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ABSTRACT 

Hand calculations of radiation flux and dose rates are often useful 
in evaluating radiation shielding and in determining the scope of a 
problem. 
almost always based on the point kernel and allow for at most the 
consideration of laminar slab shield8. 
access to tables of values of integral functions for effective use. 
This report gives flux forrmlas and function tables appropriate to 
calculations involving homogcnemus source regions with the shapes of 
lines, disks, slabs, truncated cones, cylinders, and spheres. Slab 
shields may be included in most of these calculations, and the effect 
of a cylindrical shield surrounding a cylindrical source may be 
estimated. Detector points may be located axially, laterally, or 
interior to a cylindrical source. 
respect to a slab shield. 
range of arguments. 

The flux formulas appropriate to such calculations are 

These foaulas often require 

Line sources may be tilted with 
All function tables are given for a wide 
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PREFACE 

Hand calculations of radiat ion fluxes, dose rates, and energy absorption rates 
are s t i l l  necessary even i n  the present age of d i g i t a l  computers. 
calculations are of ten done i n  order t o  obtain a quick answer t o  a simplified 
problem. 
s tudies  which define the  rough out l ines  of a shield design problem. 

Hand calculations are appropriate "to problems involving both gamma-ray and 
neutron sources, provided tha t  the  shields  are laminar and regular, and tha t ,  
i n  the case of a neutron source, the  detector points l i e  i n  hydrogeneous 
material outside any other shields. 

For many years t w o  standard references fo r  hand calculation methods have been 
the Reactor Shielding Design Manual, edited by T. Rockwell, and t h e  Engineering 
Compendium on Radiation Shielding, edited by R. Jaeger. 
amount of work has been done i n  t h i s  f i e ld  i n  recent years, including contrib- 
utions by H. Ono and A. Tsuro and by Bettis Laboratory personnel. 
accurate and mre convenient cyl indrical  source approximat ions are  available 
from t h e  work of Foderaro and from t h e  work of On0 and Tsuro than are  given by 
either Rockwell or Jaeger. Further, tables of shielding functions a re  now 
available t h a t  cover greater ranges i n  more d e t a i l  than those given by Jaeger 
and t h a t  are  f ree  of the errors found i n  t h e  Engineering Compendium. 

Such 

Hand calculations also have a def in i te  place i n  the  preliminary scoping 

However, a considerable 

Thus, more 

This report  is  therefore an e f fo r t  t o  supply the shielding engineer with a 
re la t ive ly  complete; up-to-date, and convenient reference fo r  radiat ion hand 
calculations. 
formulas (based on the point kernel), the  shielding function tables  required by 
these formulas, and a minimally adequate set of library-type shielding data. 

It includes a set of semi-analytic f lux  and dose rate calculat ion 

These la t ter  data include, fo r  gamma rays, t o t a l  attenuation coefficients,  
energy absorption coeff ic ients ,  flux-to-dose conversion factors,  buildup 
factors ,  and source energy and yield data;  and for  neutrons, removal cross 
sect ion kernel data are given. Data fo r  only a few materials such as water, 
iron,and lead are given because of space l imitations.  

The f lux calculat ion formulas given here assume tha t  source strength d is t r ib-  
.utions are uniform and that ,  i n  general, the  shields are laminar slabs.* The 
shielding functions required by these formulas have a t  most three arguments. 
More complicated formulas and function tables  are not given because they 
become voluminous and are therefore more d i f f i c u l t  and time-consuming t o  use. 
Calculations requiring such refinements are be t te r  done by computers. 

* 
Nomograms are given for  estimating the  e f f ec t  of converting a s lab  shield of 
a given thickness t o  a cyl indrical  shield,  and an approximate method of finding 
the  e f fec t  of a spherical shield versus a s lab shield is also given. 



. 

. 

Interpolation of shielding function tables to find accurate function values for 
intermediate values of the arguments may also be time-consuming. Therefore, 
the most useful function tables in this report are given in a compact form with 
exponential dependence removed, so that they may be interpolated linearly with 
acceptable accuracy. 

The flux formulas given here are appropriate to radiation sources having the 
shapes of lines, disks, rectangular planes, slabs, truncated cones, cylinders, 
and spheres. The formulas for rectangular plane sources and for a cylindrical 
source with a lateral detector point are approximations. Since this cylindrical 
source approximation is a very useful tool, considerable information about its 
accuracy is also given. 
detector points located on the cylindrical axis both internal and external to 
the source volume. 
with respect to slab and spherical sources. Line sources may be tilted with 
respect to their shields. 

Cylindrical source flux formulas are also given for 

Detector points may also be located internally or externally 

The truncated cone source may be used as a basis for several approximations, 
and approximations to some surface sources may be achieved by using either a 
truncated cone surface source or line sources. 

The formulas given in the main section of this report are set up to calculate 
uncollided or scalar gamma-ray fluxes. In order to find, for example, a total 
gamma-ray dose rate, both a gamma-ray flux-to-dose conversion factor and a 
gamma-ray buildup factor must be included in the calculation. In order to 
expedite such calculations, a set of dose rate (or energy absorption rate) 
formulas containing gamma-ray buildup factors, expressed in terms of Taylor 
Exponential Coefficients, is included in an appendix. 

iii 
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Analytic Flax Forsarlas and 
Tables of Shielding Functions 

0. J. Wallace 

A Introduction 

1. General Information 

The information i n  the  t ab le r  of functions given here was generated 
on a CDC-6600 computer using 32-point Gauss-Legendre quadrature. 

spot checks againr t  tabular  data given i n  References (1) through (6), no e r ro r  

analysir  of these data has been made. 

function is given i n  Reference (4). which applies a l so  t o  umch of the work 
reported here. 

Except fo r  

A detai led error aaalysir fo r  one 

Gauss quadrature is discussed i n  Reference (6). 

Tables of variour shielding functions are given i n  References (1) 

throu@ (6); but i n  none of these publications are the set of functions as 

complete as those given here, except i n  Reference (2), and the tab les  i n  

Reference (2) contain rany errors. 
are more de ta i led  and #pan a greater  range of arguments than those given i n  

the referencer. The m a t  useful  tab le r  given here are displayed i n  compact 

form (see Reference (7)) which makes interpolat ion between values very easy. 

because interpolat ion of function tables having more than three arguments is  
tedious and e r ro r  prone. However, nomograms are given which enable the user 

t o  e s t b n t e  the  f lux  from a cyl indr ica l  source with a cyl indrical  shield of 

thickness t if the  f lux  f r o a t h e  rame rource with a r l ab  rhield of the same 
thickness is known. 

Abo ,  i n  mnby cases, t h e  tables  given here 

Only s l ab  shields  are conridered in t he  functions tabulated here 

Most of t he  f lux  fOnm118S given here  have been programed as part of 

t he  SPAR1 point-kernel computer program f o r  shielding (Reference ( 8 ) ) ,  and 

values from there  function t ab le s  have been rpot checked against  SPAR1 

calculations 

This report also includer fOf1~1.8 f o r  t o t a l  gamma ray fluxes i n  which 
the Taylor exponential coeff ic ient  reprerenting the  b u i l d v p  fac tors  appear 

expl ic i t ly ,  and a limited apDwnt of cross sect ion and other  data for c m o n  

rhielding materials is included f o r  the  comrenience of user r  of t h i r  report. 



2. The Point Kernel 

-2- 

The basis f o r  a l l  t..e f lux  formulas treated *a t h i s  report is the 

point kernel 

3 3 
where 0( r )  is the  utlcollided f lux at  the detector point r from a point source 

of strength S located a t  ;'. 
3 2 @(r) has uni t s  of gamas/cm -sec i n  Equation (1). 

s t ra ight  liq from r to  r, various materials are encountered, and we may 
define b = C p t as the t o t a l  opt ical  distance through N shielding material 
having thicknesses ti and corresponding macroscopic attenuation coeff ic ients  

calculations i n  which the use of a neutron point kernel with removal cross 

sections C replacing the pi is permissible. Such neutron kernels may be 
ri 

uaed i f  the shields  are uniform and at least f i f t een  centimeters of hydrogeneous 

material lies betweten the last non-hydrogeneas shield and t h e  detector point. 

More information on neutron point kernels, including spectral  information, 

t h e i r  use when lees than f i f t e e n  centimeters of following hydrogenems material 
is present, and a data table ,  is gtven i n  Sectioas F.3 and F.4 of t h i s  report. 
This material comes from References ( 9 )  and (10). 

That is, i f  S(:') is given i n  garanas/second, 
In  the process of tracing a 

3 t  3 

i-1 i i 

Equation (1) is val id  for  gama ray  calculations and f o r  those neutron 5. 

The p are functions of material and (source radiation) energy group, 

f 

i 
and t h e  Cr are functions of material. 

The integration of the  point kernel over an extended volume yields  

N 
+ I  where b = i& piti + us eC, r , a) . 

Here p is the  macroscopic attenuation coefficient of the source material and 

z(r, r 
, the  distance a from the source boundary t o  the  detector point r 

9 3 t  , a) is the  opt ica l  distance within the source volume and depends 
ps 4 #  + t  on r 
the  geometry of the source. 

0( r )  i n   quat ti on (2) are gamnas/cm -sec. 

, and 

I f  S(?') is given i n  gammas/cm -set, the un i t s  of 3 
+ 2 

r 

. 



In a l l  formulae considered here, the  source strength d is t r ibu t ion  SG') 
i s  assumed to be a constant such tha t  

so that  Equation (2) becomes 

Further, we a1.a assume t h a t  the  source radiat ion is isotropic,  giving the 

factor  

+' 2 i n  Equations (2) and (4), 
4-G - r I 

The uncollided gampe f lux  @ from Equation (4) may be converted t o  an 

uncollided b e e  rate D o r  an uncollided energy absorption rate E4 
un Ull 

multiprication by the approprXa€e dose coavetaioa factor kD or energy 
abaorptioa coaff ic ient  k giving, 

by 

ea 

and 

5 l o  a function of energy, and ka l e  a function of material urd energy. 

The uni te  of k,, are milIiram/haur 

The uni te  of k- are watt-eeconds/cm at  energy E, 80 t ha t  k 

ganmas/ca 2 -eec 

@ has ea 
1 k i e  defined by 

uni t s  of w a t t s / c m  3 , where d has units of 
an -sec ea 
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where: 
U-(E,Z) = microscopic gamna-ray energy absorption cross section of material Z 

2 at energy E, i n  b a r d a t o m ;  barns/mlecule, or cm /gm. 

E = gcrmma-ray energy group central  energy, i n  MeV. 

N(Z) = lumber density of material 2, i n  atoms/barn-cm, molecules/barn-ca, 

= 1.6 x 10-l~ watt-ascond/keV. 

3 o r  gm/cm , and 

k 

The t o t a l  Qae rate D and the  t o t a l  energy abeorptinn rate EA may be 

found by applying the appropriate galnaa-ray buildup factor  B(b) t o  Equation (5) 

o r  (6 ) .  For good resu l t s ,  B(b) ahould appear under the  integral  sign. 
=it analyt ical ly  convenient form of B(b) is the Taylor exponential form 

The 

which converts Equation (5) to t he  form 

which gives the  t o t a l  dose rate 0. 
rate EA, we have 

Likewise for t h e  t o t a l  energy absorption 

These formulas have cer ta in  computational advantages. 

(9) the coeff ic ients  A, 5, and cu2 are empirical numbers found by fittiw a aet  
of buildup factor  data B(bi) to  the  fornula of Equatlon (7). 

(ll).) For Bqwtlon (81, the  fit m u l d  have been done for gamna-ray dose 
buildup factora, *for Equation (91, the  f i t  mu ld  have been &ne f o r  energy 

absorption bulldup factora. 

aaeume that t o t a l  attenuation coefficienta wil l  be uaed to deacribe the relf- 
abaorptioa of the  aource. 

In Equations (8) and 

(See Reference 

I n  a l l  casea the formulas given i n  thlr report  
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The buildup fac tors  are functions of material (atomic number), energy, 

and opt ica l  dirtance b. 

conversion factor  data, energy abaorption cross section data, gamna-ray 
buildup fac tor  data,and neutron removal cross section data, see References (l), 
(2), ( 8 ) ,  ( 9 ) ,  (10) and (11) and Section F of t h i s  report. 

For more information and f o r  attenuation cross section data, Qre 

3. Radiation Sources 

The radiat ion source strength per un i t  volume Sv is assumed t o  be 
constant over any extended source volume t reated here. A detai led description 

of the  source strength equations w i l l  now be given, since they are important 

factors  i n  Equations (2) and (4) and in the  formulas given i n  Section 11 of 

t h i r  report. 
nuclides is given i n  Section F, a s  w e l l  as f i s s i o n  g a m  source data. 

Some data for  act ivat ion and capture ganuna source for  specif ic  

a. Activation Gamma ( in  core and i n  shleldr ,  b u i l t  up during reactor 
operation, important a f t e r  shutdown) (See Table 29.) 

S = N U  a 0(1-  e 
V 

y/ca3-sec at energy E. 

atoms/barn-cm (number density of act ivat ion material) 

microscopic activation cross section in barnslatom. 

thermal neutron act ivat ing flux in neutrons/crn -set. 2 

- In where T is the  h a l f - l i f e  of t he  activated nuclide, i n  the same T# # 
time un i t s  as t 

i r rad ia t ion  time. 

shutdown o r  decay t ime.  

and ts. i 

t h e  yield,  i n  grramrad/dlrintegration, a t  some specif ic  energy E. 
- A t s  

specif ic  activity of the act ivat ion nuclide. a 
N aa 6 = reaction rate. 



2 
More precisely, fo r  nuclide j, the  source strength i n  grrmmas/cm -sec at 
energy E is 

j -1 5 t 

a 
Sv(ti,ts,E) 5 = N’ d (l-eoA %’(E) gclmaes/cm3-sac 

3 
while the  source strength i n  MeV/cm -sac is 

In an activation-gamma calculation, the dose rate a t  some t i m e  a f t e r  

shutdown of the reactor  is of primary interest .  

reactor-aperation history, in which each (fi,Ti) pa i r  specif ies  a level of 

source output and the t i m e  during which t h i s  output was maintained. 

Figure 1 shows a sample 

FIGURE 1 

DECAY-GAEPIA CAICULATION 

7 
It is assumed tha t  the decay of the radioact ivi ty  which is 

produced by each source output f i  begins a t  the end of time T 
d e r  of operating t i m e s  is N, then f o r  the last operating time (TN) the  decay 

time (TDN) equals t h e  decay time after shutdown (TD). For the previous 

operating times T1, T2, ..., TNI1, the decay times a re  given by: 

I f  the t o t a l  io 

N 
(12) + E  T e  TDnDTD i%+l L 

S 

A t  the end of t i m e  TDs the dose o r  flux may be integrated over a 

sample time TI, and the integrated dose o r  f lux is found. 



The source a t  the end of the time TD is then given by 

N -ATi -ATDI 
= N u a #  c f [I-e 

sV i=1 i ]e . 
where f i  is the  f rac t ion  of the  thermal neutron act ivat ing f lux which 

corresponds t o  the operative t i m e  s tep  Ti. The time integrated source zv 

where 

(15) 
An 2 0.69315 A = - =  s 
*I! T!i 

and where T is the  h a l f - l i f e  of the radioactive nuclide. 

h a l f - l i f e  and operating decay and s m l e  times must be given i n  consistent 

uni ts .  

