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FOREWORD 

Project Whirlwind 

Project Whirlwind a t the Massachusetts Institute of Technology Digital 
Computer Laboratory is sponsored by the Office of Naval Research under 
Contract N5ori60. The objectives of the Project a r e the development of an 
electronic digital computer of large capacity and very high speed, and its 
application to problems in mathematics , science, engineering, simulation, 
and control. 

The Whirlwind Computers 

The Whirlwind computer is of the high-speed electronic digital type, in 
which quantities are represented as discrete numbers , and complex prob­
lems are solved by the repeated use of fundamental arithmetic and logical 
(i .e. , control or selection) operations. Computations are executed by frac­
t ional-microsecond pulses in electronic c i rcu i t s , of which the principal 
ones are (1) the flip-flop, a circuit containing two vacuum tubes so connected 
that one tube or the other is conducting, but not both; (2) the gate or coin­
cidence circuit ; (3) the electrostat ic storage tube, which uses an electron 
beam for storing digits as positive or negative charges on a s torage surface. 

Whirlwind I (WWI) may be regarded as a prototype from which other 
computers will be evolved. It is being used both for a study of circui t tech­
niques and for the study of digital computer applications and problems. 

Whirlwind I uses numbers of 16 binary digits {equivalent to about 5 
decimal digits). This length was selected to limit the machine to a practical 
size, but it permits the computation of many simulation problems. Calcu­
lations requiring grea ter number length a re handled by the use of multiple-
length numbers . Rapid-access electrostat ic s torage initially had a capacity 
of 4096 binary digits , sufficient for some actual problems and for prel imin­
ary investigations in most fields of in teres t . This capacity is being gradual­
ly increased toward the design figure of 32,768 digi ts . P r e s e n t speed of 
the computer is 20,000 s ingle-address operations per second, equivalent 
to about 6000 multiplications per second. This speed is higher than general 
scientific computation demands at the present state of the ar t , but is needed 
for control and simulation studies. 

Reports 

Quarter ly reports a r e issued to maintain a supply of up-to-date infor­
mation of the status of the Project . Detailed information on technical 
aspects of the Whirlwind program may be found in the R-, E~, and M-ser ies 
repor ts and memorandums that a re issued to cover the work as it p ro­
g re s se s . Of these, the R- se r i e s a r e the most formal, the M-se r i e s the 
least. A list of the publications issued during the period covered by this 
Summary, together with instructions for obtaining copies of them,appears 
in the Appendix. 

1. QUARTERLY REVIEW 
(AND ABSTRACT) 

Operation of the computer during this 
quarter was increased from 89 hours per 
week to 146 hours. Part of the additional 
time was assigned to another project, part 
*o the Applications Group, who have been 
working on the solution of a number of en­
gineering and scientific problems. Twenty-
four of the most interesting problems are 
described in Section 4. 1 of this report. 

During the quarter the computer has 
yielded 80% useful time. 

The reduction from the 85% figure of the 
previous quarter does not indicate an actual 
reduction in the reliability of the computer, 
as explained in Section 2. 

A Raytheon magnetic-tape drive being 

used on an interim basis has proved highly 
reliable. Final circuits are being installed 
to replace the temporary units. A new con­
trol desk has facilitated operation of the com­
puter. 

Performance and reliability of the power 
supplies have been significantly improved. 

Failures of vacuum tubes increased 
somewhat over the last quarter. Part of the 
additional failures can be attributed to the 
increased hours of operation of the computer. 
Analysis of tube life and research on tube 
reliability continue. 

Work on storage tubes, magnetic-mem­
ory devices, transistors, and terminal equip­
ment formerly treated in these reports has 
been taken over by another project under Con­
tract AF(122)-458 and from now on will be 
covered in the reports of that project. 
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2. OPERATION OF WHIRLWIND I 2. 1 TERMINAL EQUIPMENT 

The computer schedule has been re ­
vised during this quarter to increase the 
time of operation from 89 to 146 hours per 
week and the applications hours from 33 to 
73 hours per week. The computer has shown 
a general reliability of 80% useful time dur­
ing the period. The reduction from the 85% 
figure of the preceding quarter may be ac­
counted for by three factors: 

1. The higher use factor of the com­
puter, and the increased operation by in­
experienced personnel during the third shift 
and week-ends. 

2. The keeping of a more careful and 
complete record of ES alarms, and the ad­
ditional time spent in determining their caus­
es . 

3. The rash of failures of resistors de­
scribed in Section 3. 2. 

A Raytheon magnetic-tape drive using 
our control and amplifier circuits has been 
installed on an interim basis and is being used 
by the Applications Group. Final circuits are 
being used to replace the temporary units, 
and the final system will be installed by the 
end of the next quarter. Except for small 
troubles encountered during replacement of 
temporary units and modification of some of 
the associated circuits, the interim system 
has given excellent reliability. 

A new control desk (Fig. 2-1) was de­
signed and installed. Its purpose is to con­
solidate in a convenientarrangement the con­
trols and terminal equipment required to 
operate the computer. The following units 
are available at the desk. 

1. The most frequently used push-button 
and switch controls 

2. Two output scope display units 
3. A photoelectric paper-tape reader 

Fig. 2-1 . New control desk. 

2. OPERATION OF WHIRLWIND I 

An output printer 
Mechanical paper-tape reader and 

4. 
5. 

punch 
6. Telephone. 

The desk is arranged for easy viewing of 
various indicator lights and for access to the 
more specialized controls of the operational 
control center. 

2.2 POWER SUPPLIES 

During the past few months considerable 
progress has been made in improving per­
formance, increasing reliability, and facil i­
tating servicing of the power supplies. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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3. CIRCUITS AND COMPONENTS 

3. 1 VACUUM TUBES 

3. 11 Vacuum-Tube Life 

During this past q u a r t e r the operating 
schedule of WWI was changed so that the total 
operation t ime was near ly 1700 hours in­
stead of the previous 1000 hours per quar te r . 
As a result , more tube failures should be 

The variat ions in fai lure rate for the 7AK.7 
and 6SN7GT a r e probably influenced greatly 
by stat is t ical fluctuations because of the re la ­
tively small number of fa i lures . However, 
the changing emphasis of maintenance on dif­
ferent parts of the computer also may have 
had its effect. Marginal checking always is 
c a r r i e d on, but troubles in one par t of the 
computer cause closer looks at that part , 
with the result that weak tubes only remotely 
associated with any trouble a r e replaced. 
Variat ions from, such a cause a r e difficult 
to evaluate quantitatively, and no at tempt 
will be made to evaluate them he re . 

These var ia t ions in emphas i s , as well 
as a change in the marginal -checking p r o ­
cedure for flip-flops, have no doubt caused 
the lower failure rate observed recently for 
7AD7 tubes. It will be in teres t ing to watch 
this failure r a t e over the coming months to 
see whether it cl imbs back to the old figure 
or remains at a considerably lower level . 

Various factors have prevented the com­
pletion of. the punched-card records in time 
for extensive analys is a t this t ime. A very 
considerable amount of p r o g r e s s has been 
made, but ce r ta in de ta i l s , including the 
checking of total operating time and the de­
termination of operating functions for all 
tubes , have taken more t ime than expected. 
Listing and punching of some 5000 ca rds on 
7AD7 tubes should be complete during the 
next quar te r . List ing of another 5000 cards 
covering other tube types is complete except 

expected during this period than previously. 
In many cases this inc rease has occur red . 
It is therefore better to analyze the data of 
Fig- 3-1 on the bas i s of the average failure 
rate r a the r than on simply the total number 
of fa i lu res . 

The three most common tube types in 
WWIare the7AD7, the 7AK7, and the 6SN7GT. 
Information on the average fai lure r a t e s of 
these types was calculated as of August 1951 
for serv ice prior to that t ime. This data, as 
well a s the failure r a t e s repor ted in Summary 
Report 29, a r e summarized in the table below 
with cu r r en t data. 

for minor deta i l s , but punching of this la t te r 
group is just getting s tar ted . 

Examination of Fig. 3-1 will show that 
more tube types a r e l is ted than usual ; many 
of these types a r e used in only small quanti­
t ies in WWI. The longer operat ing time has 
contributed to the number of fa i lures in all 
types. A few types, notably the 5U4G, have 
showna r a the r large number of fa i lures con­
sistently over a long period. However, com­
plete analys is of the behavioi of these mi sce l ­
laneous types must await m o r e data than is 
easily available now. 

