
























































































































own time. This, in turn, provides 
better information about the total 
utility of the system and its users. 

A higher level of standardization 
is possible and can be achieved 
among users and hence the ease of 
using the system should improve. 
Trivial functions which tend to be 
rewritten (e.g., error handling of 
messages, lesser used arithmetic func­
tions, the manipulation of characters 
to form words, etc.) are more likely 
to be shared because of the ease of 
sharing. 

The .possibility for improving the 
documentation associated with pro­
cedures should improve through the 
ease of documentation and perhaps 
pressure of the community to share 
procedures. The overall documenta­
tion (text, diagrams, etc.) which de­
scribe a process or problem solution 
may improve. 

FLEXIBLE TERMINAL LOCATION 

Most direct terminals may be lo­
cated where they can most efficiently 

serve the users; in fact, they are even 
portable. No longer will it be neces­
sary for the user to preschedule time, 
but he can now use the computer as 
his tool when and where he best is 
able to work. For some, this may be 
in an office, for others a laboratory, 
and still others, their home. Ulti­
mately, consoles will be in all homes. 
For example, consider the salesman 
who has a terminal in his home (or 
a portable one in his car) such that 
he can help the computer detennine 
a list of the best calls for that day. 

ECONOMICAL ADVANTAGES 

In general, a community is pro­
vided with a much larger system 
than any single member could afford. 
For on line or real time systems, the 
hardware and software overhead as­
sociated with this additional ability 
can be associated with a larger num­
ber of users. 

A large number of facilities (co­
ordination of all file activity, trans­
mission of data to tenninals, stan-

dard error handling, etc.) which are 
overhead functions are implemented 
within a system framework rather 
than repeatedly by each user as he 
attempts to form his own system. 
Parallel requests for resources rather 
than serial processing provide the 
system with more information to im­
prove scheduling. 

Since the system provides the users 
with the ability to "watch" the exe­
cution of a process, the likelihood of 
using large amounts of processing 
capability yielding erroneous results 
is lessened. 

If the community of users is suffi­
ciently large, there should be more 
than one hardware unit of each type, 
and in the event of hardware failure, 
the system can be repartitioned to 
maintain a working system although 
of lesser performance. 

The second and concluding part 
of this article, which contains an ex­
tensive bibliography on time shar­
ing, will be published in the March 
issue of Computer Design. 

The DIT-MCO System 
6120 walks tall in the 
world of wiring system 
analyzers. It's a tough, 
versatile and highly 
adaptable testing unit 

1 that's ready, willing and 
able to meet today's de­
mand for speed, ac­
curacy and flexibility. 

; Works on the latest fully 
automatic taped program 
and printout concept. 

Switching Console contains 
terminal selector and high 
speed 500-termination Reed 
relay switching modules that 
give you a total system capacity 
of up to 50,000 terminations. 
Save time, save manpower, 
save dollars - and - improve 
both the testing function and 
the tested product with the 
DIT-MCO System 6120. 

INSULATION TEST 
CAPACITY: 

2010 PER MINUTE! 

CONTINUITY TEST 
CAPACITY: 

2963 PER MINUTE! 

! The DIT-MCO System 
: 6120 has been thorough­
. Iy lab and field tested. 
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Write for Detailed Specs and 
Full Information. 

DITeMCO 

DIT-MCO INTERNATIONAL 
A DIVISION OF XEBEC CORPORATION 

5612 BRIGHTON TERRACE 
KANSAS CITY, MISSOURI 64130 

TELEPHONE (816) 363-6288 
TELEX NUMBER 42-6149 

IT'S NO WONDER APPROXIMATELY 90% 
OF ALL MAJOR MANUFACTURERS IN 
THE COMPUTER AND AEROSPACE IN­
DUSTRIES ARE SATISFIED USERS OF 
DIT-MCO SYSTEMS. 
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The Exclusive-Or Element 
by IVOR CATT 

The Bunker-Ramo Corp. 
Teleregister Div. 

Failure of the Exclusive-OR Element to take its right­
ful place as one of the primary logic elements is based 
on historiCal reasons which are not valid today. If an 
I/C family of logic packages exceeds three types, the 
exclusive OR element should be part of the family. 

Historical 

It was probably difficult to implement the Exclusive­
OR with relays. 

When we entered the diode-triode era, diodes in 
parallel provided the AND or the OR function and a 
triode provided the INVERT function and also the 
(very necessary) amplification and restandardization. 
During the diode-triode era, diodes were expensive and 
triodes were more so. There was a tendency to try to go 
through more than one stage of diodes, AND-OR, be­
fore reaching the more expensive triode INVERT. 
This gave the AOI (AND-OR-INVER T) type of gate, 
which appeared to some designers to minimize the ex­
pensive triode, giving a great deal of logical power per 
triode. However, the majority favored the simple AND­
INVERT for reasons of speed and because it was doubt­
ful if all of the logical power of the AOI could be put 
to good use. 

The advent of transistors did not significantly alter the 
picture. As before, diodes were expensive and transistors 
(instead of triodes) were very expensive. Some designers 
used the AND-INVERT, and some argued for the AO!. 
Some went further, and used, or tried to use, four stages 
of diodes in series before bringing a transistor to the 
rescue. The logic function was AOAO!. 

With the development of integrated circuits, tradeoff's 
that applied to discrete diode transistor logic were trans­
ferred directly to integrated circuit design. As far as I 
can see, no concessions were made when choosing logic 
functions to the fact that the integrated circuit was a 
new environment, and new tradeoffs would apply. At 
least, the resulting products were remarkably similar to 
the discrete circuits they replaced. As with discrete cir­
cuits, the integrated AND-INVERT (called NOR or 
NAND) took about 80% of the market, and the AOI 
took about 20%. 

Up till now, the idea that AND, OR and INVERT 
are the basic logic functions has been firmly entrenched. 
Many techniques have been developed to handle these 
functions, including Boolean Algebra and minimization 
with Veich diagrams, min terms and maxterms. 
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TYPE 1 TYPE 2 
A A A A 

~tffij BOO ~HfB B 1 0 

TYPE 3 TYPE 4 
A A A A 

~tffij B 1 0 ~tffij B 0 1 

TYPE 5 TYPE 6 
A A A A 

~tffij B 0 1 ~ffiB B 1 1 

TYPE 7 TYPE 8 
A A A A 

~EE B 1 1 ~Bt3 BOO 

Fig. 1. Truth tables for the 16 types of logic elements. 

Analysis 

A logic element with one input, A, can be either a 
link, with output A, or an inverter, with output A. The 
first type will be dismissed as trivial. The second type, 
the Inverter, has a truth table as follows: 

A A 

o 1 

A logic element with two inputs, A and B, can be of 
16 types. Of these, eight types treat A and B symmetri­
cally. That is, if the inputs are replaced by each other, 
the output remains the same. The truth tables for these 
eight types are drawn in Figure 1. We shall dismiss the 
last two as trivial. This leaves us with types 1 thru 6. 

Type 1 is the AND gate. Type 3 is the OR gate. Type 
2 is the exclusive OR. The other three types are the 
image of types 1 thru 3, and we shall neglect them. 

We now see that if we limit ourselves to logic elements 
with two inputs or less, the primary functions appear 
to be: 

1. Inverter 
2. AND 
3. OR 
4. Exclusive OR 

For a set of logic elements to be complete, it must in­
clude the INVERTER. A complete set of logic elements 
need contain only the INVERTER and either the AND 
or the OR. With these two elements, any logic function 
can be implemented. By studying the truth tables or by 
using De Morgan's theorem, we see that the AND and 
the OR function are very similar to each other. In their 
truth tables, the centre of gravity of the l's is not at the 
centre of the table, but falls somewhere on the N.W.­
S.E. diagonal. However, the Exclusive-OR appears to 

COMPUTER DESIGN/FEBRUARY 1968 



Fiq.2. The exclusion OR used to qenerate parity. 

be a quite different type of function. In its truth table, 
the centre of gravity of the 1's is at the centre of the 
table. We can therefore call it a "balanced function," 
and the output will be true half of the time if we go 
through all possible combinations of inputs. 

If we limit ourselves to functions of two variables or 
less, we now see that there are three types: 

1. INVERTER 
2. UNBALANCED FUNCTION (AND or OR). 
3. BALANCED FUNCTION (Exclusive OR). 

Although one unbalanced function plus the Inverter 
make up a complete set, a Balanced function (Exclusive 
OR) plus the Inverter do not. That is, some logic func­
tions cannot be implemented using only Exclusive OR's 
and Inverters. 

So if a family of logic elements is being designed using 
only one type, then the NOR or the NAND, which em­
braces both the unbalanced function and the Inverter, 
is the proper choice to make, and the Balanced function 
(Exclusive-OR) rightly will not appear in the family. 

If a family of logic elements is being designed using 
more than one type, it looks as though the Balanced 
function (Exclusive-OR), as one of the three primary 
logic functions, has a strong claim to be included. 

ALTERNATIVE NAMES FOR THE EXCLUSIVE-OR 

Probably the greatest disadvantage under which this 
logic function labours is its name. Other possible names 
for the Exclusive-OR, which give an indication of its 
versatility, are as follows: 

1. Equivalent (Actually, Non-Equivalent) This is the 
name it should carry. 

2. Parity 
3. Comparator 
4. Inverter 

Figures 2 through 5 illustrate this versatility. 

WORD 2 
r_-------------JA~--------~--__ , 

MISMATCH 
(THE WORDS ARE 
DIFFERENT) 

"""'---"" 

V~ORGATE V = EXCLUSIVE OR 

Fiq.3. The exclusive OR used in a comparator. 

WORD IN 

r_-------------JA~------------~ 

INVERT - ...... ---+---..... --1---..--+----4.--+--..., 
SIGNAL 

y 

WORD OUT 

Fig. 4. The exclusive OR used to invert a word (one's com­
plement). 

A B 

C 

SUM 

Fiq.5. The exclusive OR used to qenerate the sum in an adder. 
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When correctly applied the core 
buffer equation can reduce the cost 
of your data acquisition system. 

INTERLACED CORE BUFFER APPLICATIONS 
BARRETT W. REESE 

Senior Systems Engineer 
Leach Corporation 
Controls Division 

Frequently in the design of digital systems, an engineer 
is required to utilize a core buffer memory. The appli­
cation usually falls into one of two categories; (a) the 
core input rate is constant or (b) the core input data 
rates are variable. When such requirements exist, several 
approaches to core buffer selection may be used; how­
ever, there are approaches which result in the minimum 
size core buffer required for a particular application. 

Three types of core buffer operations are available: 
random access, sequential access, and sequential-interlace 
access. In random access, core locations are selected by 
the direct transfer of random input address to the core 
address register. For sequential access, the address coun­
ter and address register are initially reset. During each 
subsequent memory cycle the address counter is incre­
mented, and the resulting count transferred into the core 
address register. Consequently, memory locations are 
addressed consecutively. The sequential-interlace ad­
dressing scheme uses two separate address counters: one 
for addressing words to be loaded, and one for addressing 
words to be unloaded. This type of addressing is used 
most often for buffering data between two points in a 
system in which input and output rates are not the same; 
for example, buffering data from an acquisition system 
to a magnetic tape recorder. To allow the reader greater 
freedom in core buffer use with digital system applica­
tions, a brief derivation of the core buffer interlace 
equation is presented first. 

In digital systems with very low input rates and very 
high output rates, where sufficient data output can be 
obtained between input data cycles, core buffering may 
not be necessary. However, in digital systems requiring 
core buffer applications it is generally the case that data 
is being acquired at one rate, say Hzi, and must be out­
put at a higher rate, say Hzo. Therefore, data must be 
stored until a pre-determined amount has accumulated 
and then output at rate Hzo. The core buffer performs 
this storage function economically when properly selected. 

Assume that data is being continuously acquired at a 
rate Hzi and that it is to be output in data blocks "a" 
characters long at a rate of Hzo. Since the output rate 
(Hzo) is greater than the input rate (Hzi), the output 
operation must begin after an unknown number of char­
acters have been acquired. This is shown diagrammati­
cally in Figure 1. 

Hzi 
Hzo 
a 
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input data rate (data acquisition rate) 
output data rate 
length of a data block in characters (bytes) 

Input Rate I I _ Output Rate 
Hzi ~ DATA BLOCK ~ Hzo 

~---------------

Figure 1 

b the number of characters acquired by the sys­
tem and stored in memory while outputting 
data (interlaced operation) 

c the number of characters that must be ac­
quired by the system and stored in memory 
before data output begins 

Ti the time required to acquire and store "a" 
characters of data at rate Hzi 

To the time required to output "a" characters of 
data at rate Hzo 

The time relationships required are such that unload 
(output) must begin after "c" characters of data are 
acquired and stored in memory. Therefore, the unknown 
"c" must be determined. If Hzo is greater than Hzi, less 
time is required to output "a" characters than is required 
to acquire "a" characters; 
therefore: 

Ti = To + H
C

' 
ZI 

( 1 ) 

This equation states: the time required to acquire "a" 
characters of data is equal to the time required to output 
"a" characters, plus the time required to load "c" char­
acters before unload begins. 

From the definitions, it can be seen that: 

T · a and 1=-H' 
ZI 

(2) 

To=~ 
Hzo 

(3) 

These two equations state that the input and output 
times are inversely proportioned to the input and output 
data rates. 

Equations 1, 2 and 3 may be used to find the un­
known "c": 

Ti = To + H
C

' 
ZI 

( 1 ) 
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Substituting 2 and 3 

or 

a a c 
Hzi - Hzo + Hzi 

a a _ c 
Hzi - Hzo - Hzi 

a Hzi 
a - Hzo = c 

Hzi 
a (1 - -) = c 

Hzo 
(4) 

The last equation is the core buffer interlace equation 
which can be rewritten: 

c=a ( 
Hzo -Hzi) 

Hzo 
(4) 

This equation states that before data output begins, 
"c" characters must be stored in memory and tells what 
the minimum core buffer length "c" is for any length 
of data block for any applicable input and output data 
rates. This is explained by the two following statements. 

If Hzo is equal to Hzi, then generally, a core buffer is 
not required and data cannot be output in block form 
where each block is preceded and followed by a gap in 
the data. . 

If Hzi is greater than Hzo, then a core buffer is not 
required and data must be output at the acquisition 
rate. 

As Hzo ~ 00, the core buffer length approaches the re­
quired record length. 

As Hzi ~ 0, the core buffer length approaches the re­
quired record length. 

Constant Input Data Rate Applications 

The following discussions are devoted entirely to ap­
plications of the core buffer equation. There are numer­
ous problems which should be considered; a represen­
t.ative few have been selected using a magnetic tape 
output device. 

APPLICATION 1 

Assume the following: 
Data is being acquired continuously at rate Hzi 
10,000 bytes/sec. 
Data is being output in block form at rate Hzo = 
30,000 bytes/sec. 
Data block is to be 5,000 bytes: 

= ( Hzo - Hzi) = 5 000 (30,000-10,000) 
c a Hzo ' 30,000 

= 5,000 (%) = 3333.3 

Therefore, a core buffer 3333.3 bytes long must be used. 
In practice, this would require a 4096 address core 
memory. 

Before accepting this answer, one other consideration 
must be investigated. In writing a gapped magnetic 
tape, time is required to generate a block gap. The 
block gap time cannot exceed: 

c 
BGT ~ H' 

Zl 
(5 ) 

This equation states that the number of characters that 
must be acquired by the system and stored in memory, 
while outputting data, must be equal to or greater than 
the number of characters which are acquired during the 
block gap time. 

If we assume a fairly standard block gap time of 10 
milliseconds to generate a % inch block gap (transport 
start/stop distance may be sufficiently short such that 
this operation can be performed in les's than % inch. 
A write delay may be necessary to inhibit transport writ­
ing after tape is up to speed in order to generate a % 
inch gap) then: 

c ~ Hzi BGT Restating equation (5) 
3333.3 ~ (10,000) (.01) 

Since "c" is greater than (Hzi) (BGT), then all condi­
tions for operation are satisfied. 

APPLICATION 2 

Assume the following: 
Data is being acquired in block form at an instantaneous 
rate Hzi = 30,000 bytes/sec. 
Data is being output in block form at Hzo = 20,000 
bytes/sec. 
Data block is 10,000 bytes 
A data block is acquired once each second. 
If this case is studied, it will be seen that although 
the instantaneous data acquisition rate (30,000 by­
tes/sec) is higher than the output data rate (20,000 
bytes/sec), the average input data rate is 10,000 bytes 
per second. Therefore, the core buffer equation is 
still valid: 

c=a (
Hzo - Hzi) 

Hzo 

= 10000 (20,000-10,000) 
, 20,000 

= 5,000 bytes 

For this example, a core buffer of 8,192 bytes is stand­
ard. 
Again, the block gap time must be considered: 

c~ Hzi BGT 
c ~ (10,000) (.01) = 100.0 bytes 
and again the example is valid. 

APPLICATION 3 

Assume the following: 
Data is being acquired continuously at a rate Hzi = 
28,000 bytes/sec. 
Data is being output in block form at a rate Hzo = 
30,000 bytes/sec. 
A data block is 500 bytes: 

c=a (
Hzo - Hzi) 

Hzo 

= 500 (30,000-28,000) 
30,000 

500 
-15 
= 33.3 bytes 
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for digital printers 

- DI / AN* has done 
something about it . . . 

DI/ AN DIGITAL PRINTERS FEATURING: 
• LOW INITIAL COST (FROM $2000) 
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• ELECTRONIC ADJUSTMENT OF 
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AND TWO COPIES) 

• INTEGRAL PARALLEL AND SERIAL 

ENTRY BUFFERS 

• UP TO 32 COLUMN CAPACITY 

• PRE·DESIGNED INTERFACE OPTIONS 
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PHONE: (6m 288-7700 TWX: 710-333-0114 

CIRCLE NO. 40 ON INQUIRY CARD 

A core buffer of 33.3 bytes is required for this case. A 
standard memory would be 128 addresses long. 

