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D i g i t a l Computer Laboratory 
Massachusetts I n s t i t u t e of Technology 

Cambridge 39» Massachusetts 

SUBJECT: BIWEEKLY REPORT. MARCH 7. 195^ 

To: Jay W. F o r r e s t e r 

From: S c i e n t i f i c and Engineering Computation Group 

1 . MATHEMATICS. CODING AND APPLICATIONS 

1,1 Introduction 

During the period covered by this report 300 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 17 of these problems is given below in terms of programming hours, min­
utes of computer time, and progress reports as submitted by the programmers 
in question. 

Two new problems were initiated during this period. Problem #161 will 
study the response of a mass-plastic spring system (e.g., a structure rest­
ing on a soil foundation) to transient loading. This study will be carried 
out by S. Sydney of the MIT Civil Engineering Department under the super­
vision of Assistant Professor R. V. Whitman. In problem #168, N.P.Hobbs 
of the MIT Aeronautical Engineering Department is analyzing the dcwnwash 
behind a two-dimensional wing in response to a sharp-edged gust. Details 
on these problems will be found below. 

The interpretive program developed under problem #108 (and described 
in Instrumentation Laboratory Engineering Memorandum E-364) has been used 
in two problems of varying complexity. In both cases successful runs were 
obtained by relatively inexperienced programmers. 

A complete set of solutions has been obtained in problem #153 for the 
maximum acceleration of a flexible swept-wing el^l«n« in response to a 
gust. An Air Force Technical Report is being prepared to describe the 
problem. 

It is hoped to have most of the revised Comprehensive System of Service 
Routines (CS II) tested and in operation by 15 March. The planned revisions 
have been described under problem #100 in previous biweekly reports - more 
complete descriptions will be made available as soon as possible. 
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1.2 Programs and Computer Operation 

The following summary is included as a guide for interpreting the 
abbreviations used below. A more detailed description of the terms involved 
can be found in M-2497. 

a. The upper case letter following the problem number has the following 
significance: 
A implies the problem is NOT for academic credit, is UMsponsored. 
B implies the problem is for academic credit, is UNsponsored. 
C implies the problem is NOT for academic credit, J£3 sponsored. 
D implies the problem is for academic credit, IS sponsored. 

The absence of a letter indicates that it is an internal S&EC problem. 

b. DIC denotes the Division of Industrial Cooperation. 
DCL denotes the Digital Computer Laboratory. 
CMMC denotes the Committee on Machine Methods of Computation. 
DDL denotes the Division of Defense Laboratories. 

100. Comprehensive System of Service Routines, developed by the S&EC 
Group at the Digital Computer Laboratory for the input conversion 
of suitably prepared punched paper tapes. When so requested, 
these routines automatically provide a program with suitable 
programmed arithmetic, cycle-counting, and output facilities. 

:DCL Staff: Arden, 65.5 hours; Best, 52.5 hours; Combelic, 48.5 
hours; Demurjian, 24.5 hours; Denraan, 68 hours; Frankovich, 40 
hours; Helwig, 50 hours; Kopley, 20.5 hours; Porter, 13 hours; 
Siegel, 26 hours; WW, 1257 minutes 

Intensive testing is being carried out on CS II. Most of the revisions 
involved have been described in previous biweekly reports. A more complete 
description of CS II will be incorporated as soon as possible in the CS Manual. 

It is hoped to have most of the testing completed by 15 March. In 
particular the provisions for automatic logging of programs have been tested 
and are satisfactory. 

Staff 

M-2715t to be published in the next biweekly period, wi l l describe 
the Ferranti reader from the programmer's point of view. 

The systems group's Consolidated Test Program and several other 
terminal equipment test ing programs have been optimized and prepared for 
storing on Magnetic Tape Unit 0. 

Best 

M-1624-2, "A Short Guide to Coding and Whirlwind I Operation Code", 
and the "Interpreted Instruction Code of the MIT CS II Computer" are now 
available. 

Kopley 
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A routine for converting generalized decimal numbers has been 
written for the new post-mortem programs. It converts (30»15) numbers 
to their decimal equivalents. The routine has been tested and is working 
satisfactorily. 

M-2269-1 (revised version of Use of the Magnetic Tape and Output 
Equipment, with added index) is now available. 

Denman 

Various tests were made on CS I to find the best type of numerical 
output to give in CS II in cases where no digits to the left are requested. 
At present, when the number in the MRA is less than one-tenth, a zero is 
automatically placed at the left of the point whether requested or not. 

For regularity in print-out it was agreed that in CS II a programmer 
will get nothing to the left of the point if nothing is requested. 

Demurjian 

The revised section of CS for processing programmer's requests for 
use of terminal equipment has been written and tested successfully. Two 
more tests will be made before including the program in CS II. 

Porter 

101 C. Optical Properties of Thin Metal Films on transparent backings 
are determined and printed out automatically by this program; 
the input data consist of the observed reflection and transmission 
coefficients, the index of the backing, the wavelength, and the 
sample thickness. The program calculates by means of an iter­
ative procedure and prints out the index of refraction and the 
absorption coefficient of the film, the rate of variation of 
these constants with reflection and transmission, and the film's 
conductivity and dielectric constant. 

:for Professor L. Harris, Chemistry Department, Dr. A. L. Loeb 
by Dr. A. L. Lonb(DlC), 18 hours; Richmond, 30 hours 
:DCL: WWI, 17 minutes 

From the results and alarms obtained when data from measurements 
in the visible and in the infrared were run on WWI, the following broad 
generalizations can be made. 

