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I. Introduction 

In the formalism of Loevinger and Bermanl the dose rate to a point 

from a photon source of activity A at r2, both source and target 
-+ 

at 

embedded, in a uniform, infinite absorbing medium is: 

where A is the equilibrium dose constant of the radioactive disintegra- 
t i a n ,  per, is the linear energy-absorption coefficient, p is the mass den- 

sity, 1-1 is the linear attenuation coefficient, and Ben is the point 

isotropic energy absorption buildup factor. Some values of Ben for tis- 

sue and water can be  found in reference 2. 

If only the first collision dose is o f  interest, Ben ( P  1?1-22 I j 
is unity. If the source to target medium is not uniform, the attenua- 

tion term is generalized as: 

-+ -+ 
where the line integral is along the straight line 

For distributed sources, the activity is generalized 

joining r2 and '1. 

A(:z) -+ a(G2) dV2; ( 3 )  

a is the activity density. The total dose rate is then the volume 

integral : 

3 4456 0534479 b 



The s u b s c r i p t  1 on t h e  D i n d i c a t e s  t h e  first:.  c o l l i s i o n .  The form of 

t h e  i n t e g r a l  can be s l i g h t l y  modif ied by d e f i n i n g  t h e  t o t a l  a c t i v i t y  

AT : 

dt 

where Q1 i s  t h e  f i rs t  c o l l i s i o n  p o i n t  s p e c i f i c  absorbed f r a c t i o n  

a simple e x t e n s i o n  of t h e  o r i g i n a l  d e f i n i t i o n  of t h e  geometr ic  f a c t o r  

by M a r i n e l l i ,  Quimby and Hine 3 

'The f i r s t  c o l l i s i o n  p o i n t  s p e c i f i c  absorbed f r a c t i o n ,  o r  t h e  g e n e r a l i z e d  

geometr ic  f a c t o r  can  be  used t o  g i v e  t h e  f i r s t  c o l l i s i o n  dose f o r  a p o i n t .  



The average  d o s e  is  g iven  i n  terms of t h e  absorbed f r a c t i o n  (p where 

and t h e  average  dose  r a t e  i s  

The c a p a b i l i t y  of t h i s  program is  t o  c a l c u l a t e  @I, n o t  @ ;  t h a t  i s ,  

only f i r s t  c o l l i s i o n  terms. Approximations can  make t h i s  a p p l i c a b l e  t o  

t h e  g e n e r a l  dose  case. F i r s t ,  i f  t h e  volumes involved  a r e  s m a l l  enough, 

t h e  f i r s t  c o l l i s i o n  dose  and t h e  t o t a l  d o s e  are e s s e n t i a l l y  t h e  same; 

f o r  example, t h e  f i r s t  c o l l i s i o n  d o s e  d i f f e r s  from t h e  t o t a l  dose by 

o n l y  a few p e r c e n t  f o r  t i s s u e  s p h e r e s  of 100 grams o r  less c o n t a i n i n g  a 

d i s t r i b u t e d  s o u r ~ e . ~  Second, if t h e  l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  i n  

t h e  formulae  f o r  f i r s t  c o l l i s i o n  dose i s  r e p l a c e d  by an  e f f e c t i v e  ab- 

s o r p t i o n  c o e f f i c i e n t  pef f  N pen,  t h e  r e s u l t s  should  be a p p l i c a b l e  f o r  

t o t a l  d o s e s  f o r  o b j e c t s  somewhat l a r g e r  t h a n  t h o s e  whose dose  i s  ade- 

q u a t e l y  d e s c r i b e d  w i t h  t h e  f i r s t  c o l l i s i o n  dose.5 

and h i g h e r  c o l l i s i o n  doses  can sometimes b e  e s t i m a t e d  w i t h o u t  r e c o u r s e  

t o  numer ica l  i n t e g r a l s  t o  r e a s o n a b l e  p r e c i s i o n .  

T h i r d ,  t h e  second 

6 

2.  Method of C a l c u l a t i o n  

The s o u r c e  and t a r g e t  are  i n c l u d e d  i n  a s ing le  volume. T h i s  volume 
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is divided into up to 3375 equal rectangular parallelepipeds* whose 

three sides can be chosen independently. The integrals then reduce t o  

sums; in particular the absorption integral becomes 

-t 
rl N 

where the index, n, is taken over all cubes traversed by the straight 

line path from rl t o  r2. 

cube, As,, is done by following the intercepts with the various bounding 

planes. 

elementary volumes. 

3 j. The evaluation of the ray lengths in each 

No absorption is assumed in either the target or the source 

3 
The other integrals involved in evaluating G ( r 1  f v2) and $ l ( v l t y 2 )  

are carried out by simple summation. However, the distance between 

source and target is reduced slightly. The contribution t o  a target 

volume from itself is calculated specially as are the contribution 

between adjacent volumes. These corrections involve numerical values 

whlch were derived by a consistency argument requiring that the results 

f o r  a specific configuration should be independent of the number of the 

elementary volumes into which it is subdivided. 

*More than 3375 sub-volumes can be specified by increasing the dimensions 
of the arrays in the program. 



3 .  Program Structure 

The program is divided into a main program and a single subroutine. 

The subroutine calculates the attenuation: 

The main program reads in the configuration and calculates t h e  sums used 

in the other integrals. 

The volume is placed in the first quadrant, and the elementary sub- 

volumes are identified by the indices of their center points. The 

values for the linear absorption, p, mass-energy absorption, penfp, 

activity density, a, and mass density, p, for each point are supplied 

in the data cards as well as the number and size of the elementary 

volumes. 

The units are assumed to be centimeters and grams, although other 

units can be used provided the output is converted. The activity den- 

sity is only used in relative units; any units can be supplied. 

The printing can be controlled a t  five different levels. The 

levels and the printing included are: 

+2 first collision absorbed fraction +1(v 4 v) only 
-+ 

4-1 as in +2,  the input data and the point function G(rl f v> 

and Ql(:l + v) 

the output at +1 and the poinr to point terms including 0 

-t 
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-1 a l l  t h e  preceding  p r i n t e d  o u t p u t  and t h e  i n t e r c e p t s  and r a y  

l e n g t h s ,  As,, f o r  each cube. 

