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Digital Computer Laboratory 
Massachusetts Institute of Technology 

Cambridge 39» Massachusetts 

SUBJECT: BIWEEKLY REPORT, JANUARY 24. 1954 

To: Jay W. Forrester 

From: Scientific and Engineering Computation Group 

1. MATHEMATICS. CODING. AND APPLICATIONS 

1.1 Introduction 

During the period cohered by this report 292 coded programs were run on 
the time allocated to the Scientific and Engineering Computation (S&EC) Group. 
These programs represent part of the work that has been carried on in 26 of 
the problems that have been accepted by the S&EC Group. Progress on 16 of 
these problems is given below in terms of programming hours, minutes of com­
puter time, and progress reports as submitted by the programmers in question. 

Tests have continued on the revisions to be introduced into the Comprehen­
sive System of Service Routines. In addition a study has been carried out on 
the actual time required for the evaluation of instructions using the CS now 
in effect, the "new" CS, and WWI itself. These developments are discussed un­
der problem #100. 

Two new problems were initiated during this period. Problem #159 is con­
cerned with the optimum response of an ideal, third-order relay servomechanism 
to a reference input. This problem was programmed and successfully completed 
by D. Combelic in cooperation with J. W. Stearns Jr. of the MIT E.E. Depart­
ment. Problem #160 is concerned with the aevelopment of a routine for effect­
ing a similarity transformation of a square matrix. This work is being carried 
out by Dr. A. Heckler of the Solid State and Molecular Theory Group. 

The Seminar on Computing Machine Methods met on 12 January. Dr. Per-Olav 
Lowdin of the University of Uppsala spoke on "Some Aspects of the Numerical 
Integration of Ordinary Differential Equations." 

On 15 January, J. M. Frankovich of the Digital Computer Laboratory Staff 
spoke at the seminar on advanced programming techniques for Whirlwind I. 
Frankovich deserib d and answered questions about some of the revisions to be 
introduced into the conversion program for the Comprehensive System. 
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1.2 Programs and Computer O p e r a t i o n 

The f o l l o w i n g summary I s I n c l u d e d as a g u i d e f o r i n t e r p r e t i n g 
t h e a b b r e v i a t i o n s used be low. A more d e t a i l e d d e s c r i p t i o n of t h e 
t e r m s i n v o l v e d can be found i n M-2497. 

a . The uppe r c a s e l e t t e r f o l 1 owing t h e problem number has t h e 
f o l l o w i n g s i g n i f i c a n c e : 
A i m p l i e s t h e problem 1s NOT f o r academic c r e d i t , i s 

HiJsponsored. 
B i m p l i e s t h e p rob lem i s f o r academic c r e d i t , i s ^ s p o n s o r e d . 
C i m p l i e s t h e p rob lem i s NOT f o r academic c r e d i t , IS 

s p o n s o r e d . 
D i m p l i e s t h e problem 1s f o r academic c r e d i t , J_S_ s p o n s o r e d . 

The absence of a l e t t e r i n d i c a t e s t h a t H i s an i n t e r n a l S*EC 
prob lem. 

b . DIC d e n o t e s t h e D i v i s i o n of I n d u s t r i a l C o o p e r a t i o n . 
DCL d e n o t e s t h e D i g i t a l Computer L a b o r a t o r y . 
CMMC d e n o t e s t h e Committee on Machine Methods of Computation. 
DDL d e n o t e s t h e D i v i s i o n of Defense L a b o r a t o r i e s . 

100 . Comprehensive System of S e r v i c e R o u t i n e s , deve loped by t h e S«»-EC 
Group a t t h e D i g i t a l Computer L a b o r a t o r y f o r t h e i n p u t c o n ­
v e r s i o n of s u i t a b l y p r e p a r e d punched p a p e r t a p e s . When 
so r e q u e s t e d , t h e s e r o u t i n e s a u t o m a t i c a l l y p r o v i d e a 
program wi th s u i t a b l e programmed a r i t h m e t i c , c y c l e - c o u n t i n g , 
and o u t p u t f a c i l i t i e s . 

:DCL S t a f f : Arden, 42 hours; Best, 51 hours; Combelic, 39.5 hours; 
Demur.jian, 42.5 hours; Denman, 26 hours; Frankovich, 30 hours; Helwig, 
53 hours; Kopley, 43,5 hours; Porter, k hours; Siegel, 35 hours; 
WWI, 939 minutes 

Testing and modification of the new CS and the input program are 
continuing. 