The block gap time must now be checked to see if the 
application is valid: 

c ~ Hzi BGT = (28,000) (.01) 

= 280 bytes 

Therefore "c" is not greater than or equal to (Hzi) 
(BGT) and the core buffer cannot be interlaced. Now 
the case of not stopping the tape transport can be in­
vestigated. Assume that 7.5 milliseconds are required to 
generate a block gap if the tape drive is not stopped; 
then: 

c ~ (Hzi) (BGT) ~ (28,000) (.0075) = 210 bytes 

This states that for Application 3, the core buffer cannot 
be interlaced. The engineer then goes to another ap­
proach using the core buffer equation as a guide. If the 
record length is changed, the interlace operation can be 
made to work. 

The problem is to find a record length which will al­
low 210 bytes to be loaded during the block gap time: 

Hzo c . 
a = H H' (core buffer equatIOn solved for a) 

zo- ZI 

_ (30,000) (210) _ 6,300,000 _ 
a - 30000-28000 - 2000 - 3,150 bytes long 

" , 
If nine of the original blocks of data are written as one 
output block, then interlace is possible and a 512 ad­
dress core memory would be used. 

This can be checked by again applying the core buf­
fer equation: 

= (Hzo-Hzi) = 4 500 (30,000-28,000 ) 
c a Hzo ' 30,000 

= 4,~~O = 300.0 

This states that 300 bytes (which is greater than the 210 
byte record length required) must be loaded before un­
load begins and start-stop tape drive operation can be 
used. 

APPLICATION 4 

Assume the following: 

Data is being acquired in block form at Hzi = 10,000 
bytes/sec. 

Data is being output in block form at Hzo 
bytes/sec. 

Input data blocks are 500 bytes 

Output data blocks are 1500 bytes/sec. 

10,000 

Assume that 100 milliseconds are required for each input 
data block. 

From this assumption, it can be seen that the average 
input data rate is: 

_ 500 bytes _ . 
Hzi (avg.) - 01 - 5,000 bytes/sec. 

. sec. 
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and is a lower rate than Hzo: therefore, the core buffer 
equation is still valid: 

= (Hzo-Hzi) = 1 500 ( 10,000-5,000) = 750 b 
c a Hzo ' 10,000 ytes 

This figure would be checked by: 

c ~ (Hzi) (BGT) 

c ~ 5,000 (.01) = 500 bytes 

Therefore, c ~ (Hzi) (BGT) and interlace operation is 
possible with a 1024 addressed core. 

Variable Input Data Rate Application 

Core buffers are also used in applications where the 
input data rates are variable. When designing within 
this parameter, a "ping-pong" data handling technique 
may be used, as shown in Table 1. 

Core 
Input ~ 
Core 
Output~ 

o to 65 K Ilzi 
4022 byte record 
62.0 ms 

RECORD X 

TABLE I 

RECORD Y 

Start: RECORD Y 
Tape I 

10 ms: 96 K llzo 
, 42.0 ms 

RECORD Z 

, Start 
,Tape 

Start, , Stop 
Tape , RECORD Y I Tape 

' , , 
,10 ms 10 ms I I 10 ms 
, I , 

The core buffer is first loaded with RECORD "X". 
Upon completion of this loading, the tape transport is 
started, requiring 10 ms to come up to speed. When 
final tape speed is obtained, RECORD "X" is unloaded 
from core onto tape, followed by 10 ms of tape transport 
stop time. During the previous cycle, the interlaced 
operation of loading RECORD "Y" while unloading 
RECORD "X" had been occurring. Upon completion 
of RECORD "Y" loading, the tape transport is started 
and the entire operation is repeated. 

Jumping back and forth between two sections of core, 
each holding one complete record, thus forms the "ping­
pong" technique. 

In the cited example, 

since BGT = 20 ms (transport start/stop times) 
from (5): c = (Hzi) (BGT) 

= (65,000) (.020) 
= 1,300 bytes 

Therefore be substitution in (4) : 

1 300 = (96,000-65,000 ) 
, a 96000 , 

a = 4,022 bytes 

Since the "ping-pong" operation requires a core size 
be twice the record length, the core should provide stor­
age for 8,044 bytes. In this case a 8192 addressed core 
would be used. 

When correctly applied, the core buffer equation can 
reduce the cost of your data acquisition systems. It must 
be remembered, however, that interlacing operations de­
rived through application of the core buffer equation 
require rigid timing controls and should be approached 
with scrutiny. 

MicroVersaLOGIC 
Designed for the 
toughest applications. 

Priced for the easiest. 

MicroVersaLOGIC is the complete line of IC logic mod­
ules designed for the toughest applications, yet priced 
lower than other cards. 

Built into MicroVersaLOGIC are small size, high relia­
bility, and high performance. They give you assured 
performance at 5 megaHertz, leakproof ceramic OTL 
chips, and a filter capacitor on each card. 

The complete MicroVersaLOGIC line gives you all the 
ready-made building blocks you need for anything from 
a register to an entire digital system, including plug-in 
power supplies and a broad line of system assemblies 
and accessories. 

Our 40-page catalog can give you all the facts and 
possibilities of the MicroVersaLOGIC line, and our price 
list will prove to you how economically it can be yours. 
Just write. 

~varian data machines 
~a varian subsidiary 

Formerly Decision Control. Inc. 
1590 Monrovia Ave., Newport Beach, Calif. 
TEL. (714) 646-9371 TWX (910) 596-1358 
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THE TERNARY NUMBER SYSTEM 
FOR DIGITAL COMPUTERS 

The most efficient radix for a number system is e, the base of the natural 
logarithm. Since 3 is the nearest integer to e, it is reasonable to investigate 
the possibility that a ternary computer should be more efficient than a binary 
computer. For example, a la-digit decimal number needs 40 bits in binary 
coded form, 33 digits in straight binary translation, and 21 digits in ternary 
representation. Provided a ternary-register element costs the same as a binary 
element, a ternary computer appears to be very attractive. In present com­
p_uters, the numerical systems are either binary or binary coded because most 
of the available switching elements are of binary nature. In this paper, a ternary 
number system is shown to be more efficient than a binary system provided that 
the ternary-element costs are not more than J.5 times greater than the cost of 
a binary element. A ternary algebra is developed, and a ternary switching 
system is described. 

A. Tureek. 
Palm Beach Operations 

Electronic Data Processing, Palm Beach Gardens, Florida 

I N DIGITAL COMPUTERS, all the 
arithmetic operations, fixed or 

floating point, are carried out on in­
tegers. The sign of a quantity and 
its magnitude in the floating-point 
system are operated by a sign logic 
and an exponent logic respectively. 
Hence, in the number representation 
for computers there must be methods 
for indicating sign and exponents of 
the operand quantities. Most digital 
computers use positional notation 
with fixed radices of 2, 8, 10 or 16. 
At least one mass-produced com­
puter uses a notation with radixes 
of 2 and 5 (the bi-quinary notation 
which was used the first time in one 
of the earliest digital computing de­
vices, the Chinese suan pan). 

The Cost Considerations of 
Various Radix Systems 

Let us assume that to represent each 
symbol in a given numerical system 
we need one logic element, and that 
the maximum numerical quantity to 
be handled is N. If r is the radix of 
the system the number of the re­
quired elements is r logr N for logr 
N»1. 

For the evalution of different nu­
merical systems we introduce a func­
tion, 1 r, the ratio of the required 
hardware for the r-radix system and 
for the binary (2-radix) system: 
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Setting the derivative of Ir equal to 
zero, 

df/dr (log2r - log2e) /2 (log2r) 2 
=0 

the minimum occurs at r = e. Thus, 
if the logic and memory elements 
with r-stable states were only r /2 
times more complex than the pres­
ently used elements with two stable 
states, the r-radix numerical system 
would be the most economical. 

Let us now consider the case where 
the numerical systems of the base 
r>2 are binary coded. For the com­
parision of the required hardware we 
should use the function 

where Ir is an integer and is the min­
imum required number of binary bits 
for the representation of one digit of 
the r-base. The magnitude of gr for 
some values of r is as follows: 

r 5 

/r 1.000 0.946 l.000 l.078 1.148 
gr l.000 l.262 l.000 l.294 1.148 

7 8 9 10 100 

/r 1.247 1.333 1.420 1.505 7.526 
Or l.069 l.000 l.262 1.204 1.053 

Note that: 
1) For r~2, gr~1; 
2) for r equal to the positive pow­

ers of 2, gr = 1; 
3) For r = 5, gr reaches the maxi­

mum value; 
4) Forr = 6, gr = Ir; and 
5) For r»1, gr = 1. 

Thus, using two-stable-state logic ele­
ments, the most economical numeri­
cal systems are of the base of 2, 4, 
8, . . . , 2n; the decimal system is 
only 20% more expensive than the 
binary. If one could develop suf­
ficiently reliable three-stable-state 
logic elements which would be only 
3/2 times more expensive than the 
corresponding binary element, the 
saving of 5.4% [(f3 - 12)//2 = 
0.054] in the arithmetic unit hard­
ware would be accompanied by an 
increase in the memory cost by 26% 
r (g3 - g2) / g2 = 0.26] if the mem­
ory used were still 2-state. Hence, 
the ternary system would be Justified 
only if both 3-state logic elements 
and 3-state memory elements were 
available. 

These comparisons for different 
numerical systems have not consid­
ered the variations in the complexity 
of required logical schemes since this 
can be seen only after a scheme is 
developed. Therefore, the commonly 
used argument, that present avail­
ability of two-state logic elements 
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warrants the use of the binary nu­
merical system in computers, can be 
accepted only conditionally. 

One argument for the binary sys­
tem is its claimed simplicity in 
performing arithmetical operations. 
However, the occurrence of carries 
in the ternary addition is 41 % lower 
than in binary addition, while the 
multiplication table is of the same 
order of simplicity. 

Some Ternary Codes and 
Algorithms 

We shall investigate in detail two 
ternary codes. For a lack of a better 
name, the ternary code with digits 
0, 1, and 2, will be referred to as a 
straight ternary code, and \vith digits 
-1,0, + 1 (or simpler -,0 and +) 
as a symmetric code: 

Straight Symmetric 
Code Code 

Decimal 32 31 30 32 at 30 
Equiv. 

0 0 0 0 0 0 0 
1 0 0 1 0 0 + 2 0 0 2 0 + 3 0 1 0 0 + 0 
4 0 1 1 '0 + + 5 0 1 2 + 6 0 2 0 + 0 
7 0 2 1 + + 8 0 2 2 + 0 
9 1 0 0 + 0 0 

10 1 0 1 + 0 + 11 1 0 2 + + 12 1 1 0 + + 0 
13 1 1 1 + + + 

26 2 2 2 

Symmetric 
Code 

Decimal 32 31 30 
Equiv. 

0 0 
-1 0 
-2 0 + 
-3 0 0 
-4 0 
-5 + + 
-6 + 0 
-7 + 
-8 0 + -9 0 0 

-10 0 
-11 + 
-12 0 
-13 

Note that the decimal range of the 
.straight ternary code for n digits is 

"I - 1 

2 ~ 3P, 
p = 0 

while the range of the symmetrical 
code is 

n - 1 

+ ~ 3P• 
p=o 

Since the former code requires an 
additional digit for the sign designa­
tion, the range of the latter code is 

greater (for the same number of 
memory elements) by 

n - 1 

3n - $ 3P• 

P = 0 

Ternary addition in straight code 
follows the sum and carry tables 
given below: 

B 

o 
1 
2 

A 
Sum 

1 2 

o 1 2 
1 2 0 
2 0 1 

B 

o 
1 
2 

A 
Carry 

o 1 

o 0 0 
o 0 1 
o 1 1 

The percentage of the carry occur­
rence for a ternary full adder is 50% 
and the same is for a binary full 
adder. The 2's complementing of 
this code follows the truth table of 
the ternary logical connective of 
cycling: 

Number o 2 
2'8 Compl 2 o 

Subtraction, following the commonly 
used technique in digital computers, 
is performed by adding the subtrac­
tive complement of the subtrahend 
to the subtractor. The subtractive 
complement of an integer N to the 
base r and of n significant digits is 
defined as N = rn - N. Let (+A) 
+ (+B) = (+C); the complete 
algorithm for add/subtract is as fol­
lows: 

1) Assume the sign of the result C 
to be the same as the sign of the 
operand A. 
2) If there are unlike signs of oper­
ands in add, or like signs in subtract, 
generate 2's complement of the B 
operand and inject a carry to the 
least significant stage of the adder. 
The carry will be referred to as the 
initial carry, and this carry together 
with the 2's complementing of the 
subtrahend generates the subtractive 
complement. 
3) If the condition described in 2) 
above, exists and the most significant 
stage of the adder generates a carry, 
which will be referred to as the final 
carry, the result at the output of the 
ternary adder is correct. 
4) If the condition described in 2) 
above exists and there is no final 
carry, the result is wrong. This case 
requires the subtractive complement­
ing and sign-change correction of the 
result. 
5) If there are like signs of operands 
in add or unlike signs in subtract, the 
result (as generated by the adder) is 

correct. In this case, the final carry 
indicates an overflow, i.e., the result 
exceeds the precision of the adder. 

Note that the algorithm is the same 
as one used for binary add/subtract. 
The addition in the symmetric code 
follows the rules given in the sum 
and carry tables: 

Sum 

+ 
o + 
+ o 

A 
B 

o 
o + 
+ 

o 

o 
o 
o 

Carry 

+ 
o 
+ o 

As can be seen from the carry table, 
the percentage of the carry occur­
rence is 100 . 8/27 = 29%. This is 
41 % lower than in the binary code. 

The subtraction in this code is ex­
tremely simple. It is performed by 
adding the subtrahend with the re­
versed sign to the subtractor: 

Example: 

ForA>B, letA = 5 and B = 2, 

5 
-2 ~ 

3 

+ 
o + 

-----

+ 
~ + 0 + 

0+0 

For A <.lJ" let A 3 and B = 5, 

3 0+0 0+0 
-5 ~ - + - -- ~ + - + + 
-2 0 - + 

For A <B, the subtractive comple­
menting path (which usually takes 
double the time of the add/subtract 
execution) is not required. This 
property of the code will also pro­
duce some saving in the hardware of 
the arithmetic unit. 

The multiplication in symmetric 
code follows the algebraic rule for 
signs: 

,A 
B~ 

Product 
0 + 
0 0 
0 + 
0 .......-.. 

o 

+ 

Note that the multiplication in this 
code does not generate a carry, while 
the straight ternary code does for 
2 X 2 = 11. 

Example: 2 X 8 = 16 

(0 + -) X (+ 0 -) 

0-+ 
o 0 0 0 

0+- 0 0 

+--+ 

oth partial product 
1st partial product 
2nd partial product 

final product 
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Development of a Ternary 
Switching Algebra 

The extension of the Boolean algebra 
to the ternary switching circuits will 
be modeled mainly after the many­
valued propositional logic introduced 
by Post. 

The three basic Boolean operations 
are union~ intersection~ and comple­
mentation which are mechanized by 
or~ and~ and invert logic elements. 
These concepts, with certain modifi­
cations, will be used in the develop­
ment of the ternary logic. 

A Post algebra P is a class of C of 
elements p~ q~ r~ 0 0 0 with two basic 
operations; p 0 q (product) and p' 
(cycling). Assuming three truth val­
ues (0, 1, and 2) for the elements of 
C, the above mentioned operators are 
defined by the following truth tables. 

Product Cycling 
p p.q 

q 1 p p' 

0 0 0 0 0 1 
1 0 1 1 1 2 
2 0 1 2 2 0 

As defined here, p 0 q = min (p, q) ; 
that is, the product of p and q equals 
the smallest truth value, and repre­
sents a ternary and function. 

Many mysteries of multi-valued 
logics will be cleared up when one 
realizes that the words and~ or~ and 
not have at best only tenuous anal­
ogy with their meanings in natural 
languages. A three-valued logic 
function means nothing more than 
the particular matrix pattern of the 
truth table that is permitted by that 
relation. If instead of saying A im­
plies B in a ternary system, we said 
A galumphs B, considerable clarity 
might result. 

In this article, though it is recog­
nized that there are significant differ­
ences in the structure of two-valued 
and many-valued logics, the analo­
gies between the systems will be 
stressed and the binary logic will be 
considered to be a special case of 
multi-valued logic. For instance, if 
in the truth table defining the ter­
nary and the truth value of 2 is ex­
cluded, it becomes the truth table 
for the familiar binary and. The 
same applies for the cycling concept, 
after eliminating 2, it becomes a 
binary not. In the binary logic, the 
double not of a variable is equal to 
the variable. It follows then that if 
a double not of a variable yields the 
variable, then a triple cycling in ter-
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nary logic should yield the same re­
sult. Hence Post's cycling was de­
fined accordingly. 

Fundamental to any logic algebra 
is the existence of an algebraic form 
of any function which explicitly gives 
the value of the function for every 
combination of variable values; this 
is the canonical form of the function. 
Closely associated with the canonical 
form is the expansion theorem which 
expands any function in a series 
about any of its variables. The ca­
nonical form is a result of expanding 
about all variables of a function. 
This form is the essence of synthesis; 
applying the expansion theorem in 
reverse is the first major step in min­
imization. 

A logic switching algebra, to be­
come a useful tool for the analysis 
and synthesis of switching networks, 
should operate with connectives 
which are complete functionally. 
The completeness of a connective or 
a group of connectives can be de­
scribed for 3-valued logic as follows: 

n 

there are 33 different functions of 
n variables, and a given connective is 
complete if it is possible to express all 

n 

the 33 functions with only that con-
nective or a group of connectives. 

There are several ways of proving 
the completeness of a given connec­
tive or a group of connectives; one 
way is to prove an expansion theo­
rem, while another is to establish an 
isomorphism (one-to-one relationship 
that preserves the operations of ad­
dition, multiplication, and the order 
relationship) between the algebra to 
be tested and another algebra which 
is known to be complete. 