-2 i n c l u d e s  a l l  t h e  preceding  and a few more messages which are 

u s e f u l  p r i m a r i l y  f o r  debugging. 

4 ,  Program M o d i f i c a t i o n  

The program as i t  s t a n d s  i s  u s e f u l  f o r  a completely g e n e r a l  case 

provided t h e  f i r s t  c o l l i s i o n  dose  i s  adequate .  

i t y ,  t h e  i n p u t  i s  voluminous.  I f  a s p e c i a l i z e d  t y p e  of  problem i s  

b e i n g  handled ,  such as p o i n t  s o u r c e s ,  c o n s t a n t  a t t e n u a t i o n ,  e t c . ,  t h e  

program can e a s i l y  b e  s p e c i a l i z e d .  The r e s u l t s  u s i n g  one s p e c i a l i z e d  

Because of t h e  g e n e r a l -  

7 v e r s i o n  of t h i s  program have been p u b l i s h e d .  

5 .  I n p u t  and Output 

A l l  of  t h e  i n p u t  i s  read  i n  by  t h e  main program b e f o r e  c a l c u l a t i o n  

starts. 

The f i r s t  i n p u t  c a r d  c o n t a i n s  t h e  number c o n t r o l l i n g  p r i n t i n g  i n  

I 2  format .  The al lowed v a l u e s  o f  t h e  number and t h e  c o n t r o l  i s  de- 

s c r i b e d  i n  t h e  "Program S t r u c t i o n "  s e c t i o n .  

The second c a r d  c o n t a i n s  t h e  t h r e e  numbers i n  312 format: d e l i m i t i n g  

t h e  volume s i z e .  The f i r s t  number, LX, i n d i c a t e s  t h e  number of elemen- 

t a r y  volume d i v i s i o n s  a long  t h e  x-ax is ,  t h e  second,  LY,  t h e  y-axis  d i -  

v i s i o n ,  and t h e  t h i r d ,  t h e  z -ax is .  P r e s e n t l y ,  t h e  number o f  d i v i s i o n s  

a long  any a x i s  i s  r e s t r i c t e d  t o  15. This  number l i m i t a t i o n  can b e  i n -  

c r e a s e d  by i n c r e a s i n g  t h e  dimensions of  t h e  s u b s c r i p t e d  v a r i a b l e s .  The 

numbers on t h e  second c a r d  a r e  used as t h e  upper  l i m i t  on t h e  numer ica l  

i n t e g r a l s ;  s m a l l  v a l u e s  w i l l  speed e x e c u t i o n .  
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The third card contains the actual lengths, SX, SY, and SZ, of 

each of the elementary volume sides. These are punched in 3F15.5 for- 

mat. These lengths are assumed to be in centimeters. The overall 

volume has dimensions of L X ' S X  by LY*SY by LZ-SZ. 

The fourth and succeeding cards contain the pertinent information 

Each card contains the €our pa- about the various elementary volumes. 

rameters p(in crn-l) 

and mass density (g/cm3), in ( 9 X ,  4314.7). The first of  these cards 

is for the sub-volume centered at x = y = z 2 1, the second of these 

is for the sub-volume centered at x = y = 1 z =: 2, etc, A complete list 

specifying LX.LY*LZ elementary volumes must be given. 

Pen(in cm2/g), activity density (relative units) 

The output i s  restricted to printing. The amount of printing 

depends on the value for the printing control parameter specified in the 

first card. There is considerable literal matter in a11 of the printed 

statements which describes the output. 

6. FORTRAN Statements 

The listing of the FORTRAN statements for DOSE1 is given in Appen- 

dix 1. A sample run is described in Appendix 2. 

FORTRAN decks and additional copies of this report are available 

from the author. If any errors or faults in this program or report are 

found, please report these to the author. 



Appendix 1 

T h i s  appendix c o n t a i n s  a complete  l i s t i n g  o f  t h e  program DOSE1.  

The s u b r o u t i n e  ATINTG precedes  t h e  main program. The s t a t e m e n t s  are i n  

t h e  FOKTKAN I V  (H)  language as implemented on t h e  I B M  3 6 0 / 7 5  and 9 1  a t  

O . R . N . L .  
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SURROUT I N E  
R E A L  M U L l N  
C W H O K  ESCAL E S /  5 SA q S S  3 SS Y r S 2 
C W M O N  / A T E N S / N U L I N 4 1 5 r l 5 . 1 5 1  

A T I N T G (  1x2 I Y 2  3 122 * I X 1 t I Y 1  r 1 2 1  9 I S F T l  * A T  e D T L  I 

101 F O R M A T  (15HCSOURCE C U e E  I S . 3 1 5 )  
102 F O R M A T  ( 8 H  f N  C U $ E * S 4 q 2 1 3 r 1 4 h  R A Y  L E k G T H  ~ i E l 4 . 7 ~ 5 X t 3 H A T = r E 1 4 . 7 )  
104 FORI441 (15W X - I N T E R C E P T  I S 1 E 1 4 . 7 1  
105 F O R M A T  414H X IS C C N S T A N T I  
106 FORMAT i l 7 H  X AN0 ‘Y C O N S T A N T )  

iFlunx= 1 x2-I X l  
N U N X = I A B S (  I N U M X )  
0 X=NU p1 x 

O L  x = ox* ox 
D T L x = D L x * S S X  

C D T L X  IS THE S C U d R E  OF THE R E A L  X - D I S T A N C E  BETWEEN THE SOURCE 
C 4FuD THE TARGET,  

1 C C N P i h l U E  
X l = F L O A T (  i X 2 8 + 0 . 5  
CC TO 3 

2 C C N T I N U E  
X l = F L O A T (  1 x 1  I+O. 5 

3 C C N T I N U E  
X 2 = % l + D X  

C OX AhrC &UMX A R E  THE NUMBER OF XSCONST. P L A N k S  B E T M E E N  THE S O U R C E  A N D  T 

I f (  INUMX) l r 4 .2  

C X 1  A N C  X 2  A R E  THE X C O C R O I N A T E S  Of  THE S O U R C E  A N D  T A R G E T ,  
C X 1  IS T H E  LJUEk VALUEt X 2  THE H I G H E R .  