The input program has been modified so tha t i t can search for numbered 
blocks on uni t 0. The new CS and several u t i l i t y programs have been recorded 
on unit zero with appropriate t aps . An entry point has been provided in the 
input program which records a stop character on uni t 3 and then restores magne­
t i c core storage to i t s original contents 

Helwig 

All modifications now incorporated in CS mod 2, the new version of CS 
bein; prepared for March 15, appear

 lo be working satisfactorily. Work on 
an additional set of changes is now being begun. These will include a scheme 
for storing blocks of a pro-ram where desired on the drum but with relative 
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and floating addresses corresponding, to the position these blocks will oc­
cupy in magnetic-core memory. Another major change will enable CS to per­
form a "direct" read-in of a program into storage using only Flexo tapes as 
well as the present indirect read-in which involves producing a 556 tape. 

Frankovich 

A program that sum checks an arbitrary range on the auxiliary magnetic 
drum has been written and checked. 

A section of the proposed automatic post-mortem program has been written 
and is being tested. 

Arden 

A Guide to CS Coding has been completed and is being circulated within 
the S&EC Group. It will be kept up to date so that by the March 15th dead­
line it will be ready for general distribution. 

An evaluation of the execution time for CS instructions indicates that 
the present CS is about 45-^8 times slower than VWI and that the revised CS 
is about UQ-kJ times slower than WWI. 

Scope Output blocks (SOA, iSOA) are being written with the assumption 
that by March 15 the character generator will be operating satisfactorily 
and the sco;.e three-way switch will be available. Position 1 will permit the 
present calibration scheme, position 2 will have the scope calibrated for the 
character generator, and postion 3 will have the scope calibrated for point-
wise generation. 

Kopley 

The operation times for all the WWI instructions except b_i and .bo have been 
both calculated and measured (using the real time clock). These results 
will soon be published in a Memo. 

Denman 

The resul ts from previously mentioned programs to measure the Ferrant i 
reader ' s character is t ics are beinr used to write a program which can be used 
by computer operators to check the reader. 

Testg on the new Programmed Arithmetic routines are continuing to be 
made as they are suggested. 

Best 

A program has been written which will produce, from any number of 556 
tapes, a single 556 tape3which is of the shortest lengthjto be both equiva­
lent to the originals when read into WWI and easily read manually. The new 
tape refers only to those registers referred to by the originals and contains 
no redundancies; i.e., it refers to no register more than once. Any unneeded 
sections of the original tapes may be kept from appearing in the revised 
version by use of the manual intervention registers. 

This program will be used to generate the versions of service and utility 
prorrams which will be recorded on magnetic tape, thereby minimizing the 
amount of magnetic tape required. 

Siegel 
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106 C. MIT Se i smic P r o j e c t I s conce rned wi th t h e deve lopment of 
methods f o r l o c a t i n g deep r e f l e c t i o n s from unde rg round 

s t r a t a In s e i s m i c p r o s p e c t i n g . The b a s i c method i s one 
of p r e d i c t i o n by means of an optimum l i n e a r o p e r a t o r . 

: f o r P r o f e s s o r P.M. Hur l ey , Geology and G e o p h y s i c s ; 
P r o f e s s o r G. Wadsworth, Mathemat ics Depar tment 

:by E.A. Robinson (Res . Assoc . ) ;Briscoe, 36 hours; Simpson,30 
hours; Walsh, 25 hours 
:DCL: WWT, 26? minutes 

During the past two weeks the group has been primarily preparing for 
f a i r l y extensive computation. One aspect of t h i s has been the use of a checking 
program to determine if the group's long combined data tapes have been properly 
prepared and converted. In th i s manner errors wers discovjereji on about 9 out 
of 70 tapes. Although these have not been completely studied the main trouble 
has been the misassignment of data by basic conversion. Most of the d i f f i cu l t i e s 
have" been corrected, but other checking programs are being wr i t ten to ver i fy 
the preparation of other; tapes of- the group. 

Some computation has been done involving the formation of 12 matrices 
and the prediction of 10 seismic t races . 

113 C. A S t r e s s A n a l y s i s of an L-shaped Homogenous P l a n a r S t r u c t u r e 
i s b e i n g made f o r t h e case of a c o n c e n t r a t e d s t a t i c l o a d . 
Th i s s t r u c t u r e I s app rox ima ted by a framework of b a r s 
which w i l l deform in t h e same manner a s t h e p r o t y p e . This 
framework i s t h e n a n a l y z e d u s i n g t h e p r i n c i p l e s of v i r t u a l 
work and Southwei1 r e l a x a t i o n t e c h n i q u e s . Boundary con­
d i t i o n s have been s p e c i f i e d f o r t he edge of t h e framework 
so t h a t t h e d e f o r m a t i o n s of t h e model w i l l conform t o t h e 
a c t u a l d e f o r m a t i o n s of t h e s t r u c t u r e . 

