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MATHEMAT ':CAl .PANEl 
.QUARTERLY .REPORt ;TOAUGUST -L, '9~9 

Alston ,S.Householden. ,Chief 

Two new membershavejoined,the.Panel 'since the wtiting_ofthe last 

-report. ,These are Dr. 'M. -L. Nelson, formerly ,of NEP~. and-Mr. Car1Pe~lrac:s;, 

who came ,to OakRidge fromPit~sburgh, Pennsylvania. Dr. Nelson, _who joined 

the,PanelonMay 2,:will_bein charge of computing, _and is continuing work 

begun at NEPA relating to ,methods of shield computa_tions. Mr. 'Perhacs, who 

arrived_April 18, isat present in training on the I8M'equipment at Y-12. 

:Besides these additions to the permanent,'staff, ,Mr. T. _W.Mullikin, a 

former member of the Mathematics Section _who left to continue his academic 

training, :has joined the Panel for the summer months; and Mr. Robert.Lewis, on 

,loan _from NEPA, has been rendering \Taluableassistance,on _the_xenon-and other 

problems. 

,The Association for Computing Machinery met in Oak Ridge on Monday,Tues

day and Wednesday, April 18, 19,and20.All 'meetings :wereheld at the Oak 

Terrace, and meals were served at the same plac..For those arriving on Sun

day, coffee and cookies were served that afternoon and evening at Claremont 

Hall, where most of the guests were housed. Special events included a bus 

tour of the Area _Monday afternoon, a banquet Monday evening, t~a on Tuesday 

afternoon at the American Museum of Atomic Energy, a demonstration of the new 

IBM 604mul tiplier-by Mr, F. C. Uffelman and his group, and a smoker Tuesday 

-evening, 

Total regis tra tion numbered 245, and the following orgariizations'( outside 

of Oak Ridge and not including theUni versi ty_ of Tennessee} _were represented: 

AEC, Washington 

Air-Force 

Alabama Polytechnic Institute 

American~Swedish Board 

Argonne National Laboratory 

ARMA Corporation 

Artly Department 

,Army Map Service 

ORGANIZATIONS 
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Aus'traiiaJ; Uhiversi ty of"Sydney 

Ballistic Rese~rch Labor.t.ry 

Barbet-Colman.Company 

Bell Aircraft ,Corporation 

8ellTelephone Laboratories 

Berkeley, E.C. and Associates 

Bureau of Budget 

Bureau ,of Census 



" 

Bureau.of Ordnance 

Burrough~ Adding Machine Cempany 

Cambridge Field Station, USAF 

Consultant, Burlington, Vt. 

Consulting Electrical Eng~neer. Brooklyn 

Cornell:Aeronautical Laboratory 

.Eastman Kodak Companr 

Eckert~Mauchly Computer Corporation 

Engineering Research Association 

Florida University 

Franklin Institute 

General Electric 

Georgia School of Technology 

Gulf Research and Development 

Harvard University 

IBM. New York 

IBM. Washington 

Illinois Univ.ersity 

Johns Hopkins.University 

·Kellex Corporation 

Kentucky.University 

Little, Arthur D. Company 

Manufacturer's Research 

Massachusetts Institute of Technology 

Mellon Institute 

Metropolitan Life Insurance Company 

Michigan University 

Munitions Board 

Mutual Life Insurance Company 

NACA, Clleveland 

The domplete program is as follows: 

Naval Ordnance Laboratory 

Naval Proving Ground 

Naval Research .Laboratory 

N. ;B.S .• Los Aftgeles , 
N. B.S: ,Washington 

Newton Company 

Nielsen,A.C .. Company 

North Carolina State College 

North Carolina University 

Northrop Aircraft 

Office of Air Research 

Office of Naval Research 

Ohio State Universi~y 

Pennsylvania University 

Planning Research Di vision, USAF 

Prudential Insurance Company 

RAND Corporation 

Raytheon Manufacturing Company 

R.C.A .• Camden 

R. G~A.Labora tories 

R~mington Rand, Inc~ 

Sig. Corps Eng. Lab. 