3. 12 Vacuum-Tube Resea rch 

Two l i fe- tes t studies have been made 
during this period: a study of one lot of 6AS7G 
tubes for cathode flaking, and a study of plate -
cur ren t changes in SR1407 tubes with age . 

The 6AS7G tubes, of a lot made late in 
1951, have not shown the cathode-peel ing 
trouble associa ted with some of the ea r l i e r 
lots of these tubes. Fo r the t ime being at 
least , these tubes can be used with some­
what more confidence than existed when s e r i ­
ous t rouble was found in the s torage section 
of WWI. (See Section 3. 12 of Summary R e ­
port 29 for de ta i l s . ) 

In SR1407 tubes used in WWI, it f r e ­
quently has been found that the level of plate 
cur ren t inc reased slightly af ter a thousand 
hours or so of operation. (The SR1407 is an 

Fa i lu re Rate, 

Tube Type To August 1951 

7AD7 3.4 

7AK7 0.4 

6SN7GT 0.9 

percent per 1000 hours 

F i r s t Quar t e r 1952 Second Quar t e r 1952 

1.0 1.8 

0.06 0 .3 

2 .25 0.7 
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Type 

7AD7 

7AK7 

6SN7GT 

2D21 

2C51 

3E29 

5651 

6AS7 

6AK5 

6AU6 

6AI.5 

6 AC 7 

6AG7 

6AS6 

6AH6 

6Y6G 

6X5GT/G 

6L6GA.G 

6 X 4 

6 J 5 

715B 

C16J 

3 C 

0 D 3 

5U4G 

Total in 
Service 

2190 

1700 

500 

40 

20 

240 

34 

165 

88 

8 

186 

10 

120 

3 

15 

300 

28 

111 

17 

15 

28 

12 

2 

4 7 

40 

Hours at 
Fa i lu re 

1000-2000 
2000-3000 
3000-4000 
5000-6000 
6000-7000 
7000-8000 
8000-9000 
9000-10000 

10000-11000 
11000-12000 
12000-13000 

6000-7000 
' 9000-10000 
10000-11000 
11000-12000 

3605 
8044 

10000-11000 
11000-12000 

10292 

0 
10000-11000 

0 
2000-3000 
3000-4000 

10852 
11019 

0 

356 
1000-2000 
3000-4000 

2303 

4387 

2967 

6064 
10769 
11298 

4964 
9515 
12140 

1081 

0 

10000-11000 
11000-12000 

11298 

607 
3068 

0 

6550 
11298 

0 

1313 
7000-8000 

4 H 5 

0 

0 
0 

5037 
7000-8000 

Reason for F a i l u r e ; number failed 

Change in 
C h a r a c t e r i s t i c s 

1 
5 
7 
1 
3 
3 
2 
5 
9 

2 

1 
1 

1 
1 

1 

1 

2 

1 
2 
7 
1 

1 

1 
1 

1 

1 

1 

1 
1 
1 

1 

2 

1 

2 

1 

1 
1 

1 

1 
2 

1 

1 

1 
1 
2 

vtechanical 

1 
3 
4 
1 
1 
2 

6 
8 
2 

5 
2 

1 

5 

1 
3 
3 

2 

1 

1 

1 
1 

Burn-out 

1 
1 

1 
1 

1 

1 

2 

Gassy 

1 

2 

1 

Fig. 3 - 1 . Tube fa i lures in WWI 

_ _ _ 
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10 3. CIRCUITS AND COMPONENTS 

improved version of the 7AD7.) This change 
had not been observed in previous life tes ts 
run pr imar i ly to study interface impedance, 
so it was decided to run another life test to 
check the trend of plate cur ren t on life. The 
data has not yet been checked completely, 
but a smal l dec rease of plate cur ren t appa r ­
ently occurred . It appears that a study of the 
differences between computer and l i fe- tes t 
operation will be neces sa ry , with perhaps a 
repeat of the life test under conditions more 
closely simulating computer operation. 

The shor t - t ime instabili ty previously 
mentioned (Summary Report 29) in conjunc­
tion with715B troubles has been investigated 
more completely. Instabil i t ies of the same 
kind have been found to exist in aged tubes 
of many different types. The most ser ious 
trouble i s found when an interface impedance 
is associa ted with the cathode; however, the 
instability is not necessar i ly associa ted with 
interface impedance. This change in space-
charge- l imi ted cu r r en t with t ime-cons tants 
in the one-second region can cause ser ious 
trouble in many different kinds of c i rcu i t s in­
cluding, for example, d-c ampl i f iers , p r e ­
cision gate genera to r s , and d ig i ta l - to-ana­
logue conver t e r s . As a consequence, a more 
e laborate investigation will be made of this 
instabil i ty. 

An accelerorneter has been acquired to 
measure the accelera t ion impar ted to vacuum 

tubes being tapped during shor t - tes t ing opera -
tions, This device uses sensit ive e lements 
of barium t i tanateand is very light, weighing 
but 2 g r a m s . The blows impar ted to tubes 
being tested for tap shor t s can now be m e a s ­
ured quite accura te ly , since the m a s s of the 
accelerorneter is so smal l that only minor 
changes in motion occur when the acce le ro rn ­
eter is affixed to the tube. Calibrating m e a s ­
urements will be made for the more common 
tubes using this device. So far, only 7AD7 
and 7AK7 tubes have been checked, for these 
types the acce le ra t ion has been set at about 
150 g. 

3.2 COMPONENT REPLACEMENTS 
IN WWI 

Figure 3-2 l i s ts the rep lacements of com­
ponents other than tubes during the second 
quar ter of 1952. A rash of in termi t tent t r ou ­
bles early in the q u a r t e r was t raced to fai l­
u r e s of the Nobleloy cur ren t -moni to r ing r e ­
s i s tors in the s torage- tube deflection c i r ­
cui ts . Replacement of the failed r e s i s t o r s by 
carbon r e s i s t o r s has largely eliminated these 
t roubles. Boro-carbon r e s i s t o r s will be used 
for any further r ep lacement s , a s t e s t s ind i ­
cate that they can withstand heavy t rans ien t 
overloads without damage. 

3. CIRCUITS AND COMPONENTS 

Component 

Crystals 

Res is tors 

Type 

Mica 
0.01 
mfd 

Bathtub 
1.0 

mfd 

D-357 
(lN34a) 

D-358 
(lN38a) 

Carbon 
2200 ohm 

1 watt 

Nobleloy 
5000 ohm 
1 watt 1% 

Variable 
1000 ohm 
2 watt 

Nobleloy 
1000 ohm 
1 watt+1% 

1200 ohm 
2 watt 

Total in 
Service 

15072 

245 

7700 

3384 

285 

160 

iio 

128 

567 

No. of 
Fai lures 

1 

1 

12 

11 

5 

21 

1 

3 

1 

Hours of 
Operation 

10522 

6503 

8000-9000 
9000-10000 

10000-11000 

11000-12000 

2823 
5725 

8000-9000 
9000-10000 

10000-11000 

9000-10000 
10000-11000 

100-200 
300-400 

1000-2000 
2000-3000 
3000-4000 
4000-5000 
6000-7000 

2789 

3 
33 

3518 

11364 

Comments 

Shorted 

Oil leakage 

2 drift; 1 low Rb; 
1 oscillation 

1 low Rb 
2 low Rb; 1 shorted 
1 intermittent open; 

2 drift; 1 back resistance 
1 low Rb 
1 low Rb 
3 drift; 1 change in charac­

teris t ics 
1 drift 
1 change in character is t ics; 

2 low Rb; 1 drift 

3 over tolerance 
2 over tolerance 

1 over tolerance 
1 over tolerance 
4 open; 1 over tolerance 
4 over tolerance; 3 open 
2 open; 3 over tolerance 
1 over tolerance 
1 over tolerance 

Intermittent operation 

Open 
Open 
Open 

Over tolerance 

Fig. 3-2. Component fai lures in WWI 
Apri l 1 - June 30, 1952 
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4. MATHEMATICS, CODING, 
AND APPLICATIONS 

During the past quar ter , the Applications 
Group has used the Whirlwind I computer on a 
number of problems ar is ing a tMITand e l s e ­
where in addition to working on the develop­
ment of a l ibrary of subroutines and techniques 
for using the machine rapidly for genera l -
purpose computation. The workaccomplished 
during the quar te r on 24 of the most in te res t ­
ing problems is described below. 