: f o r P r o f e s s o r J . S . A r c h e r , Depar tment of C i v i l and S a n i t a r y 
E n g i n e e r i n g 

:by S. Sydney (Res . A s s i s t . CMMC) , 60 hours 
:DCL: WWI.158 minutes 

Two production runs were made for new loading conditions on the p l a t e . 
A program was wri t ten and tested for calculating deflections of points along 
the edges of the p l a t e . Another program has been written for checking the 
s t a t i c equilibrium of the plate af ter the forces in the p la te have been com­
puted for a condition of e l a s t i c compatibil i ty. The compatibility re la t ion­
ships should not affect the conditions of s t a t i c equilibrium. 
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116 C. Torpedo Impulse Response i s t o be d e t e r m i n e d by s o l v i n g 
t h e c o n v o l u t i o n i n t e g r a l e q u a t i o n . An a p p r o x i m a t i o n 
f o r t h e impulse r e s p o n s e i s convolved w i t h t h e known 
i n p u t d a t a . The c a l c u l a t e d o u t p u t i s compared w i t h 
t h e measured o u t p u t r e s p o n s e t o o b t a i n a new a p p r o x i ­
ma t ion f o r t h e d e s i r e d impu l se r e s p o n s e . 

: f o r P rof . G. C. Newton J r . , E l e c t r i c a l E n g i n e e r i n g 
tby R. Kramer (DIC),l hour; Hamilton, 20 hours 
: DCL: WWI, 33 minutes 

Only one of the four runs attempted during th is biweekly period gave 
sat isfactory r e s u l t s . One of +he runs was unsuccessful due to a tape room 
error and two others failed because of errors in input data. 

We are now analyzing the resu l t s from th i s and the previous Fourier 
Transform runs. This analysis wi l l determine whether further convolution 
and transform runs wi l l be made on WWI. 

126 C. A Data Reduc t ion Program f o r u s e In t h e Servomecbanisms 
L a b o r a t o r y i s b e i n g deve loped i n s e p a r a t e s t a g e s t o be 
combined a t a l a t e r d a t e . The f i r s t s t a g e i s concerned 
w i t h d e v i s i n g a program t o f i t p o l y n o m i a l s t o a r b i t r a r y 
e m p i r i c a l f u n c t i o n s u s i n g a l e a s t squared e r r o r c r i t e r i o n . 
The p r o c e d u r e makes use of Legendre p o l y n o m i a l s and m a t r i x 
m u l t i p l i c a t i o n . 

: f o r J . E . Ward, Servomechanisms L a b o r a t o r y , DIC No. 7 1 3 8 , 
AF33(616)2038 

tby D.T. Ross (DIC), 25 hours; Turyn, 40 hours; Hamilton, 40 hours 
:DCL: WWI, 143 minutes 

Tests of the Polynomial F i t program with the revised CS are in progress. 
So far the resu l t s are inconclusive. 

The Mistake Diagnosis Routine Report i s available and wil l be dis t r ibuted 
t o a l l in teres ted . 

Part I of the Data Reduction prorram i s operating correct ly; testing of 
the r e s t wi l l commence soon. 

The punch-out subroutine in the post-mortem i s working correct ly . A 
special subroutine wil l be used to read in the post-mortem automatically; 
th i s wi l l provide in effect a 30-register (24,6) print-out and punch-out 
subroutine and, i t is hoped, end tape-room confusion about the special read-
in procedure necessary for the post-mortem. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



M-265^ page 6 

1 3 1 . The T r a i n i n g of New P e r s o n n e l , Tours and D e m o n s t r a t i o n s 
a r e among t h o s e a c t i v i t i e s i n c l u d e d In t h i s p rob lem. 
G e n e r a l l y s p e a k i n g , any approved s t a f f problem r e l a t i n g 
t o t r a i n i n g a n d / o r d e m o n s t r a t i o n s i s c o n s i d e r e d t o be 
1n t h i s c a t e g o r y . 

:DCL S t a f f : Kopley, 6 hours; WWI, 106 minutes 

The Digi ta l Computer Laboratory was host to 70 members of the American 
Society of Heating and Ventilating Engineers during the evening of January 19. 
The evening's program consisted of an after-dinner lecture on d ig i t a l compu­
t e r s a t the MIT Faculty oiub, and then a ' t ou r of the WWI ins t a l l a t ion with 
demonstrations of several programs on WWI and a demonstration of the 
Flexowriter equipment. 

13^ C. Numerical D l a g o n a l l z a t i o n P r o c e d u r e . T h i s program computes 
t h e e i g e n v a l u e s and e i g e n v e c t o r s of a symmetr ic m a t r i x 
by a method of s u c c e s s i v e r o t a t i o n s . The program i s 
a v a i l a b l e f o r u s e in any prob lem in which t h i s c a l c u l a t i o n 
i s r e q u i r e d . 

: f o r P r o f e s s o r J . C . S l a t e r , P h y s i c s Depar tment 
:by A. Meckler (DIC) .5 hour 
:DCL: WWI, hZ minutes 

Various discrepancies in the transcription into subroutine form were 
found and corrected. However, trou -le still exists with the full secular 
equation routine, the one designed for production runs. The difficulty is 
still to be isolated and eliminated. 

