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IMTRODUCTION 

The problea of neutron transport is basically concerned with 

randoa eventso The aost that can be said about any given interaction 

is the probability for the various kinds of events. In nany of these 

events, the outcome (i.e., direction of neutron scattering and 

eaergent energies) can be specified only in terns of probability dis­

tributions o 

In a Monte Carlo calculation these stochastic processes are 

siaulated on a computer by following essentially individual neutron 

histories. Bando« nuabers are used to deterodne the outcoae of the 

various processes* 

The Monte Carlo aethod differs froa nuaerical aethods in that 

the neutrons are treated as discrete particles, while phase space is 

treated as a continuua (nuaerical aethods treat the neutron population 

as a eontinuuat while phase space is represented by a set of discrete 

points). 

The Monte Carlo aethod proposed here follows neutron 

histories through many generationso The total nuaber of histories 

followed depends on the statistical uncertainty desired. 

The aajor differences in the Monte Carlo scheme proposed here 

and previous Monte Carlo calculations are as follows: 

1. The routine for the calculation of the fast fission factor 

is essentially the saae as the code developed at Hanford by the author. 

The aajor difference is that the use of neutron weights has been intro­

duced. The use of neutron weights provides an estiaate of thitf 

paraaeter for every history followed and reduces the statistical error 

significantly. C;19 TfQS 
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2. The calculation of the resonance escape probability follows 

the general outline used by B. D. Bichtmeyer, However, an improved 

sampling technique is used to decrease the machine time required for 

each neutron history. The major innovation here is the use of doubling 

surfaces in the moderator. 

3o The computation of the thermal utilization is a new procedure. 

A Monte Carlo scheme for calculating this parameter in water-uranium 

2 
lattices has been developed by A. Botenberg. However, Botenberg assuaes 

that the theraal neutron spectrua is of the usual Wigner-Wilkins fora. 

In the Monte Carlo method proposed here, no assuaptions are made about 

the neutron spectra. The neutron spectrum is calculated for every 

region. With this calculation, the effects of spectral hardening and 

also epithermal fission will be included in the calculation of the 

thermal regeneration factor. 

k. The neutron flux is calculated in a somewhat different manner. 

The definition that the neutron flux is proportional to the sum of the 

path lengths per cubic centimeter per second has been utilizedo The 

neutron flux is recorded for 100 neutron energy groups, 25 thermal 

groups, 30 resonance groups, and 23 fast groups. The concept of groups 

has been introduced only as a convenience in recording the outputc 

Below 100 kev, the processes take place on a continuous basis in phase 

space; the use of neutron groups is limited solely to the recording of 

the output. Above 100 kev, the neutron cross sections vary enough so 

that the neutrons are assumed to exist in various groups. Scatterings 

are followed from group to group rather than following a continuous 

energy degradation. 
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3. A generalized geoaetry routine is incorporated so that any 

type of lattice cell which can be specified by conic sections can be 

studied. 

6. At the present time, there are no Mont«. ttmilt |Mia« M n i a i U 

compute the neutron spectra in complex lattices,", BrMni«^ lOiA 0«V4^p9» «stf| 

Bates have applied the Monte Carlo method to computing theraal nevtroii 

spectra in a homogeneous infinite medium, and the proposed method 

extends the procedure to heterogeneous lattices. 

The Monte Carlo method proposed here represents perhaps the 

most rigorous cell calculation that can be made; for example: 

1. All transport effects are included. 

2. The effect of epithermal fission on reactivity is included. 

3. Spectral hardening is includedo 

^o Ho assumptions are made about the neutron spectrum. 

3o In the calculation of the resonance escape probability, the 

following effects are included: 

ao Slowing down by heavy as well as light atoms is included. 

b. No assumptions are made that the transport mean-free path 

is small compared with the dimensions of the cell or the fuel rod. 

c. Ho assumptions are made about the angular distributions 

of flux entering the fuel rod. 

d. It is not necessary to approximate the cell with a 

cylinder. 

e. Resonance scattering is included along with interference 

between resonance and potential scattering. 