A l l  data regarding # 

bo Gampas from g3’ Fission Products ( B u i l t  up during operation, 
important after shutdown) 

A b o u t  a thousand different  radioactive nuclides are produced as 

by-products of the f i ss ion  of Aa these nuclides decay, they release 
signif icant  amounts of energy i n  the  form of beta- and gamma-radiation, both 

of which contribute t o  heating of reactor components after shutdown. 

gamma radiation is also important i n  that i t a f f e c t s  refueling shielding 
desfgnand is present i n  any i r radiated reactor components which m u s t  be 

moved, so t h a t  shielded containers are required. 

This 

The following discussion of f i s s ion  product energy release assumes 
tha t  neutron capture i n  f i s s ion  product nuclides is unimportant; therefore 
the  production and decay of nuclides such as Cf37 is  not included. 

The f i s s ion  product nrrclide concentrations i n  a reactor  build 

up during operation and then decay after shutdown. Since many nuclides are 
involved, tab les  of functions have beeu prepared which sum up the yields of 

a l l  of the important auclides f o r  infinite i r rad ia t ion  time ti and a wide 

range of shutdown times ts. 

The formulas used i n  calculating these tables  are given below. They take 

account of the f ac t  t ha t  the abundance of a nuclide depends on the  ac t iv i ty  

See References (2) and (12) through (24). 



and decay of its precursor. 
the  decay constants of the  nuclide and its precursor, respectively; Yln is the  

independent f i ss ion  yield and Y2n is the  total yield; 5 
through EG7 are the average beta energy, the  t o t a l  garma energy, and the  

gamppa energies i n  each of seven energy groups, a l l  given inMeV/decay. The 
cent ra l  energies of the seven groups are 0.3, 0.63, 1.10, 1.55, 1.99, 2.38, 

and 3.10 MeV. See Reference (12). 

In  these formulas, for nuclide n,Xp, and Xln are 

,n, 'GT,~' and %l,n 

,n 

where F is the  fission- rate i n  f iss ionslsec and Dn(ts, t i)  is  the decay r a t e  

of nuclide n, and 

A I- 
n 

B =  n 

(17) 

-1 

(total decay rate i n  (19) 
d i s  i n t  egrat  ions / sec) 

( to t a l  beta yield, (20) 
HeV/f ission) 

( to t a l  gamma yield, (2 1) 
MeV/fission) 

(from gama energy groupsE , (22) 
J = 1,7, yield i n  MeV/fissf?on) 

( to t a l  energy yield i n  (23) 
Mv/f ission) 

 as, the  corresponding source strength is 

(24) P 3 S (t ,t ) = 7 c G(ts,t i)  MaV/cm -see v i s  

and G ( t i , t s )  - kC,t,) - G(+=,ti*#)3 (2 5) 

where ti and t are obtained from a reactor operating his tory (see the 

discussion i n  Section A.3.a). 
8 .  
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The total fission product glrmna source strength is then 

P 3 S (t ,t ) = c cG(m,ts) - G(mvti+ts)] MeV/cm -see (26) v i s  
and the fission product ganma source strength for gamma energy group J is 

G(tivts,EJ) = LG(OD,ts) * FJ(mvts,EJ) - GC,ts+ti) * FJ(OD,ti+ t s , E J ) l  MeV/fission 

(2 7) 

where J = l,7. 
E,. Therefore, 

G(ti,ts,EJ)/EJ then gives yields in gamnas/fission at energy 

J 

where 

N $35 r 

0 

and 

=f = 

Thus 

I 

I 

* FJ(m,t it E )1 gamnas/fission at energy EJ (28) i 8’ J 

The total number of gama6 per cm3 at energy EJ is given by 

number density of ?35 in atoms/bar-em. 

fission cross section (microscopic) of 

thermal neutron activating flux in neutrons/cm -8s. 

in bardatom. 
2 

$35 9 3 5  -1 N 0, = the macroscopic I?” fission cross section in cm . 
A 

(30) 
3 ZfO is the fission density in fissions/cm -set. 

If the source volume V and source power output P are known, we 

may write 

3 where P has units of watts, V is given in cm , and c = 3.1 x lo1’ fissions/ 
watt-sec, based on the measured energy release of 200 MeV/fission for 
Typical values of TZ3’ and cf are 580 barns/atom and 0.174 em”, but these 
values may vary for specific situations and 0 is not a constant throughout 
the volume V. Therefore, Equation (31) should be treated as an approximation, 
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the accuracy of which is dependent on local conditions which affect the value 
of 0 (and of zfle 

c. Capture Ganmnas (in core and in shields during reactor operation) 
(See Table 30.) 

(32) 3 S = N Uc 0 Y(E) ganmas/cm -sec at energy E 
V 

I 

Uc 

Y(E) = yield in ganmas/capture. 

is defined in Section A.3.a. 

= number density of capture material, - capture cross section, and 

dm PrOmD t Fiscrion Ganmas in Core (important during operation) 

P 3 = - c  Y(E) gammas/cm -sec at energy E sv v (33) 

Y(E) = yield in gamnas/firsion at energy Eo 

c 3.1 x 10" fiss&ons per watt-sec. 
P 5 source output in watts, and 

3 V 9 source volume in cm 

e. Neutrons in the Core 

(34) 
P 3 = - cv fission neutrons/cm =sec sv v 

where 
P = source power in watts. 
V source volume in cm . 
P - 9 watte/cm3 = power density. V 

c = 3.1 x lolo fission neutrons/watt-sec. 
V = 2.43 fission neutrons/fission. 

3 

2 The power associated with a fission neutron flux of fission neutrons/cm =sec 
may be found, in ideal cases, from 

Zf 0 v 
watts c 

, 
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-1 where Cf is t h e  macroscopic f i s s ion  cross sect ion i n  cm . This of course 
assumes t h a t  @ is constant over t h e  source volume V and so takes no account of 
loca l  conditions. A typical  value of cf is 0.174 cm" but t h i s  value may vary 

from problem to  problem. 

f .  Fission Ganmas (See Table 31.) 

Sv = 5 c Y(E) 

where 

(35) 

P source power i n  w a t t s .  
V - source volume in  c m  . 
C = 3.1 x lolo fissions/watt-second. 
Y(E) = yield i n  gamas/f iss ion at  energy E. 

3 

B. Flux Fornulas 

The derivations of most of t h e  equations or f lux  formulas given here may 
be found i n  References (l), (2),and (5). These derivation8 have a l l  been 

checked, and a d e r  of extensions and spec ia l  cases have been derived i n  

Reference (25) which are not exp l i c i t l y  given i n  References (l), (2), and ( 5 )  . 
A l l  equations given i n  t h i s  sect ion give r e s u l t s  i n  terms of the  uncollided 
f lux  0. 

these equations allows the  calculat ion of t o t a l  dose rates and t o t a l  energy 

absorption rates. (See Section A, Equations (2) through ( 9 ) ,  and Section E 
of t h i s  report.) 

formulas are given f o r  those cases which Q not involve external shields. 

The gemmetry, nomenclature and sh ie ld  placement assumed by each formula should 

be clear from the referenced figures.  S 
Sa = source strength per un i t  area, and SA - source strength per un i t  length. 

The f lux  formulas included here  are a l l  e i t h e r  analyt ic  o r  include a 

limited number of integral  functions which are readi ly  avai lable  i n  tabular  

form. See Section C of t h i s  report. 

Inclusion of gama-ray buildup fac tors  and conversion fac tors  i n  

Note that only s l ab  shields  are assumed by these fornulas and that separate 

= source s t rength per u n i t  volume, 
V 
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1. Uniform Msk Source. No Shield (References (11, (21, (25)) 
(See Figures 2 and 30) 

rec 8 = v l  + (R/a)2 

2. Unfform Disk Source with Shield (References (11, (2) (25)) 
(See Figures 2 and 3.)  

where 
N 

= ( L t  or b =  U, t i=1 i I b 

aec e =q- 
El&) -$ 

b 
dt .  S'ee Tabler 1 and 2. 

where 

2 2  02 = r2 + h + a  - 2rh cos U. 

See Table 3. 

(39) 

(40) 

(43) 

(45) 
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3. Infinite Slab Source of Infinite DeDth. Self Absorbinn. No Shield 
(References (11, (2), (25)) (See Figure 4.) 

where 

-b e - -t 
E2(b) - b lb dt = E2(b) -g- . (49) 

See Tables 1 and 2. 

4, Infinite Slab Source of Infinite Depth. Self-Absorbinn with Shield 
(References (11, (21, (25)) (See Figure 4.1' 

%(b) - 
5. 

where 

See Table8 1 a d  2, 

Infinite Slab Source. Self-Absorbinn. No Shield (References (11, (21, 
(25)) (See Figure 5,) 



-14- ~ 

See Tables 1 and 2 .  

Note tha t  the geometry of a detector point on or very close t o  the 

surface of a source of any shape may be approximated by replacing tha t  source 

with an i n f i n i t e  s lab source of f i n i t e  depth. 

on the f lux at  a detector point i n t e r io r  t o  a source may always be foundby wing  

 quat ti on (54)  . 
Note also tha t  an upper l i m i t  

6, Infinite Slab Source. No Self-Absorption. with Shield (References (l), 
( 2 ) ,  (25) )  (See Figure 5.) 

S 
"1 - + A E I W  

See Table8 1 and 2 .  
If 4 = 1, this  gives an infinite plane surface source. 

(55) 

See Tables 1 and 2 .  

7. I n f i n i t e  Slab Source. Self-Absorbinn with Shield (References (l), ( 2 ) ,  
( 2 5 ) )  (See Figure 5 . )  

S 

8,  Cviindrical Source. No Self-Absorption. No Shield, Axial Detector Point 
(Reference8 (11, (21, (25)) (See Figure 6,) 

S * -$ C(A,O,R) 
p2 

S 
@ 2 C(fi,a,R) 
p1 

(57) 
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9. Cylindrical Source. Self-Absorbinn. No Shield. Axial Detector Point 
(Retferences (11, (2), (25)) (See Figure 6.) 

where b‘ = ps4 . 
Sea Tablea 1, 2, 4 and 5. 

10. Cvlindrical Source. Non-Absorbiw. with Shield. Axial Detector Point 
(References (11, (21, (25)) (See Figure 7.) 

- R*F kan” (R/(a-hG)),b] 
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Ll. C Y l i  ndrical  Source, Self-Absorbinn. w i  t h  Shield, Axial Detector Point 
(References (11, (21, ( 2 5 ) )  (See Figure 7.) 

S 
= Z(bO', b, a/&, R/A) , 

where 

where 

See Tables 1, 2 and 4. 
here because it is too vsluminous and d i f f i c u l t  t o  use. An approximation of 

The function tab le  fo r  Z(bO, b, a/h, R/&) is not given 

may be obtained by using only the  first torr, terms of the  equation which 
bPl 
define Z(bO, b, a/4, RIA) j u s t  above o r  by using the  approximation discussed 

under Section 2O.a. 

12. Cvlindrical Source Inter ior .  Self-Absorbinn, Detector Point on Axis 
(References (11, (21, (25)) (See Figure 8 . )  

S 

where 

b = psR. 
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13. CY l indr ica l  Source Approximation. Self-Absorbinn with Shield. Lateral 
Detector Point (References (51, (25)) (See Figures 9 ,  10, lla, 1lb.I 

Assume tha t  s lab shields with thicknesses t and macroscopic attenuation 1 
coeff ic ients  p 

Then 
intervene between P 1 1 and the source i n  Figure 9 ,  

b' = b + psMcR . (67) 

See Figure 10 for the detector point positions. W e  have 

From Figure 10, the def ini t ions of the  angles may be seen t o  be: 

&oh3 
, el = tan - * tan-' - -1 -1 1 

8 '  a s  @, = r i n  
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h3 -1 h'-4 -1 h' 8 ,  = tano1 , e4 = t an  a , = t an  - a 

The f twt ions  and G used i n  Equations (68) t o  (70) are defined as follows: 

de G(Bo,b) * -bsec 0 
G(Oo,b) - f  COS 8 e 

0 

See Figures 44 and 45 and Table 9. 
H(b) * G(W/2,b), and 

and is given by Figures 38 and 39 or Table 8. 

See also Tables 2, 13, 15 and 16. 
If h > 4 find f ; the answer may be very low because of the 

5 2R approximation. The use of 4' 
l i m i t  is discussed below. 

4 - (h-4) i n  place of 4 to get an upper 2 R - h  

The method of solution given hare is an approxfrmrtion based on 

subst i tut ing an annular section f o r  the  cylinder as shown i n  Figure 9 .  This 
a p p r o x h t i o n  is sat isfactory for calculating the  fluxes a t  P1 and P3 i n  
Figure 10, 80 long as R > 10. cm, ps > O., p$ Z 1, fi a > .2,and A/a > 3. For 

these conditions the  e r ro r  introduced by t h e  approximation is less than 152, 

and the  e r ro r  goes down rapidly as 
See also Figures l l a  and l lb .  

increases. S e e  Table 16 f o r  detai ls .  

We may note i n  passing tha t  the function Lo(Oosb) is almost independent 
o f . t he  value of 0,. For 00 i n  the  range (0.0872 - 1.5708) the value of 

Lo(#O,b) changes by less than 5%. 

Figure 10,may be found from Equation (69), which is the  additive rule: 

The f lux at a point opposite a cylindrical  source, such as P3 i n  
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Wsing a atmilar rule (Equation (70)) to f ind the  flax a t  a point such as Ps i n  

Figure 10 unfortunately gives an amwar which may be low by an order of 

magnitude o r  more. Consideration of t he  shape of the annular section which is 
substi tuted fo r  the cyl indrical  source by t h i s  approximation (Figure 9 )  w i l l  

Therefore, a t  locations outside the  height of the cyl indrical  source 

(such as Ps i n  Figure lo), the best course t o  follow is t o  make calculations 

using t h i s  approximation which bracket the t rue  flux. 
f i r s t  f ind t h e  lower bracketing value using a subtractive rule: 

Show why t h i s  is SO* 

The procedure i s  t o  

-1 h 8  -1 h' 
+un(p210w 0 o a L (0 ,b) {G(tan y , b )  - G(tan -,b') 

sv@o 

I f  the  source height 1 is  then replaced by 

A 8  = L + 2 = B +- 2R (h'-L) 2R+a 

and we have 

(73) 

sv@o -1 h' -1 h 8  L (a ,b) {G(tan y , b )  - G(tan ~ , b ' )  0-  

' ~ n ~ 5 ) h i g h  2Ws 0 0 

which gives an upper l i m i t  on t he  value of the f lux  a t  Ps. These l imit ing 
values should be compared and the  conservative upper l i m i t  value given the 

most weight i n  any averaging of these r e m l t a .  

The approximate e f f ec t  of replacing the s lab shield with a cyl indrical  

shield of the  same thickness and attenuation may be found by use  of the 

noamgrams given i n  Figures 47 and 48, As is in tu i t ive ly  obvlous, a cyl indrical  
shield i s  always -re ef fec t ive  than the  corresponding s lab shield. 