A. For the visible data, rough first estimates of optical constants 
are usually available and the iterative method using partial derivatives 
of the optical constants with respect to reflection and transmission is 
used to find the true constants. 

B. For the infrared, flnt •animates are rarely available, and 
the iterative method is usually not feasible because the derivatives are 
enormous. However, in the infrared, good approximate equations for n and 
k in terms of R and T are available. These have been programmed for WWI, 
and partly tested. The "Main Program", which calculates R(n,k) and T(n,k), 
is then used to check the accuracy of the approximate equation. 

Physically it appears that in the infrared the conductivity per 
square of film is the property determining the reflection and transmission. 
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R and T are no longer strongly dependent on n, k, or dielectric constant 
when the films are very thin; this is shown by the enormous partial 
derivatives of optical constants with respect to reflection and transmission. 
Therefore, the approximate equations derived from the infrared first deter­
mine the conductivity per square and use the theoretical constants only 
incidentally. In theory there could be developed for the infrared an iter­
ative procedure that is based principally on the conductivity rather than 
on the optical constants, but in practice the approximate equations actually 
serve the same purpose. 

106 C. MIT Seismic Project is concerned with the development of methods 
for locating deep reflections from underground strata in 
seismic prospecting. The basic method is one of prediction 
by means of an optimum linear operator. 

:for Professor P. M. Hurley, Geology and Geophysics: Professor 
G. Wadsworth, Mathematics Department 
:by E. A. Robinson(Res. Assoc); Briscoe, 36 hours; Simpson, 25 
hours; Walsh, 20 hours 
:DCL: WWI, 363 minutes 

During the past two weeks the group has been filling in with comp­
utations on linear operators and spectra which were needed in special studies. 
In addition, certain anomalous results have been traced to taping errors 
which are being corrected and rerun. We have also experienced some difficulty 
with read-in possibly due to inexact hole alignment on tapes. 

108 C. An Interpretive Program is being developed that will accept algebraic 
equations, differential equations,etc. expressed on Flexowriter 
punched paper tape in ordinary mathematical notation (within 
certain limits imposed by the Flexowriter) as input and auto­
matically provide the desired solution. 

:for Dr. J. H. Laning.Jr., Instrumentation Laboratory 
:by Dr. J. H. Laning, Jr.(DIC) 10 hours; Zierler, 25 hours; Block, 
10 hours; Battin, 1.5 hours 
:DCL: WWI, 211 minutes 

Nine runs were made during this period; four tested the interpretive 
program and the remaining were problems using this program. 

On the problem for M. M. Sullivan (see last biweekly) three runs 
were made with a shorter time increment. One run was unsuccessful due to 
an operator's error; the second run gave results that were only partially 
correct because of a programmer's error; the last run gave 100$ useful 
data. 

Laning 

Four runs were made to test the interpretive program itself. Several 
errors were eliminated from function routines F^3 through F20. It is believed 
that no further errors are present although a final test has not yet been 
made. The automatic restart routine was rewritten and a modification was 
made to make use of PETR rather than MTR. Testing of these modifications 
is now in progress. 

Zierler and Block 
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The interpretive program of Laning and Zierler was used successfully 
to study the effects of variable viscosity and heat conduction on the boundary 
layer over a wedge. The original boundary value problem was first solved 
on REAC to obtain appropriate initial conditions. Whirlwind I was then used 
to check these values and obtain solutions for various vertex angles. The 
programmer involved in setting up this problem for HWI had had no previous 
experience with the interpretive program developed under this problem. The 
problem ran correctly the first time but the solution became unstable due 
to too large an interval in the integration procedure. Technically, the 
problem consisted of solving six simultaneous non-linear differential equations 
together with some complicated algebraic relationships. 

Battin 

109 C. An Airplane Pursuit-Course Program is being developed which will 
take account of airplane dynamics and projectile ballistics 
and thus determine an airplane pursuit course in three dimen­
sions. The problem consists essentially of solving 14 simult­
aneous non-linear differential equations by the Runge-Kutta 
Method which is of fourth-order accuracy* 

:for Mr. J. B. Feldman, Instrumentation Laboratory 
:by M. H. Hellman (DIC), 20 hours 
:DCL: WWI, 115 minutes 

The horizontal pursuit course program has been modified to compute 
and tabulate eight additional quant i t i e s . These are predict ion times for 
a two-gyro gunsight and a three-gyro gunsight. A t e s t problem has been 
run with sat i s factory r e s u l t s . A t o t a l of 17 quantit ies are tabulated 
with this modified program. 

The three-dimensional pursuit course program has been modified t o 
compute and tabulate 16 additional quant i t i es . These are two-gyro gunsight 
prediction times, three-gyro gunsight prediction t i n e s , and correction time 
rat ios for the l a t t e r . Errors from th i s program are being eliminated at 
present. A to ta l of 30 quant i t ies are tabulated with t h i s modified program. 

A comparison w i l l be made of a gunsight ca l ibrat ion using the 
horizontal pursuit course program and a gunsight ca l ibrat ion using the three-
dimensional pursuit course program with comparable i n i t i a l condit ions. 

Upon the completion of the above program i t i s planned to make a 
number of three-dimensional pursuit course runs with the airplane and target 
i n i t i a l l y in a s lant plane. From the resul ts of these runs i t w i l l be 
possible to evaluate the errors in the cal ibration of ex i s t ing gunsights. 