During the next quar te r , the computer 
will be shut down for a period of three weeks 
for installation of new terminal-equipment 
switching faci l i t ies . This new equipment 
will cause a considerable change in the order 
code of the computer and will Invalidate al l 
p rog rams and subroutines thus far developed. 
This change in equipment will thus requi re 
a complete revision in the input conversion 
p rogram a s well a s in the output subroutine 
now in use . P lans have been made for p r e ­
paring a very ve r sa t i l e form of input con­
vers ion p rogram along the line of the one 
descr ibed a t the Pi t tsburgh meeting of the 
Association for Computing Machinery last 
May 2. The revised programs required by 
the new equipment will have the benefit of 
our experience with the present p rog rams , 
and will r ep resen t a definite improvement. 

Because of the number of problems that 
remain to be completed before the computer 
shutdown, and because of the time required 
to develop and test the new conversion p r o ­
g ram and to revise the subroutine l ib ra ry , 
no new problems will be accepted for com­
putation during the coming quar t e r . 

4. 1 PROBLEMS BEING SOLVED 

Problem #8. Magnetic Flux Density 
Study 

Numerical solutions for the system of 
ordinary differential equations 

d 2H(x, t.) B t x . t . J - B f r . t j ^ ) . Q 

3 x 2 A t 

have been obtained for the cases 

(1) HQ = 1/2 A t « 0 .1 

(2) H : 1/4 A t r 0. 1 

(3) H : 1/8 A t = 0. 1 1 ' o 

(4) H : 1/8 A t ; 0.05 v ' o ' 

by using a fourth o rde r Runge-Kutta method; 
curves of flux vs time were plotted from 
these r e su l t s . This system of equations 
a r i s e s in the solution of the par t ia l differen­
tial equation 

J U L -o-i8- . 0 B = f(H) 
ax2 at 

by the method descr ibed in Summary Report 
29. It was found, however, that the flux 
curves for cases 3 and 4 do not correspond 
within the limits of roundoff e r r o r s . It has 
been proposed that this is caused by the rapid 
changes in slope in the B-H curve being used , 
anda modification of the method is being p r o ­
grammed to test this assumption. 

Prob lem #21. Optical Constants of 
Thin Metal F i lms 

The program for the evaluation of optical 
constants has been recodedfor floating-point, 
double- regis te r computations, and the main 
program has been testedand found to be c o r ­
r ec t . It was found that the i n c r e a s e d a c c u r a c y 
thus afforded was necessa ry , because slight 
inaccurac ies appeared in r e su l t s obtained 
previously with the program for s i n g l e - r e g i s ­
t e r computation. The more important a d ­
vantage of double-length computation in this 
problem i s , however, the elimination of the 
danger of overflow, par t icular ly since the 
order of magnitude of the resu l t s is not a l ­
ways predictable with the large range of ex­
per imental data considered. Now that the 
main program has been found to be co r r ec t , 
the following applications a re under p r e p a r a ­
tion for testing or a r e being tested: 

(1) Evaluation of conductivities of meta l 
blacks from infrared data. 

(2) Automatic evaluation of optical con­
stants without manual intervention on Whir l ­
wind. 

P rob lem #24. Matr ices , Determinants , 
and Systems of Linear Equations 

The following packaged p rog rams for 
solving the linear system Ax : F ; A an n x n 
non-s ingular matr ix , E and x n-dimensional 
vec tors , in the (24,6,0) number system a r e 
now available: 

4. MATHEMATICS, CODING, AND APPLICATIONS 13 

M r t lux I Capacity Typ* 

Gauss (Southwell) Relaxation 

Gauss (Southwell) Relaxat ion 

Gauss-Seidel 

Jordan Elimination 

Shur-Shultz 

15x15 (non-symmetr ic) 

18x18 (symmetric) 

18x18 (symmetr ic) 

16x16 (non-symmetr ic) 

11x11 (non-symmetr ic) 

I terat ive 

I terat ive 

I terat ive 

Direc t 

I t e ra t ive -Di rec t 

In addition, the Shur-Shultz method is 
available for computing the inverse of an 
n x n mat r ix where n < 11. 

The above methods a r e being re -eva lua t ­
ed for use with the magnetic tape and/or 
(39,6,0) a r i thmet ic . Additional methods a r e 
also being investigated. 

It is planned to use the Shur-Shultz p ro ­
gram to invert a family of m a t r i c e s a r i s ing in 
the construction of optimum interval tables 
using Chebychev polynomial approximation. 
Once these inverses a r e obtained, it will be 
possible to set up anautomat ic procedure for 
obtaining approximating polynomials for a r b i ­
t r a r y functions up to o rde r 19 over any finite 
in terval . 

P rob lem #28. Ambipolar Diffusion 

This problem, recommended by P r o f e s ­
sor P . Allis of the MIT Phys ics Department, 
has to do with an e lec t r ica l discharge in which 
e lect rons and positive ions a r e generated at a 
rate (r^ ) proport ional to the electron concen­
trat ion (if?). In the steady s ta te , both par t ic les 
must flow to the walls of the discharge tube 
at the same rate (P), which is determined by 
the concentration gradients of the electrons 
(Vn-) and positive ions (VJJ + ) and by the space 
charge field (E s ) . The field i s , in turn, de ­
termined by the space charge 

e(V+ - 7)_) 

When the equation of continuity V • T z r:V-
is added, the resul t is four f i r s t order dif­
ferential equations for the four var iables 
7)+l1)- , r , E. The boundary conditions a re 
that r and E s should vanish at the center of 
the tube and t)+ and 7} _ at the wal ls . By the 
introduction of dimensionless va r iab les , the 
number of a rb i t r a ry p a r a m e t e r s is reduced 
and the task of finding compatible values of 
electron and ion concentration necess i ta tes 
solving two second order second degree dif­
ferential equations. 

Also in teres ted in the problem, Mr . 
Robert Minnich of Harva rd Universi ty of­
fered his se rv ices as a numer ica l analyst 
and p r o g r a m m e r . By the fall of 1951 a p r o ­
gram had been writ ten and operated using 
fixed-point s ingle-length number sys tem. 
Unfortunately, the solution so obtained lacked 
precision, and the problem was temporar i ly 
set aside. When in terpre t ive routines for 
ex t ra -prec i s ion floating-point computation 
became avai lable , a new p rogram was wr i t ­
ten, and sat isfactory data were produced. 
However, Dr. David Rose of the Bell Labo ra ­
tor ies was convinced that bet ter r e su l t s could 
be obtained. Minnich took the challenge and 
reprogrammed the problem using a t h r e e -
point Newton Cotes integrat ion formula and 
a bi-sect ion p rocedure . This proved wor th­
while, and during the past qua r t e r twenty 
parameter values have been operated on 
Whirlwind sat isfactor i ly . Five more p a r a m ­
e te r s a r e to be operated using a slight v a r i ­
ation in the b i -sec t ion procedure to de termine 
if any grea te r accuracy of the data can be ob­
tained. 

Problem #30. Digital ly-Controlled 
Milling Machine P r o g r a m 

A problem originally proposed in e a r l i e r 
discussions with Mr. John Runyon of the MIT 
Servomechanisms Labora tory has been coded 
and is ready for WWI. The se rvomechan ica l -
ly-controlled milling machine descr ibed in 
previous r epo r t s {see Summary Reports 28 
and 29) will be ins t ructed by specially coded 
instructions punched on paper tape to cut a 
straight tapered wing section. The root and 
t ipair foi ls of the wing section a r e de termined 
by NACA polynomials , modified to allow for 
the offsets neces sa ry because of the radius 
of the cutting head. 

A program has a lso been coded for the 
c lass of problems wherein the surface to be 
cut by the milling machine is specified by 
tabulated data. The n e c e s s a r y offsets will 
be here determined by the computer . Va r i ­
ous subroutines have been writ ten also which 
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simplify the coding of such p rob lems . 