Social Security Administration 

.Sperry Gyroscope 

Sylvania Electric Company 

Texas University 

USAF Comptroller 

.U. S. Navy Department 

Vanderbilt University 

Weather .Bureau 

SESSION 1:-- Presiding: Dr. John W. Mauchly, ECkert';Mauchly ,Computer Corporation 

Address of Welcome Dr. A. M. Weinberg 

Limitations of Electronic 
Digital Computing Machines 
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OakRidge National Labor.atory 

Dr. Edward W. Cannon 
National Bureau of Standards 



Analogue and Special Purpose 
Computing Machines 

Professor·S.H. Cald~ell 
Massachusetts Institute of Technology 

SESSION II~ -·Presiding: .Dr.Mina Rees. Office of Naval Resea"ch 

,Inversion of Large Matrices Dr. Gertrude Blanch 
National Bureau of Standards 

Problems in Linear Programming Mr. Emi I Schell 
Office of the Air Comptroller, USAF 

Computing Machinery in Australia Professor T. G. Room 
University of Sydney, Australia 

SESSIONIII(-- Presiding: Dr. C. C. Hurd, ;lniernatic)Rai;Business Machines Corporation 

Statistical Theory of Round-Off Errors 

,The Relations of Symbolic Lngic and 
Large-Scale Calculating Machines 

Calculation of Neutron Age by Monte 
Ca~lo 

Computing Statistical Atomic Fields 
on the Selective Sequ~nce Electronic 
Calculator 

Dr. H. B. Huskey 
Na tiona 1 ,Burea.u of ,Standards 

Mr. Edmund C. Berkeley 
Edmund C.Berkeleyand Associates 

Dr. A.S. Householder 
Oak Ridge National Laboratory 

Dr. L. H. Thomas 
Watson La~oratory, IBM 

:SESSION IV'-- Presiding: Dr. John H. Curtiss, National Bureau of Standards 

Binary Notation in Arithmetic Algorithms 
and Qperation Code Partitions 

602A CalculatingPunch-Time Saver in 
Computing Thermodynamic Properties of 
Gases 

The Register Code for the Eniac 

. 
Recent Progress .on Selectron 

Mr. E. F .Cheydleur 
Naval Ordnance Laboratory 

Mr. Jack ,Be lzer 
Mr~ H.1.. Johnston 
Miss Lydia Savedoff 

.OhioState University 

Dr. R. F. Clippinger 
.Dr. B.Dimsdale 
Dr. George Reitweismer 

Aberdeen Proving Ground 

Dr. Jan Rajchman 
Radio Corporation of America 

SESSION V'~- Presiding: Dr. H. H. Aiken, CO!I!Putati.on Laboratory, 
Harvard University 

The Philosophy of Com~utingMachine Design Dr. George R.Stibitz 
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Consultant in Applied Mathematics 
Burlington, Vermont 



Internal Conversion Calculation on 
Mark I 

Experience with the Use of the Aiken 
Relay Calculator 

Logical Design of Direci-Coupled 
Vacurim Tube Control Circuits 

Dr,M, E, Rose 
Oak.Ridge National Laboratory 

Dr, Bernard Spinrad 
Argonne National Laboratory 

Dr, .Clarence Ross 
Naval Proving Ground 

Mr, Theodore Kalin 
Computation Laboratory 
Harvard University 

SESSION VI'-Q Presiding: Dr, Franz L, Alt, National Bureau of Standards 

The Statistical Mechanics of High 
Polymers 

An Intercomparison of Storage Devices 

The NBS Interim Computer 

Dr, Gilbert W,King 
ArthurD,Little, In~. 

Dr, S, N. Alexander 
National Bureau of Standards 

Dr, Samuel Lubkin 
National Bureau of Standards 

A Symposium on the Monte Carlo Method was held at Los Angeles on June 29 

and the two days following, This was sponsored jointly .by the Institute for 

Numerical Analysis, and the Rand Corporation, with the cooperation of the Oak 

Ridge National Laboratory, Members of the Committee on Arrangements were: 

John H, Curtiss, National Bureau of Standards 
Hallett H, Germond, -RAND Corr-pora t ion 
Alston S,Householder, _ Oak Ridge National Laboratory 
Cuthbert C, Hurd, International Business Machines Corporation 
Raymond p, Peterson, National Bureau of Standards 

Obje~tivesof the conference were several-fold. The Monte Carlo method 

originated and received its initial development within the AEC laboratories. 

Nevertheless the meihod and many of the results of its a~lication have be~n 

declassified, and while it is potentially a method of wide applicability, 

virtually nothing has appeared on the s~bject in the open literature. More

over, there has been little opportunity for thofe who have been employing the 

method to exchange notes and ideas.on techniques, And finally; both Rand and 

the Institute have engaged a number of mathematicians to spend the summer in 

Los Angeles to explore the range of problems for which the method might prove 

useful,esp~cially, types of differential equations, and it was hoped that the 

meetings might provide an orientati~n for the~, 
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The Institute for Numerical Analysis has agreed to publish the proceed. 

ings, members of the Committee on Arr.nge~ents serving as editors. In view 

of the rapid developments in the field it is recognized that the value of the 

publication will be ~ansient at last. ConsequentlY'an early fall deadline 

has been set. 