I SX= I N J M X / N U M X  

Y S T = X 2 +  1.G 
I l u U H Y = I Y Z - I Y  1 
N U M Y = I A a S I  S N U r l Y )  
D V r N U r l Y  

OYS=OY*DY 
D L Y = D L X + D Y S  

D T L V = O T L X + D Y  S * S S Y  
IF(IMUWY.EPIO) GO TO 5 
I S Y = l N U M Y / N U M Y  
A L P  HA = O X /  OQ 
I A L P H A =  CSY* IS% 
Y S T = X l + O .  5 * 4 L P H A  

4 C C N T I N U E  

C THE V A R I A B L E S  N U M Y v  C Y .  D Y S I  D T L Y  A R E  A N A L O G C U S  T O  THE X TERMS.  

C D L Y  IS T H E  SUM OF T H E  SQUARES OF T H E  X AN0 Y C O O R D I N A T E  CHANGES.  

5 C C I U f I N U E  
I F (  I S E T l . L E w - 2 )  P R I N T  101 r l X 2 r I Y 2 ~ I Z 2  
A T r l . 0  
I NUWZ = 122- I z 1 
NUHZ=IABS( IkUMZI 
DZ-NUMZ 
DTZ=Dh*SZ 
D T L - O T L Y + D T Z * D T L  
O I S T = 5 4 R T ( D T L  I 

O L ~ G L V + D Z * D L  
I F L D L . L T . 3 , S ~  GO TO 2 8  

C O I S T  IS ThE L I N E  LENGTH I N  CH. 

C OL IS . L T *  3.5 FOR A D J A C E N T  BLOCKS ONLY. 
C FGR NGN-ADJACENT B L O C K S 1  THE R A Y  IS R U N  THROLGH THE I N T E R M E D I A T E  
C CUBES TO C A L C U L A T E  T H E  A8SORPT10k .  THE POSSIBLE C O N F I G U R A T I O N S  

0004 
ClOO 5 
3 0 0 6  
0007 
0008 
00c9 
0010 
0011 
0012 
0013 
0014 
0015 
C016 
@017 
9018 
0619 
’)020 
0021  
0022 
0023 
0c24 
002 5 
0026, 
0 0 2 7  
0 0 2 8  
C C 2 9  
@@30 
0 0 3 1  
0032  
0033 
0034 
0039 

CQ37 
0038 
0039 
0 C 4 0  
0041 
C 042 
g043 
@ C 4 4  
7045 
0046 
0047 
0048 
3 049 
0 Ca5C 
0051 
0052 
C 053 
0054 
@ 0 5 5  
0q56 
0057  
b058 
0059 
0 060 
006 1 

0030 
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C T H A T  ARE R E C O G N I Z E D  A N D  H A N D L E D  S E P A R A T E L Y  ARE X V A R l b B L E v  
C X - C O N S T i  A N D  X AND Y C O N S T A N T .  

IF( i N U M X  1 6 9  16.7 
C H E R E  X V A R I E S  A N D  T H E  P R O G R E S S  A L C N G  T H E  R A Y  IS M E A S U R E D  a Y  THE 
C X - P R O J E C T I O N  ONLY.  THE R A Y  I S  T R A V E R S E D  KN T H E  D I R E C T I O N  
c a F  INCREASING x. 

6 C O N T I N U E  
I X r I X 2  
I Y r I Y 2  
I Z r I Z 2  
GO TO 8 

t P A S S I N G  THROUGH 
9 C C N T I N U E  

I X - 1 x 1  
I Y a I Y l  
I Z = I Z ] .  

8 C O N T I N U E  
Y = Y S T  

C 1x9 I Y ,  12 ARE T H E  C O O R O i N A T E S  OF T H E  C b B E  T H A T  T H E  R A Y  IS 

c x, Y AND L ARE THE X-INTERCEPTS WITH THE x-L ,  Y = H  m o  Z=N PLANES* 
C WHERE LI M A N D  N A R E  I N T E G E R S .  

S = D I S T / D X  

B E T A = D X / D Z  
I B E T A = I N U M L / N U M Z * I § X  
Z =X 1 + 0 . 5 * 8 E  TA 
GO TQ 10 

9 C O N T l N U E  
z =x2+ 1 .o 

10 C O N T I N U E  
X = X l + F .  5 
x x 2 = -  1.0 

11 C O N T l N U E  
X X l = X X Z  

I F ( O Z . L T e 0 . 5 1  GO TO 9 

C X X l  IS T H E  V A L U E  O f  T H E  P R E V l G U S  I N T E R C E P T ,  I F  T H E R E  I S  NC 
C P R E V I O U S  I N T E R C E P T ,  THE V A L U E  IS S E T  T O  -1. T H I S  L A T T E R  AS AN 
C I M P O S S I B L E  V A L U E  S I N C E  A L L  C A L C U L A T I C N S  A R E  I N  P C S I T i V f  
C V A L U E S  OF GEOMETRY.  

X X Z = A H I N l  ( X  I Y rZ # 
I F (  I S E T l . L T - - l )  P R I N T  1 0 4 r X X 2  
X X 3 = X X 2 + @  .oc 1 
I F( XX 2. G T  X 2  ) 
I F L I S E T 1 . G E . O )  GO TO 12 
I X P = I X  
I Y P = f Y  
IZP=IZ 

1 2  C O N T I N U E  
A H U - M U L  I N [  1 x 1  1 Y, I2 ) 
I F I X X 3 . L T . X )  GO TO 13  
X = X * l . O  
I X = I X + L  

I F ( X X 3 . L T . Y )  GO TO 14  

RE T U R N  

1 3  C O N T I N U E  

Y =Y + A L P H A  
I Y= I Y  * I  A L P H A  

14 C O N T I N U E  

2 = L  +0 E T A  
I F ( X X 3 . L T . Z )  GO TO 1 5  

t0t42 
0 0 6 3  
0064 
c0b5 
9066 
CCb9 
086E 
3C69 
30tc 
31171 
C C . 9 2  
0r73 
c 014 
Gf'75 
r 0 7 6  
" 7 7  
0 C 7 8  
r c 1 9  
tC0Q 
C 0 8 1  
C C 8 Z  
Of 83 
c084 