730-V-45 (REV 5-59) 
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f. The Doppler broadening of all resonances is included, 

including both absorption and scattering. 

g. It is not assumed that the slowing down density is a 

constant in the moderator. 

6. In the calculation of the fast fission effect, the following 

effects are included that are usually neglected: 

a. Back-scattaring from the moderator is included; that is, 

some fission neutrons can escape from the fuel rod, make a 

collision in the moderator, and re-enter a fuel rod with sufficient 

energy to cause a fast fission in uranium-238. 

b. The interaction fast effect, which may amount to a few 

tenths of a percent in reactivity in a graphite lattice, is 

included. That is, the fractional increase in the fast fission 

effect due to neutrons born in adjacent fuel rods or cells is 

included. 

OVER-ALL METHOD 

A neutron is assumed to be born due to thermal fission in one of 

the fuel rods. Initially, a uniform soxirce distribution is assumedo 

The initial neutron energy is picked at random from the appropriate 

fission distribution. The initial direction parameters are chosen at 

random. (The neutron is emitted isotropically from the fission event.) 

This neutron is then followed as it slows down, and all pertinent 

events that occur are recorded. By the use of weights (this technique 

will be described later), the neutron can be thought of as a large 

assembly of neutrons all following a given trajectory. When an 
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absorption occurf?, only a fraction of the neutron.^ are lopt. If the 

original neutron weight was W , then after a collision occurs 

Ea 
W T=r-t neutrons are absorbed, 
° IT 

W T*r-, neutrons are elastically scattered. 

W 
£in 
17 , neutrons are inelastically scattered, 

and so on. 

For neutron energy above one electron volt, the scattering 

(elastic) mechanics are evaluated on the basis that the scattering 

nuclei are stationary. 

If the neutron energy ia lees than one electron volt, the 

scattering nuclei are assumed to have a Maxwell-Boltzman dietribution. 

The scattering mass used is an effective scattering mass such that the 

proper transfer functions which allow for chemical binding will be 

obtained0 

The output of the Monte (^rlo eode will be as follows: 

The average flux in each region for each neutron energy group. 

The resonance escape probability. 

The thermal utilization. 

The fast fission effect. 

5o The neutron regeneration fcctor, yj o 

6. The infinite neutron multiplication factor. 

7. The statistical uncertainty for each of the above parameters. 

..î  

1. 

2. 

3o 

730-V-45(REV 5-59) 



ATOMICS INTERNATIONAL 
A Division of North American Aviation, Inc. 

NO. KikA-SB-MQ(Q ^7Q3 
n/̂ TF December 7. 1959 
PAGE_Z OF i a . 

If the lattice to be studied contnins graphite, a priori 

knowledge of the importance functions is assumed. Work done elsewhere 

indicates that thermal neutrons might make several hundred collisions 

before entering the fuel. This difficulty can be alleviated by the use 

of doubling surfaces. Each time a neutron passes through a doubling 

surface in the outward direction, the neutron weight is increased by 

n (n s integer) and 1/n neutrons followed. If the neutron survives a 

game of Russian Roulette, a random number K is generated; if ( < 1/n, 

the neutron survives; if ( > 1/n, the neutron history is termiiuiteda 

If the neutron passes through the doubling surface on the inward 

direction, the weight is decreased by n, and n neutrons are followed. 

These surfaces are placed at X , 2X ^ nX from the process tube or 

channel. 

X a mean-free path for graphite. 

The optimim value of n will be determined during trial runs of 

the program. The optimum value is defined as the maximum n, for which 

the answer remains the same. Once this factor has been determined, it 

will be permanently incorporated into the program. 

SAMPLING METHOD 

The sampling technique used in this program is somewhat 

different from the usual straightforward procedures, such as diminishing 

weights. After each collision, the neutron weight is examined to 

determine if it is less than the cut-off value W . If notj the history 
c 

continues, but once the weight has been reduced below W , a random 
c 

c .^9 'Q8 
730-V-45 (REV 5-59) 



NO HAA-8B-MEM0 'f703 

ATOMICS INTERNATIONAL °.T. V'^Z '' '^!f 
A Division of North American Aviation, Inc ^^.^—~.— 

number C is chosen. If j! > W , the history is terminated and the 
c 

tallies made. If ^ £i W , the history is continued, but the weight 
c 

is increased by multiplying by 1/W . Thus, histories are regenerated n 
c 

times with probability W . For coding purposes, the procedure is altered 
c 

somewhat. After each collision, a random nuaber is chosen and tested 

against the actual weight W*. 