'The c.omplete protram ·follows: 

SESSION I - ~ ORIENTATION 
:Presiding, J.H. Curtiss, National Bureau of Standards 

The Monte Carlo Method S. Ulam 
Los Alamos Scientific Laboratory 

Discussion J. von Neuman.D. 
Institute .for Advanced Study 

SESSION 11'-- PHYSICAL APPLICATIONS OF STOCHASTIC METHODS 
Presiding, J. von Neumann, Institute for Advanced Study 

ShowersPr~duced:by,Low Energy 
ETectronsandPhotons 

Nomograms for Monte Carlo Solution 
of the Milne Problem 

Neutron Age Calculations in Water, 
Graphite, and Tissue 

Methods of Probabilities in Chains 
Applied to Particle Transmission 
through Matter 

·Multiple~Scattered Rays 

Stochastic Methods in Statistical 
Mechanics 

Robert R. Wilson 
Cornell University 

B. 1. Spinrad 
Argonne National Laboratory 

G. H. Goertzel 
New York University 

A. S. Householder 
OakRidge National Laboratory 

Lewis Nelson 
Oak Ridge National .Laboratory 

Wendell DeMarcus 
·NEPA Project, Fairchild Engine 
and Airplane Corporation 

Ugo Fano 
National Bureau of Standards 

Gilbert W. King 
Arthur D. Little Company 

SESSJON1'!1'-- PHYSICAL APPLICATIONS OF STOCHASTIC METHODS . (Continued) 
Pr~siding, Frank C. Hoyt, Argonne National Laboratory 

Calculations on a Water Shield for 
Fas t f\f eu trons, I 
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Calculations on a Water Shield .for 
Fast Neutrons, II 

A Monte Carlo Technique for Estimating 
Particle Attenuation in Bulk Matter 

Neutron Transmissionthrough.Thick Slabs 

Estimation of Particle Transmission 
by Random Sampling 

SESSION IVi.- RANDOM DIGITS 

Preston Hammer 
Los Alamos Sci~ntif,c'Laboratory 

B, A, Shoor 
Northrop Aircr.aft, Incorporated 

Lewis Nelson 
OakRidge National Laboratory 

Wendell fleMarcus 
Robert t, Echols. 

NEPAProject, Fairchild Engine 
,and Airplane Corpo~ation 

WilJi!iton Shor 
U: S: Navy 

Herman Kahn 
T~ E.Harris 

RAND Corporation 

Presiding, Jerzy Neyman, University of California 

.Generation and Testing 

Various Techniques Used in Connection 
with Random Dfgits 

General Discussion from the Floor 

SESSION V:Q~.MATHEMATICAL SESSION 

George W, Brown 
RAND Corporation 

Nicholas Metrop4lis 
.Los Alamos Scientific Labor.atory 

George E. Forsythe 
National Bureau of Standards 

J. von Neumann 
Institute i-iJr Advanced Study 

Presiding, John W. Tukey, Princeton University 

The Connection between Stochastic 
Processes and Partial Differential 
Equations 

Diseu~.ion from the Floor 

8 

Wi lliam Feller 
Corne 11 Un ivers i ty .and the Nat iona I 
Bureau of Standards 

Mark Kac 
Cornell University Ifnd the National 
Bureau of Standards 

J.L. Doob 
University of IlZin'ois 



SESSIOI VI;~- ROUND TABLE DISCUSSION: CRITIQUE OF APPLICATIONS ANDDISCUSSIPN 
OF POSSIBLE NEW DIRECTIONS FOR RESEARCH -

Presiding, John W. Tukey, ,Princeton University 

,Panel: J. Neyman, University of California 
M. A. Girschiek,'Stanford Univers i ty 
W. A. Wallis,~iversity o,fChicago 
D .H.Blackwell; l10wara D"nivef"li ty 
1'.W. Anderso~n, Co lumb ia Un ivers i ty 
L. J. Savage, University of Chicago 

Papers by members of the Panel were presented at both of the meetings 

discussed above. On April 29 the American Mathematica~ Society and the Biometri? 

S~ciett met join~ly at.Law~ence, Kansas, and Householder presented.an invited 

,paper discussing some preliminary results on the isotope-diffusion problem de-
, '. . 

scribedb~low. The same pap~r was presented atthe School of Av~ation Medicine, 

Randolph Field, and at Tulane University. A paper,on the fitting ofexpone~tial 

decay curves .(see below) was presented at the University of Oklahoma on May 2. 

And a paper entitled "Some Numerical Methods of Solving,~ystems of Linear 

Equation~1i has been accepted for publication by the American Mathemat~cal 

Monthly. 

