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The terminal with the right, connections 

Looking for a special solder terminal? 
Your special is probably a standard at CTC. 

You'll find many terminals that you 
would normally consider specials included 
in CTC's 50 types of standard solder termi
nals. Whether you want regular size or 
miniature rivet type terminals for printed 
circuits to be dip soldered, CTC has a com
plete selection. Whatever your require
ments - standard or custom, you can de
pend on CTC's guaranteed components. 
And there are good reasons for this de
pendability. 

Each manufacturing detail of every CTC 
terminal is double-checked for material 
and reliable performance. This quaUty con
trol enables us to offer you guaranteed com
ponents - whether to government stand
ards or your own. 

Standard CTC solder. terminals are 
silver plated brass, coated with water dip 
lacquer to keep them chemically clean for 
soldering. Special order finishes include 
hot tin, electro-tin, electro-tin-Iead, tin
zinc, cadmium plate, gold flashing or gold 
plate. All finishes go through a periodic mi
croscopic inspection for coating thickness 

and adhesion. This is but one of many ways 
"CTC's quality control serves you. 

In addition to terminals and boards, our 
quality control pays off for you in CTC ca
pacitors, swagers, insulated terminals, coil 
forms, coils and a wide variety of hard
ware. For complete specifications -and 
prices, write to Cambridge Thermionic 
Corporation, 430 Concord A venue, Cam
bridge 38, Mass. West Coast Manufac
turers contact: E. V. Roberts, 5068 West 
Washington Blvd., Los Angeles 16 and 988 
Market St., San Francisco, California. 

Standard eTe Terminal Boards as well as those 
made to your own specifications by CTC are avail
able. Standard in cotton fabric phenolic, nylon phe
nolic or grade L-5 silicone impregnated ceramic. 
Custom made in cloth, paper phenolic, melamine, 
or silicone fibreglas laminates, imprinted as required 
and lacquered or varnished to specifications MIL
V-173 and JAN-T-152 or to commercial standards. 

CAMBRIDGE THERMIONIC CORPORATION 

makers 0/ guaranteed electronic components, 
custom or standard 

- 2 -



COMPUTERS AND 
,CYBERNETICS • ROBOTS • 

AUTOMATION 
AUTOMATIC CONTROL 

Vol. 4,"No • 8 August, 1955 

ESTABLISHED SEPTEMBER, 1951 

ARTICLES 

The Automation of Bank Check Processing 
Justifying the Use of an Automatic Computer 
A Rotating Reading Head for Magnetic Tape 

and Wire 

PAPERS 

Linear Programmdng and Computers -- Part II 
Charting on Automatic Data Processing Systems 

Some Curiosities of Binary Arithmetic Useful 
in Testing Binary Computers 

REFERENCE INFORMATION 

Books and Other Publications 

FORUM 

The Tale of a Cow 
Electronic Computer Conference, Darmstadt, 

Germany, Oct. 25-27, 1955 
Additions and Revisions 

The Editor's Notes 
Index of Notices 
Advertising Index 

•••• R. Hunt Brown 
•••• Ned Chapin 

•• ~.NatiQnal Bureau of 
Standards 

•••• Chandler Davis 
•••• Harry Eisenpress 

James L. McPherson 
Julius Shiskin 

•••• Andrew D. Booth 

•••• Jewell Bown, 
Gordon Spenser, and 
others 

•••• M. E. Salveson 

•••• A. Walther 

6 
17 

24 

10 
21 

33 

28 

20 

4 
34 

4 
4 

42 

Editor: Edmund C. Berkeley 
Assistant Editors: Eva DiStefano, Jewell Bown, Neil Macdonald 

Jack Moshman, Gordon Spenser, F. L. Walker 

Advisory Committee: Samuel B. Williams, 
Herbert F. Mitchell, Jr., Justin 
Oppenheim 

Contributing Edi tors: Andrew D. Booth, John M. Breen, John W. ea:rr, III, Alston S. Householder, Fletcher Pratt 

Publisher: Berkeley Enterprises, Inc. 
36 West 11 St., New York 11, N. Y. - Algonquin 47675 

815 Washington St., Newtonville 60, Mass. - Decatur 2 5453 or 2 3928 

Advertising Representatives: San Francisco - W. A. Babcock 605 Market St., San Francisco 5, Calif. 
Los Angeles - Wentwo~th F. Green, 439 So. Western Ave., Los Angeles 5, Calif 
elsewhere -the Publ~sher -

OQMPUTERS AND AUTOMATION is published monthly. ~pyright, 1955 by Berkeley Enterprises, Inc. Subscription rates: 
$4. 50 for one year, $a. 50 for two years, in 'the Uni ted States: $5.00' for one year, $9. 50 for t.wo vears, in 
Canada; $5.50 for one year, $10.50 for two years elsewhere. Bulk subscription rates: see page 32. Adverti& 
ing rates: see page 40. 

Entered as second class matter at the Post Office, New York, N. Y. 

- 3 -



THE EDITOR~S NOTES 

PAYMENT FOR PAPERS 

Beginning with this issue, "Computers and 
Automation" will make payment for accepted pa
pers at half the rate of payment for articles 
-- (provided that the author wishes to be paidl 
This works out at $5 to $20 for 1000 to 4000 
words. This token payment will help express 
our appreciation to those authors who prepare 
good papers for us to publish. 

PATENTS 

Hans Schroeder, who provided the informa
tion we ~ave published for many months about 
patents relating to computers, has entered the 
armed forces of the United States to fulfill 
his service requirements. If any reader of mrs 
is 'able and willing to survey the Patent G a
zette and report pertinent patents to us in 
the same style, we shall be glad to make an 
arrangement with him. 

CORRECTION 

In the story "The Book Reviewer" by Rose 
Orente in the July issue, the na~ of the psy
choanalyst whose theories are referred tosnouH 
be corrected to read "Edmund Bergler" instead 
of "Edward Bergler", since he is a real persm 
and not a fictitious character. 

EMPLOYMENT REFERENCE SERVICE 

Forum 

ELECTRONIC COMPUTER CONFERENCE, 
DARMSTADT, GERMANY, 

OCT. 25-27, 1955 

A. Walther 
Darlnstad~, Germany 

Please let me annOWlce that according to the 
enclosed German circular there will be held an 
international conference on 

"Elektronische Rechenmaschinen Wld 
InformationsverarbeitWlg" 

(Electronic digital computers and in
formation processing) 

at the 
Institut fur Praktische Mathematik (lPM) 
Technische Hochschule, Darmstadt, Germany 

on October 25-27, 1955, sponsored by GAMM (Ge
sellschaft fur Angewandte Mathematik Wld Mechan
ik) and NTG-VDE (Nachrichtentechnische Gesell
schaft im Verband Deutscher Elektrotechniker). 

Would you please publish this annoWlcement 
in your journal "Computers and Automation"? 
Information on registration, which is open to all, 
may be obtained by writing: 

Prof. Dr. A. Walther 
Institut fur Praktische Mathematik (lPM) 
Technische Hochschule 
Darmstadt, Germany Every few days some man or some organiza

tion telephones us in regard to employment of 
computer people. The man says "Where are good 
places for me to seek employment in the compu
ter field?" The organizati on says "Do you mow 
of anybody who could fill this kind of a posi
tion •••• ?" 

*----------*---------* 

"Computers and Automation" will be glad1D 
act as a clearing house in this way, to the ex
tent of our knowledge; and we would s u g g est 
that classified advertising, as published fznm 
time to time in these pages, would be helpful. 
But the more that people tell us what they are 
looking for, the more we may be able to help. 

INFORMATION AND REPORTERS 

This brings us to the fact that a lot of 
the reference information we publish is depen
dent on what other people tell uSo We arevery 
grateful for the data that enables us to help 
computer people find out what they wany toknOW. 

(continued on page 32) 
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Sylvania Tran,i'tor. Sylvania 
'Power Transistors ... 

- for military, industrial, and 
" commercia! applications. Avail

able in commercial quantities. 

" "BOW w.itlz increC31t 
ratinds\ \'~\ ________ ,,.:' ..... _~_ \' \,\ 1\ 

dissipate 2Y2 watts i:n free air, \ ", " 
I _. \ 

have low thermaf;~inertia \~ 
'\ > 

NEw'Sylvania design developments achieve low thermal 
inertia and increased, ratings in the Sylvania Power 
Transistors 2N68 and 2N95. Dissipation of 2% watts in 
free air reflects a full watt increase over previous ratings. 
Power dissipation up to 5 watts is possible with an 
external heat sink. 

\ 

, ,High-Gain, Low Frequency-
, 2N35 {NPN)-2N34 (PNP)

low to medium 
power-use as a 
high-gain audio 

. amplifier-gains 
up to 40 in ground
ed emitter circuit. 

High-Power, Low Frequency-; 
2N68 (PNP)-2N95 (NPN) in- l 

creased power'ratings-use for 
high current, low voltage appTI. ; 
cations (6-24 volts power' 
supplies). 

High Frequency-2N94 (NPN): 
-2N94A (NPN)-high alpha 
(over 0.95)-low base resistance: 
and collector capacitimce-typi- : 
cally 1500 ohms uufd-gains up ; 
to 40 db. '; 

~ 

Also available 
in' commercial quantities 

Silicon Jundion Diodas-1N137 A ; 
-lN138A and allied types-: 
high back resistance at high; 
opera ting temperatures. 

Silicon Point-Contact Diodes-' 
IN19a, 1N194, INI95, 1N196- , 
'specifically de
signed for comput.. ' 
,er and high tem
perature general 

, purpose applica" 
tiC?ns. Excellent 
transient .response 
(0.1 usee.) 

For your semiconductor require-- ; 
mants, check Sylvania mst. Use : 
this convenient form to indicate ; 
your interests and address it' to ; 
Department C20R. ; 

\ : 
With Sylvania's new design heat is conducted quickly 

away from active elements. Resulting low thermal 
inertia improves performance stability over a wider 
range of operating temperatures. Operated as a Class A 
amplifier the 2N68 or 2N95 provides a minimum power 
gain of 20 db. 

.. -"-'- -'-'_ ..... -"'Dept. F1SR I 
I 
I 
I 
I 

/I Another reason why it pays to specify .Sylvanla" 
SYLVANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd., 

University Tower Building, St. Catherine Street, Montreal, P. Q. 

,~ SYLVANIA! 

Sylvania Electric Products Inc. 
1740 Broad~ay. New York 19. N. Y. 
Gentlemen: Please forward additional in· 
formation on the items checked below: 
Transistors Silicon Diodes 
o High Power 0 Point Contact 
o High Gain 0 Junction' 
o High Frequency 
Nmne __________________________________ ___ 

AdWre~I __________________________________ _ 

City ___________________________________ _ 

Zone _____ JoJState' __________ _ 

LIGHTING • RAD.IO • ~LECTRONICS • TELEVISION • ATOMIC ENERGY 
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THE AUTOMATION OF BANK CHECK PROCESSING 

R. Hunt Brown 

A utomation Cons~l tants 
New York, N. Y. 

An article by the author on the savings 
account problem was published in the July is
sue of "Computers and Automation". It refer
red to a report by the American Bankers Asso
ciation entitled "Automation of Bank ~erating 
Procedure", in which both the checking and 
savings account problems are dealt with i n 
some detail. It is clear that new equipment 
and systems will need to be developed to solve 
these problems. Some excerpts from the ABA 
report are given below, to show the serious
ness of the situation: 

"A study of the check collection system 
in 1954 by the Joint Commdttee on the Check 
Collection System of the American Bankers As
sociation, the Association of Reserve Cit Y 
Bankers, and the Federal Reserve System r e
vealed these interesting facts. 

"The number of checking accounts in this 
country increased from 27 million to 47 m i I
lion between 1939 and 1952. In the same per
iod, the number of checks written annually 
grew from an estimated 3~ billion to nearly 
R billion. About 7 billion of the checks writ
ten in 1952 were drawn on the more than 14,000 
commercial banks throughout the country; 0 f 
the balance, 450 million were checks drawn on 
Federal Reserve Banks. 

n ••• should the trend of the past thir
teen years continue, 14 bjllion checks would 
be written in 1960; and by 1970, check volume 
would be 22 billion. Although these levels 
may not be reached, an upward trend in volume 
is expected to continue. 

"On an average day in 1952, about 29 mil
lion checks were written, and approximately 
the same number were deposited in or cashed 
at the average bank on that day; one in five 
was drawn on the bank and was charged to the 
drawer's account. The remaining four w ere 
drawn on other banks and were collected throujI 
the check collection facilities provided by 
the banking system of the country. 

"The average check deposited in or ca.smd 
at a bank passed through 2 1/3 banks in the 
process of collection from the drawee bank, 
and about 2 1/3 business days elapsed between 
the date it was deposited or cashed and the 
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date it was presented for payment. Checks in 
process of collection through the banking sys
tem on an average day in 1952 numbered about 
69 million, of which 29 million were present
ed to drawee banks for payment on that day. 
Of the remaining 40 million, 15 million were 
payable at banks in the same cities as the 
collecting banks, 24 million were par items 
payable at out-of-town banks, and 1 million 
were nonpar items." 

Here is a description, then, of a "pheno
menal increase in the volume of activity in 
the handling of checking accounts", with re
sulting "excessive manual work in processing 
checks", and "increase in personnel costs 
with attendant possibility of errors." 

'" 

Nonstandardization 

One factor which complicates the issue 
is that there is no standardization of check 
sizes and formats. Despite efforts made in 
this direction for many years, little has ~ 
accomplished. Any proposed solution the re-' 
fore, which contemplates changing check sUes 
and formats must be carefully considered. An
other complication is the mutilation of checks 
in handling by the public. Also, a large in
vestment in check writing machines has been 
made by banks and depositors, and the maclrln~ 
will not be jettisoned overnight. Any major 
sudden attempt to change the banking habits 
of the customers might meet disastrous defeat. 

Prequalification 

The check problem may be divided i n to 
two categories, that of the travellers'~ks 
and that of commercial and personal checks. 
The former category does not offer as muc h 
difficulty as the latter, as there is roo m 
for "prequalification", or the entering of 
certain information on checks in a form that 
is qualified for later automatic processing. 
There are three required items of information 
that should be In acceptable form for auto
matic processing, drawer bank, drawer identi
fication, and amount: 

I. The drawer bank's identification may 



BANK CHECK PROCESSING 
be placed on checks when printed. The scheme used is rather straightforward. 

2. The drawer's identification and check The feed is under control of the output punch 
serial number may be imprinted on the and feeds a document to the reading station on 
check by the bank before issuance. demand. As each character is identified, it 

3. The amount on the check may be imprin- is coded into a modified' binary code and stored, 
ted at the time of writing the check one digit at a time, in the first register. 
in a form which can be automaticall y When the punch has punched the previous card, 
read. an emitter pulse causes information to be tnil5-

ferred to the second register ~ bloc. 
Since travellers' checks are issued by 

only a few banks, standardization among them 
as to coding if desirable, should not be too 
difficul t. The issuance of travellers' checks 
to contain the above three essenti al piec e s 
of information, and any other fixed data such 
as date and place of issuance. should be easy 
of solution. The problem of identifying the 
person presenting the check and ascertaining 
that there is a sufficient balance to cover 
the check does not arise. In fact, three ma
chines have already been developed t.o re a d 
travellers' checks automatically, when th e y 
are returned to the head office of the issu
ing bank. These machines are in the proto
type or pilot plant stage. 

Prototype Machines 

One of these machines was made by Intel
ligent Machines Research Corp. of Arlington, 
Va., for the Bank of America. This reads se
rial numbers and amounts from the existing 
form of check in regular use, checks which 
have no special features to aid charactersen
sing. The speed of reading is 100 travellers' 
checks per minute, and the output is the same 
rate of IBM punched cards. 

COOING 

.' T ... 
I 

INTERPRETER 

,1/ T --"It 

The punch used is of the parallel type, 
punching all 80 columns at once, one level at 
a time. 

This principle could be expanded to pro
duce a punched or magnetic tape for computer 
input. 

The second type of travellers' check ~d
er was made by the Control Instrument Co. of 
Brooklyn, N. Y., a subsidiary of Burroughs 
Corp. It was placed in trial operation atilie 
First National City Bank of New York on June 
15, 1955. The equipment consists of a cable
connected reader and punch, each unit approxi
mately the size of an office desk. By means 
of electronics and photo cells, the machine 
scans the printed serial number and denomina
tion, then punches 80 column cards at the r.ne 
of 120 per minute. The machine does the work 
about 8 times as fast as the previous manual 
method of key punching; errors are reduced by 
ninety percent. 

The third type of machine is describedin 
a bdoklet issued in 1954 by the First Nationru 
Bank of Chicago, written by Mr. C.M. Weaver, 
Assistant Vice President. This system is one 

~ 

.'( 

I ~ :: REGISTER -
.11.1.1 Jlll 
~EGISTER II 

1 '-V 
J II J L J 1 I - 1. ---

FEED READING .. DOCUMENT I PUNCH EMITTER 
STATION 

, 
CONTROL I 

1\ 

PUNCH 

EIEQ~ 
,'" 

i~&Ja:9 tC_~ I I CARD j 
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BANK CHECK PROCESSING 
which again produces IBM punched cards as out
put. Experiments have been made with travel
lers' checks, money orders, and punched card 
checks as input. A Code-Printer is used to 
prequalify travellers' checks by a dual prin
ting operation; one type of ink is used for 
coding serial number and denomination; ano~r 
type, black ink, is used for writing the name 
of the issuing bank. The code consists o'f 
placing one or two dots in any of four verti
cal positions of a column to represent each 
digi t from zero to nine. The scanner consists 
of a feeding and sensing unit, which read s 
codes, converts, and checks itself in several 
ways. It makes certain that it is feeding on
ly one check; it sorts out checks with no-cod
ing or with illogical coding; and it counts 
the number of checks of each denomination. I~ 
output is fed to a Type 519 IBM Automaticfu~, 
which punches at the rate of 100 cards per 
minute. There" is a reduction of 75% in the 
time required for manual processing. 