W 
o Tt 

If ^ > W*, the history is terminated and the tallies made. 

If ( < W', the weight is increased to W and the history is continued. 

The optimum value of W is approximately unity, and it has been shown 

that both procedures are statistically correct. 

QEOMETBY 

In general, surfaces of the following forms can be 

recognized: 

1. (x-x^)^ + (y-Xo^^ - K « 0 

2. x-K » 0 

3. y-K s 0 

k. B-K B 0 

3. y « m X + b 

Surfaces are assigned one of the forms (1-5) by use of an index Dc>( 

(o< s 1,2,3,^,3). A microscopic region cy is identified by listing the 

values of D^ that bound it. It is also necessary to identify both 

bounding surfaces and doubling surfaces by Dp< . or D^ . A further 

parameter is needed to specify the types of materials in regiono{ . 
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The first step in the geometry routine (the initial source 

routine is a separate entity) is to determine the distance to a collision. 

This can be written (see Appendix C) 

i a - X '̂  in i 

( s a random number in the range ^ 0,1^ 

^ , B mean-free path in material ̂  for neutrons with 

energy Q 

The distance to the nearest boundary is then calculated for a 

neutron with coordinates x. , y., z., and direction cosines u, v, and w 

where 

u at cos o( 

V se COS r 

W a COS ^ 

and ĉ  , ft , and Y are the angles made by the line of flight with the 

X, y, and z axes respectively. 

The distance to a boundary of the type 

(x -x^)^ + <y-yo^^ - K a 0 

can be calculated by substituting into the above equation 

X a d u • X. 

y a d V •«• y. 

The results would be: 

b A ^ b ^ - ^ ac 
d a - ••• ••*>' J 1 , 1 

.̂-j :io 
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b a 21 [ux̂  + vy^ - x^u - y^v) 

0 a (x^ + x^ - 2 x^x^ • y2 • y2 - 2 y^y^ - K^^ ) 

a - u^^v^. 

For boundaries of 

2. X - K^ 

3. y - K<^ 

4. « - K^ 

5. y - -c^ 

the solutions are 

2. d a -

3o d a -

4. d a -

3. d a 

the fora. 

a 0 

a 0 

a 0 

X • ^cA • 

u u 

' 1 ' " 1, i ^ 0 
W W 

V - a u 

The sauillest positive value of d being accepted as the distanoe 

to region ̂  '. A 

1. /f ̂  d 

2. / > d 

check is then aade to deterod.ne if 

If the first equality holder a collision occurs in region ̂  , 

and the collision routine is called. If the second stateaent is true. 

then the neutron is advanced to: 

X 

y 

z 

a du •»> x^ 

a dv • ŷ  

a dw + B^ -.-^ ,>^J. 
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A check is now aade to deteraine if the new region D^* is a 

doubling surface or a boundary. If D ^ ' is a doubling surface which ia 

described by an equation 

x2 • y2 - K 0. 

a further check ia aade to deteraine if 

1. 4 * yf ^ It 

2. xj • yj > K. 

If the neutrons original position was such that 

2 2 
Xĵ  • yj ^ K, 

the weight of the neutron ia increased by n if the neutron survives the 

gaae of Russian Bouletts. If x • y >- K, the neutrons weight is 

decreased by n and n neutrons followed. If the surface D ^ ia a 

boundary, then 

X a - X, for type 2, 3* a&d 'f surfaces 

X a - X ) 
) for type 3 surfaces 

y a - y' ) 

and the neutron history is continuedo 

When the neutron has been advanced to its new position, 

(if /̂  > d) a new x is calculated 

/ . - X^li'n ( 1 - ^ 

P(d) a e"Z^/* 

and the collision routine is called. The neutrons new position is: 

..-„y C2 
730-V-45 (REV 5-59) 
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X* a X U • X 

y« a y V • y 

w •̂  z 

Before the collision routine ia called, the neutron track length in 

region c^ and (^ is recorded. The neutron flux for any energy group 

can be defined as the sua of the track lengths per cubic centiaeter 

per sec. n^us, the average flux in each region can be calculated by 

?(B) a 5] W / 
nal 

M 

^. n n 

where 

V a neutron weight 

/ (E) a track length per collision for a neutron of energy E. 