The Summer Work Se~sion on Shielding has called for contributions from 

the Panel, both technical and organizational. Members of the Panel partici

.~ in planning the program, and are participating in the mathematical and 

computational phases as reported below. In connection with~he former aspect, 

Professor von Neumann spent three days at the Laboratory advising as to 

appropriate computatiopal techniques and apparatu~. 

It seems well worth reporting that at the request of NEPA and the Air 

Force and also on the Laboratory's own account, an examination of the present 

dfilvelopment of high spe~d computing machinery was made. P.R. Bell of the 
I- • , : 

Physics Division, A. S. aouseholder and Lewis Nelson of the Mathematics Panel 

visited the RCA Laboratory in Princeton, New Jersey, on July 12, ,the Computing 

Machinery Laboratory of the Institute for Aq,vanced ~tudy in Princ;:etonon Jlily 13, 

the Eckert~Mauchly Computing Machinery Corporation in Philadelphia on July *' 
and the National Bureau of Standards in Washington, D. C. on July 15, 1949. 
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E. E. St.John and Wendell DeMarcus of NEPA visited the ,last three,namedlabo

ratories along with the ORNL representatives. Subsequently E.E. St. John, 

P. R.Belland A. S. Householder visited the Raytheon Corporation in Waltham, 

Massachusetts, and revisited the Bureau of Standards. 

Early in August the above named are to meet with ORNL, NEPA, and AEC re

presentatives for the purpose of formulating ,a jointly acceptable plan for 

(i) acquiring (or not acquiring) a high speed computer for the common 

~ use of interested Oak Ridge Laboratories. 

(ii) arranging for use of an existing machine until one becomes avail

able ,in Oak Ridge. 

The detailed listing oftechnical.problems follows: 

Problem: .Diffusi~n ~f radioactive isotopes in.multicompartmentalbiological 

systems. 

Origin and Background: 

Participating Member of 

See previous Report 

Panel: A. S .. Householder 

Status: The differential equationsand,their solution were described in the' 

previous Report, for the case of a finite number of compartments. The problem 

was then to generalize to the case of a large number of compartments whose ex

change rates could be characteriz~d by a statistical distribution function, 

and to relate the parameters of this distribution to the form of the curve 

ao(t) 'representing the decline in radioactivity in the "outer" compartment. 

The generalization is made as follows: One def~nes a step function A(a) 
to satisfy 

A(p.) :::: ~, a '< 'a1 , 

= ·Ai • a1 ~ a < a 2 • 

Ai + A2 a 2 .:$ a < as 

. . . . 
:: A1 + A2, + + /¥1 a ~ a. n' n 

and another,X(u),to satisfy' 
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X(u) - 0, u < A1 , 

.;: Xl, Al ~ U < A2 

::: Xl +~, A2 ~ U < AS 

::: Xl + x2 + + x~:" A n~ u, 

where .the quantities ai' Ai' Ai' and xi were defined previously. ,Then :the 

definition 

00 

,g(A) = 1- f (A'- 4)-1 d A(a) 
o 

has me aning in e;i,ther ',t:het.ht!>n,t in,u;Qul.!t;uO;r dii s c.ontin·uo~ i'C ase, , as d bes . e x-_ 

pression 
00 

ao (t) = Xo + J exp (-ut)d X(u) 
o 

which reduces .to the solution previously.obtained for the discontinuous case .. 

The functions X(u) and A(a) are related by 
00 

[A g (A)].~l = Xo/A + J (A- U)-l d X(u). 
ci 

It is convenient to introduce the related functionB(a), to replace A(a), 

by , 
d A(a) adB(a), B(O) o. 

Then the moments X~ and Br of the functions X(u) and B(a) are de fined by 
00 

. cxr 

X ::: J u r .d X(u), B ,= 1 a r d B (a), r .r 0 0 

and they satisfy the recursion relations 

Xl - B1 • 

X2 = Xl Bl + B2 , 

Xs = Xa·· Bl +Xl B2 + Bs , 

X = X' B + X B + 
~ rot 1 r~2 2 + Br , 
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These relations can.be transformed to express the mean and ,the statistical 

moments about the mean of .either distribution ,in terms of thd98 of the other 

one. A sequential calculation would not be difficult, though in explicit form 

the relations are complex. 

Of particular interest experimentally is the fact that if x is the mean 

and'~r the r.th statisticalmoment:about the mean of the distributionX(u), 

one can write 

, 

where 

If we set 

then 

ao (t) - Xo 

C{t) 1+!4 

Xo C( t) 

11
2

, t 2 , _ :. . e 

exp (wxt) 

Vs t S + 
1 

n 4 
V 4 t , .. 