113 C. A Stress Analysis of an L-shaped Homogeneous Planar Structure i s 
being made for the case of a concentrated s t a t i c l o a d . t h i s 
structure i s approximated by a framework of bars which w i l l 
deform in the same manner as the prototype. This framework i s 
then analyzed using the principles of v ir tual work and Southwell 
relaxation techniques. Boundary conditions have been speci f ied 
for the edge of the framework so that the deformations of the 
model w i l l conform t o the actual deformations of the s tructure . 

:for Professor J . S. Archer, Department of Civ i l and Sanitary Eng. 
;by S. Sydney(Res. A s s i s t . CMHC), 50 hours 
:DCL: WHI, 213 minutes 
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A simplified program for the problem was prepared in order to obtain 
an initial set of conditions for the main program. The relaxation procedure 
converges to a satisfactory solution quite slowly, but by choosing a better 
set of initial conditions the convergence can be increased considerably. 

An initial set of conditions has been calculated for one loading 
condition and will be inserted into the main program. 

119 C. Spherical Wave Propagation produced by the sudden release of a 
spherical distribution of compressed air in the atmosphere is 
being studied by numerical means. This involves replacing a 
set of non-linear hyperbolic partial differential equations in 
2 independent and 2 dependent variables by a set of difference 
equations written along characteristics. An iterative procedure 
is used to solve these equations. 

:for Professor C. c. Lin, Mathematics Department 
:by A. Ralston (CMMC), 10 hours 
:DCL: WWI, 72 minutes 

A l o g i c a l error in the new numerical procedure has been corrected. 
I t should now be possible t o obtain useful results in future runs. 

132 C. Subroutines for the Numerically Controlled Hi l l ing Machine are 
being revised and t e s t ed . The set of subroutines f a c i l i t a t e s 
programming of the computations involved in the preparation 
of numerical data used to control the mi l l ing machine. The 
subroutines involve routine numerical and log ica l operations. 

:for J. 0 . McDonough, Servomechanisms Laboratory, DIG Project 6873 
:by J . H. Runyon (E.E. Res. A s s i s t . ) , 35 hours 
:DCL:, WWI, 18 minutes 

Successful t e s t s were carried out and Library-type subroutines for 
the computation of too l center o f f se ts for cones and for obtaining the 
correct sequence of cuts on a cone. 

The writing of a subroutine to f a c i l i t a t e the use of interpolation 
subroutines was completed. This subroutine s e l e c t s a suitable group of 
points to be used in the interpolat ion formula from a larger group of given 
points when a particular value of the independent variable i s spec i f i ed . 

Error diagnosis of a routine for the determination of cut spacing 
for constant scal lop height i s continuing. 

1W). Summer Session System consis ts of a conversion program, an i n t e r -
^ O L I » B iuutii .6, and mistake diagnostic routines «+/->r«H in WVT. 
A spec ia l mnemonic instruct ion code has been developed for use 
with t h i s system thus simulating a computer with characterist ics 
quite di f ferent from those of MWI. This Summer Session (SS) 
computer was developed for the use of students participating 
in the MIT 1953 summer s e s s i o n course on Dig i ta l Computers and 
Their Applications. The SS computer i s being used by the E.E. 
Department courses 6.537 and 6.25 and i s avai lable to programmers 
with sui table problems. 

:DCL Staff: Best , 7 hours; Combelic, 3 hours; S iege l , 35 hours; 
WWT, 60 minutes 
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• • • 

The vers ion of the SS computer program for recording on Magnetic 
Tape Unit 0 has been completed, optimized, and t e s t e d . Pre l iminary t e s t s 
with t h e new input program were s a t i s f a c t o r y . 

1^3 D. The Vibra t iona l Frequency Spectrum of a Copper Crys ta l i s t o be 
determined by solving a 3 x 3 secu la r determinant, each term 
of which cons i s t s of a f i n i t e Four ier Ser ies of 12 te rms . 
This equation must be solved for 24,495 d i f f e r en t values of 
the wave-propagation v e c t o r . 

: for Professors B.E.Warren and J . C . S l a t e r , Physics Department 
:by E.H.Jacobsen (Res. A s s i s t . ) , 15 hours 
:DCL: WWI, 133 minutes 

The completed program has been assembled and run for 95 solutions. 
The mesh will be made finer so that approximately 6,000 solutions will be 
obtainable. This fine a mesh should give a sufficiently accurate sampling 
of the frequency spectrum. The atomic parameters will be varied so as to 
ascertain their effect upon the spectrum. 

147 C. Energy Bands in Crystals are being studied by finding solutions of 
the corresponding second order linear differential equation 
satisfying boundary conditions at the origin. The solutions 
are found approximately by using the Gauss-Jackson formula for 
forward integration. The solutions and their first derivatives 
are to be combined in a sum, the weighting factors being functions 
of an independent parameter. 

:for Professor J.C.Slater, Physics Department, DIC No. 6853 
:by Dr. D. J. Howarth (DIC), 60 hours 
:DCL: WWI, 176 minutes 

The e l imina t ion of e r r o r s i n the l a s t p a r t of the program has 
proceeded s lowly. A rout ine to solve secu la r equat ions of order up t o 
30 x 30, involving non-diagonal overlap mat r ices , has been t e s t e d and now 
e x i s t s i n a production form, s u i t a b l e for use by other members of t h e Sol id 
S t a t e and Molecular Theory Group. 