COLLISION RODTIHE 

Two cases are considered for elastic scattering. 

1. If the neutron energy ia above E aln (E ain a 1 ev), the 

aoderating atoms are considered to be at rest. In this case, the 

energy loss can be readily calculated as follows: 

E« a E(S^ • 1^/1) 

// a COBW/' a 2 5 - 1 

U/* a angle of deflection in the center of mass ayatea froa 

the original line of flight. 

v . - i^ 

730-V-45(REV 5-59) 
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froa the 

^r' 

where 

E 

£1 

^ 

^ 

re 

I 

a original neutron energy 

a new neutron energy 

- 1/2 (1+re) 

a 1/2 (l-re) 

a (A-1)^/(A+1)2 

a rand<Mi nuaber in the range (0,1) 

The cosine of the angle of deflection in the laboratory systea 

original 

CO 

line of flight can be calculated as follows: 

rj; ^ • ^ ' ^ 
(1 • A^ • 2Aŷ )'» 

The direction paraaetera after collision are then calculated 

u' 

v« 

w' 

a 

b 

c 

d 

6 

b c w t t - b d v 

1 - w*̂  

b c w V ' f b d u 

1 - w'̂  

- b o 
a • a u 

1 - w"̂  

a coaU/ 

a V i - a ^ 04.\|;<ii 

a coa 6 

a ain 6 a • V 1 - c^ 

a K (2 5 - 1) 
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If w* is close to unity, that ia if 1 - w* - Z"^^ 1, the foraulas 

becoae indeterainate, and the following is used: 

tt* a b c 

V* a b d 

w' a a w 

2. If the neutron energy ia leas than E_ĵ -9 the aoderator atoaa 

are considered to have a Maxwell-Boltzaaa distribution of velocities. 

The probability p of a collision between a neutron of 

velocity v and a target of velocity v. and with ^'v^ a /^ v Vp depends 

upon the relative velocity and the distribution of target velocities* 

The probability of a collision with a aoderator atom ia obtained by 

integrating over all v. 

J p dVg a k cr((v - v^]) ^r^) dv. 

The aasuaptloB is aade that the scattering cross section ia 

constant in this region. Then 

/ 

-cxv^ 
p dv̂  - a- r ^ + (1 • ~-3~) erf V5" rj 

•V«0( T 2o< V' 

with 

^ - 2kT 

Since the integral probability is coaplex, it is auch acre 

convenient to deal with the differential probability. The selection 

of v- is aade with a rejection technique.'^ An upper bound of the 

730-V-45 (REV 5-59) 
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integrand i s v -f v . ; the upper bound of the probabi l i ty i s then 

p - « dv. V 1 a(v2) dv2 • j v^ a(v2) dv^ 

V • I 

o » 

A randcMi nuaber ( in the range (0,1) is drawn. If ( <^ 

f/(v 4 I}, a value of v^ is chosen froa a Maxwellian distribution 

(see Appendix B). If C > y^v-^I), v_ is selected froa the distribution 

V^^2^-

The Vp so obtained is representative of the upper bound 

probability p(aax), the actual probability is acre restrictive. Every 

velocity v. ia choaen too frequently by the aethod because each 

velocity ia choaen with aaxiaua probability. The frequency should be 

reduced by the fraction which p(aax) exceeda the actual p. Thua, a 

aeeond randoa nuaber ]^ ia drawn to teat the choice of v.. If 

r-i^l/l V • v^ I , Vp ia accepted; otherwiae, the aaaple is 

rejected and the process ia repeated. 