Problem #41. Binary Matrix Produc t 
Statist ics 

This problem originated with R. D. Luce 
of the Group Networks Labora tory of the R e ­
s e a r c h Laboratory of E lec t ron i c s , MIT. It 
concerns exper iments in group communica­
tions that consis t of s t ep -by-s t ep passage of 
information among five test personnel oc ­
cupying posit ions in a "network. " 

As anticipated, the equi-probable p ro ­
ce s s did not account for the observed group 
r e s u l t s . This was apparent ly not due to in­
sufficient s t a t i s t i c s . Successive read-outs 
at 1000, 2000, and 3000 runs showed a devi­
at ion of approximately 1% from the mean at 
the maximum point of the calculated d i s t r i ­
butions. Indeed, an analyt ical calculation for 
one model showed that the probabil i ty of a l l 
nodes possess ing complete information at 3 
s teps i s 0.00244, while the Monte-Car lo ca l ­
culations gave 0. 00167. In another model the 
comparable probabi l i t ies were 0. 0705 ve r sus 
0 .0757. 

A more compl ica ted model based upon 
the use of conditional probabi l i t ies from act 
to act and t r i a l to t r i a l will be a t tempted. In 
this conception the passage of information 
will be jointly governed probabil is t ical ly by 
the decisions in the previous act and by the 
success or fai lure (in the sense of minimum 
ac t s or not) on the previous t r i a l s . In the one 
c a s e i n which anana ly t i ca l solution exis ts for 
a sys tem under these hypotheses , ag reement 
with the data i s good. The Monte-Car lo p r o ­
cedure will be used to tes t those models for 
which analytical solutions have not been found. 

Problem #42. Hyperbolic P a r t i a l 
Differential Equat ions: Numerica l 
Integration 

F o r the problem of spher ica l wave p ro ­
pagation being studied, the p roces s is con­
s idered adiabatic such that the speed of sound, 
c, and the density, p , a r e related by 

where If is the adiabatic exponent. 
In previous single-register computat ions, 

this function was approximated by a se r i e s 
valid for a cer ta in range of p . However, 
p repara to ry to a (24, 6, 0) p rogram which will 

be used to investigate the general wave phe­
nomenon over much g rea te r ranges , a new 
and more general method of finding the func­
tion is being tested. 

During this phase, some analytical work 
not connected with the computer has been 
pursued on the problem. 

Problem #45. Crysta l Structure 

The computation of the electron density, 
f(x,y), in a cen t rosymmetr ic crys ta l cell 
(see Summary Report 29) has been proceed­
ing on a production basis during this qua r t e r . 
Approximately 15 sets of data have been p ro ­
cessed . The general 3-dimensional case is 
being programmed. In addition, a p rogram 
is being written for the computation of the 
s t ruc ture factors used in the calculation of f 
from empir ica l data. 

P rob lem #46. Torpedo Depth Response 

During the las t quar te r ly period the to r ­
pedo depth response problem was completed 
on Whirlwind. This problem, which or iginat­
ed with Robert Kramer of the Servomechan-
i sms Laboratory at MIT, was essent ia l ly the 
solution of four simultaneous first o rde r dif­
ferential equations plus a l inear constraint 
relat ionship between certain of the va r i ab les . 
The method of numerical solution used was 
the four-point Runge-Kutta method. The 
(15 15,0) floating-point in terpret ive subrou­
tine was used throughout to obviate the neces ­
sity of scale factoring. Solutions with inte­
gration intervals of 0.01, 0 . 1, and 0 .2 second 
were obtained. The 0 . 0 1 - and 0 .1-second 
intervals gave solutions agreeing with each 
other and with a 1-percent analytical solution 
to about three significant f igures . The 0 .2 -
second interval solution oscillated wildly. 

P r o b l e m #47. Pa r t i a l Differential Equa­
tions of an Internal Combustion Engine 

This problem involves the solution to a 
hyperbolic type of second order par t ia l dif­
ferential equation with proper initial and 
boundary conditions, which r ep resen t s the 
unsteady flow in an inlet pipe of an engine. 
The method of solution consis ts in con­
structing simultaneously networks of c h a r a c ­
te r i s t i cs in the physical p lane(abscissa: d is ­
tance along the pipe; ordinate: time) and the 
state plane (abscissa: local velocity of fluid; 
ordinate: local velocity of sound). 
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The problem has been coded in the (24,6, 
0) floating-point system. Since the middle of 
May, satisfactory resul ts have been produced 
steadily. Computed p ressure in the inlet 
pipe, p r e s su re in the cylinder, and the amount 
of a i r entering the cylinder for each cycle of 
engine operation a r e displayedon the oscil lo­
scope and recorded photographically. This 
method of obtaining results has proved to be 
satisfactory in regard to both speed and ac ­
curacy. 

Because of the scarci ty of computing 
t ime, it will not be possible to test the p r e s ­
ent p rogram m o r e thoroughly. It has been 
planned to stop the computation in the very 
near future. At that t ime, a more detailed 
report on what has been done will be submit­
ted. 

P rob lem #48. Gust Loads on Rigid Air ­
planes in Two Degrees of Freedom 

A program for yielding the response of 
a rigid airplane in two degrees of freedom to 
a sharp-edged gust has been written and suc­
cessfully tested. In addition, a second pro­
gram has been wri t ten and tested for finding 
the response to a graded gust by integrating 
the sharp-edged gust resul ts in the following 
manner 

(AR) : — / (AR) (cr)do- 0 < s < s 'g s / v ' s . e . v ' g & g Jo B 

Problem #50. Lattice Analogy Applied 
to Shear Walls 

This is the final report on this problem. 
The subject of pr imary in teres t in the invest i ­
gation was the predication of the load-deflec­
tion curves of re inforced-concrete shear 
walls. This is an extremely complex ana­
lytical problem, especially after cracking 
of the concrete has occur red , and hence 
recourse was made to the approximate meth­
od of the lattice analogy. 

The fundamental concept of this method 
is that of replacing a plate by a pin-connected 
lattice having the same deformations as the 
plate. The latt ice is given the external out­
line and the boundary conditions of the plate 
prototype and is subjected to the same loads 
as the prototype. The problem is then, as 
far as Whirlwind is concerned, one of de­
termining all the bar s t r e s s e s when the data 
on bar a r e a s a r e given to it. 

The cor rec t solution will satisfy both the 
equations of stat ics and s t ra in compatibili ty. 
By assuming a stat ically sound final solution 
and ensuring in the program that all c o r r e c ­
tions a r e statically consis tent , the static 
equilibrium of the s t ruc ture is a s su red 
Strain compatibility is checked by means of 
the equations of compatibility which a r e de­
rived from elast ic s t ra in considera t ions . 
As there a r e two basic types of lattice uni ts , 
the square and the diamond, an equation for 
each is required. These a r e derived from 
virtual work considerat ions. 

<*»>,= rs[l <*».... I ' W 

SO 

(AR)s e ((T)dcr 
I 

With these two programs , the airplane 
response for three gust gradient d is tances , 
Sg, may be found for a wide number of p a r a m ­
e t e r s . Upwards of 200 cases a r e to be studied, 
and in order to reduce print-out t ime, the 
computer has been programmed to select and 
print only the peak values of airplane acce l ­
eration rat io (the alleviation factor), the wing-
load ra t io and tai l - load rat io , rather than the 
complete time h i s to r i e s of the quantit ies. 
This p rogram yields several resul ts per hour. 

In the second quar te r of 1952, Whirlwind 
computed 55 cases for the Aero-Elas t ic and 
St ruc tures Resea rch Laboratory, Department 
of Aeronautical Engineering, MIT, which is 
conducting the gust- load investigation under 
contract with the Bureau of Aeronautics . 

For the squares : 4 £ D - E F = 0 
For the d i amonds :2£D - £ F z 0 

where D = component of force in 
a diagonal bar 

F ; force in a side bar. 

As set up at present , the program checks 
the s t ra in compatibility of al l units in a sy s ­
tematic manner (Seidel p rocess ) , effects 
statically consistent co r rec t ions , and s to re s 
the bar s t r e s s e s (F) for the ( n - l ) t n a n d n t n 

cycles. It a lso s to res F n - F n _ i = A F n . A 
subroutine is utilized to find | A F n | max* a n t* 
this la t ter is used a s a c r i t e r ion for the a c ­
curacy of the solution. Actually, the best 
solution would be obtained for | A F n | m a x * ®> 
because of round-off, it is in general not 
possible to attain this des idera tum. However, 
the c loser this optimum is approached, the 
better the solution. 