0c8c 
C C 8 7  
0c88 
C 089 
OCSC 
0c91 
0092 
3093 
9054 
0 C 9  5 
0096 
cc99 

O C F S  
c 1ce 
c 101 
c 102 
C 103 
C 164 
c 105 
0 1 C b  
C 107 
c 108 
c I C 9  

e111 
0 1 1 2  

113 
0114 
0115  
8 11c 
0119  

0 119 

ooas 

0098 

o i i a  

r118 
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IZ= I Z + I B E T A  
15 C O N T I N U E  

I F ( X X 1 . L T . O . O )  GO TO 11 
R A Y = (  X X 2 - X X  1 I*S 

C R A Y  I S  THE L E N G T H  OF T H E  R A Y  I N S i D E  T H E  CUBE.  
C A T  IS T H E  A C C U M U L A T E D  A T T E N U A T I O N t  I F  R A Y * A M U  IS NOT MUCH L E S S  
C T H A N  l r  THE E X P O N E N T I A L  SHOULD BE USED.  

A T = A T * (  l . O - R A Y * A H U )  
I F (  I S E T l . L E . - l )  P R I N T  1 0 2 r l X P  t l Y P q I Z P s R A V s A 1  
GO TO 11 

16 C O N T I N U E  
I F I  I N U H Y )  17r26r18 

C H E R E  X x C O N S T .  Y l , N E . Y 2  
17 C O N T I N U E  

S=D I S T l  OY 
I Y = I Y 2  
I Z = I Z 2  
GO TO 19 

1 8  C O N T I N U E  
S =O I S T / O Y  
I Y = I Y l  
IL= I 2  1 

19 C O N T i N U E  
Y l = F L O A T (  I Y  I +O. 5 
Y 2 = Y  1 + D Y  
I F ( D Z . L T . 0 . 5 1  GO T O  20 
B E T A = O Y / O Z  
I B E T A = I N U H Z / N U M Z * I  SY 
Z = Y  1+0 .5*BE T A  
GO TO 21 

20 C O N T I N U E  
z =Y 2,l.O 

2 1  C C N T I N U E  
Y = Y  l+O. 5 
Y Y 2 = - 1 . 0  
I F (  1 S E T l . L E . - 1 )  P R f N T  1 0 5  

22  C O N T I N U E  
Y Y 1 = Y Y 2  
Y Y 2 = A H i N l I Y q Z I  
I F(YY2 .GT.Y  2 I R E T U R N  
Y Y 3 = Y Y 2 + 0 . C 0 1  
I F [ I S E T l . G E . @ l  GO TO 23 
I Y P  t Y  
I Z P = I Z  

A H U = M U L I N 6  I X l ~ I Y q I Z )  
I F ( Y Y 3 . L T . Y )  GO TO 24  
Y = Y + 1 . 0  
I Y = I Y + l  

24 C O N T I N U E  
I F ( Y Y 3 . L T . Z )  GO TO 2 5  
Z = Z + B E T A  
I L = I h + I B E T A  

2 5  C O N T I N U E  

23 C O N T I N U E  

I F ( Y Y 1 . L T . O . O I  GG T O  22 
R A Y x d  YY 2 - Y Y  1 l * S  
A T = A T * (  l .O -RAY*AMU 1 
I F ( I S E T l . L E . - l )  PRINT 102rIXl , I Y P ~ I Z P I R A Y I A T  

0 120 
e 121 
0 122 
0 I t 3  
c 1 2 4  
0 1 2 5  
r? 1 i a  
0 1 2 7  
C 128 
C 1 2 9  
c 130 
n 131 
C132 
C 133 
cj  1 3 4  
0 135 
C 136 
0 137 
0 136 
0 1 3 s  
C 140 
t 141 
c 142 
C 145 
0 144 

0 146  
0 147 
C 148 
C 149 
0 1 5 C  
C 151 
0 1 5 2  
C 1 5 3  
@ 1 5 4  
0 155 
'2 156 
C 1 5 7  
0 15@ 
? 1 5 9  
C 1 4 C  
0 161 
C 162 
0 163 
C 1bC 
0165  
0 166  
0157 

Q 165 
0 1 7 0  
0 1 7 1  
C 172 
P 173  
C 174  
0 175 
0 1 7 6  
c 177  

r 1 4 5  

o 1 6 e  
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GO TO 2 2  
26 CONTINUE 

R A Y  11.0 
Il~MlNOtIZI,IL2b 
IF(ISETl.CE.-lI P R I N T  106 
1 2 x 1  I Z+IYUWZ 
00 27 I = I L , I Z X  
AT-AT* (  l . O - H U L I N (  1x1- I V 1 9  I b 1 
I F t I S E T 1 . G E . O I  GC TO 27 
P R I N T  l@Zr I X l r i Y l r I  (R ILYeAT 

R E T U R N  
27 C O N T I N U E  

213 CONTINUE 
I F ( O L . G E e C . S I  GD TO 2 s  

AT=+. 2 2 4 8  
DTL = S SA 

R E T U R N  
2 s  CONTIFJUE 

A T = C . 5 8 @  

C T h I S  IS  THE S E L F  DOSE PROBLEM. 

C T H I S  AT AND DTL G I V E  THE CORRECT S E L F  DUSE T C  F I R S T  ORDER 

IF( DC .GE. 1.11 RETURk 
C T H I S  IS THE FACE A D J A C E N T  DOSE WHXCH I S  GVERESTCMATER ON THE USUAL 

AT=Q.SCOB 
R E T U R N  
END 

0 178 
0 179 
0 180 
c 181 
0 182 
0 183 
0184 
0 185 
0 186 
0187 
0 188 

0 190 
0 191 
0 192 
9 193 
0 194 
0135 
0196 
@ 197 
0198 
0 199 

B A S  0200 
0201 
0202 
0 203 

o 189 



C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
t 
c 

C 

c 

C 

S O U R C E  DECK FOR *** T O T A L * D O S E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T H I S  IS PROGRAM T O T A L - D O S E  FCR N C N - U k I F C A W  D I S T R I B U T I O N S .  

