering time chosen. For 
example, an interlace of order 3 reduces the transfer 
rate of a data element (bit, byte, word) by a factor 
of three. The number of data elements on a sub-track 
is also one-third of the number on the entire track. 
Sub-tracks may be further divided into sectors, as 
described above. Interlacing usually incurs a certain 
amount of wasted track space in isolating sub-tracks 
from each other. For this reason, it is rarely imple
mented on a bit level. Byte and word interlacing are 
most common. Interlacing allows the designer to 
tailor transfer rate to his computer at low hardware 
cost. 

In summary, head-per-track mass memories differ 
fundamentally from content-addressable secondary 
storage media. The system designer can exploit these 
differences to obtain the highest performance/cost 
ratio for his application. 

thinking about 
multilayer 
circuit boards? 

tal<e a 1001< at no. 1 
Take a close look at this actual micro-cross-section. 
It's from a 17-layer circuit board recently manufactured 
from scratch by National Technology for an 
advanced Navy computer development program. 

Check the layer-to-Iayer registration and drill-hole 
patterns-both within .002" to .003" throughout. 

And our proprietary etch-back method that insures 
maximum electrical and mechanical contact, and 
highest reliability. 
And our copper thru-hole plating technique that beats 
even the toughest specs. 
National Technology is one of the largest, most versatile 
and most experienced manufacturers of precision 
multilayer circuit boards for both aerospace and private 
industry. Complete multilayer capability from arlwork 
to finished product-all available under one roof, 
along with rigid clean room conditions and efficient 
production planning. 
We have a brochure that tells the whole story
write for it. 

!:l; NATIONAL TECHNOLOGY. INC. 
220 W. CENTRAL AVE. SANTA ANA, CALIF. 92707 
(714) 546-6186 (213) 625-1065 
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SETTING CHARACTERISTICS 
FOR FOURTH GENERATION 

SYSTE.MS COMPUTER 

This is the first in a series of three articles which contain reasoned extrapola
tion concerning probable characteristics of hardware and software and 
the use of large scale integration (LSIJ in fourth generation computer systems. 
To predict future developments in the computer industry is to speculate - to 
theorize on the basis of observable trends and anticipated needs. In these 
articles the authors confidently predict changes that will occur. 

Computers of prior generations emphasized computation. Fourth genera
tion computers, as envisioned in this series, will emphasize communication 
and control. The ·intent of the authors is to suggest a solution to a funda
mental EDP problem: How can computers and applications be integrated 
within a total communication and contro/system? 

Part I is primarily a discussion of fourth generation computer system char
acteristics. Major topics include family planning, design approach, and 
functional organization within a computing environment. Use of read only 
memories, associative memories, and programmable logic arrays to replace 
operating system and control programs and to establish logical system 
organization is proposed and analyzed. 

Unsupported statements that "executive programs will be simplified by 
LSI" are considered by the authors to be irresponsible and unprofessional. 
Proponents of such oracles first discuss LSI technology and then postulate its 
impact outward on user software. In the second article to be published in the 
September issue, the authors will begin by considering the user and his 
software and reflect its impact inward on the hardware. Hardware features 
that will lead to new approaches to software design will be proposed. Also 
included will be a reasoned extrapolation of how hardware designers can 
offer solutions to many EDP problems. 

The third article will appear in the October issue and will cover a dis
cussion of the impact of LSI on fourth generation computer planning from 
the viewpoints of both the manufacturer and the user. Materials and fahri
cation techniques for LSI designs are in various phases of exploratory re
search, development, or pilot production. Therefore, to formulate exact 
plans for LSI activities is difficult, but the authors will offer definitive guide
lines in this area. 
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Part 1 Hardware 
Dr. Cloy J. Walter and Arline Bohl Walter 
Autonetics Division, North American Rockwell Corp., Anaheim, Calif. 

Marilyn Jean Bohl 
Honeywell Inc., Waltham, Mass. 

The Senior Author 

Dr. Walter has been active in the com
puter field since J 958. His first data 
processing experiences were with a 
650 machine. He received his Ph.D. 
from the University of Iowa. Dr. WaI
ter was an Assistant Professor of 
Mathematics for three years. He was 
the Director of Computer Sciences at 
Collins Radio Company from J 963 to 
J 966 where his primary experiences 
were related to communication
oriented computers and systems. He 
was a Senior Staff Engineer in the EDP 
Division of Honeywell Inc. from J 966 
to J 968. Dr. Walter is presently an 
Assistant to the Vice President, Man
agement Systems and Planning, Auto
netics Division, North American Rockwell Corporation. His fields of 
research include computers, computer graphics, statistics and analysis. 

EVOLUTION 

First generation computer systems were developed pri
marily for computational purposes. The concept of 
storing a program to control the operations of a com
puter and the ability of a computer to cycle repetitively 
through a sequence of instructions pointed toward use 
of the computer for computational purposes. Later, 
the marketability of machines that could be pro
grammed to perform EAM operations was recognized. 
Thus, EDP was born. 

To provide modularity and flexibility in general pur
pose machines, computer designers delegated obvious 
hardware functions to software (e.g., floating point 
arithmetic, interrupt features, and several multiplex
ing and control functions). A primary design objective 
was to provide a computer which the user could spe
cialize for his particular application. Utility, service, 
and other software routines were developed to perform 
common functions, bu t these rou tines were designed 
to make a general purpose computer fit a particular 
area or application. The same application was modi
fied or reprogrammed as details within the area or ap
plication changed. 

Computer professionals are slowly viewing internal 
organizations of computers and/or software in per
spective and realizing that a computer is a general pur
pose device primarily for ease of manufacturability. 
Furthermore, a computer is only one of many system 
components in a user's environment. The typical 
user's lack of ability to tailor a general purpose machine 
to a particular application is a major factor inhibiting 
extensive use of computers. Even if funds and required 
capabilities are available, the user may not wish to re
invent the wheel that constitutes his application. Valid 
questions arise when considering specialized functions 
such as data collection systems and are apt to be widely 
prevalent when considering more mundane areas such 
as payroll, accounts receivable, and inventory control. 
Should the small user acquire a special purpose de
vice to perform many of the mundane activities and 
subscribe to a time sharing system to process complex 
data processing applications? 
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lVIany persons learned to program with little under
standing of computers or of applications to which com
puters could or should be applied. The development of 
large data management systems and/or operating sys
tems resulted primarily from a lack of understanding 
of the nature of these applications. Operating system 
designers tried to blend hardware, software, and appli
cations. Currently, the application area is exploding 
and will become dominant. 

Operating systems were introduced to improve hard
ware utilization and to increase system throughput. 
Programmer time was deemed less expensive than ma
chine time, and effort was expended to separate the 
user from the machine. Maximizing throughput, how
ever, often impaired or limited the quality of services 
provided. To achieve flexibility in general purpose 
computers, software designers introduced programming 
complexities not readily understood by most program
mers. Operating system facilities were developed to 
simplify programming, but user preparation of execu
table programs became increasingly difficult. A primary 
exam pIe of such increased difficul ty is the task of de
bugging ~ program in a multiprogramming environ
ment. 

The nature of computing has changed significantly 
in the past decade, but the primary objective (maxi
mizing throughput) of operating system designers has 
not changed accordingly. Computers replaced EAM 
operations and were initially used to generate reports. 
The user analyzed the data and performed a function 
accordingly. Today report generation should be re
garded as an available option. The challenge of com
puting is not to program a computer to generate a re
port that enables a person to perform a function; ra
ther, the challenge is to design and program a computer 
so that it performs the function - and thereby directly 
assists in the operation of business or industry. 

During the past 12 to 15 years, users developed oper
ating systems to solve particular operating problems. 
Initial efforts were directed toward reduction or elim
ination of idle time resulting from human intervention 
during computer operation. In fact, operator time of
ten exceeded processing time. Operator intervention 
to select and load the next program, to mount data 
files, to check labels, to collect output, and to log both 
a ~ompleted program and a program being initialized, 
was regarded as undesirable. Special control and ser
vice programs were developed to perform many of these 
functions. Today an operator communicates primarily 
with control programs, and his efforts are minimized. 
Control and service programs perform a vast majority 
of input/output operations and recovery procedures. 

What has the user seen with regard to hardware? 
First generation hardware was characterized by vacuum 
tubes, second generation by transistors, and third gen
eration by integrated circuits. Of greater importance 
to the user, however, were the reduction in cost of main 
memory (from approximately one dollar per bit to ap
proximately five cents per bit) and the increase in relia
bility of the machine. Major advances were made in 
the reliability of both logic and memory with the 
change from vacuum tubes to transistors. More mem
ory available at reduced cost led to the development of 
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more and better software and an attendant increase in 
the complexity of applications to which computers 
could. be applied. As main memories became larger, 
more programs could be resident in memory. Through
put was increased by reducing time loss due to execu
tion of program load and unload routines and reloca
tion functions. 

Today's user is interested in total system performance 
and in the total cost of the system rather than in only 
the cost of the central processing (CP) unit (currenXly 
15-20% of the hardware cost). The user desires a vari
ety of complex applications. He wants to tell a com
puter what to do - not how to do it. The user is not 
as impressed by advanced hardware as he is by efficient 
application. Designing total systems which not only 
are based upon reliable, efficient hardware but also 
can be easily programmed is a practical objective. 

CHARACTERISTICS 
The major design criteria of fourth generation com
puters will be optimal use of available communication 
interfaces. Intrasystem and intersystem communication 
interfaces are required for both hardware and soft
ware. The system will be classified as a communication 
and control system and will be capable of widely diver
sified processor applications. 

Fourth generation systems will be controlled primar
ily by data rather than by programs as were previous 
machines; i.e., overall system control will be established 
primarily· by input rather than by stored information. 
Development of this characteristic is dependent upon 
submission of information in real time. Fourth gen
eration systems will accept inputs as they are made 
available and process those inputs within the con
straints imposed by desired response times. Feedback 
is a key consideration. The interrelationships between 
data (communication bits) and programs (information 
bits) must be carefully defined. 

Hardware will govern communication and control 
procedures; use of control programs will be substan
tially reduced or eliminated. Focalizing system design 
by application of communication networks will elim
inate much of the need for software and facilitate sys
tem control. Again, consideration of both intersystem 
and intrasystem data flow is important. When such 
techniques are applied, control program requirements 
will be minimized. 

The system will be readily expandable. Hardware 
and software will be modular in design. Computing 
power will be modified wi thou t redesign of the sys
tem. A variable instruction set is not implied. How
ever, nested subsets of hardware will be available to 
complement nested subsets of software. In fact, this 
nesting of software is currently practiced. The user's 
software commonly includes both action macros and 
system macros. System macros commonly contain 
nested macros which perform communication functions 
for specified terminal devices. Such macros can be re
·moved or specialized: system modularity results. Im
petus is given to applying the family concept in ter
minal design. 

An example of functional modularity is a multiplex 
control device which consists of plug-in elements such 
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as a channel unit, speed/code format decoder, data 
control unit, and power unit. Desired speed / code com
binations in the format decoder can be implemented 
by replaceable majorboards. Character-rate regulation 
features [or a variety o[ remote terminals can be estab
lished by means of plug-in majorboanls. 

Construction of special purpose computers by spe
cialization or combination of generalized hardware 
and software modules will be possible. Tailoring hard
ware to the user's particular needs and/or applications 
appears straightforward. 

Hardware modularity can also be applied to inter
connected elements. Interconnect designs will include 
inter-junction, inter-Hat pack, inter-majorboard, inter
unit, inter-shelf. and inter-blackboard. Disciplined in
terfaces can be established between the unit intercon
nect system, the structural system, and the cooling sys
tem; each of which will be constructed as a separate and 
virtually independent element. All modules can be con
structed as plug-in functional entities. Hardware mal
functions will be corrected by immediate replacement 
of disabled modules. Malfunctions in real time sys
tems will be corrected by replacement of disabled mod
ules within a time span of less than one minute. 

Functional modularity not only ",rill help to alleviate 
interconnection problems within the module but also 
will premit the interconnection of modules such as pro
cessors, I/O channel handlers, memory elements, and 
peri pheral devices. Dynamic system reconfigura tion 
will be possible. 

Modular design of system hardware is a basic deter
minant of the degree to which a system can be updated 
and of the ease with which such updating can be per
formed. Functional plug-in elements permit the sys
tem to be updated. Advancements resulting from tech
nical developments can be readily incorporated in sys
tems currently in operation. However, modular design 
should not be regarded as a permanent deterrent to 
obsolescence of fourth generation equipment. 

Device-specific software routines will be eliminated; 
required functions will be performed by a general soft
ware routine and interchangeable functional hardware 
modules. 

Collection of data at its source is a trend in the com
puter industry. On-line collection of data will be the 
standard rather than the exception in fourth genera
tion systems. Translation of data from a medium un
derstandable by the user to a medium understandable 
by the computer "\vill be an accepted function of the 
computer hardware. Cards and attendant keypunch
ing operations will be a secondary source of input. 

Hard,\'are diagnostic routines will be completely 
compatible with normal input/output routines and 
will be executed during normal system operation. In
dication of malfunction will be detected. and corrective 
procedures will be initiated. Thus, costly delays will 
be avoided. For example, a diagnostic routine can be 
run periodically to check multiplex operation. If the 
speed / code forma t decoder in a m ul ti plex uni t begins 
to fail, the operating system powers up another multi
plex unit. Operations are switched to the alternate 
unit. A message on the typewriter console indicates 
that the speed/ code format decoder has failed. Main-
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tenance personnel can insert a new functional unit. 
Compatibility of diagnostic routines and 1/0 rou

tines achieves the following goals: 

1. .Minimizes system downtime due to malfunction of 
hardware elements, 

2. Permits graceful degradation, and 

3. Eliminates the necessity to interrupt normal pro
cessing to detect and correct minor hardware mal
functions. 

FAMILY PLANNING 

Before developing a new computer family, a manu
facturer must answer the question "\;\That fundamental 
EDP problems do 1 wish to solve?" Effort must be pre
ceded by forethought; abilities and resources can then 
be channeled accordingly. 

Fourth generation computer designers should con
sider carefully memory levels and interfaces when 
planning a new computer family. The major levels of 
memory and interfaces are shown in Fig. 1. The mem
ory levels depicted in this illustration differ to some ex
tent from the memory levels common in previous gen
erations; the differences are possible because' of LSI. 

The disconnected lines in Fig. I indicate major inter
faces which shift as required for particular family mem
bers. The roles of associative memories and of LSI pro
grammable logic arrays also vary. 

Read only memories (ROM), write optional memo
ries (WOM), and associative memories can be used ex-
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Fig. 2 Fourth generation computer systems. 

tensively in medium and large'family members - par
ticularly in establishment of system management. 
Associative memories can be used for compiling, job as
signment, parallel processing, search operations, hand
ling of priorities and interrupts, and recognition of I/0 
commands. A most critical problem of third generation 
computing, particularly, in a multiprogramming en
vironment, is limited concurrent operation of high
speed peripheral devices. Associative memories can 
facilitate concurrent operation of high-speed peripheral 
devices. If the cost of associative memories is reduced, 
use of these memories for information storage and re
trieval will also be feasible. Designers should consider 
associative memories as applicable for associative pro
cessing. 

Programmable logic arrays can perform many of the 
executive processes currently performed by software 
and can be used to tailor the system to meet particular 
user needs. These arrays and associative memories can 
replace operating system programs and be used to estab
lish logical system organization. 

Register-level designers can correlate software modu
lar designs and physical modular designs (functions, 
translations, data formats; instruction formats, etc.). 
One group of system/software/LSI designers' working 
at the register level can establish characteristics of the 
total system - register size, instruction set, multipro
gramming, multiprocessing, etc. This group must also 
answer questions such as whether register logic, coun
ters, comparisons, and control logic can be optimally 
performed by integrated circuits (IC) or by LSI. 

Registers are used for temporary storage of data and 
instructions, for implementing arithmetic and logic 
operations, and for memory addressing. IC flip-flops 
are currently the primary method of implementing reg
isters. Registers of fourth generation computers will 
be fabricated on a single monolithic chip. Metal-Ox
ide-Semiconductor (MOS) technology will be used 
where speed requirements are less stringent. 

Control memory processing elements are used for 
temporary storage of intermediate results, frequently 
used data, constants, etc. Batch-fabricated, bipolar-
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transistor arrays will predominate this area in the near 
future. MOS arrays will be used in areas typified by 
slower speed requirements. 

Main memories are used for the primary addressable 
storage of data and instructions of programs during ex
ecution. Ferrite core technology will continue to dom
inate this area if anticipated speed-cost improvements 
are realized. Contending technologies include thin-film 
(Bicore) for small units and plated wire for larger ma
chines. 

The input/output level interface includes auxiliary 
on-line secondary storage for storing tables; data, and 
alternate programs that require accessing speed com
parable to that of main memory. Presently, disks, 
drums, and data cells provide this storage. Low-cost 
bulk core and plated wire memories will be widely used 
for on-line storage. 

Reliability requirements for secondary storage in a 
single job stream environment differ significantly from 
requirements for secondary storage in a .multiprogram
ming system. In the single job stream, all storage is 
reset to zero before initiating a new job. However, in 
a multiprogramming system, some vital information is 
retained in the system between jobs in secondary stor
age. The state of the system is continually changing. 
The organization and partitioning of secondary stor
age, inter-program protection and communication, and 
provision for backup 'and failure recovery are impor
tant. 

COMMUNICATION AND CONTROL 

What is the fundamental nature of computing? We 
believe that the basis for computing is data handling 
(data communication) and data control. Data must be 
communicated to the system, among system elements, 
and to external recipients. Data is accepted by the 
system, stored, and processed. Since the system requires 
I/0, storage, and processing capabilities, why not de
velop separate processors to perform these functions in 
an optimal manner? 

Current multiprocessing systems are frequently char~ 
acterized by identical processors used symmetrically. 
Such an arrangement reduces a multiprocessor system 
to a multiprogramming system if interlocks and inter
processor communications are ignored. Techniques of 
multiprogramming are known and give C'i)me insight 
into multiprocessor systems. 

Traditional symmetric operation of identical pro
cessors used in a multiprocessor arrangement requires 
a complicated operating system. Instead of identical 
processors used symmetrically, we suggest separate pro
cessors for storage, for execution, of application pro
grams, and for multiplexing functions. If processors 
are allocated for these specific functions and if other 
features proposed in this article are implemented, hard
ware can control switching between programs, channel 
allocations, multiplexing, and most of the storage fun~
tions. Operating systems will be easier to design and 
operating efficiency will be significantly improved. We 
suggest that multiprocessing systems similar to the con
figuration shown in Fig. 2 can be widely used. By char
acterizing classes of programs, designers can determine 
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system tradeoffs among desirable capablhues to be In

cluded in each functional block for specific families of 
programs. 

The three functional processors can be contained 
within the same hardware unit. The dots in Fig. 2 in
dicate that additional processors can be added to the 
system. The communication architecture of this sys
tem will enhance and encourage modularity by assign
ing to hardware many of the functions currently per
formed by software. Failure of one processor will de
crease system performance only to the extent that re
maining processors cannot handle the workload. 

The level of computing or data processing capability 
built into the hardware of each processor can be guided 
by the desire to achieve effective data compaction and 
thus, minimize data transfer between units. Such a 
design goal may lead to the incorporation of more 
hardware in a given processor than is necessary to make 
the unit self-regulating and self-reporting for availa
bility. The design goal of increased overall system 
efficiency should take precedence over less comprehen
sive goals. 

The operand manipulator processor will perform 
the application programming function. The commun
ication control system program will reside in this pro
cessor. All logical processes other than system control 
functions will be executed by this processor. 

The data storage processor will handle the require
ments for associative memory, secondary storage, mass 
memory, and communications between processors. The 
logical structure of the system will be centered around 
this processor. The data storage element will be div
ided into zones based upon retention times of stored 
data. All logical communications between processors 
or processes will be handled by this processor. This 
arrangement will permit asynchronous communica
tions. 

The multiplex processor will include high-speed rec
ord channels with interrupt capability and a multiplex 
channel designed to service a large number of low-speed 
devices on a time division multiplex basis. These low
speed devices will include badge readers, teletype
writers, process control stations, bank teller window 
devices, on-line factory test devices, touch tones, key
boards, and CRT's. Automatic poll and call functions 
for devices requiring such services will be generated by 
hardware. Input lines will be scanned automatically 
by the multiplex channel unit, and data will be brought 
into main memory where it can be easily accessed by 
the data storage processor. The multiplex processor 
will be capable of continuous operation. Its functions 
will include accepting data into the system, making 
queue entries to provide the proper data processing 
functions, receiving the results of processing, and dis
tributing these results to the external system. 

Multiprocessing offers potential benefits of: 

1. Speed, because execution is in parallel instead of 
serial; 

2. Flexibility, because processing modules can be 
added without redesign of the system; and 

3. Increased reliability, because redundant processors 
allow the system to degrade gracefully. 

~Udl sysWllls an; n.:auii y d.Ud1-)ld~lc LV 1.JvLcJ.1L.ldl 'piV~

essor applications. 
Fourth generation multiprocessor systems will be 

characterized by record channel units for communicat
ing among processors and a multiplex processor for 
communicating to external elements. Record channel 
units will terminate devices which operate on a rec
ord-by-record basis and communicate asynchronously 
with the processor; e.g., drums, disks, and magnetic 
tapes. The multiplex channel will terminate inde
pendent low-speed devices which operate on a charac
ter-by-character basis. The channel will be a serial 
time division multiplex loop divided into a number 
of time division slots. Direct digital control loops can 
be attached to the multiplex channel. 

Fourth generation computer designers will be cog
nizant of the importance of tradeofIs and of design 
interfaces and critical paths between physical modules, 
physical and software modules, and software modules. 
Designers of current software are more concerned with 
software.,human interfaces than with intrasoftware 
interfaces structured to maximize applicability. 
Tradeoff and interface analyses must answer the ques
tions "How will each change affect the user?" and 
"How much will each change affect the user?" Sys
tem tradeofIs in four generation computers within 
communication and control systems will be expressed 
in terms of response times, communication channel 
bandwidths, equipment complexities, and numbers 
of channels. 

In the multiprocessing system discussed in this 
article, standardization of interfaces and specifications 
of standard response times and bandwidths will per
mit the relocation of application devices in the system. 

When the basic nature of computer applications is 
considered from a communication and control point 
of view, the following functions can be identified: 
data acquisition and reduction, algorithm computa
tion, monitoring, and process optimization and con
trol. These functions can be structured as a horizontal 
unification of computing elements, I/0 and communi
cation elements, and user devices, or data-generating 
elements. Within all applications, a vertical structur
ing is determined by the specific assignment which the 
system is initialized to perform. Hardware and soft
ware designers should jointly consider the functions 
identified above. After joint consideration of these 
functions, hardware designers can concentrate on the 
horizontal structuring, while software designers can 
focus primarily on the vertical structuring identified 
above. 
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SERIAL BUFFER STORES 

USI NG DELAY LI N ES 

Considerations for choosing the right type of 
ultrasonic store for buffer applications are dis
cussed in this article. Information on the per
formance and advantages of wire sonic, glass 
and quartz delay lines is included in order to 
allow the system designer to make the best 
choice for his particular store application. 

Group of digital stores. Largest unit is wire-sonic type with 
17,000 bit storage capacity at cost of approximately 112 cent 
per bit. Input transducer in center converts electrical sig
nal to sonic energy which propagates through wire (coiled 
into multi-layer helix) until it reaches output transducer 
which reconverts the energy. Remaining stores contain 
glass. Unit with cover removed is 2,000 bit store. 
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The expanded use of computer terminal equipment 
has resulted in a growing interest in buffer stores for 
visual displays, printers, teletype equipment and 
modems. The logical organization of terminals often 
makes it desirable to use buffers which store data in 
serial form. Traditionally stores using wire-sonic 
delay lines have been employed in these applications; 
however, cores, discs, drums and MOS shift registers 
have found some acceptance. Recently, glass and 
quartz delay lines have been added to the list of devices 
used in serial stores. 

In spite of the proliferation of new techniques and 
adaptations of old ones to serial buffer stores, the 
wire-sonic store remains the most widely used. How
ever, when special requirements such as extraordin
arily large bit capacities, operation in severe military 
environments, small size or low weight are more im
portant than cost, quartz or glass stores can offer dis
tinct advantages. 

The purpose of this article is to describe the per
formance and advantage of each of the types of ultra
sonic storage1 - wire-sonic, glass, and quartz - enab
ling the sytem designer to make the best choice of 
store for his application. No attempt is made to com
pare ultrasonic stores to other types. 

An ultrasonic store is assumed to consist of a drive 
circuit, an ultrasonic delay line, a recovery circuit, 
and facility for reading in, reading out and recircula
ting data. In this article the recording mode - NRZ, 
RZ, or bipolar - refers to that used on the delay 
line. It is assumed that the information to and from 
the store will always be NRZ. This means that the 
store appears to the user exactly like a shift register 
with the shift line driven by a crystal clock. 

STORAGE CAPACITY LIMITATIONS IMPOSED BY 
SIGNAL ABSORPTION IN DELAY LINES 

The maximum storage capacity of a single ultrasonic 
s tore is limi ted by the mechanical Q of the delay 
medium at the frequency of operation and by the 
temperature coefficients of time delay and amplitude 
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i 

Type 
of 

Store 

Wire-
Sonic 

Glass 

Quartz 

TABLE I 

STORAGE CAPACITY LIMITATIONS 
DUE TO SIGNAL ABSORPTION 

Capacity Operating 
Max. Temperature 

Frequency Range Storage Range 

1.5 to 2 MHz NRZ 30,000 Bits 15°C to 55°C 
.75 to 1 MHz RZ 15,000 Bits 

1.5 to 2 MHz NRZ 8,000 Bits _55°(; to +75°(; 
.75 to 1 MHz RZ 6,000 Bits 

20 to 40 MHz NRZ 5,000 Bits 15°C to 55°C 
10 to 20 MHz RZ 3,000 Bits 

20 to 40 MHz NRZ 2,000 Bits _55°C to +85 0(; 

10 to 20 l\lHz RZ 1,500 Bits 

(i0 to 100 MHz NRZ 60,000 Bits 50°(; to 100°(; 
30 to 50MHzRZ 40,000 Bits 

60 to 100 MHz NRZ 30,000 Bits 15°(; to 75°(; 
30 to 50 MHz RZ 20,000 Bits 

Note 1: Capacities in the bipolar mode arc generally slightly. 
larger than for the RZ mode. 