-20- 

14. Cylindrical Surface Source with Lateral Detector Point. No Shield 
(Reference (25)) (See Figure 12.) 

-1 tan  
' ~ , ( ~ 1 )  2(a*R) 'aR J0 iF (75) 

- k s i n  8 
where 

This in tegra l  is an e l l i p t i c  function of the first kindand ir not 
given i n  the function tables of th i s  report since it is readily available i n  
Reference (6) and i n  other handbooks of mathematical functions. 

15, Cylindrical Surface Source with Axial Detector Point (Reference (25)) 
(See Figure 12,) 

I f  P2 i o  located at the  end of the axis but there  is eelf-attenuation, 

-1 p 
-1 1 

S R - b ~  sec 8 S 
e de - - fF(tan 3 \R) (76) 

If P2 i o  lrot located at the  end of t he  =io,  an addi t ive o r  rrrbtractive rule 
may ba used to f ind the  flux. I f  $ 4 -  aim, 

S 
(77) 

I f  there is no attenuation, 

16, Cvlindrical Surface Source with In te r ior  Detector Point. No l b o  nent ia l  
Attenuation (Rcference (25)) 

I f  a # 0 ,  

(See Figure 13.) 

L tano1 
'a R 

Bun T J0 v l  (79)  
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This in tegra l  function is the Legendre normal form of the e l l i p t i c  integral  

of the f i r s t  kind. Tables of the  function are not given i n  t h i s  report but 

are avai lable  i n  Reference (6) and elrewhere. 

17. Cylindrical Surface Source with Axial Detector Point. No Self- 
Attenuation. and an Intervening Slab Shield Wfe rence  (25)) 
(See Figure 14.) 

Qp = ~ [ P ( t a n  'a -1 R 0, pt) - (tan-' 5, pt)] a 

18. Truncated Cone Source. Self-Abmrbinn with Shield. Apex Point 
(References (1). (2), (25)) (See Figure 15.1 

-1 = t an  a 

S 
4 [g2(b) - E2(b') + cos 0, E2(b' sec 0,) 
p1 *LIS 

See Tables 1 and 2. 
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19. Truncated Cone Surface Source. Detector Point a t  A m  (Reference (25)) 
(See Figure 16.) 

s -bt-,a]sec a 
~ ~ - - f e  [El(psa sec a3 - E1@,(a*)sec u]sin a (82 1 

where 

s i n  a = qx 
and 

sec a = 

S a -pt sec a s i n  log (9 , e 9, - 2 

and i f  p t  = 0 also,  

Equation (82) may be used t o  approximate a cyl indrical  surface source with 

both self-attenuation and a s lab  shield and an axial detector point, as i n  
Figure 14. 

20, Approximations U s i n g  Truncated Cone and Cylindrical  Sources (References 
(11, (25)) 

The truncated cone source may be used t o  give several  useful approximations. 

a. Cylinder w i t h  Axial Point 

The f lux a t  a point on the ax is  of a cyl indrical  source, such as P 
i n  Figure 17, may be bracketed by t w o  calculations using truncated cone sources 
subtending t h e  angles 
of the source cylinder, and t h e  two bracketing truncated cones are then those 

defined by the angles O1 and O2 i n  Ffgure 17. 3, a better answer is 
obtained i f  9 is used i n  defining the cones; t ha t  is, only t h e  neareg half  of  the 

cylinder need be considered i n  the calculation, so that el = t an  

and e2, respectively. If ps i  5 3, we use the f u l l  height 

a If p s i  
a 

-1 - -1 R A ,  and e2 - t an  - a-5 a. 
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T h i s  approximation may be used w h e t h e r  o r  not a s l ab  s h i e l d  intervenes between 

t h e  source and the detector point. 

ree t h e  appendix. 

For a refinenrent of t h i s  approximation 

b. F i n i t e  Slab Source with lkterior Detector Point 

Upper and lower l i d t a  on the  f lux  from a f i n i t e  s l ab  o r  rectangular 

ao l id  source at  an external detector  point may be obtained by replacing the 

slab by inscribed and circumscribed truncated cone sources. 
of course is most accurate f o r  a square s l ab  aource with detector  points 
located on a perpendicular t o  the  center. For a s l ab  source which is long i n  

comparison t o  i t a  width, the  r l ab  may be replaced by a cyl indrical  source with the  

correct diametor/haight ratio i f  the detector point i r  aot too c lose  t o  t h e  source. 

This approximation 

C. Annulur with Exterior Point 

A rough approximation of an annular source can also be obtained 

uring a truncated cone. The f lux a t  the  point P in Figure 18a is  conservatively 
approximated by the  f lux  from - 

i n  Figure 18b. & ammlar marc0 m y  aloo k 

a truncated cone with 
I 

bo = t an  -' L, and thickness 4 = 5 - R1, here h' a 

of mm cylindrical moarce calculatiow 

d. SDhere with Exterior Point 

Thi8 appraximetion comer from Reference8 (5) and (7). 

The nomenclature i r  shown in  Figure 19, and accuracy estimates are 
shown i n  Figure 20. 

sect ion of a rpherical  shel l .  

The spherical  source volume i r  approximated as a conical 
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where 
-1 

a* do = sin 

1 and - 

m is so chosen as to make the volume of the conical sectton of the rpherlcal 
shell equal the volume of the spherical source being approximated. 
Tables 1, 2, 14 and 15. 

s 
See 

21. Truncated Cone Source. Mat Self-Abrorbinn. with Shield. AINX Point 
(References (11, (21, (25)) (See Figure 15.) 

S 

4, = A [E,[b) - El(b sec eo)] 

where 

b = pt 
See Tables 1 and 2. 

22. Truncated Cone Source. Self-Absorbing. No Shield. Avex Point 
(References (l), (2), (25)) (See Figure 15.) 

S 
= [l - E (p 4) + cos 0 E (p L sec eo) - cos eel (87) 

2 s  0 2 s  

See Tables 1 and 2. 

23. Truncated Cone Source. Not Self-Absorbing. No Shield. Avex Point 
(References (0 ,  (2), (25)) (See Figure 15.) 

S 
L An sec Oo @P1 = T (88) 

, 



. 
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24. Spherical Source. No Self-Absorption. No Shield (References (l), 
(3), (25)) (See Figure 21.) 

(2) 

A = R + a  

A ' = R - ~  0 

A'CR 
R sin 00 = - R+a 

S R  
4 = -  2 

V 

p2 

4 = S R  
V p4 

25. Spherical Source, Self-Absorbinn. No Shield (References (1) , (2) , (3) 
(25)) (See Figure 21.) 

A = R + a  
A ' =  R - a' 

R sin a0 = - R+a 

vaz +2Ra 
R + a  COLI a. 
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I- c1 - cos a0 - S(a/R, psR)J 'P1 21bs 

See Table 11. 

(93) 

(94) 

-2p R 
d@ S(a/R, p,R) = s (97) 

See Tables 1, 2 and 11, 

26, Spherical Source. Self-Absorbina with Slab Shield (References (3), (25)) 
(See Figure 21.) 

b - P t  = $ Piti 

R s i n  0, = - R* 

. 
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b sec 0 + 2psR vl - (1 + 32 sin2 0) 
s i n  d0 

Note tha t  

See Tables 1, 2 and 12. 

0 f.8- a $  ca Sh d (Reference 

I f  w assume i n  Figure 21 that P2 lies on the  outer  edge of a spherical  

shield of thickness c,  so that the  distance of P2 from P4 is RSc, and that the 

source and mphericrrl shield have the  same attermation coeff ic ient  pss then the 
f lux  a t  P2 is given by 

If we u6e the re la t ion  

and .ismme c = 0 ,  (100) reduces to (94). 
effect of a rpherical  nhield ver8u8 a s l ab  Shield. 

derived from (98) and (99) ,  assuming that pi 

(100) mfiy be 1184 to approxiumte the  
The following 8pproxLaation, 

ps and that 

$TE&X=l¶ 
may be used t o  find the  f lux  when the s l ab  shield is i n  place: 

See Tables 1 and 2. See a lso  Section B.20.d. 

-1 -1 -1 h'-4 
a s 04 = tan a s  8, tan  -' , e2 = t an  a , e3 = tan 

-1' h' e5 = t an  - h 
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Equation (103) also appl ler  t o  an arc of a c i r cu la r  l i ne  source behind 
a slab shield,  as shown i n  Figure 24. Note tha t  I f  

-1 8 8 = t an  - a 

and &’ = a 8 

where L I s  the  length of t h e  s t r a igh t  l l n e  source and b‘ I s  the  arc length of 
the  circular l i n e  source, then 

sL -1 L @p = - F(tan -,Pt) fo r  both 4 and b’ , 4 m  a 

29, Line Source without Shleld (References (11, (21, (25)) (See Figure 22,) 

S 

(106) 
- 

I- v e  
(PI 4na 1 

sL 
I- 

‘P4 4 m  Le, - 041 

p 
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30. Line Source with Perpendicular Slab Shield (Reference (25) (See 
Figures 23a and 23b.) 

b = p t  

If t h e  detector  point lies opposite t he  end of the  l i n e  source, 

1 SL (Ly-b) y v a a  + P*l' 1 
@P =ze a&' 

See Tables 1 and 2. 

If eLs = 0,  

A mre general case of a l i n e  source with a perpendicular s l ab  shield is shown 
i n  Figure 23b. 
Let  

n 
2 t1 - - el, and 

Then 

See Tables 2 and 10. 



31. Line Source with Slab Shield Ti l ted  Out a t  Bottom. and Lateral Detector 
Point (Reference (25)) (See Figure 25a.) 

Hbre, a (& + t csc 4 t an  a. 
See Tables 2 and 10. 

32. Line Source with Slab Shield Ti l ted  Out at  Tor, and Lateral Detector - Point (Reference (25)) (See Figure 25b.) 

where a t sec a, and 8, = tan-' @). 
See Tables 2 and 10. 

33. Circular Line Source with Exterior Detector Point. No Shield 
(Reference (25)) (See Figure 26.) 

'L R 
'P = 2 a(2RSa) 

34. Circular Line Source with I n t e r i o r J e t e c t o r  Point (Reference (25)) 
(See Figures 27 and 28.) 

I I f  the  detector  point is at  the center,  and we assume attenuation, the  

uncollided f lux a t  the  point P i n  Figure 27 is 

I f  the point P lies a distance h above the  plane of the  c i r cu la r  l i ne  source, 

we have 

In Figure 28, the detector point P lies a t  t he  end of a diameter. 

I f  there  is  no attenuation, 
sL 

@p = tan Q . 
obviously, G cannot approach goo, and so defines an arc which i r  a portion of a 

circular l ine eource. 
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If the detector point is i n t e r io r  t o  the circular l i n e  source,but 

a r b i t r a r i l y  located as i n  Figure 29, and there is no attenuatlon, 

sLR , a < R  
= 2 (R2-a2 ) 

35, Annular Disk Source wfth In te r ior  Detector Polnt (Reference (25)) 
(See Figures 30 and 31.) 

For a detector point at  the center of the  anrmlur, 

which holds so long as Ro > 0. 

If there  is no self-attenuation (ps = 01, 

R 
log - 'a e + R ~  # = -  

un 2 RO 

and i f  p = 0 also, 

a R 

0 

S 
0 = -  un 2 log R 

If the detector point i s  a r b i t r a r i l y  located inside the annular d i rk  

a8 i n  Figure 31, with a < 'La < R, and there  i r  no attelwation, 

36, Msk Source wlth Ekterior Lateral Detector Point (Reference (25)) 
(See Figure 32.) 
If there  is no a t t e n u t i o n ,  

a 42aR 

-1 where 0, = s i n  . 
(124) m y  be obtained. 

If we araume 0 = 0, a canrervativc approximtion of 
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a a+2R 8o 
S 

The second term of Equation (124) i r  then approximated ar 7 a0 log a + ~  
tha t  an upper l i m i t  on the flux value is given by 

a a+2R S 
rp P = - @  2n 0 log (y) 

37; Rectanmlar Surface Source with Detector Point on Perpendicular t o  
Corner. No Shield (Reference (25)) 

An upper l i m i t  i n  the  f lux f romth i r  Iource is given by 

(See Figure 33.) 

[L&+41 01: 

A 
sa -1 2 4 = - tan - log a a P 4n a 

A circumscribed disk source may also be used to  obtain an estimate of 

the f lux from a rectangular surface source. 

38. Rectanmlar Surface Source with Lateral Detector Point (Reference (25)) 
(See Figure 34.) 

el = tan-' - 
atCl 

e2 = t an  y 
6 -1 2 

If Ps = 0 

8a Thir m y  be coarerv8tively 8pproxiumted by r e t t i ng  cot  8 - cot 8 * 3 1 

8nd integrating, which giver 
&2 

I 
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39. Spherical Surface Source. No Shield 

'a R 
2 a* log 

a ..-- 
p1 

If self-attenuation ps is  present, 

*sR = S e  a p2 

(Reference (25))  (See Figure 35.) 

(129) 
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FIGURE 2 

UNIFORM DISK SOURCE 

UNIFORM DISK SOURCE DETAIL 

FIGURE 4 

INFINITE SLAB SOURCE OF INFINITE DEPTH 

. .  
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b 

FIGURE 5 

INFINITE SLAB SOURCE O F  
FINITE DEPTH 

r t  

FIGURE 6 FIGURE 7 

CYLINDRICAL SOURCE CYLINDRICAL SOURCE 
WITH A X I A L  POINT WITH SHIELD 

AND AXIAL POINT 
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FIGURE 8 

CYLINDRICAL SOURCE I N T E R I O R  
I 

A 

FIGUBE 9 

USING A SETION OF AN AHNULUS WITH A 

CURVED TOP SURFACE 

i 

t 
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FIGURE 10 

CYLINDRICAL SOURCE W I T H  
EXTERIOR DETECTOR POINTS 
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1.0 
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0 
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a 
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FIGURE 11. FIGURE l l b  

ACClMCY OF TIIE cyw#DILIcU SOQBCE 

APPmCMILTIoN OF om Am TSURO 

ACCUMCY OF THE CYLINDRICAL SOURCE 

APPROXIMATIOlQ OF Om AND TSURO 
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. 

1 

1 f 

FIGURE 12 
CYLINDRiCAL SURFACE SOURCE WITH 

LATERAL DETECTOR POINT 

4 
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t '  

FIGURE I3 
CYLINDRICAL SURFACE SOURCE 
WITH INTERIOR DETECTOR POINT 

NO ATTENUATION 

P 

FIGURE 14 
CYLINDRICAL SURFACE SOURCE WITH AXIAL 

POINT AND SLAB SHIELD 



FIGURE is 

TRUNCATED CONE SOURCE WITH 
DETECTOR POINT AT APEX 

FIGURE 16 

TRUNCATED CONE SURFACE SOURCE 
WITH SLAB SHIELD, DETECTOR 

POINT AT APEX 
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P 

FIGURE it 

APPROXIMATION OF A CYLINDER WITH AXIAL DETECTOR 
POINT USING TRUNCATED CONES 

.P 

FIGURE 18. 