152 D. Diffusion in an Oxide-Coated Cathode i s a program t o c a l c u l a t e the 
e f fec t s of combined thermal and e l e c t r o l y t i c d i f fus ion t h a t 
occur in an oxide-coated cathode when cur ren t i s caused to 
flow through the ca thode . 

for W. B. Nottingham, Physics Department, DIC No. 6345 
by H. B. Frost (E.E. Res. A s s i s t . ) , 4 hours 
DCL Staff : Denman, 2 hours ; WWI, 272 minutes 

During the pas t period a s e r i e s of f ive parameters of the v a r i a b l e -
cu r r en t problem has been run success fu l ly . The correspondence of th« 
apparent l i m i t s 01 the t r a n s i e n t so lu t ions with known ana ly t i c r e s u l t s 
i n d i c a t e s t h a t the l o g i c a l formulat ion of the problem i s s a t i s f a c t o r y . 
These r e s u l t s e s s e n t i a l l y complete t h i s problem. However, i t i s poss ib le 
t h a t two more parameters may be run when the a n a l y s i s of the above r e s u l t s 
i s completed. 
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153 C. Gust Response of a F lex ib le Swept-Wing Airplane i s t o be determined 
for var ious va lues of wing loading func t ions , a i r c r a f t con­
f i gu ra t i on and dynamic condi t ion parameters , a s input da ta , 
giving dynamic output data determining the e f f e c t of wing 
f l e x i b i l i t y on gus t response . The so lu t ion involves the c a l ­
cu la t ion of forc ing funct ions and the eva lua t ion of Duhamel 
i n t e g r a l s by numerical methods. Approximately 120 pai rs of 
l i n e a r i n t e g r o - d i f f e r e n t i a l equat ions are t o be solved. 

sfor Professor T. H. H. Plan, Aeronaut ica l Engineering Department 
DIC No. 6691 

:by K. Foss(DIC), 20 hours; S t e r n l i g h t , 20 hours 
:DGL Staff: Denman, 1 hour; WWI, 152 minutes 

Twenty-eight s e t s of i n t e g r o - d i f f e r e n t i a l equat ions have been 
solved f o r the maximum a c c e l e r a t i o n v a r i a b l e . The program for th is purpose 
w i l l be a permanent Aeroe l a s t i c s and S t r u c t u r e s Research Lab program. A 
run has been made g iv ing t h r e e complete t i m e - h i s t o r i e s of the wing a c c e l ­
e r a t i o n fo r th ree pa rame te r - se t s . The r e s u l t s are now being checked 
aga ins t expected phys ica l r e a l i t y . 

A complete d e s c r i p t i o n of the programs for producing t h e spec ia l 
funct ions necessary f o r solving the equat ions and for e f f ec t i ng the a c t u a l 
s o l u t i o n , together wi th a desc r ip t i on of methods for t h e i r use i s being 
w r i t t e n for the next Whirlwind Summary Repor t . The r e s u l t s of the equat ion 
s o l u t i o n s , t h e i r i n t e r p r e t a t i o n , and the mathematical and physica l back­
ground fo r t h i s problem w i l l appear as Ai r Force Technical Report No. 6358 
Par t XIX - "Effect of S t r u c t u r a l F l e x i b i l i t y on Ai rc ra f t Loading"(Wright 
Air Development C e n t e r ) . 

155 B. Synoptic Climatology. A mul t ip le regress ion formula i s used t o 
p red ic t temperatures from pressure d i s t r i b u t i o n s described by 
Tschebycheff polynomials. The matr ix of s c a l a r products which 
i s used in the ca l cu l a t i on of the coe f f i c i en t s of the mult iple-
regress ion system i s being ca l cu l a t ed on WWI. 

: fo r Professor T. F . Maione, Meteorology Department 
:by R. Mil ler(DIC), 50 hours; D. Friedman(Res. A s s i s t . ) , 3 5 hours 
:DCL Staff: Denman, 1 hour« P o r t e r , 9 hours; WWI, 258 minutes 

Spec i f i ca t ion of t h e surface p ressure pa t t e rn fo r half-a-hemisphere 
i s being performed using s tandardized c o e f f i c i e n t s of or thogonal polynomials. 
This i s i n p repara t ion for an attempt a t fo recas t ing the sur face pressure 
p a t t e r n over a major po r t ion of the North American Cont inent twenty-four 
hours in advance. The s p e c i f i c a t i o n problem i s near complet ion. Steps a r e 
being taken for cons t ruc t ing a 52 x 52 p r e d i c t i o n matrix us ing in add i t i on 
t o the v a r i a b l e s t h a t spec i fy half-a-hemisphere other s i m i l a r l y computed 
va r i ab l e* that, apecifv a p r i d i d e n t i c a l t o the grid being p red ic ted . 

The f i t t i n g of the upper a i r flow p a t t e r n s with orthogonal poly­
nomials was completed during the per iod . A program has been wri t ten t o 
obtain t h e c ross-products of the dependent va r i ab les wi th the coef f ic ien ts 
of the orthogonal polynomial for a mul t ip le l i n e a r r e g r e s s i o n analys is (See 
d e s c r i p t i o n of problem in Biweekly Report , February 2 1 , 195*0• The dependent 
v a r i a b l e s include temperatures a t f ive s t a t i o n s of the c e n t r a l and ea s t e rn 
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pa r t s of the United S t a t e s and a l so the in tegra ted d a i l y p r e c i p i t a t i o n 
over each of th ree r i v e r drainage b a s i n s . The program i s now being t e s t e d . 