First National of Chicago has two other 
ingenious machines, one the Chex-Ray for lo
cating staples, pins, and clips which would 
interfere with feeding checks to the sensor, 
and another the Chex-Press for restoration to 
proper flatness of checks mutilated by fold
ing. (The Cumrndns Business Machines Division 
of Cummins-Chicago Corp. also has a condition
er to reclaim mutilated cards.) 

Qualification 

These notable pioneering efforts m'a y 
solve the check problem in part, but only in 
part. They only serve where prequalification, 
or imprinting before issuance, can be use d, 
producing coded dots which can be read auto
matically. Now let us consider "qualification", 
which means putting this information on the 
check at some later stage because it is· not 
feasible to do so at the start. 

Various ideas have been suggested for}JD
ducing data in the form necessary for automa
tic reading. One is placing the data on the 
face of the check. Another is attaching to 
the check a punched tape or card. A third is 
enclosing the check in an ~nv~lope which is 
coded for scanning; etc. (1) (2) 

A bank could issue check forms to its in
dividual and commercial depositors who hav'e 
their account number printed on each check. 
This problem does not arise in the case of the 
savings bank, where each passbook alreadybe~ 
an account number. Even this simple stepwoWd 
require a change in depositors' banking habi~. 
However painful such a change may be, it seems 
it must take place before checking accounts 
can be automated. For example, some fir m s 
prefer to print their own checks, and it may 
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be difficult to persuade them to include an 
account number. Also, to have large firms 
adopt special check writers so that the amomtt 
and other data as well ClR be coded, will 
mean special inducements. 

The problem of check size is less seri
ous. The coding~can be attached and andDIed 
to one side or one end of the check. The 
size of thp check should be within reason
able limits. Because of the close tolerance 
of punched card checks, standardization wi
thin such narrow limits would seem to be pre
cluded for use by all. 

Suppose that we now have the accountnu~' 
ber on a majority of checks, in a position 
for automatic scanning. Missing information 
could be coded on the check manually, and 
the same automatic reading process employed 
as for travellers' checks above. In ca'ses 
where a blank is used when the account n~m
ber does not appear on the check, it could 
be ascertained from a signature file. Such 
a scheme if workable might assist, but i t 
would not solve the automation problem. 

Large Rapid Memory 

Manufacturers are beginning to announce 
large rapid or random access memory systems; 
storing up to 5 million characters per unit 
with an access time of one second maximum. 
Let us consider again the large rapid access 
memory proposed for savings banks in the pre
vious article, storing billions of alphanu
meric characters at a cost of less than 
$0.0001 per decimal digit. This is an essen
tial link still missing in bank automation. 
When this becomes available, the record 0 f 
each checking account could be kept in the 
form of permanent magnet~c impressions. At 
the end of each month, a statement could be 
printed automatically. Let us follow a ch~ 
on its way through the banking channels un
der such a scheme. 

Suppose that you present your own per
sonal check with account number to a bank 
teller at any branch of your bank, for"cash
ing it. From reference to a signature file 
he could identify you. If your check did not 
have your" account number, the 'teller co ul d 
find it in the signature book and handwrite 
it on your check. This signature file would 
be like the one used by the telephone compa
nies for obtaining information, such as the 
Flexoprint of Remington Rand, updated by the 
Xerography process. -

The teller would then key your account 
number into an inquiry set like the one des
cribed in the previous article. Your cur~ 
balance would flash on a set of lamp indica- , 



BANK CHECK PROCESSING 
tors,which could display any number from 0 to a detailed monthly statement, as long as he 
9 in each lamp nest. If there were checks de- has his cancelled checks and current balance. 
posited which had not yet cleared, or any If this is acceptable, the amount of memory 
other restrictions, warning lights would indi- required could be substantially reduced. 
cate this condition. The amount of the u n
cleared checks could be ascertained by pu s h
ing the corresponding button. If you were 
making a deposit, the amount would be similar
ly keyed in by the teller, to bring your ac
count into immediate balance. 

The convenience to you as depositor is 
apparent. You do not need to go to your own 
branch to cash a check, and your balance is 
always current. 

After cashing, your check would go to the 
file section for photostats or microfilm and 
later be returned with your monthly statement, 
as now happens. . 

Consider the case where you cash a check 
outside your bank, or,mail it to a creditor' 
in payment of a bill. This check would fol
low the present course through clearing, for 
presentation at your branch and debit to your 
account. When the bundle of 'such checks is 
received at t,he bank from the clearing house, 
it would go to any machine operator. If the 
check is prequalified, it could be put thro~ 
an automatic reader, which would debit the pm
per account. If it is not fully marked with 
the necessary coding, the missing data could 
be entered on the check by the operator for 

-subsequent machine reading. 

Instead of punching cards, as with the' 
traveller's check scanners above, computing 
circuits associated with the automatic memory 
would add or subtract to th~ balance in the 
account. A printer would be included in the' 
equipment, to print out the account number and 
amount of check in a chronological sequence 
of processing. This would give a record of 
entries, in case data had to be reconstructed. 
At the end of the day, a record of entries 
serially by account numbers could be printed, 
for further record purposes. These 'records 
could be stored in a safe place, for any nec
essary reconstruction. 

The inquiry sets at the different bran
ches would be connected to the memory and com
puter at a central location, over telephone 
tie lines. Tn case of line failure, the regu
lar telephone tie lines now used between bran
ches co~ld be automatically or manually cutin. 

At the end of the month, statements could 
be prepared automatically in the same form as 
now used, each individual check amount being 
shown. The machine memory would then be er~:A! 
or cleared of the previous month's transactiOm, 
and made ready for the next month. There is 
some question as to whether a depositor needs 
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This seems to be about as close to the 
automatic checking account as can now be rea
sonably expected. The teller is necessary 
for translation from human to machine I a n
guage." the degree of prequalifying checks 
will gradually increase; it will never reach 
a full IOOYo.It is hardly conceivable that 
every depositor will eventually have a check 
writer which will put coding on his checks 
which can be read automatically. Therefore, 
operators or tellers will be needed at t he 
bank to put the necessary codes on some of 
the checks. But a great quantity of other 
bank clerical work in connection with check-
ing accounts could thus be elimina,ted. -

One m3nufacturer is willing to build,a 
prototype of such a system, which would be 
the first step in a bank automation develop
ment program. The system would have to be 
engineered by a single supplier, to avoid di
vided responsibility for proper functioning 
and servicing. Clearly, some bank would have 
to launch the 'program in order to get it star
tedi but at present only a few of the larger 
banks are actively pursuing the solution. of 
the checking account problem. Any first .in
stallation would have to be designed and built 
to special customer requirements, 'since' itis· 
doubtful that any manufacturer can yet pro
duce a system spplicable to all banks rega~d
less of size and other variati~ns. 

The possibilities of'sQlving the bank
ing problems'by electronic dqta processing 
machinery are ~remendous. But it still is a 
pioneering proposition which most banks are 
unwilling .to take on individually.' Most of 
them are waiting for the manufacturers to'pro
duce soroothing ·they can usei a,nd that will 
take some time. 

(1) International 'Telemeter Corp. of Los An
geles is now building a new type of check 
handling syst~m~' The first ,experimental equip
ment will be delivered to a large bank for tes
ting in central proof-sorting operations. The 
initial step in processing a check is to affix 
a small punched tab to its edge~ The data-on 
the check is punched into the tab in very much 
the same way' that data is punched into the cards 
used by conventional business machines. The 
check i~ then carried through the system with 
the tab affixed ~o it. Using the data on the 
tab, the sorting machine sorts checks and per
forms simultaneous proof operations on them. 
Since the machine holds the checks by the tab 
at every step, the shape and size of the check 
is not important. The checks are not da~aged 

(continued on page16) 



LINEAR PIlOGRAMMING AND COMPUTERS' 

Part II 
Chandler Davis 
New York, N. Y. 

(Part I was published in the July, 1955, issue of "f:or:lputers and Automation ") 

The job at hand is to solve the gin-sour-and
Collins problem of Part I by the simplex method. 

It is embarrassing that the problem for which 
we haul out this medium-heavy artillery should be 
the simple gin-sour-and-Collins problem, which I 
solved handily before, you remember, by just fool
ing around with it a little. The point about the 
simplex method, of course, is that it systematbes 
that fooling-around into something that we k now 
always solves all linear programming problems. So 
why don't I illustrate it on a souewhat big g e r 
problem? I could do that, with not much more arith
metic. But I w~n't, because I want you to have a 
nice geometrical picture of the simplex metho d's 
operation to follow, for at least once in your 
life. 

Restatement of the Problem 

The problem, you will remember, was this: 

The first problem: Suppose we have a plan t 
equipped to produce bottled gin sour or Tom Collins 
in any amounts. The only materials whose supply 
is limited are gin, sugar and bottles. Enough 
sugar is available daily to allow producti 0 n 0 f 
1200 bottles of gin sour, but a bottle of Collins 
uses twice as much sugar as a bottle of sour. E
nough gin is available daily to fill 225 bottles; 
the gin sour is 3/8 gin, ·the Collins 1/8 gin. 
Only 800 bottles are available daily. The profit 
per bottle of Collins is $1.00; per bottle of sour, 
$2.00. To maximh:e total daily profit, how many 
bottles of each should be produced daily? 

Xl i~ hundreds of bottles of Collins per day. 
x2 is hundreds of bottles of gin sour per day. 
x3., X4, and X5 are artificial variables invent e d 
to throw the problem into standard form, as e x
plained in Part I. 

I won't rework the problem from the beg i n
ning, but I will express it in the standard form. 
Faithful readers were to have put it in this form 
as an exercise at the end of Part I. Here~ what 
they should have got. 

The unknowns xl, x2, x3, X4, and "5 are r e
quired to satisfy the equations 

(5.1) 

2xl + x2 + x3 

xl + 3x2 

?'l + x2 

= 12 

+ x4 = 18 

+"5 = 8. 

These variables are also required all to be 
non-negative: 

(5.2) X.~ 0 
1 

for i = 1,2,3,4,5. 
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The problem is to find that set of values, 
satisfying (5.1) and (5.2), which makes the f 0 1-
lowing linear function come out as big as possible: 

(5.3) 

Phrased this way, the problem fits the stand
ard form given in Part I. The equations (5.l)can 
be written as in (4,1): 

allxl + a12x2+ a13"3+ a14x4+ a15x5 = bl 

(4.1 ') a2lx l + a22x2+ a23x3+a24x4~ a25x5 = b2 

a3l Xl + a32"2 +a33x3 + a34x4 + a35xs t:: b3 

with all= 2,a12i= -1,a13= l,a14.;' a15= O;bl= 12; 

a2l= 1,a22= 3,a23= O,a24= 1,a25= 0;b2= l8;a3l= 

a3~ ... 1.~a3= a34 = 0,a35= l;~= 8. 
The only inequali ties required are those that keep 
our variables non-negatiye (see (5.2) above). And 
finally, of course, the function to be maximi2ed 
is of the form (4.3): 

(4.3 ') 

with 

f (x) = clxl + c2"2 +c3x3+ c4x4 -I- c5"5, 

cl=l, c2= 2, c3"= c4'= c5 -= O. 

Let me remind you 'also of the geomet ric a 1 
procedure that's involved in the solution. The 
points in 5-space which satisfy (5.1) and (5.2) 
make up a convex figure X. The optimal points of 
X which we are looking for must include at 1 e a s t 
one extreme point. To find the optimal extr erne 
points we will start with any old extreme point; 
then we will want a way -- a systematic way -- to 
compute from an extreme point that we know, a new 
adj acent extreme point. Each time we find t hat 
the new adj acent extreme point is "higher" -- that 
is, gives larger f(x) -- we will quickly abandon 
the old one for it. However if we have an extreme 
point such that no adj acent extreme point is "high
er" we know we are at the top of the mo un tal n, 
because X is a convex mountain and so can't h a ve 
any companion peaks. 

The First Extreme Point 

Starting with any old extreme point mig h t 
not be something we can do as offhand as we can 
say it. How shall we find an extreme point of X? 
How shall we find any point of X? 

Here my method is going to be a little less 
general than elsewhere, but still very often ap
plicable. 

In eq~~tions (5 .. D you'll notice that there's 
a variable which comes into the first equatio n 
and none of the others, namely x3' Similarly x4 
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PI: (2,1,1) 

n,O,O) 

Figure 2 
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in the second equation and Xs in the third. This Remember from the discussion of convexity in 
circumstance makes ita snap to write down a set Part I (or from school, if you're that well e d u-
of non-negative values for---Xl' x2, x3, x4, xswhich cated) that if we have several linear equations, 
satisfy the equations. all with the same coefficients, we can conde n s e 

Exercise: Do so. 

,But the circumstance which facilitated t his 
step looks like a very fortuitous one. Why was I 
promising that what I was doing could be done 0 n 
many harder problems? 

, Well, remember where those convenient va r i
abIes x3, "4, and x5 came from. They were the ones 
that were made up to convert complicated inequal
ities (1.1), (1.2), and 0.3) into equations. I'll 
ask you to look back at those inequalities in Part 
I. Where (1.1) said that 2xl+ x2 had to be less 
than or equal to 12, the first equation of (5.1) 
says that 2xl+ x2 has to have something added to 
it (namely x3) to give 12. Since x3 can't be neg
~tive, this is equivalent. And x4 and xs came in 
J~s~ the same way. 

The generalization is obvious, isn't it? If 
all the equations required when the problem is in 
st~ndard fo,rm came from inequalities,' then there 
must be one variable per equation that was made 
up artificially and appears only in that equation. 
Then we set all the "genuine" variables equal t 0 

zero, give the artificial variables whatever val
ues appear on the right sides of the respec t i v'e 
equations, and we're in. 'Thus the answer to the 
exercise above was xl = x2=O, x3 :12, "4=18, x5=8j 
or briefly, x = (0,0,12,18,8). 

This procedure always gives an extreme point, 
too: 

Exercise (fairly hard): Prove this in the numer
ical problem we're doing out. 

Granted, there will be some linear programs 
which do not have this neat property. For example, 
the transportation problem I set up in Part I does 
not have this property. (We could get itt 0 b y 
replacing each of its equations by two in e quali
ties, then converting each of those inequalities 
to an equation by an artificial new variablej but 
this bit of razzle-dazzle would increase the num
ber of equations in the problem by seven, and the 
number of variables by the same amount, so you may 
justly be reluctant about it.) I will drop this 
particular subject here, and sunnnarize the first 
step in the ::;olution this way: Somehow, we fin d 
one extreme point of X. 

Requirements Space 

Now how do we travel to an adj acent extxe me 
point of X? 

Look again at the equations (5.1). Bet t e r 
yet, if you don't mind being a little less numer
ical, look at the more general equations (4.1'). 
And forget, just for the m~m~nt, all about Xj be
cause nON, to answer our questions about it, we're 
going to need an astonishingly different geomet
rical interpretation of the same equations. 
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them into a single vector equation. That was how 
(3.1) became (3.2). We can do that with (4.1 '). 
You may think when you look at (4.1') thatwecan't 
because the 'coefficients aren't the same in all 
the equations. AlI, but we will use xl, x 2 x 3, 
x4' x~, the variables in the problem, as 0 u'r co
efficlents! So we write 

Here PI' P2' etc. are the names of strings of num
bers, that is, points in a new space. 

The coordinates of P1 are the numbers t hat 
multiply the variable xl In the equations: ~ = 
(ctu \ "2., \ a..~I)· The coordinates of P2 are the 
numbers that multiply x2 j and so forth. The co
ordinates of Po are the numbers on the rig h t : 
Po = (!2r, ) ~~ ,,~:i) 

These numbers are all known, so t hat the 
points we are now considering are known points. 
In our numerical problem, the coordinates of the 
points can be read off in this way from (5.1). 
You can find the answers on Fig. 2, where the 
points are even plot ted (except Po, which w 0 u 1 d 
be off the page) • 

'. If we were doing a bigger pro b 1 e m -- any 
problem big enough to be difficult -- there would 
be more than three equations (4.1); therefore more 
than three coordinates for each point PI' P2, •• j 
therefore no nice 3-dimensional figurelikeFig. 2. 
The geometric ideas which Fig. 2 lets you see are 
just what you will use on harder problems, althougI 
there, without a figure, you will be flying blind. 

Excuse me for repeating myself: The sp ace 
diagrammed in Fig. 2 in Part II, of which PI and 
the rest are points, is a~space, not the one 
we discussed before. Call the previous one solu
tion space, because the solution we are look i n g 
for is one of its points. In our example, sol u
tion space is a 5-space. The newly introduc e d 
space is called requirements space. because so me 
of its points come from the equations stating the 
requirements of the problem. In our example, re
quirements space is a 3-space. 

It could perfectly well happen that a p rob
lem would give a solution space and are~ements 
space of the same number of dimensions. The y 
should still be kept distinct in your think in g. 
The numbers xl' x2, etc. are the coordinates 0 f 
a (variable) point in solution space; but in re
quirements space they are not a point, 'they are 
jus t a s tri ng of numbers appearing in a cur i 0 u s 
relation (6.1) between points. 