138 B. Spheroidal Wave Functions are solutions of the scalar 
Helmho1tz equation separated 1n spheroidal coordinates. 
A program has been developed for tabulating both the 
coefficients obtained by expanding the angular solutions 
of the first kind in associated Legendre functions and 
the coefficients obtained by expanding the radial 
solufons of the first kind 1n spherical Bessel functions. 
By analytically substituting these expansions in the 
separated ordinary differential equations, 3-term re­
cursion relations are obtained for the coefficients, 
and the radial and angular coefficients are found to be 
simply related. Both sets of coefficients are then 
determined by applying an Iterative procedure to a con­
tinued fraction equation derived from one of the 3-term 
recursion relations. The iteration proceeds until a 
value of the unknown separation constant of the differ­
ential equation which appears in the continued fraction 
is found such that it makes the coefficients compatible 
with their boundary conditions. 
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: f o r P r o f e s s o r P.M. Morse, P h y s i c s Depar tment 
:bv F . J . Corbato ' (Res . A s s i s t . CMMC), 100 hours; L i t t l e , 

50 hours 
:DCL: WWI, 459 minutes 

Fifty-two runs were completed th i s period bringing the t o t a l to (A out 
of an eventual 80. 

140 . Summer S e s s i o n System c o n s i s t s of a c o n v e r s i o n p rog ram, an 
i n t e r p r e t i v e r o u t i n e , and m i s t a k e d i a g n o s t i c r o u t i n e s 
s t o r e d i n WWI. A s p e c i a l mnemonic i n s t r u c t i o n code has 
been deve loped f o r use w i t h t h i s sys tem t h u s s i m u l a t i n g 
a computer w i t h c h a r a c t e r i s t i c s q u i t e d i f f e r e n t from t h o s e 
of WWI. Th i s Summer S e s s i o n (SS) computer was deve loped 
f o r t h e use of s t u d e n t s p a r t i c i p a t i n g in t h e MIT 1953 sum­
mer s e s s i o n c o u r s e on D i g i t a l Computers and T h e i r A p p l i c a ­
t i o n s . The SS computer i s b e i n g used by t h e E . E . D e p a r t ­
ment c o u r s e s 6 .535 and 6 . ? 5 and i s a v a i l a b l e t o programmers 
w i t h s u i t a b l e p r o b l e m s . 

:DCL S t a f f : Combelic, 8 hours; Siegel, 35 hours; WWI, 105 minutes 

The modification of the fourth pass of the SS conversion program to 
detect cycle-count instruct ions without a required counter l e t t e r has been 
completed and tes ted . This feature wil l not be placed in operation, however, 
un t i l the rewriting of the conversion post-mortem i s complete, because the 
existing post-mortem program makes no provision for th i s mistake. 

Test of the new conversion post-mortem, which detects more than one tape 
error , have shown that the SS conversion program is not direct ly compatible 
with the new post-mortem. Although a l l mistakes are detected, the indication 
of the i r location in the program is incorrect . The method for finding this 
location wil l be revised, and further t e s t s will be made. 

1 4 1 . S»»-EC S u b r o u t i n e Study has been u n d e r t a k e n f o r t h e f i n a l 
t e s t i n g of s u b r o u t i n e s s e l e c t e d f o r i n c o r p o r a t i o n 
i n t o t h e L i b r a r y of S u b r o u t i n e s . Although v e r y l i t t l e 
e f f o r t i s g o i n g i n t o t h e s p e c i f i c development of s u b ­
r o u t i n e s , programs t h a t have been w r i t t e n f o r o t h e r S*EC 
problems and seem t o be of g e n e r a l u s e wi"ll be s u i t a b l y 
modi f ied f o r t h e S*-EC L i b r a r y . 

:DCL S t a f f : Best, 16 hours; Penman, 26 hours; WWI, 10 minutes 

Two square root subroutines have been wri t ten, u t i l i z ing i terate: : New­
ton 's method. Both of these should be fas ter on the average than the present 
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Library square root subroutine. One of these is 6 registers shorter than 
the present Library subroutine but goes through a fixed cycle of 4 itera­
tions without checking the result. The final result, however, has +he same 
accuracy as the present subroutine. The other is two registers longer, but 
uses an improved check for convergence after going through one iteration 
without checking. 

Denman 

A (30-J»j) exponential routine i s being developed. Best 

147 C. Energy Bands In C r y s t a l s a r e b e i n g s t u d i e d by f i n d i n g 
s o l u t i o n s of t h e c o r r e s p o n d i n g second o r d e r l i n e a r d i f f ­
e r e n t i a l e q u a t i o n s a t i s f y i n g boundary c o n d i t i o n s a t t h e 
o r i g i n . The s o l u t i o n s a r e found a p p r o x i m a t e l y by u s i n g 
t h e G a u s s - J a c k s o n formula f o r forward i n t e g r a t i o n . The 
s o l u t i o n s and t h e i r f i r s t d e r i v a t i v e s a r e t o be combined 
i n a sum, t h e w e i g h t i n g f a c t o r s b e i n g f u n c t i o n s of an 
i n d e p e n d e n t p a r a m e t e r . 