R E A L  
COMMON 
COMMON / S C A L E S / S S A t S S X e S S Y  r S Z  
D I M E N S I O N  M U E N I l 5 t l 5 ~ 1 ~ l r R O I S T P ~ l 5 ~ 1 5 ~ 1 5 ~  
O I M E N S l O N  R U M A S S (  1 5 , 1 5 9 1 5 )  

MUL I Ne MUEN 
/ A T E N S / M U L I  N4 15  r 1 5  9 15 

H U L I N  IS T H E  L I N E A R  A B S O R P T I O N  C O E F F I C I f N T  F C R  A C U B E  I N  /CU 
M U E N  I$  T H E  M A S S - E N E R G Y  A B S O R P T I O N  C O E F F I C I E h P  D I V I D E D  8 Y  T H E  O E N S I T Y  

R O I S T P  IS T H E  R E L A T I V E  A C T l V I T Y  ( I S O T O P E )  D E h S i T Y ,  ANY UNITS C A N  BE 

R O H A S S  IS T h E  S P E C l F I C  G R A V I T Y  OR H d S S - D E h S I T Y  I N  GAAMS/CC.  
100 F O R M A T  4 1 5 H O T A R G E T  C U B E  I S 9 3 1 5 t  
101 F O R M A T ( ' 0 T H E  A B S O R B E D  F R A C T I O N  ( F I R S T  C C L L I S I O N J  F O i i  THE V C L U H E ' .  

I N  CM*+Z/G. 

U S E D .  

E '  I S ' t F 1 0 . 5 )  
102 F O R M A T ( l 4 H  G - F A C T C R  T C  ( r I 2 9 2 ( 1 H t 9 1 2 J r 8 H I  FfiOM 4 1 1 2 9 2 ( 1 1 + r t I 2 ) r  

1 2 H ) = r l E 1 4 ' . ? r P 8 H  CM-1,  S U B - T O T A L  = * E 1 4 , 7 r  1 5 H .  A T T E N U A T I a h  t . E l 4 . 7 )  
103 F O R M A T  ( 3 1 2 1  
104 F O R M A T  (3615.51 
105 F O R M A T  ( 9 X , 4 E 1 4 . 7 1  
106 F O R M A T  ( 5 H  TO ~ t I 2 r l H r v I 2 t 1 H t t I 2 1 1 3 H ) r  G - F A C T O 6  = r E 1 4 , 7 r  

107 F O R M A T  I '  P R I N T I k G  C O N T R O L  IS ' - 1 2 )  
108 F O R M A T  ( ' O N U H B E R  OF P L A N E S  X / Y / Z ' r 3 1 3 1  
l C 9  F O R M A T  I ' @ S C A L E S .  X / Y / Z *  t 3 E 2 0 . 5 )  

t 2 9 H  CM, P T .  SPEC. ABS.  FRAC.  = v E 1 4 . 7 , 5 H  G-1.J 

MUEh 110 F O R M A T  146HC X Y 2 L I N E A R  A B S C R P .  
+ 2 9 H A C T I V I T Y  DENS, H A S S  CENS. 14 1 X  3 13, 1 X r 4 E  16.7 I I 

R E A C  103, I S E T l  
I F ( I S E T l . L E .  1 J  

+ P R I N T  1071 l S E T l  
I S E T L  C O N T R O L S  T H E  L E V E L  OF ERROR C P F C K I N G  A h 0  P R I N T I N G .  
I S E T l  CAN T A K E  ON 5 V A L U E S  - 2 * - 1 * 0 * 1 1 2  
T H E  L O H E R  V A L U E S  H A V E  MORE P R I N T I h G .  

R E A D  103, L X  * L Y * L Z  
IF( I S E T L - L E - l t  

+ P R I N T  1 0 8 t L X r L Y e L Z  
L X  I S  T H E  N U M B E R  OF X z C O N S T  P L A N E S  ETC. 

HOWEVER, T H E  A C T U A L  I N T E R P L A M E  D I S T A N C E  ( I N  CM.b IS SX. 
THE PLANES ARE CONSIDERED as UNIT DISTANCE APART. 

R E A 0  104, SX * SY t S Z  
IFL I S E T l . L E . 1 1  

+ P R I N T  1099 SXISYISZ 

l K = l r L Z I ~ J = l r L Y ) r X ~ l r L X )  
R E A 0  1 0 5 s  1 ( ( M U L I N (  I r J  ,K1 t M U E N 1  I ( J t K 1  t R O I  S T P t  1.1 J I K )  t R @ n A S S 4  I t J v K  1 e 

I f f  I S E T l - L E .  1 1  
+ P R I N T l 1 0 *  ( (  (ItJvKtMULiN(1 t J 9 K )  r)lUEN(I t J t K f  e R G I S T P ( I e J , K I *  
+ R O N A S S [  I t  J,K )*K=lrLZI r J = l  r L Y 1  e I t l r L X I  

VGL Ut4 E =  S X * S Y  *Si! 

v O L T O T = V O L U H E * F  LOAT(  L X * L Y * L L  1 
- V O L U M E -  I S  T H E  VOLUME OF THE l N O I V I D U A L  C U B E S  

V O L T O ?  IS T H E  T O T A L  ( R E A L )  VOLUME Of T H E  SPACE. 
S S A L O G r A L O G ( V O L U M E 1 1 1 . 5  
S S A t E X P  ( S S A L O G  1 