Friedman 

161 C. Response of Mass-Plas t ic Spring System to Trans ien t Loading: a 
second order non-l inear d i f ference equat ion represen t ing the 
response of building foundations to t r a n s i e n t shock loads i s 
being s t u d i e d in order t o develop c r i t e r i a for the des ign of 
b l a s t r e s i s t a n t foundat ions . The foo t ing i s represented by 
a concentrated mass, and t h e s o i l by a v a r i a b l e mass and an 
e l a s t i c - p l a s t i c spr ing. A Runge-Kutta four th order i n t e g r a t i o n 
procedure w i l l be used. 

: fo r Professor R. Whitman, A s s t . Prof, of S o i l Mechanics 
:by S. Sydney(Res. Ass t . CMMC), 30 hours 
:DCL Staff: Kopley, 1 hour; WWI, 14 minutes 

This problem involves the se t t l emen t of a s t r u c t u r e r e s t i n g on a 
s o i l foundation. When acted upon by a t r a n s i e n t load, add i t iona l s e t t l e ­
ment beyond s t a t i c load set t lement of t h e building t akes p l ace . This 
se t t l ement i s r e s i s t e d by the s o i l a s more of i t comes i n t o ac t i on to 
support the superimposed load . The se t t l ement , and the r e s i s t a n c e t o s e t t l e ­
ment, increase u n t i l a f a i l u r e wedge i s developed in t h e s o i l . From t h i s 
point on, the s o i l r e s i s t a n c e remains constant with any add i t iona l s e t t l e ­
ment. 

As a consequence of t h i s behavior , the r e s i s t a n c e and i n e r t i a terms 
in the equations of motion a re d iscont inuous , non-uni-valued functions of 
the displacement. The set t lement condi t ions in the s o i l , pas t ac t ion as 
well as the present s t a t e , must be known a t a l l times in order t o ca l cu la t e 
future se t t l emen t s . The var iab les in the basic equat ions a re the s i ze of 
the footing* slope of t h e s o i l se t t l ement curves, and t h e u l t imate s o i l 
r e s i s t a n c e . The program has been w r i t t e n and t e s t e d and several production 
runs w i l l now be made t o obtain a s e r i e s of load-se t t l ement cu rves . 

163 C. F e r r i t e Phase S h i f t e r s in Rectangular Wave Guide; t ranscendenta l 
e q u a t i o n . T h e electromagnetic boundary value problem deal ing 
with the non-reciprocal f e r r i t e . phase s h i f t e r in rec tangula r 
wave guide has been solved. Special cases (assuming neg l ig ib l e 
magnetic l o s s e s ) of the r e s u l t i n g complicated t ranscendenta l 
equation have been computed by hand. Addi t ional computations 
by machine a r e required t o inves t iga te o the r f e r r i t e mate r ia l s 
and to e s t a b l i s h a frequency dependence. Since magnetic l o s s 
i s a f i gu re of meri t for the system descr ibed i t i s e s s e n t i a l 
tha t some inves t iga t ion be made. For cases in which t h e losses 
are s i g n i f i c a n t the system w i l l be a non- rec iproca l f e r r i t e 
a t t e n u a t o r . The numerical so lu t ion w i l l be obtained by operating 
on two simultaneous t ranscendenta l equa t ions . 

: fo r Dr. Benjamin Lax (DDL) 
:by K.J.Button(DDL), 40 hours 
:DCL Staff: Denman, 1 hour; Kopley, 1 hour; WWI, 19 minutes 

The f i r s t ha l f of the program was submitted f o r a second t e s t run 
a f t e r t h e loca t ion of temporary s to rage was cor rec ted . 
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The results of the second test run were incorrect. After consulting the 
flad table and scope post morten an error was found in the master tape of 
LSR No. 6. The error was corrected in the master tape and in the first half 
of the program. The third test run performed properly. 

The error in LSR No. 6 was found before the first test run of the 
second half of the program was performed. The results of the first test 
were incorrect, however. The difficulty was generated by an error in the 
hand calculation that had been performed in advance. Before the program 
was submitted to WWI, the analytical work and calculation of initial para­
meters were checked in detail. A slight error was found in the parameter 
calculation and the number was corrected in the program. This change 
resulted in the shift of an inverse tangent into the third quadrant. This 
contingency was not provided for in the program. 

Since the program has been found to be very sensitive to the values 
of initial parameters, it has been decided not to connect the two parts of 
the program in any single subsequent performance. Part I can be performed 
for two cases at a time and can be classed as a "short run". The results 
will indicate the appearance of violent changes particularly in the region 
of resonance phemonema. This information will assist in predicting the 
behavior of Part II. 

166 C. Construction and Testing of a Delta Wing Flutter Model is being 
effected by replacing the actual wing by a structurally 
equivalent lattice network. An iterative procedure involving 
the evaluation of a matrix equation has been evolved for deter­
mining the bending and torsional stiffnesses of the component 
members of the network. 