The value o f ^ ia selected by choosing a randoa nuaber ( in 

the range (0,1) and 

^ a 2 5 - 1 

If the scattering ia accepted, the calculation proceeds in the 

usual aanner. 

For any collision one has 

^r *^ • V â' 
e 

730-V-45 (REV 5-59) 



ATOMICS INTERNATIONAL 
A Division of North American Aviation, Inc. 

Mn NAA-SR-MEMO <»703 

DATE Ptfftabtr 7t 1939 
PAGE I 6 OF 28_ 

where v i s the v e l o c i t y i n the center of mass, and the priaed and 
c 

unpriaed quantities refer to the post and pre-collision velocities. 

Since for elastic collisions 

1 v-^2' -'̂ ' -^2'l' 
the new neutron speed is 

Vp 2 ( ± - 12 :i2 ^ 2 ( v - v j V ^ ^-^2' * \ 2' c 

X « 2 t - 1 

"^ a 1 / ( 1 • A^j , ) 

^ - \ff/(^ * Sff> 

^c - <^ * 2 S f f ^ ^2 * ^eff ^2>'''' < \ f f * >̂ 
- 1 

IV - V »2 » » | . 2 ^ . T j 

The direction paraaetera after collision can be calculated in 

the usual manner except that 

cos V|/ 

cosVj/ 

cos COS U/ • • - sin \|/ • cos y Vj/' sin ^ Z " 

COS v|/" . ''2 **.ff/*/ 1 ^ 2 / ^ 

(A.„ • 1) I yl K, I 
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I t . t J . (v̂  - .̂  - 2 A V .,y<)Va 

T' s angle between v and v' 

U/'* a angle between v and v 

In the above calculations for elastic scattering, it was 

assuaed that scattering was isotropic in the center of aasa aystea. 

If the appropriate differential scattering croaa sections were known, 

the effect of anisotropic scattering collision in the center of aasa 

systea could easily be calculated. 

In the case of inelastic scattering, the eaergent neutron 
c 

energy is chosen froa the evaporation aodel. 

N(E«) a E« exp"'*/® 

0 . 2 E^/^B 

B ̂  0,62 V A 

A randoa nuaber Z in the range (0,1) is calculated and 

K, . - i in t 

A second randoa nuaber in the aaae range is chosen and 

Ij - - i in t 

then 

£* a E^ I- E^ (see Appendix E) 

i\.3 •'18 

* 
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After the scattering aechanics have been calctilated, the 

appropriate quantities are recorded and the history either continues 

oris terainated. If the history has been terminated, the prograa 

selects a neutron froa the barn storage portion of the prograa. If none 

ia available, the prograa returns to initial start. 

CROSS SECTION ROUTINE 

The neutron cross sections are divided into finite energy 

groups except in the range O.k^ ev to 100 kev. In all ranges, the 

neutron energy aay vary continuously although the absorptions and 

fluxes are recorded in finite groups. In this energy range resonance 

absorption in uraniua -238 predoainates. The U-238 resonance region 

consists of three loosely defined sub-regions: 

1. Besolved region 

2. Statistical region 

3. Region above ^^ 10,000 ev 

For the first two cases (including interference between 

resonance acattering and absorption and the theraal action of the 

target atoas), the cross sections for absorption and scattering can 

be written as 

o^ (E,T) a a^ ̂ \|/(x.«) 

ô  (E.T) « ô  ̂  y(x.O) + 2 ( i i i ) V ^ ^ ^ X(x, ©) 

Oj (E,T) a a^\\/ (x, 9) (for U-233) 

(See Appendix A for the ca lcu la t ion of the ^ and X fnnet iona.) 