Note 2: The worst case access time of the store is equal to the 
capacity divided by the frequency. 

of the delay medium at the operating frequency over 
the desired temperature range. 

The mechanical Q of the material is a measure of 
how much of the input signal is lost due to the ab
sorption mechanisms of the delay medium. If the loss 
is high, the storage is limited by the fact that the 
output data becomes undetectable. The loss mecha
nisms are many and complex, and for the purpose of 
this discussion, Table I, which illustrates the capacity 
limitations due to signal absorption in a general way, 
is sufficient. 

The reason that the storage capacities of acoustic 
stores decrease with increasingly wide environmental 
temperature ranges is that signal absorption in delay 
media generally increases with decreasing tempera
ture, resulting in undetectable output signals. 

For bulk storage applications, the frequency and 
access time of an individual store are not important, 
since increased access time can pe achieved by putting 
stores in series, increased frequency can be achieved by 
putting them in parallel and decreased frequency re
sults from interleaving bits. Nothing can be done to 
decrease access time once the capacity and frequency 
of an individual store has been fixed. 

STORAGE CAPACITY LIMITATIONS DUE TO TEMPERA
TURE COEFFICIENTS 

Table I describes storage limitations imposed only by 
signal absorption. In practice realizable storage ca
pacities of ultrasonic stores are rarely linlited only by 
absorption, but also by the temperature coefficient 

Wave propagation pattern in polygonal quartz delay line 
serial store. 

~------------p------------~ 

Wave propagation patterns in two 
typical digital glass delay line stores. 
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of time delay, which affects the ability to reclock the 
data at the output and by the temperature coefficient 
of the signal absorption which affects the ability to re
cover the signal from the delay line. The capacities in 
Table I can usually be achieved in systems in which 
the clock hequency is derived from the length of the 
delay line and the output amplifier gain is AGC'd. 
Slaving the clock to the length of the store does not 
limit a system to the use of one store, since temperature 
coefficients of time delay are reproducible store to 
store, and isothermal chambers which will hold aI1 
stores at the same temperature are easy to construct. 

It is customary to assume that temperature drift of 
time delay can consume no greater than 80% of the 
bit period for RZ recording, 60% for NRZ operation 
and 40% for bipolar. Exceeding these limits will 
seriously jeopardize the ability of the store to clock the 
data out of the delay line without errors. 

Stores Using Quartz Delay Lines 

The delay line in quartz store has a temperature 
coefficient of time delay of -73.5 ppm/DC. If the 
store is to be used in a system with a fixed clock fre
quency, the temperature control for RZ operation 
which must be used for the store oven is: 

6,() = ± 5.44 x 103 where N == The number of RZ bits 
N in the store 

6,() == Temperature variation 
from nominal in ° C. 

Ovens with stabilities of ± .0 1°C are common, and 
stabilities of better than this are possible, so the 
storage capacities of quartz stores are not limited by 
realizable oven stabilities. If the clock frequency is 
derived from the length of the delay line, the tempera
ture coefficient of attenuation limits capacity, particu
larly below 15°C, where the attenuation begins to 

rise rapidly with lowering temperature. 

Stores Using Wire-Sonic Delay Lines 

The situation for wire-sonic stores is quite different. 
Wire-sonic delay lines are almost never operated in 
ovens. The delay vs. temperature of the delay line 
takes an approximately quadratic shape across the 
range from -55°C to +125°C and this curve is ap
proximately parabolic in the region from + 15°C to 
+55°C (Fig. I). The parabola is slightly steeper on 
the high temperature side of its minimum than on 
the low temperature side. The temperature of the 
minimum is adjustable and the low and high tem
perature legs take the form 

6,D low = 4.5 D(6,() 2 low X 10-8 

6,D high = 5.0 D(6,() 2 high X 10-8 • 

6,D is the delay change in p'sec from the delay at (), D 
is the length of the line in ILsec, and 6,() is the tempera
ture difference in °C from the temperature at the 
minimum. To calculate the delay shifts across a com
mercial range of operating temperatures such as +15°C 
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Fig. 1 Typical delay shift vs. temperature curve for a 10,000 
foot ILsec wire-sonic delay line. 

to +55°C, we assume that the parabolas are set at 35 
±5°C and find the expression for the largest shift as a 
function. of delay is 

6,D = 3.125 x 10-5 D. 

25°C, instead of 20°C, is used here as the difference in 
temperature from the parabola minimum to the ex
treme temperature, taking into account the uncertainty 
in the position of the parabola_ 

Using our criteria for the portion of the clock period 
which can be consumed by delay drift of 80% for RZ, 
60% for NRZ and 40% for bipolar, we can now cal
culate the maximum capacities possible for the vari
ous recording modes. 

Thus, 

and 

6,D = ~ = 3.125 x 10-5D; Df = 25,600 bits RZ 
f 

Df = 19,200 bits NRZ 
Df = 12,800 bits bipolar. 

It can be readily seen from this analysis that the 
limitation on wire-sonic storage c?mes from tempera
ture considerations for fixed clock systems, and not 
the insertion loss considerations as shown in Table I. 
It should also be noted that bit capacities reduce 
rapidly as the temperature range increases beyond 
the 40°C spread assumed, until the range begins to 
cover the low temperatures where the assumption of a 
parabolic shape is -no longer valid. One method of 
overcoming capacity limitation by temperature is 
to use a clock with a frequency derived from the 
length of the line. 

Before leaving the subjec-t of temperature limita
tions on capacity, it should be noted that amplitude 
change with temperature rarely imposes a capacity 
limit below that already imposed by delay drift or 
insertion loss in wire-sonic stores. Most stores with 
high capacities, however, require either gain com
pensation with temperature or AGC in the elec
tronic circuits to avoid error generation with chang
ing delay line output amplitude. This is due to the 
noise that is generated in wire-sonic delay. lines, and 
if the detection circuit in the store has a fixed dues
hold, it may trigger on noise if the amplitude of the 
output signal of the line is high or lose the data if 
the amplitude is low. 
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Stores Using Glass Lines 

The capacity limitations of glass stores have some of 
the same features as the limitations of wire-sonic stores. 
The delay vs. temperature curve of the delay line is 
parabolic as it was with the center of the wire curve, 
and its minimum point is controllable. 

Expressing the glass store parabola in the same way 
as for the wire-sonic stores we find that 

,6,D low = 2.6 x 10-~ D(,6,O):! low 
,6,D high = 3.8 ,x 10-H D(,6,O):! high . 

The minimum of the parabola can usually be held 
to +35°C ±20°C. The expressions for maximum 
drift as a function of length for the temperature range 
+15°C to +55°C and -30°C to +85°C are 

,6,D= G.I x 10-fi D (+15°C to +55°C) 
,6,D = l.9 x 10-4 D (-30°C to +85°C) 

Solvirig for the number of bits stored in NRZ, RZ 
and bipolar recording for the two temperature ranges 
chosen yields: 

Df = 13,100 bits NRZ +15°C to +55°C 
Df = 9,800 bits RZ 
Df = 6,650 bi ts bipolar 
Df = 4,200 bits NRZ -30°C to +85°C 
Df = 3,100 bits RZ 
Df = 2,100 bipolar 

Referring to Table I, this data indicates that sig
nal absorption rather than drift limits capacity even 
across a range from -55°C to +85°C. As a matter of 
fact, drift limits capacity only when the range -55°C 
to 125°C is considered and even then the capacities 
just calculated are only reduced by about 40%. 

Since glass delay lines usually have capacities well 
within the maximum allowed on a drift basis, they 
are rarely put in ovens or run with clocks slaved to 
line length. In addition AGe or amplitude com
pensation with temp~rature is not needed if the line is 
used in a commercial environment. However, over a 
military environment AGC is required in' stores of 
maximum capacity. The amplitude change with temp
erature is not linear. 

TABLE II 

AMPLITUDE CHANGE/ 
TEMPERATURE RANGE 

_55°C to _30°C 
_30°C to +15°C 
+15° to+55°C 

+55°C to +85°C 
+85°C to 125°C 

1000 RZ BITS 
+1.1 dB 
+1.7 dB 
+ .8dB 
+ AdB 
+ .2dB 

The change in amplitude is not the same across the 
frequency range so that pulse shape, as well as amp
litude, changes with temperature. This sometimes pre-

vents the achievement of the maximum bit capacities 
predicted by other criteria in lines intended to oper
ate over wide temperaure ranges. 

FREQUENCY RANGES FOR STORES USING ULTRA
SONIC DELAY LINES 

The previous discussion looked at storage capacity 
from the point of view of the significance of signal 
absorption in the delay line and time delay drift and 
was based on the assumption that the store was being 
operated in its ideal frequency range. The three types 
of stores are all capable of operating over very wide 
frequency ranges with capacities reduced outside the 
ideal frequency range for many reasons. The explana
tions for capacity reduction ouhide the ideal frequency 
range 'are involved and a discussion of this is not ap
propriate for an article which does not deal with the 
physics of delay lines. This discussion will merely 
report the results of these considerations. 

First, it is important to remember two basic rules. 

1. In the ideal frequency ranges previously described, 
the length of the store in ""sec can always be made 
shorter reducing capacity proportionately until a 
minimum capacity imposed by fabrication tech
niques is achieved. The minimum lengths are 1 
p'sec for quartz and glass stores and 10 p'sec for wire
sonic stores. 

2. The operating frequency of an ultrasonic store 
can always be reduced to zero frequency without 
changing its design. Bit capacity reduces propor
tionately. This can be accomplished merely by 
spreading out the pulses that propagate the zero's 
and one's in the delay line without changing the 
shape of the applied pulses. For instance a 100 
p'sec glass line designed to operate at 10 MHz RZ 
can be operated at 5 MHz RZ by spreading the 
input pulses out; h<?wever, since the frequency 
spectrum of the pulses of the signal applied to the 
delay line are the same at 5 MHz as they were at 
10 MHz, the delay line will behave like a 10 MHz 
line over temperature. It should be noted that if 
RZ and NRZ frequency is reduced without chang
ing the pulse characteristic, the reclocking window 
is increased. This is not, however, true of bipolar 
operation. In bipolar operation, the maximum win
dow is 40% of the clock period of the fastest fre
quency at which the store is operated.2 

Often it is desirable to design the delay line in a 
store to operate outside its ideal frequency range. One 
might for instance want a wire-sonic store because of 
its low cost, but need a frequency above 2 MHz, or one 
might want a glass line to operate at a low frequency to 
take advantage of its stability in extreme environments. 
Under these conditions merely changing the frequency 
of the store without changing the pulse drive shape 
and delay line bandwidth does not accomplish the de
sired goal. 
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TABLE III 

MAX. DESIGN 
FREQPENCY 

Below f500 kHz RZ 
Normal ~ 500 kHz Bipolar 
Range l 1 MHz NRZ 

Above"" fl.5 MHz RZ 
Normal ~ l.5 MHz Bipolar 
Range l3.0 MHz NRZ 

MAX. LENGTH 

20,000 usee 
20,000 
20,000 

4,000 
4,000 
4,000 

MAX. BITS 

10,000 
10,000 
20,000 

6,000 
6,000 

12,000 

·Note: Above the upper frequency shown the mechanical Q of 
the delay medium faUs off sharply and fabrication diffi
culties became extreme, so that only very short lines can 
be produced. 
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TABLE IV 

MAX. DESIGN 
FREQUENCY MAX. LENGTH MAX. BITS 

Below f I MHz RZ. Bipolar 
Normal ~ 2 MHz NRZ 
Range l 5 MHz RZ, Bipolar 

r 50MHzNRZ 
Above 1 50 MHz RZ, Bipolar 
Normal ~ 100 MHz NRZ 
Range 1100 MHz RZ, Bipolar 

l200 MHz NRZ 

TABLE V 

MAX. DESIGN 

150 usee 
150 
200 

125 
50 
50 
20 
20 

150 
300 

1,000 

6,240 
2,500 
5,000 
2,000 
4,000 

FREQUENCY MAX. LENGTH MAX. BITS 

r 10 MHz RZ, Bipolar 
Below J 20 MHz NRZ 
Normall20MHZ RZ. Bipolar 
Range 40 MHz NRZ 

Above J 75 MHz RZ 
Normal )150 MH NRZ 
Range c. z 

100 usee 
100 
250 
200 

350 
350 

1,000 
2,000 
5,000 

10,000 

26,000 
52,400 

Table III describes the range of delays over which 
wire-sonic delay lines will operate at various frequen
cies. Frequency, here, represents the highest frequency 
the store is designed to accept. 

Analyzing the situation for glass lines is more com
plex, because the Q of the material remains good 
throughout a wide frequency range and there is con
siderable freedom in the design of the line. Again tab
ulating the results withqut. detailed analysis of the 
problems, we find capacities limited approximately as 
shown in Table IV. 

It is obvious from this that zero temperature coef
ficient glass stores offer real opportunities for high 
speed serial memories. 

Quartz lines have very limited ranges of perfor
mance, but exceptional performance in these ranges. 
They have the unusual characteristic that when the 
frequency for which they are designed increases, the 
length can increase":"" thus, the maximum capacity in
creases rapidly with increasing frequency up to a limit 
of about 50,000 bits (Table V). 

For frequencies above I 00 MHz RZ or 200 MHz 
NRZ, it is necessary to use sapphire rods with 
cadmium sulfide transducers for the delay lines in the 
stores. These devices can store up t6 2,000 bits at RZ 
frequencies up to I GHz. Their temperature coef
ficient of time delay is +20 ppm/ceo They are still 
in the development stage, but appear to hold great 
promise for ultra high speed operation. 

SIZE, MECHANICAL CHARACTERISTICS, POWER 
CONSUMPTION 

Wire-sonic delay lines are usually constructed in mul
tilayer helixes. There is a minimum diameter into 
which the helix can be constrained and still allow sat
isfactory performance. This minimum diameter in
creases with increasing delay time according to Fig. 2. 

Usually the delay line case is square and approxi
mately Y2" deep. The electronics can take a great 
variety of forms, depending on whether it uses dis
crete components or microcircuits. Since the elec
tronics, generally, has a small volume and is some
times contained within the helix, it is not necessary 
to consider its volume when calculating the bit den-

12 

~ 9 

4000 8000 12000 16000 20000 

DELAY TIME (Jj.S) 

Fig. 2 Minimum helix diameter vs.. delay time curve for 
wire-sonic delay lines. 
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sity of wire-sonic stores. In order to obtain some feel
ing for bit density one can usc the graph to determine 
that the densi.ty of an 8.3 msec store operating at 2 
MHz NRZ is 333 bits/ina. 

Stores with lower capacities have lower densities and 
stores with greater capacities have greater densities. 
Wire-sonic stores are usually either hermetically 
sealed or humidity sealed because delay time is 
slightly sensitive to humidity and the delay line wire 
will corrode when left in a highly humid environment 
for long periods of time. 

Mechanically, the packages are quite rigid, but 
severe shock and vibration environments can be 
troublesome for stores requiring long delay lines. 
Wire-sonic stores up to 20,000msec can be made to 
sustain commercial vibration of a few G's without dif
ficulty, but military versions can only be a few milli
second~ long, to withstand 10 G's or more. 

The mechanical situation for quartz stores is very 
straight forward. For capacities of 5000 to 50,000 bits 
the raw quartz blank for the delay line usually has a 
volume of approximately 6.3 ina .. Thus, the density 
varies from 800 bits/ina to 8,000 bits/in3 • However, 
this is only true of raw delay lines, and does not in
clude the electronics or the packages. For asynchro
nous operation, where temperature control is not 
required, packaging halves the bit density and the 
volume of the electronics reduces it by another 25%. 
For temperature controlled units, the bit density re
duces radically because of the volumes of the ovens 
and temperature controller, and it depends, to a large 
extent, on the number of lines placed in the oven. 
Thus, it is difficult to make generalizations about the 
bit densities of heated quartz stores, but it is usually 
safe to say that for large storage applications bit densi- . 
ties are somewhat higher than for wire-sonic lines. 

The glass store usually represents a substantial im
provement in bit density when compared to wire
sonic or quartz store. A two channel glass line operat
ing at 40 MHz NRZ with a delay of 100 fJ-sec can 
store 14,000 bits/cu. in. in a plate of glass Vs" thick. 
Packaging reduces this by half and the circuitry re
duces it again by 50%. No ovens are required so the 
resulting bit density is 3000 bits/in3 • The volume of 
glass lines generally varies directly as the length of 
the delay and inversely as the cube of the frequency. 
As frequency is increased, the size of the total package 
cannot be reduced proportionately because glass lines 
become very small at very high frequencies while the 
size of the circuitry remains approximately fixed. It 
is again very hard to make generalizations; however, 
it should be noted that under the right conditions 
glass memories can be made extremely small, com
peting favorably with MOS shift register arrays and 
other integrated circuit techniques and often consum
ing less power. They are generally very rugged and 
can be used in severe military environments. 

The power consumption of ultrasonic delay line 
stores can be extremely small: Nearly all delay lines 

can be driven by low voltages. Insertion losses are 
sometimes great, but not so great that high drive 
leveis are required to keep the signal out of the noise. 
Thus, it is possible to store a tremendous number of 
bits in a delay line with very little power. As a matter 
of fact, wire-sonic stores have been built which con
sume only 6 fJ- watts/bit, and this does not represent 
a limit. 

PRICE 

Thus far, we. have discussed at great length many 
technical considerations. In many commercial applica
tions, however, price per bit often dominates all other 
considera tions. 

In stor:es using delay lines, price is only slightly de
pendent on length of delay. It does not cost much 
more to make a wire-sonic delay line out of 100 feet 
of wire than one foot. The most favorable pricing. 
therefore, for a delay line store occurs for capacities 
which are maximized just short of pushing the state
of-the-art. Table IV summarizes t.he pricing for the 
various types of stores when bought in quantities of 
thousands under idealized capacity conditions: 

TABLE VI 

IDEAL 
TYPE MODE CAPACITY PRICE PRICE/BIT 

Wire-
Sonic NRZ 16,000 bits $ 75 - $100 .5 to .6 cents 
Glass NRZ 5,000 100 - 150 2.0 to 3.0 cents 
Quartz RZorNRZ 30,000 200 - 400 .7 to 1.3 cents 

The quartz calculation is based on either multiple 
lines in an oven or asynchronous operation. Clearly 
the leader in this field is the wire-sonic store; how
ever, quartz is close behind in applications when large 
total storage capacities are required per system. Glass 
is a poor third,. but new fabricating techniques may 
help it become more competitive. Some people have 
predicted 0.1 cent/bit for glass. 

CONCLUSION 

This article has summarized the c9nsiderations in the 
choice of ultrasonic stores for buffer applications. 
Wire-sonic stores have been shown to be the most 
ec<?nomical choice for commercial applications. Glass 
holds the edge for small size and military applica
tions, and quartz is a contender for large capacity 
applications. 
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e're local, 
allover. 

Now ACD has three mod
ern circui t board facili ties 
nationwide to serve you better 
locally. Eac~~~;~tr;.8-~f3gicall~p~RYh';Yj'O 
-in California/Missourian 
aware. All are comparably 
equipped to produce identical 
products of the same quality 
standards . 
. What does this mean for you? 

. Close technical liaison. Quick 
reaction. Unlimited production 
capacity. Delivery when you1re 
promised. All or any part of your 
design and manufacturing needs. 
And a full line capability from art
work to finished boards, including 
conventional single or double 
sided; multilayer with up to 23 or 

i,~;!J;~~.~~~?JW~,pI:~ C19n:).pina ti on flex
multilayer . circuitry. 

Today, call on the only circuit 
board manufacturer big enough to 
handle you nationally and close 
enough to service -you locally. 
ACDWEST 
8020 Deering, Canoga Park, California 91304 
(213) 884-8200 

ACD CENTRAL 
4811 West Kearney Street, Springfield, Mo. 65803 
(417) 862-0751 

ACD EAST 
370 North Main Street, Smyrna, Del. 19977 
(302) 653-9285 

rn ADVANCED CIRCUITRY 
DIVISION OF LITTON INDUSTRIES 

CIRCLE- NO. 15 ON INQUIRY CARD 
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JOSS algol 
FORTRAN 'I 

COGO ECAP 
FORTRAN IV 

COBOL SNOBOL 

TRAC 

This article is a synthesis of hundreds of conversa
tions that I have had with people who have visited Ap
plied Logic, or called us on the telephone seeking to 
learn about the new and interesting services offered 
by time shared computers and their various owners. 
In this article, I shall attempt to simulate a con,sumer-

As it is easier to talk to a familiar person, I shall 
oriented view of the industry, and warn of some of 
the pitfalls awaiting the unwary. 
address this article to a person frequently called a 
computer coordinator. This may not always be your 
name, but you, in effect, coordinate the purchasing of 
outside computing for some corporate department or 
group. At the present time most computer coordin
ators are purchasing time on batch processing sys
tems, and handling this function for various scientists, 
engineers, statisticians, or analysts, but you have been 
told to investigate time shar!ng systems and make a 
recommendation that will be worthwhile for the 
needs of the various people you serve. 

Probably the easiest course is to go forth and hire 
a consultant who knows the field and can prepare a 
recommendation. This course of action is fraught 
with some uncertainty as many time sharing con
sultants have found the business so appealing that 

HOW 
T'O PICK 

A 
TIME SHARING 

SERVICE 

William D. Nelson 

Applied Logic Corp. 
Princeton, N.J. 

they have purchased their own time shared com
puters. So let us, for the purposes of this article, 
decide that you are going to listen to some salesmen, 
talk to some friends in the business who are using 
time sharing systems, and carefully study the charts 
and tables, such as the one we present at the end of 
this discourse. These charts, while frequently excit
ing more questions than they answer, serve as an 
excellent starting point for such analyses, and, if 
nothing else, get you organized and pointed in a ra
tional direction. And by the way, speaking of rational 
directions, please note that this article does not point 
to things available in 1969 or 1970. It treats the time
sharing situation as it exists in the summer of 1968. 
The hardware and software devices - and services -
that are mentioned are available right now to. any 
person wishing to use a commercial time-sharing sys
tem through the dial-up telephone facilities. 

The various subjects below are ordered according 
to my personal prejudices as to their relative im
portance. First, you will fipd a discussion of Zan
guages~ then costs of operation~ mass storage~ hard
ware and system software~ security~ and, finally, input 
and output methods and devices. 
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LANGUAGES 

You should first of all look at the people you serve to 
try to evaluate what they really need for what they 
are doing, for there is no point in using an elephant 
gun to shoot a squirrel, nor would it be wise to hunt 
grizzly bears with an air rifle. Are they engineers 
presently using slide rules and comptometers? If so, 
there is a family of languages called variously CAL, 
AIDE, and TELCOMP. They are all derived in some 
measure from JOSS, a language system developed by 
The Rand Corporation. They all speak reasonable 
English, can do some fancy mathematics, and will re
member programs that you have written. This is a 
wonderful starting tool for a beginning computer user. 

Next in our informal hierarchy is a language system 
called BASIC. It was developed by Professors Kemeny 
and Kurtz at Dartmouth College as a tool to get the 
Dartmouth College students familiar with computing. 
BASIC is a bit more complex, but still has some 'English
like qualities: it does mathematics for you, will set 
up matrix operations and has some logical capabil
ities. The BASIC system also allows you to store pro
grams and data within itself more or less indefinitely. 
It is an excellent beginning tool for anyone needing 
to use both the logical and mathematical capabilities 
of a computer. The leading time sharing services 
offer BASIC in almost identical forms, each using a 
reference manual copied practically word for word 
from the Dartmouth College publication. 

Both of the foregoing languages are not just lan
guages, but are "systems"; that is, large programs 
which relieve you of the need to know anything about 
the computer you are using. The time sharing 
vendor's BASIC manual will supply you with the few 
commands needed to get you in and out of BASIC and 
on and off the computer. Naturally, every computer 
has restrictions on program size, and generality is paid 
for with complexity. So there are restraints on the 
Joss-type languages and BASIC, mainly concerning the 
size of things that you write and store, plus the com
plexity and logical ability of the programs that you 
write. Because of the many housekeeping chores done 
by these systems, the cost to compute something will 
be relatively high in terms of computer time; however, 
this cost may be trivial compared to the man-hours 
saved in getting the problem solved. If the program, 
written in either BASIC or the Joss-type language, is 
useful enough to be run frequently, you can save 
money and time by having it converted to one of the 
more complex but more efficient languages mentioned 
below. Find out if the time sharing vendor has a 
translator program that will' do this for you. 

We will now leave the beginning computer users 
and turn to those who have had some experience in 
computing, and are looking forward to speaking di
rectly to a computer rather than through a batch 
system. It is beyond the scope of this discourse to 
treat the pros and cons of FORTRAN vs ALGOL. ALGOL 
has many admirers and is offered on most systems, 
but the vast majority of scientific and engineering 
work has so far been done in FORTRAN. There exist 
many packages of programs, such as the IBM Scienti
fic Subroutines, or COGO, or ECAP, which are written 
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in FORTRAN, and are available to the resourceful pro
grammer. So, therefore, let us, for the purposes of this 
article, consider only FORTRAN. 