:for M. M. Chen(DIC) 
:by S. Gravitz(Res. Assist. Aero. Eng.), 25 hours 
:DCL Staff: Porter, 5 hours; WWI, 6 minutes 

In continuing with the process of formulating subroutines which 
will be integrated into a continuous program for the evaluation of the 
matrix equation: 

the following operations have been broken down into subroutines suitable 
for Whirlwind computation: 

1. Matrix multiplication; [V][BJ = (_CJ, where(A]and(_Bjare conformable 
matrices of order such that they can be stored in magnetic core memory. 
The general term in the C matrix is obtained as: 

where; i E row of C matrix = row of A matrix 
j • column of C matrix = column of B matrix 

JA = number of columns In A s number of rows in B 
k = running variable 

This subroutine has been successfully tested. 
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2. Matrix addition; [k] ± [BJ B [c 1. The general term is: 

This operation has been tested with satisfactory results. 

3. Formation of a matrix with each element a sum of terms. In 
order to form a matrix, B, each element of which is composed of a sum of 
products, the general term is: 

b<j - | ° - ^ X k 
where: x. • k term in the array of numbers forming b . . 

a . .k = the coef f i c ient corresponding to x. 

K • t o ta l number of terms forming each element of the resultant 
matrix. 

For elements not involving a l l K of the known terms, x, , zeros should 
be inserted in the storage reg i s ters corresponding to the appropriate k's 
of the coe f f i c i en t s , a . .k . 

This subroutine has been completed and w i l l be tested in the near 
future. 

These procedures u t i l i z e high-speed storage exclus ively and are 
l imited only by the capacity of the machine. 

A plan of attack i s being evolved to enable Whirlwind t o handle the 
known coef f ic ients of unknown quantit ies in matrix manipulations. 

168 D. Indlc ia l Downwash behind a Two-Ilimensional Wing. In the analysis 
of the response of an airplane to a sharp-edge gust, and par­
t i cu lar ly in the calculat ion of s t r e s s e s in the horizontal 
t a i l , i t i s important to know the downwash at the t a i l caused 
by the l i f t response of the wing to the gust . In the present 
solut ion for the downwash behind a two-dimensional wing, some­
thing more than the "indioial downwash'1 i s sought. This i s 
effected by allowing the gust front i t s e l f to have an arbitrary 
horizontal ve loc i ty which, combined with the ve loc i ty of the 
airplane, U, resul ts in the Wing's penetrating the gust front 
at a ve loc i ty V. 

•.for N. P. Hobbs (Res.Asst. Aero. Eng.) DIC 6727 
:by N.P.Hobbs, 20 hours 
:DCL Staff: Porter, 1 hour; WWI, 133 minutes 

The equation for the rat io of the downwash t o the ver t i ca l gust 
ve loc i ty at the dimens , uulects time 5 and the dimenoicnless horizontal 
coordinate x* i s \L\-i A 

w?A«1 
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The upper limit on the first integral is to be taken as unity if 

Qjrk A r S - V - C ' + O 

r c
 -'"-IT2- / rEtT , * 

- k i s - 0 

LH0-CH^^[V^] r 
c/k <T?> 

where the argument of the Bessel functions is (ik). 

T (s) is the derivative of the Karma'n-Sears function. Since the most 
accurate determinations of this function have been made numerically and 
graphical solution for the derivative is much too inaccurate, it is desired 
to determine vt"(s) by numerical integration of Equation 3. 

Near s =0, it can be shown that 

It is convenient to define 

£«>5 
-rVaT 

- YCO 

(*0 

and to substitute V (s) from Equation 5 into Equation 1* 

is desired to 

T VX* + 

that 
U) 

It is desired to split the middle integral into two parts, such 

to 

U3 

where 

and 

I x«3 <U-

- < r < 3 > 

o 

to 

^ 

£tj 
C,(A) and C-.CA.x*) will then be found by numerical integration. 

For the case J = 0, A is not a function of z (see Equation 2), and therefore, 

CJ(A) and CL*(AV3^) essentially represent the indicial downwash solution, 

except for a constant which can be determined analytically. For other values 
of u, , the downwash may be found by numerical integration of C,(A) and CJJCA.X*), 

v 

The computation of r (s) has been successfully completed for seventy 
values of s. These seventy values permit interpolation for any other value 
of 5 to the desired accuracy. 

A program to determine Cj(A) for 29 values of A has been submitted 
to the tape room. 
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1.3 Operating S t a t i s t i c s 

1.31 Computer Time 

The following ind ica tes the d i s t r i b u t i o n of WWI time a l l o c a t e d t o the 
S&EC Group. 

Programs 
Conversion 
Magnetic Drum Test 
Magnetic Tape Test 
Scope Ca l ib r a t i on 
Demonstrations (#131) 

Tota l Time Used 
To ta l Time Assigned 
Usable Time, Percentage 
Number of Programs 

60 hours, 
16 hours. 

18 
11 
23 
k6 

ja. 

minutes 
minutes 
minutes 
minutes 
minutes 
minutes 

78 hours , 47 
79 hours , *»4 
98.7* 
300 

minutes 
minutes 

1.32 Program Time D i s t r i b u t i o n 

The following t a b l e at tempts t o show how t h e WWI time expended on 
S&EC programs was d i s t r i b u t e d wi th respect to machine runs t h a t gave 
meaningful r e su l t s (p roduc t ive computer time) and runs tha t gave u n s a t i s ­
f a c t o r y r e s u l t s ( l o s t computer t i m e ) . Productive computer time i s sub­
d iv ided t o i n d i c a t e the time involved in ac tua l computations as cont ras ted 
wi th the time expended ge t t ing information out of WWI. Computer time l o s t 
i s subdivided t o show the por t ion of time l o s t due t o e r ro r s in the programmer's 
formulat ion of h i s problem ( l o g i c a l e r r o r s ) ; due t o e r ro r s in t h e programmer's 
use of the WWI code, CS Conventions, e t c . ( t e c h n i c a l e r r o r s ) ; due to tape 
p repa ra t ion e r r o r s ; due to e r r o r s by the S&EC computer operators i n running 
t h e program; due t o malfunctioning of terminal equipment; and f i n a l l y due 
t o miscellaneous causes . 