ANNULAR SOURCE 
FIGURE lab 

APPROXIMATION OF AN 
ANNULAR SOURCE USING 

A TRUNCATED CONE 
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rOUTER SPHERICAL SURFACE 

FIGURE 19 

SPHERICAL SOURCE APPROXIMATED AS A 
CONICAL SECTION OF A SPHERICAL SHELL 
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ACCURACY OF SPHERICAL SOURCE APPROXIMATION 
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a/R 
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FIGURE 21 

SPHERICAL SOURCE 

FIGURE 22 

LINE SOURCE 



8€LF ATTENUATION 
CO€FFICIENT OF MEDIUM 

P B  = 

SL P CONTAINING THE LINE 
+d SOURCE 

FIGURE *a LINE SOURCE WITH PERPENOKULAR 
SLAB SHIELD 

FIOURE 2 s  LlN€ SOURCE 
WITH PERPENDtCULAR SLAB SHIELD 

T 
i 

FIGURE 24 CLASSIC LINE SOURCE WITH SLAB e 
SHIELD, AND EQUIVALENT CIRCULAR ARC SOURCE 



FIGURE 2% L I N E  SOURCE 
WITH TILTED SLAB. SHIELD 

FIGURE 2sb LINE SOURCE 
WITH TILTED SLAB SHIELD 
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FlGURlE 26 
CIRCULAR LINE SOURCE WITH 
EXTERIOR DETECTOR POINT 

FIGURE 27 CIRCULAR LINE SOURCE 
WITH DETECTOR POINT I N  CENTER 
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P 

FIGURE 28 CIRCULAR LINE SOURCE WITH 
DETECTOR POINT AT END OF A DIAMETER 

FIGURE 29 CIRCULAR LINE SOURCE WITH 
ARBITRARY INTERIOR DETECTOR POINT 



FIGURE 30 ANNULAR DISK SOURCE 
WITH DETECTOR POINT AT CENTER 

FIGURE 31. ANNULAR DISK SOURCE 
WITH DETECTOR POINT ARBITRARILY 

LOCATED INSIDE THE ANNULUS 
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FIGURE 32 
DISK SOURCE WITH EXTERIOR 

LATERAL DETECTOR POINT 

FIGURE 33 RECTANGULAR SURFACE SOURCE 
N I T H  DETECTOR POINT ON PERPENDICULAR 



T 
1 P 

F I G U R E  34 RECTANGULAR SURFACE 
SOURCE WITH LATERAL DETECTOR POINT 

FIGURE 35 
SPHERICAL SURFACE SOURCE 

WITH NO SHIELD 
, 
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C. Shielding Functions - Tables and Plots  

1. The Compact Exponential Integral  Functrions E,(b) and &(b) 

The exponential integral  functions El(b) and E2(b) are defined i n  terms 

of El(b) and E2(b) as follows. 

These tables a re  given i n  t h i s  form because of the i r  compactness and ease of 

lnterpo lat  ion. See Reference (7) 
-b Values of the exponential function e may be read from Table 2. 

TABLE 1 

001 . 02 
003 
04 

005 
06 

008 . 10 
20 

.40 
60 
80 

1.00 
1.25 
1.50 
1.75 
1.90 
2 .oo 
2 .SO 
3.00 
3.50 

. 04078 

.06845 

.09148 

.11163 . 12972 . 14622 
17566 

.20146 

.29867 

.41913 

.49676 

.55300 
59635 

.63879 
-67239 . 69979 . 71398 . 72266 
.75881 
.78625 
.80787 

.00954 

.01863 

.02726 

.03553 

.04351 

.05123 
-06595 
.07985 
1402 7 

.23235 
30 194 
35760 

.45151 
049142 
-52537 . 54345 
055469 . 60296 
.64125 . 67246 

040365 
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TABLE 1 (Continued) 
.-. - 

E* (b) - El (b) - b (mf p) - 
4.00 e82538 69847 
5.00 .85211 e 73945 
6 e 0 0  .87161 e 77037 
8 .OO .89824 .81410 
10.00 .91563 .84367 
12 .oo .92791 e86504 
15 e00 .94080 e 88 794 
19 .oo .95218 .go856 

25 e 0 0  .96287 -92831 
35.00 .97294 .94726 
50 .OO .98076 .96223 
6OoOO -98386 e96823 
75.00 .98701 e97435 
100 000 .99019 .98058 
150eOO 99 342 .98693 
19oeoo e99479 e 98964 
200 .oo .99505 e99015 

20.00 95437 e91258 
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FIGURE 36 
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2. The Exponential Function eoX 

This function is  needed for convenient.use of  the tables  of the 

functions El(b), i2(b) ,  z(8,, b), and F(eo, b) which are given i n  compact form. 

eoX a ~ r o  appears in  varioue fltu formlar. 
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- -  
3. The Function D(zR. pa. ph) 

The function D(ER, Ka, Kh) is useful for finding the flux at points 

opposite a disk source but not on the disk axis. See Figures 2 and 3. 



MU+A(MFP)  = , 1 0 0 o u  ,2sooo ,50000  , 7 5 0 0 0  1,000011 
HU+H(MFP) = , 1 ~ ~ 0 ~  , 1 0 u 0 0  ,10000 ,10000 , 1 0 0 0 0  

1,50000 2,00000 
, 1 0 0 0 0  * ~ 0 0 0 0  

5 ,90000  
~ 1 0 0 0 0  

5,o~ooo 
, 1 0 0 0 0  

MUcR ( MFP 1 
, 1 0 0 o o  i313e23*01 
,25000  4913400*01 
, 5 0 0 0 0  7921567*01 
,75000 9306145*01 

~ , o o o o o  1006975*02 
1,50000 1082301*02 
2 . 0 0 0 0 0  1114545*02 
3 . 0 0 0 0 0  1137142*02 
5,00000 1144526+02 
7 .50000  1146063*02 

i o  , 0 0 0 ~ 0  1143884+02 
15,00000 1147447*02 
2 0 , 0 0 0 0 0  1158592+02 

MU*H(HFP) , 1 0 0 0 ~  

MU+R t HFP ) 
, 1 0 0 0 0  3085095-06 
,25000 1923925.05 
, 5 0 0 0 0  7635270-05 
,75000 1695653-0? 

1.00000 2960236.04 
1 , 5 0 0 0 0  6329691.01 
2 , 0 0 0 0 0  i050iiO.Ob 
3 . 0 0 0 0 0  1964778.03 
5 , 0 0 0 0 0  3365252.03 
7 , 5 0 0 0 0  40011~1.03  

1 0 , 0 0 0 0 0  4118810-03 
15,00000 4156009.03 

.20 ,  O O O O O  4156272.05 

HU+A(#FP)  P 1,50000 
HUcH(HCPI 111 ,25000 

r(U+A(HFP) c 7,50000 

3079584-02 
1886882-01 
7050341-01 
1428236+00 
2221044+00 
36?3155+00 
4713017+00 
5757350+00 
6228441+00 
6280896+00 
62 0 4 17 9 *,O 0 
6284410*00 
6284411+00 

,25000 
,25000 

3132353+00 
1514l65+01 
3398030tOl 
4 5 4 7 ~ 8 9 + 0 $  
5236859+01 
5946881+01 
6258665+0$ 
6480083*01 
6554226+01 
6561000+01 
6561407+01 
6561208*01 
6560132+01 

1 0 , 0 0 0 0 0  
t a o o o o  

709954%-01 
3987529+00 
1179241+01 
i870510+01 
2371973t01 
295~sum+oi  
3233108+01 
34389711+01 
3510123*01 
3516751*01 
3517138+01 
3517158+01 
S517176+01 

1 5 , 0 1 0 0 0  
, 1 1 0 0 0  

2945533-01 
1~0117ZtOO 
5006161*00 
8!47281+00 
1212487tOl  
1650496*01 
1!82038+01 
2065139+01 
2 ~ 3 1 6 3 9 + 0 1  
2138025+01 
2 i38397*01 
2@8423+01 
2!38422*01 

20 0 0 0 0 0 0  
,10000 

1130378-01 
6807271-01 
2 4 0 9 7 5 8 ~ 0 0  
4 5 5 1 2 7 8 ~ 0 0  
660i862r00 
9513234*00 
115$731+01 
1 ~ 1 1 3 5 7 r O l  
1371919*01 
137@044*01 
i q ~ e 4 0 4 r o a  
1 3 7 8 4 2 9 ~ 0 1  
137()429*01 

, 1 0 0 0 0  
(23000 

1421997-07 
8892232-07 
3336999-06 
7884455r06 
1383612-05 
SOOllt8-05 
5073886-03 
9933742-05 
I887767mO4 
24374$1*04 
2581)03-04 
2 6 1 1 4 0 ? ~ 0 4  
2611803-04 

2 , 0 0 0 0 0  
025000 

1766625+00 
1066278*01 
3071073*01 
4S88242rOL 
S 1 5 4 3 9 ~ + 0 1  
5919164*01 
6O47767+01 
6417826+0 
6594066+0f 
6560907+01 
6561812*01 
6 3 6 0 8 7 3 * 0 ~  
6566101+0S 

1 0 , 0 0 0 0 0  
a25000 

MUcR ( HFP ) 
. 1 0 0 0 0  
,25000 
, 3 0 0 0 0  
,75000 

1 . 0 0 0 0 0  
1,50000 
2 .00000  
s ,  00000 
5 , 0 0 0 0 0  
7 ,50000  

1 0 , 0 0 0 0 0  
1 5 , 0 0 0 0 0  
2 0 , 0 0 0 0 0  

2958711.02 
1815459-01 
6 0 1 4 6 4 1 ~ 0 1  
1388824+00 
2176770*00 
3629984+00 
46817;53+00 
5746302r00 
6227351r00 
6260834*00 
6284176+00 
6 2 8 4 4 1 1 ~ 0 0  
6284412*00 

1709749-03 
105B8U)w02 
4129898-02 
892$548-02 
1 3 0 0 9 9 ~ - 0 1  
2916366-01 
431892)-01 
640190t-01 
7918875-01 
817642t-01 
8196880-01 
8198626-01 
819853Y-01 

1490518-07 
8864354-07 
3325976-04 
7860157-06 
$379415-05 
2999421-03 
3060059-09 
9951061-05 
186b363-04 
2436SSS-04 
2581563-04 
2611402-04 
2611893*04 

4860324-10 
26600 7 i - 0 9  
1060281-08 
2471675-00 
4181916-06 
919JO9V-06 
1982604-07 
3256147-07 
6950315-03 

1&56195-06 
l;LO3757-06 
1205479*06 

1020159-06 



MU+R(MFP) 
, 1 0 0 0 0  
,25000 
. 5 0 0 0 0  

1 , 0 0 0 0 0  
1,50000 
2 , 0 0 0 0 0  
3.00000 
5 . 0 0 0 0 0  
7,50000 

1 0 , 0 0 0 0 0  
1 5 , 0 0 0 0 0  
2 0 , 0 0 0 0 0  

, 75000 

5834952-01 
3933155+00 
1859642+01 
3704393*01 
4813036*01 
5812321601 
6206285+01 
6469415601 
6553586,Ol 
6561675+01 
6564687*01 
6565826+01 
6543755601 

310236s-01 
1946503+00 
7563211600 
1485955r01 
2 1  0 7 82 7+ 0 1, 
2847682*01 

34290055+01 
3509422+01 
3516718*01 
3517127*01 
3517075*01 
3517547+01 

31a729i*oa 

$565669-01 
9640520-01 
3617239+00 
7180590+00 

205a210*01 
2 1  3 0 H,P+O 1 
2137991*,01 
2138391+09 
213842r)+Ol 
2138426601 

MU*R(MFP) 
, 1 0 0 0 0  
,25000 
,50000 
,75000 

1 , 0 0 0 0 0  
1 , 5 0 0 0 0  

3 , 0 0 0 0 0  
5 . 0 0 0 0 0  
7,50000 

1 0 , 0 6 0 0 0  
15.00000 
20,00000 

2,00000 

1404647-07 
8765478-07 
3486915-06 
7774044.06 
$364535005 
296154b-05 
5011001-05 
9850480-03 
1876718r04 
2432702-04 
2580698-04 
26S1383-0! 
2611893-09 

4230271-60 
2641S28-09 
1050840-08 

4153032-08 
9131215-06 
1570363-07 
3237230-07 
6921804-07 
1 0  18111- 0 6 
1155364-06 
12037310-06 
1 2  05 473m 0 6 

2 3 5 ~ 0 - 0 8  

MU*R (MFP ) 
, 1 0 0 0 0  8121756-03 
,23000 5036771-02 
, 5 0 0 0 0  1959336-01 
,75000 4210298-01 

1 , 0 0 0 0 o  702239[-01 
1 , 5 0 9 0 0  132736 * O O  
2,ooooo 188468 + O O  

5 , 0 0 0 0 0  3017159+00 
7 ,50000  3O68827POO 

1 0 , 0 0 0 0 0  3072259*00 
1 5 , 0 0 0 0 ~ 0 ~ 2 ~ 0 ~ ~ ~ Q  
20,0000 072509+00 

S,OOOOO 261392 + o o  

1489(lgsroS 
9258041-Ob 
3630034-02 
7902492-02 
1342691-01 
2669134-01 
40441i?S-O$ 
6204721*0S, 
7 8 7 e w - 0 8  
8173026-Oi 
8194638-01 
8198326-01 

4 8198536-0a 

~ 0 z v ~ s n - o ~  

1 9 2 7 2 7 a - o ~  
4874849-04 

4255331-03 
7S6&956-03 
1537699-02 
2476201-02 
431107Y-02 
6476276-02 
712753@-02 
7206639-02 
7214891-02 
7214950-02 

1 , 0 0 0 0 0  1,50000 2,00000 
, 5 0 0 0 0  , 5 0 0 0 0  ,50000  

8189574-02 
5630225-01 
lr)07247*00 
3g08889600 
5!45721*00 
9199013600 
1126465tO1 
1303679+01 
1171358+01 
1378011+01 
1378403+01 

4 9  7842960 1 
L\37842960 1 

.10000 
,75000 

2612673-01 
1166790*00 
9 )754S260 0 
4?05480*01 
8?09167+01 
1944%51+02 
1103443*02 
l i 3 7 8 % 0 2  
1 ;2,)5 0 O +  0 2 
1190621+02 
10282$6+02 
128b94e+02 
lP59030+02 

2578544-02 
1589309-01 
6052596-01 
1257 8 6 h O  0 
2012192+00 
3469999*00 
4568664r09 
570?920*00 
6223359rOO 
6280606r00 
6284163*00 
6 2 8 4 4 1 2 ~ 0 0  
628?413r00 

,25000 
e75000 

2306333-01 
1531947*00 
7635572*00 
2279793*0% 
403?196*01 
5)93555*01 
6&2!207*01 
6454126rOI  
635Z 0 15+0l 
6 5 6 $ 3 0 7 ~ 0 a  
6 $ 7 2 3 5 7 ~ 0 1  
660?926+01 
6490168*0i  