: f o r P r o f e s s o r J . C . S l a t e r , P h y s i c s D e p a r t m e n t , DIC No. 68^3 
:by Dr. D . J . Howarth (DIC),48 hours 
:DCL: Arden,8 hours; WWI, 594 minutes 

After some d i f f i cu l t trouble shooting, the l a s t errors in the prorram 
have been eliminated, and a f ina l production version of the program has been 
wri t ten and i s undergoing t e s t i ng . This wi l l be the program to >->e used in 
any further application of th i s work to other metals. 

Thanks to the al locat ion of a large amount of computer time to th is 
problem, production work has progressed a t an unexpectedly fas t rate and 
the work usinr the par t icular potential considered to represent metallic 
copper if. very near completion. The root finding technique has proved 
successful in substantiaMy reducing the output required without appreciably 
a l t e r ing the amount of computer time involved; the resu l t s continue to show 
an encouraging agreement with theoret ical predict ions. 

15^ D. D i f f u s i o n in an Oxide-Coated Cathode I s a program t o c a l ­
c u l a t e t he e f f e c t s of combined the rmal and e l e c t r o l y t i c 
d i f f u s i o n t h a t o c c u r i n an o x i d e - c o a t e d c a t h o d e when 
c u r r e n t I s caused to flow t h r o u g h t h e c a t h o d e . 

: f o r W.B. No t t i ngham, P h y s i c s D e p a r t m e n t , DIC No. 6345 
:by H.B. F r o s t (Res . A s s i s t . E .E . D e p t . ) . 3 hours 
;DCL: WWT, 103 minutes 

Sl ight modifications have been nade in the prograi to increase the 
u t i l i t y of the output information. Two addit ional parameters have been run 
t o f i l l gaps in previous da ta . 
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153 C. Gust Response of a Flexible Swept-Wing Airplane Is to be 
determined for various values of wing loading functions, 
aircraft configuration and dynamic condition parameters, 
as input data, giving dynamic output data determining 
the effect of wing flexibility on gust response. The 
solution involves the calculation of forcing functions 
and the evaluation of Duhamel Integrals by numerical 
methods. Approximately 120 pairs of linear Integro-
differentlal equations are to be solved. 

:for Professor T.H.H. Plan, Aeronautical Engineering Department 
DIC No. 6691 
:by K. Foss (DIC) , 80 hours; Sternlir:ht. 24 hours 
:DCL: WWI, 38 minutes 

Instead of storing intermediate resul ts on the magnetic drum, these resul ts 
wi l l be punched in 556 form on paper tape. This 556 tape wil l then be read in 
l a t e r as needed. 

The program for calculating the h-function has been corrected and further 
t e s t s wil l be carried out. The program for calculating the I-function has 
been working sa t i s fac to r i ly giving resul ts to four significant f igures. 

I t is hoped that during the next biweekly period complete solutions for 
the gust response may be obtained for various values of the airplane confi­
guration parameters. 

155 B^ S y n o p t i c C l i m a t o l o g y . A m u l t i p l e r e g r e s s i o n fo rmula i s 
used t o p r e d i c t t e m p e r a t u r e s from p r e s s u r e d i s t r i b u t i o n s 
d e s c r i b e d by Tschebycheff p o l y n o m i a l s . The m a t r i x of 
s c a l a r p r o d u c t s which I s used i n t h e c a l c u l a t i o n of t h e 
c o e f f i c i e n t s of t h e m u l t i p l e - r e g r e s s i o n sys tem i s b e i n g 
c a l c u l a t e d on WWI. 

: f o r P r o f e s s o r T . F . Mai one , Meteoro logy Department 
:by R. M i l l e r (DIC), 25 hours 
:DCL: Arden, k hours; Demuriian, 1 hour; Porter, 7 hours; WWI, 99 min. 

An objective method lor describing the pressure pattern of a daily 
weather map has been devised. This description i s accomplished by means of 
fourteen numbers which are standardized coefficients of orthoronal polyno­
mials. To obtain a suff icient ly large sample of daily weather mans described 
in this fashion for climatological purposes, a rather large calculat ional 
problem i s involved. 