Correlation between theory and expe r i ­
ment was good in the uncracked range in r e ­
gard to both initial crack predictions and 
deflection. Results in the cracked range 
were fairly good for most specimens analyzed, 
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the grea tes t e r r o r being in the deflection p r e ­
diction at ultimate load. 

P rob lem #52. Oil Reservo i r Depletion 
Analysis by Iteration 

This problem extends a procedure p r e ­
viously developed for the calculation of the 
p r e s su re and saturation distr ibutions in a 
producing r e se rvo i r . 

The problem being solved is the so-cal led 
l inear case charac te r ized by the existence 
of a single dominant direction of oil flow. 
The method being used is one that was de­
veloped by the Car te r Oil Research Labora­
tory. It ut i l izes the concept of unit expan­
sion. 

The ea r l i e r procedure cor rec ted the 
non-uniformity of the p r e s s u r e change in the 
r e s e r v o i r by making use of a calculated weight 
factor. The present analys is replaces this 
weight factor by an i tera t ive procedure . Thus 
the high speed of WWIis being utilized to ob­
tain a p r e s s u r e and saturat ion distr ibution 
consistent with the prescr ibed withdrawal 
rate and resul tant flow. 

A set of resu l t s have been obtained and 
sent to the Ca r t e r Laboratory for ana lys i s . 

P rob lem #53. Solution of Boundary Value 
Prob lems 

This problem is the Schrodinger wave 
equation for self-consis tent field calculation 
of var ious a toms . Since six eigenvalues and 
s ixassocia ted wave functions must be evalu­
ated for an atom such as Cu + , this is a lengthy 
computational task. For details of the prob­
lem see Section 6 of Summary Report 29. 

During this quar ter a detached study of 
how to choose automatical ly the best eigen­
value has been made, and plans have been 
made for using the new magnet ic- tape units 
for auxil iary memory and the oscilloscope 
output for displaying the intermediate and 
final solutions. 

Prob lem #54. Optimizing the Use of Water 
Storage in a Combined Hydro-Thermal 
Electr ic System 

The demand for a large number of s tor­
age reg i s t e r s for this p rogram has been sa t i s ­
fied by the use of magnetic tape as an auxil i­
a ry s torage medium. The estimated system 
operation together with generation r equ i r e ­
ments and stream-flow data a re recorded in 
54 groups of 20 (24,6,0) words on magnetic 

tape. This layout isfollowedby a "sk ip-back" 
routine to place the reading head in a position 
at the beginning of the recorded data . The 
appropriate data for computation at each of 
54 ordinates i s introduced into the computer 
by the following routine: skip forward one 
group, read forward one group, skip back­
ward over two groups, read forward one 
group, compute several part ial de r iva t ives , 
skip back one group, and then r ecord the r e ­
sults of these computations in a forward d i ­
rection in one group. This cycle is repeated 
a total of 54 t imes . 

The program was run successfully for 
four complete passes , which amounts to two 
steps in the present scheme of eight i t e r a ­
t ions. The resu l t s of these two steps have 
indicated the possibility of a substantial r e ­
duction in fuel cos ts and in the degree of 
violation of system constraints that were 
present in the initial operating mode . 

Problem #58. Determination of Energy 
Levels of Oxygen Molecule 

The problem: A knowledge of the e l e c ­
tronic energy levels of the lowest s tates of 
the oxygen molecule will give detailed infor­
mation about the paramagnetic behavior of 
oxygen. In addition, the procedure here e m ­
ployed will bridge the gap between the m o ­
lecular orbital t rea tment , adequate for smal l 
in te r -nuclear distance, and the He i t l e r -Lon-
don approximation, which is valid for la rge 
values of the in te r -nuc lea r dis tance. 

Briefly, from an appropr ia te ly-chosen 
complete set of one-electron wave functions, 
/ u i j , a finite set of N > 1 6 functions a r e 
chosen. F r o m this set, determinental wave 
functions, i//i , satisfying the exclusion p r in ­
ciple can be formed. The two s and three 
p states provide, with spin included, ten such 
orbitals for each atom, leading to a value of 
N = 20. This leads to about 5000 different 
wave functions, which is prohibitively l a rge . 
Hence it is assumed that the Is and 2s s ta tes 
a r e permanently filled, leaving 8 e lec t rons 
and 12 spin orbi tals to be filled. The number 
of functions is thus reduced to 495. Making 
use of the symmetry proper t ies of the m o l e ­
cule and assuming no magnetic in teract ion, 
it is possible to select from this number 9 
and 12 l inear combinations which a r e ^ E.a 
and ' £ g s ta tes , respectively. These func­
tions then provide the secular equations of 
order 9 and 12 whose solutions provide the 
des i red lower electronic energy levels and 
the orthonormalized transformed wave func­
tions. The{ui} selected enabled the elements 
of the secular equations to be obtained ana-
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lytically. The calculations were ca r r i ed 
through for 7 values of the internuclear d i s ­
tance. The minimum value of the energy 
curve obtained gave the binding energy of the 
molecule. 

Mathematical technique employed: The 
two previously descr ibed methods (Summary 
Report 29) were discarded as being too inac­
curate in one case and too t ime-consuming in 
the other. Instead, a direct diagonalizatiou 
scheme dating back to Jacobi and Runge was 
employed. A (24 ,6 ,0) p rogram was writ ten 
capable of t reat ing a secular system up to 
order 12. The resu l t s were gratifying: each 
9 x 9 required 2-1 /2 minutes and each 12x12 
required 6 minutes computing t ime, r e s p e c ­
tively. The eigenvalues were cor rec t to 6 
decimal digits; the eigenvectors were accu­
ra te to about 4. 

Prob lem #59. 
Calculation 

AEC Pos i t ron-Elec t ron 

This problem was originated by M . E . 
Rose and P R . Bell of the physics division 
of Oak Ridge National Labora tory . The pur ­
pose of the computation is to provide physi­
c is t s and chemis ts with tabulated values of the 
field factors for use in determining the max i ­
mum energy of beta rays leaving the nucleus 
in forbidden t rans i t ions . (cf. M . E . Rose, 
"Relativist ic Wave Functions in the Continu­
ous Spect rumfor the Coulomb Fie ld ," P h y s i ­
cal Reviews, v 51, p 484, 1937; E. Grueling, 
"Theoret ica l Halflife of Forbidden Beta T r a n ­
sition," Physical Reviews, v 61, p 568, 1942; 
D . L . P u r s e y , "The Interact ion in the Theory 
of (S-decay" Philosophical Magazine, v 22, 
p 1191, 1951). 

The momentum spect rum for forbidden 
t ransi t ions can be represen ted by the momen­
tum spectrum for allowed t ransi t ions mul t i ­
plied by a cor rec t ion factor C n x (p , z) (n, x, 
p, z denote respect ively the order of forbid-
denness , the type of interact ion, the e lec t ron 
momentum, and the nuclear charge number) . 
The factor C n x ( p , z) can be evaluated as a 
l inear combination of the field factors with 
coefficients that depend only on the neutrino 
energy, the spin number , and the order of 
forbiddenness. 

Whirlwind I will be used to evaluate the 
solution to the Dirac e lec t ron wave equation 
which has been found by M.E. Rose in a closed 
form. The solution, which is a combination 
of hypergeometr ic , gamma, and elementary 
functions of a complex argument , is readily 
evaluated by i te ra t ive methods on an auto­
matic computing machine. The (39, 6, 0) 
floating-point in terpre t ive ar i thmet ic will be 

used to maintain a relative precision of 0. 1 
percent in the final computed values. 

The resu l t s of the Whirlwind computa­
tions will be punched on ca rds , sorted, mul­
tiplied bya factor , and tabulated using a so r t ­
er and ca rd-programmed calculator (CPC). 
These values will be included in a report 
published by Oak Ridge National Laboratory 
and will receive wide distribution. It was 
necessary to do par t of the computation on the 
CPC, as the program for the entire compu­
tation would not fit in the present Whirlwind I 
internal memory . The F e r m i functions for 
allowed transi t ions and the correc t ions for 
finite size of the nucleus have already been 
tabulated and published by ORNL. 