Something to watch for is the ease (or lack thereof) 
of transfer from one FORTAN system to anoth~r. There 
is FORTRAN II, and there is FORTRAN 'IV as defined by 
ASA (American Standards Association). Then there 
are FORTRANS which have been augmented by various 
extra features - the GE FORTRAN being a good example 
of this genre. These extra features can be very useful 
within their own system, but cannot in most cases be 
transferred out to another time sharing or batch 
processing system. Programs written in this "non 
standard" FORTRAN must be run through a "sifter" or 
edited by hand for use outside - this can be a very 
tedious and expensive job, depending on how much 
the extra features have been used, and the sophistica
tion of the sifter. 

Ease of FORTRAN transfer becomes interesting if you 
are using the time sharing system to write programs 
for your own batch system; this is a not an uncommon 
practice as it saves a great deal of debugging time. 
Ease of transfer is also interesting if there is any 
chance that your programs may outgrow your present 
time sharing vendor, either in core demands or stor
age needs. When in doubt, present your prospective 
time sharing vendor with a FORTRAN deck taken from 
your batch processing computer and observe how 
much sweat is needed to make it run. The calls to 
tape drives, card readers and line printers will usually 
no longer be valid, as time sharing systems operate 
primarily with I/0 files in discs, but aside from that, 
there should be minimal trouble. if your batch and 
time sharing systems are to be used together. 

There is one other area to survey in the FORTRAN 
capability that depends on the system software and 
hardware; that is the compiler and its use. There are 
two modes of operation. In one mode, you wait until 
the source (FORTRAN) program or routine is completely 
written, and then you have it translated (compiled) 
into the binary code that the computer understands. 
This binary program can be saved as is, with its sub
routine calls, or assigned to its core locations (loaded) 
and saved as a "core image". The diagnostics, of course, 
appear when you compile, but not before. You can 
initiate the running of the program from anyone of 
these three positions, i.e. source, object (binary) or 
core image. In such a system there is no need to com
pile before each run, a money and time saving feature 
for a program which runs often without changes. 
Within such a regimen, the efficiency of code produced 
by the compiler becomes more important than its 
speed. 

In the other mode of operation, the order to com
pile sets into motion a more or less unbroken chain 
of events culminating (hopefully) in an answer. 
There is no way of saving object (binary) or core 
images, and you must compile every time you run. 
In such a system you have a greater need for a fast 
compiler rather than for one which produces optim
ized code. Check the costs carefully if you plan to 
run a production program often; the compile and 
load costs may eat you out of house and home. 

On the other hand, if you are running lots of new 
programs, it doesn't matter, as you would be compil-
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ing most of the time under either system. Colleges 
and schools giving computing courses fall into this 
category. 

While on the subject of FORTRAN, beware of the 
term "Conversational" FORTRAN". r frankly am not 
sure what it is; and I am sure that you could find as 
many definitions of "Conversational FORTRAN" as you 
can find definitions of the Democratic Party. Ask a 
few computer people and see for yourself. 

Some of the more sophisticated users want to, or 
must, for one reason or another, program in the as
sembly or symbolic language written for the computer 
they are using. Perhaps they wish to write highly ef
ficient subroutines, use non-algebraic qualities not 
available in FORTRAN, write a processor or system, or 
do something like packing characters into a word, so 
that they can only be retrieved with a special pro
gram. This last should be especially interesting to 
anyone setting up a data bank. The ability to work 
in assembly language can save a great deal of money 
in unit retrieval and storage costs. Several, but hot 
all, of the time sharing vendors offer assembly lan
guage to the customers. 

There are some other "high level" languages avail
able from the various time sharing vendors which do 
other things than mathematics; one of these is COBOL, 

which (as the name implies) is good for Common 
Business-Oriented work; then others are SNOBOL, TRAC, 

and LISP, all of which are concerned with various 
aspects of text manipulation. 

An interesting facet of multiple language capability 
is the ability (or lack thereof) of programs written in 
one language to call or access subroutines written in 
another language. This is possible and frequently 
very useful. An even more useful feature is the ability 
of a da tafile to be accessed by programs or rou tines 
written in more than one language. That is, you 
would not need to have a FORTRAN or COBOL data file, 
but could have a data file accessible from programs 
written in either language. 

An essential tool on a time sharing system is a good 
edi tor. This program lets you do the things you 
would ordinarily do with your own card deck; i.e. 
remove and/or insert cards to change the text, pro
gram, or data. At the very least, an editor will allow 
you to insert or delete entire lines of your text, pro
gram, or data. It will also type selected lines from 
your file or type the whole thing (on your teletype). 
A couple of other nice features which you might look 
for are: first, the ability to correct part of a line with
out retyping everything. This feature is especially 
useful if you have a long complicated format state
ment, as it might take two or three attempts to type 
the entire thing correctly. It is far easier to retype 
only the offensive part and have the editor insert it 
for you. A second good feature is the ability to make 
multiple corrections to a program or data file with a 
single command. This is useful if you have a mis
named variable which appears throughout a large 
program. Tell the editor what it is, and how you 
wish it changed, and it will do all the dog work. 

As you become more sophisticated in your program
ming and your use of a timesharing computer, you 
may wish for a higher degree of interaction with your 
program, particularly while it is running. When using 

FORTRAN on a time shared machine, you can run your 
program or routine, and if it bombs for some reason, 
you can look at the diagnostics or the answers, make 
appropriate changes to the FORTRAN (source) code, 
and compile and run again. It is one of the great 
joys of time sharing that you can do this quickly and 
at one sitting. But what if the program is very large 
and complicated? What if the compile time is long? 
Or further, do you wish to see whether a reaction is 
diverging at a particular point, when it should be 
converging? 

The answer is a program like DDT (for debugging, 
naturally) which is available on the Digital Equip
ment machines and some of the SDS 940's. Such a 
program is mainly for the use of sophisticated pro
grammers and allows you to make changes to a run
ning program in order to correct logical errors or 
change parameters. 

COSTS OF OPERATION 

Having narrowed the field down somewhat by select
ing which language capability is available, where, you 
might now consider costs. Time sharing vendors as 
a class do not differ from those in any other field of 
endeavor in consciously or unconsciously plaguing 
the buyer with confusing rate structures and hidden 
charges. Just as you must check closely with the 
automobile salesman to be sure that everything is in 
the quotation and that the sales tax or the spare tire 
will not be added on after you have made your com
mitment, so you must warily approach the time shar
ing vendors to make sure that you know what is in 
store for you when the first bill arrives. 

Let us first dispose of communications. Somehow 
you must be able to converse with the time shared 
computer from your remote location. These com
puters do not understand speech; and despite all the 
exciting pictures that you see in computer magazines, 
video terminals are several years away. So you must 
make do with a typewriter-like device which can trans
mit and receive your dialog with the computer. The 
c~mmon currency is, of course, the teletype [Models 
33 or 35, ASR ~paper tape) or KSR]. Order one 
from the telephone company along with a Dataset, 
or buy a teletype-voice coupler package (ask your time 
sharing vendor about these). You could become in
volved with an IBM 2741 bouncing ball terminal 
which has the advantages of easy type font changing, 
and the possibility of upper and lower case, if the time 
sharing vendor will support it. The difficuty is that the 
2741 runs slightly faster than a teletype and therefore 
confuses many time sharing systems (fortunately not 
IBM's). Here, again, is the problem of transferability 
from one system to another. 

The line and calling costs will be borne by you di
rectly or indirectly. If you are close to the time shared 
computer, call direct; if you are too far away, use the 
time shared vendor's Foreign Exchange lines, or near
by multiplexers or data concentrators for a local 
phone call, and possibly pay a higher connection 
charge. 

The connection charge buys you a computer port 
and continues for as long as you are connected to the 
computer, whether or not you touch a key on your 
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teletype. The computer remembers when, and for 
how long, you were connected, and notes it down in 
its accounting file. 

Once you are "connected" you may use the com
puter for compiling, running, debugging, etc. The 
computer will watch your particular job as it is pro
cessed, and rack up the time increments, it deems ade
quate for the work it is doing for you. At the end of 
the run, it will add up the time increments and print 
out a number it calls "processor time" or something 
like that, although it may actually have little to do 
with the fourth dimension. The measurement of the 
central processor time needed to process a particular 
job in a time sharing environment is a non-trivial 
task, and subject to the prejudices of the system's de
signers and programmers. In other words, when com
paring time sharing systems by running benchmark 
programs, comparing processing times is all right, but 
the real test is to compare the dollar figures. And, by 
the way, when running "benchmarks" make three or 
four runs, preferably on two different days. The load 
peaks are usually between 10:00 A.M. and noon, and 
between 2:00 and 4:00 P.lVI. Run the benchmarks 
during a peak and then after hours, to see any differ
ences in cost and total elapsed time. 

There are other charges found on some systems 
which you should know about, such as a charge to 
change an account number, mount a tape, transfer 
files from active to inactive status, or to use peripheral 
devices at the computer center. Some charge an initia
tion fee to get on their systems; some have a monthly 
minimum. 

People are always asking, and with good reason, how 
much it is going to cost to use a time sharing system. 
Unfortunately, this is like asking the gas company how 
much gas you are going to burn next month. It de
pend entirely on what sort of people you have, how 
many there are, and what they are doing. You could 
roughly say, though, that the use of a time sharing 
system will run between ten and twenty dollars per 
hour for editing, debugging, compiling, and running 
an average program, disregarding communication 
costs. , 

If you have just straight production jobs, then the 
cost is reasonably predictable; if there is much R&D 
work, the variances will be wide. However, the per 
hour costs are still cheap compared to the per hour 
costs of useful workers. 

Examine the vendor's billing format to see what 
sort of invoice and "backup" you will receive at the 
end of the month. If you have several departments or 
projects, it is useful to have the invoice "backup" 
break these down, with subtotals, if possible. 'This 
makes the apportioning of the charges much easier 
and equitable. A consultant with a client using one of 
his programs would find this feature particularly use
ful. 

I have been saving storage charge for last, as that 
seems to be the most complicated and frequently the 
most expensive subject. Almost all the time-sharing 
vendors offer more or less permanent storage on disc 
files, and their individual rate structures are functions 
of not only what the market will bear (value pricing), 
but also how much disc space their computers can 
actually handle, due to hardware and software con-
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straints. In otper words, the more disc space an indi
vidual system c~n handle, the lower the storage rates, 
and vice versa. 

The worst part 'of this business is being sure that you 
are comparing oranges with oranges and not apples. 
Storage is rated by characters, bytes, bits, and words. 
A bit is a bit, but characters vary from 5 to 8 
bits. A byte is usually 8 bits, and words vary from 12 
to 48 bits. Here again I would confront the vendors 
with a known file or files, and ask how much it costs 
to store it for a month (or week, or day, or hour). 
Find out if you pay for what you actually use, or if 
you must commit for particular units of storage, one 
for each program, for instance, with the unit being of 
a fixed size, possibly much larger than your program. 

Questions on related aspects of the storage problem 
are: How much do you pay for "scratch" storage while 
running a program? If you use a large quantity of 
extra storage on one or two days in a month, do you 
pay for the peak usage figure extended over the en
tire month? An unexpected, and brief use of a large 
amount of storage could raise your monthly bill to 
unexpected heights. If there is a tape backup or a' 
tape facility for infrequently used files, how much does 
that cost, and how much to transfer them to the disc,. 
or off? 

MASS STORAGE 

We will leave the business of how much it costs, but 
continue with the subject of storage for a while and 
cover a few more points. For instance, how much 
storage can you have at anyone time? Some vendors 
have more to sell than others. Of course, if you don't 
need much, the question is irrelevant, but if you are 
contemplating some sort of data bank, it is important. 
Does the system care what is being stored? Some sys
tems want to keep data in one place and programs in 
another. Still .other systems do not care, and binary 
can be stored in the same place with a letter to your 
grandmother. If the computer you are using crashes 
and burns, can you reach your files through another 
computer nearby? This is a very important attribute 
for anyone with production programs that need to be 
accessed on a frequent basis (say every hour or so). 
And one other feature that should be mandatory is 
frequent incremental dumping on magnetic tape. 
Disc files do, once in a blue moon, get wiped out; and, 
as Charlie Brown is always saying, happiness is having 
backup files on tape. 

Although all time sharing systems have at least a 
drum or disc file, or both, or several, and the term 
"random access" is used with great enthusiasm 
throughout the industry, make sure you ask how the 
system actually finds a file or record on the mass 
memory device. The easiest thing to do is treat the 
disc like magnetic tape and do a serial search, looking 
at each record or counting each record. This can take 
a long time! A better way is to reference a "block" or 
position on the disc the way you would reference a 
place in . core memory, using an address. Thus, you 
can speed directly to the area where your file is stored, 
and start searching there; the only requirement is that 
your program should know what area to investigate 
before starting. This ability is ·an essential part of a 
viable information retrieval system. 
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HARDWARE AND SYSTEM SOFTWARE 

You could make a reasonable short-term choice of a 
system without considering the shape of the hardware 
or systems software, providing your needs are not too 
demanding in the areas of sophistication, program 
size and performance. But for those of you with "de
manding needs", I will note some features that should 
be considered in both hardware and software. I will 
remark first of all that if you use time-of-genesis as an 
index of worth, a good working time sharing software 
system is worth three to four times more than the 
associated hardware. Furthermore, the generation 
of a time sharing software system seem to be independ
ent of scale. Having any more than one or two per
sons working on it seems more of a hindrance than a 
help (as IBM discovered when writing the 360/67 
software). Tangentially, it is amusing to recall that 
three of the better known time-sharing systems were 
written by university students, i.e. the SDS 940, GE 
265, and Project MAC. Is there some lesson to be 
learned here? 

An important question to be asked about the hard
ware. is - how old? Although the older hardware is 
well understood and debugged, still advances in the 
technologies of connectors, soldering, and solid state 
and integrated circuits will give the newer machine 
the edge in reliability and speed. If the system you 
like is currently running on an old machine, make 
sure that when the new model comes out you can 
transfer to the newer machine wi thou t goi ng through 
the pain of a ] 401 to 360/ 30-like conversion. 

The word size is an often overlooked. but impor
tant feature, bearing upon the ease or difficulty of do
ing floating-point arithmetic. A computer with a 24 
bit or less) word size will need to use two words per 
number and will give up to seven place accuracy. If 
there is a preponderance of code in your programs, 
OK; but if you are using large arrays or matrices, 
you will find that you have half as much core as you 
thought you had, and your program is running slower 
than you think it should. A larger word size will 
solve this problem, as for instance the 36 bit ·word 
used in the 7094 and PDP-] ° will supply 8 place 
accuracy in floating point without using double pre
cision. The Control Data 48 bit word is like Santa 
Claus. 

The speed of the hardware, and the number of in
dex registers or accumulators, and their speeds, the 
number of instructions, etc., should be of little inter
est to the ordinary user as the effects of these features 
are generally blanketed by the system software. If 
you're a slow driver driving a Ferrari, you could well 
be beaten by a fast driver piloting an old Ford. Like
wise, the size and complexity of time-sharing software 
systems being what they are, an efficient system with 6 
micro-second core memory can' give a better perform
ance than a poorly written one using one micro
second core memory. 

In the words of the Prophet, "Programs expand to 
fill the core memory available, or, programmers can 
never get enough 'core'." Naturally, a question fre
quently asked about the capabilities of a time sharing 
system is: "How much core can I have?" You may 
discover upon investigation of the needs of your 

people that they will only write small programs, al
though this would be in violation of the law stated 
above. But certainly, a great many people are hap
pily using machines of small core capacity and doing 
very useful things. If you do expect to see your pro
gram size increase as your professionals become more 
adept at computing, you shOuld either make sure 
that the programs written on the small machine arc 
readily transferable to a larger machine, or you should, 
at the outset, engage the use of a machine having a 
large core size. 

Core available to the individual user varies from 
system to system, and ~an be as little as 6,000 clrarac
ters, or run to apparent infinity if the machine has de
mand paging. Here, again, be very sure that you are 
not comparing 24 bit words with 36 bit words or worse 
yet, 36 bit words with 8 bit bytes. :Most of us in the 
business casually refer to 20K of core or 50K of file 
storage; it is your task to understand what "K" we 
are talking about. 

Sometimes, even though the allowable .core area is 
ample for most of your work, you really need more. 
In that case you turn to "overlaying" or "chaining" 
programming devices known to ] 401 and 7094 pro
grammers, if not many more. These devices arc avail
able on several time sharing systems, and it is your 
job to discover how difficult they are to use. Must your 
people do the necessary coding. or will the loader 
handle most of it automatically? \t\Tith such facilities 
you can run a 70,000 word program on a machine 
with a user core limitation of 24,000 words. Of course, 
if you have an array or matri~ that is too big for your 
allotted core area, chaining will not help; and you had 
better find a larger machine, or make a deal to run 
during the wee hours of the morning when no one 
else is on the machine. 

If you represent the interests of a large company or 
a software house, you may have a situation in which 
a person writes a program or system intended for use 
by others either at other locations within the com
pany. or outside the company at customer or third 
party locations. One way to treat this situation is to 
allow each user to have his own copy of the program. 
Of course, you cannot tell how much he is using it, 
nor can you conveniently update or maintain it, 
and it is somewhat wasteful of storage. Another 
method is to have one copy of the program in a 
special location in the time sharing system which is 
used in a re-entrant mode. This presupposes a closer
than-usual relationship with the time sharing vendor, 
but is not only more economical of storage, it also 
allows the monitoring of useage. 

SECURITY 

File security is a function of various parts of the hard
ware and software and the system/customer inter
face. You enter the time sharing system using one or 
more passwords and you can have the computer in
terogate the "answer back" drum in your teletype. The 
passwords should not be common knowledge, and 
should be subject to rapid and convenient change 
should you desire. Once in to the time-sharing sys
tem, you are protected by software and (hopefully) 
hardware devices. 
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COMMERCIAL TIME·SHARING SYSTEMS 

MINIMUM 
CONVERSATIONAL NO.OF* CHARGE 

ORGANIZATION COMPUTER LANGUAGES TERMINALS USERS PER MONTH 

Allen·Babcock Computing, Inc. IBM 360/501 PL/I (on-line IBM 2741 90 $100.00 
Palo Alto, California subset) IBM 1050 

IT-33, 35, 37, 
Friden 7100 
Datel Thirty 21 

Applied Logic Corp. DECPDP-6, FORTRAN IV, DDT, IT-33, 35, 37 40 None 
Princeton, New Jersey PDP-lO AIDE,BASIC CRT;PLT 

MACRO-lO IBM 2741 
Compact COBOL, 
LISP, SNOBOL-6 

Bolt Beranek and Newman Inc.5 PDP-9/8 TELCOMP IT-33 32 None 
Cambridge, Massachusetts PDP-7/8 
CDC·CEIR GE-235 BASIC, ALGOL, TT-33,35 406 $125.00 

DATANET-30 FORTRAN 
GE-420 
DATANET-30 

Computer Network Corp. B-5500 FORTRAN IV, ALGOL, IT, Friden 7100, 24 None 
Washington, D.C. BASIC (4/15168) DCT 2000 

SNOBOL, ALPS, CRT (6/68) 
DYNAMO 

Computer Sharing Inc. SDS 940 CAL, ARPAS, BASIC, IT-33,35 32 None 
Bala Cynwyd, Penn~ylvania DDT, FORTRAN IV, 

FORTRAN II 
COM·SHARE Inc.7 SDS 940 BASIC, CAL, QED, IT-33 , 35, 37 40 $100.00 
Ann Arbor, Michigan FORTRAN IV, SNOBOL, CAL-COMP & HI 

TAP, DDT, FORTRAN II PLT 
DIAL.DATA, Inc. SDS 940 CAL, DDT, QED, IT-33,358 40 $100.00 
Newton, Massachusetts FORTRAN II, BASIC, CAL-COMP PLT 

SNOBOL, FORTRAN IV, 
ARPAS 

DIAL-DATA, Inc. of Washington SDS940 CAL, DDT, QED, IT-33,358 40 $100.00 
Rockville, Maryland FORTRAN II, BASIC, CAL-COMP PLT 

SNOBOL, FORTRAN IV, 
ARPAS 

General Electric Co.9 GE-235 BASIC, ALGOL, IT-33,35 40 $100.00 
Information Service Dept. DATANET-30 FORTRAN PLT 
Bethesda, Maryland 

International Business IBM 7044 QUIKTRAN IBM 1050 80 $125.00 
MachineslO IBM 2741 
New York City, New York 

Intinco Limited UNIVAC Stockbrokers TT-33 (70) 82 12 

London, England 418 (2) Language IT-35 (12) 
John P. Maguire & Co., Inc. IBM 360/30 D.O.S. IBM 2740 50 $1,500.00 
New York City, New York IBM 1050 
KEYDATA Corp. UNIVAC 491 KOP III IT-28 200 14 

Cambridge, Massachusetts 

On·Line Systems, Inc. GE-255 15 BASTC, ALGOL, IT-33,35 30 None 
Pittsburgh, Pennsylvania FORTRAN 
Pillsbury Management Systems DATANET-30 TRAC IT-33, 35, 37 15 $100.00 
Phoenix, Arizona Test Editors IBM 2741 

Management Infor-
mation Systems 

Pillsbury Occidental Company17 GE-265 ALGOL, BASIC, IT-33,35 40 $108.50 
Raleigh, North Carolina BIICAC, FORTRAN, PLT,CRT 

FORCAC, EDIT 
Rapidata GE-420 BASIC (extended) IT-33,35 33 $100.00 
New York City, New York DATANET-30 FORTRAN IV 
REALTIME Systems Inc. B-5500 FORTRAN IV, IT, TLX, 15 $500.00 
New York, New York COBOL, ALGOL TWX, CRT 
TYMSHARE Inc. SDS 940 CAL, BASIC, QED, IT-33,35 60 $80.00 or 
Los Altos, California DDT, FORTRAN IV, PLT $390.00 

ARPAS, ALGOL 
VIP Systems Corp. IBM 1460 IBM Administrative iBM 2741 40 $100.00 
Washington, D.C. Terminal System 
White, Weld & Company SDS 940 QED, DDT, IT-33,35 24 $1,500.00 
New York City, New York FORTRAN II, 

FFL (First 
Financial Language) 

* In all cases the number of simultaneous users can be increased by addition of equipment or by duplicating the computer system. 
§ Number denotes amount allocated in characters or bytes, + indicates more available at extra charge. 

NOTES 
1. Special operation codes for efficient conversational interaction added. Toronto. 

AVG.CHG. CHARGE PER DISC § 
PER MIN. OF· STORAGE! 

TER. HR. CPU TIME CUSTOMER 

None $5-$102 100K+ 

$10-$25 3 0+4 

$12.50 None Unlimited 

$6.25 None 

$8.50 $12.00 75K+ 

$10.00 $2.50 60K+ 

$10-$20 $2.50 0+ 

$13.50 $3.00 60K+ 

$13.50 $3.00 60K+ 

$10.00 $2.40 0+ 

$12.5011 None 0+ 

12 12 12 

13 13 13 

14 14 14 

$12.50 None 0+ 

$5.00 $.60-$1.2016 0+ 

$10.00 $3.00 0+ 

$11.00 $3.0018 0+ 

$10.00 $8.35 0+ 

$13-$16 None 60K+ 

$7.50 None 0+ 

19 19 19 

2. Dependent on amount of core used. 11. For first 5 hours, $11 for hours 6 thru 75. $9 thereafter. 
3. $.015 for each 10,000 instructions executed. 12. A charge of approximately $5,000 per year plus a usage charge of 

4. ~~~O f~:~ ~~n~g~rge for customers who pay the minimum charge of 13. ~~~5 a~~~u~t~~ry~nd other commercial uses. Charges are negotiated on 
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5. Systems located in Cambridge, Massachusetts, East Orange, New Jersey, processing and storage requirements. 
and london, England; 14. For accounting and management uses. Charges on basis of message 

6. GE·420 handles 30 users. transmissions, processor time and storage used. 
7. Service also available from centers in Chicago, Houston, and Hacken· 15. Time·sharing services also available on a PDP·l0. 

sack, New Jersey with more centers planned for the future. I 16. Depending on system used. 
8. Other terminal dev(ces capable of connecting with 103 Data Sets and 17. Trade name Call·A·Computer, service available from Atlanta, Boston, 

utilizing ASCII code may be interfaced with the system. Chicago, Baltimore, Minneapolis, Omaha, New York. 
9. Service available from offices located in 33 maior metropolitan areas. 18. I/O is charged at $1.80/minute. 

10. Other systems in Chicago, Cleveland, Philadelphia, los Angeles, and , 19. Information not available. 

(Excerpted from "Time·Sharing System Scorecard," No.6, Spring 1968, and reprinted through the courtesy of Computer Research Corporation, 
Newton, Mass.) 
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The best and most certain protection against un
authorized access to files and running programs is 
through the use of hardware devices such as protec
tion and relocation registers. Even though you con
sciously reference locations outside of your memory 
area, the hardware should positively prevent it. In 
the absence of hardware protection, it is possible to 
run in a so-called "interpretive" mode, as in the 
BASIC system with reasonable, but not rigorous secur
ity. When the system allows the use of assembly lan
guage, or the manipulation of the object program 
with DDT, then hardware protection is essential, or you 
may someday find yourself in the middle of some 
stranger's program. 

INPUT AND OUTPUT METHODS AND DEVICES 

There are other ways of getting input and output from 
a time shared system than from a teletype. One thing 
to make clear at the outset is that unlike batch pro
cessing systems, programs running on time sharing 
systems cannot call I/O devices. If they were able to 
do this, there would be chaos in the computer room 
as when two concurrently running programs both 
called the line printer for output. I/O devices are 
simulated by files on the mass storage device and sepa
rate transfer programs can transfer output files from 
mass storage to the line printer, card punch, plotter, 
or tape drive. Check to see what sort of output facil
ities are available (aside from your teletype) and how 
the output can be delivered to you. The same goes 

* 

for input. It does not have to go in through the tele
type. "1 t can go through the mail as a box of cards 
or a reel of tape. Just be sure that both parties have 
agreed on the format and density to be used. 