Positive Combinations 

What does the relation (6.1) say? It is a 
linear equation giving Po in terms of the othe r 
pointsj and the coefficients are all non-negati~. 
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This is almost the same as an idea we encoun- of your intuition for a while, but I'll pursue it 

tered in Part I in another connection. If we knew a little further and suggest that you try to get 
that Xl + x2 + x3 + X4 + XS = 1, then (6.1) would used to it. 
say that Po was a "convex combination" of the rESt. 
~ idea has a very simple intuitive translation: 
it: means Po is "between" the others, that is, it 
is in the convex set which they determine. 

But here we don't know that much, because ~ 
sum Xl t- X2 + X3 + x4 + "5 can be any of various 
positIve numbers. WIth the numbers as we have 
them in our particular problem, it's not even pos
sible to choose the Xj so their_sum comes out 1. 
We need a new definition. We say that the rela
tion (6.1), with all XL non-negative but with their 
sum unspecified, expresses point PQ as a positive 
combination of points PI, P2. P3, P4, Ps. 

It's reasonable to hope that the geometric 
interpretation will not be much trickier, and it's 
not. 

To say that Po is a positive combination of 
the other points means that some point of the line 
from the origin out through Po is a ~ combi
nation of them. That is. the line from (0,0,0,0, 
0) out through Po passes between the other poin~. 
Look back at Fig. 2. The convex set determined 
by PI' P2, P3, P4, P5 does not contain Po, but it 
does contain some points of the line OPo' 

Why is thi$ interpretation valid? A point 
belongs to the line OPo on the same side of ° as 
Po provided its coordinates are got from thosem 
Po by multiplying through by a positive factor. 
(For example, since Po is (12 .. 18, I)J, ~o is {3, 

4.5 ,2). This is the point at the base of the 
arrow on Fig. ~.) Now if we have an equation 
giving Po as a positive combination of the other 
points, we can multiply it through by the appro
priate positive number and get an equation giving 
a multiple of Po as a convex combination of the 
others. And the same argument works backward. 

Exercises: 1. Show that any p~int in the 
3-space whose coordinates are all positive, is a 
positive combination of P3, P4, P5. 

2. Show this is consistent with the geomet
ric intetpretation of positive combinations. 

3. In particular,· expre'ss Po as a positive 
combination of P3, P4, Ps. 

4. Show that P3 is not a positive combina
tion of PI' P4 , P5• 

Tie-up with Solution Space 

Any set of non-negative Xi which gives Po ~ 
a positive combination of PI, P2. P3. P4. P5 sa
tisfies (6.1), that is it satisfies (4.1)j that 
is, it gives the coordinates of a point of X -
and here we are back in solution space~ Any pnnt 
of X, similarly, can be reinterpreted in require
ments space as a way of expressing Po as a posi
ti ve combination of Pl. P2. P3. P 4, P5. 

This translation back and forth between the 
two spaces will almost certainly be out of reach 
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There are lots of points of X, so there must 
be lots of different ways to express Po as a po
sitive combination of the others. Now you remem
ber there were certain points of X which we were 
specially interested in, namely the extreme poinw. 
There is a way of spotting an extreme point, (xl, 
x2, x3, X4, x5) after it has been translated into 
requirements space. This important device will be 
the justification for introducing requirements 
space at all. 

Spotting Extreme Points 

If Po is given as a positive combination of 
Pl. P2. P3. P4. P5, with some of the coefficients 
zero (say, Xl and X4). then it would be just as 
correct to say that the equation gives Po as a 
positive combination of the remaining Pi (say, P2. 
P3, and P5). 

Example: The expression of Po in terms of 
P3, P4, and P5 in Exercise 3 just above can just 
as well be called an expression of Po as a posi~ 
tive combination of PI' P2. P3. P4' P5: (7.1.1): 
P = OXI + OX2 + l2P3 + l8P4 + BP5. This gives 
aOpoint of X, namely (0, 0, 12, 18, ~), the onewe 
found before. 

When the list of points that actually enter 
into the expression can't have any points struck 
off it, then the coefficients give a point of X 
that is extreme. I'm afraid the why of this would 
take a little too much explaining, but I'll illu
strate to make the meaning clear. 

Examples: 1. I will use the criterion to 
show (0, 0, 12, 18, 8) is an extreme point. It 
corresponds to an expression of Po a~ a positive 
combination of P3, P4, and P5, namely (7.1.1). 
There is no expression of Po as a positive com
bination of P4 and P5 (without P3)j or of P3 and 
P4 (without P5). Check this. This gives the con
clusion that (0, 0, 12, 18, 8) is extreme. Let's 
look at this in requirements space, i.e. Fig. 2. 
The line OP does have a point in common with the 
triangle P3~4P5j but it does not have a pOint in 
common with any of the line-segments P4P5' P3P5, 
P3P4· 

2. I pullout of the hat the following point 
of solution space: (0,4,8, 6,4). It is a point 
of X, for these numbers satisfy (5.1).' It is not 
an extreme point of X, as I show by the require
ments-space criterion: It corresponds to an ex
pression for P

8 
using P2, P3• P4• P5 (reflecting 

the fact that PQ goes through the tetrahedron 
P2P3P4P5in Fig. ~). But one of these points is 
dIspensible, for we saw above that we could get 
along with just P3, P4. P5 (reflecting the fact 
that OPo goes through the face P3P4P5 of the te
trahedron). We will see below, actually, that 
there is an option here as to which Pi is dispen
sed with. We could get along instead with P2,P3, 
P5 (reflecting the fact that OPo also goes through 
the triangle P2P3P5, another face of the tetrahe-
dron) • . 
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Exercise: Show directly from the definition I think you can see that this procedure can 
that (O,4,A,6,4) is not an extreme point of X. be applied routinely and repetitively in all ~o~ 

Finding a New Extreme Point 

Having one extreme point of X, to jump to 
another adjacent one, this is the task in solu
tion space. 

The translation, I ask you to believe, i s 
this: having one expression for Po with no dis
pensible points, to find another such expression 
which brings in as few new points as possible. 

All right, we start with the easily-found 
extreme point (0,0,12,18,8) 9 that is, we start 
with (7.1.1). Let's choose at random a new P; 
to bring into the act: P2, say. We want to find 
systematically all ways Po can be expressed as a 
positive combination of P.2,P3,P4,P5. 

This means altering the right-hand side of 
(7.1.1) by adding a positive multiple of P2 while 
the left side stays unchanged. Something equal 
to this mUltiple of ~ must be subtracted fr om 
the right-hand side, then, if the equation is to 
be preserved. And it must be something invol~ng 
only P3' P4, and P5, because we're bringing in 
new points one at a time. 

Is there an expression for P.2 in terms of 
P3,P4,P5? Certainly, and because P3,P4,P5 have 
such simple coordinates it's easy to find. I'll 
write down the analogous expression for PI atthe 
same time: 
(7.1.2) PI = 2P3 + P4 +PS 

(7.1.3) 

Now we add yP2 t~ the right-hand side of 
(7.1.1), where y is any positive number; and to 
keep the equation true we subtract y times the 
right-hand side of (7.1.3). It's okay to ~up 
the terms of the resulting vector equation. (Be
cause it's okay to do it for each of the numeri
cal equations wliich the vector equation sta n ds 
for. If this .18 unfamiliar to you, try to justi
fy it to yourself before going on.) The result 
is: 
(7.1.4) Po= yP2 + (12 y)P3+ (18-3y)P4+(8-y)P5• 

This vector equation is valid no matter 
what y iSi but it's of little interest to us un
less all its coefficients are non-negative. If 
y is just a little bigger than 0, we're all right. 
As y increases, though, we run into trouble -
just as soon as any of the coefficients becomes 
0. Which of them gets there first? The coeffi
cient of P3 reaches zero when y= 12; of P4 when 
y= 6; of Ps when y= 8. So y= 6 is as high as 
we can go: if we went any higher, the coefficient 
of P4 would be negative. . 

If we go just that high, and substitute y= 
6 in (7.1.4), P4 will be eliminated from the 
equation and yet no negative coefficients will 
appear: 
(7.2.1> Po= 6P

2
+ 6P3 +2P5 

lerns. (The only thing that. can stop it is if 
too few P. are used in,expressing Po. This hap
pens if, ~hen a new one is added, more than one 
drops out. This is called degeneracy; I ignore 
it for now.) 

TIle procedure always gives extreme points, 
What's more: I will say why it does in the pre
sent instance. (7.1.4) gives, for appropriate 
values of y, all expressions of Po as a positive 
combination of P2,P3,P4,P5; of these, (7.2.1) is 
the only one that dispenses with P4; so there is 
no such expression which dispenses with P4 and 
one of the other three as well; so, by the cri
terion above, (0,6,6,0,2) is an extreme p oin t. 
Ynis reasoning generalizes. 

Is This Progress? 

We don't want jus t any old adj acent ec treme 
point of Xi we want a "hi.gher" one: one giving 
a larger value to f(x). Let's check that that~ 
what we got, recalling (4.3') or (5.3). Before: 

f«0,0,12,18,8»-= OCl+Oc2+12c3+18c4+8cS = 
0(1) + 0(2) + 12 (0) + 18(0) + 8 (0)= ° 

After: 
f «0,6,6,0,2»= 0(1) + 6 (2) + 6 (0) + 0(0) + 2 (0)= 

12 

This is a distinct improvement. (The first ex
treme point corresponded to the unenterprising 
policy of producing nothing of anything; the 
one we have now found corresponds to the policy 
of producing as much gin sour as possible, with 
daily profit $1200.) 

Perhaps you're content with the method for 
climbing up X which has now been sketched:start
ing from one extreme point, step to any adjacent 
one at random, then see if f (x) has been i m
proved. 

The method is surely adequate, but it can 
be refined. It is not really necessary to go 
all the way to the new extreme point in order 
to find out whether it will be an improvement. 
Instead we could have found out, as soon as we 
contemplated introducing P2 on the right-hand 
side of (7.1.1), whether this would take us in 
the desired direction on X. The sophisticated 
reader will be able to figure out by consider
ing (7.1.4) how to make this test, but to save 
space I won't give details. 

Solution of the Problem 

Let us press onward from PQint (0,6,6,0,2). 
There are two new points that could conceivably 
be introduced on the right-hand side of (7.2.1), 
namely PI and P4. Now introducing P4 would give 
us expressions for Po using P2,P3,P4,Ps• We 
would have an equation which, though it would 
look different from (7.1.4), would be equiva
lent to it, so it could .not lead us to any point 
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where we haven't already been. 
Detter try introducing Pl. 

No point in that. arrived at, and can be forgotten once a better ex
treme point has been found. (An exception mig ht 
be made to this; see below.) 

As b~fore, a multiple of the new point will 
be added to our equation's right side and an ~ 
expression will be subtracted. Hence we need an 
expression for PI in terms of P,2, P3,· P5~ 

<7.2.2) 1 1 1 
P 4 = 3 P2 - 3 P3 - 3 P5' 

and from this and (7.1.2), 

<7.2.3) 

Using (7.2.3) to alter (7.2.1), 
1 5 2 

(7.2.4) Po=zPl + (6- 3z)I'2+(6 -:3 z)P3 + (2- 3z) P 5· 

lIow high can z get before causing negative 
coefficients here? The coefficient of P2 vanimes 
when z= 1[1; and that of P3' when z = '] ; that of 
P5, when z = 3. The last is the one ~hat stopsu~ 
substitute z = 3 in (7.2.4): 

<7.3.1) 

The new extreme point does give an improved 
value of f(x): 

f «3,5,1,0,0)) = 3(1) + 5(2) + 1(0) + 0(0) = 13. 

Now to finish the solution we should verify 
that no new extreme point adjacent to (3,5,1,0,0) 
gives higher f(x). Exercise: Do it. You should 
find that the only point you have to test is (4, 
4,0,2,0), and that this makes f(x) equal only 12. 

We have arrived at the same conclusion that 
the rough-and-ready rapid solution did in Part I: 
The first activity is to be carried on at the levEl 
5: bottle gin sour at 500 bottles per day. The 
fact that x3 = 1 .does not represent doing anything 
because x5 was one of our thrown-in variables; x3 
= 1 means only that not all the sugar is being 
used up. Finally, f(x) = 13 means the daily pro
fit is $1300. 

Computation 

Here is the promised summary of the ari th -
metic involved in a linear programming problem. 

Assume the problem is in standard form. There 
are n variables, all required to be non-negative 
(4.2), and the only other requirements are in lin
ear equations (4.1). A linear function (4.3) is 
to be maximi~d. 

The following are needed repeatedly through
out the solution: 

1. The coefficients of the equations. These 
are mn + m numbers, each associated with a row 
and a column index. 

2. The coefficients of the function to be 
maximized. These are n numbers, singly indexed. 

The other information need not be preserved 
throughout the solution. It pertains to the par
ticular extreme point of X which the solution h~ 
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At the stage where an extreme point of X has 
just been found, we have the following information: 

1. The coordinates of the extreme point it
self. These can be recorded as a string of n n~ 
bers, n-m of which happen to be zero; or as m non
zero numbers associated with m chosen column in
dices (the m "included" indices). I will assume 
the second alternative. 

2. The n-m expressions, in terms of the "in
cluded" p., of the other Pi. (In our numeric n 1 
problem, 17.1.2-3), or (7.2.2-3).) These involve 
nm-~ numbers, each identified by two indices. 

Next one index i among those not "included" 
must be picked. This can be done at random. Once 
it is picked, the expression for the correspondlig 
Pi is consul ted. We compute -

1. Which of the included Pi is now t 0 be 
dropped. This involves (see the numerical probHm 
solution) finding m quotients and selecting the 
smallest positive one. 

2. The new extreme point of X. The quotient 
from the previous step is multiplied by each of m 
numbers; the results are added to the coordinates 
of the old extreme point. It's not quite this 
simple, butcall it m multiplications followed by 
m additions. Also we must record the change in 
what i are to be considered "included." 

3. Whether the new extreme point is an im
provement. This is just a question of drawing ~ 
appropriate m from among the n coeffic ie n t s of 
f(x), multiplying them by the old extreme poinfs 
m coordinates, adding these m numbers, and com
paring the result with another number. 

As hinted before, by a dodge,the last of thee 
three steps can be as good as done without the 
first two. It, therefore, will be repeated as 
often as necessary to find a direction in which 
f (x) can be increased; but the other steps will 
be done~, with reference to this progressive 
direction. 

Finally we compute the expressions, in terms 
of the ~ set of included Piv for the other n-m 
of them. We use the n-m equations we started witJ1. 
One equation is solved: m divisions and a little 
rearranging. In the others we substitute: essen
tially, m multiplications and m additions. 

All these steps can be followed in our n u
merical problem above. 

How ~mny Repetitions? 

This description doesn't yet say how longthe 
computations must be, because it doesn't say how 
often the procedures must be repeated. 

This is something we don't know at the o~et, 
naturally. If the firs t extreme point we f 0 un d 
happened to be optimal, well - but let's notdream~ 
Often the way the first extreme point is f ou n d 
guarantees' it will be about as far as p 0 s s i hI e 
from optimal. 



LINEAR PROGRAMMING AND COMPU'rnRS 
The total number of extreme points is always case, moving one of them ever so little, in almoa 

between n-m-l and ~. Tha latter number, 'the ntllll'" any direction, will increase the number of extreme 
ber of combinations of n things m at a time, i s points, but reduce the excess faces per ext r e me 
large; but the number of extreme points is gen~r- point.) This is deceptive; degeneracy does ha~ 
ally well below it. Of course if there are many in practice. It can be handled. I won't discuss 
extreme points, comparatively few of them willhave the tools that handle it, except to say that they 
to be found, as I remarked in Part I. If X is a do not involve much extra computation. 
roughly spherical diamond, our path to its optimal 
corner is a zigzag line across its face; translate 
this image to n dimensions. Summary 

A less important but easier question is this: 
At each extreme point, how many tties at adjacent 
extreme points will it take before one is reached 
which is an improvement? It could be as low as 1 
or as high as n-m. On the average, up is as like
ly as down, so the average should be about 2. But 
toward the end this rises, as it grows harder and 
eventually impossible to improve the position. 

If one has a record of which Pi have be e n 
dropped in earlier repetitions of the procedure, 
those can be tested last, since they are not such 
likely candidates for inclusion. 

Short-cuts 

It would be nice if the simplex method could 
be modified so that instead of inching over the 
surface of X we could plunge through the center of 
the set. But without taking up such radi~change~ 
let's look at some available short-cuts. 

I. Often a lot of the coefficients of the 
problem will be zero, for some reason which the 
statement of the problem ma~es evident. If there 
is a simple pattern to these zeros, it can be talel 
advantage of to simplify_ the plan of the computa
tion. 

2. Sometimes the problem can be replaced by 
a simpler one. Leaving the standard form for a 
moment, think of X as having many facets, each de
termined by an inequality. If fewer inequalities 
on the same variables were required, some of the 
slices would be repaired, and X would be r~placed 
by a larger convex set. Suppose we keep the same 
expression for f (x), and maximize it on the new 
set.. If we have an optimal extreme point of the 
new set, it doesn't have to be in X at all,inwhich 
case our scheme has fallen-through. But if it is 
in X, it is not hard to see it is an optimal ex
treme point of X. 