By definition a Post function is any 
element of a finite set P built up 
from elements of an arbitrary set C 
by a finite number of combinations 
of product and cycling operations. 
Since the ternary switching functions 
as defined by tables of logic values 
are themselves Post functions, there 
is a canonical expansion of the func­
tions in terms of the product and 
cycling operation. Hence, the ter­
nary switching logic, as presented 
here, is complete. 

To simplify the analysis and syn­
thesis of the ternary functions, some 
auxiliary operations will be intro­
duced. These are sum (p + q) and 
negation (p and]) operations. 

(p + q) 

o 2 
1 2 
2 2 

i I 
p Jo(p) ll(p) 12(p) 

220 0 
102 0 
o 0 0 2 

As defined here, p + q = max (p, 
q) and ]k(p) = 2, if k = p; ]k(p) 
= 0 if k =1= p. 

Note that the J operation, reduced 
to the binary logic, becomes the bi­
nary negation. According to the 
definition, Jo (1) = J1 (0) = 0 and 
J1(1) = Jo(O) = 1. Therefore, if 

J1(P) = p, then Jo(p) = p; the bar 
signifies binary negation. 

In the ternary switching logic, 
there are 33 = 27 different functions 
for one variable. The table of all 27 
ternary functions can be reduced to 
the four binary functions for one 
variable, once again showing that the 
binary as well as the ternary logics 
are special cases of the general m­
valued logic system developed by 
Post. 

p I 0 2 Ternary Functions 

15 0 1 2 12(p) +ll(p)·1 =p ~
o 0 0 0 Jo(p) ·ll(p) 

In 2 ·1 0 Jo(p) + ll(p) ·1 
126 2 2 2 Jo(p) + ll(p) + 12(p) 

p 1 Binary Functionl1 

10 00 Jo(p)oll(p)=p·p 
15 0 1 p 
In 1 0 Jo(p) = P 
/261 1 Jo(p)+ll(p)=p+P' 

In determining logical functions 
from given truth tables it is necessary 
to be familiar with some systematic 
techniques. However, one should not 
overlook the importance of the truth 
table inspection before general meth­
ods are applied. If a special pattern 
is noticed, the required function can 
be written directly from the truth 
table. 

A general method for determining 
logic equations in terms of J opera­
tors, defined by truth tables, is as 
follows: 
1) Write down separate J minterms 
(a minterm of n variables is the 
Boolean product of these n variables 
with each variable present in either 
its true or complemented form) for 
each non-zero term of the function, 
making the order of J operators 
equal to the truth value of the cor­
responding variables. If this term is 
1, multiply the generated minterm 
by 1. 
2) To produce the complete equa­
tion, realizing the given function, 
add all the J minterms. 
3) Simplify the equation. 
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Example: 

Determine the logic equation for the 
function I defined by the truth table 
as shown below. 

p q I. J min terms 

1 1 Jt(p) o Jt(q) 0 1 
1 2 Jt(p) 0 12(q) 0 1 
2 1 12(p) 0 Jt(q) 0 1 
2 2 12(p) 0 h(q) 

The portion 01 the truth table not shown 
contains all zero. under I. 

I Jdp) 0 Jl(q) • 1 + Jl(P) • 
J2(q) • 1 + h(jJ) • Jl(q) • 
1 + h(p) • h(q) 
J1 (p) ·1 • []l(q) + J2(q)] + 
h(P) • [J1(q) • 1 + h(q)] .. 
Jl (p) • 1 • q + J2 (P) • q 
[J1(P) ·1 + h(p)] • q 
p.q 

To simplify the binary logic func­
tions, the Veitch diagram technique 
is often more convenient and faster 
than algebraic manipulation. It was 
found that the Veitch diagrams can 
be extended, to ternary logic: 

Veitch Diagrams 
Binary Ternary' 

a a' 
b [II[] 
b' [[]]] 

q ~p ~. p~' 
q' 7 4 1 
q" 6 3 0 

The Veitch diagram rules for ter­
nary logic, compared to those for bi­
nary logic, are as follows: 

1) In binary Veitch diagrams, the 
truth values assumed are a = 1 and 
a = 0; similarly in the ternary dia­
grams p = 2, p' = 1, and p" = O. 
The most significant variable in this 
example is at the top of the diagram 
for both ternary and binary dia­
grams. 

2) Any binary function transferred 
from the truth table to the Veitch 
diagram is marked by 1's in the cor­
responding cells. Since the ternary 
function is defined in its truth table 
by either 2's and/or 1 's, the corre­
sponding cells are also marked by 
either 2's or 1 'so 

3) If a cell in the binary Veitch 
diagram can be either 1 or 0 (i.e., a 
corresponding minterm is redun­
dant) the cell is marked by X. The 
cell is redundant in the ternary 
Veitch diagram only if it can be 
either 2 or 1 or 0; in this case, simi­
larly, it will be marked by X (i.e., 
the cell can take any convenient truth 
value for the function simplification 
purposes). Any cell of the ternary 
Veitch diagram can assume only one 

truth value or be redundant. 

4) For any mechanized binary func­
tion, the existence and the non-exis­
tence of the output corresponds to 
the truth values 1 and 0 respectively. 
In the case of the ternary function, 
the existence of the output corre­
sponds to either 2 or 1, and the non­
existence of the output to O. A func­
tion producing 2 or 1 output will be 
denoted by 12 and 11 respectively. If 
the truth table defining a function 
contains 2's and 1 's, the total ex­
pression for the function will be 
1=12 + 11' 

ExamjJle: 

Use the Veitch diagram for the mini­
mization of the function defined by 
the truth table in the previous ex­
ample. 

p q 1 
1 1 1 
1 2 1 
2 1 1 
222 

Inspecting the Veitch diagram one 
can see that the pattern is the same 
as of the matrix defining the ternary 
intersection. That is, I = 11 + 12 = 
p. q. 

To become proficient in ternary 
Veitch diagram techniques, one 
should first be able to recognize as 
many different ternary Veitch pat­
terns as possible. 

To translate a ternary Veitch dia­
gram into a disjunctive form consist­
ing of J minterms, proceed in the 
following manner: 

1) If a pattern can be expressed in 
terms of intersectionJ union J and/or 
cycling connectives such that 

1=/(p,q···,s) 

then I = J 2 [f (p, q, • • ., s)] + 
J1 [f(p, q, •• ·,.s)]·1 

Example: 
p' p" 

q' ~-+-~~ 
q"J,..;;.,..I-,..;~...;;....J 

Since the Veitch diagram is 01 the lunction 
1 = p + q, 1 = h(p + q) + 12 (p + q) 0 1 

2) If the pattern of a function is not 
readily recognizable, combine 2's and 
l's separately into the simplest ex­
pressions using the same technique 
as in the use of the binary Veitch 
diagrams. If 12 = 12 (p, q, • ~ ., s) and 
11 = 11 (p,q, • 0 ., s) then I = J2[12 (p, 
q, ••• , s)] + J2[f1(P, q, ••• , s)]·1 

Example: 

q 
q' 
q" 

p' p" 

From this pattern, we get h = p and It = 
q(p' + p"), 1 = J2(p) + J2[q(p' + p")] 

2+ 1 = 2. 

3) For expressing 11, consider any 
cell with 2 to be a redundant term 
since 2 + 1 = 2. 

2 1 1 
2 0 0 
2 0 0 

2 0 0 1 1 1 
2 0 0 + 0 0 0 
2 0 0 0 0 0 

U sing this property for the above 
example, 

f = J2(P) + J2[q(P' + p")]·1 
= J2(P) + J2(q) • 1 

All the described methods of generat­
ing logic equations for the functions 
defined by truth tables can be used 
for any number of variables. The 
complexity of handling a higher 
number of variables does not appear 
to be greater than the equivalent 
problem in the binary logic. The 
fact that the number of different 
ternary logic functions is much 
greater than for the same number of 
binary logic functions does not make 
the ternary techniques proportionally 
more complicated. 

The Ternary Conditioned­
Disiunction 

In computer manufacturing, it is. 
more economical and convenient to 
use only one type of circuit as a basic 
logic element. For instance, in the 
present digital computers, to mecha­
nize three basic logic connectives -
andJ orJ and not - we use either 
nor or nand logic elements. All the 
ternary functions can be mechanized 
by a single logic element.1 This basic 
element is a conditioned-disjunction. 
The notation symbol for the ternary 
conditioned-disjunction is 

and its functional definition can be 
stated as PJ qJ or r if s = 0, s = 1, or 
s = 2, respectively: 

p q r 

T(p, q, r; s) 

o p 
1 q 
2 r 'y 

T(p, q, r;.s) 
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The general expression for the ter­
nary function of n variables in terms 
of T opera tors is: 

/(p,q,r,···,s) =T[f(O,q,r,···,s), 
/ (l,q,r, ···,5),/ (2,q,r, ···,5) ;p] 
where! (O,q,r, ···,5),/ (l,q,r, ···,5) 
andf(2,q,r,···,s) are the ternary 
functions of, (n - 1) variablcs. This 
result follows directly from the Post 
algebra and the definition of the T 
operator. 

A simple method has been devel­
oped for mechanizing ternary func­
tions using T operators. To the 
author's knowledge, the method ap­
pears to be novel since no reference 
describing it had been found. The 
procedure is as follows: 

1) Translate a truth table, defining 
a ternary function, into its equivalent 
V ei tch diagram; 
2) Write all the n! possible equa­
tions in terms of T operators, where 
n is the number of variables; and 
3) Select the equation of the mini­
mal form. 

For example, a general Veitch dia­
gram for a ternary function with two 
variables is shown below: 

q 

q' 

q" 

p p' p" 

all a l2 a l3 

a~J a.2~ a.23 

a:lJ a:l~ a:~1 

!(q, p) 
p p' p" om q' 

q" 

!(p, q) 
p p' p" 

~,~ 
q"~ 

The two forms of the function can 
be written: f (q, p) = T[T (a33, a23, 
a13 ; q), T (a32' a22, a12; q), T (a31' 
a21) all; q) ; p] 
f (p, q) = T [T (a33' a32, a31; p), 
T (a23, a:!:!, a21; P), T (a13' a12, all; 
p) ; q] 
The above functions, in logic dia­
gram form, are shown in Fig. 1. 

As can be seen in the Veitch dia­
gram and the determined equations, 
writing down the required equations 
is very simple. Starting from the 
right bottom corner of the Veitch 
diagram (i.e., from the minterm des­
ignated by the ternary zero) one 
may proceed either up or to the left 
producing f (qJ p) or f (p, q), re-
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NNN 
MN'" ...... MN ... .. .... 

q~--;---~-+--~ 

t(q.p) 

Fig. I-Logic diagram for mecha· 
nizing the ternary functians using 
T operators. 

spectively. Since f (q, P) = f (p, q) 
the one of the simpler form is se­
lected. With some experience in this 
technique, it will not be necessary to 
try all the possible solutions, since 
some Veitch diagram patterns sug­
gest the factoring ways producing a 
minimal form. 

Conclusions 

Essentially, the system of the ter­
nary logic is characterized by a 
rather close analogy to the systems 
of Boolean algebra, normally used 
for the case of the binary logic. One 
of the more outstanding differences 
is that in the ternary system the 
number of the different equations is 
considerably higher than the number 
of the binary equations for the same 
number of variables. 

Also, the number of possible ter­
nary operators is higher than the 
number of binary operators, but in 
both cases there are single operators 
which provide complete logic sys­
tems. As a whole, the difference 
between the two logics are predomi­
nantly of quantitative nature. After 
one becomes familiar with some fun­
damental principles of a multi-valued 
logic, the ternary logic does not cre­
ate any conceptual difficulties. How­
ever the manipulation of the ternary 
logic is more complex than that of 
the binary logic, and probably will 
remain so regardless of what new 
switching algebra techniques are de­
veloped in the future. 

The commonly accepted opinion 
that the number of components in a 
ternary computer will be smaller 
than that used in a binary computer 

p'---6._+-~I---+_---I 

f(p.q) 

is based on considerations related to 
the storage of data by ternary ele­
ments. Therefore, the use of the 
ternary numerical system in digital 
computers would be justified only if 
both 3-state switching and memory 
elements \Ven~ available. With the 
recent tcchnological advances in va­
rious semiconductor devices, mag­
netic cores, and cryogenics, there are 
indications that the circuit design of 
simple and reliable ternary devices 
is feasible. 

The author has completed the 
logic design of the following ternary 
functions: a tri-stable memory ele­
ment ("tri-flop") for store, trigger, 
and shift-register applications, tim­
ing-pulse generators, comparators, 
adders, and data transfers between 
registers. A T operator was used as 
a basic switching element through­
out the exercise for the application 
of the described ternary logic, and 
no unusual problems were encoun­
tered. 

The same T operator can be used 
as either a 3-state or 2-state switch­
ing device, this property being con­
trolled by truth-functional constants 
associated with T operators. It is an 
extremely useful property of T op­
erators since some control signals 
should exhibit two states only. 

Although an optimum mechaniza­
tion of the ternary full-adder has not 
been achieved, the ternary adder 
compares very well with the binary 
adder (ten T -elements versus nine 
nor-elements). This is significant be­
cause the increase in range in chang­
ing from binary to ternary notation 
with the same number of digits, n, 
is' (3/2) n. 
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In selecting a numerical system, 
one should also consider the cost and 
speed of conversion to and from the 
decimal system. Any binary conver­
sion algorithm can be modified for 
the ternary conversion and, in most 
of the cases, the execution of ternary 
conversion is faster. 

There exists a ternary code, re­
ferred to as a symmetric code in this 
paper, which does not require the 
designations of algebraic signs. The 
full adder for this code is more ex­
pensive than the adder for the 
straight ternary (14 versus 9 ele­
ments). However, the arithmetic can 
be performed without sign logic or 
subtractive complementing and sign 
change correction. 

In recent years, many papers have 
been appearing on ternary logic. The 
subject is becoming of greater inter­
est to the logicians recognizing many 
advantages of the system. It is still 
too early to speculate whether the 
computer industry will ever switch 
from binary to ternary logic. An ex­
tensive evaluation program is neces­
sary to determine whether the use 
of the ternary system for digital 
computers would be justified eco­
nomically. 

Although an engineering team de­
signing their first ternary computer 
today could have some problems, 
these would be considerably simpler 
than the problems encountered by 
the team designing the first electronic 
digital computer a mere 20 years 
ago. 
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FLOW CHARTS METHODS 

This article describes a method of designing the de­
tailed logic of a digital system. 

A flow chart is developed, which in its final form con­
sists of blocks of Boolean Equations interconnected in 
flow-chart fashion. When completed, the flow chart pro­
vides a complete description of the system. 

Advantages of this Method 

The author has designed several systems using this ap­
proach, and would list the advantages as follows: 

1. Keeps track of all the different sequences of opera­
tion, and ensures no hang-ups. 
2. Minimizes redundancy by providing a "visual" rep­
resentation of the logic. 
3. Reduces the mental strain of trying to evaluate the 
results of undesirable conditions, etc. 
4. For checkout. This can be done in an orderly fashion 
in the following stages: 

(a) each individual box 
(b) small loops 
( c) complete system 

Checkout is complete when all the various paths have 
been successfully followed. 
5. As a teaching aid. Since the flow chart is essentially 
a pictorial illustration of the operation of the system, 
with all relevant digital operations described in equation 
form, it provides a very convenient method of explaining 
the whole system. 

Logic diagrams need only be refered to when it be­
comes necessary to know how a certain function has 
been mechanized. A logic drawing tends to be of value 
mainly for its mechanical content, i.e. the physical loca­
tion of test points, etc., since fault diagnosis is accom­
plished by using the flow chart. 

General Flow Chart Philosophy 

The logic is broken down into boxes, such that any 
input to a box will activate the logic therein and produce 
a specific output. All operations within the box are 
described by a set of equations listed in the sequence 
in which they occur. A very simple example of this 
would be decoding a pulse count of 9 to set a flip-flop 
(Fig. 1). 

The corresponding flow-chart would be Fig. 2. 
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Fig. 1 

FLIP­
FLOP 

INCREMENT CTR'_8 = INCOMING PULSE TRAIN 

CTR'-8 < 9 CTR'_8 - 9 

Fig. 2 

Which is verbally explained: 
Pulses are fed into the box, each pulse incrementing 

the counter by one count. After each pulse, we leave the 
box and examine the counter. If it is less than 9, we 
go into the box again where another pulse will arrive 
and increment the counter. This process is repeated 
until upon leaving the box to examine the count, we 
find the counter has reached 9. At this point, we set 
the flip-flop. 

Mnemonics 

In order to successfully transform a sentence or state­
ment into an algebraic equation, some form of mne­
monics must be employed. I t is best to restrict the 
number of letters in a mnemonic to 4, and the mne-
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monic should have a fairly close resemblance to the 
word it describes. Some examples are given below: 

POP 
CRB 
WEN 
CDO 
CMAo_7 

(SCT = 2) 

Printer operable 
Card reader busy 
W ri te enable 
Clock dropout 
Bits 0-7 of the core memory address 
The sector counter equals 2 

Special Symbols 

Additional notation to the Boolean Equations has been 
developed by the author: 

1. 8X means "the leading edge of X" 

8X means "the trailing edge of X" 
i.e. If X is a flip-flop, 8X is when the flip-flop sets, and 

8X when it clears. If X is a level, 8X is when the level 

goes true, and 8X when it goes false. 
2. 6. means "delayed by" 
Hence 8FFY ~2 fJ-S means "the leading edge of flip-flop 
Y delayed by 2 fJ-S" 

3. 8FFX ~3fJ-S = SET FFY would read "the trailing 
edge of flip-flop X delayed by 3 fJ-S sets flip-flop Y", or 
"flip-flop Y is set 3 fJ-S after flip-flop X clears." 