There is much talk and high optimism about the 
use of remote data terminals on time sharing systems. 
They are now available on remote batch systems and 
have been for some time. But that is a far cry from 
being available on a time sharing system. If you think 
it would be interesting to have a small computer with 
a line printer and a card reader sitting at your place 
of business and acting as a funnel for the data coming 
from the machine, inquire about the prospective ven
dor's plans in this regard. He might even give you 
a quotation, but check the delivery closely I 

One device you can have on your property is a 
Calcomp plotter; this has a data rate close enough to 
a teletype so that they can work in concert (using a 
special controller) and save many hours of making 
graphs by hand. The calls to the plotter are not diffi
cult, and it is a wonder more people do not have them. 
Ask if your time sharing vendor provides the neces
sary software. 

In summing up, try time sharing; it's great! If seri
ously used, your engineers and other professionals 
can increase their output to an astonishing degree, do 
things they wouldn't have attempted before, and have 
fun at the same time, as a quickly available computer 
can minimize so much of the drudgery associated 
with difficult problems, leaving only the interesting 
decisions to ponder. 

ECOM 
MIMOI,nmM 

*economical core memory 

A new low-cost, high performance series of Memory Systems. $3,579 for 
a 4K x 16, full cycle 2.5 JLs ... delivered in less than 30 days. 

Call or write THE MEMORY PEOPLE . .. Jack DeVine or Bill Barnes for quantity pricing and Technical Bulletin 503. 

STANDARD/ /MEMORIES 
NCORPORATED 

15130 West Ventura Boulevard, Sherman Oaks, California 91403 
Telephone: (213) 788-3010 

CIRCLE NO. 33 ON INQUIRY CARD 
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We call it AccurFrame. 
And it can save you more than 1¢ per contact. 
Our new AccurFrame takes the fuss and bother out of wire
wrapping. It's easy, fast and error-free. And very simple to use. 

Here's why. Our HW Series Wire-Wrap* connectors have two 
polarized alignment holes in the card insertion side of the block. 
These fit over accurately positioned pins on the alignment tool. 
There's no chance of a connector being placed wrong-end-to. 

With connectors in perfect position, our frame is placed over 
the. assembly; connectors are quickly attached with machine 
screws. The frame and connectors lift off- ready for automatic 
wire-wrapping. 

Winchester's long experience has made the whole thing so 
sure, simple and fast that most users are saving 1¢ per contact 
over other methods. And those pennies add up. 

You'll like our Wire-Wrap connectors, too. They're available in 
sizes ranging from 22 to 50 contact positions. Designed for auto
matic equipment, high-strip force retention, bifurcated spring 
contacts for superior interfacing. We integral-mold them in 
dialryl phthalate SDG-F. Contacts are easily removed. Retained 
by a 90° twist. 

Get all the profitable facts about the Great Frame-Up from 
your District Sales Office. Or from Winchester Electronics, Main 
Street & Hillside Avenue, Oakville, Connecticut 06779. 

WINCHESTER ELECTRONICSrn 
LITTON INDUSTRIES 
*Trademark-Gardner Denver Company 



WESCON 68 

Los Angeles I August 20-23 

TECHNICAL P'ROGRAM 

EXCERPTS 

Biltmore Hotel, site of the Wescon technical sessions. 

Thirty-two technical sessions have been 
scheduled for Wescon 68. The proQram 
will run for four days August 20~23~ All 
sessions will be held in the Biltmore Hotel. 
Morning programs will be held from 9:30 
AM to noon and afternoon programs from 
2 to 4:30 PM. Dr. Robert M. Ashbey, V.P. 
of Technology, Autonetics Div. of North 
American Rockwell, is the Technical Pro
gram Chairman. The sessions were chosen 
to offer wide variety in subject matter. 
Three sessions deal with technical man
agement and marketing questions; four 
are devoted to electronics, law enforce
ment, ed'ucaHonal instrumentation, and 
urban affairs; two cover advances in digi
tal systems; and others cover medical in
strumentation, fluidics, utility power, com
puter controls and advances in materials 
for electronics. The regular $2 Wescon 
registration fee is good for all these ses
sions. As a supplement to the technical 
program, a Science Film Theatre, with a 
daily program will be presented at the 
Hoillywood Park exhibit area. 

In addition to the regular technical pro
gram, Wescon will present two "Con

. current Symposia" on Electronic Circuit 
Packaging Aug. 19-20 and Hybrid Micro
electronic Circuits Aug. 21-22 at the Stat
ler Hilton Hotel. There is a $40 fee for 
each of these sessions which includes 
lunch and the compl~te symposium rec
ord. Program excerpts of interest to the 
readers of Computer Design follow: 

.... se:r;.....--CIRCLE NO. 36 ON INQUIRY CARD 

Tuesday, Aug. 20 

Special Session A: 

Management Successment 

2-4: 30 pm, Biltmore Ballroom 

Chairman: Don C. Hoefler, Electronic 
News, San Francisco, Calif. 

A/I InENTIFICATION OF TALENT 
FOR TECHNICAL MANAGEMENT, Al
fred G. Scheid, Shareholders Management 
Co., Los Angeles, Calif. 

A/2 RECRUITMENT OF TOMOR
ROW'S MANAGERS, Jack Yelverton, Wil
kinson, Sedwick & Yelverton, San Francisco, 
Calif. 

A/3 TRAINING: HOW TO DEVELOP 
MANAGEMENT SKILLS, Lloyd Kelly, 
General Precision, Tarrytown, N.Y. 

A/4 HOW TO PLAN FOR MANAGE
MENT IN A GROWING ORGANIZA
TION, (speaker to be announced). 

Wednesday, Aug. 21 

Session 7: 

Marketing Electronic Products 
in Europe 

9:30-noon, Biltmore Ballroom 

Chairman: C. Gerald Diamond, Sensus In
ternational, San Francisco, Calif. 

7/1 HOW TO RESEARCH AND PLAN 
FOR EUROPEAN ELECTRONICS MAR
KETING. G. B. Levine, Mentor Interna
tional, San Francisco, Calif. 

7/2 U. S. EXPORT CONTROLS AND 
ELECTRONICS MARKETING IN EUR
OPE. Rauer H. Meyer, U. S. DepaTtment 
of Commerce, Washington, D.C. 

7/3 HOW TO SELECT AND WORK 
WITH REPRESENTATIVES AND LIC
ENSEES IN EUROPEAN ELECTRONICS. 
Pierre F. Simon, Machine & Products Co., 
New York N.Y. 

7/4 HOW TO ESTABLISH AND MAIN
TAIN A COMPANY SALES FORCE IN 
EUROPE. William P. Doolittle, Hewlett
Packard Co., Palo Alto, Calif. 

Session 8: 

Digital Encoding (Source Encoding) 
System~ 

9: 30-noon, Biltmore Renaissance 
Room 

Chairman: J. B. O'Neal Jr., North Caro
lina State University, Raleigh, N.C. 

8/1 INFORMATION RATES FOR DATA 
COMPRESSION. L. D. Davisson, Prince
ton University, Princeton, N.]. 

8/2 PREDICTIVE CODING OF SPEECH 
SIGNALS. B. S. Atal and M. R. Schroeder, 
Bell Telephone Laboratories, Murray Hill, 
N.J. 

8/3 CONTOUR CODING OF IMAGES. 
W. F. Schreiber and T. S. Huang, M.LT., 
Cambridge, Mass. 

8/4 FRAME-TO-FRAME DIGITAL 
PROCESSING OF TV PICTURES TO 
REMOVE REDUNDANCY. F. W. Mounts 
Bell Telephone Laboratories, Holmdel: 
N.]. 

(continued on page 68) 
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WESCON TECHNICAL PROGRAM EXCERPTS 

(continued from page 67) 

Session 9: 

Integrated Circuits: How Do You 
Test Them? How Much Testing 
Must You Do? 

9: 30-noon, Biltmore Bowl 

Chairman: Raymond D. Speer, Electronic 
Design Magazine, New York, N.Y. 

9/1 IC TESTING - THE PROBLEMS 
OF THE INDUSTRIAL USER, Dick Hall, 
Systron Donner Corp., Concord, Calif. 

9/2 THE PROBLEMS Of' THE MILI
T.;\RY-ORIENTED USER, (Speaker to 
be announced.) 

9/3 THE MANUFACTURER'S VIEW
POINT, Gene Blanchette, Motorola Semi
conductor Products, Phoenix, Ariz. 

9/4 THE CAPABILITIES OF THE LOW
VOLUME TESTER, GaTy Strong, Signetics 
Corporation, Sunnyvale, Calif. 

9/5 THE CAPABILITIES OF HIGH
VOLUME TESTER, Gordon Padwick, 
Fairchild Instrumentation, Sunnyvale, 
Calif. 

Session 10: 

Flat Panel Displays 

9: 30-noon, Biltmore Galeria Room 

Chairman: L. A. Murray, RCA Electronic 
Components, Somerville, N.J. 

10/1 BATCH-PROCESS ALPHANUM
BERIC DISPLAYS. R. Klein, S. Caplan 
and A. Elsea, RCA Electronic Components, 
Somerville, N. J. 
10/2 SOLID-STATE INJECTION ELEC
TROLUMINESCENT ARRAYS. S. Cap
lan, L. Murray, andW. Agosto, RCA 
Electronic Components, Somerville, N. J. 

10/3 A 5-VOLT SOLID-STATE NUM
ERIC READOUT WITH MONOLITHIC 
MEMORY - DECODER - DRIVER. J. F. 
Caldwell, D. K. Hillman, and D. Seymour, 
Monsanto Company, St. Louis, Missouri. 

10/4 PLASMA DISPLAY PANEL. R. H. 
Willson, Defense and Space Center, West
inghouse Electronic Corp., Baltimore, Md. 

Special Session B: 

Planning for Company Growth 

2-4: 30 pm, Biltmore Ballroom 

Chairman: Dr. John M. Salzer, Salzer 
Technology EnterpTises, Los Angeles, 
Calif. 

B/I TECHNOLOGICAL FORECAST
ING. Dr. Harper North, TRW, Inc., and 
Donald L. Pyke, TRW, Inc., Los Angeles. 
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B/2 CHOOSING CORPORATE STRA
TEGY IN THE ELECTRONICS INDUS-

. TRY. Phillip F. Meyers, Electronic Spe
cialty Co., Los Angeles. 

B/3 CORPORATE PLANNING FOR DI
VERSIFICATION AND GROWTH. 
I. Gordon Odell, North American Rock
well, El Segundo, Calif. 

B/4 NEAR-TERM IMPLEMENTATION 
OF LONG-RANGE OBJECTIVES. J. W. 
Stark, Librascope Group, General Pre
cision Systems Inc., Glendale, Calif. 

Session 12: 

New Developments in Digital 
Communications 

2-4: 30 pm, Biltmore Renaissance 
Room 

Chairman: R. E. Heckert, Hughes Aircraft 
Co., Fullerton, Calif. 

12/1 ADEM, A NEW ADAPTIVE DATA 
EQUALIZED MODEM. D. M. Motley and 
G. K. McAuliffe, Anaheim, California, R. 
Northrup, USAF Rome Air Development 
Center, Griffis AFB, Rome, N.Y. 

12/2 SOME FEATURES OF THE HC-
278 MODEM. J. E. TofHer and P. N. Win
ters, Hughes Aircraft Company, Fullerton, 
Calif. 

12/3 QUADRATURE SIGNAL PRO
CESSING TECHNIQUES: P. N. Winters, 
Hughes Aircraft Company, Fullerton, 
Calif. 

12/4 EQUALIZATION FOR DATA 
TRANSMISSION. D. M. Motley and G. 
K. McAuliffe, Autonetics, Anaheim, Calif. 

Session 13: 

The Computer as a Control Device 
for Testing Equipment 

2-4:30 pm, Biltmore Music Room 

Chairman: John J. Szalay, Industrial Cor
poration of America, Los Angeles, Calif. 

13/1 PROGRAMMING REQUIRE
MENTS FOR TESTING CONTROL 
COMPUTER. William W. McGhee, Lit
ton Industries, Woodland Hills, Calif. 

13/2 INTERFACE DESIGN CONSIDER
ATIONS AND CONSTRAINTS. Wallace 
W. Mingus, Litton Industries, Woodland, 
Hills. 

13/3 HARDWARE-SOFTWARE TRADE
OFFS WHEN APPLYING COMPUTERS 
TO TESTING. James E. StuehleT, .IBM 
Systems Manufacturing Div., San Jose, 
Calif. 

13/4 ADVANCES OF MAGNETIC RE
CORDING MEDIA. George E. Wilhelm, 
Thin Film Inc., Los Angeles, Calif. 

Session 14: 

Application of Mathematical 
Programming Methods in 
Engineering Design 

2-4: 30 pm, Biltmore Galeria Room 

Chairman: Daniel Tabak, Wolf R&D 
Corp., Riverdale, Md. 

14/1 IDENTIFICATION OF LINEAR 
SYSTEMS USING MA THEMA TICAL 
PROGRAMMING. R. W. Harrison, Leeds 
& Northrup Co., North Wales, Pa. and 
K. A. Fegley, University of Pennsylvania, 
Philadelphia, Pa. 

14/2 OPTIMIZATION OF A MULTI
STAGE FLASH DESALINIZATION 
PLANT. J. H. Beamer and D. J. Wilde, 
Stanford University, Stanford, Calif. 

14/3 DESIGN OF DIGITAL CONTROL
LERS FOR NONLINEAR SYSTEMS BY 
MATHEMATICAL PROGRAMMING. 
G. Porcelli, General Electric Co., Phila
delphia, Pa., D. Tabak, Wolf R&D Corp., 
K. A. Fegley, University of Pennsylvania. 

14/4 A COMPUTATIONAL PROCE
DURE FOR FIXED-TIME }'UEL-OPTl· 
MAL CONTROL OF LINEAR ST A TE
CONSTRAINED SYSTEMS. A. F. Fath, 
Boeing Scientific Research Labs., Seattle, 
Washington. 

Thursday, Aug. 22 

Session 15: 

Fluidic-Electronic Analogies 

9:30-noon, Biltmore Bowl 

Organizer: Dr. John M. Salzer, Salzer 
'Technology Enterprises, Los Angeles, 
Calif. 

Chairman: Albertus E. Schmidlin, General 
Precision Systems, Glendale, Calif. 

15/1 ANALYTICAL TECHNIQUES FOR 
FLUIDIC ANALOG SYSTEMS. Ruel Ross 
Clark, Imperial-Eastman Corp. 

15/2 DEVELOPMENT OF A FLUERIC 
AMPLIFIER TRANSFER MATRIX. 
Francis J. Manion, Hany Diamond Labs, 
Washington, D.C. 

15/3 A-C FLUIDICS. Carl W. Woodson, 
General Electric Co. 

15/4 FLUIDIC DIAPHRAGM LOGIC. D. 
F. Jensen and R. R. Schaffer, IBM Systems 
Development Division. 

Session 16: 

Optics and Electro-Optics in 
Computers 

9:30-noon, Biltmore Music Room 

Chairman: B. R. Shah, IBM Corp., Pough
keepsie, N.Y. 

Co-Chairman: T. J. Harris. IBM Corp., 
Poughkeepsie, N.Y. 

16/1 SOME CONSIDERATIONS IN THE 
DESIGN OF A LASER THERMAL
MICRO IMAGE RECORDER. C. O. Carl
son, D. Ives, National Cash Register Corp. 
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16/4 K.E.st.Ai{CH Vi" Ll\'':'l'..K':' i'UK 

LOGIC CIRCUITS. W. F. Kosonocky, 
RCA Laboratories, Princeton, N.J. 

16/5 OPTICAL INTERCONNECTIONS 
IN COMPUTERS. K. L. Konnerth, B. R. 
Shah, IBM Corp. 

16/6 UNCOMMON. ELECTRO-OPTICS 
FOR DISPLAY AND PROCESSING. W. 
J. Poppelbaum, M. Faiman, University of 
Illinois. 

Session 17: 

Significant Developments in 
Magnetic Devices 

9: 3D-noon, Biltmore Galeria Room 

Organizer: Herman I. Tillinger, Bell Tele
phone Labs, Whippany, N.J. 

Chairman: Harold Lord, Consulting En
gineer, Mill Valley, Calif. 

17/1 RELIABILITY CONSIDERATIONS 
IN ELECTRONICS TRANSFORMERS 
FOR SPACE APPLICATIONS. E. Wiler, 
Jet Propulsion Laboratory, Pasadena, 
Calif. 

17/2 THE P ARAFORMER - A NEW 
'PASSIVE POWER CONVERSION DE
VICE. S. D. Wanlass, Wanlass Electric Co., 
Santa Ana, Calif. 

17/3 MINIATURE LAMINATED CORES 
OF IMPROVED PERMEABILITY FOR 
LOW FREQUENCY TRANSFORMERS 
AND REACTORS. G. B. Finke and W. T. 
Mitchell, Magnetic Metals Co., Camden, 
N.J.-
17/4 NEW MAGNETIC SWITCH EX
PLODING BRIDGE WIRE FIRING SYS
TEM AND DESIGN PROCEDURE. K. 
Aaland, Lawrence Radiation Laboratory, 
LivermoTe, Calif. 

17/5 DESIGN CONSIDERATIONS OF A 
TWO-TRANSFORMER SERIES FEED
BACK CONVERTER. R. L. Peterson, Lit
ton Industries, Woodland Hills, Calif. 

Session 21: 

Computerized Pattern Recognition 
and Communication 

2-4: 30 pm, Biltmore Music Room 

Chairman: Edward A. Patrick, Purdue 
University, Lafayette, Ind. 

21/1 FEATURE SELECTION IN PAT
TERN RECOGNITION AND COMMU
NICATIONS. K. Fukunaga, Purdue Uni
versity, Lafayette, Ind. 

21/2 ESTIMATION AND RECOGNI
TION WITH COMPUTER OUTPUT 
DISPLAY. E. A. Patrick, Purdue Univer
sity. 

21/3 DEMO I-A SUPERVISED/UN
SUPERVISED PORTABLE LEARNING 
COMPUTER .. F. C. Monds, The Queen's 
University of Belfast, Northern Ireland, 
and G. Carayannopoulos, Purdue UnivCT
sity. 
21/4 FEEDBACK SIGNAL DESIGN FOR 
MULTI-CLASSES SOURCES. J. Y. S. Luh, 
Purdue University. 

Wt::~(;UN TECHNiCAL t-"ROGnAiVi C:XCERPTS 

Friday, Aug. 23 

Session 24: 

Advances in Materials for 
Tomorrow's Electronics 

9: 3D-noon, Biltmore Renaissance 
Room 

Organizer: P. Michael Sinclair, Industrial 
Research Magazine, Beverly Shores, Ind. 
Chairman: Irwin Stambler, Industrial Re
search Magazine, Los Angeles, Calif. 

24/1 FOURTH PERIOD COMPOUND 
SEMICONDUCTORS. Rudolph August, 
Autonetics, Research & Engineering Divi
sion, Anaheim, Calif. 

24/2 FERROMAGNETIC MATERIALS. 
Eberhard Schwabe, RCA Memory Pro
duction Division, Needham, Mass. 

24/3 ADVANCES IN SUPERCONDUC
TIVE MATERIALS. Juri Matisoo, IBM 
Watson ReseaTch Center, Yorktown 
Heights, N.Y. 

24/4 THE ALL-PLASTIC TRANSISTOR. 
Jerome J. Surran, General Electric Elec
tronics Laboratory, Syracuse, N.Y. 

Session 25: 

Qualitative Pattern Recognition 
Through Image Shaping 

9:30-noon, Biltmore Music Room 

Chairman: H. Hemami, Ohio State Uni
versity. 

25/1 QUALITATIVE PATTERN REC
OGNITION VIA OPTICAL SYSTEMS. 
'H. Hemami, Ohio State University, Co
lumbus, Ohio. 

25/2 EDGE ENHANCEMENT OF PHO
TOGRAPHIC IMAGERY-A MATHE
MATICAL REPRESENTATION AND 
OPTICAL IMPLEMENTATION. W. F. 
Haagen, Bendix Electro-Optics Division, 
Ann Arbor, Mich. 

25/3 CHARACTER RECOGNITION VIA 
FOURIER DESCRIPTORS. E. L. Brill, 
Battelle Memorial Institute, Columbus, 
Ohio. 

Session 26: 

High Power Solid-State Inverters 

9:30-noon, Biltmore Galeria Room 
Chairman: David W. BOTst, International 
Rectifier, El Segundo, Calif. 

26/1 THREE-PHASE STATIC INVERT
ERS. Stuart J. Jackson, Solidstate Controls 
Inc., Columbus, Ohio. 

26/2 STATIC INVERTERS IMPROVE 
CONTROL RELIABILITY. Robert Ros
ko, Public Service Electric and Gas Co 
Newark, N.J. 

26/3 INVERTERS AND THE APPLICA
TIONS. K. Lach and J. Riordan, Networks 
Electronic, Chatsworth, Calif. 

26/4 INVERTER THYRISTORS
WHAT AFFECTS THEM-HOW TO 
CHARACTERIZE THEM. D. Cooper and 
D. Borst, International Rectifier, El Segun
do, Calif. 

Session 27: 

The Computers Impact on Power 
Systems 

2-4:30 pm, Biltmore Renaissance 
Room 

Chairman: P. G. Lowery, Department of 
Water and Power, Los Angeles, Calif. 

27/1 GRAPHIC DISPLAY FOR POWER 
SYSTEM CONTROL COMPUTERS. Ray
mond C. Burt, Los Angeles Department of 
Water and Power. 

27/2 DYNAMIC SIMULATION OF POW
ER SYSTEMS. Robert C. Durbeck, IBM 
Research Laboratory, San Jose, Calif. 

27/3 COMPUTER CONTROL OF POW
ER SYSTEM. M. D. Liechty, Leeds and 
Northrop Co., San Francisco, Calif. 

27/4 THE ROLE OF COMPUTERS IN 
VERY LARGE POWER INTERCON
NECTIONS. (Author to be announced.) 

Session 28: 

Panel: The Impact of New Tech
nology on Data Communication 

2-4: 30 pm, Biltmore MusiC Room 

Chairman: Richard A. Gibby, Bell Tele
phone Laboratories, Holmdel, N.J. 

Moderator: George Gilman, Mitre Corp., 
Bedford, Mass. 

The panel will discuss imminent changes 
in the data communication field resulting 
from present-day and predictable techno
logical improvements. 

28/1 James Babcock, Allen Babcock Com
puting Inc., Los Angeles. 

28/2 Dean Gillette, Bell Telephone Lab
oratories, Holmdel, N.J. 

28/3 Richard Petritz, Texas Instruments, 
Dallas, Texas. 

28/4 Virgil Vaughan, American Telephone 
& Telegraph, New York City. 

28/5 Ted Glaser, Case Institute, Cleveland, 
Ohio. 

28/6 Merlin 'Smith, IBM Corp., ATmonk, 
N.Y. 

28/7 Charles Strom, Rome Air Develop
ment AFB, N.Y. 
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1968 INTER'NATIONAL ELECTRO'NIC 
CIRCUIT' PACKAGING SYMPO'S,IU·M 

WESCON68 

August 19 and 20/Statier Hilton Hotel 

Monday, Aug. 19 

Session 1: 

Evaluating Plastic 
Encapsulated Semiconductors 

9:30 am-II :45 am 

Moderators: E. ]. Lorenz, IBM Corpora
tion, Poughkeepsie, N. Y., C. E. Smith, 
Lockheed California Company, Burbank, 
Calif. 

1/1 RELIABILITY OF SILICONE EN
CAPSULATED INTEGRATED 
CIRCUITS. R. C. McCoy, Signetics Corp
oration, Sunnyvale, Calif. 

1/2 STATUS OF PLASTIC SEMI CON -
DUCTOR ENCAPSULATION. Dr. Ste
phen Baird, Texas Instruments Inc., Dal
las, Texas. 

1/3 CHEMICAL AND MECHANICAL 
CONSIDERATIONS. Dr. E. D. Metz, Mo
torola, Inc., Phoenix, Ariz. 

1/4 TEST OF PLASTIC ENCAPSULA
TED SEMICONDUCTORS. E. B. Hakim, 
U.S. Army Electronics Command, Fort 
Monmouth, N.]. 

Luncheon Speaker: Dr. Morgan 
Sparks, Bell Telephone Labora
tories 

Session 2: 

Beam Lead Interconnection 
Technology 

1:15 pm-3:15 pm 

Moderators: H. J. Scagnelli, Bell Tele
phone Laboratories, Whippany, N. ]. 
M. I. Ross, Milton Ross Company, South
hampton, Pa. 

2/1 WOBBLE TABLE FOR THERMO
COMPRESSION BONDING BEAM
LEAD SILICON INTEGRA TED CIR
CUITS. J. E. Clark, Bell Telephone Lab
oratories, Whippany, N. ]. 

2/2 CROSSOVERS FOR USE IN HY
BRID INTEGRATED CIRCUITS. W. 
L. Harrod, Bell Telephone Laboratories, 
Naperville, Ill. 

2/3 MECHANICAL THERMAL PULSE 
MULTIPLE LEAD BONDING. R. H. 
Cushman, Western Electric Company, 
Princeton, N. J. 
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Session 3: 

New Hybrid Microelectronic 
Packaging Techniques 

3:30 pm-5 pm 

Moderators: G. E. Gless, University of 
Colorado, Boulder, Colorado. Alfred Levy, 
RCA West Coast Division, Van NllyS, 
Calif. 

3/1 THERMAL DESIGN PARAMETERS 
OF MUL TICHIP INTER-CONNECTION 
SYSTEM PACKAGING. Maurice B. Sham
ash, Westinghouse Electric, Baltimore, Md. 