Degeneracy 

I have wriiten as if, each time a new Pi was 
adjoined, exactly one was dropped. When this fa 15 , 
that is when two or more of the Pi drop out in a 
single step, it is called degeneracy. On X, this 
means that more than n-m edges meet at a single ex-
treme point. \ 

It is not hard to prove, under s ee m i ng 1 y 
reasonable assumptions, that the probability of 
having any degeneracy at all is zero. (General 
idea: When too many edges meet at a point, too 
many faces must be meeting there too. In t hat 
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I have tried to tell what kind of problem can 
be set up as a linear program; what geometri c a I 
ideas motivate, and "explain" the standard simplex 
method of solution; and what kind and volume, 0 f 
arithmetic is involved in working out a proble m 
by this method. 

- END -

*--------------------~-------------------* 

BANK CHECK PROCESSING 
(continued from page 9) 

by the process, and after a series of automatic 
sorting operations, may be sent through the pro
per channels to the banks on which they were 
drawn, for return to depositors. 

(2) Another, different approach is represented 
by the recently announced automatic bank book
keeping system being developed jointly by the 
Burroughs, Todd, and Addressograph-Multigraph 
companies. In that system, an invisible code 
is added to checks as a byproduct of other ne
cessary operations, and then the checks them
selves will automatically govern the operation 
of accounting machines. 

- END -

* ------------* -------------* 

BULK SUBSCRIPTION RATES 
These rates apply to subscriptions coming in 
together direct to the publisher. For example, 
if 5 subscriptions come in together, the sav
ing on each one-year subscription will be 25 
percent, and on each J:wo-year subscription will 
be 33 percent. The bulk subscription rate s , 
depending on the number of simul taneous s ub -
scriptions received, are shown below: 

Table 1 -- Bulk Subscription Rates 
(Uni ted St.ates) 

Number of 
Simultaneous 
Subscriptions 

10 or m{}.te 
5 to 9 

4 
3 
2 

Rate for Each Subscription,and 
Resulting Saving to Subscriber. 

One Year Two Year 

$ 3 . 00, 33;'~ 
3.31, 25 
3.",5, 1"1 
4.00, 11 
4,25, 5 

$5.40, 400/0 
6.00, 33 
7.00, 22 
7.50, 17 
8.00, 11 

For Canada, add 50 cents for e~ch year; out
s ide of the Uni ted States and Canada, add $1.00 
for each year. 



Justifying the Use of an Autonlatic Computer 

~ed Chapin 
Lecturer, Illinois Institute of Technology 

Chicago, Ill. 

"Should my company use an automatic com
puter?" 

The answer to this question can properly 
be given only by weighing the benefits to be 
received against the costs to be incurred in 
using an automatic computer. Essentially, 
there are two types of these benefits andcos~ 
to be considered, those for which dollar and 
cents figures can be derived, and those for 
which such figures cannot be derived, which 
we shall call "irreducible". 

Both the irreducible and the dollar bene
fits and costs are reflected in the figures 
found in various accounting reports and sched
ules, but the manner in which they appear is 
different. The dollar benefits and costs typ
ically appear directly in the form of clearly 
identifiable dollar aggregates, as for example, 
the labor cost involved in inspection work. 
The irreducible benefits and costs are very 
rarely clearly identifiable in amount; they 
usually appear only indirectly. For example, 
they might appear as sales being larger (a be
nefit) or smaller (a cost) than they other -
wise would have been, or for example, as in
vestment in inventory being smaller (a benefit) 
or brger (a cost) than it othetwise would have 
been. 

There are two major irreducible benefits 
from using an automatic computer. One is that 
the use of an automatic computer can give a 
company a strong competitive edge. It can make 
a company's service to its customers faster 
and more satisfactory than those of its com
petitors not using automatic computers. The 
second is that the use of an automatic compu
ter can provide management with more accurate, 
more comprehensive, and more timely data on 
which to base decisions. This furnishing of 
data can apply not only to marketing opera
tions, but also to production operations and 
to 'financial operations. Even though these 
benefits are usually difficult to assess in 
dollar terms, they can be very important, for 
they can mean the difference between success
ful g~owth amid competition,and failure. 

There are also two maj or irreduc ible costs 
from using an automatic computer. One is that 
the use of an automatic computer makes the suc
cess of management partly dependent upon the 
operation of an electronic macltine, and in some 

lines of business, this could be a disadvan
tage. The second is that the use of an auto
matic computer typically results in a consid
erable rearrangement of ~nternal company ope
rations. If inadequately controlled, to make 
these rearrangements may result in a state of 
chaos verging on paralysis. Even though these 
two costs are difficult to assess in dollar 
figures, they can be substantial. However, 
since skilled and thoughtful management can 
make the irreducible costs small while making 
the irreducible benefits large, it appears iliat 
in most cases, the balance of irreducible ben
efits and costs is in favor of using an auto
matic computer. However, since all of these 
irreducible benefits and costs are very diffi
cult to measure in dollar terms, to assertsim
ply that they typically have a generally favor-

" able balance does not clearly justify the use 
of an automatic compu~er. 

To justify in dollar terms the use of an 
automatic computer requires a consideration of 
the other category of benefits .and cos ts. These 
dollar benefits and dollar costs have three 
important characteristics. First, they can 
be controlled by management action. For"ex
ample, the number of men on the payroll, the 
number of machines being operated, the number 
of reports being prepared and circulated, are 
things which management can set at any desbred 
level. Second, these benefits and costs can 
be measured. In business)what can be control
led can also be measured, at least to some de
gree for otherwise management could not con
trol. Third, the be'nefi ts, nearly always take 
the form of cost savings. This means that, 
considering this category of dollar benefits 
and dollar costs, a comparison can be used, 
because the cast saving (the "benefit") is al
ways a difference between two sets of costs. 
And an analytical comparison puts into sharp 
focus the differences between the alternatives 
of using vs. not using an automatic computer, 
for the advantage~ one alternative has over 
another must lie in their differences, not in 
their Sdmeness. 

The problem of justifying the use of an 
automatic computer on the basis of dollar costs 
therefore appears to become one of tabulating 
the costs under the present non-computer sys
tems, and then tabulating the cost increases 
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USE OF AN AUTOMATIC COMPUTER 
and the cost s~vings expected to be produced . item in the tabulation, the question must be _ 
through the use of proposed computer systems. asked,"How will the cost of this item change 
To do this requires defining the specific ap- as a result of the use of an automatic compu-
plications which are to be put on the proposed ter?" If the answer is "up," then the amOunt 
computers and tracing through the cost changes of the cost increase must be estimated and re-
that will result, for it is only the changes corded. If the answer is "down," then the a-
from the present non-computer systems that are mount of the saving mus t be estimated and re-
of significance in justifying the use of an au- corded. If the answer is "no change," then 
tomatic computer. Thus, if the present costof the item is irrelevant to the justification 
doing the applications to be converted i s procedure and may be stricken from the tabula-
$100,000 per month, and the proposed computer tion. Then new additional costs from the pro-
systems for the applications are expected to posed procedure must be added on,--for example, 
result on net balance in a $10,000 saving per the costs for programmers, for air condition-
month, then this $10,000 per month is the cru- ing, etc. However, the cost of amortizing the 
cial figure in justifying the use of compu~s. automatic computer (including the conversion 
The problem therefore appears to have two p~: loss2) should not be added on, even if part of 
how to determine or estimate the "saving", and it takes the form of a rental charge. 3 The 
how to draw concl usions from the "saving" to net result of all these dollar savings and cost 
justify the use of an automatic computer. increases is the saving (if any) of the pro

To estimate the saving, the first step is 
to determine the cost of the present non-com
puter systems for the proposed applications 
for a given period of time. Usually the data 
available from cost accounting is not suffi
ciently detailed, so that it becomes necessaIy 
to gather data directly. An expedient te c h
~ique usuall~ is to identify,first)all the 
forms involved presently in the proposed appli
cations, and then trace the use of these forms 
thru the company, taking note of all employees 
and supervisors involved, and all supplies and 
equipment involved. Written procedures, flow 
charts, and job descriptions if available,are 
very helpful in this work but they are no sub
stitute for personal on-the-spot investigatkn. 
To be the most useful, the findings from in
vestigation and study should be tabulated to 
show great detail within the three general ca
tegories of labor, supplies, and equipment. 
Indirect items (for example, maintenance work 
on adding machines) should not be omitted. 
However, no provision should usually be made 
for "burden," or "overhead", because, if it 
is clear that when an automatic computer is 
used, the total company expenditure for the 
components of the burden will change, then the 
full amount of the change usually is a known 
cost increase or decrease to be specifically 
counted in the balance appraising the automa
tic computer. The cost tabulation is the more 
useful if it clearly separates out-of-pocket 
costs (such as equipment rentals) from amor
tization charges (such as depreciation and in
surance on equipment). Also, in the interes~ 
of accuracy, an accountant's amortization ch~ 
ges should be edited to improve their realism.1 

The second step in the estimating of the 
saving is to find the cost of the proposedcom
puter systems for the proposed applications. 
To do this requires that the written proce
dures and.flow charts for tne proposed sys
tems be studied in comparison with the cost 
tabulation for the present systems. For each 

posed computer systems over the present non
computer systems, not allowing for the capitli 
investment involved in the use of an automatic 
computer.4 

To interpret the saving obtained above to 
justify the use of an automatic computer. the 
saving must be compared to the acquisition 
cost of the automatic computer including the 
conversion loss. The crucial question is fue~ 
fore, "Is the saving at least as large as the 
amortization charge against the acquisition 
cost and conversion loss?" 

If the answer is "yes," the use of an 
/' automatic computer is ordinarily justified; if 

the answer is "no," or "break-even," then the 
justification hinges upon the estimates of fue 
irreducible benefits and costs as noted e a r
lier. In any event, however, to make the eom
parison in the case of a contemplated purchase 
of an automatic computer, a sound amortizaunn 
period (service life) for the acquisition ~t 
(including the conversion loss) is normally 
at least seven years. For, if a shorter peri
od of time is used, it can usually be shown 
that because of the high obsolescence rate at 
present of automatic computers, an automatic 
computer will hardly prove to be a' sound fi
nancial investment. To make the comparison 
in the case of a contemplated rental of an 
automatic computer, the amortization of the 
conversion loss should be added to the ren
tals for the same period to obtain the figure 
to compare with the saving. 

This method of justifying the use of an 
automatic computer omits from specific consid
eration two important factors: the time value 
of money, and the present high obsolescence 
rate of automatic computers. If both of there 
items are to be specifically included or al
lowed'for in the method, then the MAPI6formu
la should be used.5 If only the time value of 
money is to be specifically included, then~ 
uniform annual cost, present worth, or rate 
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USE OF AN AUTOMATIC COMPUTER 
of return formula should be used. tuted in their place. Interest on the salvage 

TWo features of this justification meth
od presented above deserve comment. First, 
the method is independent of the size of the 
company. That is, no part of the justifica
tion method directly or indirectly makes t~e 
justification a function of the size per se 
of the company. This means thst all sizes of 
companies might be able to justify the use of 
an automatic computer. And this means that 
just as some small companies may not be able 
to justify the use of an automatic computer, 
so some large companies may not be able to 
justify the use of an automatic computer. In 
large companies, simply because they have lar
ger total costs, it is usually easier to find 
enough savings to justify the use of an auto
matic computer, but there appears to be no ne
cessary relationship between the size of a ~ 
pany and the fact whether or not the use of an 
automatic computer can be justified. 

TIle second feature of this justification 
method is even more basic. The saving - the 
basis for justifying the use of an automatic 
computer in b~siness - arises essentially be
cause of the cost differences between the pre
sent non-computer systems on the one hand,and 
the proposed computer systems on the other. 
These cost differences arise because a differ
ent (and better costwise) way of doing things 
was devised making use of the proposed compu
ter systems' - a different way of combining 
labor, supplies, and equiprent to get 'the com
pany's work done. Finding better ways of com
bining labor, supplies, and equipment is ofren 
known as industrial engineering when applied 
to work in the office. Essentially the sav
ing appears therefore only because of good 
systems analysis work done; this fact correct
ly suggests that the amount of the saving is 
dependent upon the quality of the systems ana
lysis work, the nature and the merits of the 
proposed computer systems. This ,means that 
high-quality systems analysis may provide the 
justification for using an automatic computer 
even in a small company, but that low quality 
systems analysis may not be able to provide 
the justification even in a larg~ company. 

In short, the justification for using an 
automatic computer in business is primarily 
the amount of the cost saving expected, but 
since the amount of the cost saving depends 
on the quality of the systems analysis work, 
we can expect that the use of an automatic com
puter can be justified in almost any size of 
business if sufficiently good systems analysis 
work is done. 

IIf the MAPI6formula is to be used, the amor
tization charges should be eliminated altogffih
er, and the changes in salvage values substi-

value must also be allowed. 

2This is the aggregate of all the costs and 
losses incurred in preparing for and in makmg 
the actual change-over from the non-computer 
systems to the computer systems. 

3As a matter of conservatism, the unused ca
pacity of the automatic computer should be 
classed as an irreducible benefit, not as a 
dollar saving. 

4In the MAPI formula, assuming the previous 
note about salvage values has been observed, 
this net result is'the defender's adverse mi
nimum. 
\ 

5In using the MAPI formula, the challenger's 
adverse minimum must be less than the defen
der's adverse minimum (see note 4) to justify 
the use of an automatic computer. The chal
lenger's adverse minimum can be quickly ob
tained by reference to a MAPI chart given the 
acquisition cost (including the conversion 
loss) of the automatic computer, the service 
life, and an interest rate. 

6MAPI stands for Machinery and Allied Products 
Institute. The MAPI formula is an aid to de
termining whether or not to replace equipment. 
The major advantage of the MAPI formula is that 
it makes specific allowance for the increasing 
costs over the course of time of keeping equip
rent in use. In use, the MAPI formula requires 
only the computation of two numbers. One of 
these figures is the differences in the opera
ting and maintenance cosis of the present ("de
fender") and proposed ("challenger") equipment. 
The other figure is obtained by reference to a 
MAPI chart (a' graphic solution to the MAPI for
mula) • These two figures ("adverse minimums") 
are then compared to obtain the signal of wheth
er or not replacement should be made. A «ood 
and very easy reading reference on the MA PI 
formula is the MAPI Replacement Manual pub-
1ished in 1950 by the Machinery and Allie d 
Products Institute. 

- END -
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Forum 

THE TALE OF A COW 

M. E. Salveson 
New York, N. Y. 

Chapter I - Anonymous 

Let us suppose that I am the owner of a cow. 
The purpose of a cow is to produce milk. If you 
turn the creature into a pasture and allow he r to 
eat grass, she will produce many quarts of lacteal 
fluid. The process consists of eating grass, trans
muting it into milk, removing the milk from the 
udder. However, you are infected with the syaem 
disease. You cease to be interested in milk. You 
hire inspectors to count the number and measure 
the height of the blades of grass eaten by your coJ.l) 
You count the number of steps she takes in the pls
ture. You time the number of occasiom upon which 
she looks over the fence and test the vol u m e 0 f 
sound produced when she moos. Thenyou employ 
a bookkeeper to record these items, and var ious 
persons to make out forms for the guidance of the, 
bookkeeper. At the end of the year you h a v e a 
vast and entertaining volume of information, but 
you have added so greatly to the cost of your oper
ation by systematizing in this manner that you lose 
money on every quart of milk you sell. This, 0 f 
course, is exceedingly modern and in accord with 
business practice, but you find yourself compelled 
to sell your cow to pay your overhead. 

(1) Note by M. E. Salveson: It is understood a 
British scientist has indeed "developed a de vic e 
for'counting the number of blades of grass a cow 
eats. 

Chapter II - by M. E. Salveson 

Since you no longer produce 'and sell milk, you 
discharge your cow hands. This leaves you no ap
plied direct labor, but $10 a month overhead i n 
space rented to store the cow's records. Yo ur 
bookkeeper tells you that this rental makes you r 
overhead rate infinity (ten divided by zero is infin...:. 
tty), and that you can reduce overhead tremendous
ly - from infinity to zero - if only you get rid of the 
records. You give them to the farmer who purchas
ed the cow. He does not know that your data are 
worthless, so he accepts the whole truckload. 

He cannot ,read; so he employs a scientist to 
help him learn what is in the records. Fbrtunately, 
you kept meticuluous records; on analyzing t 11 em, 
the farmer's scientist learns that many things simtd:-

taneously affect how many quarts of transmuted 
lacteal fluid the cow can produce. The scientist, 
however, is bitten with a different disease -- a 
strong psychological tendency toward optimization, 
compounded with an irrational passion for dispas
sionate rationality in seeking facts on productivity. 
In brief, ,he was looking for the high point on the 
milk production curve that corresponds to the low 
(sag) point on the udder. 

By suitable analysis the scientist dis co v e r s 
from your data the number of blades of grass per 
day to feed the cow to get optimum milk production. 
Of course for the convenience of the cow and the 
cow hand, the scientist translates this number in
to the number of pitchforks full. From your data 
on height of the grass, he -learns the height (0 r 
maturity) of the grass at which it should be mowed 
for ,optimum utilization of the cultivated lands and 
production of milk. Your data on the number of 
steps the cow had taken yield to the scientist excel
lent information on the optimum percent of the tine 
she should be roaming (exercising) in the pasture 
or quiet in her stall. Your records on where she 
had looked over the fence most frequently and moo
ed with the greatest gusto gives the scientist clues 
as to what grass is most palatable, while also nu
tritious. This increases her protein intake and 
butterfat output. 