Example 

A pulse train consIstmg of blocks of 14 pulses, each 
block separated by a gap, is provided. Three control 
lines, A, B, C are also provided. The states of ABC are 
independen t of each other and the pulse train. 
Design logic to meet the following requirements: 

(1) If A is set when the 5th pulse arrives, and C is set 
when the 14th pulse arrives; generate pulse PI. 

(2) If A is not set when the 5th pulse arrives, and B is 
not set when the 12th pulse arrives, generate pulse P2. 

(3) If A is not set when the 5th pulse arrives, B is set 
when the 12th pulse arrives, and C is set when the 14th 
pulse arrives, generate pulse Pl. 

A dropout detector is available to detect the gap between 
blocks, and a counter is available to count the pulses. 

Statements (1) (2) and (3) above can be put into flow 
chart form (see Fig. 3). This flow chart was derived in 
the following fashion: 

(1) The 1st count of significance is 5, so the counter 
must be allowed to reach this count. (Box 1) 

START 

c C B B 

Fig. 3. Flow chart, Stage I. 

(2) The only condition of interest at count 5 is whether 
A is set or not. 
(3) This brings us to i where a path is provided for 

A and A. 
( 4 ) The next count of significance is 12. 
(5) We are only interested in count 12 if A was not set 
at count 5. 
(6) This brings us to ii ; note that a path has been 
provided for the counts between 6 and 12. (Box 2.) 
(7) When count 12 arrives, we want to know whether 
B is set or not iv 
(8) If B is not set, P2 is generated. (Box 4.) 
(9) If B is set, in order to fulfill statement (3), we must 
go to iii to await count 14. 
(10) P2 was generated on count 12, so two more pulses 
have to be accounted for. This is done by box 5. 
(11) When count 14 is finally established, 111 ,we 
want to know if C is set, so a branch is drawn for C and 

C (point v 
( 12) If C is set, PI is generated. (Box 6.) 
( 13) If C is not set, nothing happens, and since this is 
the last pulse of the block, we go back to box 1 to await 
the 1 st pulse of the next block. 

This completes the 1st stage of the flow chart. 
The next step is to determine at which points memory 

elements have to be inserted so that we can tell which 
particular path has been followed. 

73 



START 

Fig. 4. Flow chart. Stage II. 

At i ,we must remember whether we have A or A 
at count 5. It is a matter of choice whether we set FF a 

(see Fig. 4) with A or A at count 5. 

We must also remember whether we had B or B at 
iv ,so FF~ is provided, which will be set by Band 

count 12. 
There is no need to provide a flip-flop at v since 

there are no more path options provided after this point. 
The addition of FFa and FF~ complete stage II of 

the flow chart (Fig. 4) . 
The next step is to examine these memory elements 

just added, to see if they can be combined. If their 
outputs lead us to the same point, they can. This is true 
in the case of FF a and FF ~, since they both go to 111 

This makes one of them redundant, so we will remove 
FF~ and connect iv to the input of box 7. This com­
pletes stage III of the flow chart, as shown on Fig. 5. 

START 

n 1 j J 

I CLOCK-
ADVANCE COUNTER 

CTR<5 CTR -5 
EITHER INPUT 

SETS FFX ~ A Ii 

BOX /~'-..\lI 
I SET FF a I 

CTR< 14~ I CTR-14 CTR< 12 "\0 CTR-12 

~ 1 
I CLOCK= I l CLOCK- I ADVANCE COUNTER ADVANCE COUNTER 

~ LJ 
C C B 1i 

~ @ ~ 
l SEND PI I I SEND P2 I 

I 
CTR 14 ~ I CTR-14 

1 
I CLOCK = I ADVANCE COUNTER 

Fig. 5. Flow chart. Stage III. LJ 
Note that it- is always possible to get back to the be­
ginning from any point in the flow chart. This ensures 
that no matter what condition occurs, there will be no 
"hang-ups" . 
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The next step is to replace the words in stage III by 
equations thus producing stage IV (Fig. 6). Now we 
are ready to derive equations for 

(a) Advance counter 
(b) Set FFa 
(c) Send PI 
(d) Send P2 

fBOX1l, 1 1 j J 
[ ADVANCE COUNTER'" CLOCK j 

CTR< 5 ! CTR=5 

A I Ii 
BOX 7 J r-- CTR < 12"\01 eTR -12 

I SET FFrt =A{CTR z Sl+B(CTR:I2) I BOX 2 1 
I ADVA~C~lg~~NTER I eTR<14~ eTR=14 I 1 BOX 3 

B ii 

I J 
ADVANCE COUNTER 

J = CLOCK BOX 4 

I I SEND P2 = {"F'f""C( .8(CTR.'2)} J 
C C eTR < 14", I eTR - 14 

BOX 6 r BOX 5 ! 
I SENDP1={FF a·C(CTR.'41} I I ADVANCE COUNTER I - CLOCK 

I I 

Fig. 6. Flow chart. Stage IV. 

(a) From boxes 1, 2, 3 and 5, we deduce the equation: 
Advance counter = clock 

(b) From box 7, 
set FFa = A(CTR = 5) + B(CTR 12) 

(c) From box 6, 
send PI = FFa· C(CTR 14) 

(d) From box 4, 

send P2 = FFa • B(CTR = 12) 

Now we must ensure that all FFs that get set are sub­
sequently reset. In this example, this would apply to the 
counter and FFa. 

Counter 

Assuming a 4 stage binary counter, some method must 
be devised to reset it after 14 counts. Can we use any­
thing occurring in the flow chart? PI may not neces-

fBOX11 1 1 j ~ 

l RESET COUNTER E CLOCK DROPOUT 

I ADVANCE COUNTER - CLOCK 
RESET FF l :: (eTR .. 2) 

CTR< 5 I CTR"'5 

A I Ii 

BOX 7 1 r-- CTR<12~1 CTR·12 

l SET FF('l =A(CTR=5)+B(CTR=12) I BOX 2 J 
I ADVANCE COUNTER I CTR<l~ CTR;14 

'" CLOCK 

I 1 BOX 3 

B ii 

I J ADVA~C~L~l~'~NTER 
BOX 4 t 

J I SEND P2" {FFO • B(CTR ... '21} I 
C c ,-----~-~ J CTR; 14 

BOX 6 1 BOX 5 ~ 

l SEND Pl::: {FF 0. • C(CTR =141} I I 
ADVANCE COUNTER 

J '" CLOCK 

I I 

Fig. 7. Flow chart. Stage V. 
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sarily occur, neither may P2. FFa may never set. So 
we will use the dropout detector and use its output to 
reset the counter. 

FFa 

FFa is set at count 5, and is examined at count 14. 
Therefore it can be cleared anywhere after count 14 and 
before the next count 5. Any of counts 1, 2, 3 or 4 could 
be used. Let us use count 2. 

Now we can finalize our equations by adding 

(e) Reset counter = clock dropout 
(f) Reset FF a = count 2. 

This brings us to stage V of the flow chart (see Fig. 7). 
Next, we examine equations (a) ~ (f) for simplification, 
and find none possible. The final stage is to mechanize 
these equations (Fig. 8). 

CONTROL {_:_ 
LINES 

Fig. 8. Mechanization of equations (a) through (f). 

Jl 
-G---~ 

So now we have a logic drawing and a flow chart. 

Mnemonic List 

CTR 
FFX 

A, B, C 
PI, P2 

FFa 

Checkout 

Counter 
Flip flop X 
Control Lines A, B, C 
Pulse P1, pulse P2 
Flip flop a 

Correct logical operation can be determined by using 
the final flow chart. Starting from the top, follow the 
flow chart along its various paths, by selecting A, B, C 
as necessary. On more complex systems, it is possible 
to "close loops" by connecting the output of one box 
into the input of a previous box. In this way it is pos­
sible to isolate a piece of logic, and cycle through it, to 
observe waveforms, etc. 

Conclusion 

The simple example presented here should give the 
reader an introduction to using flow charts as a technique 
of logic design. In real life, however, when large digital 
systems are built, a flow chart can become very complex 
indeed, occupying, perhaps, an E size sheet of paper and 
containing 50 or more boxes. 
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that will provide you with information, knowledge and tech­
niques you can put into immediate practical application ... and 
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throughout the year, throughout the country. Accomplished 
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TIME-SHARING SYSTEM SCORECARD 
A SURVEY OF ON-LINE MULTIPLE USER COMPUTER SYSTEMS 

This guide is prepared and published periodically by Computer Research 
Corporation of Newton, Mass. to keep computer users abreast of the rapidly in­
creasing number of time-shared computer systems which, as the publishers say, 
are bringing man and machine together in close partnership for the pursuit of 
intellectual and administrative activities. The text and charts are reproduced 
here with permission of Computer Research Corporation because of the wide 
interest of Computer Design readers in time shared computer systems. 

By glancing at the following charts the reader can judge" for himself the 
progress being made in this new and dynamic field. There are several different 
definitions of time-sharing. No single definition is adequate for all purposes. 
The authors have limited this survey to systems that have at least two inde­
pendent, remote and simultaneously operable consoles (from the user's point of 
view). If the language capabilities of the system are extensive and general so that 
a user can create new languages while working on-line, the system has been de­
noted as a general purpose time-sharing system. Where the "language capabilities 
are more restrictive, permitting the user to work in only one specific problem area, 
the term special purpose time-sharing system has been used. 

The number of commercial and research time-sharing systems has grown so 
rapidly in the past several months that it is no longer feasible to list each indi­
vidual system. Therefore, only the first or major occurrences of any time-sharing 
system that operates on a particular type of computer have been listed. 

Information concerning the number of users that can be handled by any 
particular time-sharing system has been supplied by the organization involved. In 
some cases the numbers may be unduly optimistic but the data is presented as 
supplied. 

Recent Developments 

The continued growth of commercial time-sharing is perhaps the most strik­
ing feature in this edition of the scorecard. Almost every major city in the country 
now has local access to at least one time-sharing service. Most organizations that 
now offer service are expanding geographically and several new companies are 
entering the scene. In addition, specialized time-sharing services are beginning to 
emerge such as the financial analysis service by White, Weld & Co. which will be 
built upon an SDS 940. Meanwhile, General Electric's MEDINET division has 
started to offer time-shared service to some hospitals in Massachusetts and New 
York on an experimental basis. 

It is interesting to observe the almost universal slippage in the development 
of the newer time-sharing systems. Project MAC which expected to be in normal 
operation with a time-shared GE 645 in June of 67 now estimates that it will be 
operational in the summer of 68. Performance of the IBM 360/67 has also been 
disappointing, and some organizations that originally hoped to be operational by 
this time have declined to make any further predictions as to when their time­
sharing capability will be fully realized. The SDS 940 which was reported as a 
fully operational 32 user system some time ago has also been beset by software 
problems. SDS now estimates a 32 user capability in March of 1968. 

New machines that have been announced with a time-sharing capability 
include the Digital Equipment Corp. PDP-10, the RCA 70/46 and the Bur­
roughs 5500. 

The information reported in this survey is believed to be accurate and was prepared as a public service. Many 
of the systems described are still being modified and consequently their characteristics may change from time 
to time. Computer Research Corporation cannot be held responsible for any errors or omissions. Readers 
desiring more detailed information about a particular system should write directly to the organization listed. 
This survey may not be reproduced in whole or in part for any purpose without the written consent of 
Computer Research Corporation. 
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RESEARCH ORIENTED TIME-SHARING SYSTEMS Prepared by COMPUTER RESEARCH CORPORATION 

MAIN SECONDARY NO. OF 
ORGAN IZA liON STATUS TYPE COMPUTER(S) LANGUAGE(S) TERMINALS STORAGE STORAGE USERS REMARKS 

Bell Telephone Laboratories 1 D (1/68) G GE-645 2 FORTRAN IV, TT-37 256K DK (40M Wds.) 100 Highly interactive system for research and 
Murray Hill, New Jersey COBOL, PLll, IBM 1050 DR ( 4M Wds.) production computing. 

SNOBOL CRT (10) Tape Loop 
(100M Wds.) 

Bolt Beranek and Newman Inc.3 o (6/64) G PDP-ID 4 MIDAS. TT-33 (90) 24K (4K) DR (128K Wds.) 64 Medical information and communications sys-
Cambridge, Mass. TELCOMp5 DR (2 units, 25M tern for hospitals. Also used for computa-

Wds. each) tional and data management facility. 
MT (2 units) 

C. S. I. R. O. o (7/66) G CDC 3600 CIDER. CDC 210 (6) 32K (2K) DR (2 units, .5M 7 General purpose scientific computations. 
Canberra City, Australia INTERP, CDC 250 Wds. each unit) 

STATIST, DK (12.5M Wds.) 
3600 FORTRAN, MT (8) 
COMPASS 

Dartmouth College 6 o (9/67) G GE-635 BASIC, TT-35 (55) 64K (24K) DR (768K Wds.) 200 Datanet-30's have 16K core memory each. 
Kiewit Computation Center DATANET-30 ALGOL-35 (1/68) OK (2 units, 4M Educational and research use. 
Hanover, N. H. (4) FORTRAN (1/68) Wds.) 

MT (6 units) 
Edinburgh University o (6/67) G Elliot 4120 POP-2 TT (20) 32K (16K) 8 POP-2 language suitable for list processing 
Department of Machine and numerical computation using FORTRAN 
Intelligence and Perception type statements. 
Edinburgh, Scotland 
General Electric o (7/66) G GE-265 BASIC, ALGOL, TT (45) 16K (6K) OK (20M Char.) 21 (TT) Uses include: scientific programming, data 
-Research & Development Center FORTRAN, CRT (3) MT (6 units) 3 (CRT) acquisition from experiments, system program-
Schenectady, New York LISP and others ming development. 
Lawrence Radiation Laboratory Partial G PDP-6 (2) FORTRAN, TT (200) 256Kf; OK (8 x lOs bits) Use is mostly scientific computation. 
University of California o (7/67) CDC 7600 LISP, PLT (10) Words DC (3.2 x 10!! bits) 
Livermore, California Complete CDC 6600 (3) Assembly Photo-Digital 

D (6/68) CDC 3600 Languages Store (1 x 101~ bits) 
IBM-7030 
IBM-7094 (2) 

Lincoln Laboratory - MIT o (2/66) G TX-2 CORAL, VITAL, TY (5), CRT (4), 105K DR (20M Wds.) 6 System features fast response time for on-line 
Lexington, Mass. MARK 5, RAND TABLET, graphical communication. 

LABGOL PDP-338 
Remote Terminal 

Lincoln Laboratory - MIT o (9/67) G IBM 360/67 MACRO IBM 2741 (30) 128K DR (1M Wds.) 20 Establishment of a large computational facil-
Lexington, Mass. Assembler OK (56M Wds.) ity for scientific and engineering research. 

FORTRAN IV 
Lockheed Georgia Co. o (7/65) G IBM 360/50 FORTRAN IV IBM 1050 (36) 64K (20K) OK (6.45M Char.) 42 System named RAX, developed from earlier 
Marietta, Georgia IBM 2200 (6) 360/40 system, used mostly for engineering. 
Lockheed Palo Alto Research o (12/66) S IBM 360/30 360 Assembly IBM 2260 (4) 64K Bytes OK (2 Units, 2.75 12 System named LACONIQ. Information re-
Laboratories Language (7/68) Sanders 720 M Bytes each) trieval and updating, research. 
Palo Alto, California DC (418M Bytes) 

MT (1 Dua\) 

MIT Dept. of Civil Eng. D (6/68) S IBM 360/40 COGO, STRUDL, IBM 2741 (5) 128K Bytes DK (2) 10 System named ICES. Uses include Engineer-
Cambridge, Mass. ICETRAN ing. Science, Management. 
MIT Dept. of Electrical Eng. o (5/63) G PDP-l Macro TY (5) 12K (8K) DR (88K Wds.)' 5 Experimental time-sharing system for student 
Cambridge, Mass. Assembler MT (6 Units)S use in thesis and research projects. 
National Bureau of Stand .. ds o (4/66) G MOBIDIC B2 DESCAL CL6, TT-33, 35 (4) 16K (6K) DK (1M Wds.) 6 Uses include research in the design of on-line 
Washington, D.C. CAS, EDIT CRT 1\1T (4 Units) systems and terminals. 
Northern Electric Co., Ltd. 0 G CDC 3300 (2) FORTRAN, TT (70) 82K DK (12 Units, 8.2 35 Scientific and Business use. 
Research & Development PLll, 8130 (4) 65K M Char. each) 
Laboratories COBOL, (4K) MT (10 Units) 
Ottawa, Ontario, Canada COMPASS 
Ohio State University D (9/68) G IBM 360/50 PLll, IBM 2741 (20) 512K Bytes DR (1 Unit) 14 
Columbus, Ohio IBM 360175 FORTRAN IV IBM 2260 (8) 1024K Bytes DK (I Unit) 
Perkin Elmer Corp. o (10/67) G SDS-9300 SPEED TT-33, 35 32K DK (67M Char. 16 Uses include lens design, circuit analysis, sci-
Norwalk, Conn. SDS-930 (Text Editor), BR 16K 1168) entific engineering and research. 

FORTRAN IV, IBM 2741 (22K) MT (4 Units) 
MET A-Symbol, IBM 1050 DR (4 Units, 8M 
SLIP (12/67) Char.) 