S.._ J • • ' 9 
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where 

ra 
i ^ ( X H / / ^ (^,^^ r ^ , ,0-18 „2 

A ' ' E 

.2 

s E 
2.607 (1+Aj ±n ^" X 10-10 C.2 

A ' p 2 

f E. ^nr' ^T^ p2 r- X 10-lS 0-2 

-CD 

y(x . ,0 ) dy ^ . (x-y)VW 

2V^J^3.+y^ 

>:(x,,©) « - ^ - ^ 2 y 
• 2 V ^ 1+y 

- ^ 2 - 2y e- <«-y> V ^ 

- = f <I!A - \> 

>-5 o . / .A \2 ^ E kT 3 » . H X 1 0 ^ T E / A x' 

E a energy of the neutron 

£ a energy of the neutron at the center of the resonance 

A a nuclear mass 

k a Boltzman constant 

T a absolute temperature 

a pot a oonstlint potential scattering cross section 

P and / are the neutron and x-ray half widths. 

c - r. Q 
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The crosa-aeetiona for a nuclide that has resonances are 

o^(E) a ô (B,T) • k/VF" 

a a o (E,T) • 0 pot 
o 8 

When a neutron of energy E has a collision, a calculation la 

aade on the energy scale to determine the two nearest resonances. Let 

these resonances be at £ and E* such that 
o o 

E < £ < E* 
o "• -• o 

The cross-sections for the reaction are then taken as the sum of the 

baekgrotind croas-aectiona and theoontrlbution froa these two resonances< 

For the statistical region It is assumed that 

1) The resonances are uniformly spaced 

2) They have constant radiation width 

3) The neutron widths are distributed with a Porter-Thomaa 

dlatributioa. 

The probability that 

X a 
/no 

/ no 

1/2 

ave' 

be liHtoNMil z and x + dx ia given by 

/ 
P(x) dx a V ^ e" ^ /2 dx 

-_ J 
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Then 

/ n / no w o 

The procedure used to select from the Porter-Thomas distri­

bution Is first select two random nxmbers and define (see appendix D) 

^1 " - '̂ ''̂  1 

p2 = - ^^^ 2 

2 

If (p. •• 1) < 2 p., X a p . Otherwise two more randoa numbers are 

drawn until the criteria la aatiafled. 

In the region above ̂ ^ 10,000 ev, where higher angular moaenta 
n 

effects become important, (n, y) cross-aections are taken from BNL-323* 

The assumption Is made that aelf-ahielding is negligible in this region. 
OXK ft 

In V "^"^ the neutron fission widths are distributed as 

d P(v) a e"^ dv V a 
rr 

ff 
ave 

Selection of v ia then the aame as the seleetlon of the 

distance to a oolllsioa. 

INITIATING PROCEDTOE 

To start the program -T/.- neutrons are assuaed to be born la 

one of the fuel rods from thermal fiaaion. The initial poaitlon la 

firat picked from a uniform distribution in the fuel rod. An Initial 

neutron energy is picked at random from the Cranberg fission spectrua 

(see appendix E). Then i/._ neutrons of this energy and initial poaitlon 
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are stored in the born storage. Then one neutron is picked from born 

storage and its history is traced. If this neutron is lost before It 

causes further fissions, the born storage Is searched and another 

neutron is followed. If no neutrons are in born storage then the pro­

gram returns to start. If the initial neutron is not lost before it 

causes further fission, the new fission neutrons are stored In bora 

storage to await their torn. Thua, the assumption that the thermal 

fission distribution la uniform Is rectified. 

The initial neutron's position and direction cosines are 

calculated in the following manner. Chose a random nuaber ( In the 

range (0,1) 

R a iVlte" 

another random number is chosen and 

0 = niZl^" 1) 

Then 

X* a R COS d 

y' a R sin 0 

and 

X a X' • X 
0 

y = y ' * y© 

Another random number 4 is chosen in the range (0,1), and 

w a 2 Ji- 1 

5 =VTT7 
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Again, a random number is chosen and 

0 a nizi . 1) 

tt a (COB 0 

V a Pain © 

GENERATION OF RANDOM NUMBERŜ '̂ ^ 

The aequenee 

Z^^^ » (2* +1) q + C mod 2^^ 

has been shown to be satisfactory If a 7 2 and e Is odd. 

This aequenee generates a full, period of Z^'' random numbers 

before repeating the aequenee. 
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APPENDIX 

A. Calculation of V(x. 0) and X (x. 0)^^*^^ 

The convergent series are 
2 

-X -

V|/, (X. » ) . . * • ^ (^)2« .__(^, 

naO 

a (kQ) a ^ 
n a{ 

amd ' oCiO) is the tabulated Ineoaplete gamma function. 