SSA IS T H E  S Q U A R E  OF T H E  l G E C H E T R I C I  F E W  CUBE O l H E N S I O N  
s sx =s x* sx 

0 204  
0 2 C 5  
5206 
FZQ? 
C 2 3 b  
@ 2 C 9  
0 2 1 0  
0211  
" 1 2  
g i l ?  
0214 
" i l 5  
C I Z l . 5  
0 2 1 7  
? > l e  
qi14 
7 i2C 
3 2 2 1  
e 222 
0 2 2 2  
2 2 2 4  
c i 2 5  
c 2 2 6  
9 2 2 9  
C 2 2 8  
t 2 2 s  
C 23@ 
9 2 3 1  
C 232 
?233 
0234 
3 2 3 5  
" 3 t  
'2237 
? 2 3 P  
c 2 3 5  
3 24C 
C 241  
0242 
c 2 4 3  
C 244 
C 2 4 5  
C 246 
(I 247 
3 2IIe 
C 24% 
P 25P 
C 2 5 1  
c 2 5 2  
c1253 
(2254 
F 255 
0 2 5 C  
C 2 5 7  
2 2 5 E  
9 2 %  
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S S V = S V * S Y  
SSZ=SZ*fL 
A C f 10 8 
00 3 II*lrLX 
DO 2 l Y m 3 r l V  

A C T a A C T * R O I  S T P  ( I X o IV 9 I2 I 
m I IL=~,LL 

1 CCINTlNU€ 
2 C C N T I N U E  
3 C W T I N U E  

AVRO I S= AC T * V C L  U N E  / V O L  TOT 
C h V R O I S  IS T H E  A V E R A G E  A C T I V I T V  D E N § I T V  

DO 6 I X m b . L X  
DO 5 l Y = l ~ l V  
DO 4 I L = P r L 2  
R C I S T P t  1x9 I V  r IZI=ROISTP( I X r I Y  . I  2 I I A V R C I S  

C S C I S T P  IS NOd r H E  4 C T l V I T V  D E N S I T Y  D I V I D E D  B Y  THE A V E R A G E  A C T I V I T Y  
c C Z k l S l T V .  

4 CCNTINUE 
5 CCNTINUE 
f CCNTINUE 

S P * B I N = C . C  

DC 16 I X l = 3 r L X  
DC 15 I Y l = l * L V  
D O  14 I L l s l r L Z  
6 C F  CTUP9-  0 

C T H E  F C L L O U I N G  R E P a E S E N T  THE C O O R D I k A T f S  CF T H E  T A R G E T  CUBE. 

C 'GGFCTVe IS T H E  G E N E R A L I Z E D  G E O f l E T R I C  FACTOR F O R  THE T A R G E T  VOLUME 
1 F t  I S E T l . L E e - 2 I  P R I N T  l O O r I X l  t I Y l r I Z 1  
DO 13 I X 2 = l r L X  
DO 1 2  I Y 2 = l o L Y  
DO 11 l Z Z = l r L Z  

C T H E  I N D i G E S  ENQING IN -2 A R E  THE SCURCE CUBE C O Q R D I N A T E S .  
I ~ ~ I S ~ P (  IXZ.IVZ.IZ~I.LT.O. i ~ - 1 5 )  GG rc  11 

c I F  W E  i s o T a P E  OENSITV I S  Z E R C ~  THIS I S  M C T  A N  ACTIVE SOURCE. 
C A L L  
G G F  CTR = 

A T I N T G 4  1x2 t I V 2  9 I 2 2  e I X 1  9 1 Y 1 r  I Z 1 r I S E  T 1 t AT 9 DT L I 
P O I S T P t  I X 2 ,  I Y 2 t  I 2 2  1 * A T * V C b U ~ E / ( D T L - S S A / 4 . t  1 

GGFCT V=GGFCT Y+GGFCTR 
I Ft I S E T l a L E  .C 1 P R i b T  1 C 2  t 1 X l  r I V l r 1 2 1 t  1x2 9 I V 2  9 1  22 r G G F C T P r  GGFCTVs AT 

11 C O N V l I N U E  
12 C O N T I N U &  
13 C O N T l k U E  

P SABFR *MUEN ( I X  19 I V 1 t I Z 1 b * G G F C T V /  12 5 664 VQLT OT 1 
C PSABFR I S  THE P 6 I N T - S P E C I F I C - A 8 S O R B E D - F R A C T I O ~ .  

IF( I S E T 1 . L E . l )  

S P A B I N t S P A B  XH+ROWASSt  I X l r  I V I  9 I 2 1  I * P S A B F R  
+PR I N 1  1 C 6  t I X  11 I V  l r  I 2 1  rGGf C l V t  P S A B F R  

14 CCNTlNUE 
1 5  CCNTINUE 
16 C C N T l N U E  

A 6 SBFC = SP AB I N* VOLUME 
P R I N T  1 C l r A b S B F C  
CALL E X I T  
s TOP 
E NQ 

0 260 
0 2 6 1  
0262  
0263 
0 264 
0 2 6 5  
0266 
e 2 6 7  
0268 
0269 
0 270 
0 2 7 1  
0 272 
(3273 
0 274 
0 275  
0 276 
r 2 7 7  
0 2 7 8  
C 279 
c 2 0 0  
0 2 8 1  
0 2 8 2  
0 2 8 3  
0 284 
0 285 
0 286 
c 287 
0 2 8 8  
0 289 
0290 
0291  
0292 
0 2 9 3  
0 294 
0 2 9 5  
0 296 
0 297 
c 298  
C 299 
c 300 
0301  
0 302 
0 303 
0 304 
0 305 
0 306 
0 307 
0 308 
0309 
0310 
0311 
0 312 
0313 
0314 



Appendix 2 

This appendix contains the printout from a run for a single source 

in the elementary volume (l,l,l). The actual volume is 10 x 10 x .03 cm.; 

that is, this is a lamina with a point source in one corner. 

Notice that the x and y scales are not chosen equally. The ab- 

sorption coefficients are chosen to match tissue for 0.66 MeV photons. 

Thirty cards are needed to specify all of the sub-volume parameters, 

The output contains the generalized geometric factor G ( r + v )  and 

first-collision point-specific absorbed fraction Qi(r -+ v) f o r  each ele- 

mentary volume. The last line contains the overall first-collision 

absorbed fraction. 



P R I N T I N G  CUNTROL IS 1 

NUMB€R O F  PLANES X / Y / Z  10 3 1 

SCALES, X / Y / Z  0.1COCOE 01 0. 