In no time at all the farmer has the cow produc
ing so much milk that even with an expensive, non
transmutive (he did not personally transmute even 
one drop of the lacteal fluid) scientist on the over
head payroll, the unit cost of milk was greatly re
duced. He then asks the scientist to study if he 
should expand his herd and how rapidly. In t hat 
study he also finds the optimum amount to reduce 
milk prices so as to make profits soar and stay at 
their maximum. 

As the size of the udders, the herd, and the pro
fit grow, the farmer is so impressed with the scien
tific method that he has the scientist set up a regu
lar scientific business research group to look into 
all phases of the b~iness and to advise him how to 
manage it more profitably. This new research leaes 
to more profit-making discoveries that are not at 
all obvious and quite unexpected even to this exper
ienced and seasoned farmer. The scientist dis
covers that many managerial problems even 01 tne 
cow business are so intricate that only by a::ientific 
methods can an optimum course of action be found. 
For example, he finds' 'that math~matical computing 
methods are necessary to obt3.in the minimum cost 
diet (food mix) that still provides ,required nutrition, 
to determine the shortest routes' for' his fleet of new 

(contin~ed on page 27) 
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CHARTING ON AUTOMATIC DATA PROCESSING SYSTEMS 

Harry Eisecpress, James L. McPherson, and Julius Shiskin 
Bureau of the Census 
Washington 25, D. C. 

An extremely rapid and mechanical method of 
charting time series on a high-speed printer ac
tivated by magnetic tape has recently been devel
oped at the Bureau of the Census. This chart is 
a by-product of the Census Bureau's method of ana
lyzing seasonal variations using an electronic 
computer, Univac.* At present only the points 
are charted; connecting lines may be drawn manual
ly. The charting method may be adapted to plot 
one or more time series simultaneously on a com
mon scare, using different characters to identify 
the points of each series. The monthly data for 
Farm Income for 1940-~5 '. in original and in seas
onally-adj usted form,are si:ICl'Jnin the upper section 
of the illustrative chart. With the exception of 
the title and legends, which have been typed in 
at the top prior to reproduction, this chart is 
shown exactly as it comes off the printer. The 
lower section of the chart shows the same data 
with the points connected manually. 

Because the width of the page on ,the printer 
is fixed, the chart is run through the printer 
lengthwise to avoid charting the data in sections. 
The printer thus plots the points in chronologi
cal order -- that is, the first month's data are 
charted on the first line; the second month's da
ta, on the second line; and so on. As a result, 
the amplitude of the series must be adjusted to 
fit the width of the page. Furthermore, the num
ber of discrete points which can be plotted on a 
line is limited to the number of printing spaces 
on the line, or 110. (Actually,' the high-speed 
printer now in use at the Census Bureau provides 
for 130 spaces, but ten spaces are reserved on 
the chart for the time scale and another ten 
spaces may be used only to repeat the scale, or 
any other 10-character group, at the end of the 
line.) It is thus necessary to convert the data 
to be plotted into a series which takes on only 
integral values between 0 and 110. This conver
sion is accomplished for each month automatical
lyon the Univac, which computes the data in plot
ting units according to the equation 
(1) y = (x - s) ~ 

r 
where ~ is the month's value in plotting units, 
~,is the month's value in original units, A is 
the smallest value of all the data in original 
units, and~ is the range of the data in origi
nal units. If more than one point is to be plot
ted on each line, as in the seasonal adjustment 
program, the same equation is applied to all the 
data, with.§. and ~ referring to the smallest val
ue and the range,respectively, of all the data 
to be plotted. 

The printing tape is then prepared on the 
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Univac line by line. On each line a symbol is posi
tioned in the space corresponding to the ~ Value 
for that month, and the remainder of the line is 
left blank. For example, for March 1955, the con
verted value, i.e., ~, for farm income in unadjus
ted form is 40; the seasonally-adj usted figure for 
the same month, again in~ units, is 59. There
fore, for March 1955, the 'chart shows an "O"in spa:e 
59, and no other entries on that line. (The selec
tion of "0" and "X" to represent the two series 
plotted is arbitrary; any other symbols from among 
the 51 available on the high-speed printer could 
be used.) Where the ''X'' and "0" coincide on the 
chart, only the ''X'' is shown since it is not pos
sible to choose a third symbol to be printed in 
such cases of coincidence. 

The scale used on the illustrative chart is 
shown on the base of the average of the original 
data for the period January 1947 to December 1949. 
The locations of the scale points are computed 
from equation (1), where~ is taken successively 
as 5~/o, l~/o, 15~/o, etc., of the average of the 
base period used. This computation is also done 
automatically on Univac and is printed on th e 
chart. Similarly, the months and years are posi
tioned on the time scale by the computer program. 

As the final step in_the process, the prin
ting tape is put on the high-speed printer, and 
the 15-year chart is printed in less than a min
ute. The entire operation on the Univac and the 
printer takes only a few minutes. 

The charting procedure, as actually developed, 
represents just one possible line of approach to 
automatic charting with electronic equipment. For 
example, where just one series is· charted at a 
time, it might be desirable to construct a bar 
chart instead of plotting points. This could be 
done by positioning the same symbol in each line, 
not only at the space indicated by that month's 
~ value, but also in all the spaces from the base 
line up to that space as well. 

The method could also be altered to chart 
time series semi-logarithmically. The logarithm 
for each month could be computed on Univac from 
a suitable Taylor series expansion, using only 
as many terms in the expansion as are 'required 
for charting accuracy. The points could be plot
ted on a log scale of 1, 2, 3, ••• , cycles, de
pending on the amplitude of the data. 

While, for the present, only the points are 
plot ted on this chart, it is conceivable that the 
lines can also be drawn in mechanically by the 
use of an interchangeable typewheel or auxiliary 



U. S. FARM INCOOE, 1940-50 

Section 1. 
As plotted by High-Speed Printer 

o = original observations; X = seasonally adjusted series 

o 
0-

XX 

o 
o 

>< )()( KK o >< >< .. )()( o )("')()()( 1(')(0 t)(M 

KK KK)(XK)(KK WO)()(O 

o 
on
o 

o 

" 
~. 

>< 
><><0 

o 
o 0 

)( K)()( 
J( KO)()( 

KXO)( 0 

;; 
z 

" 

,<>( 
!" .. 

N 
# 

Z « , 

>< 
" 

>< 

O)()()( 0 
>< >< 0 

>< 0 

'" # 

Z .. , 

o 

U. S. FARM INCOME, 1940-50 

Section 2. 

.. .. 
z .. , 

o 
o 

o 
o 

Points plotted by High-Speed Printer and connected manually 

o 
>< 

on 
# 

Z .. , 

0- - - - -0 = original observations; X-----x~ seasonally adj usted series 

o 
0-

o 
"'o 

0 0 
# 

~ z 
~ 

;; N .. # 

z ~ ~ 
z , 

22 

'" '" # # # # ':. # .. i! 
~ 

z 
~ 

z 
~ c , ., 

on .. 
z 
c ., 

on 
i! 
~ 

., .. 
z ... , 

~. 
: \ 
! 1 
! ~ 

f \ 
r I 
I r 

i
D 

\ 

o 

/ I 

., 
" z .. , 

'0 o 

r 
I 
I 

/ 
1 ,r 
G ' '.,...a 

., 
i! 
~ 
'j 

x 
o 

... .. 
z .. , 

.. 
# 

z 

o 
o 

~ 

~ 



.. 
" z 
~ 

T 
Ii 
'I 
" 
" , , 
i : ,I , : 

! 

1 
t 
\ 

., 
~ 

~ 

!I ,. 
f I 
I I 
t. 
I I 

: : 
f J 
~ ! 
, I 

! ! 
, 1 

) ! 
1 
! 
, 
1 

1 

1 
1 

:t;/ 
i /\/fl ,I (j 

;j 

... .. ... 

~ 
z .. ., 

0 
on 
z 
~ 

o 
WI 

~ 

0 

~ 

~ 

.. 
o 

o 
o 

'" >( 

t. 
1\ 
l + , I 

, I 
I 1 

: ! , , 
! ! 
I 1 

J J 
f \ 
I 1 

: t 
: I 

l 

Wi 

~ 

>< 

.. 
z .. ., 

~ 
-5 ., 

>< 
o 

i 
.~ 

" 'I 
'J; 
" ,'; 

, 1 

! t , , 
; : 
I " , , , , 

I , 
, I 

J : 
: : , , 

I , 
I , 

/ t· 
t ~ 
! \ 

'" ., 
z ., 

.. 
on 
z 
!l 

:;: 

~ 

o 
'" 

>< .. 
)( 0 

~ 

!1 
I: 
" , , I I 

I' , , , , 
J. ' 
I ' 

: I 
I , 

I : , , 

! t , , 
I 1 , . , , 

~ t 
, ~\ 

'" .. 
z 
~ 

'" .. 
z .. ., 

E 
~ ., 

23 

o 
'" >( .. '" 

>( 

>< .... 
"0 

>( 
o 

r ,I 

:: 
I, , , , , , , 
I, 
l: 
! ~ 
, I 

Q 1 

! : 
I 1 
I • 
I I , , 
! \ : . i \' 

I , 
I 
t , 
I 

, , 

.. .. 
z .. ., 

..... p 
(." 

: 
~ z 
~ :; 

a 
o 

WI ., 
z 
~ 

.. 
WI 

Z ., 

o 
o 



A Rotating Reading Head for Magnetic Tape and Wire 

National Bureau of Standards 
Washington 25, D. C. 

A reading head that makes possible the 
close examination of a short section of mag
netic tape or wire is now being used at the 
National Bureau of Standards to locate and in
vestigate faults in magnetic recording media. 
Developed by J. R. Sorrells of the NBS d a t a 
processing systems laboratory, this instrument 
makes use of a reading head mounted on a rap
idly rotating drum so that the head is in con
tact with the tape for a part of each revolu
tion. Since the tape is held stationary, the 
head reads exactly the same set of signals onoo 
each revolution, and the playback can be dis
played continuously on an oscilloscope and ob
served as long as desired. 

In addition-to providing a means for close
ly examining the playback signals from a spe
cific portion of the tape, the reader can be 
used to- scan through and edit a complete tape. 
The observer can easily locate any defective 
signals along the entire length of the record
ed tape. Interchangeable parts provide amems 
for examining several different sizes of mag
netic tape or wire. 

In the design and development of magnetic 
tape and wire equipment for external pulse stor
age in e.1ectronic digital computer systems,one 
of the primary considerations has been relia
bility of operation. An important factor in 
magnetic storage is the condition of the tape 
surface itself. Errors in operation can be 
caused by any of several types of tape faults 
such as "holes" and raised spots in the magne
tic surface, or creases in the tape. Very of
ten the loss of several pulses or the gain of 
a single pulse may be caused by a flaw that is 
too small to be visible to the unaided eye. 
Conventional means of tape reading areonotmdt
able for locating errors, since in the usual 
tape transport mechanism the tape is moved ron
tinously past a stationary head. In investi
gating tape for faults it is desirable to read 
a small specific portion of the tape over and 
over again at a rapid rate, and to display on 
an oscilloscope a steady, clear picture of the 
playback signals. The rotating head reading 
device developed at NBS provides such a repeti
tive method for examining tape. Once faults 
are located, they can be removed or else avoid
ed in the future, thus increasing the reliabi
lity of the tape. 

For convenience, the tape reader is moun
ted on a vertical panel. Near the two upper 
corners are the shafts on which the tape ree~ 
are mounted. Although tape must be reeled 
manually on the NBS model, a motor drive or 
stepping mechnaism could easily be atta ch ed. 
The idler shafts are friction-loaded to main
tain the proper tension on the tape for read
ing as the tape reeled along. 

At the lower center of the panel is. the 
rotating drum on which the reading head i s 
mounted. The drum is 2 7/8 in. in diameter 
and rotates at 10 rps; thus the equi val e n t 
tape speed is 90 in/sec. The drum is made in 
two sections. The reading head' is mounted on 
one section and has a groove or track mach~ 
around the periphery in which the tape or wire 
rides. This section is easily removed, and 
other similar sections may be substituted for 
different sizes of tape or wire. 

The section of the drum nearest the pan
el is fastened to the drive shaft and is not 
ordinarily removed. This section is cup
shaped with the open side toward the pa n e 1. 
A photoelectric cell is mounted on the panel, 
inside the cup-shaped section, close to the 
periphery of the drum. A small aperture in 
the drum wall makes it possible to focus an 
external mounted lamp on the photocell when 
the drum is in the proper position. 

Each time the hole in the drum wall pas
ses the light source, the light strikes the 
photocell and causes a sma.!l output pulse from 
the cell. The pulse is applied to a cathode 
follower which in turn triggers the oscillo
scope sweep. The aperture in the drum wall~ 
so located that the trigger pulse occurs just 
before 'the reading head makes contact with fue 
tape, so that the oscilloscope 'sPleep alway s 
begins slightly before the first pulse is 
sensed by the head. It is this timing system 
that provides a steady picture of the repeat-' 
ed playback signals on the oscilloscoperereen. 

Since the reading head is mounted on a 
revolving drum, electrical connections m us t 
be made through slip.rings and brushes. A 
specialized slip ring assembly using commer
cial brushes was designed ,and constructed for 
this purpose. The three rings are made of 
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ROTATING m:ADING IIEAD 

Figure 1. The rotating rea,ding head on this machine (lower center of panel) developed at the National 
Bureau of Standards makes possible the close examination of a short section of magnetic tape or wire. 
With this instrument, the tape is held stationary; the drum revolves rapidly and for a part of each re
volution the reading head is in contact with the tape. The head reads the same set of signals repeti
tively and the signals can be observed continuously on an oscilloscope. 

Figure 2. Two rotating reading heads: at left, the groove is wide enough to accommodate magnetic tape: 
at right, the groove is machined to accommodate wire only. These heads are used to locate and investi
gate faults in magnetic media at the National Bureau of Standards. 
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ROTATING READING HEAD 

Figure 3. Edge view of rotating head reader showing interior mechanism. Electrical 
connections from the head are made through the slip rings and brushes in the center. 
At right is driving motor. On left of panel are studs for holding tape reels and for 
guiding the tape past the rotating drum. 

- 26 -



ROTATING READING HEAD 
electrodepos i ted s il ver on a premac hi ned 
bnkelite cylinder; the silver is further ma
chined for good contact surfaces. The cy
linder is mounted between the drum and the 
driving motor, and a two-wire shielded cable 
runs from the slip rings through the sh aft 
to the reading head. 

On the front of the panel are f 0 u r 
grooved studs that guide the tape as it en
ters and leaves the reels and the rotating 
drum. Rubber shoes pressing firmly against 
the studs prevent the tape from creeping l.\hlle 
being scanned. Interchangeable studs are 
provided for different sizes of tape and wire. 

I 

Trials of the equipment in the labora
tory prove its usefulness in locating ta p e 
flaws and in reading recorded pulses. The 
playback signal on the oscilloscope screen 
shifts such a small amount that photographs 
taken with an exposure time of 15 sec reveal 
no evidence of blurring. Moreover, thereis 
no noticeable noise from the slip ring and 
brush assembly. 

By expanding the oscilloscope sweep,it 
is possible to read a computer word simply 
by recognizing the value of each recorded di
gital pulse. The rotating head has been used 
in this way to compare information on a mag
netic wire with the paper tape from which it 
was recorded. This method is used to deter
mine whether the transcribing equipment i s 
causing trouble or the wire is at fault. 

In addition to being an effective and 
useful means of investigating magnetic r e
cording phenomena, the rotating-head type of 
the reader could also be used as a means for 
transcribing information directly from the 
keyboard to the magnetic tape. It would be 
most convenient to use a multichannel ta pe 
together with some provision for advanci n g 
it in short, precise steps. Each time a key 
on the keyboard is pressed, the correspondmg 
character in coded form is set up in an ele~ 
tronic register. Then at a specific point 
of the rotating drum revolution, the contents 
are recorded on the tape in parallel for m • 
On the next revolution of the drum, the char~ 
acter just recorded is compared with the char
acter stored'in the register. If the two a
gree, the tape advances a small distance,and 
the next key can be depressed to begin the 
next record-read-check cycle. If the two~ 
acters do not agree, the tape advance mecha
nism is locked out, an error indicator flas.ltes, 
and the operator can either try to re cor d 
again or find where the difficulty is. I n 
this way, an operator could transcribe his 
problem directly from his manuscript t~ a 
magnetic tape, which then could be read d i
rectly into the computer. 

-END -

TALE OF A COW 
(continued from page 20) 

delivery trucks, to 'determiile the optimum amount 
and mix of dairy products to carry in his optimally 
located warehouses, to select the most profitable 
mix of butter, milk, and other dairy products t 0 

make from a given batch of raw milk, to find the 
least cost daily work schedule and amount of equtl
ment to purchase, to determine the most product
ive and profitable crop rotation plan for the culti
vated lands, to compute what products should b e 
sold now and what should be held for expected price 
changes, to determine the optimum balance bet\\ren 
size of the herd, milk processing facilities, del
ivery fleet, and market potential. There are, na
turally, other problems being solved scientifically, 
but they are too numerous to list here. Indeed, the 
farmer's customers now are too numerous to list 
and the problems too large to solve manually, so 
that he handles these with the electronic data sys
tem the scientist determined was optimal for the 
job. 

Of course, the farmer's overhead rate, with 
all that scientific research, now is sky high buthe 
does not mind. He is in business to max i m i z e 
profits and not to minimize overhead costs. This, 
of course, is not very modern and not at all in ac
cord with business practice, but it does pay for 
more vacations to California for the farmer and 
for his management scientist, but not for you nor 
your bookkeeper. 