These times a r e determined as percentages of t h e time l i s t e d above 
i n s e c t i o n 1.31 f o r programs. The times used i n computing these f igures 
a r e ex t rac ted from the biweekly r e p o r t forms submitted by the var ious 
programmers who have used S&EC a l l oca t ed WWI t ime . 

1 . Productive Computer Time 
Computation 58.7* 
Output 8.2* 

2 . Computer Time Lost Due t o Programmers Er ro r s 
Technical 22.5* Logical ' k,jf> 

3 . Computer Time Lost Due t o Other D i f f i c u l t i e s 
Tape Prepara t ion 1»3* 
Opera tor ' s Errors 1.8* 
Terminal Equipment Malfunction 2.9* 
Miscellaneous . 3 * 

1.33 Tape Prepara t ion 

An attempt i s being made t o obta in some idea of the time expended 
i n t h e p repara t ion of t apes . During the pas t biweekly period a check 
was made on the tapes processed. 
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Due to the variations in procedures involved we have distinguished 
among original complete tapes and the following three types: typed mod­
ifications - changes of 11 or more registers which must be typed, converted 
and 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; canbined tapes - which require 
duplication of two or more complete tapes. 

The following information was compiled: 

No. of Tapes 

Complete 
Tapes 
95 

Typed 
Mods 

52 

Manual 
Mods 

41 

Combined 
Tapes 

16 

No. of Registers 30333 3152 272 

Time Consumed 76hrs. 21min. 25hrs. 56min. 6hrs. . 43 min. 7 h r s . 53»nin, 

Thus, i t may be seen that the average length of an original complete tape 
i s 319.3 registers requiring 48.2 minutes t o prepare. A typed modification 
averages 60.6 reg i s ters in length and requires 29.9 minutes to prepare 
while Manual Modifications average 6.6 reg i s ters and require 9 .8 minutes 
for preparation. 

2 . ACADEMIC PROGRAM 

WWI Tours. Six MIT personnel were given a tour of Whirlwind on 
Tuesday evening, March 2 . Four of these people are new programmers with 
Project Lincoln and the other two are graduate students. 

Seminar on Advanced Programming Techniques of the D i g i t a l Computer 
Laboratory Staff . On Friday, March 5, Mr. William N. Papian lectured on 
Magnetic Core Memory. About 25 persons attended the seminar. 

On Friday, March 12, Dr. H. H. Denman w i l l discuss the uses of 
Magnetic Tape Memory. 

CS Programming Course. The next CS introductory two-week programming 
course wi l l begin on March 15. I t i s expected that approximately 15 
applicants w i l l be accepted for the course. 

Seminar on Commuting Machine Methods. On Tuesday, February 23, Dr. 
Frank M. Verzuh, director of the Office of S t a t i s t i c a l Services at MIT, 
described some of the commercially-available d ig i ta l computers. A group 
of about 50 persons attended. 

Mechanical Engineering Seminar. B. Gavril of the MIT Mechanical 
Engineering Department described the work he has done for h i s doctoral 
thes i s in studying the Aerothermopressor. This work has been described in 
S&EC reports under problem #120. The seminar was held on Friday, March 5 
and was attended by about 150 persons. Mr. Gavril emphasized the role that 
Whirlwind played in making i t possible for him to carry out his detailed 
study. 
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Industr ia l Liaison Conference. A conference on "Control Applications 
in Business and Indust r ia l Systems" wil l be held April 5-6 at MIT under 
the sponsorship of MIT's Industrial Liaison Office. Those who plan to 
attend should contact Miss Wellington a t extension 2693• 

S&EC Movie. The script for the movie "Making Electrons Count" i s 
being rewrit ten. I t i s hoped that "shooting" wil l soon begin on the 
revised version of the film. 
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3 . COMPUTER ENGINEERING 

3 .1 WWI System Operation 

3.11 Core Memory ( N. L. Daggett) 

The prel iminary model of a new core-memory sense amplif ier appears to 
work very s a t i s f a c t o r i l y . I t i s being packaged a s a plug- in u n i t to replace 
t h e present a m p l i f i e r . 

(L . L. Holmes, A.J .Rober ts ) 

A number of t r a n s i e n t t ransfer-check alarms have occurred during the 
l a s t two weeks. Their or ig in appears to be i n t h e control s e c t i o n of the 
computer. A thorough i n v e s t i g a t i o n of the c o n t r o l c i r c u i t s i s i n progress . 

A new TPD output panel was placed in se rv ice on 27 February. 

The new i n d i c a t i o n system f o r the W I a i r - cond i t i on ing system w i l l be 
i n s t a l l e d on Monday, 1 March. The system w i l l include added p ro tec t ive 
d e v i c e s . 