N 

aaO 

*; <*»•> - ̂ n i 

The values of n at which the series are terainated la 

defined aa 

n-1 

^<&>*" *n̂ '*®̂  -7 Y <4>^ V ^ ^ } ^ 0,00156 
aaO 

The aayaptotle aerlea are 

k 
Va(x. 9) a y ^ - 1 ^ J^« p n(x) 

^ X +1 
aaO 

1 P (X) a ~ 2 — 

P^(x) a 1/Z PQ(X) ̂ 3 - ^ Po(x) J 

1/..9 • 3 
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P2(x) = 3A PQCX) ^5 -20 PQ{X) • 16 p2(x) J 

Pj(x) « ^ PQ(X) ^""7-56 PQ(X) • 112 p^(x) - 6k pj(x) J 

Pl̂ (x) - ^ PQ(X) ^9-120 PQ(X) + ^32 p^<x) - 576 p^(x) • 256 

.8 ^>> J 

n«0 

'^'^'' .L 
PgCx) - - V 2 Pj(x) ̂ 3 - % 

pj(x) - 3 A PJ(x) ̂ 5-20 X 

pt(x) . - ̂  pj(x) ̂ 7-56 X 

P4(x) . ̂  pj(x) ̂ 9-120 X 

- 576x^ pj(x) •• 256x 

The conditions under which 

0 < X <.1.2 and ^ > 0 

1.2 < X < 10 and kQ ^ 0 

10 < X <: 100 and %• > 0 

100<x<:200 and ^ > 0 

The coefficients P. and p^ 
n n 

E. J. Leshan. 

"" p;<-) 

PJ(x) J 

PJ(x) • 16x2 p2(^j J 

pj(x) • 112 x^ pj(x) -

pj(x) • i»32x2 

Ss'-xj 

the convergent 

.275x2 * 0.05 

.12x2 ^ Q 28 

.105x2 +1.75 

,95x2 • 100 

»J^-) 

6i»x5 p5(x) 

series are used isI 

have been determined by 

C-.9 ' 26 

J 

730-V-49(REV 5-59) 



ATOMICS INTERNATIONAL 
A Division of North American Aviation, Inc. 

NO. »AA"8S-H»W0 »7Q5 
DATE Psceabsr ,2» 1959 
PAGE_26 OF _a§-

B. Selection from a Maxwell Boltaaan Distribution 

A useful device employed by von Neuman is used here. A 

random number ( is generated in the range ^ 0 , 1 ^ . 

5V « ? 

Then H(V ) is calculated, where ? is the most probable 
P P 

velocity. A second random number is generated, and if 

the velocity is accepted as V{ if the inequality is not satisfied, 

the procedure is repeated until the criteria is satisfied. 

B, Selection of the Pistance to a Cqllisloy 

The probability density is 

tihiH Ef*^ 
and 

Vil) .1 p(!?)dJ?-l.e ^^ 

is the corresponding distribution function for a first collision at 

1. 

-IK 

5 » 1 - • 

i. - i La- o 
Since 1 > ̂  is equi-distributed in the range ̂ 0 , 1_7 if 5 is 
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D. Selection of Resonance Partial Widths ^ 

The reduced neutron width i s distributed as 

dp(x) -VF-x2/2 dx 

where 
f: > 

no 
no ave/ 

The probability that p. wi l l be obtained and accepted i s 

HP^) 

P(Pi) 

'<p^-i)''/;g, 
P(Pi) P<p2) *P2 

oe 

'(p^.l)2/2 

- Pi - P2 
e * e * d. 

OD 

- ?1 
> e 

(p^ -̂DVa 

fz 

. P - V2 Pj 

which has the required distribution. 

X. Sele<ption from the Bvaporation Model Spectrum 

The probability distribution i s 

dp<B) m 01 9'^^ 

The sum of two random logarithms has the distribution 

P(x) -f e-^ e-^'-^^ dY - xe-* . 

Jo 
The sum of two numbers each distributed as e ^ has the 

distribution required. 
?8 
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