The code for Whirlwind I has been de­
veloped. The computations should be com­
pleted during the next quar te r . The com­
puted values will be recorded as a scope 
display on film after the code has been tested. 

Prob lem #60. Determination of the 
Energy Levels of the Deuteron 

For this problem Schrodinger 's equation 
reduces to 

dx2 • [ - AV(x) 

where 
V(x) 

E is proportional to the binding 
energy of the deuteron, 

A and C a r e pa rame te r s which 
determine the form and depth of 
the nuclear potential, 

and the boundary conditions r e ­
quire that y, the probability densi­
ty, be ze ro at x = 0 and at x = oo. 

A completely automatic solution to this 
boundary value problem has been obtained. 
Fo r each set of the pa r ame te r s , successive 
t r ia l values ofE converged to the true eigen­
value, the number of t r ia l s depending on how 
good was the f irs t t r ia l value. 

The solution time varied from 30 to 60 
minutes for one set of pa r ame te r s . Since it 
is planned to obtain solutions for approxi­
mately 100 sets of pa rame te r s , the program 
must be modified so as to dec rease the solu­
tion t ime. 

Two major modifications a r e beir.g made. 
(1) Auxiliary s torage (magnetic tape) will be 

_ _ _ — _ _ 
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used to s t o r e the potent ia l funct ion, so that 
it m u s t be c a l c u l a t e d only once for each of 
the ten v a l u e s of the p a r a m e t e r C. (2) When 
AV(v)<<E, which it i s for l a r g e v a l u e s of x, 
the equat ion has an exponent ia l so lut ion , and 
y1 : - ^E* y. Thus for s o m e l a r g e x, the va lue 
of (y'+ ,/E y ) / y ' : B i s a p p r o x i m a t e l y p r o p o r ­
tional to the e r r o r in E . The next tr ia l va lue 
of E can be e s t i m a t e d f r o m the two p r e v i o u s 
v a l u e s of B. Thi s method p r o m i s e s to g ive 
m u c h f a s t e r c o n v e r g e n c e of the t r ia l v a l u e s 
of E to the true e i g e n v a l u e . It i s expec ted 
that u s i n g this s c h e m e for finding the e i g e n ­
va lue , and us ing a u x i l i a r y s t o r a g e for the 
potent ia l funct ion, wi l l r e s u l t in reducing the 
so lu t ion t i m e to a m a t t e r of 2 or 3 m i n u t e s . 

The method can be e a s i l y extended to 
h igher o r d e r wave funct ions . F u r t h e r it a p ­
p e a r s that the c o m p l e t e l y automat i c so lut ion 
of th is type of boundary value p r o b l e m wi l l 
have wide app l i ca t ion not only in p h y s i c s , but 
in o ther f i e lds a s w e l l . 

P r o b l e m # 7 0 . C o r r e l a t i o n of S o l v o l y s i s 
R a t e s 

T h i s p r o b l e m w a s o r i g i n a l l y in troduced 
by the C h e m i s t r y D e p a r t m e n t of MIT and i s 
now be ing p u r s u e d by Rober t M o s e l y , u s ing 
the fo l lowing m e t h o d . 

An equat ion of the f o r m 

log k / k - sn + s ' e 

has been found to c o r r e l a t e the r a t e s of s o l ­
v o l y s i s of twenty o r g a n i c compounds i n e i g h t -
een s o l v e n t s , w h e r e k and k° a r e the rate 
c o n s t a n t s for s o l v o l y s i s of an o r g a n i c c o m ­
pound in any s o l v e n t and in a s tandard s o l ­
vent , r e s p e c t i v e l y , n and e r e p r e s e n t the 
n u c l e o p h i l i c i t y and e l e c t r o p h i l i c i t y of the s o l ­
vent , and s and s' r e p r e s e n t the s u s c e p t i b i l i t y 
of the c o m p o u n d to n u c l e o p h i l i c and e l e c t r o -
phi l ic a t tack , r e s p e c t i v e l y . The compounds 
range f r o m m e t h y l b r o m i d e to t r ipheny lmethy l 
f luox ide , and the s o l v e n t s inc lude e thano l -
w a t e r , m e t h a n o l - w a t e r , a c e t o n e - w a t e r , a c e t i c 
a c i d - a c e t i c a n h y d r i d e , and formic a c i d - a c e ­
tone m i x t u r e s . 

A s e t of n, e , s and s' obtained by a s u b ­
j e c t i v e p r o c e s s of t r ia l and e r r o r g i v e s r e ­
m a r k a b l y good a g r e e m e n t between ca l cu la ted 
and o b s e r v e d rate c o n s t a n t s . H o w e v e r , an 
o b j e c t i v e p r o c e d u r e for obtaining s u c h v a l u e s 
i s g r e a t l y d e s i r e d . An i t e r a t i v e method of 
l e a s t s q u a r e s a p p e a r s to be the m o s t su i tab le . 

If the quantity 

(£ zij - ? sinj - 1 «i ej>2 

w h e r e 

zu -- log ^L X 
1J kP i 

l 

r e f e r s to al l c o m p o u n d s , and 2^. to a l l s o l ­
v e n t s , i s m i n i m i z e d , then the l e a s t s q u a r e s 
c r i t e r i o n i s s a t i s f i e d . Thi s m a y be a c h i e v e d 
by an i t e r a t i v e p r o c e d u r e . 

D i f ferent ia t ion with r e s p e c t to e a c h n 
l eads to a set of equat ions of the form 

E Z 5 i : M £ . f + . E V J . 
I ' J I ' I 

S i m i l a r l y , d i f ferent ia t ion wi th r e s p e c t to e 
l eads to a se t of equat ions 

£ Z. . s. - n. £ s . s . + e . £ s'. 
i j i j . i i j . i 

l J J l * l 

If a s e t of s£ and s{ a r e f i r s t a s s u m e d , 
t h e s e two s e t s of equat ions m a y be s o l v e d in 
p a i r s to give a s e t of n and a set of e . Dif­
f erent ia t ion with r e s p e c t to s and s1 l e a d s to 

£ Z . . M . : s . £ M ? + s ! £ M . e . 

£ Z . . e . : s . £ M . e . + s . ' £ e? 

Us ing the v a l u e s of n and e obtained a b o v e , 
these two s e t s of equat ions m a y be s o l v e d 
in p a i r s for s and s ' . T h e s e new s and s1 

v a l u e s may then be u s e d to obtain another se t 
of n and e . Repet i t ion of the p r o c e d u r e l e a d s 
to the bes t se t of n, e , s , and • ' , but only 
v e r y s l o w c o n v e r g e n c e a p p e a r s obtainable by 
this m e t h o d . 

P r o b l e m # 7 1 . Opt imum Operat ion 
of a C h e m i c a l R e a c t o r 

A (24 , 6, 0) p r o g r a m for so lv ing the se t 
of three s i m u l t a n e o u s n o n - l i n e a r d i f ferent ia l 
equat ions d e s c r i b i n g the o p e r a t i o n of a c h e m i ­
cal r e a c t o r has b e e n w r i t t e n and t e s t e d . The 
p r o g r a m g i v e s s a t i s f a c t o r y r e s u l t s ; h o w e v e r , 
in o r d e r to s o l v e the equat ions for the l a r g e 
number of p a r a m e t e r s r e q u e s t e d it is n e c e s ­
sary to speed up the p r o g r a m by a f a c t o r of 
at l e a s t ten. By i n c r e a s i n g the length of the 
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in t egra t ion s t e p s and by us ing the (15 , 1 5 , 0 ) 
i n t e r p r e t i v e rout ine , the d e s i r e d s p e e d - u p 
can be obtained. Thi s modi f i ca t ion i s now 
being t e s t e d . The f inal f o r m of the p r o b l e m 
i s e x p e c t e d to be run during the next two 
w e e k s . 

P r o b l e m #74. Opt imiza t ion of Strip 
Mining T e c h n i q u e s 

The spec i f i c p r o b l e m to be s o l v e d i s that 
of d e t e r m i n i n g how the m i n i n g rate of an e x ­
cava tor v a r i e s with the s y s t e m operat ing f a c ­
t o r s af fect ing this r a t e . 