3/2 TERNARY ALLOY ELECTRODE 
PASTES. L. F. Miller, IBM Components 
Div., Hopewell Junction, N.Y. 

3/3 MICROELECTRONIC INTERCON
NECTIONS THROUGH HIGH TEM
PERATURE INSULATIONS. S. A. 'Bi
roczky, IBM Components Division, Hope
well Junction, N.Y. 

3/4 COMPUTER-AIDED HYBRID MI
CROCIRCUIT MASK LAYOUT PRO
GRAM. D. M. Meadows, Lockheed-Geor
gia Company, MaTietta, Georgia. 

Tuesday, Aug. 20 

Session 4: 

Packaging Design
Testing and Analysis 

8:30 am-IO:30 am 

Moderators: W. J. Prise, Lockheed Missiles 
& Space Company, Sunnyvale, Calif. T. A. 
Telfer, General Electric Company, Utica, 
N.Y. 

4/1 VIBRATION ANALYSIS OF COM
PLEX PACKAGED ELECTRONIC 
EQUIPMENT. S. F. Mercurio, Sperry Gy
roscope Division, Great Neck, N.Y. 

4/2 EFFECTS OF THE STERILIZATION 
PROCEDURE ON EMBEDDED ELEC
TRONIC MODULES. Robert R. Prud
homme, Martin Marietta Corp., Denver, 
Colo. 

4/3 A MULTIPLE ENVIRONMENT 
TEST SYSTEM FOR COMBINED VI
BRATION -VACUUM -TEMPERATURE 
TESTING. William L. Tierney, Lockheed 
Missiles & Space Co., Sunnyvale, Calif. 

4/4 USE OF SILICONE AND URE~ 
THANE IN HIGH DENSITY AND HIGH 
VOLTAGE PACKAGES FOR SPAOE. 
John R. Dow, Sylvania ElectTOnic Systems, 
Needham Heights, Mass. 

Session 5: 

Meeting the Challenge in 
Electronic Packaging 

10:45 am-3:15 pm 

Moderators: R. C. Mayne, Jet Propulsion 
Laboratory, Pasadena, California. E. C. 
Ncidel, Sandia Corporation, Albuquerque. 
N.M. 

5/1 TERMINATING ALUMINUM CON
DUCTORS. Timothy Lemke, AMP Inc., 
Harrisburg, Pa. 

5/2 MECHANICAL PACKAGING DE
SIGN OF ANTENNA CONTROL ELEC
TRONICS FOR INTELSA T III. Paul E. 
Hirtle, Sylvania Electronics System, Need
ham Heights, Mass. 

LUNCH, Noon-l: 15 pm 

5/3 THERMAL CONSIDERATIONS 
AND TECHNIQUES FOR ELECTRONIC 
CIRCUIT PACKAGES IN MODERN 
DIGITAL COMPUTERS. R. C. Chu; M. 
G. Cohen; J. H. Seely, IBM Corporation, 
Poughkeepsie, N.Y. 

5/4 THE SELECTION OF HOUSINGS 
FOR ELECTRONIC PACKAGING IN 
THE SPACE INDUSTRY, James J. Kauf
man, Astrionics Laboratory, NASA, Hunts
ville, Ala. 

5/5 QUALITY CONTROL IN SEMICON
DUCTOR MANUFACTURING
A PLANT-WIDE APPROACH. John E. 
Wilford, IBM Corp. Hopewell Junction, 
N.Y. 

Session 6: 

Linking the Electronics 

3:30 pm-5 pm 

Moderators: D. A. Beck, Bendix Research 
Laboratories, Southfield, Michigan, J. R. 
Goodykoontz, TRW Systems, Redondo 
Beach, Calif. 

6/1 USE OF FLAT CABLES IN THE 
SPECTRA 70 COMPUTER. G. R. Gasch
nig, RCA Information Systems Division, 
Camden, N.]. 

6/2 PRINTED CIRCUIT CONDUCTOR 
WIDTHS FOR HIGH CURRENT APPLI
CATIONS. M. Friar and R. H. McClurg, 
IBM Corporation, Kingston, N.Y. 

6/3 OPTIMUM MULTILAYER TRANS
MISSION LINE DESIGN HIGH DENSITY 
PICOSECOND DIGITAL APPLICA
TIONS. John]. Surina, RCA, Camden, 
N.]. 

6/4 A PATTERN -GENERATOR SYS
TEM HARDWARE/SOFTWARE. Frank 
E. Grace, IBM Corporation, Poughkeepsie, 
N.Y. 

COMPUTER DESIGN / AUGUST 1968 



DESIGNING WITH HYBRID 

MICRO-ELECTRONICS SYMPOSIUM 

WESCON 68 

August 21 and 22/Statler Hilton Hotel 

Wednesday, Aug. 21 

Session 1: 

An Introduction to Hybrid 
Microelectronic Circuits 

9:20 am-10:30 am 

Moderator: Frank Siegel, Philbrick-Nexus, 
Canton, Mass. 

1/1 HYBRID MICROELECTRONICS 
TERMINOLOGY AND CLASSIFICA
TIONS. Stanley M. Stuhlbarg, Raytheon, 
Company, Bedford, Mass. 

1/2 HOW TO GET STARTED IN HY
BRID ,MICROELECTRONICS. Wayne 
Moyers, Lockheed Electronics, Plainfield, 
N.J. 

Session 2: 

Design and Layout of 
Hybrid Circuits 

10:45 am-noon 

Moderator: Frank Siegel, Philbrick-Nexus. 
2/1 THICK FILM HYBRID CIRCUITS. 
F. Z. Keister, Hughes Aircraft Company, 
Culver City, Calif. 

2/2 THIN FILM HYBRID CIRCUITS. 
Harold Larsen, Halex, Inc., EI Segundo, 
Calif. 

Luncheon Speaker: Dr. Daniel 
Noble, Motorola, Inc. 

Session 3: 

Network Processing 

1:30 pm-2:45 pm 

Moderator: Jules Rothman, IKOR COT
poration, Burlington, Mass. 

3/1 THICK FILM HYBRID CIRCUITS. 
Dr. Henry Nester, Microtek Electronics, 
Inc., Cambridge, Mass. 

3/2 THIN FILM HYBRID CIRCUITS. 
Dr. C. E. Drumheller, Megadyne, Inc., Ro
chester, N.Y. 

Session 4: 

Device and Array 
Microassembly 

3 pm-5 pm 

Moderator: Jules Rothman, IKOR Cor
poration 

4/1 DEVICE MICROASSEMBLY - AN 
OVERVIEW. Michael Ohanian, Oak 
Electro-Netics COTporation, Crystal Lake, 
Ill. 

4/2 BEAM-LEAD DEVICES. Paul Mal
lery, Bell Telephone Laboratories, Murray 
Hill, N.J. 

4/3 MEDIUM-SCALE INTEGRATION. 
W. Peter Dean, Philco-Ford Corporation, 
Spring City, Pa. 

Thursday, Aug. 22 

Session 5: 

Why Use Hybrid 
Microelectronics? 

9:00 am-IO am 

Moderator: Donald Sherman, Raytheon 
Company, Andover, Mass. 

5/1 COST EFFECTIVENESS. E. Ross Mul
len, U.S. Navy Air Development Center, 
Johnsville-Warminster, Pa. 

5/2 RELIABILITY. E. F. Platz, IBM, East 
Fishkill Facility, Hopewell Junction, N.Y. 

Session 6: 

Packaging of Hybrid 
Microelectronic Circuits 

10 am-noon 

Moderator: Donald Sherman, Raytheon 
Company. 

6/1 HYBRID CIRCUIT PACKAGING
AN OVERVIEW. David Nixen, Autonetics 
Division, North American Rockwell, Ana
heim, Calif. 

- 6/2 MICROCIRCUIT PACKAGING AND 
HERMETIC SEALING. Dr. Gerald K. 
Fehr, Texas Instruments, Inc., Dallas, 
Texas. 

6/3 ENCAPSULATION. John Hull, Hull 
Corporation, Hatboro. Pa. 

Session 8: 

Applications and 
Case Histories 

3 pm-5 pm 

Moderator: Wayne Martin, Zenith Radio 
Corporation. 

8/1 LARGE SCALE USE OF THICK 
FILMS. Robert R. Leonard. Honeywell 
Corporation, Waltham, Mass. 

8/2 THIN FILM CIRCUITS. William L. 
Shockley, Collins Radio Company, Dallas, 
Texas. 

8/3 SPACE APPLICATIONS. J. R. Fris
sora, Space & Tactical Systems Corpora
tion, Burlington, Mass. 

EFC 
fiberoptics 

for 
computer 

applications 
Punched Card and 

Tape Readers 

Reflective Readers 

Light Piping 

For deSigners, specifiers and buyers of 
fiberoptic components in the computer 
or peripheral equipment industries, there 
is now a single source of design and 
manufacturing capability to meet your 
requirements ... with competitive prices, 
firm deliveries and conscientious service. 
For more information, write or call 

ELECTRO FIBER'O'PTICS 
CORPORATION 

45 Water Street, Worcester, Mass. 01604 

Phone 617 791-7391 

Write for this booklet called Sine Waves and 
Light Pipes-an introduction to Electro Fiber
optics Corporation-plus technical data sheets. 

CIRCLE NO. 48 ON INQUIRY CARD 
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WESCON 68 EXHIBITS 
Show hours at the Sports Arena and Hollywood Park 

Tuesday, August 20 - 10 a.m. to 5:30 p.m. 
Wednesday, August 21 - 10 a.m. to 9:30 p.m. 
Thursday, August 22 - 10 a.m. to 9:30 p.m. 
Friday, August 23 - 10 a.m. to 5:30 p.m. 

LJ 

PRODUCTS TO BE INTRODUCED AT THE SHOW 
Booth assignments have also been included in the New Product Section in 
this issue for additional products that will be sho~n at WESCON. 

TAPE READER/SPOOLER 
An ultra high speed, photoelectric 

punched tape reader, model RR-I002, 
and matching tape spooler, model RS-
1000, operate at a reading speed of 
1000 characters per second and rewind 
or search at 2000 characters per second. 
They are available in unidirectional 
and bidirectional models with 10Y2 
inch diameter reels having tape storage 
capacities of up to 2040 feeL! The 
reader is available with several output 
and drive modes including integrated 
circuit compatible modes. Remex Elec
tronics, A Div. of Ex-Cell-O Corp., 
Hawthorne, Calif. See at WESCON 
Booths 3122-3123. 
Circle No. 261 on Inquiry Card. 
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Arena 

Hollywood Park 

MICROCIRCUIT LOGIC CARDS 

A family of TTL microcircuit logic 
cards designated Type C150 P feature 
plastic plug-in package integrated cir
cuits. The C150 P Series is electric"Uy 
and mechanicaliy identical to the stan
dard C150 Series and offers up to 30% 
savings in price where the hermeticity 
of a ceramic package is not required. 
The logic cards cover the complete 
spectrum of logic functions including: 
gates, flip-flops,· pulse shapers, clock 
sources, drivers, counters, shift registers, 
adders, converters, amplifiers, and mul
tiplexers. These logic cards combine 
the reliability and light, compact fea
tures of monolithic circuit modules 
with standard proven packaging tech
niques to provide exceptional economy 
without trade-offs in performance. Con
trol Logic, Inc., Natick, Mass. See at 
WESCON Booths 182-183. 
Circle No. 260 on Inquiry Card. 



TAB READER 

A 51 x 12 tab reader which supplies 
a full 612 bits from a standard SO x 12 
IBM punched card, is designed for data 
acquisition, process control and pro
duction control applications. The tab 
reader has an advanced contact system 
that eliminates unreliable thru-card 
contacts and prevents lint and dirt 
.Ifrom impairing operation. The new 
design also does away with varying 
contact resistance caused by the accum
ulation of contaminants on conven
tional P.C. switch elements under a 
punched card. 

The unit includes an electrical lock
out to prevent contact closure before a 
card is fully inserted and properly ori
ented. Units can be supplied with dif
ferent terminations to fit specific cus
tomer requirements. Sealectro Corp., 
Mamaroneck, N. Y. See at WESCON 
Booths 204-206. 

Circle No. 257 on Inquiry Card. 

CUP CLIP HEAT SINKS 

The Series 260 cup clip heat sinks 
for TO-5 and TO-IS case style transis
tors, are insulated or non-insulated, with 
three types of bases. There is a plain 
mounting base which can be soldered 
into place, can be epoxy bonded, or 
can be used with pan head screws. The 
tapped base and stud mounting base 
are the other two types yf mountings. 
There are two types of -Insulated Cup 
Clips: epoxy insulated for economy and 
beryllium oxide insulated units for ap
plications requiring low stray capacity 
to the heat sink. 

The cup clips are made of beryllium 
copper alloy # 10 per MIL-C-SI021 
with brass bases per QQB626a COMPo 
22, each having black cadmium plate 
finish per MIL-QQ-P-416 Type II Class 
2. Wakefield Engineering, Inc., Wake
field, Mass. See at WESCON Booth 
734. 

Circle No. 256 on Inquiry Card. 

Challenge: 

Put a room-sized computer into 
a single "black box" for tomorrow's 
avionics, missile and space systems. 
Like to help us raise a new family of microelectronic digital computers? Namely, the MAGIC 300 series. 
This third-generation computer family ranges from a limited-function simple serial machine with core 
memory, capable of performing a typical inertial navigation and display problem, to high performance 
paralleled machines with transfluxor memories able to operate in advanced data processing systems incor
porating optimal Kalman filtering techniques. Members of this digital systems family will playa vital role 
in such programs as Titan" I, SSCNS, Military and Commercial Avionics, SRAM, and the new Main Battle 
Tank, a joint U.S. Federal Republic of Germany program. 

Check the job openings below. Write, or call collect: R. W. Schroeder, Director of Scientific & Professional 
Employment, Box 3434, AC Electronics Division, Milwaukee, Wisconsin 53201, (414) 762-7000. 

Real Time Programmers-Perform system program
ming for special-purpose airborne digital and hybrid 
computers to achieve optimum systems performance. 
Checkout of these programs and engineering analysis. 
Degree and minimum of one year allied experience. 

Digital Circuit Designers-Design, checkout and 
evaluation of electronic circuits as applied to special
purpose digital and hybrid airborne computers. Degree, 
plus two or more years' experience desirable. 

Computer Logic Designers-Develop and optimize 
advanced logic input-output design for use in real time 
computer applications. Familiarity with current micro-

logic elements and their application is required. 

Design and Programming Aids-Develop highl)' 
automated systems for designing, fabricating, and 
programming small special-purpose computers, in
cluding the development of programs and techniques 
to code, assemble, simUlate, and analyze operational 
programs. 

Digital Test Equipment Designer-Design and 
checkout of digital test equipment associated with 
computer testing. Requires knowledge of large com
puter interface requirements, logic design, and 
production test requirements. Experience in time shar
ing and SEL computers is desirable. 

MARK OF EXCELLIENCE 

CIRCLE NO. 59 ON INQUIRY CARD 
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WESCON PRODUCTS 

GENERAL PURPOSE COMPUTER 

V' •• , ". 
'"' - --..,. --- - - -... .;: 

-.,. -.".... - - ,;; 

The DT-1600 general purpose, digi
tal computer is an ideal machine for 
industrial applications where reliabil
ity and economy are key user requi
sites. It features all Ie digital circuitry, 
17,000 hour MTBF, 8 bits word size, 
4K memory (expandable to 16K), small 
size (8% X 17 X22"), light weight: 28 
Ibs., and low cost, including complete 
software. 

The machine's memory cycle time 
was designed at 8 p's to eliminate criti
cal pulse timing problems, especially 
when communicating with peripheral 
devices. Large memory cores are used 
with high threshold level circuits to 
establish high noise rejection. 

A conservative circuit design allows 
user replacement of any card (includ
ing the memory stack) without special 
circuit tuning. The machine operates 
reliably to 45°C. The set of 73 instruc
tions are optimized to make input/out
put and test-and-branch operations ex
tremely flexible, efficient, and easy-to
use. The DT-1600 interfaces directly 
with DTL integrated circuits. Data 
Technology Corp., Mountain View, 
Calif. See at WESCON Booths 3132-
3133. 

Circle No. 259 on Inquiry Card. 
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IC DIGITAL PRINTER 

An integrated circuit digital printer, 
Model PR4900, has been designed pri
marily as a companion to Hickok's 
digital measuring system. However, it 
may be used with any device which 
provides 10-line decimal or BCD coded 
data. Voltage, frequency, time period, 
resistance, capacitance, or event counts 
are examples of the type of data which 
can be recorded on the printer. Up to 
ten lines of numeric and coded data 
can be printed from one or even two 
independent digital systems. The print 
command can be remote, local, or at 
calibrated time intervals switched in 36 
steps from the front panel from 10 
seconds to 120 minutes. Maximum 
print rate from external command 
pulses is 1 print per second. 

Simple ten-line decimal logic is stan
dard for the basic printed input. How
ever, by adding the appropriate decod
ing board (an internal plug-in), 1248, 
1242, 1224 BCD codes can also be used 
tp drive the unit. Print is either by 
pressure-sensitive paper or by inked 
impression of standard paper. The 
Hickok Electrical Instrument Co., 
Cleveland, Ohio. See at WESCON 
Booths 1401-1402. 

Circle No. 274 on Inquiry Card. 

LOW COST COMPUTERS 

The PDP-8/L ,the lowest cost, full
scale, 12-bit computer now available, 
and the 18-bit PDP~9 /L are designed 
for the OEM market and end users in 
education research, instrumentation 
and numerical control. The systems 
feature basic core memories of 4K 
words, expandable in the 8/L to 8K 
and in the 9/L to 32K. The 8/L, fea
turing a 1.6 p'sec cycle time, accepts 
software identical to that of the 8/1 
including FORTRAN and DEC's re
cently announced conversational lan
guage, FOCAL. A wide range of per
ipheral options, such as paper tape 
readers and punches, card readers, plot
ter, scopes, DECtape, disk and drum 
is also available. 

OSCILLOSCOPE SAMPLING HEADS 

Four sampling heads provide new 
measurement capabilities in Tektronix 
Type 561A, 564, 567 and 568 oscillo
scopes. The Type S-4 sampling head 
features a 25-ps risetime and DC-to-14 
GHz bandwidth. This 50-n sampling 
head gives increased detail and resolu
tion making fast pulse measurements. 
Type S-3 sampling probe head has 350-
ps rise-time and an input impedance of 
100 kn paralleled by 2.3 pF. The Type 
S-3 is designed to measure high impe
dance signal sources and is easy to use 
when probing into miniature circuits. 

The Type S-50 pulse generator head 
has a 25-ps rise time and features high 
resolution, 25-ps TDR measurement 
when used with the Type S-4 sampling 
head. Type S-51, I-to-18 GHz trigger 
countdown unit provides stable oscillo
scope triggering to 18 GHz and displays 
to 14 GHz and above with the Type S-4 
sampling head. Tektronix, Inc., Bea
verton, Oreg. See at WESCON Booths 
1606-1612. 

Circle No. 281 on Inquiry Card. 

The basic 9/ L features a 1.5 p'sec 
cycle time and a new Compact Software 
System consisting of assembler, debug
ging routines (Octal Debugging Tech
nique and Trace), Editor, Math Pack
age and Utility Programs. Expanded 
to 8K and larger, the 9/L will accept 
all PDP-9 software and most of its hard
ware including DECtape, plotters, data 
communication devices and AjD and 
D / A converters. Expanded to 16K and 
beyond, the 9/L, like the PDP-9, has 
the capability for background/fore
ground programming. This allows pro
gram development to be conducted 
concurrent with on-line activities. Digi
tal Equipment Corp., Maynard, Mass. 
See at WESCON Booths 3178-3181. 

Circle No. 263 on Inquiry Card. 
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DIGITAL-TO-ANALOG CONVERTER 

In response to digitally-coded in
puts, the Model 6933A digital-to-analog 
converter generates output voltages in 
a range between -10 V and + 1 0 V. 
Voltages can be selected with a resolu
tion of 1 mV and with ±0.01 % full
scale accuracy. 

The converter will find wide use in 
automatic systems for supplying test 
voltages or for operating voltage-con
trolled instruments. Stepping to a new 
voltage in less than 20 f.1.s, the converter 
is especially useful in systems where 
many tests must be performed quickly. 
Output is free of switching transients, 
overshoot is less than 1 %. 

Of special importance, the digital in
put ground is isolated from the dc out
.put ground. This makes it possible to 
ground the controlling equipment with
out compromising a floating ground at 
the output. Furthermore, isolation re
moves the danger of ground loops, 
which can be troublesome sources of 
interference in large systems. H ewlett
Packard, Harrison Div., Berkeley 
Heights, N.]. See at WESCON Booths 
1809-1822. 

Circle No. 252 on Inquiry Card. 

TRANSMITTER/RECEIVER IC's 
The RA-245 triple line transmitter, 

and the RA-246 triple line receiver in. 
tegrated circuits will operate three 
high-speed data lines up to 30 MHz 
simultaneously. The units are com
patible with all saturated logic IC's 
currently available. In addition, they 
feature high-noise immunity, high com
mon mode rejection, insignificant elec
tromagnetic generation and susceptibil
ity, improved speed/power perform
ance, and easily incorporated ground 
isolation between interfacing equip
ment, as compared to conventional line 
drivers now available. Designed to op
erate over the full military temperature 
range of -55°C to +125°, the units 
provide an interface between two sys
tems or subsystems linked together by 
50 ohm. balanced transmission lines. 
Terminating 50 ohm resistors are part 
of the monolithic receiver design. The 
circuits are available in TO-84 flat 
packs and ceramic dual in-line pack
ages. Radiation Inc., Microelectronics 
Div., Melbourne, Fla. See at WESCON 
Booths 147-148. 

Circle No. 265 on Inquiry Card. 

This is the most powerful, yet 
easiest to use, calculating/com
puting system available. It's also 
the most versatile. You can create 
your own individualized system 
by selecting true building block 
modules from a family of peri
pheral devices larger than all 
competitive calculating products 
combined. Start with a basic 300 
Series calculator if you like; add 
accessories. as needs grow without 
worrying about compatibility, ob
solescence, retraining or special 
program languages. The 370 will 
loop, branch, perform subroutines 
and manipulate arrays. You can 
have up to 480 steps of program 
storage and up to 64 separate data 
storage registers, also automatic 
typewriter or teletypewriter out
put, CRT graphic display and 
time-sharing basic keyboards for 
your associates. 

The 370 solves these problems ••• 

for Engineers and Scientists: 
Inversion of 6 x 6 Matrices, 
Roots of Equations, 
Up to 7 Simultaneous Equations, 
Fourier Analysis. 

for Statisticians: 
Mean, Variance and Standard 
Deviation, 
2nd-order Regression Analysis, 
Distributions such as: 
Binomial, Normal Probability, etc. 

And also: 
General Nth-order Regression, 
Multiple Regression, 
Analysis of Variance, 
Factorial Design. 

These and many other highly-use
ful programs are furnished free in 
a 250 page program library. Three 
volumes of basic calculator pro
grams and a two-volume 370 ref
erence manual are also offered. 
Call now for complete details. 

Solves problems 
ordinary calculators can't, 

full- scale computers 
shouldn't. 

Dept. BU, 836 North St., Tewksbury, Massachusetts 01876 • Tel. 617 851-7311 

Call today for immediate trial: 
(201) 241·0250 (216) 333·6611 (313) 278·4744 (416) 364·0327 (604) 685·2835 
(203) 223·7588 (301) 588-3711 (314) 727·0256 (504) 729·6858 (612) 881·5324 
(205) 595·0694 (301) 821·8212 (317) 631·0909 (505) 255·9042 (613) 224·4554 
(206) 622·2466 (303) 364·7361 (403) 266-1804 (512) 454·4324 (614) 488·9753 
(212) 682·5921 (304) 344·9431 (404) 457-6441 (513) 531·2729 (615) 588·5731 
(213) 278·3232 (305) 564·3785 (405) 842-7882 (514) 482·0737 (617) 851-7311 
(214) 361-4351 (305) 841-3691 (412) 366·1906 (518) 463·8877 (702) 322·4692 
(215) 642·4321 (312) 889-2254 (415) 454·4140 (602) 265·8747 (703) 877-5535 

CIRCLE NO. 38 ON INQUIRY CARD 
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CD PRODUCT FEATURE 

HARD-COPY CRT PRI NTER 
Produces Page Size Prints In Seconds 

76 

BETA INSTRUMENT CORPORATION 
Newton Upper Falls, Massachusetts 

The Model HC610 Betagraphics hard-copy CRT printer produces 
8Y2 x 11 inch prints of computer-generated graphics and alpha
numerics in seconds. The paper is exposed by images on the high 
resolution CRT and developed completely dry, no liquids being 
used. The Model HC610 is designed to be interfaced to a com
puter through d/a converters, coupled directly to a display con
troller or slaved to any other graphical computer display. 

The printer may be operated locally or remotely. Upon an 
EXPOSE-DEVELOP command, the. unit delivers a print of the 
graphical and/or alphanumeric image being produced by the 
computer in approximately 10 seconds. An EXPOSE command 
causes exposure, but not delivery until the DEVELOP command 
is initiated. This allows the Printer to perform graphical data 
processing by slow image build-up or multiple exposure. The 
former is useful for data which cannot be displayed at a flicker
free rate on a conventIonal CRT display due to high image con
tent or speed or memory limitations of the processing computer. 
The latter is useful for multi-step images from data that requires 
processing between overlays. The printer can also be used as a 
remote terminal where hard-copy reproductions of computer-gen
erated data are required. Applications other than computer peri
pheral include the recording of medical data such as EEG wave
forms and the printing of. motionless TV images. 