9587976-03 
5806485-02 
2256650-01 
4745577-01 

1425118r00 
1981577*00 
2655727+0Q 
30 22456*0 0 
3069165rOO 
3072281+00 
3072507+00 
3072508t00 

,75000 

7 7 e m 2 9 - 0 i  

,50000 

7,50000 1 0 , 0 0 0 0 0  15 ,00000  
,75000 ,73000 ,15010 

4%80684*10 
2610401-09 
1040561-08 
1327835-08 
4io5362-08 
9029210-08 
1359422-01 
320 590 0 0 7 
6874721-07 
10 14696-0 6 
1155973-06 
1203631*06 
1205472-06 

3 , 0 0 0 0 0  5,00000 7,50000 
a50000 , 5 0 0 0 0  ,90000 

1620364-03 
1006153-02 
3932912-02 
8521704*02 
$439195-01 

4214300-01 
6328218e01 
79OS952-01 
8171178-01 
8196797-03 
8;98526-01 
8&98535-01 

2821068-0a 

, 70000 1,00000 1 . ~ 0 0 0 0  
,76000 , 75000 0 75000 

20 * 00000  
, 75000 

1593770-12 
99540 0 0-12 
5971531811 
8898361-11 
1$72643-10 
3479614-10 
6048062-10 
ig11962-09 
2909336-09 
4661190-09 
5639078-09 
6144302-09 
6$78632*09 

,10000  
1 ,00000  



MU*A(MFPj  = ,50000 e75000 1 , O D O O O  
MU*H(HFPI = 1 , 0 0 0 0 0  1 , 0 0 0 0 0  1, u o o o o  

MU*R(HPP) 
, 1 0 0 0 0  
,25000  
, 5 0 0 0 0  
,75000 

1 . 0 0 0 0 0  
1,50000 
2.00000 
3.00000 
5,00000 
7,50000 

1 0 , 0 0 0 0 0  
15,00000 
2 0 , 0 0 0 0 0  

8262808-02 
5317574-01 
2 3 4 9 5 3 3 ~ 0 0  
6076637+00 
1 2 0 5 8 1 ~ + 0 1  
2407998401 
3 0 0 7 0 3 3 ~ 0 1  
3392307*01 
3 5 0 6 9 6 0 ~ 0 1  
35 16 5 9 9 0 1 
3517204*01 
3517802+01 
3 5 2 0 2 1 8 ~ 0 1  

5777144002 
3664097-Of 
1534391*00 
3636bOl+UO 
6610010+00 
1292872*0& 
1706810+01  
2023155*0$ 
2128641*01 
2137875*01 
2138389*01 
2138443*01 
2138119+01 

3822902-02 
24017 26-0 1 
9741688-01 

3865207*00 
75145(11+00 
1026921+01 
1276326+01 
13691Y0+01 
1377899*01 
137639640 1 
1378459*01 
1378426+01 

2 2 o ~ e + o o  

MU*A(MFP) C 15,00000 20,00000 , 1 0 0 0 0  
MU*H(MFP) 8 1 , 0 0 0 0 0  1 , 0 0 9 0 0  l , b 0 0 0 0  

WU+R (MFP 1 
, 1 0 0 0 0  
,25000 
, 5 0 0 0 0  
,75000 

l e 0 0 0 0 0  
1,50000 
2 , 0 0 0 0 0  
5 , 0 0 0 0 0  
3 , 0 0 0 0 0  
7 , 5 0 0 0 0  

1 0  e 0 0 0 0 0  
1 5 , 0 0 0 0 0  
2 0 , 0 0 0 0 0  

9753484.04 
6083397-03 
2413160-02 
5363785-02 
9394257.02 
1982693.01 
3 2 1 7 7 ~ 6 ~ 0 1  
5330322m01 
7723009m01 
8159625mOj 
8195643rOa 
8198522-01 
8198538-01 

6230361*05 
3880189-04 
1541399-03 
3422340-03 
5971015-03 
1273630.02 
2103043=02 
3863071-02 
6259475-02 
7092882-02  
7202960-02 
7214865-02 
9214951-02 

St097JI-0 2 
29 0 5258-0 1 
898?421-01 
247088@*00 
599&29#*00 
5 1 2 4 7 9 h 0 1  
1 0 1 ~ b 4 0 2  
1118079*02 
114023b+02 
12OQ18Y402 
9951.07;+01 
1399141*02 
160103b+U2 

7,30000 
1 ~ 5 1 0 0 0  

1 , 5 0 0 0 0  2,00000 3,00000 
1 , 0 0 0 0 0  1 , 0 0 0 0 0  1 , 0 0 0 0 0  

6709225-03 
4173152.02 
1640190a01 
3979723m01 
608?081w01 
1199543r00 
1774732+00 
2552931rOO 
3009260+00 
306!!323rOO 
3072227+00 
3072!507~00 
3072509+00 

1328657-0.1 
8266364.03 
3253241-02 
7124733-02 
1219889-01 
2470284-01 
3814836-03, 
6030692-01 
7840809-01 
8169846-01 
8196403-01 
8198523-02 
8198537-03 

,23000 ,50000  ,75000 
1,50000 1 , 5 0 0 0 0  1,56000 

1 0 , 0 0 0 0 0  1? ,00000  20,00000 
1,30000 1 , 5 0 0 0 0  1,50000 

5.013900 
1 , 0 o u 0 0  

7j697211-Ob 
4592248-04 
1817366-03 
4017298*03 
6968605-03 
1463892-02 
2372687-02 
4192ia7-02 
6421460102 
7a19078-02 
1205752-02 
7214803-02 
7214950-02 

1 ~ 0 0 0 0 0  
1,50000 

7 ,50000  1 0 ~ 0 0 0 0 0  
1 . 0 0 0 0 0  1, O O O O O  

1 ,00900  2 ,00000  
1,30000 ¶,50000 

,21000 a ~ O 0 0 0  
2,00000 Z,OoOoO 



HUcR (HFP I 
, 1 0 0 0 0  
,25000 
,50000 
,75000 

1 . 0 0 0 0 0  
1.50000 
2.00000 
3 ,000 '00  
5 , 0 0 0 0 0  
7,50000 

1 0 . 0 0 0 0 0  
1 5 , 0 0 0 0 0  
2 0  , 0 0 0 0 0  

8 1 6 0 8 0 7 ~ 0 3  
5189880.02 
2207745.01 
5494167.01 
1119922+00 
3579331+00 
8736235+00 
1798783+01 
2114603+01 
2 1 3 7 2 1 8 ~ 0 1  
2138377+01 
2138651+01 
2139874+01 

67335991.03 
4268701102 
1794894-01 
4376230-01 
8648543-01 
2503236+00 
5434602+00 
1103234*0& 
1356400*01 
1317274*0j, 
1378361+01 
1378431*0& 
1378499*0$ 

4132787-03 
26048IP-02 
1072909-01 
252682L-03 
m n o a - o i  
1209031+00 
2519247+00 
459200@+00 
6106527*00 
6274149+00 
628$771*00 
6284412*00 
62844lhOO 

MUcAtHFP) e 20,00000 , 1 0 0 0 0  ,25000  
HU*H(HFP) a 2 , 0 0 0 0 0  3,00000 5900000  

MU*R (MFP I 
, 1 0 0 0 0  
,25000 
, 5 0 0 0 0  
,75000 

1,00000 
1 .50000  
2 , 0 0 0 0 0  
3 , 0 0 0 0 0  
5 , 0 0 0 0 0  
7 , 5 0 0 0 0  

1 0 , 0 0 0 0 0  
15 , 0 0 0 0 0  
2 0 , 0 0 0 1 0  

1713W6-03 
1087848-02 
4bOS73b-02 
1131416-01 
2303521-01 
75iS750-01 
227262hOO 
304$318+01 
6467591*01 
648&515*01 
654!!976*01 
6892620*01 
57S739@*01 

MUIA(HFP) 5 8 0 0 0 0 0  7,@0000 1 0 ~ 0 8 0 0 0  
HU+H(MFPI C 3,00000 3 ,00000 p,  O I O O O  

MU*R t MFP 
, 1 0 0 0 0  

, 5 0 0 0 0  
,75000 

1 , 0 0 0 0 0  
1 , 5 0 0 0 0  
2,00000 
3 , 0 0 0 0 0  
5 , 0 0 0 0 0  
7 , 5 0 0 0 0  

1 0 , 0 0 0 0 0  

,25000 

2 , 0 0 0 0 0  5 , 0 0 0 0 9  
2 , 0 0 0 0 0  i , o a o o o  

ZJ23036-05 
1958276-02 
5321218*02 
1462886-01 
2!89753-01 
5!94247-01 
1965126+00 
2073374+00 
2137925+00 
aij63772+0 0 
3071936+00 
3 9 7 2 s 0 7 ~ 0 0  
3072309+00 

, 5 0 0 0 0  
3 ,00000  

1527100-0$ 
1032549-02 
4360312-02 
1073206-01 
2+61055-01 
6vO8314-01 

1?86466*01 
Sf34495+01 
3?13108+01 
3116023r01 
3?36094+01 
3 ~ 5 5 0 2 5 + 0 1  

1 5 , 0 0 0 0 0  
3 , 0 0 0 0 0  

i ? 9 9 a o i + 0 0  

5,00000 
2,00000 

4964696-05 
3098750-04 
1333503-03 
2752761-03 
4837091-03 
1051535-02 
1777652-02 
3459893-02 
6020710-02 
70 5.1 0 40 1. 0 2 
1198355-02 
7214830-02 
1214982-02 

1 , 0 0 0 0 0  
3,00000 

1333156~03  
8442662-03 
3536532-02 
8594862-02 
1697952-01 
5000341-01 
3805400.00 
8Vg5931+00 
1311166+01 
1375315+01 
1378252*01 
1378512rOL 
131604S*01 

,10000 
5 , 0 0 0 0 0  

0473909-05 
5357576-04 
2232564-03 
5373858wO3 
1048442-02 
3051663-02 

4347023-01 
5549607rOl  
1324547*02 
8736?71+01 
1921044+02 
1806887+02 

1 6 m e 2 - 0 2  

7,50000 1 0 , 9 0 0 0 0  15,000DU 
2 . 0 0 0 0 0  2,00000 2 ,00000  

2 i i844s-ob 
1384659-05 
9511956-05 
1230246-04 
2162615-04 
4712076-04 

1589104-03 
3047022-03 
3905051-03 
4102459-03 
4a35873-03 
4236272-03 

8010252-04 

1 , 5 0 0 0 0  2,00000 3,00000 
3 ,00000  3690000 b , O @ O O O  

,25000 
5 . 0 0 0 0 0  

4B76501m04 
4143104.01 
1704202.02 
40120?7m09 
7177994m02 
19912db-Ol 
421891(9.01 

2 7 5 4 9 1 6 ~ 0 0  
30505?3*00 
3071098.00 
3 0 7 2 ~ 0 b O O  

12$75?9*00 

a o m a 0 4 0 0  
r ~ O O O O  

5,00000 



7,50000 
5 , 0 0 0 0 0  

1 0 , 0 0 9 0 0  
5.00900 

1 5 , 0 0 0 0 0  20,00000 
5 0 0 0 0 0  9 ,00000  

HU+A(HFPI  = 1 , O o O O U  1 , ~ 0 0 0 0  2, u o o o o  
MU+H(MFPI = 5 0 0 0 0 0 0  5 , 0 0 0 0 0  5 ,  u o o o o  

3 , 0 0 0 0 0  5 , 0 0 0 0 0  
5 , 0 0 0 0 0  5,00000 

MU+R (HFP 1 
. 1 0 0 0 0  
,25000  
, 5 0 0 0 0  
,75000 

1 , 0 0 0 0 0  
1 , 5 0 0 0 0  
2 , 0 0 0 0 0  
3 , 0 0 0 0 0  
~ . 0 0 0 0 0  
7.50000 

10 ,00000  
1 5 , 0 0 0 0 0  
2 0 . 0 0 0 0 0  

7389209-05 
4668579-04 
1 9 4 0 6 6 5 ~ 0 3  
4652021-03 
9023314-03 
2581551-02 
6309044-02 
3247631-01 
6340013*00 
1347242401 

1378820+01 
1376960*01 

1379894*01 

6245003-05 
3942983-04 
1634527-03 
3899327-03 
7514435103 
2109309-02 
5012181-02 
2344092-01 
2839120+00 
6043127*00 
6271596*00 
6284597+00 
6284563+00 

4974610-05 
313 75 S t -  0 4 
129623Y-03 
3075456-03 
58799OY-03 
1613569-02 
37lZOO6-02 
1369249-01 
1362769*00 
2898538r00 
3061787*00 
3072466*00 
3072508*00 

5540273-06 
3350161-05 
1JY?900-04 
3122087-04 
571!321-04 
1392123-03 
273+670-OJ 
7692278mOS 
2049913-02 
5996897-02 
7039576rr02 
7213363-02 
721!943*02 

4707361-07 
2946679-06 
l l s 6 ~ t b - o s  
2690765-05 
4842581-05 
1126018-04 
2065883-04 
9159193-04 
1596661-03 
31 44150 - 0 3' 
39$2490*03 
4132237-03 
4136238-03 

1 ,50004  
7,50000 

35'0 533 2 - 0 8 
2 1 9 2 1 4 5 ~ 0 7  
8787126-07 
1 9 0 3 9 3 9 - 0 6  
3543558-06 
8072957-06 
2457296-05 
3384011-05 
9546864-05 
1842409-04 
2381918-04 
2604515-04 
2611792-04 

2 . 0 0 9 0 0  
7,50000 

t73000 1,00000 
7a50000 7 , 5 0 0 0 9  

3 ,00000  O V O O O O O  
' 1 , ~ O O O O  7,50000 

HUIR (HFP 1 
, 1 0 0 0 0  3092074.06 
,25000 1951255-05 
, 5 0 0 0 0  8076603-05 
,75000 1922522.04 

1 , 0 0 0 0 0  3693173-04 
1 , 5 0 0 0 0  1028735-03 
2 , 0 0 0 0 0  2425519-03 
3 , 0 0 0 0 0  1 1 3 3 7 7 1 ~ 0 2  
5 , 0 0 0 0 0  228S633-01 
7 , 5 0 0 0 0  5611073+01 

1 0 . 0 0 0 0 0  1378451+02 
1 5 , 0 0 0 0 0  7017907+01 
2 0 , 0 0 0 0 0  1621613+02 

3078394-06 
1942598-03 
804040S-05 
1913762-04 
3679964-04 
1023640-03 
2412333-05 
11 26339.10 2 
2257203-01 
3187145+0$ 
6666198+0$ 
56372v9,og 
7959722+01 

303009a-06 
1912030-05 
t912bl l -OS 
1882846-04 
3619249-04 
1005611@-03 
236b11B-03 
1100272-02 
2159508-01 
lb90888+01 
3484991*01 
343958b+01 
369eo91+oi 

2544690-04 
16176i2*0b 
6683272-OY 
1186022-04 
SOS39~5-04 
8351369-04 
19S706S-Ob 
8628833-03 
1391727-01 