C(t) = exp·c{t) 

1 
c(t) :::::2 V 2 ' t

2 
1 

- 6 V 3 

" 

t
S + 

l' 

24' (V'. 3 v 2 ) t 4 ,+ 4 2\ ••• 

represents the .divergenc~.from linearity on a semi-log plot. This means that 

on a s~mi-Iog plot of ao(t)- Xd. ·the initial slope is determined by the mean 

of the distribution X(u) and the initial curvature by its variance. ;The same 

statement can.bemade with respect to the mean and variance of the distribution 

B(a) since this mean and variance are, respectively, 

b Xo x, b2·= Xo 112 , 

Problem: Fitting exponential decay curves. 

part icipat ing Members of· the Pane l: A. S. Householder, R. R.Coveyou, Do.nna 
Palmiter 

Background: Analytical methods for fitting.exponential decay curves would 

.find application in several branches of science. In physics and chemistry .the 

experimental values are theoretically expressible as linear combinations of 

exponentials with constant coefficients. In biology certain types of multiple

hit curves appear to be representable as the product.of a single exponential 

and a polynomial. Other, more complex. c,ases are possible. 
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Generally fits ,are made visually .on·semi-Io'garithlldc plots. This 'is 

rela~ive~yq~ickand ~asr;~¥t'~as ~p~ 9PV,\~?l;l'~ ~~~,a?"iap.~ag~;thl!lvno.measureof 
,~~,,~ge~,e ~an beassign~d.· A meo~ •• iz,~lea~,lytic.l.proced~rethat can be . .. . . , 

carried .. ou t automa tica 11y, . tha t wi 11 provide a criterion for the number· of 

terms required? and that will provide a measure of the adequacy of the re

presentation, is much to be desired. 

A report was prepared some time ago and.isnow in ,the hands·of the typis!t, 

whichdescribes.among other things.a method that solves·the problem1formally, 

and that, moreover, reduces the multiple-hitproblem,to one of the same.type. 

The method is an adaptation of a very old method of Prony. The modification 

consists essentially in adjusting the sequence of calculations in such a way 

that one can, in principle, .test sequentially the adequacy of the sum of one 
: ,,' . 

term, two terlllli. three terms, etc. After each test the calculations can he 

used either as a basis fo~proceedi~gto ~~e,next, 9r, as the coefficients of 

a certain algebraic equation, the logarithms ,of whqse roots are the required 

decay:constants. 

Status: A preliminar·,. te.t of the methoq hyapplyingi~to artificial data 

se.emsto indicate that it is excessively l~b9rious 'I!!-P<;!' l;l~l'd\l.t:y."I?~nsitive to the 

statistical·. fluctuations and errprs of me~sur~ment. The ~f,~~le~. is .continued, 

however, in the hope that either th~aHRa~~nt~i~~4~,l~i,.~fthemethdd-can 

be circumvented, or some better method will present:itself. 

'Problem: Development of phage in a bacterial suspension. 

Origin and Background: Seeprevious'Repor~ 

Participating Members of Panel: A, S. Householdef,Donna Pal~iter 

:Status: Some numerical integrations of the differ~ntial~qp,~ions have been 

performed and will.be presented later in a memorandum. Other problems of 

greater urgency have made it necessary to discontinue work on this one, at 

leas~ for the present. 

Problem: Statistical analysis of effects of body irradiation of rats. 

Origin and Background: See previous Report 

Part icipat ing Mem.bersriof Pane l: A. S. Householder and Donna Palmi ter 

Status: The statistiFal analysis hasbeencompl~t~d and the results are being 

published by Dr. Kohn. 
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Problem: Monte Carlo estimate of neutron collision densities in tissue from 
high energy sources~ 

Origin and Background: See previous Report 

Participating Members of Panel: N.M. Dismuke r R. R. 'Coveyou, M, R, 'Arnette, 
A, S. :Householder 

Statu$:Calculations on the IBM have been started, but interrupted in order .to 

.do the analysis.of the xenon data. 

Problem: Statistical analysis of X~UO dispensary visits. 

Origin andBack~round: See previotis Report 

Participating Member of Panel: A. S. Householder 

Status: The original problem.called for obtaining the regression of frequency 

of dispensary visits on a number of independent variables, including one set 

-representing pl'ce of longest residence and on~ .set representing place .of 

education. It was decided to eliminate the set corresponding·to place .of 

education because of its virtual identity with place of longest residence. 

The matrix which then required inverting had an 11 x 11 identity submatrix, 

and the inverse was therefore expressible in terms of the inverse of a matrix 

of order about 25. Inversion of this matrix is now underway. 