-:t 
-:t 

Project MAC - MIT (Phase One) o (10/63)9 G IBM-7094 ALGOLIO TT-35 (54) 64K (32K) DK (36M Wds.) 30 Project MAC is an MIT research program 
Cambridge, MISS. FORTRAN, ~BM 1050 (56) DR (.5M Wds.) sponsored by the Advanced Research Projects 

MAD, TLX (1) MT (12 Units) Agency (ARPA), D.O.D., under a contract 
-- -- - --

LISP 
--

CRT (2) ____ with the Office of Naval Research. 
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RESEARCH DRIENTED TIME-SHARING SYSTEMS Prepared by COMPUTER RESEARCH CORPORATION 

MAIN SECONDARY NO. OF 
ORGANIZATION STATUS TYPE COMPUTER(S) LANGUAGE(S) TERMINALS STORAGE STORAGE USERS REMARKS 

Project MAC - MIT (Phase Two) D (1/68) G GE-645 2 ALGOL,ll TT-37 256K' DK (40M Wds.) 100 Initial limited system operation by early '68. 
Cambridge, Mass. COBOL, IBM 2741 DR (4M Wds.) Prototype system by summer of '68 with con-

FORTRAN IV, MT (8 Units) tinual development thereafter. 
PUI 

j)urdue University o (9/67) G IBM-7094 File Generation, TT-33 (2) 32K (16K) DK (9 Megawords) 4 System named PTSS. 
Computer Science Department TEXT-90 IBM 1052 (2) MT (9 Units) 
Lafayette, Indiana (12167), 

FORTRAN 
RAND Corporation o (11165) G PDP-6 JOSS II TY (30)12 32K DK (6M Wds.) 30 Interpretive system with compact conversa-
Santa Monica, California DR (1M Wds.) tional language for small numerical problems. 
Stanford University o (8/64) G PDP-l Assembly PHILCO CRT 32K (12K) DR (l31K Wds.) 100 An IBM 360/67 will be operational in 1968. 
Stanford, California Language TT-33, 35 DK 

MT (2 Units) 
System Development Corp. o (1164) G AN/FSQ-32 TINT, IPL-TS, TT-33, 35 65K (47K) DR (5 Units, 139K 30 Oriented to command and control experimen-
Santa Monica, California PDP-l JOVIAL, TY, CRT, TLX 16K Buffer Wds. each) tat ion and other general uses. 

LISP IBM 1052 DK (1 Unit,4M 
Wds.)la 

MT (12 Units) 

TRW Systems Group o (1165) S Bunker- Culler-Fried 4 Consoles14 16K DR (48K Wds.) 4 Highly flexible system for on-line manipula-
Redondo Beach, California Ramo System for BRN Console MT (2 Units) tion, specification and execution of mathema-

340 Mathematical tical and symbolic operations with graphical 
Analysis display of results. 

U.C.L.A. Western Data o (11164)' G IBM-7740 1;:; IBM 1050 (12) 32K DK 12 Jointly financed by UCLA and IBM, system 
Processing Center IBM~70401 DR services UCLA and 88 other California 
Los Angeles, California 7094 schools. 
United States Military Academy o (12165) G GE-225 (3) CADETRAN 16 TT (15) 8K DK (18M Char.) 15 
West Point, New York DATANET 30 16K MT (6 Units) 

(6K) 

University of California o (1/66) G IBM 1410 JOSS I " IBM 1050 (18) lOOK DK Uses include computer-assisted instruction and 
Irvine, California IBM 1440 Coursewriter Characters MT (5 Units) the administration of student enrollment. 
University of California D (1/68) G IBM 360150 ISIS IBM 2741 (28) 512K Bytes DK (12 Units 7.25 Instruction, Administration and Research. 
Irvine, California CAL IBM 2260 (3) (8K Bytes) M Bytes each) 

MT (4 Units) 
University of California o (4/65) G SDS-930 FORTRAN II, TT-33 (8) 48K DR (1.3M Wds.) 16 Features hardware address mapping. The SDS 
Project GENIE ALGOL, LISP, TT-35 (8) (38K) MT (2 Units) 940 system is based on the results of this 
Berkeley, California SNOBOL, CAL, CRT (2) DK (144M Wds.) ARPA sponsored project. 

DDT, QED, DATAPHONE (6 
ARPAS, QSPL 

University of California D (1167) G IBM 360/50 Culler-Fried 20 Consoles14 64K 4 DK (1.8M Wds.) 16 Extension of the Culler-Fried system now op-
Santa Barbara, California System, RAND TABLET DR (1M Wds.) erating on the RW400. The 360/50 system 

FORTRAN IV IBM 1050 (3) Core (5M Wds.) has simultaneous background processing. 
University of Illinois o (1166) G ILLIAC II FORTRAN TT-33, 35 (8) 8K (6K) DK (lOM Wds.) 7 Experimental time-sharing system for general 
Urbana, Illinois PDP-7 CRT DR (64K Wds.) university research. 
Unive,rsity of Massachusetts o (9/67) G CDC 3600 BASIC, SNOBOL, TT-33, 35 32K DR (2 Units, 2M 32 17 Uses include education and varied research 
Amherst, Mass. PDP-8/680 COGO, SMALL, (8K) Char. each) programs in diverse fields. 

FORTRAN IV DK (2 Units, 8M 
Char each) 

MT (4 Units) 
University of Pennsylvania o (6/65) G IBM-7040 FORTRAN, TT-35 (4) 32K (24K) DK 6 Uses include information retrieval, research, 
Philadelphia, Penn. PDP-8 MULTI-LANG, BR (2) MT (6 Units) and multiprogramming experimentation. 

MAP, ALGOL, 
LISP, SNOBOL 

University of Pittsburgh o (3/66) G IBM 360/50 ALGOL, PIL,IS IBM 1050 (3) 128K Bytes, DK (2 Units, 7.5M 24 General University research and education. 
Computer Center FORTRAN IV, IBM 2741 (20) 1M Bytes Bytes) Online LINC-8 for medical research available 
Pittsburgh, Penn. PUI (1168), LCS in late 1967. 

Assembler (32K Bytes) 
University of Utah D (12/67) G UNIVAC 1108 FORTRAN V, TT-35 (20) 131K DR (6 Units, 15M 20 Plans include the addition of more displays 
Salt Lake City, Utah TRAC, COBOL, (65K) Wds.) and bulk core memory. 

ALGOL MT (8 Units) 
FASTRAND II 

NOTES 5. Based on the RAND JOSS language. 

1. 

2. 
3. 

4. 

Development in cooperation with Project MAC, Massachusetts Institute 
of Technology. 
Multiple processor time·sharing system . 
Developed with the Massachusetts General Hospital under contract from 
the National Institutes of Health. 
Based upon an earlier 5·station PDp. 1 System operational 9/62. 

6. The 256K core storage applies only to the PDP 6's. 
7. To be replaced by a larger model early in 1968. 
8. Units have been installed but are not operational. 
9. Initially time·shared in 1961 at, the M.I.T. Computation Center. 

10. Other languages include FAP, SLIP, COGO, SNOBOL, STRESS, GPSS, 
COMIT, OPL·l, and OPS·3. 

11. Most Project MAC Phase I languages will be implemented later. 

12. Selectric with JOSS keyboard and paging. 
13. Additional unit available in January of 1968. 
14. Each console consists of two keyboards and a storage tube display. 
15. System currently utilizes five computers in addition to central 7740. 
16. Cadetran is an extended teaching di81ect of FORTRAN. 
17. 64 with added communications ports. 
18. Ba,sed on the RAND JOSS language. 
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COMMERCIAL TIME·SHARING SYSTEMS 
Users can purchase remote, on-line and interactive computer services from the organizations listed below. 

MINIMUM AVG. CHARGE CHARGE PER DISC § 
CONVERSATIONAL NO.OF· CHARGE PER MIN. OF STORAGE/ 

ORGANIZATION COMPUTER LANGUAGES TERMINALS USERS PER MONTH TERMINAL HR. CPU TIME CUSTOMER 
Allen-Babcock Computing, Inc. IBM 360150 1 PUI (on-line IBM 2741 90 $385.00 None $5-$102 100K+ 
Palo Alto, California subset) IT-33, 35, 37 

Friden 7100 
IBM 1050 

Applied Logic Corp. DEC PDP-6, FORTRAN IV TT-33, 35 304 None $5.00 $6.00 0+ 
Princeton, New Jersey PDP-1O DDT, JOSS CRT 

(12167)3 MACRO-I0 
Compact COBOL c-
LISP, SNOBOL-6 

Bolt Beranek and Newman Inc.5 PDP-7I8 TELCOMP IT-33 6 None $12.50 None None 
Cambridge, Mass. 
CEIR Inc. GE-235 BASIC IT-33, 35 40 $250.00 $6.00 None 120K 
Arlington, Virginia DATANET-30 ALGOL 
Computer Sharing Inc. SDS 940 CAL, ARPAS, TT-33, 35 32 None $307 None 60K+ 
Bala Cynwyd, Pennsylvania BASIC, PDT. 

FORTRAN IV, 
FORTRAN II 

COM-SHARE Inc. SDS 940 BASIC, CAL, TT-33, 35 64 $100.00 $10-$20 $2.50 0+ 
Ann Arbor, Michigan FORTRAN IV, 

SNOBOL, TAP, 
DDT, 
FORTRAN II 

DIAL-DATA, Inc. SDS 940 CAL, DDT, QED, IT-33, 35 32 $100.00 $13.50 $3.00 60K+ 
Newton, Mass. FORTRAN II, 

BASIC, ALGOL, 
FORTRAN IV, 
SNOBOL, ARPAS 

General Electric Co.8 GE-235 BASIC, ALGOL, IT-33, 35 40 $100.00 $10.00 $2.40 0+ 
Information Service Dept. DATANET-30 FORTRAN PLT 
Bethesda, Md. 
International Business Machines 9 IBM 7044 QUIKTRAN IBM 1050 80 $125.00 $12.5010 None 0+ 
New York City IBM 2741 
Intinco Limited UNIVAC Stockbrokers TT-33 (60) 60 11 11 11 

London, England 418 (2) Language 
KEYDATA Corp. (Adams Assoc.) UNIVAC 491 KOP III TT-28 200 12 12 1~ 

Cambridge, Mass. 
Pillsbury Occidental Company 13 GE-265 ALGOL, BASIC, TT-33, 35 40 $108.50 $10.00 $3.00 0+ 
Raleigh, North Carolina FORTRAN PLT, CRT 
REAL TIME Systems Inc. B-5500 FORTRAN IV, IT, TLX, 15 $500.00 $15.00 $8.35 0+ 
New York, New York COBOL, ALGOL TWX, CRT 
TYMSHARE Inc. SDS 940 CAL, BASIC, TT-33, 35 60 $80.00 or $13-$16 None 60K+ 
Los Altos, California QED, DDT, PLT $390.00 

FORTRAN IV, 
ARPAS, ALGOL 

VIP Systems Corp. IBM 1440 IBM Administrative IBM 2741 40 $375.00 $7.50 None 100K+ 
Washington, D.C. Terminal System 

• In' all cases tne 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. 
2. Dependent on amount of core used. 
3. This new system will be in operation early in 1968. 
4. Will be increased to 40 in late January. 
5. Systems located in Cambridge, Massachusetts, East Orange, New Jersey, 

and London, Eng land. 
6. Cambridge and East Orange handle 32, London handles 16. 
7. For firlt 20 hours, $25/hour thereafter. 

S. Service available from offices located in 33 maior metropolitan areas. 
9. Other systems in Chicago, Cleveland, Philadelphia, Los Angeles, and 

Toronto. 
10. For first 5 hours, $11 for hours 6 thru 75. $9 thereafter. 
11. A charge of approximately $5,000 per year plus' a usage charge of $.05 

per inquiry. 
12. For accounting and management uses. Charges on basis of message 

transmissions, processor time and storage used. 
13. Trade name Call·A·Computer. 

CHARACTERISTICS LISTED IN CHARTS 

STATUS 
O-operational system, number in parentheses denotes the approximate 
date that the system went on the air. D-system under development with 
anticipated date that operations will begin. 

TYPE 

G-general purpose, S-special purpose. 

COMPUTER 

manufacturer's name and number of central computers in system. 

LANGUAGES 
basic languages available on system at present. 

TERMINALS 
type of terminal equipment available, number of such terminals in 
parentheses. Code: IT followed by number denotes TELETYPE termi-

- nals and model number, TY-typewriter, TLX-Telex console, CRT­
cathode ray tube display, BR-Bunker Ramo series 200 display consoles, 
IBM 1050, 2741-keyboard consoles, IBM 2250, 2260, PHILCO-display 

- consoles, PL T-Plotter. 

MAIN STORAGE 
first number denotes total core storage in words on system, second num­
ber in parentheses, if given, denotes maximum core storage available to 
an individual user. 

SECONDARY STORAGE 
DR-magnetic drum, DK-disk file, DC-data cell, ~IT-magnetic tape, 
CORE-bulk core, CF-random access card file (K = 1024, ~I = 1,000,000 
wds. per unit). 

NO. OF USERS 
maximum number of users who can operate simultaneously at any given 
time. 



• NEW PRODUCTS 

PORTABLE DATA COUPLER 

A device for sending and receiving 
data between a remote terminal and 
a time-shared computer using any 
ordinary telephone has been devel­
oped which can be used typically 
with a model 33 or 35 Teletype but 
can be used interchangeably with 
EIA RS-232 specification interface 
teleprinters that can operate with a 
103A Dataphone. This includes the 
Friden 7100, Datel Thirty-10, IBM 
2741, and various card readers. 

The teleprinter-coupler combina­
tion provides a remote computer ter­
minal which can be moved from one 
place to another wherever an ordi­
nary telephone is available. Thus, 
access to a computer can be from 
one's own office or home, and there 
is no need to be constrained to a 
fixed location. Called the ADC 260, 
the coupler is designed to handle a 
bit rate of approximately 300 Baud. 
It is used at a 11 0 Baud rate when 
used with a Model 33 or 35 Tele­
type. No special interface in the 
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Teletype is required except to install 
a connection cable which is included. 
EIA Specification terminals plug in 
directly. Price is $570.00. Anderson 
Jacobson, Inc., Mountain View, Cal­
ifornia. 

Circle No. 200 on Inquiry Card 

DATA COMPRESSOR 

A data compressor that could cut 
the computer costs of data acquisi­
tion systems by 90 percent has been 
designed to take the output from 
high-speed analog-to-digital convert­
ers at data rates up to 100 KHZ. 
The device scans all information 
channels, but forwards only data that 
has changed between data samples. 
Meaningless or redundant data is by­
passed, significantly reducing the 
amount of information fed into the 
central processor. Read-out is in dig­
ital words that can easily be com­
puter-translated into numerical form. 
Capabilities of the data compressor 

will permit use of relatively inexpen­
sive general-purpose computers at 
one-tenth the initial cost of the com­
plex central processing equipment 
now required in high-speed data 
acquisition systems. Stellarmetrics, 
Inc., Santa Barbara, Calif. 

Circle No. 201 on Inquiry Card 

MAGNETIC TAPE 

Digital magnetic computer tape, 
which can be used in extremes of 
hot or cold temperatures from - 55 
to + 180°F, permits extended use of 
computers in aviation, aerospace, 
and other applications where it is not 
feasible to control environmental 
conditions. Rapid fluctuations be­
tween temperature extremes, as might 
be encountered by a jet interceptor 
rising quickly to the stratosphere 
from a jungle airstrip, have no ad­
verse effects on X-N tape perfor­
mance, according to the manufac­
turer. It is also not affected by 
humidity extremes. Wabash Mag­
netics, Wabash, Indiana. 

Circle No. 202 on Inquiry Card 

FAST SWITCHING DIODES 

As many as six individual, matched 
silicon junctions are stacked and 
packaged in a micro epoxy form for 
switching applications up to 6,000 
working volts in the new Micro­
Codistor II line of diodes. Switching 
speeds range as low as 50 nanosec­
onds for conditions of 10 milliamps, 

100 ohms. Applications of these di­
odes can be extended into the mega­
Hertzrange. Five separate units mea­
suring only 0.075" diameter and 
0.125" long, are offered ranging 
from working inverse voltage (WIV) 
ratings of 2000 volts to 6000 volts in 
1000 volt steps. Peak surge current 
(8 msec.) varies from 9 amps to 3.5 
amps. Computer Diode Corp., Fair 
Lawn, N.]. 

Circle No. 203 on Inquiry Card 
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This is all 
that stands between 

your computer and our 
mass storage 
system."?\J;i~"'41. 

One lowly plug turns the Bryant XLO-IOOO Controller into a universal 
memory system-for any computer, new or already in use. Simple? Even more 
so, when you add a comprehensive software package that includes handler 
and maintenance routines. 
The auxiliary system is fast and economical too. Designed to operate in 
several different modes-serial and parallel-it features word transfer rates 
from 50 microseconds to 900 nanoseconds per word. To and from two 
computer central processors. 
And up to eight data storage devices can be operated from one Controller. 
You can improve your memory-as your needs grow-from 8 million to 5 
billion characters. 

Mode12A 
Series 4000 
plug-in Disc File System_ 

Simplicity, economy, speed and flexibility. All funnelled 
through a plug. It's enough to make a 
"Bryant Believer" out of any­
body. Give us a chance. Write 
Ex-Cell-O Corp., Bryant Com­
puter Products, 850 Ladd Rd., 
Walled Lake, Michigan 48088. 

CIRCLE NO. 44 ON INQUIRY CARD 

BRYANT 
COMPUTER PRODUCTS 

""'XLO~ 
~ A4® 

EX-CELL-O CORPORATION 
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NEVV! 

VERNITRON 
Solid-state 
Digital to TlNo­
Speed Resolver 
Transformer 
Converter 
Already in use on 
"HYBRID SERVO SYSTEMS" 
to simulate a resolver 
transformer 
Input of this remarkable unit is 16 bit binary 
digital data (angle 8) and resolver transmitter 
data (angle cf». This input data is converted 
to two-speed- resolver transformer data; sine 
(cf> - 0) and sine (8cf> - 88. 