6040806+00 
6285673+00 
628$693*00 

,29000 
1 0 , 0 0 0 0 0  

m e 0 6 4 + 0 0  

2222723-Ob 
1401400-05 
5782327-03 
13692a8-04 
a 6 i i 2 e z - 0 4  
?&27333-04 
$634068-03 
1040410-OS 
9992758-02 
142%574*00 
2911463+00 
30719ls+OO 
307254f!*OO 

, 5 0 0 0 0  
1 0  * 0 0 0 0 0  

HU+A(MFP) C 7 ~ 5 0 0 0 0  1 0 8 0 O O O O  1 3 ~ 0 0 0 0 0  
MU+H(MFPI 7,50000 7a50000  7 rn 50000 

, 7rooo % * 0 0 0 0 0  
1 0 ~ 0 0 0 0 0  10v00000 

M U 4  ( WFP 1 
, 1 0 0 0 0  
,25080 
, 5 0 0 8 0  
,75000 

1 , 0 0 0 0 0  
1,50000 
2,00000 
J,ooooe 
5 , 0 0 0 0 0  
7 .50000 

10,00000 
1 5 , 0 0 0 0 0  
2 0 . 0 0 0 0 0  

69i6802-08 
4358524aO7 
1757635.06 

7389257-06 
1799465-05 
3547781-05 
$ 0 3 1 5 5 6 ~ 0 4  
4989142-04 
1763926-03 
3232549-03 
4106421-03 
4135919-05 

40384ie.06 

7496030-09 
4695370-08 
1892931-07 
4324497007 
7807965-07 
1845097186 
3498939906 
9264867-06 
3640918-05 
1 0 8 ~ 1 V 2 ~ 0 4  
1936266.04 
2370948-04 
2611081-04 

14P3322-07 
8971126-07 
3703189-06 
8770541-06 
1673172-03 
457/954-05 
1090489*04 
4b72867-04 
7099110-03 
2492194-01 
3200270+01 
7499687+01 
4899142+0$ 

1407408-07 
8873595-07 
3661423-06 
8670547-06 
1653805-0S 
4516857-05 
1037170-04 
4506084-04 
6954878*0;J 
2546692-01 
1707694+01 
5!375356*01 
3270357+01 



T I O L E  OF THk FUNCTION D ( ~ U + R , H U + A i N U * H )  

HU*A(MFP) = 1,50000 2 , 0 0 0 0 0  3,UOOOO 

W c R  (HFP 1 

HUcH(MFP) 8 1 0 , 0 0 0 0 9  1 0 , 0 0 0 0 0  i o , o o o o o  

, 1 0 0 0 0  1249284-07 1126820-07 8437321-08 
,25000 7874869-07 7101572-07 5314799-07 
,50000 3246730-06 2925947-06 2285881-06 
, 75000 7678410.06 6912143-06 5148767*06 

1 , 0 0 0 0 0  1461917a05 1314031-03 9748781106 
1,50000 3972853-05 3596040-05 2609151-05 
2,00000 9061655r03 8065702-05 5831316-05 
3,00000 3866439.04 3389755-04 235566t-04 
5 . 0 0 0 0 0  5605125-03 4672193-03 2862999-03 
7,50000 1525711rOl  1090652*01, 4840241-02 

1 0 , 0 0 0 0 0  2990034+00 1430477+00 3818729-01 
1 5 , 0 0 0 0 0  6273591+00 3063433+00 8142519-01 
2 ~ , 0 0 ~ ~ ~  6282478+00 3072412+00 8198268-01 

TABU 3 (c0ntixm.d) 

5 , 0 0 0 8 0  7 , 5 0 0 0 0  1 0 , 0 0 0 0 0  
1 0 , 0 0 0 0 0  10,00000 1 0 , 0 0 0 0 0  

,10000 
15,00000 

15*0000’0 
1 0 ,  o o u o o  

2 0 . 0 0 0 0 0  
1 0 , 0 0 0 0 0  

3?09306-08 
2?0 77 05- 0 7 
9U38274-07 
2112909-06 
3359536-06 
1029884-05 
2216597-05 

7400174-0! 
7!13852003 
3287327-02 
1067152-02 
7?13681-02 

e i i i 7 8 6 - O S  

749Y837rOV 
4710278*O(L 
1916988a07 
4438008a07 
8205989.07 
2057829n04 
4221657mOb 
136)145-05 
9087140.03 
5614927-04 
1842000.05 
3949056-09 
413?052.03 

1133858-09 
7111517*09 
2880302.08 
6 b l f i 4 3 8 ~ 0 8  
1209954-07 
29-44998- 0 7 
5810659-07 
t706S67-06 
8969154-06 

1140269-04 
2 4 2 0 8 0 2 ~ 0 4  
2606025-04 

4162699105 

143239 1- 11 
8968735*11 
36107?6*10 
8111622-10 
1401615-09 
3473913-OV 
6526171-09 
1694559-08 
6688835-08 
2232493-07 
5082020-07 
1052620-06 
1394826-06 

,76000 
15,00000 

1 , 0 0 0 0 0  1,50000 
15 , 0 0 0 0 0  l? 0 0 0 0 0  

2,00000 
15 0 0 0 0 0  

6 , 9 0 0 0 0  
1 3 ,  0 0 0 0 0  

5 ,00000  
1 5 , 0 0 0 0 0  

MU+R(MFP) 
, 1 0 0 0 0  4267614-10 
,25000 2688616-09 
,50000 1106338-08 
,75000 2608138.08 

1 , 0 0 0 0 0  4944168-00 
1 , 5 0 0 0 0  1327808.07 
2,00000 2982542.07 
3 , 0 0 0 0 0  1223328.06 
5 , 0 0 0 0 0  1592042.05 
7,50000 3571388-0? 

10,00000 8520802.03 

20,00000 7638724.01 
i ~ , o o o o o  3 2 a 8 0 0 8 ~ 0 a  

CIU.A(MFP) . 1 0 , 0 0 0 0 0  
MU+H(MrP) 8 1 5 , 0 0 0 0 0  

3055875-10 
192450s-09 
1908763-09 
1860449-08 
Sl t6444-08 
9348369-08 
20e22e6-07 
8 ~ 1 6 ~ 2 - 0 7  
1003778-05 
1935521-04 
3454796-03 
5910728-01 
8146221-01 

75000 
20 , 0 0 0 0 0  

1709904-10 
1016266.09 
4413708.09 
103472bm011 
1946606m00 
5&202bbb08 
1119206.0~ 
4284124m07 
46046%11.06 
7149341mOI 
90019$1m04 
SS94916mOt 
707714bm00 

l e  00000  
20,00000 

4237497r$O 
2669620-09 
1098490-08 
25893a5-08 
4908549108 

2959639-07 
1213906-06 
1576573-05 
35240g8-04 
8317501103 
1724911+01 
3640287*0$ 

15 ,00000  

i 3 i e o a i - o t  

1 3 t 0 0 0 0 0  

4187601-10 
2638279109 

255879a-08 

130t83D-07 
2922961-07 
~197OOD-Ob 
$530631-05 
3446638-04 
8067901.03 
1044510.01 
21514311*01 

20,01000 
1 5 , 0 0 0 0 0  

~oermn-oe  
484v79e-00 

3929980-10 
2415673-09 
101#377-0e 
2399460.08 
4545220.09 
1218195.0? 
2728906.07 
l l l l Q 6 4 ~ 0 b  
141957brO3 
3060542*05 
6736992r03 
3040914*00 
627f497.00 

,25000 
20,00000 

5680382-10 
2318270-09 
9555805-09 
2245369-08 
42508S4-08 
lt3748SmQ7 
2542816-07 
lOSO626-06 
1996009-03 
27$0838*04 
5622535-03 
1479177+00 
3064051+00 

,50000  
20,00000 

~ * s o o o o  
20 ,00000 

MU*R (MPP # 
,10000 1433288-11 
,25000 9003844.11 
,50000 3667416.10 
, 7so00  8502519-10 

1 , 0 0 0 0 0  1575258-09 
1 ,50000  39T4125-03 
2.00000 8227205109 
3 ,00000  2744287-08 
5 , 0 0 0 0 0  2066461-07 
7,50000 1606192*06 

1 0 , 0 0 0 0 0  1120950-05 
1 5 , 0 0 ~ ~ 1 1 ~ 6 3 ~ ~ - 0 4  
2 ~ , 0 0 0 0  2434529-04 

1610066-12 
1013962-11 
4166129-11 
9801183-11 
1852386-$0 

1096574-09 
4380140-09 
5307267-08 
1045194-06 
2011010-Ob 
8967087-03 
1752092+01 

4934229-10 

1596299.12 

4130959-1% 
9716694-11 
1836310-10 
4890677-10 
1086688-09 
4338559-09 
5250245-oa 
1051675-06 
1978296-09 
8667271-03 
1050816+01 

1 0 0 ~ 2 a 3 - a ~  



MU*R (HFP 1 
, 1 0 0 0 0  
,25000 
, 5 0 0 0 0  
,75000 

1 , 0 0 0 0 0  

2,00000 
3 , 0 0 0 0 0  
5 , 0 0 0 0 0  
7 , 5 0 0 0 0  

1 0 . 0 0 0 0 0  
1 5 , 0 0 0 0 0  
20 , 0 0 0 0 0  

1 1 5 0 0 0 0  

1267986-12 
7981293-12 
3277998-11 
7701273-11 
1453333-10 
3855565.110 
8523637-10 
3360068r09 
3933221-08 
7294679-07 
1282703-05 
3717127003 
3959488-01 

7 , 3 0 0 0 0  1 0 , o o o o o  
2 0 , 0 0 0 0 0  20,0000u 

15,00000 
2 0 , 0 0 0 0 0  

2 0 ,  O ~ U O O  
20,00000 

2044751-14 
12823U6-15 
519$554-15 
1191684-14 
2178038-i4 
3294582-14 
1044550-13 
3093719-15 
17705>5-12 
l l l b 5 9 3 - 1 1  
3472520-11 
6424042-10 
2813863909 



4. The Function Z(b'. a/A. R, 

-68 - 

41 
The function Z(b', a/L, R/d) is useful in finding the flux at points 

on the axis of a cylindrical source without intervening shields. 



IIIICTION Z(d\ a / h  R/&) . 25000 . 5 0 0 0 0  
.01000 .01000 

e75000 
.01000 

1.00000 
.01000 

2.50000 
. f J l O O O  

A I L  
R/L 
BP (MFP) . 10000 

m25000 
.50000 
e75000 

1 . 0 0 0 0 0  
2.00800 
4.0 0000 
1.00000 

1 0  . 0 0 0  00 
20.00000 

, 0 1 0 0 0  
= .01000 
- - 05000 

0 1 0 0 0  
07500 

.01000 

2773342+00 
48 1971 O+ 00 
6727678+ 00 
78 20 195+ 0 0 
65 03609+ 0 0  
96 0 28 4 14 00 
9927297+00 
99 32543+ 0 0 
9909701+00 
96 37035+ 0 0  

. 1 0 0 0 0  . 01000 

27735 05+0 0 
48201 14+00 
67f8472+00 
7621366+00 
85051 45+0 0 
960573 5 9 0  0 
9932523+00 
9940606+00 
9920061+00 
9852609+00 

2773796+00 
4820828+00 
6729662+00 
7823399400 
8 5 0 77 89+ 0 0 
9610573+00 
9940882+00 
99529 15+ 0 0  
9935357+00 
9874522+00 

2771887+00 
4621050+00 
6730286+00 
7824007+00 
8508567tOO 
961191 2+ 00 
9942999+00 
9955771+00 
9 9 3 8.699 + 0 0 
9878745+00 

2773915+00 
48 2 111 7+00 
673 0411+00 
782418 b + O O  
850 8791+00 
9 6 1  2278+00 
9943537+00 
995645 l + O O  
993 9462+ 0 0 
9879643+00 

2773928+00 
4.8 2 114 7+ 0 0 
6730468+00 
7824263+00 
8508889+00 
9612434+00 
9943757+00 
9956718+00 
9939756+00 
9879976+00 

2773946+00 
4621191+00 
6730549+00 
7624375+00 
8509027+00 
9612645+00 
9944038+00 
99 57 0 43 + 0 0 
9940 104+ 0 8 
96 80355+00 

2769631+00 
48 10 4 66+ 0 0 
6709301+00 
7792790+00 
6467277+ 0 0 
9531744+00 
9790612+00 
9705565+00 
9600272+00 
92 943 66+ 0 0 

2773016+00 
4818902+00 
6726083+00 
7617832+00 
8500496400 
9596692+00 
991630 7+00 
9915150+00 
9866904+00 
980 0747+ 0 0 

? 5 0 m  00000 1 0 0 ~ 0 0 0 0 0  . 01000 .01000 
.01000 
a05000 

272 321 O +  00 
4695801+00 
6 4 8 435 5 + 0 0 
746154 8+ 00 
8 03 338 3+00 
8718405+00 
833 261 2+0 0 
747 739 7 +O 0 
6764879+00 
5134097+00 

5.00000 
mO5000 

mO5000 
05000 

mO7500 
mO5000 

AIL 
R/L 
BP (MFP) . 10000 

250 00 
m50000 
e75000 

1.0 00  00  
2.00000 
4.00000 
1 .000 00 

I O .  0 0000 
20.00000 

= 5.00000 - .01io00 - 7.50000 . 01000 
10.00000 

.01000 
25.00000 . 01000 

2773952+00 
4821204+00 
6 7 3 05 72+ 0 0 
7824406+00 
8509065*00 
9612700+00 
9944105+00 
9957115400 
9940178+00 
9860432400 

2773952+00 
4821204+00 
67 3 0 572 + 0 0 
78 24407+ 00 

9612700+00 
9944105+00 

9940178+00 
9880432+00 

8509e65+00 

9957115+00 

2753453+00 
4770862+00 
6632710+00 
7681512+00 
6323351+00 
9273660+00 
9358178+00 
9090648+00 
8858660+00 
8329235+00 

2759714+ 00 
4766361+00 
66 6 3 2 15 + 0 0 
7126566400 
8182525+00 
93 8 554 6 4 0 0 
95 61 0 42+ 00 
94 0 4192+ 8 0 
9261340+00 
89372554 00 

2773950+08 
4821 200+0 0 
6730565+00 
7624398+00 
8509055+00 
9612685+00 
99 440 87+ 0 0 
9957096+00 
9940 15940 0 
9880413+00 

2773951+00 
482120 240 0 
6730 569+ 0 0 
78 24402+ 00 
8509060+00 
9612693+00 
9944097+00 
9957107+00 
9940169+00 
9860 42440 0 

2773951+ 00 
48 2120 34 00 
6730570+ 00 
7824404+ 00 
8509062+00 
96126964 00 
9944 10 O+ 00 
9 9 5 7 1 1 1 ~ 0 0  
99101734 00 
9880427+00 

27739 5 2+0 0 
4821204400 
6730572+00 
76244 0 6+0 0 
8509065+00 
9612699+00 
99441 04+0 0 
9 9  571 15+0 0 
994017?+00 
9880432+00 