Problem: Statistical analysis of bloodcounts of X~IO employees. 

Origin and Background: See previous Report 

Participating Member of Panel: A. S.Householder 

Status: The problem is now almost entirely in the hands of the statistical 

group at K-25. Panel participation consists of only occasional,consultatiort. 

Problem: Analysis of results of Monte Carlo estimates .of collision densities 
.of neutrons in water, 

Participating Members of Panel: A. S.Householder, T. W. Mrillikin 

Origin,Background and Status: Previous reports have described two Monte 

Carlo calculations of collision densities and energy losses of neutrons in 

water, in one case from a 25 Kev source and in the other from a 35 Kev source. 

A report is being prepared describing and analyzing the results in detail. 

Problem: Methbds of probabilities in chains applied to narticle transmission 
through matter. 

Origin: Mr. Wendell.C. DeMarcus, NEPA, and Dr. Lewis Nelson 
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Parti~ipatingMember,of Panel: Lewis Nelson 

Backgr.ound:While ,Nelson was ,employed at NEPA he and DeMarcus undertook the 
, . 

problem here ,described. It was completed after Nelson' s employment at ORNL 

and is,to appear '8sa NEPA report. 

To'compute the attenuation of 8 steady state ,beam of neutrons incident on 

an infinite :slab,of finite thickness the following considerations were ,made. 

,The phasespace,with coordinates ,distance {into the slab), 'energy, ,'and direction 

was divided into a finite number ,of cells. ,The cells are numbered serially 

and the average probability arj that a neutron in cell j will be in celli 

directly after it has made one collision is computed. Layers of fictitious 

cells (traps) are adjoined to the outer face of ,the slah, and to the inner face 

for those whose direction coordinate return neutrons to the source. Each of 

these cells ,and each of that laierof cells whose energy coordinate is the 

lowest a neutron is permitted is given probability unity that a neutronre

mains in it once the particle reaches :that state. 

If A is the matrix of elements aiJ and Yo is the column vector ,which 

gives the neutron distribution of the source, distribution aftereveryrieutron 

has 'suffered k collisions is given by 

V
k 

Aky' • 
<> 

In the limit as k becomes infinite the steady state distribution is given by 

y*= A* Y 
<> 

where A* is lim (Ak) as k becomes infinite. 

Status: The ,paper demonstrates the existence of a unique A* under an ergodic 

hypothesis that a particle not in a trap has non~zero probability of reaching 

ca trap in finitely many collisions. It is further shown that the formb~ A* 

is such that its elements can be computed by solving the equation 

A*A::-~ A* 

and this is virtually reduced to inverting u matrices eacbof order N.where 

u ~ number ,of different ,energy states ,allowed 

N & number .0£ cells~ for a fixed energy. which are not traps. 
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~ simple problem has been solvedwith,a reasonable :amountof computing 

time and with reasonable results. However, the solution of ' a general problem 

requires so much time that the method is probably~not practical without use of 

a genuinely high ,speed computer . 

Problem: A Monte Carlo shielding experiment. 

Origin: The.Summer Work Session on Shielding 

Part icipat ingMember of Pane I: 'Lewis Nelson 

Background: With H. Kahn .of RAND and the Summer Work Session and'otherrmembers 

of the session, a Monte Carlo problem has been designed .• :The actual compu

tations are expected ,to be performed at K~25 ,by Mr. J. P.Kelly and the IBM 

staff.ther~.As .the problem is designed,a ,plane source of mono~nergetic (10 

Mev) neutrons will .diffuse through:a three~dimensionally infinite media of 

water. 

Th~ sourc~ will be directionally distributed so that by proper .analysis 

the results can he interpreted in terms of an arbitrary directionaldistrihution 

of source particles. Only one of the geometric coordinates will be ,recorded. 

1200 particles are to he followed .. These are divided into three groups 

of 400 each. The ~cattering by hydrogen will be s~mpled from a distribution 

which is hiasedtoward forward scattering, thus effectively sampling ~he high 

energy neutrons. The amount of the bias will vary from group to group. 

The exponential transformation will be made on one of the neu~ron groups. 

In addition, the life history of each neutron of each group will he subjected 

to an integration over the geometric coordinate of its first collision, thus 

increasing the efficiency of the method. 

All biased samplings will be corrected by application of proper weights. 

From the computations estimates will be made of the effect of small changes 

:In.,the rati,o of hydrogen to oxygen, of using "'smooth"" cross sections, and of 

the \v:arious sampling distribu:tions chosen. Estimates of such quantities as 
" thene~tfon flux across planes variously separated from the source will be made. 
". . 