- END -

*--------- * ----------* 

equipment. 
CHARTING 

(continued from page 21) 

These charts can be produced most convenient
ly and economically when they supplement tables 
computed by and printed out on an automatic data 
processing system. Then the input and output i
tems in the electronic computer can be expeditious
ly manipulated for plotting, and the printing of 
the chart can follow without interruption the pr~ 
ting of the tables. For large-scale plotting jObs, 
however, just as in large-scale computing jobs,it 
may sometimes be preferable to use the plotting 
system described above rather than manual plotting, 
even though auxiliary operations -- card punching 
and card-to-tape conversion -- would be involved. 

~:;See Julius Shiskin, "Seasonal Computations 
on Univac," The American Statistician, Vol. 9, No. 
1 (February 1955), pp. 19-23. 

- END -
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BOOKS AND OTHER PUBLICATIONS 

Jewell nown. Gordon Spenser, and others 

(list 16, CO~PFIEnS AI\!) AUrO~.1ATION, vo1.4, no.8, August 195;) 

This is a .list of books, articles, periodicals, papers, and other publications which have a significant rela
tion to computers or automation, and which have come to our attention. We shall be glad to report other 
information in future lists, if a review copy is sent to us. The plan of each entry is: author or e d ito r / 
title / publisher or issuer / date, publication process, number of pages, price or its equivalent / a few 
comments. If you write to a publisher or issuer, we would appreciate your mentioning the listing in COM
PUTERS AND AUTOMATION. 

American Bankers Association, Savings and :M>rt
gage Division, Bank Mamgement CommisSion, 
Automation of Bank Operating Procedure / Amer
ican Bankers Association, 12 East 36 St., New 
York 16, N. Y. / 1955, printed, 32 pp, limited 
distribution 

A study and analysis by members of the 
banking industry of that field's need for 
automatic operations; includes sugges
tions for a program of automation. The 
commission of authors invites comments 
suggestions, and ideas; they include a 
list of specific questions -addres sed to 
machine companies. - JB 

Locke, William N. , and A. D. Booth, Editors, and 
others / Machine 'Translation of Languages / 
The Technology Press of Massachusetts Insti
tute of Technology and John Wiley & Sons, Inc. 
440 4th Ave, ,New York 16, N. Y. (publi shed 
jointly) / May, 1955, printed, 243 pp, $6.00 

This collection of 14 essays provides an 
account of what has been achi eve d t 0 

date in the application of machines t 0 

translation. Beginning with a historical 
introduction, the book goes on to cover 
such topics as the design of an automa
tic dictionary, problems of the "word", 
speech input, storage devices, i d i 0 m s 
and syntax,model English,and recent ex
periments. Interesting and readable. -JB 

Haskins and Sells, Staff of / Data Processing by 
Electronics / Haskins and Sells, 67 Broad St, 
New York, N. Y. / May, 1955, printed, 113 
pp, limited distribution. 

The aim of this study is to convey, to tIE 
interested reader who is not a specialist 
a basic understanding of the operationani 
use of electronic data processing systems. 
Part I, pp 5 - 28, is a general de s c r ip
tion of electrcnic data processing syste:roo 
and the factors involved in consi de r in g 

- 26 -

their use; Part IT, pp 29 - 64, considers 
basic theory, systems components, and 
techniques in application. The Appendix 
pp 67 - 113 contains summaries of the 
principal functional characteristics and 
the cost of purchase or rental of eleven 
electronic data-processing systems ap
plicable to business. - JB 

Hastings, Cecil, Jr, Jeanne T. Hayward, and 
James P. Wong, Jr. / Approximations for 
Digital Computers / Princeton University Pres3, 
Princeton, N. J. / June 27, 1955, printed, 201 
pp, $4 

These approximations in this monograph 
were formerly issued in loose sheets and ' 
available only to a limited number of nu
merical analysts and computer opera
tors. This publication makes them avail
able in book form for the first time. Part 
I, entirely new, contains new materia I 
to introduce the collection of approxima
tions in Part IT, each approximation being 
presented with a carefully drawn erro r 
curve. Part IT should be useful to any
one using a high -speed digital computing 
machine for numerical analysis. - JB 

Grubbs, F. E., F. J. Murray, and J. J. Stoker, 
editorial committee, and others / Transactions 
of the Symposium-on Computing Machines, stat
istics and Partial Differential Equations / In
terscience Publishers, Inc., 250 Fifth Avenue, 
New York 1, N. Y. / 1955, printed, 216 pp, $5. 

This is a collection of the invited address
es presented at the second symposium on 
applied mathematics, held at the Univer
sity of Chicago on April 29-30, 1954, and 
sponsored jointly by the American Math
ematics Society and the -Office of Ordnance 
Research' of the U. S. Army. The papers 
included are "Operations Research" by 
P. M. Morse, "The Problem of Inductive 



BOOKS AND OTHER PUBLICATIONS 
Inference" by J. Neyman, "Some ReceIt 
Developments in the Analysis of V arianoo , 
by H. O. Hartley, "Two Unsolved Pro
blems in Statistical Mechanics" by J. E. 
Mayer, "Iterative Computational Meth
ods" by M. R. Hestenes, "Motivations 
for Working in Numerical Analysis" by 
J. Todd, "Some Numerical Computa
tions in Ordnance Research" by A. A. 
Bennett, "The Simplest Rate Theory of 
Pure Elasticity" by C. A. Truesdell, "On 
the Stability of Mechanical Systems" by 
J. J. Stoker, "Divergent Integrals and 
Partial Differential Equations" by Florent 
Bureau, and "On Differential Operators 
and Boundary Conditions" by W. Feller. 
The scope of Hestenes' paper is reveal
ed by subheadings which include "Itera
tive Methods, " "The Gradient Concept, " 
"The Conjugate Gradient Method, ". "A 
Direct Method for Matrix Inversion, " 
"Sources of Error, " and "Eigenvalue 
Problems." The Section headings of the 
address by John Todd are "Evaluation of 
Polynomials," "Increasing the Speed 0 f 
Convergence of Sequences," "Modifie d 
Differences, " "Characteristic Roots of 
Finite Matrices, " "Quadrature, Integral 
Equations, II' "Game Theory and Rela~ed 
Developments, " "Recent Activity in Nu
merical Analysis, " and "Theory of Ma
chines or Automata." A bibliography of 
75 references is included. - GS 

Blundi, A. A. / What Pulses Can Do for You in 
"Control Engineering, "July, 1955 / McGraw -
Hill Publishing Co., 330 West 42 St., New YOlk 
36, N. Y. / 1955, printed, pp. 56-64, $3 annual
ly, 50¢ per copy. / 

The author has written a popular accowt 
of how electronic pulses store informa
tion and control operations. Functions 
of pulse control devices described in
clude gating, mixitig, delaying, sampl
ing, storing, counting, distributing, se
quencing and the synthesis of these o~ 
ations into a working system. - GS 

Householder, A. S. /'Bibliography on Numerical 
Methods,1t Oak Ridge National Laboratory Re -
port Number 1897 / Oak Ridge National Labora
tory, P. O. Box P, Oak Ridge, Tenn. / 1955, 
multilithed, 32 pp, limited distribution 

"'Ihis list of books and articles in the 
field of numerical analysis is intended 
to supplement and bring up to date one 
published by the ... writer as an appeD-

dix to his Principles of Numerical A~
sis (McGraw-Hill, 1953). The collec
tion of 321 items is incomplete in that it 
covers only that area making up the sub
ject matter of the original book, i. e, 
"algebraic numerical analysis." The 
list is preceded by an eight-page section 
of comments and descriptions of the re
ferences.. - GS 

Householder, A. S. / "On the Convergence of Ma
trix Iterations;' Oak Ridge National Laboraary 
Report Number 1883 / Oak Ridge National Lab
oratory, P. O. Box P, OakRidge, Tenn. / 
1955, multilithed, 47 pp, limited distribution 

Techniques :Ear proving convergenc~ of 
sequences and series of matrices hn.ve 
generally been developed to cope with 
particular cases. The author here a t
tempts "to gather together as many of 
these diverse results as possible and to 
develop a unifying principle that seems 
to include as special cases Jnost of the 
techniques employed for proving conver
gence." Seemingly unrelated clasSical 
theorems are obtained as simple corol
laries in the course of the development. 
- GS 

Piatt, Alvin !'Computing Mechanisms" in "Automa
tion", June 1955 / Penton Publishing Co. ~Pen
ton Building, Cleveland 13, Ohio / 1955, print
ed, pp. 61-64, $10 annually, $1 per issue / 

When direct control systems become in
adequate as industrial processes becolm 
more complex, the author suggests the 
consideration of mechanical analog de
vices which combine simple mechaniSms 
with high reliability. This article des
cribes various mechanical analog devices 
and their integration into complex sys
tems. - GS 

Leaver, E. W., and J.J. Brown /'A F unctionalMcr
phology of MechaniSms"in "Automation", July 
1955 / Penton Publishing Co., Penton Building 
Cleveland 13, Ohio / 1955, printed, pp. 37-41, 
$10 annually, $1 per issue 

The authors take as their thesis that the 
least number of concepts necessary to 
describe the various methods of produc
ing work in a technological 'society are 
the parameters of energy and informa
tion. They exhibit a table which classi
fies various machines into (sometimes 
overlapping) subcategories of the two 
basic parameters. - GS 
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BOOKS AND OTHER PUBLICATIONS 

Goode, . H. H. / "PGEC Student Activities and Ed- provide a current description of Reming-
ucation in Computers", pp 49-51, iri'IRE '!ram- ton Rand's large-scale computing equip-
actions on Electronic Computers'!, June, 1955 ment. Thirteen figures illustrate the 
/ Institute of Radio Engineers, 1 East 79th St, text. - GS 
New York 21, N. Y. / 1955, printed $2.70 

This is a valuable list of 91 colleges and 
universities in the United States and Can ... 
ada giving the condensed status of compu
tation education at each school. Informa
tion includes courses, facilities, the 
availability of aSSistantships, advanced 
degrees, seminars, and the name of a 
faculty member most interested in elec
tronic computation. Analog and digital 
computation are distinguish€d. - GS 

Dunn, W. H., and others / "A Digital Computer 
for Use in an Oi--erational Flight Trainer", pp 
55-63 in "IRE Transactions on Electronic 
Computers", June, 1955, / Institute of Radio 
Engineers, 1 East 79th St., New York 21, N. Y. 
/ 1955, printed, $2.70 

Emphasizing the real-time aspects of 
the situation, the authors review the re
quirements for a digital computer for 
use in an operational flight trainer. A 
special purpose digital computer is des
cribed in detail to perform the nee e s -
s ary functions, Junctions for which a gen
eral purpose computer is inadequate.- as 

Murray, D. B. / "A Variable Binary Scaler" in 
"IRE Transactions on Electronic Computers'~ 
June, 1955 / Institute of Radio Engineers, I 
East 79th St., New York 21, N. Y. / 1955, 
printed, pp. 70-74, $2.70 

A class of interconnections of the bin
aryelements of a counter are discussed 
in which some elements are "forward
counting" and some are "reverse-count
ing." Alteration of the interconnections 
may provide for any arbitrary integral 
scaling ratio up to the counter capacity. 
- as. 

Allen, William, and G. E. Smith / "The UNIVAC 
and UNIVAC SCIENTIFIC" , pp 960-9, in "In
struments and Automation", June, 1955 / The 
Instruments Pub Ushing Co., Inc., 845 Ridge 
Ave, Pittsburgh 12, Pat / 1955, printed, $4 
annually 

The first author provides a full descrip
tion of the UNIVAC, its operations and 
auxiliary equipment. Similarly, Mr. 
Smith describes the UNIVAC SCIENTIF
IC computer, formerly known as the 
ERA 1103 computer. Together, they 
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Rand Corporation / A Million Random Digits with 
100,000 Normal Deviates / The Free Press, 
Glencoe, illinois, / 1955, printed and photooff
set, 625 pp, $10 

The million random digits are presented 
on 400 pages each of which contains 50 
lines of 50 digits arranged in ten groups 
of five. The normal deviates are deriv
ed from an equal number of groups of the 
random digits and are given to three dec
imal places. They are arranged in 50 
lines and ten columns on each of 200 pages 
A 25 page introduction describes the ori
gin and use of the tables and describes 
the tests for randomness that were a p -
plied to the digits. - as 

Teichroew, D. / "Numerical Analysis Research _
Unpublished Statistical Tables", pp 550-556, 
in the Journal of the American Statistical As
sociation'" June, 1955 / American Statistical 
Association, 1108 16th St. N. W., Washington 
6, D. C. / 1955, printed $8 annually 

The author describes a collection of stat
istical tables computed on the SWAC at 
the Numerical Analysis Research Divi
sion of the University of California at 
Los Angeles, formerly known as the In
stitute for Numerical Analysis of the Na
tional Bureau of Standards. The tables 
are available on punched cards. Includ
ed are 8 tables associated with the nor
mal distribution, 4 tables with the gamma 
distribution, 2 with Student's t distribu
tion, 4 with the derivation of samples ~ 
means of a computing machine, and 5 mis
cellaneous tables. - GS 

Rubenstein, Albert H, editor, and about 28 other 
authors / Coordination, Control, and Financing 
of Industrial Research / King's- Crown Press, 
Columbia University, New York 27, N. Y. / 
1955, printed, 429 pp, cost? 

This is the 4th volume in a series report
ing the proceedings of the Annual Confer
ences on Industrial Research sponsored 
by the Department of Industrial Engineer
ing at Columbia University. Included are 
all of the papers presented at the Fifth 
Conference and the discussions following 
them, as well as relevant and abridged \ 
excerpts from the clinic sessions. There 



OOOKS AND OlliER PUBLICATIONS 
are four papers relating to computers: a copy 
"Introduction to Computer Technology" A review of the principles of sampling 
by C. B. Tompkins; "Application of High as they are applied to the field of sample .. 
Speed Computers to Research ProbleIll3" surveys. ExpOSition of theory is accom-
by R. F. Clippinger; "Automatic Data panted by illustrations from survey data, 
Red uct ion" by G. Truman Hunter; "Op- I and since principles rather than details 
eration of an Industrial Computing Fac- are emphasized,the book can be used as 
ility" by H. R. J. Grosch. Other papers a foundation of theory for applications in 
include: "Management of Industrial Re- many fields. The book is based on the 
search"; "Economics of Industrial Re- finite sampling theory, yet the author 
search"; "The Importance of Experi- has indicated, wherever suitable, the 
mental Design in Efficient Experiment- utility of the analysis of variance. The 
ation": "Research Project Evaluation"; minimum mathematical equipment nec-
clinic sessions included accounting for essary for easy understanding of the 
research expenses, creativity and idea proofs is a knowledge of calculus as far 
sources, evaluating the returns from as the determination of maxima and min-
research, market research, technical ima, and an introductory s tat is tic a I 
communication and report writing, etc. course. Chapters include stratified 
- JB random sampling,and subsampling with 

units of equal and unequal size. - JB 
Aronson, Milton H I Electronic Circlli try for In

struments and Equipment I Instruments Pub
lishing Co, 921 Ridge Ave, Pittsburgh 12, Pa. 
I 1953, printed, 318 pp, $4 

This is written in a nonmathematical 
style primarily for technicians and en
gineers, and as a textbook and home
study course; it includes more than 450 
question items for study. Covers elec
trical fundamentals, resistance, cap
acitance, inductance, impedance, re
sonance, signal shaping, vacuum-tube 
and gas-tube fundamentals, amplifica
tion, rectification, oscillator and sig
nal-shaping circuits, test equipment, 
etc. A very good book for its purpose; 
it would be easier to use if the print 
were larger. - JB 

Automation, staff of I "Integrated Data Processing 
Comes to Life" in"Automation", May, 1955 I 
Penton Puliish ing Co, Penton Bldg, Cleveland 
13, Ohio I May 1955, printed, 120 pp. (entire 
magazine), yearly subscription $10, single 
copy $1 

A case study of the order-handling pro -
cedures of the Aluminum Co. of Amer
ica. The order-processing system as 
it functions at the point of origin, the 
home office, and the factory is descri
bed in detail. Packaging and shipping 
operations and company-wide availabil
ity of data are also fully explained. -JB 

Cochran, William G. I Sampling Techniques I 
John Wiley & Sons, Inc., 440 Fourth Ave, Nffiv 
York 16, N. Y. I 1953, printed, 330 pp, $6.50 
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Fett, Gilbert Howard I Feedback Control Systems 
I Prentice-Hall, Inc., 70 5th Ave, New York, 
N. Y. I 1954, printed, 360 pp, $10 

A text intended to provide advanced en
gineering students and practicing engi
neers with a basic understanding of feed
back control systems and the tools and 
techniques required to solve the newer 
problems in this field. Features of in
terest include: use of the differential 
equation and LaPlace transform approach 
before the complex frequency locus me
thod is discussed; synthesis of the Ralth
Hurwitz and Nyquist analyses by the use 
of the alpha and delta paths in the com
plex plane; and the phase plane analysis 
and the linearization method of handling 
non-linear problems. - JB 

Kraus, John D I Electromagnetics I McGraw-mn 
Book Company, 330 West 42 St., New York, 
N. Y. I 1953, printed, 604 pp, $? 