The power-d is t r ibu t ion system in ¥WI i s being rev ised . Approximately 
110 panels t h a t a r e used for d i s t r i b u t i n g f ixed and var iab le vo l tages w i l l 
be replaced in t h e next three months. 

3.12 Marginal Checking (S . E. Des jard ins) 

This period was spent in working out changes to be made on the marginal-
checking equipment t o allow the speed of the vo l t age va r i a t i on t o be c o n t r o l ­
l e d by the program when program marginal checking i s done. These changes 
w i l l be incorporated in the system on 1 March. 

The consol idated t e s t program has been d e l i v e r e d to Mr. Helwig to be 
p laced on magnet ic- tape-uni t 1 . This wi l l be attempted nextwsek. The 
program wi l l then be read in d a i l y from magnetic tape ra the r than from 
paper tape . 

A revised alarm check program i s being w r i t t e n to make i t more automatic . 
The modification w i l l allow the program to determine and count what e r rors 
( i f any) occurred and w i l l p r i n t the r e s u l t s a f t e r the t e s t . 

3.13 Magnetic Tape (E. P. Farnsworth) 

R e l i a b i l i t y o f t h e magnet ic - tape system w i l l be increased by two improve­
ment's wtixCu a l e u i prCCSoo • ••Ggo KXVO /»VI-V pCWST ilGW aTa^xauAO Wi l l pCIViiw 
lowering of the read-record heads to ground p o t e n t i a l and e l imina t ion of 
t h e u n i t - s e l e c t o r amp l i f i e r s . Furthermore, d i r e c t i n g a supply of conditioned 
a i r on the tape-mechanism motors, gear boxes, and c r y s t a l packages w i l l 
improve performance, increase component l i f e , and permit e l imina t ion of f ive 
smal l blowers. 

The block schematics for magnetic-tape c o n t r o l and delayed p r in t -ou t 
a r e being redrawn and brought up to da te . These drawings should be helpful 
i n resolving any problems which might a r i se when I move to Lexington next 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



M-2716 page 17 

month and Al Perry takes over respons ib i l i ty for the system. 

Magnetic-tape print-out unit 2 has been checked out and i s ready t o be 
plugged in to the spare FL Flexowriter whenever the second sound-proof 
enclosure i s ready for i n s t a l l a t i o n beside the present box. This new box 
i s being designed by Mai Demurjian and w i l l incorporate several improvements 
and operating conveniences. Junction boxes, cables, and transfer switches 
for the second printer are also in the process of construct ion. These 
switches w i l l permit using the spare Flexowriter as e i t h e r a normal paper-
tape machine or as a second print-out and w i l l permit interchanging Unit 2 
and Unit 3 in the same manner as Units 0 and 1 are presently interchangeable. 

3 . 1 ^ Typewriter and Paper Tape (L. H. Norcott) 

The Flexo shop b u i l t up contact s tacks , brackets, and selector switches 
to be used in modifying the three FL Flexowriters which are ordered for 
delivery in March. 

Famsworth and Demurjian requested that a convenient switching arrange­
ment be designed to permit a delayed-output typewriter t o be used as a 
conventional Flexowriter. A c i r c u i t using an Electroswitch Jr. s e l ec tor 
switch has been turned over t o Famsworth for incorporation in his proposed 
new delayed-output system. 

3*2 Terminal Equipment 

3 .21 Marginal Checking ( S . B. Ginsburg) 

The "Marginal Checking **anel for Activate Registers" Panel has been 
ins ta l l ed in the computer and has been checked out s a t i s f a c t o r i l y . I t i s 
now possible to s e l e c t a l l act ivate d i g i t s together. 

The "Indicator-Light Marginal-Checking" Panel has been bench t e s t e d . 
Ted Sandy i s presently get t ing i t i n s t a l l e d in the computer. 

(T. Sandy) 

The marginal-checking panel for the indicator- l ight reg is ters was bench 
tested and i s now ready to be in s ta l l ed in WWI. 

The marginal-checking panel for the act ivate r e g i s t e r s has been i n s t a l l e d 
in the computer and i s working properly. 

3.22 Magnetic Drums (H.L.Ziegler) 

Excellent progress has been made during the past two weeks on the 
i n s t a l l a t i o n of e lectronic-write switching of heads in the auxil iary drum. 
Al l planning, layout, and wire-scheduling work has been completed, and 
considerable preliminary wiring and metal work have been done in the drum 
cabinet. Further progress now depends upon delivery of construction and 
Purchase Requisition i tems. 
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k. ADMINISTRATION AND PERSONNEL 

New Staff (J.C.Proctor) 

Harold D. Houser is working as a DDL Staff Member and has been assigned 
to Group 61. Mr. Houser received his B.A. is Physics from the University 
of Buffalo and until recently was associated with the Cornell Aeronautical 
Lab in Buffalo. 

Mrs. Julia Yienger is working as a DDL Staff Member and has been assigned 
to Group 61. Mrs. Yienger received her B.A. in Math from Emmanuel College 
and until recently has been working as a Math Programmer for the Ballistic 
Research Lab, Aberdeen Proving Ground, Md. 

Staff Termination 

Dee Neville 

New Non-Staff (R.A.Osborne) 

Eva LeBlanc i s a new messenger g i r l in the Whittemore Bui lding. 

George Hanlon i s a new member of the Draft ing Department. 

Margaret O'Brien i s Mr. Kromer's new s e c r e t a r y . 

Terminated Non-Staff 

Al i ce Biladeau 

J a n e t Landis 
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