,Stat~8: The problem is in the process of d~scussion with the IBM groupatK·25 

ptep~ratory to the actual computations. 

Problem: Analysis of scintillation spectrometer data. 

Origin: Mr. P. R.Belland group, Physics Div.sion 

Participatirig Members.of Panel:A.S. Householder, B;R.Coveyou t T.W. Mullikin, 
and Lewis Nelson 
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Backgr.ound::The scintillation 'spectrometer ,measures ,a ~unotionf(x) ,of the 

'energy;spectrum F(y) :of a.gamma or :beta.ray beam. When ,x and y ate given'in 

units:which,are appropriate to the spectrometer, these functions :are.related 

.bYlthe"integral 'equation 

co 
f ( x) = _~ ~ ~ ta "')' r F ( y ) d y 

.where ,f(x) .is .an even ;function. 

Status: In.an effort to solve the above integral'equation, it.i:&-a'8~:umed.that 

.F(y) = 0, Y~1YI. The corresponding integral .is .replaced by a (Riemann) sum 

with'constant spacing'~ in y. ·For Xj j~, j p, ...• , -1,0,1, ..• , p,the 

integral equation is thus approximated by the simultaneous l~near equationS' 

P 
2: 

k::: =p 
e="6

2 (j~.-kf ¢(kM'~ f(j~). 

<If the substitution 

a = e-:~2 
1S made, :the .matrixof these equations is of the form 

M (a) =.: (m ) 
n ~ s r, s 1, ...• n 

m a( ~ o.sf 
~'S 

This matrix.has been inverted in closed form 'for arbi trary ,n and a. The inverse 

,of order thirty for a particular a has been computed. It has not.yet been 

applied • 

.. 
Prob le~ ~ffectof radiation on crossing-over in Drosophi lao 

Ddgin: Dr. Maurice Whittinghill, Biology Division .. 

Part icipat ing Member ofPdne l:E. A. Forbes 

Status: ,Computation of percentages and stan4ar4 ~~~ors .were made. The work 

has been-finished. 

Problem: Internal conversion. 

Origin: Dt. M. E.Rose, Physics Division 

Par.ticipating Members of Panel: M. K.Hullings, T.W. Mullikin, N. M. 'Dismuke, 

R. R. Cove you , M. L. 'Nelson, A. S. Householder. Donna Palmiter 
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Background and Status: Following the basic calculations for the,K-shell on 

the Mark I at Harvard, a series of interpolation and other calculations 'have 

been perfqr~ed under Dr. -Rose's,direction, :and:are elsewhere reported by him. 

At the seme time preparations forL-shell,calculations ate under~way. ,Thi~ in

,volves certain preliminary hand computations and IBM computations to test,out 

the possible routines. Negotiations for time on a sufficiently fast machine 

have begun. 

Problem: Least~squares analysis of decay curves through a series ,of absorbers. 

Origin: Dr. M. Feldman, Chemistry 'Division. 

Part ic ipat ing Member of Pane l: ,M. K. Hullings 

Status: Work completed. 

Problem: Range ,of fission fragments. 

Or1gin: Dr. W. M. Good, ,Physics Division 

Participating Member of Panel:M. K.Hullings 

Status: Work completed. 

Problem: Plotting (cfJl¢ .) k-s ' (1~2p/k cos e)-4 ,sin2 e for several va,Fues 
'P"Jl11" 

of k .. 

Origin: Mr. C.D.Moak, Physics ,Division 

Participating Member of Panel: M. K, Hullings 

Status: Work completed. 

Problem: Penetration of slow neutrons in tissue. 

Origin: Dr. W. S. Snyder, Health Physics Division 

Part icipa t ing Membe r of Pane I: K, M. Martin 
Status: This required successive numerical ll,pproximations to ,the solution to 

the Milne problem by a technique developed,byDr. Snyder. 'The work is completed. 

Problem: Calculations of cloud chamber tracks. 

Origin: Mr.C. D. Moak, Physics Division 

Participating Member of Panel:K. M. Martin 

Status: Work completed. 

Problem: Survival curves for irradiated s~ores of Aspergillus. 

Origin: Dr. W. A. Arnold and Mr. G. E. 'Stapleton, Biology Division 
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Part icipa t ingMembers of Pane l :.Donna· Palmi ter, .A. ,S • Householder 

:Status:This problem required'curve~fittingby a partlytrial~and-eirormethod. 
The work. is comj>l:ated.· 

Problem: Statistical analysis.of data on the Hilschtube. 