The first seven chapters are written for 
an introductory course in field and cir
cuit theory in physics or electrical en
gineering at 3rd or 4th year college lev
el; subjects covered include static elec
tric and magnetic fields, steady currents 
and changing electric and magnetic fields. 
The last seven chapters are written for 
a course at senior college or graduate 
level; they treat plane waves in dielec
tric and conducting media, transmissim 
lines, wave guides, antennas, and bound
ary-value problems. - JB 



BOOKS AND OlliER PUBLIf'..ATIOOS 

LaJoy, Millard H / Industrial Automatic Controls 
/ Prentice-Hall, Inc. 70 5th Ave, New York 
11, N. Y. / 1954, printed, 278 pp, $6.65 

pute rs, information theory, and automa-
tic control. Two sections on automatic 
contain 5 papers dealing with trends in 
automation of procedures in business and 
industry, and 5 on other subjects. Three 
sections on information theory include 12 
papers. Three sections on electronic 
computers contain a total of 10 papers 
dealing with magnetic memories, trans
is tors , electrographic recording techni
que, and electronic generation of func
tions. - JB 

- END -

This book has been written as a begin
ning text in the study of industrial auto
matic controls on the college level. 
Two-position, proportional, floating 
(integral), and rate (derivative) modes 
of automatic control are analyzed sep
arately and in various combinations. 
The internal cirCuitry of pneumatic, 
hydraulic, and electronic controls is 
treated in detail. Concluding chapters 
consider representative industrial ap
plications and theoretical considera
tions of the process. A knowledge of 
differential equations is requtred for 
these chapters; a knowledge of calcu
lus for the rest of the book. - JB 

tl~· ------------- * ---------* 

Institute of Radio Engineers / IRE Convention Re-
TIIE EDITOR's NOlES 

(continued from page 4) 

cord, 1955 National Convention, ''Part 4 -- The "Roster Entries" page in this issue shows 
Computers, ~ormation Theory, Automatic some of the kind of information we always wa!1 t 
Control" / mE, 1 East 79 St., New York 21, to have. But even better would be an unof f1-
N. Y. / 1955, photooffset, 208 pp, $6.75 cial parttime reporter in each computer center. 

Contains 32 papers presented at the 1955 Any volunteers? 
________ IR __ E __ N_a_ti_o_n_al __ C_o_n_y_e_n_ti_o_n_r_e_l_a_tin __ g_t_o __ c_om_-_ * _________________ .-__ ~_D __ -_______________ * 

ANALOG COMPUTER ENGINEERS 
Bendix Research Laboratories Division, the center of 
advanced development activities for the Bendix 
Aviation Corporation is offering excelIent opportuni
ties for competent analog computer engineers. 
Problems in the fields of missile guidance systems, 
navigation studies, nuclear reactor controls, hydraulic 
control devices and other related projects. 

The Research Laboratories is a small, separate divi
sion of a well-established reputable engineering 
organization, exclusively devoted to research and 
development of a wide variety of interesting, progres
sive and highly imaginative projects. Opportunity for 
graduate study. 

SENIOR ANALOG COMPUTER 
PROBLEM ANALYST: 

5 - 7 years experience in dynamic analysis utiliz
ing analog computers, must be able to direct 
problem from origin through computer set-up 
and operation, and include final analysis. Ad
vanced degree desirable with good mathematical 
or physics background. 
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SENIOR COMPUTER PROBLEM ENGINEER: 

To assume responsibility for problem operation 
of an afternoon 'shift (4:00 PM - 12:45). 4 • 5 
years of experience in computer operation. Re
sponsible for problem set-up, checkout, opera
tion and evaluation. Degree in math or physics. 

ANALOG COMPUTER PROBLEM ENGINEER: 

3 - 4 years experience in computer operations 
and problems set-up. Degree in math, physics 
or EE necessary. 

Send resume to: Personnel Department 
Bendix Aviation Corporation 
Research Laboratories Division 
4855 Fourth Avenue 

Detroit 1. Michigan 



Some Curiosities of Binary Arithmetic 

Useful in Testing Binary Computers 

Andrew D. Booth 
llirkbeck College 
1....0 ndo n, Eng I antI 

In testing an automatic computing madtine 
that works in the binary scale, it is useful 
to, have certain standard numbers whose square, 
reciprocal, square root, etc., are known. A 
consideration of such special numbers has led 
to the accumulation of a small library. It 
is the purpose of this note to make available 
to newcomers the art of some of this data. 

Fractions 

Some useful binary fractions are the bi
nary equivalents of numbers having the for m 
l/n where n is a whole number. A regular re
peating pattern is produced when n has the 
form 2P % 1. In this event: 

1 
lin = 2P± 1 _::: 2- p (1 '+ 2-P.f.2-2p+'2-3P+2-4Petc.) 

from which are readily obtained the cquiva -
1ents for the fractions 1/3, 1/5, 1/7, 1/15, 
1/17, etc. Also, since numbers of the fo r m 
~ have exact equivalents, it is easy to fill 
in some of the gaps which occur in the above 
scheme. The remaining numbers may be evalua
ted by expressing the desired fraction, lin, 
in the form: 

lin = m/2P ± 1 

where m is also an integer; this method was 
used to obtain the values of 1/11, 1/13 and 
1/19, etc., in Table 1 (see page 42). For ex
ample, 1/11 equals 3/33. 

Squares 

Here again, some of the most convenient 
"pattern producing" numbers are of the form: 

(l-2-P) for which (l-2-p)2 = 1-2-p+1+2-2p 

Thus: (.1)
22 

(.ll) 2 
(.111) 2 
(.1111) 

= .01 
= .1001 
=' .110001 
= .11100001 

Other useful numbers are: 

etc. 

(1/3)2= 1/9 or (.01,01,etc)2 = (.000111, 
0001Il,etc.) and 
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(1/5)2= 1/25 or (.0011,OOll,etc.)2= 
(.00001010001111010111,00001010001111010111, 
etc .) 

These numbers, together with the simple ones 
just given, provide a good check on the func
tioning of a multiplier, especially when it 
works upon the non-restoring principle. In 
the same way, by using the squares, a test can 
be applied both to square-rooting circuits rurl 
to programs for evaluating square roots. 

(continued on page 42) 

* ---------- '.' ---------' .. 

SPECIAL ISSUES OF 
~~COMPUTERS AND AUTOMATION" 

The issue of "Computers and Automation" 
in June, 1955, was a special issue: "The Com
puter Directory, 1955", 164 pages, containing: 
Part I, Who's Who in the Computer Field; Part 
2, Roster of Organizations in the Computer Field; 
and Part 3, The Computer Field: Products and 
Services for Sale. It is expected that the next 
Computer Directory issue "till be June', 1956. 

The next two s'pecia1 issues will be De
cember, 1955, and January, 1956. The Decem
ber issue will be mainly devoted to useful in
formation for people who have been in the com
puter field for some time: -a "Glossary of Tenns'~ 
and also cumulative editions of other piecesof 
reference information. 

The January, 1956. issue will be mainly 
devoted to useful information for people who 
have newly entered the computer field: an in
troduction to computers (and to "Computers and 
Automation") i and reprints and revisions 0 f 
some of the more introductory articles and pa
pers that "Computers and Automation" has pub
lished. 



Forwn 

ADDITIONS AND REVISIONS 

You are to be congratulated on the fine job beirg 
done by you and your staff in publishing the maga
zine "Computers and Automation." Over the many 
months that I have been receiving it, each edition 
has been read with interest. 

While .going through the June edition I noticed 
my name in the Who's Who in the Computer Field. 
Would you be kind enough to add title and name of 
my Company to your files - Associate Controller, 
John Hancock Mutual Life Insurance Company. 

Thank you and keep up the good work. 

Sincerely yours, 

Harold F. Hatch 
Associate Controller 
John Hancock Mutual Life 

Insurance Company 
200 Berkeley Street 
Boston 17, Mass 

In examining your excellent June 1955 compu1Er 
directory issue of"Computers and Automation~' I 
note that our organization is not listed in its pre-
sent form. . 

The National Bureau of Standards Institute for 
Numerical Analysis (your page 112) was inactiva
ted on June 30, 1954. Many of the same people, 
equipment and functions have been continued in the 
University of California, Los Angeles. Following 
your entry form (page 103), we have 

1. and 2. University of California, Department 
of Mathematics, Numerical Analysis 
Research, Los Angele~ 24, California 

3. GRanite 3-0971 and BRadshaw 2-6161 
4. Automatic digital computers. We operate 

SWAC on loan from the Office of Naval 
Research. 

5. Activity: Research and teaching in use of 
digital computers for scientific compu
tation. 

6. Approximately 40 employees. 
7. Established 1954. 
8. Remarks: Have machine, library, and 

other equipment owned up to 1954 by 
the now inactive National Bureau of 
Str..ndurd;: l.'1stituie for Numerical Analy-
sis. 

Thank you very much. 

Yours very truly, 

George E. Forsythe 
Research Mathematician 
Department of Mathematics 
Numerical AnalySiS Research 
University of California 
Los Angeles 24, California 

*------------------ • * 
MANUSCRIPT'3 

We are interested in articles, papers, and 
fiction relating to computers and automation. 
To be considered for any particular issue, the 
manuscript should be in our hands by the fifth 
of the prec'eding month. 

Articles. We desire to publish articles that 
are factual, useful, understandable, and inte
resting to many kinds of people engaged in one 
part or another of the field of computers' and 
automation. In this audience are many people 
who have expert knowledge of some part of the 
field, but who are laymen in other parts of it •. 
Consequently a writer should seek to explain 
his subject, and show its context and signifi
cance. lie should define unfamiliar terms, or 
use them in a way that makes their meaning un
mistakable. He should identify unfamiliar per
sons with a few words. He should use examples, 
details, comparisons v analogies, etc.,whenever 
they may help readers to understand a difficult 
point. IJe should give data supporting his ar
gumeQt and evidence for his assertions. We 
look particularly for articles that explore 
ideas in the field of computers and automation, 
and their applications and implications. An 
article may certainly be controversial if the 
subject is discussed reasonably. Ordinarily, 
the length should be 1000 to 4000 words, and 
payment will be, generally, $10 to $40 on pub
lication. A suggestion for an article should 
be submitted to us before too much work is done. 

Technical Papers. Many of the foregoing r e
quirements for articles do not necessarily ap
ply to technical papers. Undefined technical 
terms, uQfamiliar assumptions, mathematics, 
circuit diagrams, etc., may be entirely appro
priate. Topics interesting probably to only a 
few people are acceptable. Payments will be
made for papers, generally $5 ~o $20 on publi
cation, depending on length, etc. 

Fiction. We desire to print or reprint fiction 
which explores scientific,ideas and possibil

ities about computing machinery, robots, cy
bernetics, automation, etc., and their impli
cations, and which at the sane time is a good 
story. Ordinarily, the length should be 1000 
to 4000 words, and payment will be, generally, 
$10 to $40 on pUblication if not previously 
published, aod half that if previously publis~ 
ed. 
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MONROBOT COMPONENTS 
Researched and Developed 

for the Electronics Field 
A bank of Monrobot Ring-type Heads 

on adjustable mounting Monroe, for many years a leader in the design and 
production of desk calculators, is devoting its experi

ence and .research facilities to developing not only 
digital electronic computers but also component parts 

that are unique for their originality of design and 
numerous advantages. 

The components, illustrated here, are Monrobot Ring
type Read/Record Heads and an adjustable fixture for 

magnetic drum memory systems. 

Monrobot Read/Record Head assemblies have a place 
in any magnetic storage or arithmetic drum system. 

Their advantages are many. They are small and com
pact. Their mounting design permits accu!"ate place-

ment with a minimum of costly machining. When 
assembl~ and mount~ they permit fine, accurate ad

justments\both parallel and perpen~cular to the drum. 
They are ruggedly built to last. In their pre-engineered, 

precision mounting tf\ey cost less than similar un
mounted head stacks; also replacement of a single head 

is easily made. 

Monrobot components of this kind offer the user of elec
tronic equipment many worthwhile benefits. There'~ a 

lot to the Monrobot component story that's worth in
vestigat~g. Inquiries are invited. 

'0n 
~ROBOT 

MONROE CALCULATING MACHINE COMPANY 
MONROBOT LABORATORY 

MORRIS PLAINS NEW JERSEY 
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Monrobot Ring-type Head
s'r\1all, compact 



ROSTEIl ENTRY FORMS 

"Computers and Automation" publishes from time 
to time reference information of the f 0110 win g 
three types: (l) a who '8 who or roster of individ
uals interested in the computer field; (2) a roster 
of organizations active in the computer field; and 
(3) a classified directory or roster of produc t s 
and services offered in the computer field. The 
last cumulative roster appeared in "The Compute r 
Directory, 1955", the June 1955 issue of "Computers 
and Automation." If you are interested in sending 
information to us for these rosters and their sup
plements, following is the form of entry for each 
of these three rosters. To avoid tearing the mag
azine, the form may be copied on any sheet of paper; 
or upon request we will send you forms for entries. 

(1) Who's Who Entry Form 

1. Name (please print) ___________ _ 

2. Your Address? _____________ _ 

3. Your Organization? ___________ _ 

4. Its Address? _____________ _ 

5. Your Title? 

6. YOUR MAIN COMPUTER INTERFS1S?-

Applications 
Business 
Construction 
Design 
Electronics 
Logic 

7. Year of birth? ____ _ 

Mathematics 
Programming 
Sales 
Other (specify): 

8. College or last school? ________ _ 

9. Year entered the computer field? ____ _ 

10. Occ.upation? _____________ _ 

11. Anything else? (publications, distinctions, 

etc.) 

(2) Organization Entry Form 

1. Your organization's name? ________ _ 

2. Address? _______________ _ 

3. Telephone number? ___________ _ 

4. Types of computing machinery 0 r c ompon ents, 
or computer-field products and services that 
you are interested in? 

5. Types of activity that you engage in: 
( ) research ( ) other (please explain) : 
( ) manufacturing 
( ) selling 
( ) consulting 

6. Approximate number of YQur employees? __ _ 

7. Year when you were established? _____ _ 

8. Any connnents? _____________ _ 

Filled 'in by ______________ _ 

Title ___________ Date ____ _ 

II; * ---------
(3) Product Entry Form 

1. Name or identification of prodUct (or service)? 

2. Brief description (20 to 40 words)? ___ _ 

3. How is it used? ____________ _ 

4. What is the price range? ________ _ 

----------~.. 5. Under what headings should it be listed? 

6. Your organization's name? _______ _ 

7. Address? ______________ _ 

Filled in by ______________ _ 

Title ___________ Date ____ _ 
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iLECTROltilCEN . INEERSMECHANICAL 
opportunities better t an ever at 

11#7l1li 
$NGINEERING ~SEARCR ,(sSOCIATES DIVISION 

~. 

Advancement 
ERA plans to triple its staff. 

Good Pay from the Start 
Highest salary offer compatible 
with your job qualifications. 

Good Living 
Own a home or rent close to 
work and shopping-on the out
skirts of a city with outstand
ing cultural and educational 
activities-in a vacation land 
of 10,000 lakes. 

The ERA Division 
Is a leader in developing 

Electronic Digital Computers, 
Automatic Data-Handling and 
Control Systems, Mechanisms, 

and Weapons. 

Everything you want in a job 
Stimulating Work Most of our engineers are 
having the time of their lives doing creative re
search and development on important newappli
cations in mechanical and electronic engineering. 
Men work as prQject teams, and each man learns 
all aspects of his project. Pulse circuits, magnetic 
cores, tra,nsistors, printed wiring, miniaturization, 
and precise mechanisms are used in designing 
computers, automatic data-handling and control 
systems, mechanisms, and special weapons. 
Other excellent engineering jobs are available in 
production, testing, specifications, quality con- , 
trol, contract administration, and technical 
writing. 

• Send an outline of your training and experience to Dept. A 2.: 

~NGINEERING ~SEARCH ,?§SO.CIATES DIVISION 

. '. . DlVlSlON OF , t:--' 

SPERRY' RAND' .. 
CORPORATION 1902 W. Minnehaha Ave., St. Paul W4, Minn. 
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COMPUTERS AND AUTOMATION Back Copies 

ARTICLES. ETC .. : April. 1954: Processing Infor
mation Using a Common Machine Language: The 
American iAanagement Association Conference, 
February, 1954 -- Neil Macdo~nld 

The Concept of Thinking -- Elliot L. Gruenberg 
General Purpose Robots -- Lawrence M. Clark 

.Mgy: Ferrite Memory Devices -- Ephraim Gelbar d 
and William Olander 

Flight Simulators -- Alfred Pfanstiehl 
Autonomy and Self Repair for Computers -- Elliot 

L. Gruenberg 
A Glossary of Computer Terminology -- Grace M. 

Hopper 
July: Human Factors in the Design of Electroni c 

Computers -- John Bridgewater 
What is a Computer? -- Neil Macdonald 

September: Computer Failures - Automatic Internal 
Diagnosis (AID) - Neil Macdonald 

The Cost of Programming an d Co d j n g -- C. C. 
Gotlieb 

The Development and Use of Automation by Fo r d 
Motor Co. - News Dept., Ford Motor Co. 