A program has been developed for Whirlwind that wi l l calculate these 
fourteen numbers and punch them out direct ly in a form sui table for l a te r 
processim . At present the program i s in operational form anJ par ^letsr 
tapes are bein- punched. 
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158 B. Relay Servo Response considers the optimum response of 
an Ideal, third-order relay servomechanism to the 
reference input 

° i = A k + V + H t 2 

The system error and its derivatives must be brought 
to zero from their Initial values ( A , W , ando^) 
with no overshoot in the minimum time, tc. To Jo 
this, two reversals of the manipulated variable input 

ty . 9 , a r e r e q u i r e d a t t i m e s , t x and 
f o r J . W. S t e a r n s J r . , Servomechanisms L a b o r a t o r y 
by J . W. S t e a r n s J r . 
DCL Staff: Combelic. 5.5 hours; Porter , 3 hours; WWT, 142 minutes 

The c r i t i c a l times ( t , t , and t n ) are related by the equations 

(1) (i+g)ty • 2ty -/51 + J [d-g)tx -p] 2 - (i+g)[^- * (i-g)/^2 

(2) (l=g)t0 = 2(t -tx) +($! 

where 

at 
(1-g) e ° = 

W.a 
& = 

' * efm 

_(Xka 

c< 0 - cx k a t 

6fm 

Gfm 

6fm 

at 
• e ) 

fm 

and 9„ and a are parameters of the system. The quantities to be found are 

the critical times as functions of the other parameters. 

The method used was to find numerical values for the critical times for 

several different values of each of the k parameters A«, W..CX and 0{ which 

specify the initial error, and for each of the 2 system parameter?, a and 0 f . 

Calculations on the Whirlwind Computer was made for about 250 sets of parameters. 

From these results an expression was derived for the critical times as a function 

of 6 parameters. 
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Hand calculations of 6-figure accuracy required about 30 minutes per set 

of parameters. 

The procedure was to assume a value of t , solve equations (1) and (2 ) , 

and subs t i tu te values into equation (3)» The amount by which the two sides 

of (3) fa i led to agree was used as a basis for estimating the next t r i a l value 

of t . This was continued for a given se t of parameters un t i l a l l three 

equations were sa t i s f i ed . 

The r e su l t s of the calculations have been included as part of a thesis 

en t i t l ed "Phase-space Considerations in Performance of Relay Servo-mechanisms". 

The thes is has been submitted by John Wesley Stearns, J r . , to the MIT Department 

of E lec t r ica l Engineering in pa r t i a l fulfillment of the requirements for the 

degree of master of science. 

160 C. S i m i l a r i t y T r a n s f o r m a t i o n of a M a t r i x d e s i r e s t o d e ­
v e l o p a r o u t i n e t o peform a s i m i l a r i t y t r a n s f o r m a ­
t i o n of a s q u a r e m a t r i x ; s y m b o l i c a l l y , to f i nd UAU*" 
where A I s an n x n m a t r i x , U i s m x n , and U*ls 
t h e t r a n s p o s e of U. The Inpu t c o n s i s t s of U and A 
and t h e o u t p u t I s UAU* d i s p l a y e d on t h e s c o p e . 

: f o r Dr. A. Meckler (DDL) P h y s i c s Dep t . 
:by Dr. A. Meckler. 2 hours 
:DCL: WWI, 31 minutes 

The purpose of this problem is to develop a program that will 
effedt a similarity transformation of an arbitrary matrix (order less than 
or equal to 30)• The program is a simple extension of .latrix multiplication 
developed under problem #157• The program is designed for production runs; 
that is, the main program is assigned to a fixed postion in Magnetic Core 
Storage and uses nc preset parameters which may be a function of the order 
cf the matrix to be handled. Thus, it can be converted once and for all. 
The matrices are put on a separate tape and many can be put on one tape. 
After a pair of matrices (the one to be transformed and the one which trans­
forms) is read in, control is transferred to the main program which is in 
MCS and the main program tr.nsfers control to the read-in program after cor.-
pleting the transformation and display of results. The next pair of matrices 
is read in an.-! so on. 

Similarity transformations occur frequently in the matrix formalisms 
used in the theory of molecular structure. In particular, it is possible to 
express the transformations of electronic interaction integrals evaluated on 
a basis of one type of electronic wave function to a '\asis of some other 
type of electronic wave function by means of a similarity transformation. 
Dr. McWeeny, who is associated with the MIT Solid State and Molecular Theory 
Group, will O N this progrpTt to re<-express a set of electronic interaction 
integrals. 
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Some d i f f i c u l t y has been encountered on the read ing- in of the m a t r i c e s . 
I t i s planned to l o c a t e and c o r r e c t t h i s d i f f i c u l t y . 