PRINTER DESCRIPTION 

The printer is a random-access X-Y device with dc-coupled inputs. 
It features high-speed magnetic deflection, geometry correction of 
the image and dynamic focus correction of the electron beam. 
The unit contains a printing module, optical assembly, high
resolution CRT assembly, stable and linear solid-state circuitry 
and regulated power supplies. The paper is suppied in rolls, and 
easily loaded from the front of the machine. If required, a view
ing screen can be furnished as an option. 

Two deflection inputs are provided for each axis - one for 
primary positioning, plotting and vectoring, the other for character 
deflection. Two intensification inputs are provided - one for un
blanking, the other for varying the intensity level. 

The deflection circuitry features excellent repeatability and 
linearity. Beam settling time across the 8 x 8 inch copy area is 
less than 12 p..s. The point-plotting rate is 500,000 points per 
second, the line-writing rate is 2 p..s per inch, and the character
writing bandwidth is greater than 1.0 MHz. 

OPERATION 

Operation is simple, with only three controls in addition to the 
power switch - an EXPOSE switch for the multiple overlay or 
slow-buildup mode, an EXPOSE-DEVIELOP switch for single ex
posure, development and delivery, and an exposure TIMER 
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INFORMA TION CONTROL CORPORA TION 

1320 EAST FRANKLIN AVE., EL SEGUNDO, CALIFORNIA 90245 / (213) 322-6930 / TWX (910) 348-6672 
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IQUESTION:I 

What are the 
#hang-ups" 

with high speed 
AtoD 

converters 
? 
• 

That's a question recently addressed to a group of engineers by 
Canoga. The response: "It's hard to test the unit before you actually hook it 

up to a computer-and then if you have any trouble, it really costs 
money in computer down-time." Another typical response: "you 

never know when you are over-range." A third: "They never meet accuracy 
or speed specs quoted and they are tough to adjust and service." 

Answer: The new Canoga high speed 
Analog to Digital Converter. It over
comes all of these problems and is 
now commercially available. The 
Canoga A to D Converter can be 
checked and the linearity can be veri
fied with just a sine wave generator 
and an oscilloscope. This built-in self 
test reduces worry about potential 
computer downtime. Problems of 
over-range data are eliminated with 
a unique alarm indicator and output 
data line which indicates whenever 
full scale is exceeded. 

FEATURES: 
• Built.inself~test 
_Twostepccmversion 

with en'or' correction 
•. ContinuollsftacKirig 
II' No Hnearityadjllstments 

Using a patented design with 
simple building blocks, this converter 
easily meets all accuracy and speed 
specifications and is easy to adjust 
or service. Solid state and modular in 
construction, the Canoga A to D con
verter combines the speed advantages 
of parallel comparison with the im
plementation ease of successive 
approximation. 

If you would like a demonstra
tion, please write, wire or phone Mr. 
C. W. Smith, General Manager, at 
the address below. 

DIGITAL PRODUCTS DIVISION 

canOEia 
CANOGA ELECTRONICS CORP., 8966 COMANCHE AVE., CHATSWORTH, CALIF. I (213) 341-3010 

CIRCLE NO. 40 ON INQUIRY CARD 
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(generally left alone once set). 
Lighted indicators show the opera
tor when the unit is ready for print
ing and when the paper is depleted. 
All command and status interface 
signals are available for remote op
eration. 

SPECIFICATIONS 

Image Characteristics 

Paper Deflection: Repeatability is 
±0.2%; Linearity is ±0.75% and 
Jitter is ±0.03% where maximum 
deviation from ideal location is any
where within useful copy area refer
enced to full copy width or height. 
Settling Time to 0.1 % of final value 
anywhere within copy area is 12 p.s. 
Point Plotting Rate is 500,000 
points per second. Line Writing 
Rate is 2.0 p.s. per inch. Character 
Writing Bandwidth is 1.0 MHz. 
Maximum Character Size for 1.0' 
MHz bandwidth is .125 inches., 
Copy Area is 8 x 8 inches. Density 
Background is approximately .15 
and Density Image: 1.5 minimum. 
Line Width is .020 inches for maxi
mum image density. 

Paper Characteristics 

The Maximum Print Size is 8Y2 x 
11 inches. Roll Size is 500 feet pro
viding approximately 545 prints per 
roll. Paper Thickness is .003 inches, 
with a Shelf Life of 6 months typi
cal. Print Exposure Time is ap
proximately 2 to 3 seconds, with ap
proximately 8 seconds required for. 
Processing and Delivery for a Total 
Retrival Time of approximately 8 
to 10 seconds. Operating Tempera
ture range is 65° to 85°F and Hu
midity limits are 10 to 60% . 

Front Panel Controls and Indicators 

Controls include: a Power Switch, 
Exposure Timer, a continuously 
variable knob that adjusts the ex
posure time over a range of 1 to 20 
seconds., EXPOSE Switch, a mo
mentary contact type that initiates 
an exposure., EXPOSE-DEVELOP 
Switch, a momentary contact type 
that initiates an exposure, develop
ment and paper delivery cycle, 
VIEW Switch (For units with a 
view screen only) which unbanks 
the CR T for visual presentation. 
Indicators included are a READY 
Light and a PAPER OUT Light. 
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Interface Signals for Remote 
Operation 

All interface signals are +3 volts 
for assertion, 0 volts for negation 
(compatible with TTL, DCL IC 
Logic). From the Printer Module: 
Cycle in progress, Print in progress 
(paper being exposed), Paper out, 
and Ready (printer module on and 
ready for cycle). To the Printer 
Module: Start expose cycle, Start 
expose-develop cycle and End ex
posure (for remote timing). 

Inputs 

Power: 105-125 volts ac, 57-63 cps, 
single phase, 2500 watts approxi
mately. Main Deflection: Ampli
tude - ±5 volts for a full 8 x 8 inch 
print format and will withstand 
overload inputs up to ±20 volts. Im
pedance - 5000 ohms. Secondary 
Deflection: Amplitude - ±2 volts 
for a .125 inch character height. 
Impedance - 5000 ohms. Intensi
fication: Amplitude - +3 or 
-3±0.5V Unblank, 0±0.5V Blank. 
Rise & Fall from 10% to 90% points 
on the output pulse, with a 75 ohm 
termination - 33ns Unblank, 35ns 
Blank. Delay from 50% point on 
the input pulse to 50% on the out
put pulse with a 75 ohm termina
tion - 3ns Unblank, 20ns Blank. 
Impedance - 2000 ohms (a 75 ohm 
removable termination is provided). 
Gray Level Amplitude is continu
ous from -5 to +5, -10 to 0 or 0 to 
+IOV. Bandwidth- 300 KHz min
imum (to -3 dB point). Impedance 
- 2500 ohms, minimum. 

Mechanical Outline 

The printer is packaged in a table
top cabinet and it can be rack 
mounted if desired. Cabinet dimen
sions are 22~" wide by 63Y2" high 
by 32" deep. Thirty inches of cabi
net height are available for the digi
tal controller and/or interface 
equipment. 

Price and Delivery 

The NIodel HC610 printer sells for 
$16,500 in quantities of 1 to 4 and 
$12,425 in quantities of 5 to 9. De
livery is 90 days after receipt of an 
order. 

For additional information circle 
No. 199 on Inquiry Card. 

Remexmade 
its name 

in other people's 
businesses. 

Look 
into the 
numerical 
control sys
tems of leading 
manufacturers and you'll 
find Remex reader / spoolers. 
For the same reason you'll 
find them in automatic test 
equipment and computer 
systems. Remex gives you 
predictable reliability. It 
isn't uncommon to run 200 
million characters without a 

sing Ie error. 
Beca use there are 

no contacts to wear out. 
No problems with dust or 
noise . Nothing but time 
tested components in every 
piece of equipment. Call 
213-772-5321, or write 
5250 W. El Segundo Blvd., 
Hawthorne, Calif. 90250. 
We'll send you our free 

"booklet, "Choosing Punched 
Tape Readers." 'XL~ 

~~ 

~'M . ...... 

~ 
REMEX ELECTRONICS® 

A UNIT OF EX-CELL-O CORPORATION 

See us at WESCON show 
booths 3122, 3123 
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TTL LOGIC LINE 
The MTTL III line of transistor-transistor logic has 

speeds approaching the limit of saturated logic and demon
strates improved performance over previous forms of TTL. 
In addition to five flip-flops and NAND gates, NOR, AND, 
and OR gates are available, thereby reducing system pack 
age count by eliminating inverting circuitry when a com
plementary function is needed. The MTTL III line ex
hibits a typical propagation delay of 6 ns and a power dis
sipation of 22 mW per gate. The 18 initial functions in the 
line are designed for operation over the commercial and 
industrial temperature range of 0 to + 75°C and are avail
able in the standard dual in-line Unibloc™ plastic package 
and the Y4 inch square ceramic flat pack. Known as the 
MC3000 Series, the commercial circuit line will soon be 
followed by the MC3100 Series designed for operation over 
the full military temperature range of - 55 to + 125°C. 
Motorola Semiconductor Products Inc., Phoenix, Ariz. 

Circle No. 200 on Inquiry Card. 

MEMORY PLANE AND STACie TESTEIl 
The Model 3702 memory plane and stack tester is de

signed primarily to test 2Y2D configurations and may be 
modified with standard options to provide 3D tests. Rise 
and fall times as fast as 30 ns can be achieved at line-to-line 
scan rates to five u.s. Maximum address-to-address deviation 
is one per cent.' System timing holds jitter to less than 
± 0.5 ns or ± 1% and stability to ± 1 % over eight hours. 
The system automatically store up to 16 errors locations 
and codes. The stored error locations are used as address 
skips or can be observed by selecting "cycle on error." The 
error register's content can be manually interrogated. The 
tester has an automatic programming mode that allows the 
system to sequence through selected modes while advancing 
through pattern selections. It also features a simplified 
control panel designed to minimize operator error and in
crease machine efficiency. Honeywell Computer Control 
Division, Framingham, Mass. 

Circle No. 225 on Inquiry Card. 
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BINA VIEW® READOUT 
The Bina-View® readout accepts any binary or teletype 

code up to six bits, does its own decoding and displays as 
many as 38 different characters or messages,. with a standard 
character height of 1 % inches. It may be driven directly 
from computers or other electronic equipment, and will 
operate on as little as 128 mW per bit and 4W per set pulse. 
This unique readout incorporates built-in memory and will 
not only continue to display the chosen message when all 
bit and set pulse power have been removed, but in the case 
of total power failure, the unit will retain and re-display 
the last character selected whenever power is restored. The 
standard displayed character color is white, and average 
character brightness is 85 foot lamberts when using the 
recommended 1886 lamp in a unit containing 12 character 
plates. Average lamp life is 3000 hours. Industrial Elec
tronic Engineers, Inc., Van Nuys, Calif. See at WESCON 
Booths 566-567. 

Circle No. 210 on Inquiry Card. 
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Brand-Rex 

didn't become the 

industry's largest 

suppl ier of computer 

wire and cable 

by overlooking 

U.L. approvals. 

In fact, 

we have more 

U.L. ok's for EDP 

products than 

any other wire 

and cable 

manufacturers. 

American 

Enka Corporation, 

Brand-Rex Division, 

Willimantic, 

Connecticut 06226. 

Phone 203-423-7771. 

I Make wire I the easiest part 
· of your next design 
I by making 

I ;~~::D-REX 
& 
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You've got a bigger 
logic selection 
with Cambion® 
IC Assemblies 
We started with the idea of providing the 
widest selection of standardized integrated 
circuit assemblies anywhere in the industry. 
We're over 200 already and continuing to 
add. 
You name the function you want and chances 
are we have a standard assembly for it, 
whether it's a counter, decoder, or register. 
We've even tried to anticipate your needs 
and have some complex functions available. 

STROBE 
(STOR
AGE) 

Up to 5 digit decade counters per card. 

And we'll help you design digital logic 
assemblies into efficient, low cost systems 
for a variety of special applications, if 
you wish. 
For complete information and specifics on 
integrated circuit assemblies, contact: 
Cambridge Thermionic Corporation, Digital 
Products Division, 453 Concord Avenue, 
Cambridge, Massacnusetts 02138. 
Phone: (617) 491·5400. 

®REG. u.s. PAT. OFF. 

Ciiiiiiioii® 
Standardize on CAMBION ... 
21,541 guaranteed electronic components 

CIRCLE NO. 42 ON INQUIRY CARD 
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NEW PRODUCTS 

'housing remains in the panel. Lamp 
replacement can be done in 5 seconds 
without the use of tools. Constructed 
of light-weight aluminum and thermo
set plastic the weight is held under 
0.9 oz. Single or double line engrav
ing on 1 in. and Y2 in. lenses are of
fered. All aircraft color lenses are 
available with lighted legends or 
lighted backgrounds. Clare-Pendar Co., 
Post Falls, Idaho. 
Circle No. 213 on Inquiry Card. 

DUAL FOUR-BIT LATCH IC 
The 9308 dual four-bit latch mon

lithic circuit can be used in military, 
computer, and industrial digital sys
tems requiring high speed perform
ance. The circuit features a latch time 
of 25 ns. Compatible with current sink
ing logic, the 9308 provides a multi
functional capability at a substantially 
lower cost than comparable discrete in
tegrated circuits. The design consists 
of two independent four-bit latch sec
tions, each with input enabling logic 
and an asynchronous overriding mas
ter reset terminal. High-drive and high
speed performance are achieved by ac
tive pull-up "totem pole" outputs. 

The 4-bit latch is ideal for use in 
such applications as data distribution 
systems, active memory stores, and 
register-to-register transfer networks. 
The circuit is available in a 24-lead 
hermetic Dual In-Line package and 
flatpack. Fairchild Semiconductor, 
Mountain View, Calif. 
Circle No. 204 on Inquiry Card. 

REDUNDANT CERAMIC 
CAPACITORS 

Using an exclusive new floating elec
trode design, these small ceramic capac
itors are said to be the first multi-layer 
redundant capacitors. They have· half 

the inductance of normal multi-layer 
ceramic capacitors and improved high 
frequency characteristics due to the 
symmetry of design. This new con
struction technique features two capac
itors in series within a single multi
layer structure, providing a high level 
of assurance against the short-circuit 
failure mode. They are available in 
radial or' axial cased capacitors, or in 
"chip" configurations with both High
K (W5P), and High-Q (COG) charac
teristics. Electro Materials Corp., San 
Diego, Calif. 
Circle No. 211 on Inquiry Card. 

BCD TO DECIMAL/DRIVER 
A TDD 11 00 low power monolithic 

BCD to decimal decoder/driver has 
been designed for driving gas filled in
dicator tubes or miniature dc compo
nents such as relays and miniature 
lamps, without the use of additional 
components. The circuit design util
izes High Level Transistor-Transistor 
Logic (HLTTL) gating and offers BCD 
inputs compatible with either HLTTL 
or DTL output levels. The TD 11 00 
provides a 70 V minimum breakdown 
voltage at 1.0 mA, which completely 
eliminates oscillation and unwanted 
background glow in indicator tubes. 
The unit is available for operation 
over the O°C to 70°C temperature 
'range in either a 16 lead dual-in-line 
plastic package, 16 lead dual-in-line 
hermetically sealed ceramic package, 
or a 22 lead hermetically sealed flat 
pack. Transitron Electronic Corp., 
Wakefield, Mass. See at WESCON 
Booths 352-354. 
Circle No. 205 on Inquiry Card. 

FOUR-BIT MOSFET ARRAY 
A complex monolithic MOSFET ar

ray, Type HRM2302 consisting of four 
type D flip-flop and twelve switches, is 
designed for digital-io-analog and ana
log-to-digital applications. The array 
is capable of performing 12-bit conver
sions at rates of approximately 100 !J.s. 
The Type D flip-flop allow DTL 
voltage levels to selectively set the 
MOSFET switches in their on or off 
condition. The .55" x .072" chip con
sists of 52 MOSFET devices which 
perform both digital and analog func
tions. All gate inputs are diode pro
tected, and the device is assembled in 
a % run 22-lead flat package. Hughes 
MOSFETS, Newport Beach, Calif. See 
at WESCON Booth Island "G". 
Circle No. 207 on Inquiry Card. 
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NEW PRODUCTS 

VOLTAGE PROTECTED RECTIFIERS 
A line of 70 A transient voltage pro

tected silicon rectifiers, designated as 
the ST-ll series, are available with 
PIV ratings from 100 to 1000. The 
units are hermetically sealed in stud 
mounted cases measuring only 15/16" 
in height, exclusive of the mounting 
stud. These high current rectifiers are 
designed primarily for application in 
computers, speed controls, power sup
plies, battery chargers, switch gear, vari
able drives, motors and generators. 
Sarkes Tarzian, Inc., Semiconductor 
Division, Bloomington, Ind. 

Circle No. 201 on Inquiry Card. 
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INTEGRATED RELAY LAMP DRIVER 
This integrated relay lamp driver, 

designated the MH0006C, is designed 
to accept standard DTL or TTL logic 
levels and drive a load of up to 300 
rnA at 28 V. Dual AND inputs are 
provided long with an EXPANDER 
connection, should additional gating 
be required. The addition of an exter
nal capacitor provides control of the 
rise and fall times of the output in 
order to decrease cold lamp surges or 
to minimize· electromagnetic interfer
ence if long lines are to be driven. 
National Semiconductor Corp., Santa 
Clara, Calif. 

Circle No. 202 on Inquiry Card. 

SYSTEMS DISPLAY INDICATOR 
A systems display indicator has been 

created specifically for airborne and 
'Weapon support systems. The new de
.sign is based on a combined lens car
;rier and circuit module that is easily 
'removed by hand while the indicator 

Introducing ... 
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... the all-nevv 1-lLsec 
memory \Nith the best 

margins in the business. 

Take all the features you want 
in a high-speed core memory 
system, package them in 5%" 
of rack space, and you've got 
the new VersaSTORE III from 
Varian Data Machines. 

The VersaSTORE III gives 
you 1-flSec cycle time, 450 nsec 
access time. Storage capacity is 
from 256 to 4096 words up to 
36 bits, or 8192 words up to 
18 bits. In addition, it is 
expandable to 16,000 words up 
to 36 bits with our Party Line 
feature. It is furnished fully 
wired for its highest storage 
capacity, allowing quick memory 
expansion by plugging in a large 
core stack and additional data 
cards. 

VersaSTORE Ill's servoed 
current drive system 
compensates for temperature 
changes, gives it unmatched 

margins at elevated 
temperatures. In addition, the 
new memory provides easy 
interfaCing and great I/O 
flexibility, with input levels of 
+ 0.5V and 2.5V to 24V, output 
of any voltage from 1 V to 15V, 
and drive current up to 80ma. 

Front panel display is 
provided for all registers, and it 
comes with timing and control 
flags, test points, and optional 
self-test for simplified system 
checkout. Matching power 
supplies are available. 

VersaSTORE III is the third, 
most advanced, and newest of 
our highly successful 
VersaSTORE designs. We've 
prepared an equally new 
brochure full of vital information 
about our new memory-we'll 
be glad to send it to you, just 
call or write. 

Qvarian data machines 
~a varian subsidiary 

2722 Michelson Drive. Irvine, California 92664 
(714) 833-2400 • TWX (910) 596-1358 
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Moving Coil Motors 
I:J Electro-Craft offers a wide choice 
of MOTOMATIC® MCM low inertia, 
ultra high performance, dc servo 
motors and compatible driving ampli
fiers, available either as a complete 
package or as separate modules. 

III MOTOMATIC® MCM units are 
ideally suited for direct drive applica
tions in computer printers, card 
readers, punch equipment, disc 
memory, magnetic and paper tape 
capstan drives, analog and digital 
positioning, recorders and XY plotters, 
machine tool positioning, film drives, 
incremental motion velocity and phase 
lock servos, and precision tensioning. 

II MOTOMATIC® MCM, moving coil 
motors feature; acceleration in ex
cess of 105 rad/sec.2, time constant 
of 2m-sec., high pulse torque, ex
tremely low inductance, high effi
ciency, long-life and integral feed
back tach-generator. 

For the best in direct drive servo 
systems ... write or call today. 

ELECTRO-CRAFT 
CORPORATION 
1600 Second Street South 
Hopkins, Minn. 55343 

Tel. (612) 935-8226 
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NEW PRODUCTS 

POWER TRANSISTORS 

These registered high current NPN 
silicon power transistors are capable of 
controlling and/or switching a collec
tor current of 100 amps. Identified as 
the 2NS2S0 and 2NS2SI, the package 
is a 1-1/16" hex, double ended for stud 
mounting. Combined with the 100 
amp current capability is the ability to 
dissipate up to 3S0 W. The sustaining 
voltages are IOOV for the 2N5250 and 
ISOV for the 2NS2S1. These devices 
have a minimum cut-off frequency; of 
10 MHz. 

The transistors are characterized by 
a hFE of 10 to 40 at 70 A and maxi
mum collect current of 100 amps. 
The saturation voltage is less than 
2.SV collector to emitter at 70 A col
lector current with a base current of 
7 A. Total switching speed at 70 amps 
is 4.0 f.J.s maximum. They are high re
liability transistors which meet or ex
ceed MIL-S-I9S00, and are applicable 
as high current inverters for power 
suplies and regulators. Solitron De
vices, Inc., Riviera Beach, Fla. 

Circle No. 206 on Inquiry Card. 

WORD GENERATOR 

The Model 22-1 w9rd generator is de
signed to stimulate MOS large scale 
integrated circuit devices while under 
test. The generator provides 22 chan
nels of synchronized digital words at 
100 bits per channel and bit rates to 
2 MHz. The content of each word is 
rapidly programmable on a diode ma
trix board. Minimum setup time and 
few diodes are required with NRZ 
(non-return to zero) format. Precise 
output levels between +IS volts and 
-IS volts are programmed in 10 mV 
increments on thumbwheel switches. 
Sync output to associated equipment is 
available on a BNC connector. Ex
panded capability including real time 
logic, level comparison and multi
phase clock are also available. Non 
Linear Systems, Del Mar, Calif. See at 
WESCON Booths 1823-1826. 

Circle No. 237 on Inquiry Card. 

SMALL STORE MEMORY 

The SS/30 small store, low cost mem
ory is a 4-wire coincident current core 
memory and is only 8%" wide, 3~" 
high, and 13" deep. 

It features 2.4 p.,s full cycle time, 
storage capacity of Sl2 or ]024 words 
with word lengths of 8 and 16 bits. 
Word lengths of 4 and 12 bits are also 
available as an option. 

The memory is ideal for data stor
age, time buffering between asynchron
ous systems, code conversion, format 
conversion, and many other data man
ipulating operations. 

The system provides operation 
modes of full cycle (clear / wri te and 
read/restore) as well as read-modify
write (or split cycle), and half cycle of 
read only and write only. Other fea
tures are buffered single rail address 
inputs and 600 ns access time. Varian 
Data Machines, Irvine, Calif. See at 
WESCON Booths 3004-3008. 

Circle No. 226 on Inquiry Card. 

REED RELAY 

This miniature sensitive relay was spe
cifically designed to have maximum 
coil resistance providing minimum 
contact thermal -EMF and minimum 
operating power; available in 1, 2, 3, 
4 and 6 poles; contacts capable of 
switching dry circuit loads to 10 watts, 
.S A maximum current and 250 V 
;maximum switching voltage; epoxy 
encapsulated to provide protection for 
coil and contacts. High shock and vi
bration immunity; terminals on .1 inch 
grid spacing; electro-magnetic and/or 
electrostatic shielding available. 

Environmental ratings are tempera
ture: -S5°C to +85°C (]25°C special), 
vibration: IS G to 2000 Hz, shock: ISO 
G, bounce time nominal (ms) 0.2S, ac
tuate time norminal (ms) .S to 1.0, 
de-actuate time nominal (ms) 0.1, pick
up power at 20°C (m W) 26 to 98. 
Elec-Trol, Inc., Saugus, Calif. 

Circle No. 219 on Inquiry Card. 
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TRANSMISSION TEST SET 

The Model 110 transmission test set 
developed for field testing of data 
modems is small enough to fit into a 
standard attache case. I t weighs only 
8 Ibs., and measures 3" high and 12" 
wide. 

The test set evaluates data trans
mISSIon systems using synchronous 
modems operating at any speed from 
10 to 10,000 bits per second, which are 
equipped for RS232B/CCITT V.24 
interface, supplying their own clock. 
The unit is solid state throughout, 
with integrated circuits and silicon de
vices insuring high reliability in ex
treme environments. 

The unit allows data processing 
equipment to operate normally during 
the testing period. The self-contained 
unit connects directly to the data mo
dem, providing a 2047-bit pseudo-ran
dom pattern for transmission. It syn
chronizes itself with the received dig
ital data stream, detects errors, and 
displays these errors on front panel 
lights. Milgo Electronic Corp., Miami, 
Fla. 

Circle No. 231 on Inquiry Card. 

Ie NIXIE® TUBE DRIVER 

The Type BIP-8910-1 driver module, 
employing integrated circuits is the 
first in a planned series of drivers for 
use with the B:-5750 series NIXIE 
tubes. Intended for non-memory (fol
low) operation, the driver module ac
cepts 4-line positive 8-4-2-1 BCD logic 
and is compatible with TTL, DTL 

PLUG-IN RELAY and R TL circuitry. The B-5750 NIXIE 
tube has two internal decimal points 
both of which are available at the 
module's terminals. The assembly con
sists of the B-5750 NIXIE tube 
mounted in a socket at the front of an 
ropen printed circuit module. The 
module has an edge connector with 
gold-plated fingers at the rear. A re
ceptacle SR-121 is available for use 
with this module. Burroughs Corp., 
Electronic Components Div., Plain
field, N. J. See at WESCON Booths 
1414-1415. 