Reciprocals -- A~ D. Booth 
October: Flight Simulators: 'A Nav Field -- Alfred 

Pfanstiehl 
Robots I Have Known -- Isaac Asimov 
The Capacity of Computers Not to Think - Irving 

Rosenthal, John H. Troll 
November: Computers in Great Britain - Stanle y 

Gill 
Analog Computers and Their Application to Heat 

Transfer and Fluid Flow -- Part 1 -- John E. 
Nolan -

All-Transistor Computer -- Neil Macdonald 
December: The Human Relations of Compu te r sand 

Automation -- Fletcher Pratt 
Analog Computers and Their Application to Heat 

Transfer and· Fluid Flow - Part 2 -- John E. 
Nolan 

Economies in Design of Incomplete Selection Cir
cuits with Diode Elements -- Arnold I. Durney 

January. 1955: Statistics and Automatic Computers 
-- Gordon Spenser 

Eastern Joint Computer Conference, Philadelphia, 
Dec. 8-10, 1954 -- Milton Stoller 

The Digital Differential Analyzer -- George F. 
Forbes 

A Small High-Speed Magnetic Drum - M. K. Tay
lor 

An Inside-Out Magnetic Drum - Neil Macdonald 
February: Problems for Students of Computers -

John W. Carr, III 
Recognizing Spoken Sounds by Mea n s of a Com

puter -- Andrew D. Booth 
The Significiance of the New Computer NORC -

W. J. Eckert 
The Finan-Seer -- E. L. Locke 

Approaching Automation in a Casualty Insurance 
Company - CarlO. Orkild 

March: Question - Isaac Asimov 
Computers and Weather Pre d ic t ion - B r u c e 

Gilchrist 
Random Numbers and Their Generation - Gordo n 

Spenser 
Problems Involved in the Application of E 1 e c

tronic Digital Computers to Business Opera
tions - John M. Breen 
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Computers to Make Administrative Decisions? -
Hans Schroeder 

April: Thinking Machines and Human Personality -
Elliot L. Grue.nberg 

Marginal Checking - An Aid in Preventive 
Maintenance of Computers -- J. ~lel vin J one s 

.M.2.v: Reliability in Electronic Data Proces so r s 
-- William B. Elmore 

Numerical Representation in Fixed-PointComp~
ers - Beatrice H. Worsley 

Automation -- A Report to the UAW-CIO Economic 
and Collective Bargaining Conference 

The Skills of the American Labor Force -- James 
P. Mitchell 

Automation Puts Industry on Eve of Fantasti c 
Robot Era -- A. H. Raskin 

The Monkey Wrench - Gordon R. Dickson 
J'.me: THE COMPUTER DIRECTffiY, 1955 (164 pages): 

Part 1: Who's Who in the Computer Field 
Part 2: Roster of Organizations in the Com

puter Field 
Part 3: The Computer Field: Products and 

Services for Sale. 
July: Mathematics, the Schools, and the Oracle 

-- Alston S. Householder 
The Application of Automatic Computing Equip

ment to Savings Bank Operations -- R. Hunt 
Brown . 

The Book Reviet'Jer -- Rose Orente 
Linear Programming and Computers, Part I, -

Chandler Davis 

REFERENCE INFORMATION (in various issues): 

Roster of Organizations in the Fie 1 d 0 f Co m
puters and Automation / Roster of Automat i c 
Computing Services / Roster of Mag a z i n e s 
Related to Computers and Automation / Aut 0-
matic Computers; List / Automatic Computers: 
Estimated Commercial Population / Automat i c 
Computing Machinery: List of Types / Compon
ents of Automatic Computing Machinery: Lis t 
of Types / Products and Services in the 
Computer Field / Who's Who in the Fiel d 0 f 
Computers and Automation / Automation: Lis t 
of Outstanding Examples / Books and Ot her 
Publications / Glossary / Patents 

BACK COPIES: Price, if available, $1.25 each, 
except June, 1955, $6.00. Vol. 1, no.l,Sept, 
1951, t9 vol. 1, no. 3, July, 1952: out of 
print. Vol. 1, no. 4, Oct. 1952: in print. 
Vol. 2, no. 1, Jan. 1953, to vol. 2, no. 9, 
Dec. 1953: in print except March, no. 2, 
and May, no. 4. Vo 1. 3, no. 1, Jan. 1954, to 
vol. 3, no. 10, Dec. 1954: in print. Vol. 
4, 1955: in print. 

A subscription (see rates on page 4) may be spec
ified to begin with the current month's or 
preceding month's issue. 

WRITE TO: Berkeley Enterprises, Inc. 
Publisher of COMPL~ERS AND AUTOMATION 

36 West 11 St., New York 11, N. Y. 



transistor & 
digital computer 

techniques 

APPLIED TO THE DESIGN, DEVELOPMENT 

AND APPLICATION OF 

AUTOMATIC RADAR 

DATA PROCESSING, 

TRANSMISSION AND 

CORRELATION IN LARGE 

GROUND NETWORKS 

Digital computers similar to 
the successful Hughes 

airborne fire control computers are 
being applied by the Ground 
Systems Department to the 
information processing and 

computing functions of 
large ground radar weapons 

control systems. 

The application of digital and tran
sistor techniques to the problems of 
large ground radar networks has cre
ated new positions at all levels in the 
Ground Systems Department. Engi
neers and physicists with experience 
in fields listed, or with exceptional abil
ity, are invited to consider joining us. 

TRANSISTOR CIRCUITS 

DIGITAL COMPUTING NETS 

MAGNETIC DRUM AND CORE MEMORY 

LOGICAL DESIGN 

PROGRAMMING 

VERY HIGH POWER MODULATORS 

AND TRANSMITTERS 

INPUT AND OUTPUT DEVICES 

SPECIAL DISPLAYS 

MICROWAVE CIRCUITS 

Scientific an~Engineering Staff 

Culver City, Los Angeles County, California 
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ENGINEERS 

" Creative 

Opportunities 
lNith /' 

;/" Republic 

Dynamics Engineer 
A broad program involving analytical and 
experimental investigations of the complex 
dynamics problems associated with super
sonic aircraft offers a real opportunity for 
young engineers with ability, You 'will gain 
invaluable experience under competent super
vision to develop a professional background 
in stich areas as servo-mechanisms, analogue 
computers, control system dynamics, non
linear mechanics and hydraulic system anal
ysis. A program of laboratory investigations 
on actual systems in conjunction with ana
lytical work, as well as a coordinated lecture 
program, offers an outstanding environment 
for rapid professional development. A degree 
in ME, AE or Physics with good Math back
ground is preferred. 

Research 

Computer Engineer 
To supervise maintenance and to design spe
cial circuitry for computers. Experience with 
either analogue or digital computers required. 
College graduate preferred. 

Please address complete resume, 
outlining details of 
your technical background, to: 

Assistant Chief Engineer 
Administration 

Mr. R. L. Bortner 

IIEPII6ILIC AI/IATION 
FARMINGDALE, LONG ISLAND, NEW YORK 



ADVERTISING IN :eCOMPUTERS AND AUTOMATION" 

Memorandum from Berkeley Enterprises, Inc. 
Publisher of COMPUTERS AND AlJTO:\1ATION 

36 West 11 St., New York 11, N.Y. 

1. What is "COMPUTERS AND AUTOMATION"? It is 
a monthly magazine containing articles, papers, 
and reference information related to computing 
machinery, 'robots, automatic controllers, cy
bernetics, automation, etc. One importantpiece 
of reference inforJ!lation published is the "Ros
ter of Organizations in the Field of Computers 
and Automation". The basic subscription rate 
is $4.50 a year in the United States. Single 
copies are $1.25, except June, 1955, "The Com
puter Directory" (164 pages, $6.00). For the 
titles of articles and papers in recent issues 
of the magazine, see the "Back Copies" page in 
this issue.· 
2. What is the circulation? The circulation 
includes 1700 subscribers (as of June 20) :..over 
300 purc6ase~~ of individual bac~ ~opies~ and 
an estimated 2000 nonsubscribing readers. The 
logical readers of COMPUTERS AND AUTOMAT ION 
are people concerned wi th the field of computers 
and automation. These include a great number 
of people who will make recommendati 0 n s t 0 

their organizations about purchasing computllg 
machinery, similar machinery, and components, 
and whose decisions may involve very substan
tial figures. The print order for the A~gust 
issue was.2 ,300 copies. The overrun is largely 
held for eventual sale as back copies, and in 
the case of several issues the overr u n has 
been exhausted through such sale. 

3. What type of advertising does COMPUTE R S 
AND AUTOMATION take? The purpose of the mag
azine is to be factual and to the point. For 
this purpose the kind of advertising wanted is 
the kind that answers questions factually. We 
recommend for the audience that we reach, that 
advertising be factual, useful, interesting, 
understandable, and new from issue to issue. 

4. What are the specifications and cos t of 
advertising? COMPUTERS AND AUTOMATION is pub
lished on pages 8~" x 11" (ad size, 7" x 10") 
and produced by photooffset,exceptthat print
ed sheet advertising may be inserted and bound 
in with the magazine in most cases. The clos
ing date for any issue is approxima tely the 
10th of the month preceding. If possible, the 
company advertising should produce final copy. 
For photooffset, the copy should be exa c t 1 y 
as desired, actual size, and assembled, and 
may include typing, writing, 1 in e dra win g, 
printing, screened half tones, and any oth e r 
copy that may be put under the phot 00 f f set 
camera without further preparation. Unscreened 

photographic pri.nts and any other copy requir
ing additional preparation for photo of f set 
should be furnished separately; it will be pre
pared, finished, and charged to the advertiser 
at small additional costs. In the cas e 0 f 
printed inserts, a sufficient quantity for the 
issue should be shipped to our printer, address 
on request. 

Display advertising is sold in units of full 
pages (ad size 7" x 10", basic rate, $170) and 
half pages (basic rate, $90); bCEk cover, $330; 
inside front or back cover, $210. Extra for 
color red (full pages only and only in certain 
positions), 35%. Two-page printed insert (one 
sheet), $290; four-page printed ins e r t (two 
sheets), $530. Classified advertising is sold 
by the word (50 cents a word) with a mini mUm 
of ten words. We reserve the right not to ac
cept advertising that does not meet our stand
ards. 

5. Who are our adve{tisers? Our advertisers 
in recent issues have included the followin g 
companies, 'among others: 

The Austin Co. 
Automatic Electric Co. 
Cambridge Thermionic Corp. 
Federal Telephone and Radio Co. 
Ferranti Electric Co. 
Ferroxcube Corp. of America 
General Ceramics Corp. 
General Electric Co. 
Hughes Research and Development Lab. 
International Business Machines Corp. 
Laboratory for Electronics 
Lockheed Aircraft Corp. 
Logistics Research, Inc. 
Machine Statistics Co. 
Monrobot Corp. 
Norden-Ketay Corp. 
George A. Philbrick Researches, Inc. 
Potter Instrument Co. 
Raytheon Mfg. Co. 
Reeves Instrument Co. 
Remington Rand, Inc. 
Sprague Electric Co. 
Sylvania Electric Products, Inc. 
Telecomputing Corp. 
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Mathematical Analyst Keith Kersery loads 
jet transport flutter problem into one 
of Lockheed's two 701 'so On order: two 
704's to help keep Lockheed in fore
front of numerical analysis and pro
duction control data processing. 

New 701's speed 
Lockheed research in 
numerical analysis 

The first airframe manufacturer to order and receive a 701 digital 

computer, Lockheed has now received a second 701 
to handle a constantly increasing computing w~rk load. 
It gives-Lockheed the largest installation of digital computing 
machines in private industry. 

Most of the work in process is classified. However, two significant 
features to the career-minded Mathematical Analyst are: 1) the 
wide variety of assignments caused by Lockheed's diversification 
and 2) the advanced nature of the work, which consists mainly 
of developing new approaches to aeronautical problems. 

Career Opportunities for Mathematical Analysts 

Lockheed's expanding development program in nuclear energy, 
turbo-prop and jet transports, radar search planes, supersonic aircraft 
and other classified projects hJ~s created a number of openings for 
Mathematical Analysts to work on the 701's. 

Lockheed offers you attractive salaries; generous travel and moving 
allowances; an opportunity to enjoy Southern California life; and an 
extremely wiae range of employee benefits which add approximately 
14% to each engineer's salary in the form of insurance, 
retirement pension, sick leave with pay, etc. 

Those interested are invited to write E. W. Des Lauriers for a brochure 
describing life and work at Lockheed and an application form. 

LOCKH EED AI R C RAFT CO RPO RAT ION 

BURBANK CALIFORNIA 
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ADVERTISIN!G IN,DEX 

The purpose of COMPUTERS AND AUTOMATION is to 
be factual, useful, and understandable. For 
this purpose, the kind of advertising we de
sire to publish is the kind that answers ques
tions, such as: What are your products? What 
are your services? And for each product: WMt 
is it called? What does it do? How well d~ 
it work? What are its main specifications? 
We reserve the right not to accept advertising 
that does not meet our standards. 

Ferroxcube Corp., East Bridge St., Saugerties, 
N. Y. / Magnetic Core Materials / page 37 

Hughes Research and Development Laboratories, 
Culver City, Calif. / Engineers Wanted / 
page 39 

Lockheed Aircraft Corp., Burbank, Calif. / Ca
reer Opportunities / page 41 

Monrobot Corporation, Morris Plains, N. J. / 
Computer Components / page 35 

Remington Rand, Inc., 315 4th Ave., New York 
10, N.Y. / UNIVAC / page 43 Following is the index and a summary of adver

tisements. Each item contains: Name and ad
dress of the advertiser / subject of the adver
tisement / page number where it appears. 

Remington Rand, Inc., ERA D~vision, 1902 West 
Minnehaha Ave., St. Paul, Minn. / Key toyour 
Future Engineers / page 37 

Republ ic .'.\viation Corp., Farmingdale, L. 1., 
N. Y. / Engineers Wanted / page 39 

Sprague Electric Co., 377 Marshall St. North 
Adams, Mass. / Components / page 44 

Bendix Aviation Corp, Research Laborato r i e s 
Div., 4855 4th Ave, Detroit 1, Mich. / Ana
log Computer Engineers / page 32 Sylvania Electric Products, Inc., Missile Sys

tems Laboratory, 151 Needham St., Newton, 
Mass. / Help Wanted / page 5 

Cambridge Thermionic Corp., 447 Concord Ave., 
Cambridge 38, Mass. / The Terminal/page 2 

~:¢------------------- *-------------------~; 

Fraction 

1/3 
1/5 
1/7 
1/9 
1/11 
1/13 
1/15 
1/17 
1/19 
1/21 
1/23 
1/25 
1/27 
1/29 
1/3i 
1/33 
1/35 
1/37 
1/39 
1/41 
1/43 
1/45 
1/47 
1/49 

TABLE 1 

BINARY ARITHMETIC 
(continued from page 33) 

Binary Equivalent 

.01,01, 

.0011,0011, 

.001,001, 

.000111,000111, 

.0001011101,0001011101, 

.000100111011,000100111011, 

.0001,0001, 

.00001111,00001111, 

.000011010111100101,000011010111100101, 

.000011,000011, 

.00001011001,00001011001, 

.00001010001111010111,00001010001111010111, 

.000010010111101101,000010010111101101, 

.0000100011010011110111001011, etc. 

.00001,00001, 

.0000011111,0000011111, 

.000001110101,000001110101, 

.000001101110101100111110010001010011, etc. 

.000001101001,000001101001, 

.00000110001111100111,00000110001111100111, 

.00000101111101,00000101111101, 

.000001011011,000001011011, 

.00000101011100100110001,00000101011100100110001, 

.000001010011100101111,000001010011100101111, 

(Note: The commas divide up the repeating period o~ these numbers). 

- END -
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Novv ... Univac Tells Itself What To Do! 

Univac no longer asks for the detailed 
instruction codes required by other com
puters. Univac now automatically produces 
complex coded routines when given a 
simple instruction. 
• This truly remarkable new Remington 

Rand development cuts months from pro
gramming time ... is easily adaptable to your 
individual requirements. 
If you would like more information 
about Univac automatic programming, 
write to the address below for EL264. 

ELECTRONIC COMPUTER DEPARTMENT ~ ~ ROOM 1818, 315 FOURTH AVE., NEW YORK la, N. Y. 
DIVISION OF SPERRY RAND CORpORATION 
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HERE'S THE IDEAL TOOL FOR 

ENGINEERING DEVELOPMENT 

OF CIRCUITS USING 

PULSE TRANSFORMERS 

CHARACTERISTICS OF KIT TRANSFORMERS 

Type Induct. Dis!. Cap. Max. Nom. Avail. 
Pri . leakage of Pri. P.W. Range Ratios. 

(.H) (.H) ( •• F) (.sec) 

4111 0.5 2.5 5 0.5 1:1 
4.0 2:1 
4.5 3:1 
7.0 5:1 

4113 5.0 13 15 6 1:1 
15 2:1 
25 3:1 
30 5:1 

20ll 10 20 12 12 1:1 
40 8:1 

1:1:1 
8:8:1 

2018 20 50 15 25 same as 
150 20ll 

2019 50 150 20 50 ameas 
210 20ll 

Sprague on request will provide 
you with complete application 
engineering service for optimum 
results in the use of pulse 
transformers . 

Sprague's new Type 100Z1 Pulse Transformer Kit 
contains five multiple winding transformers, each 
chosen for its wide range of practical application. 
Complete technical data on each of the trans
formers is included in the instruction card in each 
kit so that the circuit designer may readily select 
the required windings to give transformer 
characteristics best suited for his applications ... 
whether it be push-pull driver, blocking oscillator, 
pulse gatirig , pulse amplifier, or impedance match
ing. The electrical characteristics of the transform
ers in the kit have been designed so that they 
may be matched by standard Sprague subminiature 
hermetically-sealed pulse transformers shown in 
engineering bulletin 5028. 

For complete information on this kit, as well as 
the extensive line of Sprague pulse transformers, 
wri te to the Technical Li tera ture Sec tion, Sprague 
Electric Company, 377 Marshall Street, North 
Adams, Massachusetts. 

-

SPRAGUE the mark of reliability 