In the mining f i e l d s , the o r e to be r e ­
m o v e d i s found in a m a t r i x of e a r t h 10 to 30 
f ee t b e l o w the s u r f a c e . The e x c a v a t o r r e ­
m o v e s the earth which c o v e r s the ore m a t r i x 
and p i l e s it on w o r k e d - o v e r land. Then i t r e ­
m o v e s the m a t r i x and d e p o s i t s it on the s i d e 
of the s t r i p . T h e r e , the o r e i s t r a n s p o r t e d 
to a p r o c e s s i n g plant and s u b s e q u e n t l y r e a d i e d 
for sh ipment . 

Operat ional data perta in ing to the s y s t e m 
f a c t o r s w e r e c o l l e c t e d to e s t a b l i s h p e r f o r m ­
ance c r i t e r i a for the operat ing v a r i a b l e s . 
Next , a m a t h e m a t i c a l mode l w a s e s t a b l i s h e d 
a n a l y t i c a l l y to r e p r e s e n t the p e r f o r m a n c e of 
the s y s t e m a s a funct ion of a l l operat ing 
v a r i a b l e s . Lett ing the m a t h e m a t i c a l m o d e l 
r e p r e s e n t the s y s t e m , the p r o b l e m b e c o m e s 
that of modify ing the d e s i g n or magni tude of 
those f a c t o r s which d e t e r m i n e the operat ing 
v a r i a b l e s to obtain e x p r e s s i o n s of the p e r ­
f o r m a n c e in t e r m s of mining rate under a l l 
d e s i r e d condi t ions . E l e v e n p a r a m e t e r s have 
been ident i f ied w h i c h a r e both n e c e s s a r y and 
suf f ic ient for the d e s c r i p t i o n of the s y s t e m 
operat ion . 

The l a r g e n u m b e r of r e s u l t s that m u s t 
be obtained n e c e s s i t a t e s the u s e of the m a g ­
n e t i c - t a p e t y p e w r i t e r . The r e s u l t s wi l l be 
r e c o r d e d on m a g n e t i c tape wi th p o s i t i v e s o l u ­
t ions r e p r e s e n t i n g mining rate and nega t ive 
s o l u t i o n s i m p r a c t i c a l p a r a m e t e r c o m b i n a ­
t ions . The ini t ia l t r i a l s wi l l be for v e r i f i c a ­
tion p u r p o s e s , so t h e s e r e s u l t s wi l l be typed 
d i r e c t l y f r o m the c o m p u t e r . 

P r o b l e m #78. The Solut ion of A l g e b r a i c 
Equat ions Us ing G r a e f f ' s Method with 
Rat io T e s t 

The p r o g r a m is b a s e d on G r a e f f ' s m e t h ­
od and o p e r a t e s on the c o e f f i c i e n t s of a g iven 
a l g e b r a i c equation with r e a l c o e f f i c i e n t s to 
form the coe f f i c i en t s of a new equat ion w h o s e 
roots a r e s o m e high power of the roo t s of the 
or ig ina l equat ion. If no two roo t s a r e equal , 
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the roo t s of the new equation a r e wide ly s e p a ­
rated and can e a s i l y be e v a l u a t e d . R e p e a t e d 
or c o m p l e x roo t s can be d e t e c t e d by i m p u t a ­
t ion of the c o m p u t e d c o e f f i c i e n t s , which i s 
f ac i l i t a t ed by a rat io t e s t i n c o r p o r a t e d in the 
p r o g r a m . They can then be f o r m e d by m a k ­
ing u s e of s i m p l e r e l a t i o n s h i p s which e x i s t 
b e t w e e n the c o e f f i c i e n t s . 

The a c c u r a c y with which the roots c a n 
be obtained i s l i m i t e d only by the number of 
s ign i f i cant f i g u r e s and magni tude of the p o w e r 
index which can be handled by the p r o g r a m ­
m e d a r i t h m e t i c subrout ine . U s i n g the (15 , 15 , 
0) n u m b e r s y s t e m in a p a r t i c u l a r e x a m p l e , 
it w a s found that the r e a l and c o m p l e x r o o t s 
of a s e v e n t h d e g r e e p o l y n o m i a l c o u l d be o b ­
ta ined with e r r o r s of l e s s than 2 p e r c e n t when 
t h r e e of the r o o t s d i f fered by l e s s than 4 p e r ­
cent in m a g n i t u d e . T h i s r e s u l t w a s obta ined 
when the roo t s of the or ig ina l equation had 
been r a i s e d to the 1 2 8 t n p o w e r . By us ing a 
n u m b e r s y s t e m with m o r e s i gn i f i can t f i g u r e s 
and i n c r e a s i n g the p o w e r to 256 or 512 , a 
c o n s i d e r a b l e i m p r o v e m e n t in a c c u r a c y c o u l d 
be obta ined. 

A de ta i l ed account of the method u s e d 
for finding the actua l roo t s f r o m the r e s u l t s 
of the p r o g r a m wi l l be found in Whittaker and 
R o b i n s o n ' s book, "The C a l c u l u s of O b s e r v a ­
t i o n s . " 

P r o b l e m # 7 9 . T r a c i n g R a y s Through a 
S p h e r i c a l L e n s 

Thi s p r o b l e m or ig ina ted at the L a b o r a ­
tory for E l e c t r o n i c s , I n c . , in B o s t o n . T h e 
or ig ina l e n g i n e e r i n g p r o b l e m c a l l e d for the 
d e s i g n of a m i c r o w a v e l e n s which would s a t i s ­
fy three r e q u i r e m e n t s : 

1. The l e n s had to be suf f i c i ent ly thin 
to m e e t c e r t a i n m a x i m u m - w e i g h t r e s t r i c ­
t i o n s . 

2 . A path equal i ty condi t ion f o r the r a y s 
( n o r m a l s to wavefronts ) going through the 
l e n s f r o m a point s o u r c e had to be m e t . 

3 . The final r e f r a c t e d r a y s ( n o r m a l s ) 
had to be inc ident on a c e r t a i n r e f l e c t i n g 
plane s u r f a c e , the ang le of i n c i d e n c e be ing 
a p p r o x i m a t e l y 90 d e g r e e s . 

The f i r s t a t t e m p t at so lu t ion c o n s i s t e d 
of s e t t ing up a s y s t e m of d i f f erent ia l e q u a ­
t i o n s . But th i s w a s abandoned in favor of a 
m e t h o d which would be m o r e e a s i l y adaptable 
to quick computa t ion . 

A s a r e s u l t , a v e c t o r m e t h o d w a s d e ­
c ided upon (which could handle s k e w rays a s 
w e l l a s plane r a y s ) w h i c h r e d u c e d a l l c o m ­
putation to the four b a s i c a r i t h m e t i c o p e r a ­
t ions and a square root o p e r a t i o n . S p e c i f i c a l ­
ly , the fo l lowing plan of attack w a s then d e -
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cided upon: for speed and simplicity in ca l ­
culation, a good sampling of only spherical 
surfaces (c i rc les for generatr ices) would be 
considered. Then as time permitted, F e d e r ' s 
method (resembling the "Newton Approxima­
tion Method") could be used to improve on 
the spher ical design if necessary and produce 
an a sphe r i c . 

Even with this simple approach, it was 
est imated that the computation would take 
several man -yea r s of steady work. The re ­
fore a request was made and granted to use 
WWI. Three successive p rograms have been 
devised, the last two being refinements of the 
first p rogram. The first program exploded 
the conjecture that if the angle cr i ter ion were 
satisfied, then the path equality cr i te r ion 
would a l so be satisfied. Thirty-one lenses 
were printed out which satisfied the angle 
cr i te r ion , but the spread of path lengths was 
too grea t in each case . It was felt that pe r ­
haps some "good" lenses were being over­
looked. The second program imposed both 
re s t r i c t ions , and after it had run for over 
one hour and produced no suitable l enses , a 
change in p rogram was felt to be des i rab le . 
Certain a l tera t ions in the original specifica­
tions would have to be made. 