Input logic levels 
Binary "1" = 4 VDC 
Binary "0" = 0 VDC 
Conversion time. less than 10 microseconds 
Accuracy: 1 minute; 30 sec. available 
Temperature: O°C to + 70°C. Extended tern· 

perature ranges available 
DC Power required: + 15VDC at 500 ma 

- 15VDC at 500 rna 

Standard package size 
Height: 5.5"; Width: 7.0"; Length: 9.75" 

WRITE TODAY FOR ILLUSTRATED, 
FULL-SPECIFICATION BULLETIN 

! THE QUALITY NAME IN -s- DIGITAL DEVICES 

~Eo~ ~ !"!"~«7»o~ 
DIGITAL PRODUCTS DIVISION: 
80 Central Ave., Farmingdale, L.t., N.Y. 11735 
(516) 694·5002 • TWX: 510-224·6890 

TORRENCE DIVISION AND 
WESTERN REGIONAL SALES: 
1780 South Crenshaw Blvd., Torrance, Calif. 
(213 FA 8·2504 • TWX: 910·349·6250 

ENCODERS, SOLID STATE CONVERTERS, 
SYNCHRO· TO·DIGITAL, DIGITAL· TO·SYNCHRO, 
AND DIGITAL-TO·RESOLVER CONVERTERS 

CIRCLE NO. 45 ON INQUIRY CARD 
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LABORATORY COMPUTER 

The Micro-LINC-300, a sophisti­
cated version of the original LINC 
computer developed first at M.LT. 
and later at Washington University, 
is said to offer many new features, 
the most significant being buffered 
tape, which permits parallel process­
ing while tape instructions are being 
carried out. A RAM (Rapid Access 
to Memory) feature has been added 
which, in conjunction with buffered 
tape, permits data logging at a 6,000-
character-per-second rate. Other 
characteristics are: 1 microsecond 
cycle time; 4,096-word core memory 

ILLUMINATE:D SWITCHES 

Illuminated dry-reed push-button 
switches designed for printed circuit 
boards or panel mounts on any plane 
have been announced. Reed contact 
material: Gold alloy and rhodium. 
Dielectric strength, 500 V AC. In­
sulation resistance, 100 megohms. 
Switches are printed with model 
number, schematic diagram, switch 
form and contact rating. Pre-travel 
.062 minimum - total travel 1.75 -t-

0.20. Lamp available from 1.35 to 
28.0 volts. Key tops vary in size to 
specifications. Engraved to specifica­
tion. Available in black, gray, beige, 
blue, red and white. Other colors on 
special order. Series - KBDP and 
Series KB. George Risk Industries, 
Columbus, Nebraska. 

Circle No. 205 on Inquiry Ca'rd 

(expandable to 32K) ; 3 million bits 
of tape storage, expandable to 12,-
000,000 bits; alpha-numeric cathode 
ray tube display; 9-bit AID con­
verter with conversion rate of 7 mi­
croseconds; 16 analog input channels 
(expandable to 32); and 12 digital 

sense lines and a 12-bit parallel input 
to the accumulator. Maximum ana­
log sampling rate of 110,000 samples 
per second,continuous sampling at a 
rate of 6,000 samples per second. 
Price is under $50,000. Delivery is 
90-120 days A.R.O. Spear, Inc., 
Waltham, Mass. 

Circle No. 204 on Inquiry Card 

MARK SENSING SYSTEM 

The OpScan 50, a new optical mark 
sensing system that fills a wide range 
of data gathering tasks for retailers, 
manufacturers, transportation com­
panies, insurance firms, banks, etc., 
operates completely independent of a 
computer, scanning forms and trans­
fering data in a one-step process to 
magnetic tape ready for computer 
processing. The system offers savings 
in keypunching and key-verifying 
costs, according to the maker. It does 
without keypunch operators by hav­
ing the capability to read either 
machine-printed or pencil-marked 
data. Speed is achieved by computer 
printing of forms, a feature which 
helps avoid the many clerical errors 
experienced in the keying steps. The 
system reads a variety of forms down 
to as small as one inch by three 
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inches. I t reads data directly from 
com puter-printed, machine-printed, 
hand-marked, punched, and bar­
coded forms. I t even reads forms 
with a combination of machine­
printed and hand-marked data. The 
device works alone, but teams with 
a computer to speed recordkeeping. 
It reads data from one inch by three 
inch forms at a speed of 24,000 per 
hour, interprets the data, and puts 
it on magnetic tape. Speed varies 
according to document size. Once 
on magnetic tape, the information is 
ready to be analyzed by computer. 
Basic price is about $30,000. Optical 
Scanning Corp., Philadelphia, Pa. 

Circle No. 206 on Inquiry Card 

MICRO·MIN TRANSISTOR LINE 

A low-level, high-speed switch, MM­
T2369, and an RF amplifier, MM­
T918, have been added to Motor­
ola's new Micro-T transistor line. 
Housed in a reliable one-piece, injec­
tion molded Unibloc package about 
one-tenth the size of a TO-18 can, 
the tiny transistors are intended for 
high-density or space-limited appli­
cations. Ninety-degree spaced leads 
radiating from the center of the de­
vice make it well-suited for minia­
ture PC board use. They can be 
mounted right side up or upside 
down, and the position of emitter 
and collector may be reversed to 
facilitate layout. This feature is also 
an advantage in thick-film and small, 
modular assembly applications. The 
switch provides a ton of 12 ns max. 
and toff of 18 ns max. measured at 
a collector current of 10 mAde. 

" ... __ L 
~.-.. _ .025" 

~* P.c. SOARD· MOUNTJNG f 

Motorola Semiconductor, 
Phoenix, Arizona. 

Circle No. 258 on Inquiry Card 

WYLE LOGIC MODULES 

FAST DELIVERY 

TECHNICAL ASSISTANCE 

LOW COST 

GENERAL PURPOSE DESIGN 

BROAD SELECTION 

TEN -YEAR WARRANTY 

STATE-OF-THE-ART DESIGN 

The above are some of the subheads in·the Wyle Inte­
grated Circuit Logic Modules short-form catalog. They 
are seven of the twelve reasons Wyle logic cards may be 
your best buy. If you want to discuss the other five rea­
sons (or get more detail on the Big Seven), drop us a 
line on your company letterhead, and we'll send you 
the catalog. Or better still, call Don Tothe, our product 
manager, and let him fill you in on what Wyle can con­
tribute specifically to your system. Systems Division, 
Wyle Laboratories, 128 Maryland Street, El Segundo, 
California. (213) 678-4251. 

WYLE 
CIRCLE NO. 46 ON INQUIRY CARD 
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MODULAR PACKAGING PANEL 

High density packaging panel, with 
modular design, for 14-lead dual-in­
line integrated circuits, permits 
user to specify any multiple of 30 up 
to 180 patterns. Each 30 pattern 
section provides for power and 
ground plane connections. Extra 
contacts are available for intercon­
necting plug applications. Patterns 
also accommodate adapter plugs for 
discrete components. Four leaf wip­
ing, beryllium copper gold plated 
contacts are used for low contact 
resistance and high reliability. Wire 
Wrap® or solder pocket termination 
available. Augat, Inc., Attleboro, 
Mass. 

Circle No. 250 on Inquiry Card 

8 CHANNEL SYNCHRO/DIGITAL 
CONVERTER 

Use of the dual phase shift technique 
for converting synchro data to paral­
lel digital data in a new converter 
provides simple circuitry with few 
precision components. Variations in 
the reference frequency are com­
pensated by means of a synchronized 
oscillator which tracks the reference 
frequency over the range of 380 to 
420 Hz. Multiplexing of 8 synchro 
channels is by means of a digital time 
gate so that no error is introduced 
by multiplexing. Each synchro can 
be excited by any phase of the three 
phase generator. A hard wired in­
ternal program samples each synchro 
at the proper timing of the reference 
waveform. All input synchros are 
transformer isolated from the con­
verter unit. DC power supplies are 
self contained. Gap Instrument, 
Westbury, N. Y. 

Circle No. 207 ~n Inquiry Card 
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X-Y CRT DISPLAY 

A high-resolution, 5-inch X-V CRT 
display, said to offer maximum per­
formance in terms of resolution and 
speed at the lowest possible cost, 
utilizes all solid-state circuitry and is 
intended for application in film and 
hard copy recording and film read­
ing. The device resolves more than 
1700 elements/diameter. It is ca­
pable of random access X-Y deflec­
tion from DC to a slewing speed of 
7 microseconds for the full diameter. 
Small-signal bandwidth is greater 
than 1 megahertz. Other features in­
clude high stability, repeatability and 
linearity. Called the PD900, it uti­
lizes a narrow deflection angle cath­
ode ray tube to minimize deflection 
defocusing and pin cushion distor­
tion. It is a 5-inch flat-face mag­
netically-deflected and electrostati­
cally-focused tube. Through the use 
of highly regulated power supplies, 
temperature stable components and 
temperature stabilized circuits, ex­
ceptional stability and reliability is 
achieved. The display includes de­
flection and blanking circuits, CRT 
and power supplies. Beta Instru­
ment, Newton Upper Falls, Mass. 

Circle No. 208 on Inquiry Card 
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MINIATURE MEGOHM RESISTORS 

A line of miniature megohm resis­
tors, with 80 PPM/oC absolute tem­
perature coefficient, covers the one 
megohm to 220 megohm range; 
from 0.5 to 5.0 watts; from 600 to 
4000 volts. Units are also available 
as network sets with matched char­
acteristics with T. C. tracking to 10 
PPM/oC on special order. All items 

are offered in the standard resistance 
tolerance of -+- 1 % with tolerances 
to 0.2% supplied on special order. 
Maximum operating temperature is 
225°C. Caddock Electronics, River­
side, California. 

Circle No. 255 on Inquiry Card 

ROTARY PULSE GENERATORS 

Rotary pulse generators for conver­
sion of. rotary motion into digital 
pulse information have been devel­
oped which operate on precision 
electro-optical principles and use no 
mechanical contacts or switches. The 
rotary input to the generators can be 
taken from a variety of drives such 
as a footage wheel, shaft coupling, 
and rack and pinion. Units are 
available in unidirectional and bidi­
rectional models and can be supplied 
for use with most electronic counters. 
Veeder-Root Co., Hartford, Conn. 

Circle No. 209 on Inquiry Card 

BRIGHTER READOUT 

An improved series of numeral and 
symbol readouts is said to make use 
of a unique "in-line" design to pro­
vide crystal-clear displays. The new­
est addition which is called the RKF 
Series, and is available for immedi­
ate delivery, is larger and brighter, 
and is designed for users who require 
higher intensity. The series is avail­
able in 6V, 14 V or 24 V models for 
both numerals and symbols. Its over­
all size is 3Yi" high, by 1 Yi" wide, 
by 1%" deep, including the printed 
circuit board. The display area for 
the figures which are formed by a 
series of engraved dots, is approxi­
mately 1-1/6" high, by %" wide. 
Prices start at $18.95 each, with 
quantity discounts quoted upon re­
quest. 

Circle No. 254 on Inquiry Card 
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We'd like to talk 

to you about 

wire and cable ... 

When you need insulated wire and cable, come to Hitemp. We're in a unique position 
to help you because we're specialists. We build versatility and high performance into 
every inch of insulated product we make! 
We give you a variety of wire and cable to choose from: Hook-up, Wire wrap, Coaxial, 
Tempbraid (flat ribbon cable), Multi-conductor 
power and signal cable, 100% shielded coaxial 
cable. And we select the exact insulation for 
your requirements, whether it's Teflon® TFE 
and FEP, Kynar® PVC, Kapton®, and others. 
Got wire problems? Talk them over with us. 
Get the experienced assistance of a staff of 
experts who have the know-how and modern 
facilities to meet your needs. We're as close 
as a phone call. 

HITEMP 
DIVISION 

.... plex 
WIRE AND CABLE COMPANY 

HITEMP DIVISION • Westbury. New York (516) 333·4600 • Monrovia, California (213) 359·8381 

CIRCLE NO. 47 ON INQUIRY CARD 
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I ~ I Oj~'lJ MEMORY BUFFER 

• FULL CYCLE TIME ............................ 1 Microsecond 
• ACCESS TIME ................................... .400 Nanosecond 
• CAPABILITY ....................................... .128,256 or 512 Words 

Up to 8 Bits/Word 
• PRICE ................................................. $1260 for 128 x 6 

In Small Quantities. 
• DELIVERY ........................................... 30 Days. 

Many options available ... I C Logic and all silicon semi· 
conductors ... All gold connectors ... Flat mounted 
components. 

11~«'1 DATACRAfT 
_______ .. _ ... y_ ..... '. CO RPORATION 
776 N. E. 40th Court • P. O. Box 23550 • Ft. Lauderdale, Fla. 33307 • Phone (305) 565-9441 

CIRCLE NO. 48 ON INQUIRY CARD 

NON·VOLATILE SHIFT REGISTER 

A new thin-film type shift register 
using a technique described as 
Domain Tip Propagation Logic 
(DTPL) provides a non-volatility 
feature that enables it to retain in­
formation if power to the system is 
lost. Catastrophic failure due to 
voltage transients is virtually elimi­
nated by nature of the design. Power 
consumption drops off very rapidly 
as the bit rate is reduced. In its 
quiescent state, the register draws 
1.2 watts, and can operate in standby 

condition with zero current. Func­
tioning over a 0 to 250 KHz bit rate, 
this serial/serial device has a capacity 
of 1024 bits. It interfaces with DTL 
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and TTL logic levels, and maintains 
its parameters over a 0 to 50°C tem­
perature range. The shift register 
contains all the necessary electronics 
to accept or deliver information, 
write, clear or start a cycle. Measur­
ing 5~ x 8% x 1~ inches, it weighs 
only 19 ounces. Priced at $3,000 in 
small quantities, available in 60-90 
days. LFE Electronics, Boston, Mass. 

Circle No. 210 on Inquiry Card 

STORAGE BOARD 

An integrated circuit storage array, 
which provides ultra high speed per­
formance for custom system applica­
tions, offers a 64-word, 32-bit cycle 
time of 125 nanoseconds and a ca­
pacity (for a single printed circuit 
array) of 2048 bits. New data can 
be stored within 125 nanoseconds 
after a cycle is initiated. Using a bi­
polar flip-flop microcircuit as the 
basic method of storage, the storage 
board operates at very low logic 
levels and utilizes a unique cell of 
16 bits arranged in a 4-word by 4-bit 
matrix. It is a complete storage sub­
system requiring only decoded ad­
dress inputs, bit driver inputs, timing 

controls and Read and Write con­
trols. Logic functions of the storage 
board are achieved by two-term ad­
dress decoders and word drivers to 
select one of 64 words; by bit/sense 
lines with amplifiers to provide logic 
levels; and by buffered outputs to 
provide standard CT,ttL (comple­
mentary transistor logic) interface 
levels. The range of applications in­
cludes indexing and scratch pad 
storage for ultra high speed comput­
ing, A-to-D buffer storage of video 
data as in RADAR data processing, 
and high speed data format buffer­
ing for permanent digital recording 
on slow speed mediums. The cells 
are housed in the Dual-In-Line 
package for standard pin alignment 
on printed circuit board assemblies. 
Interconnections are two-dimension­
al and can be extended to the lim­
its of the word and bit driver. 
Fairchild Semiconductor, Mountain 
View, Calif. 
Circle No. 211 on Inquiry Card 

1.5 INCH VANE AXIAL BLOWERS· 

A new series of lightweight, high­
performance vane axial blowers for 
spot cooling applications in high 
density electronic packages recently 
introduced weighs only 4.2 ounces 
and is available in 60 and 400 Hz 
versions with speed ranges from 
3,300 to 22,500 RPM. Designated 
as the V-Line 150, this new series 
may be obtained in a variety of 
mounting configurations and termi­
nations. Eastern Air Devices, Dover, 
New Hampshire. 
Circle No. 256 on Inquiry Card 

LOGARITHMIC CONVERTER 

A logarithmic converter said to have 
exceptional conversion accuracy over 
a broad dynamic range, exceptional 
low-frequency response, and true 
RMS response has been announced 
by Hewlett Packard. Conversion ac­
curacy is ~ dB with dc inputs, ~ 
dB with ac inputs between 2 Hz and 
50 kHz, and 1 dB with ac inputs 
from 0.5 to 2 Hz and from 50 kHz 
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to 100 kHz. It functions over an 80-
dB input dynamic range - a 10,000-
to-1 range of amplitudes. Frequency 
response in the ac mode extends 
from 100 kHz down to 0.5 Hz. The 
new converter will be useful for 
pulse height analyzer and computer 
readouts, and for other applications 
requiring wide dynamic range and/ 
or logarithmic relationships. Adding 
the outputs of two logarithmic con­
verters, for instance, results in a 
voltage that is proportional to the 
log of the product of the two input 
vohages. Hewlett Packard, Palo Alto, 
Calif. 
Circle No. 259 on Inquiry Card 

NIXIE® TUBE DRIVERS WITH ICs 
Driver modules for NlXlE® tubes 
which use integrated circuits have 
been announced by Burroughs Corp. 
With prices for decoder / drivers at 
$26.00 (100 pieces) including the 
NlXlE® tube, these modules are 
said to offer not only the lowest 
price but the smallest package. Two 
series, the BlP-8800 and BlP-9800 
are available from stock. All mod­
ules accept 4 line 8-4-2-1 BCD inputs 
which are compatible with TTL and 
DTL and have been designed to ex­
ceed applicable sections of MlL-E-
5400J and MlL-T-5422E environ­
mental specifications. The BlP-8800 
series, designed to drive the standard 
rectangular NlXlE® tubes (0.5" 
character height), are available with 
or without memory (in the same 
compact package) and can drive 
either a "0-9" NlXlE® tube or a '­
"0-9 with decimal point" NlXlE® 
tube. They will be used primarily 
in industrial test equipment and spe­
cial-purpose instrumentation. The 
Burroughs Corp., Plainfield, N.J. 
Circle No. 212 on Inquiry Card 

NEW LOWER PRICE, SHORTER . 

READOUTS· 

TEe's 
TNR-70A 
SERIES ... 
Mounts with just 2 
screws ••• compared 
with others (2 bolts, 
2 standoffs, 2 lock 
washers, 2 nuts). 

kl~~'--' -~ 
Only 131'6" back panel projection ••• 

compared with 2Yz" minimum for competition. 