Origin: W. G.Stone_Biology Division 

Jt:.articipating Mem.bers ofPa,ne l:Donna Palmiter, A. S.Householder 

,Status: .The problem cons is ted of tea ting thes tatisticalsignificance 'of 

certain differences. The work is completed. 

Prdblem: .Numerical integration~ 

Origin: Dr. S. M.Dancof£, Physics Division 

Participating Mem.ber of Panel: Donna Palmiter 

Status: ,Work completed. 

Prob Zem: .Calculation of y-ray . transmission through a shield. by use of an energy

group approximation. 

Origin: Dr.T. A.Welton, Shielding Work Session 

·ParticipatingMember of·Panel: 'LW.Mullikin 

Status: Work completed. 

Problem: Xenon cross sections. 

Origin: Drs. M. 'M. Shapiro. and Seymour Bernstein, Physics Divjsion 

P.articipatingMembers of Panel: All members 

Bt.ckgroimd .andStatu8: A considerable fraction of the computing time of the 

section has, during the last quarter, been ab§orbedby a least squares analysis 

of the data obtained in the experiment (Bernstein, et all performed.to deter-, . 
. mine the cross .section of Xe1S5. The transmission {ratio of .neutrons rece;ived 

to neutrons transmitted) of their sample is, because of the short half-iife of 

Xe1~, a function both of time and of energy; thus 

1) T:::To expt -O'(E) X(t)],or 

2) •. - log T= - log To +0' (E) X( t) where 

T '7 transmission factor, of, sample plus material, 

To= transmission factor.of sample holder plus .carrier, without 
active material. 

O'(E~ .. = cross section of Xe135 as function of energy. 

X( t) ::= number .ofXe1S5 atoms/{cm)2 at time t. 
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In theory, X(t) is given by the formula: 

<Vl>lle,l1e 

write 

) I [",j.Lt .,At] , 
I. 0 e . -e ' • 

X( t) ::: A-j.L 

A ::: decay constant.of I~5 

j.L~- decay ,constant of Xe135 

io= number of 1135 present/(cm)~ at time of preparation of 
(pres~mably) xenon-free sample. Because of certain 
suspected irre~ularities in the data, it was decided 
to fit the function.X(t) to the observed data according 
to the assumptions that 

'a) t, be the time since sfparation, is not precisely known, and 

h) any possible leakage of Xe135 from the sample was regular, and 
proportional to the amount of Xe present. 

The result of (b) is to effectively increase its Xe decay constant. If we 

-log T ::: ~log To + 
A 10 a (E) 

A ~ j.L 
"[ - Jl. (0 t- t ;', - A ( t. t )'J e a -e 0, 

we see, tha t, ,for a. gi "len experiment, we have the following parameters . to .adjust: 

1) j.L 

2) t 
C> 

3) I a(E), 
<) 

for each energy,measured,~n,run 

4) -log T , 
0 

for each energy measured ~n run, 

In general, 3~5energies were chosen for measurement during each tun. Hence, 

we have 8-12 parameters to estimate. There were about 8 runs with results 

consistent enough to use. Each run then demands the setting up and solution 

,of a set of 8-12 linear equations in as many unknowns, and, since the equation 

ahoveis not linear, the process demands 

a) Reliable initial estimates of the parameters involved 

b) An unspecified number of repetitions of the above described 
solutions of sets of linear equations. 

The above program was attempted, using the IBM equipment at Y-12. 'However, 
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reasonable .convergence ,of ,the p:ro~e$,s; seems not .to be .achievable, ·for reasons 

which are not now understood. Possibilities .are: 

,a) machine error 

b) accumulation of round-off error, either in calculation of matrix 

elements or.in inversion 

c) failure of the original estimates to lie within the "eonvergence 

region". of the problem. ,Meanwhile, further hand computations seemed to show that 

the desired results could be achieved by a step-wise estimation and correction 

of the relevant parameters, This process is being used, again by hand. 

It is propos:ed, after this part of the procedure is comple ted,then to 

fit the calculated cross sections to a Breit-Wigner curve, in the form 

o-(E) -

r = 

AT (E/E)~ 'CL __ 

4(E-E·r1. +r 2 ' 
Q 

(l + cv [E/E] ~ ) 

1n which A.Eo,ry are parameters to be estimated,while cv will be fixed 

throughout each calculation. Then that value of cv will bes·er~ctedwhich; 

gives· the best fit to the observed data, This procedure has been adopted hecause 

it is felt that the experimental data .are relatively insensitive to cv= rn/r~ 

-ana a direct determination of this ratio by least squares iou.d lead to 

ambiguous results, This conclusion is supported by the results of previous 

tentative calculations. This last part of the calculation has been adopted on 

the advice of Dr. Eugene Feenberg • 
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