After consultation with the engineer in 
charge of the project, it was therefore de ­
cided: 

1. To rotate the character iz ing line 
(plane) through 2° 

2. To try a variety of source positions 
given by the position vector T ( T x , T y ) , a l ­

lowing T x to vary between -36 and -24 (in 
steps of 3 units) and T y , between 9 and \l 
(in s teps of 1 unit) 

3. To incorporate in the program in­
structions to print out for each lens design 
(over 100 designs were tried) the best speci ­
fications of source position (a) with respect 
to the angle cr i te r ion , (b) with respect to the 
path equality c r i te r ion . 

A successful run was made on WWI and 
some very useful resu l t s were obtained. 

Prob lem #84. Depar ture Curves for 
Various Types of Resistivity Logs in 
Oil Wells 

Elec t r ica l surveys in oil wells measu re 
potentials on the axis of the dril l hole. F rom 
the combination of such measurements for 
various electrode a r rangements , the actual 
res is t iv i t ies of the formations t r aversed by 
the dr i l l hole and of the zones invaded by dr i l ­
ling fluids, immediately around the hole, have 
to be determined. This is done graphically 
by the use of "Depar ture Curves" which give 
the relation between the measured potentials 
and the res is t ivi ty distribution in the forma­
tions. The depar ture curves are computed 
from solutions of Laplace ' s equation incyl in-
drical coordinates expressed in t e r m s of 
modified Bessel functions and cosine t e r m s . 

This work is being undertaken in co­
operation with the Continental Oil Company. 

4 .2 SUBROUTINES COMPLETED 

Library Subroutine 
Number 

EX 0. It 

OT 1.7t 

OT 109- 10t 

Tape 
Number 

T-1048-1 

T-1060-2 

T-930-2 

Title 

TF 7. 2t 

OT 2.4 

MT 1. 1 

T-1172 

T -936 -3 

T -988 -8 

e , 0 < x < 1 

Pr in t C(v3) Through C(v4) a s Octal Number, Sign 
Digit and Complement, Point, Page Layout 

15n, 0, 0 MRA Pr in t and /o r Punch, Decimal 
Fract ion, Sign, Number of Digits Arbi t ra ry , No 
Carr iage Return, Sign Agreement (Interpreted) 

Sine-Cos x, x in radians , x in MRA (24, 6, 0) 

Pr in t C(AC) as Decimal Frac t ion , Round-off 
sign and magnitude, point, single column layout 

Record Block of N + 1 words on Magnetic Tape. 
In Forward Mode. 
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Library Subroutine 
Number 

MT 2. 1 

MT 2.2 

OC 2. 2 

OC 2 .4 

EX 200. 1 

HF 207. 1 

OC 2.2 

OC 2.4 

PA 4. 1 

OC 2. 3t 

OC 2 ,5 

Tape 
Number 

T - 9 8 9 - 1 

T-1161-2 

T-788-5 

T - 8 6 3 - 5 

T-1216-1 

T-1217-1 

T-788-6 

T-863-6 

T-1180-1 

T-850 -6 

T -891 -2 

T i t l e 

Transfer Block of N + 1 words from Magnetic 
Tape (in Reverse Mode) to Storage, storing 
N x 2 - 1 5 in F i r s t Reg. of Trans fe r red Block. 

Transfer Bl<v:k of N + 1 words from Magnetic 
Tape (in Reverse Mode) to Storage, storing 
final address of Block in F i r s t Reg. of T r a n s ­
fer red Block. 

Display C(ES) a s octal fraction, sign octal 
point, D or F scope, Layout 

Display C(ES) a s decimal f ract ions , no round­
off decimal point sign, D or F scope. Layout 

(24,6 ,0) e subroutine (slow) 

(24, 6, 0) sinh x-cosh x subroutine (slow) 

Display C(ES) as Octal Frac t ion Sign, Octal 
Point, D- or F-scope Layout 

Display C(ES) as Decimal Frac t ion , No Round­
off, Decimal Point , Sign, D- or F - s c o p e , Layout 

(39,6 ,0) Interpretive Subroutine 

Octal Instruction Scope Display 

Octal Integers Display 
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ACADEMIC PROGRAM IN AUTOMATIC 
COMPUTATION AND NUMERICAL ANALYSIS 

The seminars on Computing Machine Methods a r e arranged jointly by representa t ives of the 
MIT Committee on Machine Methods of Computation and the MIT Digital Computer Laboratory . 
Various speakers from other MIT act ivi t ies and e lsewhere , a s well as m e m b e r s of the two 
sponsoring groups, part icipate in these weekly seminars , which a r e held in a lecture room at 
the Inst i tute. The program during the past quar te r was as follows. 

Date 

April 3 

April 10 

April 17 

April 24 

May 8 

June 12 

Title 

The Method of Kernel Functions for Solving 
Boundary Value Prob lems in the Theory of 
Linear Elliptic Pa r t i a l Differential Equations 

Numerical Solution of Boundary Value 
Prob lems by Kernel Function Methods 

Sampling Method in Analog Computation 

Report on the paper , "On the numerical 
solution of the Dirichlet problem for Laplace 's 
difference equation, " by J . B. Diaz and R. C. 
Rober t s , Quart, of Appl. Math. , January, 1952 

The Solution of Boundary Value Problem with 
Automatic Computing Equipment 

Speake 

Code Checking Routines 

Dr. Stefan Bergman 

Dr. F r anz L. Alt 

Dr. F . M . Young 

Mr. Noel J. Hicks 

Dr. F rank M. Verzuh 

Dr. R. Clippinger 

June 26 Numerical Integration of the Orr-Sommerfield 
Equation Dr. L . H . Thomas 
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APPENDIX 

6. 1 REPORTS AND PUBLICATIONS 

Project Whirlwind technical repor ts and memorandums a r e routinely distr ibuted to only a 
res t r ic ted group who a r e known to have a par t icular in teres t in the Project . Other people who 
need information on specific phases of the work may obtain copies of individual repor t s by 
making requests to John C. P r o c t o r , Digital Computer Laboratory , 211 Massachuset t s Avenue, 
Cambridge 39, Massachuset t s . 

The following repor t s and memorandums were among those i ssued during the second quar te r 
of 1952. 

N o . 

SR-29 

Title 

Summary Report No. 29, F i r s t 
Quar ter 1952 

No. of 
P a g e s 

36 

Date Auchor 

R-211 A Magnetic Matr ix Switch and i t s ' 
Incorporation into a Coincident-
Current Memory (M. S. Thesis) 97 

R-212 F e r r o e l e c t r i c s for Digital Infor­
mation Storage and Switching 
(M.S. Thesis) 62 

E-452 Relay and Contact Life Test 3 

E-456 Block Diagram of Control for 
P r i n t e r s and Paper Tape Units for 
the Final In-Out System 3 

E-457 Current Density Distribution in the 
Fr inge Region of a Focused Elect ron 
Beam 5 

E-460 The Fe r roe l ec t r i c Switch 3 

6-6-52 K . H . Olsen 

6-5-52 D.A. Buck 

3-3-52 R . E . Hunt 

4-2-52 P . W . Stephan 

4-8-52 C . L . Corderman 

4-16-52 D .A . Buck 

M-1499 The Interim Magnetic Tape System 25 

M-1513 Utility P r o g r a m s Available to WWI 
Operators 7 

M-1514 Outline of P r e s e n t Interim Operation 
of WWI Input-Output Equipment 10 

M-1516 Use of the Interim Magnetic Tape 
Pr in t -Out Equipment 4 

6.2 PROFESSIONAL SOCIETY PAPERS 

Two m e m b e r s of the Laboratory staff 
presented papers at the meeting of the A s -

5-23-52 S. B. Ginsburg 
K . E . McVicar 

6-17-52 J . T. Gilmore 

6-10-52 F . E . Heart 

6-6-52 E . P . Farnswor th 

sociation for Computing Machinery held at 
Mellon Institute, P i t t sburgh, May 2 and 3. 
C. W. Adams spoke on "The Operation of 
Small P rob lems on Large Compute r s . " J . W. 
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Carr's subject was "The Automatic Assem­
bly of Programs by Variable Preset Param­
eters. " 

At the MIT Physical Electronics Con­
ference on March 27, H.B. Frost spoke on 
"The Measurement of Cathode Interface Im­

pedance. " 
W.N. Papian's paper "A Coincident-Cur­

rent Magnetic Memory Cell for the Storage 
of Digital Information" was published in the 
Proceedings of the IRE for April, 1952. 
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