LOWEST PRICE* 
OF ANY DIGITAL READOUT 

WITH I-C DRIVER/DECODER 
* $25.25 each in 100·299 quantities, complete with Burroughs 8422 NIXIE® tube 

~ TEG's TNR·70A Series gives you a complete de­
coder/driver package. This single monolithic silicon 

integrated circuit replaces discrete components. Accepts 4-wire 
1·2-4-8 BGD inputs and produces 10 mutually exclusive out­
puts. Signal levels: Logic "1", 0 to +0.4V; Logic "0", +1.5 to 
+4.0V. TNR-70A Series is not a throwaway ..• it's easily and 
completely repairable. 

Whatever your readout preference: NIXIE tube, segmented or 
projection, TEG has the practical answer for your system. For com­
plete information, contact your local TEG·Rep, or write direct. 

INFORMATION DISPLAY 
AND CONTROL DEVICES 

Box 6191 • Minneapolis, Minnesota 55424 • Phone (612) 941-1100 

CIRCLE NO. 49 ON INQUIRY CARD 
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TAPE CONSOLIDATOR 

Consolidation of magnetic tape by a 
thenno fusion principle is claimed 
possible with the model TF4550 con­
solidator. This innovation is said to 
permit re-writing and reading over 
thermo-fused tape areas even with 
today's advanced 800 bpi, 9-channel 
systems without any significant signal 
drop. The producer states that 
thermo-fused magnetic tape main­
tains all standard physical character­
istics with new tape quality assur­
ance. The real significance of the 
process, however, is said to lie in the 
savings in man-hours and dollars 
that will. result from its many appli­
cations and features. Prestoseal, 
Corona, N. Y. 
Circle No. 251 on Inquiry Card 

DIGITAL TO SYNCHRO CONVERTER 

All solid state digital to synchro 
converter, designed specifically for 
simulation and industrial control 
applications, accepts a 10-bit par­
allel binary input and provides a 
completely isolated synchro output 
at 11.8 volts, 400 cps line-to-line, 
with accuracy of better than 30 min­
utes of arc from no load to full load 
without adjustments Its high power 
output is capable of driving multi­
ple torque receivers without ampli­
fication. 

The converter accepts micro-elec­
tric logic levels and has a maximum 
updating speed of 10,000 words per 
second. Internal storage registers 
are available as an option. Astro­
systems, New Hyde Park, N. Y. 
Circle No. 99 on Inquiry Card 

TAPE READER 

Tape reader priced at approximately 
one-half the price of competitive 
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units is claimed to make tape-con­
trolled automation economically fea­
sible for a broad range of industrial 
applications. The new tape reader 
uses starwheels to sense the holes in 
perforated paper tape. Output is 
presented in the form of contact 
closures. The unit reads standard 
5, 6, 7 or 8 channel tape unidirec­
tionally, at a rate of 30 characters 
per second. An electromagnet is used 
to advance the tape. Model 18 Tape 
Reader is said to provide control 
equivalent to that of far more costly 
units without complex circuitry or 
timing and is as easy to use as a 
relay. Price: $180.00 f.o.b. Idea As­
sociates, So. Hackensack, N. J. 
Circle No. 213 on Inquiry Card 

DIGITAL/VIDEO DISC RECORDER 

Raster-type TV monitors can now be 
used for low-cost alphanumeric, 
graphic, and digital-television-display 
systems when used in combination 
with a new digital/video disc mem­
ory. Up to 100,000 bits on each track 
can be accessed at a 3-megabit rate, 
or up to 7.2-megabit capacity is 
available at bit rates up to 216 
megabits/second with track-combin­
ing techniques. Up to 72 completely 
independent tracks can be provided 
on a single disc memory. Each track 
has its own read/write and clock 
electronics with TTL integrated­
circuit interface that permits reading 
or writing in parallel. Tracks can be 
written without disturbing data being 
read from adjacent tracks. The man­
ufacturer claims the use of disc­
refreshed TV monitors for display 
tenninals offers exciting opportuni­
ties for significant cost reductions in 
display installations for hospitals and 
airports, time-shared computer sys­
tems, instructional systems, military 
command. centers, etc. Display sys­
tems using the disc memory can pro­
vide either black-and-white or color 

presentations. Each of the display 
recorders occupies 1012 inches of 
19-inch-wide rack space, and is 20 
inches deep. Power requirement is 
120v AC, 60Hz. Disc speed is 1,800 
rpm. The basic 8-track disc memory 
system sells for $7,270, with addi­
tional 8-track increments available 
at $2,400. Data Disc, Inc., Palo 
Alto, Calif. 
Circle No. 214 on Inquiry Card 

MAG TAPE UNIT 

A self-threading magnetic tape unit, 
the IBM 2420, is said to operate 
nearly twice as fast as previously 
available magnetic tape units using 
standard half-inch tape. Designed 
for the IBM System/360 Models 
50, 65, 75 and 85, the new unit 
stores or reads information at a rate 
of 320,000 bytes a second. The 
unit, with a new single-capstan 
drive mechanism, features automatic 
threading, a tape speed of 200-inches 
per second, reduced tape wear, and 
compatibility with existing high­
speed IBM tape units. An optional 
wrap-around cartridge (shown here 
on both tape reels) can be used with 
the unit to minimize tape handling. 
All standard tape reels can be 
threaded automatically, including 
10.5-inch and 8.5-inch reels, as well 
as 5.25-inch Minireels. The equip­
ment rents for $1,050 a month and 
sells for $54,600. Initial deliveries 
are scheduled for the fourth quarter 
of 1968. IBM Corp., White Plains, 
N.Y. 
Circle No. 215 on Inquiry Card 
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CRADLE® RELAY 

TU154 Cradle® relay has received 
Underwriters' Laboratories recogni­
tion for 3 ampere resistive switching 
at 115 volts AC and is available in 
4PDT and 6PDT, with polycar­
bonate plastic dust cover. The relay 
is intended particularly for use in 
industrial controls, computers and 
other data processing equipment and 
systems, business machines, and other 
applications where long life and re­
liability at maximum economy are 
desired. Allied Control, New York, 
N.Y. 

Circle No. 248 on inquiry card. 

7 MHz SCOPE 

A low-cost, general-purpose oscillo­
scope with an extended frequency 
range named Model 555 is designed 
for both laboratory and field use and 
contains performance and construc­
tion features normally found in 
larger expensive units. The cathode 
ray tube is a 5-inch flat-faced Braun 
tube divided into a viewing area of 
8 x 10 centimeters by a removable 
edge lit graticule. All amplifiers are 
multistage DC coupled, and solid­
state with full compensation for op­
timum response. The 9-step attenu­
ator has a variable trimmer for each 
'step to provide frequency compensa­
tion. An extremely linear time base 
using a miller circuit provide.s ac­
curate ·and precise sweep speeds 
with v.ariable controls in 19 cali­
brated ranges. The horizontal am­
plifier contains a 5X expansion 
which effectively increases the sen­
sitivity by a factor of 5, and permits 
positioning of the expanded trace. 
To standardize time and voltage a 
3% calibration is built into the in­
strument. Specifications of the Mod­
el 555 are: Vertical Amplifier Band­
width: DC to 7MHz within -3db, 
DC coupled; 2Hz to 7MHz within 
- 3db, AC coupled. Rise Time: 0.05 
p..s. Sensitivity: 0.02 v/cm to 10 v/ 
cm in 9 ranges. Input Impedance: 
1n parallel capacitance 33PF. Sweep 
Speeds: 1p..s/cm to 1 sec/cm in 19 
ranges. Accuracy: +5%. Power: 
110-122 Volts 60 Hz. Physical: 8" 
x 10}'2" x 16". Weight: 22 lbs. A 
full year warranty for parts and ser­
vice is provided. Data Instruments, 
Pennsauken, New Jersey. 

Circle No. 252 on inquiry card. 

In a word, LFE 
for glass and magnetostrictive 
delay. lines for digital applications 

These are just a sampling of the 
performance features of LFE's glass 
and magnetostrictive delay lines. We can 
supply you with standard delay lines or 
serial memories with the capacity, bit 
rate, mode, delay and other parameters you 
need ... or, you can specify custom delay 
lines, with or without associated electronics, 
to meet your special design requirements. 

For the complete story write for technical data. 

J;I!f I ELEC~~?a~:~~o~~r:ISION 
WALTHAM, MASSACHUSETTS 02154 
Tel: 617-894-6600 • TWX: 710-324-0681 
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ELECTRONIC KEYBOARDS 

Modular keyboard assemblies, said 
to offer broad flexibility in meeting 
today's man/machine interface re­
quirements, are now available in 
standard configurations, and can be 
adapted to special applications with 
a minimum of time and cost. Each 
key has a life expectancy of over 100 
million operations, and repair or 
modification of a keyboard involves 
only the removal and replacement of 
a modular component. A basic key­
board consists of an array of NAV­
COR KRM keys mounted directly 
on an etched-circuit base panel. For 
coded outputs, a diode matrix is 
available either on the same etched­
circuit board which holds the keys or 
as a separate board below and paral­
lel to the keyboard. Navigation 
Computer Corp., Norristown, Pa. 

Circle No. 216 on Inquiry Card 

DIGITAL CLOCK 

A low cost electro-magnetic digital 
clock, featuring differential time cor­
rection input control and legibility 
in direct sunlight, uses no mechani­
cal linkages such as gears, ratchets 
or pawls" and boasts a million-hour 
lamp life, achieved by using a rug­
ged filament running at about }'2 of 
rated voltage. The clock uses a mag­
netic stepping motor and projects a 
300 foot lambert, 1}'2 inch numeric 
display. It provides binary coded 
decimal outputs for use with time 
recording systems - printers, mag­
netic tape data acquisition systems, 
etc. The basis frequency reference 
for the clock, available in 24 hour 
and 12 hour models, is the 60 Hz 
power line. One second timing pulses 
are derived directly from the 60 Hz 
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power line through a long life syn­
chronous motor and a photoelectric 
pickup (no switch contacts or com­
mutators are used). Price is $740. 
Numex Corp., Waltham, Mass. 

Circle No. 217 on Inquiry Card 

{ 

MAG TAPE MEMORY READER 

Plans for the production and mar­
keting of a small, lightweight, low 
powered, seven-track memory reader 
which is capable of storing up to 
125,000 characters have been an­
nounced by Lockheed Electronics. 
The digital magnetic tape memory 
reader, called the Model TR 26S, 
was originally designed for use on 
Polaris' checkout equipment and is 
now being placed on the commercial 
market. The unit is only 6}'2" x 7" 
x 6}'2", weighs less than nine pounds, 
and has read, rewind, search, and 
standby modes. The TR 26S is 
suited for laboratory, field, shipboard 
and airborne program insertion in 
computer systems. Price will be be­
low $4,000, depending upon elec­
tronics selection and options. Lock­
heed Electronics, Plainfield, N. J. 

Circle No. 260 on Inquiry Card 

PLOTTER 

A new high-speed on-line plotter em­
ploying a laser optics system as the 
basic image generation device is 
completely computer controlled, tak­
ing its information from a com­
puter's core memory system. Because 
of this it is able to plot one line 
while computing the next line. It 
plots on roll film up to 100 feet in 
length and 40 inches in width at a 
resolution of 200 lines per inch. A 
five-mil resolution provides continu­
ous tone or line cartographic displays 
with a minimum loss of continuity. 

The plotter's ability to achieve 14 
distinct levels of gray between white 
and black provides effective plotting 
of variable densities. It is compatible 
with automatic processing systems 
and is designed to be used in a com­
puter, room alongside other I/O de­
vices. It will plot alphanumeric sym­
bols in any dimension or slant. Dres­
ser Industries, Houston, Texas. 

Circle No. 218 on Inquiry Card 

INTEGRATED CIRCUITS 

A second-generation series of semi­
conductor integrated circuits, priced 
as low as 20-cents a gate function, 
are expected to offer 5 to 10 times 
greater noise immunity and 5 times 
greater fan-out than R TL circuits. 

Eleven circuits identified as the 
Utilogic 'II series, are offered in a 
dual in-line silicone package which 
permits the low prices and is said to 
make them much easier to handle on 
the user's production line. 

Seven of the circuits are new high­
performance multi-functional units 
including dual J-K binaries and 
triple and quad gates which make it 
possible to design systems with much 
lower can counts. The devices are 
being offered in two temperaturE 
ranges, the L U -series to operate at 
from 15 degrees to 55 degrees centi­
grade and the SP-series at 0 degrees 
to 75 degrees centigrade. Signetics 
Corp., Sunnyvale, Calif. 

Circle No. 219 on Inquiry Card 

SOLID STATE RELAY 

Solid state relay featuring no moving 
parts to assure long life, isolated in­
put for reliability, transient protec­
tion and positive operation performs 
the same functions as an electrome­
chanical relay with the added advan­
tages of increased reliability. All 
solid state engineering eliminates 
problems caused by bounce ... me­
chanical wear and film and grit 
buildup. Relays can be supplied with 
internal or external electromechani­
cal output relays when required; are 
available for over-under voltage, 
over/under frequency, phase se­
quence, reverse power or in combi­
nations of these. Features: plug-in 
mounting; SPST output (solid 
state) ; Tele-Craft Electronics, Farm­
ingdale, N. Y. 

Circle No. 220 on Inquiry Card 
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COMMUNICATION TERMINALS 

Two new multi-media communica­
tion terminals, Model 5072 com­
bined paper tape transmitter/printer 
receiver terminal and Model 5079 
transmit/receive paper tape termi­
nal, use reverse channel techniques 
and integrated circuits for high effi­
ciency operation. Dial-o-verter Model 
5072 requires no on-site program­
ming to transmit punched tape or to 
receive and print hard copy. The de­
vice uses a type 202C data set on 
the dial telephone network and a 
type 201B or Rixon Sebit 48 data set 
on leased lines, handles all EIA stan­
dard five-through eight-level punched 
paper tape codes, at speeds up to 
300 characters/second. It receives 
and prints data at up to 300 lines/ 
minute. The standard printed for­
mat is 120 columns wide, 6 lines/ 
inch vertical spacing, and 64-char­
acter alphanumeric font. Up to 6 
carbon copies may be produced. 
Digitronics Corp., Albertown, N. Y. 

Circle No. 221 on Inquiry Card 

Never before has so much speed, accuracy and reliability in A-D 
converters been offered at such low pricesl 

Behind this achievement is seven years of producing similar units for 
major aerospace programs. Speed is achieved with spec.ially designed 
logic circuits, level detectors, and amplifiers. Accuracy is the combined 
result of extremely stable reference voltage, careful design and parts 
selection, in-house fabrication of critical parts, and precision assembly. 
And reliability is achieved through careful design, appropriate 
component derating, and circuit simplicity. 

Each of the 8500 Series A-D converters features accuracy of +0.01 % 
+1/2 LSB and will accommodate input voltages up to +10 volts. Input 
impedance is 10 megohms or greater at DC. Options are.available such as 
faster speeds, sample-and-hold circuitry, Nixie-type readout, and special 
input voltage ranges. Special models are available by quotation. Write 
for complete information. 
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~ 805 Fast Cerritos A'l-'Clltle, ./Inaheilll, California 9280$ 
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PULSE·RATED' FERRITE TOROIDS 

Pulse transformer designers in the 
computer, radar, data acquisition, 
telemetry and communications fields, 
will now be able to by-pass trial and 
error selection of ferrite toroid cores, 
according to Indiana General Corp. 
The PR Series, a line of 100-percent 
tested pulse-rated toroids, will con­
sist of toroids with guaranteed char­
acteristics including pulse inductance, 
pulse magnetizing current for speci­
fied voltage, ET constant, controlled 
pulse permeability and controlled 
temperature. Uniformity of the new 
toroids from sample through pro­
duction quantities will be assured 
through A.S.T.M. testing methods 
which are directly related to end 
performance. Indiana General Corp., 
Keasbey, N. J. 
Circle No. 257 on Inquiry Card 

OILED PERFORATOR TAPE 

A unique, relatively low cost, cross­
linked cellulose perforating tape with 
nearly double the strength of con­
ventional paper tapes is said to per­
mit either substantial savings when 
substituted for more expensive ma­
terials in communication, computer, 
numerical control and data proces­
sing applications or a larger factor 
of safety when used in place of or­
dinary paper tape. The newly de­
veloped product is claimed to be 
superior in most aspects to vulcan­
ized fibre. One of its major advan­
tages over fibre is that the extra 
tensile tape is supplied with a care­
fully controlled oil content for punch 
and die lubrication. The tape is no 
thicker than standard perforator tape 
and is completely compatible with 
standard-tape equipment. Devel­
oped specifically for repeat usage, it 
comes in 1,000-foot coils, each 8" in 
diameter with 2" I.D. cores, in 1", 
7/8", and 11 i16" widths. The color 
is buff and it is available for imme­
diate delivery. Robins Industries, 
College Point, N. Y. 