A 3 amp 4PDT plug-in relay is de
signed for use in computers, data proc
essing, logic systems and business ma
chines. Molded parts are glass-filled 
diallyphthalate for higher arc resist
ance. The new 13lO series relay is 
available ac or dc, plug-in or quick
disconnect, 6 to 115 Vac and 6 to 110 
Vdc. Contact rating is 3 amps at 30 
Vdc or 115 Vac resistive. Expected life 
is in excess of 100 million operations 
dc, 50 million ac. Guardian Electric 
Mfg. Co., Chicago, Ill. 

Circle No. 217 on Inquiry Card. Circle No. 220 on Inquiry Card. 

Ticket 
Now 0 

rinters and TerlDinals 
erating OLRT ~ 

~=I[I(~<=~ 
columns 

Oi/ An is the first to offer terminals for on-site 
printing of tickets and reservations. The 
keyboard talks to the computer -
the computer talks back via the 
ticket printer. For AIRLINES, 
THEATERS, SPORTS EVENTS 
- more to come. 

,... ______ --.1 ___ ._ 

__ ~:~c.--'i __ 
...... -~., ~--

1, ___ '_-' 

ABCDEFGHIJKLMNOPQRST 
ABCDEFGHIJKLMNOPQRST 
ABCDEFGH IJKLMNOPQRST 

Our standard alphanumeric Lister/ Printers and Data Loggers 
are available in from four- to thirty two-column models, 
which have output rates as high as forty lines per second. 
Moreover, data can be listed vertically or horizontally along 
the length of the paper. We call that versatility. 

Di/An Controls, Inc. 
944 Dorchester Avenue, Boston, Massachusetts 02125, Phone: (617) 288·7700, TWX: 710·333·0174 
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Data Collection 
the easy way 

WITH A 

Would you like to process your present 
data on a computer or read it out to 
a page printer? 

• The series 100 will accept BCD data from your 
present data source (DVM, counter, timer, etc.) 
and present it in computer-compatible form to 

data drive such readout devices as teletype, magnetic 
tape recorders, paper tape punches, and card 
punches. 

aquisition • The series 100 is versatile - it will accept a 
wide range of BCD voltage levels and codes and, 

and in addition, the readout device requires no modi-
fication whatever. 

control 
systems 
by 
OAe 

• Standard models accept data from four 6-digit 
devices for a total of 24 digits. Any model can be 
expanded to 24 devices for a total of 144 digits. 

• Even if you're just looking for a printout and 
don't intend to process your data on a computer, 
the series 100 can still help you. For instance, 
the cost of our teletype interface and the teletype 
itself is approximately $2,000. This is less than 
the cost of some printers, and with the teletype 
you not only get the printout but a punched paper 
tape as well. This tape is easily stored and may 
be fed into the teletype reader at some later date 
to obtain a second printout of data. Unlike a 
printer, the series 100 has no severe restrictions 
on the number of data sources. 

The series 100 prices start at $1,000 

/ 1lAt: 7 f:';::"O;n;::~:~~:: 0' a quotaHon 
DIGITAL AUTOMATION CO., INC. 

68 HIGHWAY 31 I· PENNINGTON, NEW JERSEY 08534 1 TELEPHONE: (609) 737-0300 
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NEW PRODUCTS 

IC LOGIC COUNTERS 

A BCD single card 4-digit decade 
counter/Nixie™ driver combination, 
designated part number 790-2204-01 
provides output drivers capable of driv
ing most cold cathode display tubes. 
The decade counter can operate at 
speeds of 25MHz. A logic card with 
4, 3, 2 or 1 digit is available. Cambridge 
Thermionic Corp., Cambridge, Mass. 
See at WESCON Booth 228. 

Circle No. 267 on Inquiry Card. 

INTEGRATED CIRCUIT TESTER 

The Model 718 is a low cost, efficient 
instrument for manual testing of in
tegrated circuits. Five separate power 
supplies provide the forcing functions 
to test a wide variety of circuit types in
cluding RTL, DTL, TTL, and MECL. 
Test connections and metering are 
made through a flexible programming 
matrix and convenient lever switches 
which speed testing and reduce the pos
sibility of error. A built in square wave 
generator provides dynamic inputs up 
to 10 MHz. 

Model 718 was primarily designed 
for engineering analysis, however,. it 
can be utilized for incoming inspection 
and quality control. It measures and 
displays with three decimal readout all 
the important dc parameters of inte
grated circuits. All controls and indi
cators are clearly readable on a sloping 
front panel, designed to provide a con
venient working surface and to prevent 
operator fatigue. The instrument is 
packaged in a sturdy, lightweight metal 
cabinet. Microdyne Instruments, Inc., 
Waltham, Mass. See at WESCON Booth 
3156. 

Circle No. 270 on Inquiry Card. 



SEMICONDUCTOR TEST SYSTEM 

The Model 700 automatic semicon
ductor test system can perform all 
transistor dc and pulsed breakdown 
tests to 1 A as well as leakage and 
forward conduction tests on diodes. 
The system uses plug-in test modules 
which can be progr,ammed for up to 
12 tests, all performed sequentially at 
the rate of approximately 12 per 
second. Programming of bias comli
tions, test limits and circuit modes is 
set in by means of controls on the 
front of each test module. Hin com
puter programming is by pushbutton 
matrix. Once programming is set, 
doors to the test module compartment 
are shut, and an unskilled operator 
may take over the routine performance 
of the testing and sorting devices. 
Testing may be programmed as Go / 
No-Go, or to classify devices into bin 
categories from I to 9 plus a zero or 
"reject" category. Bin selection is in
dicated by visual numeric readout. The 
Birtcher Corporation/Instrument Di
vision, Monterey Park, Calif. See at 
WESCON Booths 1920-1922. 

Circle No. 291 on Inquiry Card. 

DIGITAL TAPE RECORDERS 

A family of high performance incre
mental and synchronous digital mag
netic tape recorders available either 
with 8Y2 inch or 1OY2 inch reels, utilize 
a single capstan velocity servo system. 
A number of write and/or read com
binations are available. The similarity 
of design for incremental and synchon
ous units makes possible the unique 
hybrid Incremental Write / Synchronous 
Read model. Thus, a compact single 
digital magnetic tape unit can accept 
random data from sources such as key
boards, transmission lines, digital volt
meters, counters, converters, or auto
matic test systems, and can then read 
the prepared tape at speed up to 25 ips 
into a digital computer. 

The incremental tape units operate 
at rates of 1000, 700, 500, and 350 char
acters a second at densities of 800, 556, 
and 2000 bits per inch. Synchronous 
models can be ordered at any single 
speed from I ips to 25 ips at densities 
of 800, 556, and bits per inch. Periph
eral Equipment Corp., Chatsworth, 
Calif. See at WESCON Booth 2323. 

Circle No. 258 on Inquiry Card. 

PRECISION RESISTANCE 
NETWORKS 

A series of precision resistance net
works with fast rise time and a close 
temperature coefficient match (1 PPM) 
are miniaturized, hermetically sealed 
and available in a variety of configura
tions. These encapsulated plug-in net
works are capable of providing peak 
performance in ac parameters, voltage 
division, accuracy vs. temperature, i.c. 
tracking, and long-term stability. 

Specification features include: nomi
nal resistance tolerances to ±.005% 
(dc), resistance ratio tolerances as close 
as .001 % (dc) , long term resistance 
stability of ±.002% per year" low re
actances to provide rise times as low 
as 50 ns, and temperature coefficients 
of resistors that track as close as 
Ippm;oC from -55° to 125°C. De-

signed to meet all MIL-Specs and with
stand the most severe environmental 
conditions, the networks offer a broad 
range of applications, such as ac re
sistance networks, matched sets, sum
ming networks, RC networks, binary 
resistive networks and A to D con
verters. Reon Resistor Corp., Yonkers, 
N. Y. 

Circle No. 286 on Inquiry Card. 

HOT MOLDED TRIMMER 

Single-turn trimmers for printed cir
cuit board applications designated 
Type Y, will fit the commonly used 
%" space between stacked printed cir
cuit boards. This adjustable resistor 
features a solid hot-molded resistance 
element and a molded carbon brush 
for long life and reliable performance. 
Operation is exceptionally smooth, and 
no abrupt changes occur during setting. 
The enclosure is splashproof and dust
tight, and the metal case is isolated 
to prevent accidental grounding. 

The trimmer is rated ~ watt at 
70°C and available in resistance values 
from 100 ohms to 5.0 megohms with 
tolerances of ±10% or ±20%. Stan
dard and special tapers are available. 
Allen-Bradley Co., Milwaukee, Wis. 
See at WESCON Booths 428-430. 

Circle No. 287 on Inquiry Card. 

Pick a number, 
any number. East. 
With a Digitran Ihumbwh'eelswitch,you . 
can dIal in any number between zero 
and the national debt-Fast, easy, and 
error-free. Digitran's modular design lets 
you program any number of digits. 

Digiswitch® and Miniswitch® look 
great, read great, and save panel space. 
(Up to 50% over rotary switches.) Their 
great simplicity means great reliability. 
And although simple in design, they 
handle complex electronic functions. 

Digitran pioneered the thumb~ 

wheelswitch; In thf3process';we accum
ulated the. ,;?rl?' ~,l(l~geSflibrary of 
applicatiOIIIloies.· Tp:i~l:lleans we can 
save you money in?esign time .. 

If you've as~itching problem, 
send for our catalog~We'll send help. 
Fast. 

THE DIGITRAN COMPANY 
Subsidiary of Becton, Dickinson and Company [j]} 

855 S; Arroyo Pkwy./Pasadena. Calif. 91105 
Tel: (213) 449-311O/TWX ;:J1U'-';)OIO-vl 
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AslrOSYSlemS Inc. 
Advanced Instrumentation 

Synchro-to-Digital Converters 
A simple, reliable, accurate method of 
high resolution conversion with resolution 
and accuracy to 18 bits. Available with 
straight binary code or BCD code outputs. 
Ideally suited for use as an interface be
tween analog pickoffs and digital com
puters or off-line equipment. 

Digital-to-Synchro Converters 
Digital-to-AC Analog Converters 
ASI Converters accept and register digital 
angles in binary or BCD code and convert 
these inputs to the equivalent synchro 
or resolver voltages. Digital-to-Analog AC 
models convert digital input information 
to linear AC output signals. 
Single-speed resolution and accuracies 
are available up to 18 bits. 

Miniature 
Solid-State 
Airborne Units 
All solid-state con
verters featuring 
high density pack
aging and ultra-reli
ability. Available as: 
Digital-to-Synchro 

Converters; Synchro-to-Digital Converters; 
Digital-to-AC Analog Converters; AC 
Analog-to-Digital Converters. 

Astrosysterns Inc. 
Advanced Instrumentation 

6 Nevada Drive, New Hyde Park, 
New York 11040 • (516) 328-1600 

See us at WESCON booth 1406 
CIRCLE NO. 46 ON INQUIRY CARD 
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NEW PRODUCTS 

DUAL PURPOSE DATASET 

The ADC 300 originate,l answer acous
tic data coupler meets the need of the 
user of computer time-sharing to com
municate in the "originate" mode with 
a time-sharing computer from a re
mote location over ordinary phone 
lines and also in the "answering" mode 
with other terminals. In terminal-to
terminal communication, one of the 
terminals must be in "originate" and 
the other in "answering" mode. 

During the day, the user· can, in 
"originate" mode, dial up the comput
er. Information can also be punched 
out on tape during the day in an off
line mode and transmitted over phone 
lines to the computer or to another 
terminal at low rates in the evening. 
In full duplex operation, punched 
tape or keyboard information can be 
transmitted in both directions simul
taneously, thus halving telephone 
charges. Its data rate is 300 BAUD. 
Anderson Jacobson, Inc., Mountain 
View, Calif. 

Circle No. 230 on Inquiry Card. 

PRECISION RESISTORS 

PW4 precision power resistors achieve 
high power rating in small size without 
need for expensive special material 
cores. Volumetric efficiency of the re
sistors is 266 watts/cu. inch. They 
have extended resistance ranges and 
the line covers 1.5 W thru 12.5 W 
± 1 % standard tolerance down to 
±.l %. Maximum resistance is 775K 
ohms, and minimum resistance .3 ohm. 
The resistors have a temperature co
efficient of ±20PPM;oC, and are suit
able for general use or applications 
involving voltage division where pre
cise ratios must be maintained under 
load. Resistance Products Co., Harris
burg, Pa. 

Circle No. 218 on Inquiry Card. 

P .C. EDGE CONNECTOR 

. A 48-contact, double readout printed 
circuit edge connector has been de
signed to provide high reliability con
nections under humid conditions in a 
salt atmosphere. Special heat-treated 
and gold-plated berylium-copper con
tacts are used in this product for re
sistance to severe environments and for 
added strength. The contact design 
provides for very low insertion forces 
and a larger than normal contact area. 

This connector meets the material 
and workmanship requirements of mil
itary specification MIL-C-21097. Con
tact tails are .025" square and are 
spaced .125" apart. The two rows of 
contact tails are .125" apart. Tails are 
.716" long. The insulator body can be 
provided either with or without a card 
guide. It is also provided with molded
in stainless steel bushings for a size 4-40 
screw. Cinch Manufacturing Co., Elk 
Grove Village, Ill. 

Circle No. 212, on Inquiry Card. 

MAGNETIC CORE MEMORY 

The Model DC-51 magnetic core mem
ory, measuring 7Y2" by 14~;2'" is a 
2~ D, half cycle random access mem
ory utilizing wide temperature range, 
50 mil lithium cores. The cores, address 
and data drive circuits, sense circuits 
and timing and control logic are 
mounted as a single printed circuit 
package. Address and data registers 
are optional and are contained on an 
additional printed circuit board. 

The unit was designed for applica
tions requiring inexpensive, non-vola
tile storage such as CRT Display re
fresh, data transmission buffering, and 
data terminals. The maximum capacity 
available is 512 x 9 or 256 x 18. Data
craft Corp., Ft. Lauderdale, Fla. 

Circle No. 227 on Inquiry Card. 
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DIGITAL CLOCK 

The Model 3100 Digital Clock is de
signed for use as an independent 
precision time source which provides a 
visual and electrical indication of time 
of day or elapsed time. Nixie dis
plays provide a visual indication of 
hours, minutes and seconds with con
trols available for manually advancing 
the count of each individual display. 
A manual reset switch allows all dis
plays to be reset to zero. A hold con
trol allows the operator to stop the 
counting sequence and the displays 
will retain the last reading. 
Delta-T Engineering Co., Sarasota, 
Fla. 

Circle No. 288 on Inquiry Card. 

INCREMENTAL TAPE RECORDERS 

Series 1300 incremental tape re
corders permit recording of asynchron
ous data at rates from 0-300 char/sec 
to 0-1200 char/sec. Other specifications 
include a packing density of 200, 556 
or 800 BPI and 7 or 9 tracks. All of 
the requirements necessary to assure 
compatibility with the IBM 360 com
puter are provided, including parity, 
skew, IR gap characters (IRCC and 
CRCC, IR gap spacing, beginning of 
tape (load point), erasing and end of 
file generation. The recorders are de
signed for 19" rack mounting and are 
12:y4" high by 16" deep. They weigh 
40 lbs. Digi-Data Corp., Bladensburg, 
Maryland. 

Circle No. 290 on Inquiry Card. 

NEON INDICATOR LIGHTS 

A series of permanent mounted neon 
indicator lights designated as the E-Lite 
Series, with and without built-in re
sistors and including a special version 
of RFI shielded models, has been de
signed to meet applicable requirements 
of MIL-L-3661. Rugged and simple to 
install, they have aluminum cases with 
either a black or clear anodized finish, 
high dielectric insulation and two pin 
plated turret terminals. Lenses are 
available in a choice of five colors 
and a variety of shapes for display re
quirements. Two basic types are avail
able - The EG group which has only 
a neon lamp, and the ER group which 
has a neon lamp and a series resistor 
packaged within the unit. EIdem a, 
Compton, Calif. 

Circle No. 285 on Inquiry Card. 

Pain Reliever 

Cinch-Graphik printed circuits are a sure cure for pack
aging and production headaches. They are exactingly 
manufactured by the world's most experienced printed 
circuit craftsmen to insure specification compliance, uni
form assembly and depe~dable operation ... every time. 
Caution: Cinch-Graphik's formula of CARE, SKILL and 
EQUIPMENT is often habit forming. 

CINCH-GRAPHIK 

DIVISION o F UNITED-CARR 
MEMBER 

'
'''-1 '"(CINCH 

Pi 
200 South Turnbull Canyon Road, City of Industry (Los Anieles). Calif. 91744 • Phone (213) ED 3·1201. Sales 
offices in 33 principal cities throuihout the United States, Great Britain, Canada, Australia and West Germany. 

CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH·GRAPHIK, CINCH·MONADNOCK, CINCH·NUlINE, UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT: 
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Every little 
"bit" counts 

• In a 
portable 
dataset 

Errors in data communication are 
expensive to correct. You can't af
ford portable datasets that· don't 
provide reliability comparable to 
fixed line equipment. 

Reliabi lity is what you get with an 
ADC 260 Acoustic Data Coupler. 

The ADC 260 offers portability, 
too. No longer need your remote 
terminal be IIchained" to one loca
tion. Complete portable Teletype 
terminals provided. 

It can be used interchangeably 
with Teletypes or any teleprinter 
which can interface with a Bell 
1 03-A dataset. 

Write for deta ils. 

CIRCLE NO. 49 ON INQUIRY CARD 

NEW PRODUCTS 

DIP HEADER 

DIP headers with terminations suit
able for solderless wrapping or for wave 
soldering, accept dual in-line packages 
with round or flat leads from .0IS" to 
.023". The headers are available loose 
(for eyelet or screw mounting) or 
mounted on double-sided printed cir
cuit boards. The solderless wrap posts 
are positioned to tolerances compatible 
with automatic machine wiring. The 
glass-filled nylon headers are available 
in black and white. 

In addition to the contact protection 
provided by the closed entry design of 
the housing, the one-piece phosphor 
bronze contacts have an anti-overstress 
feature. Available in three lengths (for 
soldering into multi-layer boards and 
for two and three level wrapping), the 
.02S" square .terminations are "U" or 

GRAPHIC DIS'PLAY TERMINAL 

ARDS (Advanced Remote Display 
Station) a self-contained, desk-top con
sole containing a keyboard, vector gen
erator, symbol generator and scope, is 
capable of displaying over 4000 sym
bols or an equivalent amount of graphic 
data in precise detail. Yet all informa
tion presented is absolutely free of 
flicker or drift. ARDS is able to achieve 
this by use of a direct-view storage 
CRT. 

ARDS is designed to communicate 
with any computer over a standard tel
ephone line. Its low cost and simplicity 
make it ideal for the time-sharing en
vironment. A very important feature 
of the unit is its ability to display to 
the user line drawings on its CRT. The 
user may generate these drawings him
self for input to the computer or the 
computer may generate them in re
sponse to a request for information. 
In addition, text may be displayed con
currently with the drawings, put on the 
screen either by the computer or by 
the user with a keyboard. Computer 
Displays Inc., Waltham, Mass. 

Circle No. 228 on Inquiry Card. 

channel shaped. Designed in accord
ance with MIL-STD-1130, this four-cor
ner channel shaped post of spring hard
ness delivers unusual advantages for 
wrapped terminations. The contact 
post plating is hard gold-over-nickel, 
but tin plating is optional. Other fea
tures include the availability of bridg
ing contacts which make direct contact 
between a post and printed circuitry on 
the front or back panel. AMP Inc., 
Harrisburg, Pa. 

Circle No. 216 on Inquiry Card. 

MODULAR POWER SUPPLIES 

The EE series power supply offers 
the highest power available in a half
rack module, up to lSOV (at 22A) with 
current up to 33A (at 3V). A rack 
adapter, Model LRA-7, designed for 
use with the EE package, mounts up to 
two EE modules, or up to eight smaller 
LM-"A" or LM-"B" modules. The 
LM-EE power package is all-silicon, 
programmable, and convection-cooled. 
There is no heat sinking or forced air 
required, giving greater mounting flex
ibility. The unit meets military spe
cifications. Specifications are as fol
lows: line regulation - O.OS% + 4mV; 
0.01 % + 1.0mV optionally; load regula
tion. - 0.03% + 3mV; ripple and 
noise - lmV RMS, 3mV p-p (O.SmV, 
l.SmV p-p optionally); temperature co
efficient - 0.03%rC (0.01 % °C option
ally); ac input, line - 10S-132 VAC, 
4S-440 Hz; input power - 7S0 watts; 
ambient operating temperature: -200 

to +70°C. Lambda Electronics Corp., 
Melville, N.Y. See at WESCON Booths 
401-402. 

Circle No. 229 on Inquiry Card. 
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FOUR DIGIT PANEL METER 

The Model 1280 digital panel meter, 
designed with a full four nines pres
entation, is a true, four digit panel 
with extremely high accuracy and solid 
state reliability. It. is available in a 
choice of ten voltage and current 
ranges, from 100 MV and 10 p'a up. 

Other features are: accuracy-0.05% 
F.S. ±1 digit; resolutioll- 1 part in 
10,000 (10 p.V on 100 mv Range); sam
ple rate - 1 per second; BCD.J 1-2-4-8 
(4 decades); overrange - 20% approx. 
and stability - short term 8 hours-
0.05% or less after 02 hour warm-up. 

Weight is approx. 3 lbs. and climen
sions - Front, 3%0" X 4l/s" X 1 l/s" 
Case (behind panel), 41~10" X 6~" X 
402". Weston Instruments Div., Wes
ton Instruments, Inc., Newark, N.]. 
See at WESCON Booths 2101-2105. 
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DIGITAL DATA SIMULATOR 

The compact Model 912 digital data 
simulator programs 960 bits of binary 
information at the front panel, using 
3'20 tiny octal-weighted programing 
pins. 960 serial bits can be clocked out 
at rates to 10 MHz. In the parallel 
mode, up to eighty 12 bits parallel 
words can be outputed at clock rates 
up to 5 MHz. 

One of the most important applica
tions of the unit is the simulation of 
computer words. Up to 12 parallel out
puts can be generated with a single 
simulator. To simulate larger parallel 
words, such as 18 or 24 bits, additional 
simulators can be synchronized in a 
master-slave configuration. Other ap
plications· include: Checking and/or 
programing 7 and 9 track magnetic tape 
units; programing punched tape per
forators; and checking IC shift registers 
where a large number of bits at high 
clock rates are needed. SRC Div., Mox
on Electronics, Los Angeles, Calif. See 
at WESCON Booth 1914. 

Circle No. 269 on Inquiry Card. 

Improve your system reliability 
by installing GE photoelectric 

tape readers 

• simple, complete controls 
• all solid state components 

Install them and forget them. GE 
photoelectric tape readers give lasting 
service with minimum maintenance. 
Features include: 

• tape handlers available for entire 
reader line 

• no electrical adjustments 
• unidirectional or bidirectional 

operation 

Numerous options are offered to meet 
your special requirements. Mail today 
for full details. 837-04A 

r ;a;;~'~ ;-;:-~I;-e:: -;;~;ead;': ~~i;e;; ~~t:' --
I General Electric Co., 511 North Broad St., Philadelphia, Pa. 19123 
I NAME, ____________________________________ _ I ADDRESS __________________________________ _ 

I COMPANY __________________________________ __ 

~. Information 
'\..{!2J Systems 

Printer-Reader 
Business Section 

I CITY STATE ZIP ____ __ 
I . 

I GENERAL. ELECTRIC I L __________________________________ ~ 
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CIRCUIT 
DESIGN 

The strictly realistic 
art of circuit design 
rei ates directly to 
our projects in iner
tial guidance and 
digital computer sys
tems. If you have 
fine-line experience 
in the design and de
velopment of micro
electronic circuits 
for servo, analog and 
digital applications, 
please write Mr. 
Jim Anderson. 

-An equal opportunity 
employer M/F-

. .. . Ii, 

LITTON INDUSTRIES, Guidance & Control Systems Division 
5500 Canoga Avenue, Woodland Hills, California 

~ ...... ", . . . 
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NEW PRODUCTS 

THIN FILM SHIFT REGISTER 

The Model 1024S-1 DTPL magnetic 
thin film shift register is designed to 
satisfy the non-volatile storage require
ments in data transmission and peri
pheral data processing systems. It has 
a serial storage capacity of 1024 bits 
operating at bit rates from 0 to 50 KHz, 
requires from 0.5 to 5 watts of power 
depending upon the bit rate and duty
cycle and includes shifting and input/ 
output electronics. The shift register 
can be organized for various serial/par
allel input/output applications. 

Other features of the unit are: asyn
chronous operation; radiation and 
shock resistance; modular construction; 
flexible organization; DTL or TTL in
terface; high storage density; small size 
and low cost. Electronics Div., Labora
tory For Electronics, Inc., Boston, Mass. 
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(lilus. approx. actual size) , 

507-3836-1531-600 

507-4538-0931-610 

507-3918-1471-600 

250-8745-1631-504 

250-8738-1471-504 

508-8738-504 Holder 
wi 507-3918-1471-600 cartridge, 
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LOGIC CARD TESTER 

The Model 872 monilogic card tester 
has been designed to test logic cards at 
high speeds, typically 15 seconds per 
card. The tester internally generates 
more than forty different combinations 
of pulses, logic levels and voltages to 
provide the means for performing func
tional, dynamic tests on all standard 
MONILOGIC TTL and DTL cards, 
some linear and certain types of relay 
cards. 

The unit is used in conjunction with 
a cathode ray oscilloscope. Thus, all 
primary power for a complete set-up is 
110 V, 60 Hz. Available to the user is 
a test procedure for each standard DTL 
and TTL MONILOGIC card. The 
test procedures include oscilloscope test 
patterns which permit rapid visual an
alysis of the card performance while in 
operation. Monitor Systems, Fort 
Washington, Pa. 

Circle No. 240 on Inquiry Card. 