. u t i o n o f WW I t i m e 

53 hours , 
12 hours , 

1 hour , 
69 hours, 
83 hours , 
83.52 
292 

53 minuter 
03 minutes 
22 minutes 
32 minutes 
35 minutes 
U6 minutes 
11 minutes 
06 minutes 

1 .3 O p e r a t i n g S t a t i s t i c s 

1.31 Computer Time 

The following indicates the di. 
allocated to the S<HSC Group , 

Programs 
Conversion 
Magnetic Drum Test 
Magnetic Tape Test 
Scope Calibration 
Demonstrations (#131) 

Total Time Used 
Total Time Assigned 
Usable Time, Percentage 
Number of Programs 

1.32 Program Time Distribution 

The following table attempts to show how the WWI time ex­
pended on Srf-EC programs was distributed with respect to machine 
runs that gave meaningful results (productive computer time) and 
runs that gave unsatisfactory results ( lost computer time). 
Productive computer time is subdivided to Indicate the time Involved 
in actual computations as contrasted w'th the time expended getting 
information out of WWI. Computer time lost 1s subdivided to show 
the portion of t'me lost due to errors 1n the programmer s form-
ulatlon of his problem (logical errors); due to errors 1n the pro­
grammer's use of the WWI code, CS Conventions, etc. (technical 
errors); due to tape preparation errors; due to errors by the S*EC 
computer operators in running the program; due to malfunctioning 
of terminal equipment; and finally due to miscellaneous causes. 

These times are determined as percentages of the time listed 
above in section 1.31 for programs. The times used in computing 
these figures are extracted from the biweekly report forms submitted 
by the various programmers who have used S*-EC allocated WWI time. 
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1. Product ive Computer Time 
Computation 60.80 
Output 11.5S* 

2. Computer Time Lost Due to Programmers Errors 
Technical 11.70 
Logical 4.30 

3. Computer Time Lost Due to Other Difficulties 
Tape Preparation 1.70 
Operator's Errors 1.00 
Terminal Equipment Malfunction 8..60 
Miscellaneous .40 

1.33 Tape Preparation (M. Mackey) 

An attempt is being made to obtain some idea of the time 
expended in the preparation of tapes. During the past biweekly 
period a check was made on the tapes processed. 

Due to the variations in procedures involved we have dis­
tinguished among original complete tapes and the following three 
types: typed modifications - changes of lj or more registers which 
must be typed, converted, then attached to the main program or 
changes which must be made in the body of a Flexowriter tape; 
manual modifications - changes punched directly in 556 form and 
attached to a converted tape; combined tapes - which require dup­
lication of two or more complete tapes. 

The following Information was compiled: 
Complete Typed Manual Combined 
Tares Mods Mods Iape_s 

No. of Tapes 85 65 30 10 

No. of Registers 15340 1081 56 

Time Consumed 69 hrs.59 min. 30 hrs.29 min. 2 hrs.46 min. 3hrs.34 nin. 

Thus, it may be seen that the average ""ength of an original complete 
tape is 180.5 registers requiring 49.tati nutes to prepare. A typed 
modification averages 16.6registers in length and requires 28.1 mlnutes 
to prepare while Manual Modifications average 1.87registers and 
require 5.5 minutes for preparation. 
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» 

2 . COMPUTER ENGINEERING 

2 .1 WWI Systems Operation 

2.11 Core Memory (L.L.Holmes, A.J .Rober ts ) 
To provide p r o t e c t i o n for the c r y s t a l s in the Core-Memory mat r ices , we a re 

i n s t a l l i n g 60-ma fuses i n the memory-address-regis ter cathode-fol lower output 
l i n e s . The panels a re now being b u i l t and w i l l be i n s t a l l e d on Monday, January 25 . 

A permanent p o s t - w r i t e - d i s t u r b system was i n s t a l l e d on Saturday, 9 January . 
The new system uses a cathode fo l lower , two ga te - tube b u f f e r s , and two f l i p - f l o p 
p l u g - i n u n i t s . The change r e su l t ed i n improvement of the Bank A margins while the 
Bank B margins remained good. 

We hove completed t h e modif icxt ion of the s e l e c t i o n - p l a n e - d r i v e r con t ro l 
swi t ches . The changes improved margins for both banks. 

Work i s being continued on the p a r i t y r e g i s t e r s . D i g i t s 0-9, i n c l u s i v e , 
now have d-c coupled u n i t s . 

The PIU d i g i t - p l a n e d r ive r s a r e being modified to provide one more margina l -
checking c i r c u i t . 

| 2.12 Magnetic Tape (E.P.Farnsworth) 

The proposed "magnet ic- tape p r i n t - o u t recording e r r o r alarm" c i r c u i t i s 
complete in breadboard and tes t -equipment form and i s ready t o be t i e d i n t o the 
delayed-output system. The f i n a l modif ica t ion w i l l r equ i r e the add i t ion of one 
tube and r e l ay t o t h e FL r e g i s t e r and the s u b s t i t u t i o n of two GT-GT and one 
FF PIU for the t h r e e GT-BA's in the index pulse counter . 

The "magnet ic- tape l i m i t alarm and i nd i ca to r s " panel i s under c o n s t r u c t i o n . 
This panel w i l l permit rewinding u n i t 0 for the console, as we l l as i n d i c a t i n g 
which u n i t s a r e rewound and giving an audib le s i g n a l whenever a un i t encounters 
a l i m i t mark. 