X Y  
1 1  
1 2  
1 3  
2 1  
2 2  
2 3  
3 1  
3 2  
3 3  
4 1  
4 2  
4 3  
5 1  
5 2  
5 3  
6 1  
6 2  
6 3  
7 1  
7 2  
7 3  

8 2  
8 3  
9 1  
9 2  
9 3  
10 1 
10 2 
1c 3 

TO 1 11 
50 l 11 
TO 4 1, 
TO 6 2 1  
TO L 21 
TO t 2 ,  

TO L 3. 
TO t 3 r  
TO t 41 
TO 4 4, 
TO ( 4, 
TO 4 5 1  
TO 4 5, 
TO ( 5 1  
TO 6 6 ,  
TO ( 6 ,  

TO t 7 1  
TO (I 7 ,  
TO 6 7 1  
TO 4 8, 
TO ( 8, 
TO t 8, 
TO 4 9, 
TO ( 9, 
TO s 91 
TO ( 1 0 s  
TO ( 1 0 1  
TO (101 

e 1  

To 31 

To t b 9  

L L I N E A R  ABSORP. MUEN 
1 0 . 8 9 9 9 9 9 7 E - 0 1  0.3CCOOOOE-01 
1 0 . 8 0 9 9 9 9 7 E - 0 1  0.3000000E-01 

1 0 . 8 S 9 9 9 9 7 E - 0 1  0 .300000OE-01  
1 0 . 8 9 9 9 9 9 7 E - 0 1  0.300003OE-01 

1 0 . 8 9 9 9 9 9 7 E - 0 1  0.300000OE-Cl 
1 0 . 8 9 9 9 9 9 ? € - 0 1  0.3COOOOOE-01 
1 0 . 8 9 9 9 9 9 7 E - 0 1  0.30COOJOE-Cl  
1 0 . 8 9 9 9 9 9 7 E - 0 1  0 . 3 0 0 0 0 5 0 E - C l  

1 0 . 8 S 9 9 9 9 7 E - 0 1  0 . 3 0 0 0 0 0 0 E - 0 1  
1 0 . 8 9 9 9 S 9 7 E - 0 1  0.3000000E-01 

1 O.8S9S997E-01  0.3OCOOCOE-01 

1 0 . 8 9 9 9 9 9 7 E - 0 1  0.300COOOE-Cl  
1 0 - 8 9 9 9 9 9 7 E - 0 1  0 . 3 0 0 0 0 0 0 E - 0 1  
1 0 . 8 9 9 9 9 9 7 E - 0 1  0 .30000COE-01  

1 0 . 8 9 9 9 9 9 7 E - 0 1  0.30COOOOE-01 
1 0 . 8 F 9 9 9 9 7 E - 0 1  C . 3 0 0 0 0 0 0 E - 0 1  
1 0 - 8 9 9 9 9 9 7 E - 0 1  0 . 3 C O O O O O E - 0 1  
1 0 . 8 9 S 9 9 9 7 E - 0 1  0.3000000E-01 

1 0 - 8 9 9 9 9 9 7 E - 0 1  0.3COOOOOE-01 
1 0 . 8 9 9 9 9 9 7 E - 0 1  C.3QOO@@OE-C1 
1 0 . 8 9 9 9 9 9 i E - 0 1  C. 3COOOOOE-C1 
1 0 . 8 9 9 9 9 9 7 E - 0 1  0.3000000E-01 
1 0 .BS9999?E-01  0 . 3 0 0 0 0 0 C E - 0 1  

1 0 . 8 9 9 9 9 9 7 6 - 0 1  0 . 3 0 0 0 0 0 0 E - C 1  

1 0 . 8 9 9 9 9 9 7 E - 0 1  C . 3 0 0 0 0 0 0 E - 0 1  

1 o . ~ 9 9 9 9 9 7 ~ - o i  o .3000000~-01 

1 0 . 8 9 9 9 9 9 7 E - 0 1  C . 3 0 0 0 0 0 C E - C l  

1 0 . 8 9 9 9 9 9 7 E - 0 1  0 .3CCC000E-01  

1 0 . 8 S 9 9 9 9 7 E - 0 1  0.3COOOOOE-C1 

1 0 . 8 9 9 9 9 9 7 E - 0 1  0 . 3 0 0 0 0 0 0 E - 0 1  
1, 1 1 ,  S-FACTOR = 0 a i 8 4 3 6 4 5 E  02 C H r  
21 1 1 ,  G-FACTOR 0 . 2 4 4 4 2 5 1 E  00 CMc 
31 1 1 1  G-FACTOR = 0 . 4 7 3 1 4 C 7 E - 0 1  CM, 

2 1  1). G-FACTOR = 0 . 2 4 5 8 4 7 6 E  00 CM, 
31 1 1 1  G-FACTOR x C . 4 7 5 7 0 C 2 E - 0 1  CNg 
1, 1 J p  G-FACTOR = 0 . 6 S 1 7 4 4 4 E  00  CHc  
21 1). G-FACTOR 0 . 1 6 5 S 2 1 1 E  00 CHI 
3 r  l l r  G-FACTOR = 0 . 4 2 5 8 3 2 6 E - 0 1  CM, 
11 11, G-FACTOR = 0 . 2 7 7 6 6 7 C E  00 C19v 
2 r  111 G-FACTOR = 0 . 1 1 2 0 3 6 6 E  00  CM, 
3. 111 G-FACTOR = 0 . 3 5 0 4 5 2 7 E - 0 1  CHI 
1, 1) .  G-FACTOR = 0 . 1 4 1 7 5 7 4 E  00 CM, 
21 1 1 9  G-FACTOR 0 . 7 6 5 9 0 7 2 E - 0 1  CM9 
31 1).  G-FACTOR = 0 . 2 8 4 2 3 7 S E - 0 1  CM, 

2, 1). G-FACTOR x C . 5 2 b 3 2 4 1 E - C l  CMs 
31 111 G-FACTOR = 0 . 2 2 7 9 4 3 8 E - 0 1  CM, 
1, 1 1 1  G-FACTOR = 0 . 5 2 0 7 5 3 1 E - 0 1  CHI 
2, 11, G-FACTOR * C . 3 7 1 3 8 6 5 E - 0 1  CMr 
3, 11, G-FACTOR 0 . 1 8 1 2 1 0 5 E - 0 1  CMe 
19 111 G-FACTOR * 0 . 3 4 8 0 2 2 1 E - 0 1  CM9 
2, 11, G-FACTOR = 0 . 2 6 6 0 1 4 8 E - 0 1  CMr 