MINIATURE LADDER SWITCH 

A miniature thick-film ladder switch 
Model 841 - is designed for use in 
digital to analog conversion systems. 
The switch is compatible with the 
Model 811 high-speed ladder network 
and offers four switching sections, each 
using two bipolar transistors. Switch 
offsets of 0 to 2 m V and resistance of 
4 (±2) ohms make the unit compatible 
with . 12-bit operation. Rise and fall 
time is typically 200 ns, and load range 
is 0 to 5 rnA. The unit can be actuated 
by standard R TL, DTL, or TTL in
puts. Operating temperature range is 
-55° to +125°C. 

An unusual feature of the switch is 
its independence of reference voltage. 
Plus-and-ground, minus-and-ground, or 
plus-and-minus arrangements may be 
used without degradation of specifica
tions. Helipot Div., Beckman Instru
ments Inc., Fullerton, Calif. See at 
WESCON Booth 2317. 

Circle No. 214 on Inquiry Card. 
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SPACE SAVING INDICATOR LIGHTS! 

For Computer, Data Processing & Automation Applications 

Ultra-miniature Datalites-with Neon or In
candescent light sources, give you greater de
sign flexibility ... and save you needed space. 

• Space·saving: Datalites mount in 3/8" 
clearance hole; can be mounted as close 
as 1/2" center-to-center; are perfect for 
computer, data processing and automation 
applications. 

• Greater design flexibility: Dialco Datalites 

are offered in a wide range of lens shapes, 
colors and finishes-and too-permit the 
choice of up to seven lens colors; legend 
markings may be hot-stamped or engraved 
in "positive" or "reverse" presentations 
for even greater flexibility. 

• Prompt delivery: We offer the widest selec
tion obtainable-all designed and built to 
Dialeo's usual high reliability standards ... 
and they are available off the shelf! 

• Complete data: Ask for our new 12 page catalog. 
Contains ordering information, drawings and all 
necessary data to design a space-saving display! 
Do it today! 

CIRCLE NO. Sl ON INQUIRY CARD 
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D-TO-A CONVERSION SYSTEMS 

Y-Series multichannel digital-to-analog converters arc de
signed explicitly for incorporation into hybrid data systems. 
The interface is easily adapted to a wide variety of standard 
computers, with isolation between analog and digital signal 
domains. The systems are structured to include data dis
tributors (including the interface to the digital computer as 
well as address logic and transfer control), digital-to-analog 
converters and/or multiplying digital-to-analog converters. 
An internal DAC reference power supply that can he slaved 
to the overall system reference and power system clements 
available include inversion amplifiers to complement multi
plying DAC inputs and permit four-quadrant multiplying, a 
Control Panel for off-line system test and manual control, 
and system racks. 

Y-Series DAC systems arc characterized by their fully in
tegrating system design and include the following perform
ance features: flexible addressing structure for up to 128 
channels; single or double buffered input channels; 8, 10, 12, 
or 15-bit data inputs, in any combination; various output 
options up to ± 100V; and 500 kHz data transfer rate. Adage, 
Inc., Boston, Mass. See at WESCON Booth 1307. 

Circle No. 239 on Inquiry Card. 

SAMPLING VOLTMETER 
Model 215 uses average rather than peak detection to 

minimize effects of noise. It will measure the average value 
of ac signal in 100 J1.S, sample and hold_circuitry, provide dc 
outputs for analog and digital data handling systems, with 
up to 2000 samples per second possible. Other features: 
Measures CW, gated CW or single tone burst; provision for 
internal sampling delay to avoid measurements during sig
nal transients; direct panel meter readout and dc outputs; 
compatible with commercially available oscilloscope probes. 

Specifications include: Signal frequency range - 100 Hz 
to ImHz, Sampling times - 100 microseconds to 10 ms, 1 
cycle minimum, Signal input impedance - approximately I ' 
megohm, Input signal levels - Full scale ranges of 0.0, 0.25, 
0.5, 1, 2.5 and 5 volts rms. (up to 5,000 V and 100 A with 
probes. Input circuit configurations, - Single ended or 
differential. Accuracy - ±.2% of 'reading ±~/2%FS for 
single ended input, Sample delay - for eliminating noise or 
transient effects, and Sample and hold facility - Output 
hold circuit is transferred to each computed level after 
sampling and computation. No "discharge" and "reset" ac
tion in output signal. Dranetz Engineering Laboratories, 
Inc., Plainfield, N.J. 

Circle No. 238 on Inquiry Card. 

DC MOTOR 
A .3 HP dc permanent magnet motor, which will deliver 

its rated continuous output at any speed selected in the 
range of 4,400 to 10,000 rpm, is available in a wide range of 
configurations depending upon individual user specifica
tions. 

The Type 3100 dc permanent magnet motor, on a 3Ys
inch diameter frame, also features speeds up to 13,000 rpm 
with reduced life, and with speeds down to 2,000 rpm at 
reduced output power. For intermittent duty, outputs up 
to 1.2 HP can be obtained from the .3 HP motor. 

The motor is designed for industrial and aerospace appli
cations requiring a precision lightweight DC motor in con
formity with applicable portions of MIL-M-8609 

Totally enclosed construction is provided by the preci
sion-machined steel housing. Weight is 5 lbs. maximum, but 
can be less depending on the configuration chosen. Standard 
mounting is with pilot and four tapped holes in end bell. 
Servo or other special mounts are also available. Diehl Divi
sion, The Singer Co., Los Angeles, California. 

Circle No. 215 on Inquiry Card. 

SUBMINIATURE ~S· 

SPDT 

DPDT 

3PDT 

4PDT 

Designed to meet the highest standards 
of reliability, C&K's quality subminiature 
toggle switches combine maximum 
performance with small size! They feature 
rugged construction, simple mounting, 
excellent appearance, and long, 
trouble-free operation! 

A competitively-priced, made·in·America product. Write for literature today! 

OK quality electro-mechanical products 
~ 103 Morse Street, Watertown, Massachusetts 02172 

Telephone~ 617 926-0800 
COMPONENTS, INC. 

C&K II so mlnuflctures 1 qUllity line of magnetic code converters, timers and logic elemants. 
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NEWS from GAST 

1.0 efm 
air flow 

A compact OEM package for 
oil-free vacuum or pressure 

Here's 1 cfm capacity that requires little space. Oil-free air delivery. 
Lubrication never needed! Carbon vanes lubricate and adjust them
selves to maintain peak efficiency. Pump is corrosion-resistance 
treated. Motor is 1/15 hp, 115v, with internal cooling fan. Ball bearings 
grease-sealed for life. Quality built, easy to service .• Vacuum to 15" 
Hg continuous, 20" intermittent. Pressure to 10 psig. For business, data 
processing, lab and medical equipment; fluidic and other control uses 
- investigate Model 1031. • Write for Bulletin 50-320. 

Gast Manufacturing Corporation GASr: P.O. Box 117-Y, Benton Harbor, Mich. 49022 
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Save Time! 
Save Money! 

Speed Production! 

Hopkins' unmatched selection of 38 RFI filters 
save time and money in design and manufac
ture of data processing equipment ... because 
they are already included as RECOGNIZED 
components. 0 These off-the-shelf filters are 
available from 1 to 75 amps. Wide selection of 
case styles ... tubular, rectangular, and bathtub. 

Write today for Data-Log 113. 

A Subsidiary of Maxson Electronics Corpomtion 

12900 Foothill Blvd .• San Fernando. Calif. 91342 

CIRCLE NO. S6 ON INQUIRY CARD 

NEW PRODUCTS 

MOS-FET NULL DETECTOR 

The 2437 null detector is designed as a "drop-in" detector 
for use with custom-built instrumentation. It features an 
advanced solid-state circuit, large easy-to-read meter, and all 
models can be specified for either battery or line operation. 

A MOS-FET input chopper is used in the 2437 -detector 
which results in an exceptionally stable zero and low noise 
... less than 0.5 I'V noise peak-to-peak at 50,000 ohms source 
resistance. Zero drift is less than 1.0 I'V per hour, non
cumulative, after warm up. 

Sensitivity is better than 1.0 I'V per division all the 
way to 50,000 ohms source resistance. Below 5000 ohms, 
sensitivity is greater than 0.5 I'V per division. The sensitiv
ity control is continuously adjustable permitting sensitivity 
to be reduced by a factor of 100 to 1, if desired. Leeds & 
Northrop Co., Philadelphia, Pa. See at WESCON Booth 
1830. 
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MULTIMETER 

A unique feature of the PM-2400 multimeter is its ability 
to sense, thru the use of logic circuits, "dc (either polarity) 
or ac" inputs without the need for switching. Another 
unique feature is its ability to always read upscale. The 
solid state, multimeter operates 1000 hours on one set of 
batteries. Ideal for laboratory and production lines, it is 
self-calibrating and provides 42 direct reading ranges with 
long, high-resolution scales. Offering unprecedented sensi
tivity and high accuracy, it automatically measures Current 
(ac and dc) from I u A f.s. (20 n/A/division) to 3A f.s., 
Voltage (ac and dc) from 100 mV f.s. (2 mV /division) to IK 
Vf.s. and Resistance from 0.5 ohms to 50 megohms. Philips 
Electronic Instruments, Div. of PEPI Corp., Mount Vernon, 
N.Y. 
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DIGITA'l MULTIMETER 

The Type MMllO digital multimeter funCtions as an 
integrating digital instrument with facilities for dc voltage, 
current and resistance measurement. An optional plug-in 
converter card provides ac voltage and current measurement 
at frequencies between 25 Hz and 25 KHz. The ,multimeter 
provides ac and dc voltage measurement up to 2000V ac, dc 
current up to 2 amps and dc resistance up to 2 megohms. 
Each of these five functions is covered in five basic ranges 
(giving a total of 25 ranges) and a divide-by-two and divide
by-four facility provides an additional 50 ranges. 

Accuracy of dc voltage measurement is 0.05% of indica
tion ±0.05% of full-range value. Input impedance on the 
lower dc voltage ranges is greater than 1000 megohms and 
resolution on the lowest voltage ranges is 100 I'V. The 
divide-by-two and divide-by-four 9facility provides full scale 
accuracy at a half and a quarter full scale, effectively increas
ing the resolution on the lowest voltage range to 25 micro
volts. The ac converter card enables the unit to provide the 
same facilities for ac measurement as for dc, with an overall 
accuracy for voltage measurements of 0.2% of indication 
±O.l % of full range value. Whittaker Corp., Gencom Div., 
Plainview, L.I., N.Y. See at WESCON Booths 1519-1520. 
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IMPEDANCE-COMPARISON BRIDGE 

The GS 1681 is a fully automatic, all-solid-state compari
son bridge which is direct-reading in impedance magnitude 
and phase angle. It provides a BCD output representing 
the impedance of any R, L or C to ±0.005% in Y2 second. 
It can be used in either of two ways. As a manually-oper
ated device, the self-balancing bridge can be used by even 
relatively unskilled personnel for routine comparison meas
urements. Or it can form the nucleus of a high-speed, fully 
automated measuring system. Measured data are presented 
in both visual digital in-line form with decimal point and 
measurement units indicated and in lO-digit BCD, 1-2-4-2 
coded form for printers and other ancillary equipment. The 
1681 will measure impedance-magnitude differences as great 
as 100%. Phase angle differences up to I radian can be 
measured over a /Z/ range of 2 to '20 megohms. Compari
sons can be made to an accuracy of +0.005% with 0.001 % 
resolution. General Radio Co., West Concord, Mass. See 
at WESCON Booths 1613-1616. 
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TAPE READERS/REELERS 

PTR-60, 70 and 80/90 series photoelectric tape readers 
and compatible RS series tape reelers are designed for digi
tal data handling communications, numerical control, pho
totypesetting, and other tape programmed systems. The 
complete product line offers reading capabilities up to 
1,000 characters per second (cps). PTR-60 series readers 
feaure both unidirectional and bi-directional models oper· 
ating at speeds to 125 cps. PTR-70 series operates at speeds 
up to 500 cps. Both are through-the-tape readers. The high
performance PTR-80/90 series utilizes a reflected light prin
ciple of reliability in reading any punched tape at speeds up 
to 1,000 cps. Printer-Reader Business Section, General Elec
tric Co., Philadelphia, Pa. See at WESCON Booths 451-460, 
Unit "E." 
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SWITCHES/MATCHING INDICATOR LIGHTS 

Momentary action switches (N.O., N.C. or two circuit) 
and alternate action switches (S.P.D.T. or two circuit) with 
matching indicator lights are available with snap-in mount
ing feature. No tools are required for panel mounting
and down-time is reduced to a minimum. Switches and in
dicators can be used with new low-profile push button caps. 
Rectangular caps require the same mounting hole needed 
for most 4-lamp displays. 

These new caps, ¥S" round or square and %" X 1" rec
tangular, have %6" front-of-panel projection. Caps provide 
fingertip grip for ease of removal. ¥S" caps are offered in 
a full range of translucent colors, with or without engrave 
and fill legends. 

%0" X 1" rectangular caps can be furnished in a full 
range of translucent colors; or ~ith clear face with reverse 
engraving for "positive" reading legends; or with clear face 
and underlying film disc for "negative" or "positive" read
ing legends. Caps with hidden legends (visible only when 
caps are illuminated) can also be obtained. Dialight Corp., 
Brooklyn, N.Y. See at WESCON Booths 143-144. 
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Something to 
shout about! 

1, 2, 3 and 4 poles! 

Our four new momentary snap action 
subminiature pushbutton switches with 
gold contacts. They're rugged! Long-lasting!. 
Have simple-mounting construction! 
And are immediately available with red, 
black, or white molded nylon operating 
caps!'For more information about our 
exclamations, call or write: 

OK COMPONENTS, INC. 

103 Morse Street, Watertown, Mass. 02172 
Tel: (617) 926-0800 
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. facturer was told that MOS mem- •. 
~::.: ories were less expensive than • 
.~.' Andersen Delay Line Memories, 
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Digital-Voltmeters 

Catalog 850, provides a complete 
listing of a line of digital voltmeters 
\and DVM accessories. The spec
trum of instruments ranges from 
the medium-priced Model 4400 up 
to the top-of-the-line Series 5700, 
designed for the most exacting sys
tems applications. The 32-page cata
log provides an overview of the 
state of the art in electronic instru
mentation. Dana Laboratories, Inc., 
Irvine, Calif. 
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Reed Relays 

This capability and specification 
ca talog covers complete perfor
mance characteristics for 17 models 
of magnetic reed relays. Also in
cluded is information on quality 
control procedures, reliability appli
cations, electromagnetic and elec
trostatic shielding, voltage and re
sistance values over temperature 
range, and special features availa
ble. The catalog provides complete 
ordering information and part 
number explanation. Elec-Trol, 
Inc., Saugus, Calif. 
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Digital Angle Readout 

The data file No. llO, 4-page bro
chure describes applications and 
specifications of the A603-5 digital 
angle readout. The unit is com
pletely electronic providing a sim
ple, reliable and highly accurate 
method of converting rotational 
angles to visual and electrical digi
tal formats. The brochure also de
scribes a variety of special adapta
tions and modifications available 
such as multiplexing, angle limit 
alarms, special readouts and multi
speed inputs. Astrosystems, Inc. 
New Hyde Park, N. Y. 
Cird~ No. 322 on Inquiry Card. 
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Wiring Components 

This 38-page catalog of wiring com
ponents contains complete product 
information on the ST A-STRAP® 
harness tying system, cabling tools 
and accessories; PANDUCT® plas
tic wiring duct; and spiral wrap
ping. Also included are price sheets, 
listing of nationwide sales repre
sentatives, and a return card for use 
in obtaining free product samples 
and application assistance. Panduit 
Corp., Tinley Park, Ill. 
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Ceramic Capacitors 

A 10-page catalog covering mIcro
miniature ceramic capacitors pro
vides information on epoxy tubular, 
epoxy rectangular, moulded, wafer 
and chip' type ceramic capacitors. 
Complete operating specifications 
and temperature characteristic 
curves are provided. Detailed charts 
show unit dimensions for each ca
pacitance offered in each series. 
Complete ordering information and 
a coded part numbering system is 
illustrated. Southern Electronics 
Corp., B'urbank, Calif. 
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Lited Devices 

Catalog, CM-l describes lited hard
ware devices designed for easy read
ability and reference. The opening 
pages discuss technical aspects of 
subminiature and miniature lited 
devices. The product pages that fol
low begin with smaller assemblies, 
such as those containing T-I lamps, 
and progress through T-I-%, T-2 
and larger T-3-y,i types. Lens end
lite assemblies and beam emitters· 
are illustrated. Also included is an 
index which references applications 
to product pages. Chicago Minia
ture Lamp Works, Chicago, Ill. 

Circle No. 316 on Inquiry Card. 

Logic and Control Modules 

A brochure entitled "Solid State 
Control" describes a line of solid 
state logic and control modules. It 
depicts each module and points out 
the unique features of the line in
cluding: color coding according to 
function, finger tip controls, logic 
symbology printed on each module 
face and compactness. A list of 
solid state accessory equipment is 
described. Lehigh Valley Elec
tronics, Inc., Fogelsville, Pa. 

Circle No. 318 on Inquiry Card. 

2 1f2 D Memory Arrays 

Advantages of mass memory econ
omy, high speed store capacity and 
low system noise offered by 2 Y2D 
memory arrays are discussed in this 
4-page bulletin. Typical specifica
tions of 5 different styles of 2 Y2D 
memory stacks are tabulated by core 
type and spacing, number of wires, 
plane type, word and bit size, over
all dimensions, cycle time speed, 
special specifications and/or packag
ing, and applications. Electronics 
Div.:/ Memory Products, Indiana 
General Corp., Keasbey, N. J. 
Circle No. 305 on Inquiry Card. 

Time-Sharing System 

The SDS 945 time-sharing system 
featuring interactive, conversational 
service for up to 24 simultaneous 
users, is described in a 12-page bro
chure. Software for the system is 
described, including the following 
specialized program processors: 
CAL, BASIC, FORTRAN II, Con
versational FORTRAN, QED, 
TAP, and DDT. Also included are 
the system's hardware features and 
potential applications. The stand
ard peripheral units required in the 
system are listed. Scientific Data 
Systems, Santa Monica, Calif. 

Circle No. 300 on Inquiry Card. 
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Indicator Lights 

A series of indicator lites for a 
broad range of military, industrial 
and commercial applications is de
scribed In an illustrated, 4-page 
catalog. Listed are specifications 
for dome lens, flush lens, short flat 
lens, smooth lens and fluted lens 
types in theEG and ER series. The 
EG series is a neon lamp without 
resistor and the ER series is a neon 
lamp with a built-in resistor. In
cluded in the catalog is order in
formation with a table to allow for 
choice of lamps, choice of resistor 
and recommended resistor values. 
Eldema, Compton, Calif. 
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Printed Circuit Connectors 

This 24-page catalog features photo
graphs, line drawings, electrical 
characteristics and mechanical spec
ifications on over 3000 different 
printed circuit connectors. Included 
in Catalog PC-4 are: complete data 
on standard and multiboard PMT 
lines of precious metal tip connec
tors, card guides, snap-wrap and 
mini-wra p modular connectors, 
plugs and receptacles and miniature 
PC configurations. A selection guide 
provides information necessary for 
finding the right connector for any 
printed circuit board application. 
Amphenol Industrial Div., The 
Bunker-iRamo Corp., Broadview, 
Ill. 

Circle No. 302 on Inquiry Card. 

Frequency Counter Selection Guide 

A 6-page brochure lists 22 elec
tronic frequency counters in a chart 
that simplifies comparison, making 
it easier to select the best choice for 
particular applications. Easily de
termined are frequency range, in
put characteristics, time base sta
bility, price, and basic functions 
(e.g., frequency, period average, 
time interval, etc.). Another chart 
displays graphically the frequency 
ranges of available frequency ex
tender plug-ins. Also described are 
special instruments, such as preset 
and reversible counters, automatic 
frequency dividers, and digital
analog converters. Hewlett-Packard 
Company, Palo Alto, Calif. 

Circle No. 315 on Inquiry Card. 

DC Motors 

Size 9 Series 9DA, permanent mag
net DC motors are described in this 
bulletin. Also provided are applica
tions, specifications, a performance 
chart, dimensional drawings with 
wiring diagram and available ac
cessories. The units, designed pri
marily for precision airborne acces
sory equipment applications, are 
finding wide acceptance in a variety 
of other applications where size, 
weight and the ability to perform at 
extreme environmental levels are 
critical parameters. Electro
Mechanical Group, American Elec
tronics, Inc., Fullerton, Calif. 

Circle No. 317 on Inquiry Card. 

Teleprinter Data Terminals 

DATAPOR T'l'''l VDT-2 and VDT-l 
portable teleprinter data terminals 
are described in a 4-page brochure. 
The computer terminals include a 
teleprinter, an electronic control 
module, and a telephone coupler in 
two luggage-type cases, that can 
be carried on trips, then acoustically 
or magnetically coupled to an or
dinary telephone. Design features 
contributing to the operating ease 
of the data terminals are illustrated 
and described. The automatic an
swering and hang-up feature of the 
VDT -1 is also highlighted. The bro
chure lists complete specifications. 
Vernitron Corp., Data Devices Div., 
Farmingdale, N.Y. 

Circle No. 304 on Inquiry Card. 

Circuit Card Guide 

This data sheet describes a snap-in 
circuit card guide, a one-piece 
molded nylon unit designed for 
mounting on pre-drilled JiG" or 
%2" metal plates. Obtainable in 
six lengths, ranging from 2.500" tq 
6.500", the guides also come In 
three different mounting pin spac
ings ranging from 1.500" to 5.000", 
and three card retention lengths 
ranging from 1.000" to 4.500". The 
guides, made of nylon-white, per 
MIL-M-20693, Type 4A, may be 
staggered for multi-row applica
tions, and provide a 0.12 clearance 
In excess of card width. Scanbe 
:Manufacturing Corp., Monterey 
Park, Calif. 

Circle No. 321 on Inquiry Card. 

careers in 
miCrO-
electroniCS/ 
computer 
technology 
Why base your career on just one 
interview? 

EUROPEAN and 
NATIONWIDE CHOICE 

N. Y., N. J., NEW ENGLAND, WASHING
TON, D.C., PHILA., MINNESOTA, TEXAS, 
HUNTSVILLE, FLA., ARIZONA, CALI
FORNIA AND OTHERS 

Contact us if you have some experience 
or interest in any of the following: 

o Newest Memory Dvmt.-Cryo· 
genics, Thin Films! Magnetics, Multi· 
aperature Cores, Delay Lines, Disk 
Files 
o Micro-Electronics Design! 
Dvmt-Devices, Circuitry, Compo
nents, Systems 
o Solid State Circuitry-State of 
the Art Technique Dvmt., New Uses 
for Available Modules 
o Logic-and Digital Design 

o Semi·Conductor Engineering 

o Solid State Materials 
Technology 

Unusually interesting Senior Staff 
and Managerial Positions Available 
to $22,000 

All expenses are assumed 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 neLLlssen.lnc. 

l8ading Consultants to Manag8mant 
in th8 Computer field 

510 MADISON AVENUE, N.Y., N.Y. 10022 
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NEW! LOW COST 

DELAY LINES 

!~~ D~~L~~!~~ep~l~d~~I~~i~!ntains 17 different ~pes ~frl!!!~(//I/i 
covering a range of delays from 7 to 1000 nanoseconds. This series exhibits relatively t f~~ ~ 
fast pulse rise time, exceptionally fine pulse fideli~ and low attenuation. Impedance is I. ~~W(f·~ I j 
approximately 100 ohms. Most important is the versatility of these units due to their Z ~~ '.'!O~ -if' 
fine resolution taps, or adjustable sections. The smallest unit in the series is only .490"L 'l1)lli7-:"~i;;;z 
x .490"W x .370"H. All of the units will meet the most frequently encountered military II/ / 11//, f • 
specifications. ESC's staff of nine design engineers will also be pleased to help you solve your 
custom delay line and filter problems. Write today for our comprehensive brochure describing the I 
physical and electrical characteristics of our new Digit-Line series. 

!f~ft JElJECTRONHC§ CORPORA THON 
a subsidiary of Simmonds Precision 
534 BERGEN BOULEVARD • PALISADES PARK, N. J. 07650 • (201) 947·0400 

World's Leading Producer of Delay Lines 
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The parts we took out - gears, belts, 
pulleys, and pinch rollers-put reliability 
. into Tally photo readers. 
Tally faced the moving parts dilemma by replacing most of 
them with three low-inertia servomotors to create a fast, 
smooth, quiet and more reliable photoelectric tape reader. 
The motors attach directly to the capstan wheel and the 
reeling, eliminating all troublesome gears, belts, pulleys 
and pinch rollers. No adjustments are necessary. Mainte
nance is greatly reduced and accurate read out over long 
periods of time can be expected. 

Tape movement through the read head is in exact accord
ance with the rotation of the motor armature. The high 
speed response of the motor allows a great variety of 
reading operations by merely controlling the current ap
plied to the motor terminal. 

It's fast. Searches at 1,000 characters per second. Reads 
synchronously at any rate up to 500 char/sec and stops 
before the next character. Reads asynchronously under 

control of external signals at any rate up to 200 char/sec. 
Runs in either direction in all modes. 

It's easy on the tape. The smooth, quiet action of the servo
controlled reels eliminates tape breakage, reduces tape 
wear and prevents reading errors. 

It's offered with many options. Many optional configura
tions are available, including recessed mount, flush mount, 
integral reeling, external reeling, and fully militarized 
construction. 

For complete information contact Tally Corporation, 
1310 Mercer Street, Seattle, Washington 98109. Phone 
(206) MA 4-0760. In the U.K. and Europe address Tally 
Ltd.,.6a George Street, Croydon, Surrey, Enghind. Phone: 
01-686~6836. 

See us at WESCON '68 TALLY 
CIRCLE NO. 3S ON INQUIRY CARD 