Some l i m i t a t i o n on the proposed use of u n i t 2 for p r i n t - o u t appears d e s i r a b l e 
t o encourage the use of scope-camera output , d i s t r i b u t e a reasonable p r i n t - o u t 
l oad , and provide ope ra t iona l convenience and re se rve output capaci ty , r a t h e r 
than encourage excess ive use of F l e x o p r i n t i n g . The des i red e f fec t might be 
achieved by ( a ) r e s t r i c t i n g long p r i n t - o u t s t o u n i t 2, (b) l o c a t i n g the second 
F lexowr i te r i n the tape room ( thus permi t t ing long runs t o be pr in ted out only 
dur ing t h e per iods when the tape room i s s t a f f e d ) , (c) p lus the f ac t t h a t u n i t 
2 i s t he system spare and w i l l be out of se rv ice whenever a mechanical f a i l u r e 
i n an ope ra t iona l u n i t r e q u i r e s a replacement assembly. Construct ion of the 
r e g i s t e r panel and i n s t a l l a t i o n of completed panels i s going ahead al though no 
d e c i s i o n s have been reached regarding use of l oca t ion of t h e add i t i ona l equipment. 

^ 2.13 Auxiliary-Drum System (K.E.McVicar) 

Our recen t t r oub le wi th wr i t ing between the s l o t s on the a u x i l i a r y drum i s 
now t e n t a t i v e l y asc r ibed to power-supply malfunct ions . One source of power 
t r a n s i e n t s was the +5-v supply which we formerly shared with Room 222. This i s 
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a high-impedance supply, and we feel that it is likely that transients from 
Room 222 could cause out flip-flops to go over. A separate source of +5 volts is 
now being used for the d̂ um and Room 222. 

We have also found that the voltages to the drum are no longer being sequenced 
off in the proper manner with the result that the positive and negative supplies 
now drop out together. This is probably a malfunction of power-supply control 
for Room 156 and is now being investigated. 

The third power-supply difficulty which we suspect as a source of spurious 
writing is xhe -60-v supply. This is a temporary supply which is used for bias. 
The a-c for the supply is now being taken from the laboratory regulated a-c line. 
We plan to transfer this to WWI regulated a-c on the next installation day. 

2.2 Terminal Equipment 

2.21 Ferranti PETR (F.E.Irish) 

Two Ferranti readers are available for use in the computer system. There 
are several alternatives for a design of the control for two readers. The 
alternatives that have been considered are: 

a. One reader could be installed, and the second could be left on a shelf 
as a spare. 

b. Two readers could be installed with a common control. Either reader 
could be put into standby condition just by pressing a button. This method 
allows the operator to load tape into the second unit while the first is reading 
a tape. Either unit could be removed from service without disturbing the remain­
ing one. 

c. Two readers could be installed with individual controls. The programmer 
in this case could actually program the use of two different units. In addition, 
the sJL addresses for the two units could be interchanged by pressing a button; 
this would allow the operator to "read-in" usinr either unit. 

Two readers in service (b and c) provide the most flexibility. If one fails, 
the operator can use the other. This flexibility is gained at the cost of a 
relay switching panel (5 relays). 

An installation where both readers can be programmed into operation (c) is 
gained at the expense of a complete control (26 vacuum tubes and 2 relays). 

A definite decision as to which of these installations is to be used has not 
been made, but serious thought is being given to the last method (c). 

Any comments by programmers on the value of b?ing able to program the operation 
of two readers will be appreciated. 
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2.3 General (D.A.Morrison) 

A memo concerning the recording of WWl computer alarms by the computer 
operators has been revised and reissued (M-1671-l)• 

3 . PERSONNEL 

New Staff ( J .C .P roc to r ) 

P h i l i p Bragar i s working as a DDL Staff Member and has been assigned t o 
t o Group 62. Mr. Bragar received h i s B.S. i n Economics and Engineering i n 19^8 
from MIT and r e c e n t l y has been employed by Ka i se r Frazer Corpora t ion . 

Andrew Favret i s working as a DDL Staff Member and has been assigned t o 
Group 6 1 . Mr. Favre t received h i s M.S. in EE from the Univers i ty of Pennsylvania, 
He was j u s t r e c e n t l y re leased from t h e Army. 

Transfers - S t a f f 

Inex Hazel has t r ans fe r r ed from DIC S ta f f t o DDL Staff and has been ass igned 
t o Group 6 1 . 

Nev Non-Staff (R.A.Osborne) 

Frank Furman i s a new techn ic ian in Group 64 . 
Barbara R i t ch i e i s a new c l e r k - t y p i s t i n Group 62. 
Louise Shamgochian i s a new messenger i n the VThittemore Bui ld ing . 

Terminated Non-Staff 

Barbara Godfrey 
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