11 11, G-FACTOR 1 0 . 2 4 2 4 1 1 2 E - 0 1  CM, 
21 1 1 ,  G-FACTOR 0 . 1 9 5 4 2 2 7 E - 0 1  CHI 
31 1 1 ,  G-FACTOR * 0 . 1 1 6 6 0 1 0 E - 0 1  CH, 
1, 1 1 ,  6-FACTOR 0 . 1 7 4 2 6 5 9 E - 0 1  CMs 
2 1  111 G-FACTOR 0 . 1 4 5 3 7 1 7 E - 0 1  CM, 
3, 1 1 1  G-FACTOR * 0 . 9 2 9 9 3 4 2 E - 0 2  C M ,  

1, 1) .  G-FACTOR = 0 . 2 8 5 5 9 3 e ~  c i  CM, 

I ,  1). G-FACTOR = ~ . e 2 4 5 9 2 i ~ - o i  CH, 

3 v  11. G-FACTOR o . i 4 5 e 3 9 7 ~ - 0 1  cn, 

3 3 3 3 0 E  01 C .3CC 00 E-0 1 

A C T I V I  T Y  DE 
0.lCOOOCOE 
0. D 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. c 
0.0 
0.0 
0.c 
0 .  c 
0. c 
0. r 
c. c 
0.0 
0. c 
0.0 
0.0 
0. c 
0.0 
0.0 

PT. SPEC. 
P T .  SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
P T .  SPEC. 
PT. SPEC. 
PT.  SPEC. 
PT.  SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC,. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
P f .  SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT.  SP€C. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC. 
PT. SPEC" 

NS, MASS DENS. 
01 0.10OCCOOE 0 1  

C . 1 0 0 0 0 0 0 E  01 
0. lcOOOOOE 0 1  
0. lOOOOOOE 0 1  
0.100@00@F 0 1  
0.lCOOOOOE 0 1  
0.100COOOE 01 
0.100COOOE 0 1  
0. lOOOOOQE 01  
0. lCOOOC0E 01 
0.lOOOOOOE 01 
0 . 1 0 0 0 0 0 0 E  0 1  
0.lOOOCOCE 01 
O ~ l O O O O O O E  0 1  

0 .1COOCOOE 01 
O.1QOOCCOE 01  

0. lOOOCOOE 0 1 
0. lOOOOOOE 01 
0 lOOOOOOE 0 1 
0. lOOOOOOE 0 1  
e. 1000000E 01 
C.lOOOCO@E 01 
0. lOOOOOOE 01  
0.1000000E 0 1  
0. lOOOCOOE 0 1  
0. lOOOCOOE 01 
0.1000~00E 01 
0. lOOOOOOE 01 
0. lOOOOCOE 01 
0.1COOOOCE 01 

ABS. FRAC. 0 . 6 2 4 2 3 9 0 E - 0 1  G-1. 
ABS. FRAC. = 0 . 1 9 4 5 2 6 4 E - 0 3  6-1. 
ABS. FRAC. f 0.37655056-04 6-1. 
4 B S s  FRAC. = O a 2 2 7 2 9 0 6 E - 0 2  6-1. 
ABS. FRACs = 0 . 1 9 5 6 5 8 6 E - 0 3  G-1. 
ABS. FRPC. = 0 . 3 7 8 5 8 7 4 E - 0 4  G-1. 
ABS. FRAC. = 0 . 5 5 0 5 2 6 9 E - 0 3  G-1. 
A0S. FRAC. = 0 . 1 3 2 0 4 8 8 E - 0 3  G-1. 

Ab$. FRPC. = 0 . 2 2 0 9 8 2 1 E - 0 3  6-1. 
AeSe  FRAC. = 0 . 3 3 8 9 @ 0 1 E - 0 4  G-1. 

ABS. FLAC. = 0 . 8 9 1 6 4 6 6 E - 0 4  G-1. 
ABS. F R A C .  = o . z ~ ~ ~ o ~ B E - o ~  6-1. 
ABS. FRAC. = 0 . 1 1 2 8 1 8 1 E - 0 3  6-1. 
ABS. FRAC. = C . 4 0 9 5 4 9 6 E - 0 4  G-1. 
ABS. FRAC. E C . 2 2 6 2 1 1 6 E - 0 4  G-1. 
ABS. FRAC. = C . 6 5 6 2 5 4 3 E - 0 4  G-1. 
ABS. FRAC, 0 . 4 1 8 8 7 6 7 E - 0 4  G-1. 
ABS. FRAC. 0 . 1 8 1 4 0 9 7 E - 0 4  G-1. 
ABS. FRAC. = 0 . 4 1 4 4 4 2 9 E - 0 4  G-1. 
AbS. FRAC. = 0 . 2 9 5 5 6 9 0 E - 0 4  G-1. 
ABS. FRAC. = O . 1 4 4 2 1 6 9 E - 0 4  G-1 .  

ABS. FRAC. = 0 . 2 1 1 7 0 8 7 E - 8 4  G-1. 
A0S. FRAC. = @ . 2 7 6 9 7 4 5 € - 0 4  G-1. 

ABS. FRAC. 0 . 1 1 6 0 6 6 9 E - 0 4  G-1. 
ABS. FRAC. a 0 . 1 9 2 9 2 3 6 E - 0 4  6-1. 

ABS. FRAC. 0 . 9 2 7 9 7 2 6 E - 0 5  6-1. 
ABS. FRAC. = @ . 1 3 8 6 9 0 0 E - 0 4  G-1. 
ABS. FRAL.  0 . 1 1 5 6 9 4 5 E - 0 4  6-1. 
ABS. FRAC. 0 . 7 4 0 0 9 0 5 E - 0 5  G-1. 

ABS. FRAC. = 0 . 1 5 5 5 2 7 7 E - 0 4  Ci-1. 
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