Circle No. 222 on Inquiry Card 

EXTENDED STORAGE MODULE 

An extended storage digital glass 
memory module capable of handling 
4,096 bits at bit rates of up to 16 
megahertz (MHz) has recently been 
introduced. The manufacturer states 
that the module represents a new 
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state of the art for "zero TC" glass 
delay line storage. Previous capacity 
for "zero TC" glass delay lines was 
2,800 bits at bit rates up to 8 MHz. 
Applications for the extended storage 
modules include use as buffers in 
computer peripheral and data com­
munications equipment as well as a 
wide variety of digital applications, 
including signal processing, real-time 
correlators and spectrum analyzers. 
As many as eight modules can be 
run in parallel with common clock 
and control signals to form a 4,096 
by 8-bit "non-rotating drum" mem­
ory for use in high-speed buffer ap­
plications or as the main memory 
in small special-purpose computers. 
Corning Glass, Raleigh, N. C. 
Circle No. 223 on Inquiry Card 

AXIAL FANS 

Compact dimensions for low profile 
cooling requiring high sustained air 
delivery have been designed into a 
new series of miniature axial fans. 
The series 8500 develops greater 
pressures from a nine-impeller all­
metal fan measuring 318" square 
and 1~" deep. Standard mounting 
centers of 2.812" make it interchange­
able with other 318" fans. Free air 
delivery rating is 45 dm and the fan 
is capable of continuance at back 
pressures up to 0.175 inches of water. 
I t operates at a noise level of 28.8 
dB SIL. The impedance-protected, 
two-pole, shaded-pole motor has a 
life-expectancy of 20,000 hours con­
tinuous duty without maintenance at 
an ambient temperature of 55°C and 
100,000 hours at room temperature 
(25°C). Price: $11.65 each in quan­
tities of 25-49. Pamotor, Inc., San 
Francisco, Calif. 
Circle No. 224 on Inquiry Card 

INDICATOR LIGHTS 

Indicator lights of this series consist 
of the housings (type designations 
LH90/1, LH90/2 and LH90/ 3 ) 
which accommodate the appropriate 
incandescent or neon cylindrical 
plug-in lamp cartridges (MS Draw­
ing Numbers 18235, -6, -7, -8). 
Housing LH90/ 1 is furnished wi th 
collar and accommodates MS18235, 
-6, -7 plug-in cartridges only. 
Housings LH90/ 2 and LH90/ 3 are 
furnished without collar. The former 
housing accommodates MS 18235, 
-6, -7 cartridges only. The latter 
(LH90/3) houses 48 or 60 volt in­
candescent cartridges (MS18238) 
only. These two housings may be 
used with lens cap types LC30 or 
LC32, available in a choice of five 
colors. Hot-stamped or engraved 
legends may be had. Neon cart­
ridges offer two lens shapes, stove­
pipe or long cylindrical for 110-l25V 
AC or 105-125V AC-DC operation. 
Necessary current-limiting resistors 
are contained within the lamp cart­
ridges. The AC group use 33K, the 
AC-DC group use lOOK resistors. 
Dialight Corporation, Brooklyn, New 
York. 

Circle No. 253 on inquiry card. 

CARD-EDGE PC CONNECTORS 

F our new series of receptacle type 
connectors for printed circuit appli­
cations are now available. Series 
600-6 microminiature with .050" 
center-to-center contact spacing ac­
commodates 1/16" printed circuit 
board in six sizes: 10, 14, 22, 40, 
55 and 64 dual readout contacts, 
equivalent to 20, 28, 44, 80, 110 
and 128 terminations. Series 600-
121 for 1/16" printed circuit board 
and .100" center-to-center contact 
spacing is available in a single 26 
contact size. Unit features bifurcat­
ed contact construction and stag­
gered termination design. Series 
600-94 for 3/32" printed circuit 
board and .100" center-to-center con­
tact spacing has two variations of 38 
dual contacts and three termination 
types: solderless-wrap, dip solder or 
solder lug. Series FT600-l3 is a 
double bellows feed-thru type for 
1/16" printed circuit board-to-board 
interconnection. Center-to-center 
contact spacing is .156". Conti­
nental Connector Corporation, 
Woodside, N.Y. 

Circle No. 326 on inquiry card. 
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Improve Display Capability with DialeD Sub-Miniature 
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Dialco Switches and Indicator Lights provide almost limitless applications-are flexible in 
arrangement- economical in price-and feature high reliability. 

Switches are the silent, momentary type-requiring 24 oz. (approx.) operating force. 
Contact arrangements are: S.P.SJ., normally open or normally closed; S.P.D.L two cir· 
cuit (one normally open, one normally closed). Ratings: 3 amps, 125V A.C.;' 3 amps, 30V 
D.C. (non·inductive). 

The switch ;'S completely enclosed and independent of the lamp circuit. The light 
source is the T-l·3/4 incandescent lamp, available in voltages from 1.35 to 28V. 
Switches are made for single hole (keyed) mounting in panels up to 3/16" thick 
and mount from back of panel in 1/2" clearance hole. Switch forms for dry 
circuits are also available. 

Other features include: 1/2" or 3/4" interchangeable caps, round or square, 
rotatable or non·rotatable, in a choice of 7 color combinations. 

3-AXIS NIC TAPE VERIFICATION 

Low-cost system designed specifically 
for 2- and 3-axis machine tool nu­
merical control (NjC) tape verifica­
tion, priced at $16,775 is said to be 
3 to 5 times lower in cost than any 
other equipment available for this 
purpose. Delivery is quoted at 45 to 
60 days. The system visibly plots the 
programmed cutter path at high 
speeds from actual machine tool in­
put tapes, eliminating expensive tie-

CIRCLE NO. S2 ON INQUIRY CARD 

up of machine tools now doing time­
consuming dry-run verification. Two­
and 3-axis contouring jobs that re­
quire several hours of machine time 
can be plotted and proofed in min­
utes with the NjCV system. Parts, 
5 feet by 120 feet can be plotted con­
tinuously over their entire length 
when the ~ full scale setting is se­
lected. Drawing resolution is option­
ally either 0.005 or 0.010 inches. 
Boston Digital, Ashland, Mass. 
Circle No. 249 on Inquiry Card 

Ask for n.w 121181' 
Push Button Swltcb 
catalol. Do It today! 

EIGHT-TRACK FLYING HEAD 

Eight-track flying magnetic head for 
disc memories provides reliable per­
formance at packing densities up to 
1300 bits per inch. In a multiple in­
terlace configuration 30 tracks-per­
inch can be recorded on a disc sur­
face. Track width is 0.020" spaced 
on 0.132" centers. Inductance is 20 
microhenries per winding leg and 
gap length is 250 microinches'. Ex­
ternal dimensions are: Length 1.052" 
x Width .438" x Height .300 max. 
Prices start at $160.00 each and vary 
with quantity. Availability is 6 
weeks. 

Applied Magnetics Corp., Los 
Angeles, California. 

Circle No. 247 on Inquiry Card 
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.. LITERATURE 

Self-Contained D-C Voltage 
Regulators 

A 4-page data sheet describing new 
miniature, self-contained Series 805 
D-C voltage regulators provides com­
plete specifications for the fixed-out­
put, + 3 to + 9 volt hybrid series, 
presented in an easy-to-read "mini­
mum-typical-maximum"performance 
chart. Significant construction, per­
formance, and environmental char­
acteristics are also discussed. The 
data sheet, No. 68485, provides full 
details on circuit design, and includes 
a circuit schematic. Additional data 
on the cermet thick-film regulators is 
also presented in a series of perfor­
mance charts, a typical application 
diagram, and a detailed product out­
line drawing. Beckman Instruments, 
Inc., Fullerton, Calif. 

Circle No. 322 on Inquiry Card 

RFI Filters 

Specifications of RFI filters designed 
to attenuate fluorescent lamp-gener­
ated noise in computer centers, in­
strumented test and research labora­
tories, clean rooms and other installa­
tions are highlighted in a data sheet 
describing the type F -20064 ballast 
filter. The new filters weigh only 
eight ounces and provide noise atten­
uCltion that meets or exceeds that of 
any RFI filter presently available 
according to the manufacturer. San 
Fernando Electric, San Fernando, 
Calif. 

Circle No. 320 on Inquiry Card 

Mag Tape Recorders 

Solid-state logic control and other 
design features of two new instru­
mentation magnetic tape recorders/ 
reproducers for portable and air­
borne applications are described in a 
brochure by the Data Division of 
Genisco Technology Corporation. 
The four-page brochure describes 
both units as having the same basic 
specifications, but differing in opera­
tional functions, configuration, size, 
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weight, and operating voltage. Both 
units comply with MIL-E.-5400 and 
IRIG-l06-66. A fast response phase­
lock servo, in conjunction with a 
low inertia capstan motor, provides 
optimum performance, minimizes 
mechanical components, and affords 
seven speeds selectable electrically, 
without pulley or belt changes, from 
1 ?l8to 120 ips. 

The 10-276 Airborne version is de­
signed for aircraft and high altitude 
environment applications where ex­
treme shock and vibration are en­
countered. It operates on 28 volt 
DC power supply and weighs 65 
pounds. Designed for a wide range 
of mobile, shipboard, laboratory, and 
field applications, the 10-276 Port­
able Recorder/Reproducer includes 
115 VAC to DC power supply, and 
weighs 100 pounds in a 14-channel 
configuration. Genisco Technology 
Corp., Compton, Calif. 

Circle No. 319 on Inquiry Card 

Oscilloscope Book 

New 128-page book, "Understanding 
and U sing Your Oscilloscope," cov­
ers the basic theory of the oscillo­
scope, its many uses, interpretation 
of wave forms and operation with 
associated equipment. A clear writ­
ing style is maintained for easy un­
derstanding by students and begin­
ners as well as the veteran techni­
cian. Chapter headings: History of 
the Cathode Ray Tube; Basic Oscil­
loscope Principles; Interesting Oscil­
loscope Applications; Oscilloscope 
Controls, and How to Adjust Them; 
How to Select an Oscilloscope; Aux­
illiary Equipment; Oscilloscope and 
Test Equipment Kits. Price is sev­
enty-five cents, postpaid in the 
U.S.A. Allied Radio Corp., Chicago, 
Illinois. 

Circle No. 318 on Inquiry Card 

MCD Scopes, X-Y Monitors 

Catalog describes and illustrates stor­
age and general purpose oscillo-

scopes, X-Y monitors, medical moni­
tors and special purpose instruments, 
and contains a photograph of each 
unit, 18 instruments in all, plus all 
pertinent data and specifications. 
The material presented is arranged 
to allow ready comparison of vari­
ous models, either by degree of so­
phistication or by expected applica­
tion. Measurement Control, Phila­
delphia, Pa. 

Circle No. 317 on Inquiry Card 

Magnetic Tape Systems 

Literature describing Honeywell 
Model 7600 magnetic tape systems 
is available in a series of three 4-
page brochures. The publications 
are designed to cover the basic cap­
abilities of the analog recording tape 
system. Medium-band, wide-band 
and parallel PCM r~cording capa­
bilities are discussed. Detailed in­
formation is presented in each of 
the illustrated brochures on use of 
the three types of recording systems, 
in addition to related operational 
and design specifications. Honey­
well Test Instruments Division, 
Denver, Colo. 

Circle No. 323 on inquiry card. 

Station Carrier 

A 12-page brochure describing the 
83A Single-Channel Station Car­
rier System, which permits the ad­
dition of a private line on an exist­
ing cable pair, is available. The 
83A, which might be called a "por­
table spare pair" is suited for trans­
mission of Schedule 4 data ser­
vices such as Datatel, TWX, and 
dedicated data circuits. It operates 
with dial or Touch Calling tele­
phone subsets with no modification 
required on the subset. The publi­
cation includes performance infor­
mation, equipment description, 
block diagrams and photographs. 
Lenkurt Electric, San Carlos, Calif. 

_ Circle No. 324 on inquiry card. 
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Cooling Systems 

24-page catalog R-68 describes 10 
series of blowers and systems for 
cooling electronic cabinets. Designed 
to fit standard 19" racks per Mil­
Std-189, the blowers are available in 
ranges from 200 to 1200 CFM and 
are provided with 50 and 60 cycle 
ball bearing motors. Catalog pages 
list applicable military and federal 
specifications; complete construction 
data; sizes; electrical properties; and 
RFI shielding applications. Detailed 
drawings and dimensional callouts 
are shown, plus air delivery· curves 
and concise ordering information for 
each series. The catalog features ex­
tensive engineering data for practical 
blower selection, including cooling 
formulae; air delivery and heat dis­
sipation curves; horsepower require­
ments; noise criteria. Zero Manufac­
turing Co., Burbank, Calif. 

Circle No. 316 on Inquiry Card 

Perforated Tape Components 

6-page, two-color short-form catalog 
describes an entire line of tape 
punches, readers, and handlers, pho­
toelectric keyboards, I/O typewriters, 
printers and systems incorporating 
perforated tape components. Invac 
Corp., Waltham, Mass. 

Circle No. 315 on Inquiry Card 

Programmed Image Analysis 

6-page color brochure describes a 
unique general purpose visual im­
age processor which reads from or 
records on film, differentiating be­
tween wanted and unwanted data. 
Under control of a stored program 
it can identify and trace only the 
object of interest, as opposed to 
"flying spot" techniques, which 
gather and store all data points on 
the raster. The brochure describes 
various subunits of the complete 
system, including the film handling 
optical/mechanical unit, signal pro­
cessing and logic unit, program­
mable light source (point-plotting 
CRT), scan control monitor unit 
and CRT graphic terminal with 
light pen. A general introduction 
to the field of automatic image 
analysis is given, as well as opera­
tions involved in a typical applica­
tion such as the reading of theodolite 
film. Information International, Los 
Angeles, Calif. 

Circle No. 304 on inquiry card. 

GOVERNMENT REPORTS 

TERMINATION OF TECHNICAL TRANSLA­
TIONS JOURNAL 

The Technical Translations (TT)announce­
ment journal published by the Clearinghouse 
will be discontinued after December 1967 
(Vol. 18, No. 12, Dec. 30, 1967). Beginning 
in 1968, all U. S. Government-sponsored tech­
nical translations will be announced in the 
Clearinghouse journal, U. S. Government Re­
search and Development Reports (USGRDR). 
The first issue of USGRDR announcing these 
translations will be Vol. 68, No.1, Jan. 10, 
1968. USGRDR subscription rates are $30.00 
a year ($37.50 foreign); single copies cost 
$3.00. All reports, including translations, an­
nounced in USGRDR will continue to be in­
dexed in the companion journal, U. S. Govern­
ment Research and Development Reports In­
dex (USGRDR-I), formerly called Government­
Wide Index (GWI). USGRDR-I subscription 
rates are $22.00 a year ($27.50 foreign); 
single copies cost $3.00. 

After December 30, 1967, translations not 
sponsored by U. S. Government agencies will 
not be announced by the Clearinghouse. 
These translations are announced in both the 
Translations Register-Index published by the 
Special Libraries Association Translations Cen­
ter, and in the ETC Quarterly Index published 
by the European Translations Centre. The 
Clearinghouse will continue to provide refer­
ence information and attempt to answer spe­
cific queries on all translations, both Govern­
ment-sponsored and non-Government-spon­
sored. 

Translations Register-Index is available from 
the SLA Translations Center, John Crerar li­
brary, 35 West 33rd Street, Chicago, Illinois 
60616, at $30.00 per year. 

ETC Quarterly Index is available from the 
European Translations Centre, 101, Doelen­
straat, Delft, The Netherlands, at $25.00 per 
year. 

Bibliography-I ndex to US JPRS Research 
Translations, listing all JPRS issues in subject 
compilations including their complete table of 
contents and subject index is available from 
Research & Microfilm Publications, Inc., Suite 
430, 2233 Wisconsin Ave., N. W., Washing­
ton, D. C. 20007. Four titles are issued 
monthly: China & Asia, East Europe, Interna­
tional Developments (Africa, Near East, Latin 
America) and Soviet Union. Subscription cost: 
$30.00 per year for each area. Two semi­
annual publications are also issued: Catalog 
C'ards in Book Form for US JPRS Translations, 
arranged in JPRS publication number se­
quence with detailed contents for each trans­
lation ($95.00 per year) and Subject-Index to 
US JPRS Translations ($20.00 per year). Mi­
crofiche copies of individual JPRS translations 
are available on subscription at $0.32 per 
microfiche. 

DEVELOPMENT OF AN AUTOMATIC PROCESS 
START·UP DEMONSTRATOR. 

Investigates capabilities of pure fluid ele­
ments for application to digital logic such as 
might be encountered in the sequential 
"start-up" or "shut-down" of machinery. 

Order from Clearinghouse, U. S. Dept. of 
Commerce, Springfield, Va. 22151. Order No. 
AD·661 461. 
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is a goed 
Sso. 
SHAPT 

•• co IER 

• integral electronics 

• single 6-volt±15% supply 

• high reliability 

• - 60F to 170F I operating 

• survives 100-g shocks 

****** the 0 r T A C H by: 
HH Controls Co. Inc. 

16 Frost St., 
Arlington, Mass. 02174 

Tel. (617) 272-3298 
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>/ Beca ... ~eot.ne\N ideas from Sanders ••• 

Flexprint® circuitry eliminates the difficult; dimensions 

Volume, weight and shape. Reduce these problem areas, and you've got more lati­
tude to meet restrictions imposed by unusual form factors and limited spaces 
available for interconnections in modern electronic gear. 

Today, with Sanders advanced flexible circuit design and manufacturing 
techniques, FLEXPRINT circuitry provides an almost infinite number of ways 
for component and system producers to achieve these reductions. 

In a new airborne control system, 3 layers of FLEXPRINT Circuitry with 
both rigid and flexible sections incorporate hardboards on which various 
components are mounted during assembly. 

No jumbled wiring interconnections here. By laminating the 3 sections 
together to obtain rigid areas, the number of solder connections is 
greatly reduced ... which speeds final assembly, reduces 
costs and improves reliability. 

Perhaps there is a problem in your electronic package you'd like 
to eliminate. By starting your design with FLEXPRINT Circuits, 
the tough ones can be cut down to size. Call or write Sanders Associates, Inc., 
FLEXPRINT Division, Grenier Field, Manchester, New Hampshire 03103. 
Phone: (603) 669-4615. 

A unique 3-layer 
combination of 
flexible and rigid 
sections, the fin­
ished FLEXPRINT 
assembly i n this 
airborne control 
system reduced 
volume 50%, with 
comparable sav­
ings in size and 
weight, installed 
faster and at lower 
cost. Wave solder­
ing was made pos­
sible by careful 
material selection. 

Creating 
New Directions 

In Electronics 

SANDERS 
ASSOCIATES, INC. 

n.M •• SANDERS ASSOCIATES. INC. 

FLEXPAINT DIVISION 
GRENIER FIELD. MANCHESTER. NEW HAMPSHIRE 



easy to interface ••. easy to use 