1. 0 0 0 0 0  2m50000 
05000 05000 

7m50000 
.05006 

10.00000 
.05008 

A/ L 
R/L 
BP(MPP) . 100 00 

o25000 
m50000 
m75100 

1.00000 
200000O 
4m00900 
7 m O O O O O  

11. 99801 
20.00000 

A/L 
R/ L 
BP (MPP) . 10000 

m25000 
m50000 
750 00 

1 . 0 0 ~ 0 0  
2.00108 
4 0 0 0 0 0 0  
70  O O Q O O  

1 0  .00000 
20 . 0 0 0 0 0  

= .10000 
= a05000 

025000 
05000 

.50000 

.OS000 
e 7 5 0 0 0  

05000 

2773941+ 00 
4821179488 
6730527+00 
78 24346*80 

9612599+@@ 
99 4398 I+ 00 
995699WO8 
9948055+00 
9880389+00 

050890 
a 07900 

85oi~992+oa 

2163244400 

6680314+00 
77S1736+10 
8415482+00 
9441180480 
96709bO+OO 
9571087+00 
94?3016+10 
92490 8240 0 

47 95 0 79+ 0 0 

= 25.00000 
= .05000 

2773950+00 
48 21200+01 
6730564+ 0 0 
7624396+00 
6509053+00 
9612683+bO 
9944085+00 
99 57 0 96+0 0 
9940158+0 0 
9660412+ 0 0 

27700 83+80 
4811880+00 
67 1 298 1 + 0 0 

8477462+00 
95600?9+00 
986452740 8 
9853661+00 
94 2 168 54 0 0 
9735502+00 

7 7 9 9 4 3 ~ + 0 0  

50.OOO8Q 
0 05000 

2773951400 
46 2 1 2  03+ 0 1 
6730570+00 
7824404+00 
85 0 9 0 62+ 0 0 
9612696+00 
9944100+00 
9 9571 104 00 
9940 173+00 
9880427+00 

2772342*00 
48113634 00 
6723443+00 
7814443+00 
8496642+00 
9593065+80 
9916559+00 
9923653+00 
9903394401 
9831497400 

27730 3 W 0  0 
48 190 2 7+0 0 
672656?+0 0 
7818858+10 
8502204+00 
960216940 0 
9929942+1)0 
9940536+00 
99223 3 7  40 0 
9860755 +O 0 

2773351400 
4819783+00 
6727973+00 
7820826+00 
8504661400 
9606069+00 
9935431+00 
9947199400 
9929648+00 
9869044+00 

2773815+00 
4820884+00 
672999 4+00 
7823621+00 
8508112+00 
961i331+00 
9942434+00 
9955313+00 
9938322+00 
9878508+00 

277391 2+00 
482111 l + O O  
6730405+00 
7 8 2 4 18 2+ 0 0 
850 8794+00 
9 6 1  2319+OO 
994 3654+OO 
9956642+08 
993969 7+0 0 
9 87 994 P+ 0 0 

2773933+00 
482 116 0 + 0 0 
6730494+00 
7824301+00 
8506939+00 
9612524+00 
9956901+00 99 43899 + 00 

9939962+00 
98-b0213+00 

a25000 
07500 

1u0.00900 
.05000 

. 01000 
0 07500 

05000 . 0 7 m  
07500 mO7500 

.10000 
a07500 

2773952400 
4821204+00 
67 3 0 5 ? I +  0 0 
7824406+00 
6509065+00 
9612699+00 
9944104+00 
9957114+00 
9940177+ 00 
98 8003 l+ 00 

2689952+00 
46142 75+0 0 
6326391+00 
72317 12+00 
7735800+00 
818427 1 + 0  0 
74453 09+00 
6248596+00 
53321 0 8 to 0 
3h90198 + O  0 

2732942+00 
47 2 0 680+ 0 0 
6535741+00 
?540742+00 
8141418+OO 
8 948265+0 0 
8814861+00 
8319790400 
7928752+00 
7 1040 65+00 

27 4412 2 +O 0 
4758301+00 

7620543+00 
8245920+00 
9 1  4 3714+ 0 0 
9162525+00 
8644358+00 
8588843+00 
8050446+00 

6 5 ~ 3 7 + 0 e  

275 0963+ 00 
476517 2+ 0 0 
6622946+00 
766 9024+0 0 
6309256+00 
9261179+00 
936900 O + O O  
915246WOO 
8973973+00 
659781 3+00 

276 5335+0 0 
48 00443+ 00 
6691421+00 
7766855+00 
9495875+00 843879 2 + 0 0 

9767879+00 
972 8592+ 0 0 
9678822+00 
9562254+00 

2770 340+00 
48 125 88+ 8 0 
6714584+00 
7802067+00 

95 6670 5*0 0 
968 2435 t 0 0 
48 82260+00 
91)57936+ 00 
97 8 6 764+ 0 0 

~ 8 1 2 i 4 +  @e 



TABLE OF THE FUNCTION Z(BP,L/L,R/L) TABU 4 (Contimod) 

,5.00000 7.50000 
07500 07500 

A I L  
R/ L 
BP (MFP) 

.10000 

.25000 
o50000 
0750 00 

1.00000 
2.01180 
4. 000 00 
7.00000 

10 . 00000 
21.000 00 

= e75000 
8 007500 

2 771 8 90 + 0 0 
48 16313+ 0 0 
6721576+00 
7811944+00 
8493655t 00 
9589051+00 
9912319+00 
9919917+00 
9900160+00 
9836313tOO 

I . 01000 
= .10000 

I. 00000 
07500 

2772601+00 
48 18OlOt 00 
6724731+ 0 0 
7816359+00 
8499167tOO 
9597798+00 
9924618+0 0 
9934842+00 
9916528+00 
9854860+00 

05000 . 10000 

2.50000 
07500 

2773644+00 
4820483+00 
6729272,OO 
76 22 640+ 00 
85 0692 I+ 0 0 
96 09621+ 00 
9940347t 00  
99 5 3 062+ 00 
9936003+ 00 
9876105+00 

07500 . 100 00 

I O .  00000 
007500 

25.0 0000 
o07500 

100.00000 
07500 

50.00000 
07500 

2773862+00 
4820995tOO 
6730 1 9 7  t 0 0 
7823901+00 
8508455tO 0 
9611842tOO 
9943091 + O O  
9956051+00 

9879329+00 
99390 9 5 t 0  0 

2773910+00 
4821106+00 
6730396400 
7824170+00 
8508781+00 
9612303+00 

9956634+00 
9939691tOO 
9879939tOO 

9943642+00 

2773927tOO 
48 2 1147 t 0 0 
6730470tOO 
78 2 527 0 t 0 0 
8508901tOO 
9612472+00 
9943841 t 0 0 
995€842+00 
9939902tO 0 
9880154tOO 

277 394 8+OO 
4821194+00 
67 3 0 55 5 t  0 0 
7 8 2 4 3 8 I +  0 0 
850  9038+ 00 
9 6 1  2662+00 
9944061+00 
9957071+00 
994 013 3 t  00 
9880388+00 

2773951+00 
4821201+ 00 
6730568+00 
7824401+00 
8509058+00 
9612690+00 
9944094+00 
99571 04+00 
9940167+00 
9880421t00 

2773951+00 
4821203tOO 
67 3 0 571 + 0 0 
78 24405+ 0 0 
85 0 9 0 6 4 t  0 0 
9 6 12  698 + 0 0 
9944102+ 00 
99 57 11 34 00 
9940175+00 
9880430+00 

2.50000 
.10000 

AIL 
R/L 
BP (NFP) . 10000 

25000 
o50000 
0750 00 

1. 00000 
2.00000 
4.00000 
7.01000 

10.000 00 
20.00000 

. 10000 25000 . 1 0 0 0 0  . 10000 
.50000 
.10000 

075000 
. I 0 0 0 0  

1. O O O b O  
.10000 

2656288+00 
4532211400 
6168812*00 
?004541+00 
7444041tOO 
7677172+00 
6649708+00 
5225854+00 
4215742+00 
2420830+00 

2709198+00 
4662796tOO 
6424549+00 
73 8 0 2 39+ 0 0 
7935119tOO 
8586727+00 
8 231629t  00 
75259 89+00 

5981421+00 
7003200+00. 

2724998+ 00 
47 0 1749t  0 0 
6500709+00 
74919974 00 
80 809904 00 
8856154+00 
8700584t 00 
8214621+ 00 
7850309+ 00 
7129875+ 00 

273532 O+O 0 
4727159tOO 
6550282+00 
7 56459 9+0 0 
8175579+00 
9029828+00 
9000649tOO 
8653073+00 
8388985+00 
7864327tOO 

2758841+00 
4784813+00 
6661990+00 
77271 56+0 0 
8386115tOO 
9 40 8742+ 0 0 
9637497+00 
9560972+00 
9488311+00 
9333250tOO 

276755 8 t 00 
4805954+00 
67 0 2280+00 
7784882+00 
8459800+00 
9534936+00 
98 35225t  00 
9825105+00 
9795249+00 
~ 7 1 5 5 6 7 + 0 0  

100.00000 
.10000 

2773951tOO 
482 1203 +O 0 

78 24404+ 00 
8509062+00 
961 2696+ 00 
9941100+00 
99 5 7 11 0 t 0  0 
9940173+00 
9860427tOO 

6730570tOO 

2 7 7 0 2 9 4 ~ 0 0  
4 8 1  252 8 t 00 
6714616+00 
7602304400 
8481738+00 
9 57 0784400 
9887792+00 
9891249+00 

9802378+00 
986934i+eo 

277 155 3+ 00 
4815533+00 
6720202+00 
7810121+00 
8491496+00 
9586255+00 
9909535+00 
9917614+00 
9898243+00 
9835099+00 

277 34  0 5+ 0 0 
48 19923+ 0 0 
67 28262+ 0 0 
78 21267+ 00 
850 5254+ 00 
9607228+00 
99 37428+ 0 0 
9949912400 
9932759+00 
9872743+00 

AIL  
R / t  
BP (WP)  

.10000 
025000 
o50000 
a75000 

1.00000 
2. oooeo 
4. 000 00 
7.00000 

1 0 . 0 9 ~ 0 0  
20 . 000 00 

f 5.00000 
* .10000 

2773793+00 
4820833+00 
6729906tOO 
7823507tOO 
8507910+00 
9611176+00 
99423 0440 0 
9955223+ 00 
993825WOO 
9878472+00 

7.50000 . 10000 

27738?7+00 
4821030400 
673 0 260 + 0 0 
7823986+ 00 
8508559+00 
9 6 1  1995+ 0 0 
9943282+00 
9956259+ 0 0 
9939312+00 
9879555+00 

10.00000 
.10000 

27739 08+ 00 
46 2 1  1034 00 
6730392+ 00 
7824164+00 
8508774+00 
9612295+00 
99 4363 5+ 0 0 
9956629t 00 
9939688+00 
9879937+ 00 

50000 
250 00 

2735855+00 
47 3 0 48 4+ 00 
6562690+00 
7590447+00 
82 18132+ 00 
91S7327+ 00 
9314646+ 0 0  
9203402+ 00 
9119381+00 
8960103t 00  

25.00000 50.00000 . 10000 . 10000 
.01000 
025000 

oO5000 
025000 

2546811+00 
42?2099+00 
5689920t00 
6341587+00 
662 6683+ 0 0 
64S8197+00 

3958395+00 
326 1643 + 0 0 

5201128tOO 

25040 06+00 

07500 
25000 

2773944+00 
58211 87+0 0 
6730542+00 
7824366+00 
8509016+00 
9612633+00 
99440 2 8 +O 0 
9957036tO 0 
99400 98+00 
9880353+00 

2773950t00 
4821200+00 

7824396+00 
8509053tOO 
9612683+00 
9945085+00 
9957096tOO 
9940158+00 
9880412+00 

6730564+ 0 0 

2461099+00 
4064146+00 
5293897+00 
577 5297+00 
5900116+00 
5251154+00 
3441327+00 
189 620 i t  00 
1171006+00 
466 2562-0 I 

2 5 8 i 0 ~ 7 + e o  
43 55 2 93+ 90 
5848735+08 
65  692 964 0 0 
69 1 72 69+ 00 
6951853+80 

4880569+00 
4275377+00 
3426615400 

! m m m e e  

75000 I. 00000 
25000 25000 

2.50000 
025000 

5.00000 
a25000 

7.50000 
.025000 

10.00OQO 
25080 

277 368 I + 0 0 
41  20 573+ 00 
6729446+80 

85072b2+10 
9610171+18 
99 41172+ 0 0 
5)954080+ 00 
9937115+08 

78 2 289 o + eo 

A I L  = .10000 .25000 
R/L = .25000 25000 
BP (MFP) 

. i o e o o  260767ti+oo 2 6 9 1 4 ~ 4 0 0  
025000 4419969+00 4623288+00 
o50000 5972256+00 6359966+00 
o75008 6746509+00 7302109+00 

1.00000 7143620+00 7852656+00 

4.00008 6535053480 8395S86400 

l O . O O O O ( 1  5093044*00 7790858+00 

2.00000 7337926+00 8547017+00 

7. O O O U O  5625044+00 8025814400 

4307969+00 7398196+00 

A 

2751651tOO 
4768348*0 0 
66335 03+00 
7690118+00 
8 343239 t 0 0 
9359472tOO 
9606103+00 
95641 2 2+0 0 
9519071+00 
9419223tOO 

27591 86+00 
4786320+01 
6666838+00 
7736676+00 
8401252+0 0 
9450865+00 
9733361+00 
9717117+00 
9685895+00 
96 064 02+ 00 

2770547+00 
4813225tOO 
6716185tOO 
7804855+00 
8485335+00 
9578646tOO 
990 2577+00 
9912335+00 
9894071tOO 
9832658tOO 

277 2959+ 00 
4818885+00 
6726416+00 
7818792+00 
8502291*00 
9603184+00 
9932863+00 
9945302+00 
9928172+00 
9868197tOO 

2773465+00 
482811S+00 
67L8624t00 
7821781+00 
8505905+00 

9938966+00 

9934769+b0 
9874954t08 

96ee296+00 

9951768+ 0 0 



TABLB 4 (Contimad) . 0 1 0 0 0  05000 
50000 a 50000 

* 
O F  THE FUNCTION 

A/L 
R/L 
BP (HFP) 

a 10000 
025000 
.50000 

75000 
I. 00000 
2 .00000 
4.00000 
7aOOOOO 

10.000 00 
20 . 000 00 

AIL 
R/L 
BP (MFP) 

a 10000 
025000 
a50000 

750 00 
1.00000 
2 .00000 
4000000 
7.00000 

2 0 ~ 0 0 0 0 0  
i o .  o o e  oo 

= 25.00000 - a25000 - 50.00000 
25000 

277 39 4 040 0 
4821177+00 
6730524400 
7824342+00 
8508988400 
96 125¶3+ 0 0 
9943983+00 
9956991+00 
9940053400 
9880306+00 

I. 00000 
.50000 

1 0 0  . 00000 
25000 

a07500 
.50000 

e25000 
a50000  

.50000 
050000 

27739494 00 
48 2 1197+ 00 
6730560+ 00 
7824390+00 
8509046+ 00 
96 12673+ 00 
9944074400 
99570844 00 
9940 1474 00 
9880401+00 

2.50000 
050100 

21761 3 8 + O O  
3406615400 
4 1272 I 840 0 
42 1875 I +p 0 
4055603400 

124441 8400 
4610862-01 
25508 06-01 
1165444-0 I 

5.00000 
o50000 

2857881+00 

2285121400 
3660500400 
4589318400 
4851274400 
4826951+00 
39623554 00 
2495565400 
1611011+OO 
1295199+00 
1001326400 

7.50600 
50000 

2333793400 
377440 5 400 
4798203+00 
5139214+00 
5 1 8 0 8 1 7 ~ 0 0  
448 € 055 4 00 
3130247+00 
2244273+00 
189770 5 + O O  
1544324+00 

2 37 39964 00 
3869843+00 
491'3733 400 
538 205 7+OO 
548 0299+00 
4935842+00 
3691817+00 
282 5345400 
2 46 377 84 0 0 
2 06909 I 4 0 0  

2527685+00 
4235787+00 
5650553+00 
6323393+00 
6647972+00 
6733739+00 
6054010400 
5431892+00 
5119336+00 
46 9698 0 4 0 0 

2641 322+00 
4506842400 
61 53179400 
70 25525+0 0 
7522455+00 

79 3 4  8 0 3+ 0 0 
7630349+00 
74 57960 4 00 
71 8 96 3 9 + 0 0 

e1057io+eo 

2773906+00 
4821097+00 
6730382+00 
78241524.00 
8508760400 
9612279*00 
9943623+00 
9956621+00 
9939682+00 
9379934+00 

= r t ~ o e o  
= a50000 

10.00000 
o50000 

277 287 0 + 0 0 
4816683+00 
6726071+OO 
7818348+00 
850 176 040 0 
9602594400 
9932368400 
.994498 9 + 00 
9927943+00 
9860e78+00 

050000 
a75000 

25.0 0000 
050000 

277 37694 00 
4820778+00 

7823387+00 
850 7842400 
9611017+00 
9942177+00 
9955t40+00 
9938194+00 
987 844 1 + 0 0 

6729ai3+ao 

075000 
a75000 

50.00000 
050000 

2773905+00 
4821095+00 
6730379+00 
7824147+00 
8508755+00 
9612274400 
9943618+00 
9956619400 
9939680400 
9679933+00 

1.00000 
.75000 

i o o . o o a o o  
a50000 

2773940 4 0 0 
4821177+00 

7824341+00 
8508987+08 
96 12593+0O 
99 4398 3+ 0 0 
9956991480 
9940013+00 .!, 
9880307+80 7 

6 t  3 e 52  3 + a o 

2a50000 
a 75000 

2691558400 
9626456400 
6874493+0 0 
7333865+00 
?905745+00 
8704281+00 
8 7  5S89 34 0 0 
8600279+00 
8501772400 
8331668+00 

27 1 7 8 W  00 
468889#+80 
6489535+00 
749 3522+00 
8103490+00 
900937W00 
9168304+00 
9083105+00 
901986i*00 
8898 057*00 

2760485+ 00 
47 89655+ 00 
6673723+ 00 
77471964 00 
8415404400 
9478531480 
97 8 0 85 6+ 0 0 
9781353400 
9759348400 
96932544 00 

276999240 0 
4811959+0 0 
671lO 06+00 
78020 3340 0 
8l82072+00 
95748 0 040 0 
9899354+0 0 
9910106+00 
9892405+0 0 
9831757+00 

27720 86+00 
4816853400 
672 27 944 00 
781392W00 
84964b5+00 
9595121*80 
9923594+00 
9935777+60 
9918595+00 
9 858572+ 00 

AIL 
R/L 
BP (MFP) . 10000 

a 250 BO 
050800 
o75000 

100OQ00 
2.00000 
4.ooaoa 
7. o o e  00 

lea00000 
20 .ooooo 

AIL 
R/ L 
BP (MFP) 

. l O O O O  
25000 

. ~ o a o e  

.75oae 

2.000 eo 
1. OOeQO 

4.00800 
7 a O O O O O  

10.00000 
20. O O O O O  

= .01000~ 
* m7bOOO 

1945191+00 
2884@53+00 
32530 32+ 0 0 
3119205+00 
2823215+00 
1596446+00 
4993467-01 
1684751-0 1 
1058752-01 
4552509-02 

* 5.00000 
= a75000 

27  65 o ag+ e o 

6693515+oe 
4800516+00 

7774370+00 
8448112400 
95280 30 4 0 0 
9 ~ + 2 1 7 + e o  
9852239400 
9833619+00 
9771888+00 

005000 
7SOOO 

07500 
750 00 

a10000 
a 75000 

. 25000 
e75000 

260 7909400 
4430255400 
6 0 2  0156+00 
685 1449+0O 
7 3 1 9 0 5 0 ~ 0 0  
7 85 !iOD7+00 
770 5330400 
7 4 5 685 94 0 0 
7322386+ 00 
7113256400 

2062068+ 00 
3152563400 
3721933+00 
3733537+00 
3543817408 
2491?53+00 
1339745+ 00 
8675550-01 
73 66 0 3 8-0 I 
597 0746- 0 1 

7.50000 
a75000 

2769764400 
4811440+00 
6713iia+oe 
7 8 ~ 0 8  aa+ao 
8480754+00 
9573276400 
989 8126+ 0 0 
9909P9140 0 
96918 1040 0 
9831445+00 

21 164414 00 
3270306+00 
3942695400 
40 279224 00 
38 92 1084 00 
2947472+ 00 
18dS734+00 
12 84692+ 00 
1123728+00 
95 14 5 I I- 0 1 

i o  . ooe oo 
.75000 

2771521400 

6720461+00 
7 8 1  0797+00 
84 927 0 O+ 0 0 
95 9 0 0 05+ 00 
9917799+00 
99 29892+ 0 0 
9912712+00 
9852699400 

4815541+00 

21631 16400 
33 865 8 9 4 0 0 
4134631400 
4284260+00 
4197792+00 
335569WOO 
2239838400 
168693WOO 
1502329+00 
130130 7+O 0 

2355599+00 
3836053+00 
4940056+00 
5371892400 
5509310+00 
5 1858 50+ 0 0 
4339268+00 
3775318+00 

3241176+00 
3536373+00 

2522299+00 
4228Z304Ob 
5651685+00 
6345003400 
6697505+00 
6926297400 
6507164+00 
6113893+00 
5919539+00 
5644046+00 

265695WOO 
4546028+00 
6231411+00 
7141951+00 
7673755+00 
8389276+00 
839880WOO 
8 241425+0 0 
8 1 b ~ 0 5 5 4  00 
7989967400 

2744 I 9 8  4 0 0 
4751546+00 
66 0 S I  80 + $0 
7634264+80 
8302853*@8 
9318160+00 

9573581+09 

94 73 13  4+ 0 0 

9 5 ~ 9 9 + e  a 

m 6 a 5 a + o o  

25a00000 
75000 

50.00000 
o75000 

i o o . o e o o o  
a75000 

. o i e o o  
1.00000 

07SlO 
1.00008 

193122W80 

3265659400 
28 6721 2+e e 
3187264+8a 
29 59250+0 e 
2000503+)8 
'll5939641)0 
8688829-01 
76 42 1 19-0 1 
6697289-05 

277354 O+O 0 
48 2 02 46 +O 0 
6728665+00 
78221 1k400 
85063 1 W O O  
9608915+00 
99397 7 0 +O 0 
995267340 0 
99357 1 7 4 0  0 
98 7 59 5 3 +O 0 

2773847+00 

6 7  30137+ 00 
7823823+00 
8 5 0 63 664 00 
'9611741400 
99430 114 00 
9955998+00 
9939057400 
9879310+00 

4820960+eo 
2773925+00 
4821142+00 
673 0462+00 
7824259+00 
8508889+00 
9 6 1  265 8 + 0 0 
9943830 + 00 
9956835+00 
9939897 4 0 0 
9880151+00 

1752714+00 
2b66611400 
2 5 9 294 7 + 8 0 
233 442 6409 
1991722400 
9 14595 5- 0 1  
2279231-01 
8686831-02 
58#2391-02 
1981709-02 

1873740+00 
2737415+00 
3045418+00 
2905098+00 
2 63 575 0 + 0 0 
1622490+00 
8157479-01 
5708089-01 
50 46265- 0 I 
40 77472-01 



TABLE OF THE FUNCTION Z(BP,A/L,RfL) I 4 (contimod) 

AIL  
R/L 
BP (flFP) 

.10000 
025000 
.50000 

750 00 
1.00000 
2.00000 
4000000 
7000000 

10 0 0 0 0 0 0  
20 0 000 00 

A/L 
R/L 
BP (flFP) 

0 10000 
025000 
050000 
750 00 

1.00000 
2.000 00 
4oOOO 00 
7oOOOOO 

10.00000 
20. O O O O O  

A/L 
R/L 
8P (HFP) 

0 I O O O O  
025000 
o50000 
075000 

1.00000 
2.00000 
4000800 
7.00000 

10.00000 
20.00000 

= ' .10000 
= 1.00000 

0 25000 
1.00000 

050000 
1.00000 

23 965734 0 0 
3942231+ 00 
5147217+00 
5673550+ 00 
5898369+00 
58  54 3 814 0 0 
5317088+ 00 
49305024 00 
4756760+ 00 
4519384+00 

075000 
1 . 0 0 0 0 0  

E513415+00 
6210503+00 
5 6 2 8 6 9 3 ~  0 
63253 8 1 + 0 0 
6687097+00 
6978154400 
6680521+00 
63 8963 7 + 0 0 
6 2462 54 +O 0 
6 0344 9 9 400 

I. 00000  
1.00000 

2584161400 

5927670400 
67320 36+OO 

5376274+00 

2.50000 
1.00000 

2722342400 
470 048 2 + 0 0 
6513558+00 
7530321+00 

9106180+00 
9332816400 
930 2746+ 00 
9266175400 

815tOSf+OO 

9i8aooo+oo 

5.00000 
I. 0 0000  

2758312+00 
478 470 6+ 0 0 
6665222+00 
7736200+00 
8402708+00 
9463652+00 
9768480+00 
9772845+00 
9753005+00 
9689838+00 

7050000 
1.00000 

2766532+00 
4803909+00 
6699662+00 

8458943400 
9542942+00 
9862786+00 
9672555400 
9854664+00 
9793834+00 

7782762 + O O  

10.00000 
I. 00 000 

27 69639+00 
48 Ill 58+ 00 
67 126 3 6+ 0 0 
78 00267480 
8480042+00 
9572462+00 
9891478400 
9908868+00 
9891504+00 
9831287+00 

1961225400 
2980627400 
3459577+00 
3437614+00 
3248473400 
23483 80+ 0 0 
1489218+00 
1162240+00 
1 0  611 014 0 0 
9300774-01 

2195748+00 
347 1 9  0 O+ 0 0 
4 3 1 3 1 0 0 ~ 0 0  
4557198+00 
4562383400 
40 244 56+ 0 0 
3221097+00 
27 94 6 52+ 0 0 
2631747+0 0 
24 267 144 0 0 

7568393+00 
7360141400 
7 249414400 
7 07 385540 0 

SO. O O O O O  
1.00000 

2773765+0 0 
4820770+00 
6729799+00 
7823370+00 
850 78 22+0 0 
9 6 1  0994+00 
9942160+00 
9955129+00 
9938186+00 
987 8#37+0 0 

1.00000 
2.50000 

100.00000 
1.00000 

.01000 
20 50000 

0 05000 
2o5OOOO 

e07500 
2o5OOOO 

.10000 
2050000 

25000 
2050000 

*50000 
2.50000 

2773220+00 
4819501+00 
6727538+00 
7620332+00 
8504176+ 00 
9605974+00 
9936402+00 
9949221+00 
9932251+00 
9872474+00 

= -75000 
= 2050000 

27 7 39 0 5+ 0 0 
4621094+ 00 
6730377+00 
78  24 1454 0 0 
8508752+ 00 
9612271+ 00 
9943616+ 00 
9956617+ 00 
9939679+ 00 
9879933+ 00 

2.50000 
2.50000 

10690 6 O + O O  
1129123400 
79766 4 0-0 1 
5047488-01 
31361 82-0 I 
665269 8-0 2 
2345323-0 2 
I O  42944-0 2 
4531281-03 
2 4778 5 1- 04 

50 ~~~~~ 

2.50000 

11 87236+00 
1355980+00 
1097639+00 
8133158-01 
6072447-01 
2 88 0 0 03- 0 1  
2024536-01 
1711538-01 
149 0993- 0 1  
9 0 921 93- 0 2 

1245597+00 
1470668+00 
1255202+00 
9813225-01 
772 2 376 -0 1 
4228432-01 
3153365-01 
2 7 7 5 2 l i - 0 1  
2531643-01 
1877640-01 

1297604400 
1574093+00 
140 0019+00 
1138454+00 
928930 0-01 
5S57141-01 
428 0086-01 
3837900-01 
3572957- 0 1 
28 8 667 7- 0 1  

25.00000 
2.50000 

1537326+00 
2063680+00 
2114920+00 
1944137+00 
1759340 + 00 
1 3 1 9  027+ 0 0 
1096822+ 00 
1016718+00 
9779174-01 
8958788-01 

18 04246+ 0 0 
26 3 0 017+ 0 0 
2991898+ 00 
2985068+00 
28 81112+ 0 0 
2471070+00 
2164275+00 
20 37404+ 00 
19 8 1 15 O+ 0 0 
1879950+00 

100.00000 
2050000 

50.00000 
2.50000 

70500OO 
20 50000 

10.00000 
2050000 

1989842+00 
3035006+00 
36463844 00 
3791619+06 

3474i12+00 
3144931+08 
2989661400 
2921263+00 
2805996400 

3778795+ 0 0 

2127956+00 
3341608+00 
4155025+09 
44330 9640 0 
45073 194 0 0 
43343444 0 0 
40 2 1 4 7 w  0 0 
38548094 00 
3778941+00 
3655253+00 

2519493+00 
4231 0 81+ 0 0 
5683689+00 
64234044 00 

73 10 911+ 0 0 
7275186+00 
7168401+00 
7 1  0 9 637+ 0 0 
7001110+00 

68 321 33+ 0 0 

26839 3 1 +00 
461174 04 0 0 
63572 2 1 +O 0 
7 32257140 0 
7906269+00 
8778029tOO 
8973119+00 
89453 83+0 0 
8915357+00 
8840417+0 0 

2729420400 
4717546+00 
6545721400 
75758 65+ 0 0 
8210479+00 
9199526400 
9565301+00 
9460669+00 
9438658400 
9373170+00 

274763 5 + 0 0 
4759959+00 
6621351+00 
7677583+00 
8332723400 
9369038+00 
9662694+00 
9666370+00 
9647007+00 
9504589+00 

2769396+00 
481 0606+00 
6711695+00 
779 905 8+ 00 
8478656+00 
9 5 7 0 68 8+ 0 0 
98 9 6247+ 0 0 
990 8079+00 
9890939+00 
9830999+00 

2772787+00 
5818494400 
6125749400 
781793b+O 0 
8501305+00 
9602055+00 
9931968+00 
9944 72O+O 0 
9927751+00 
9867980+00 

2773657+00 
48 2 0 5194 0 0 
67 29 354+0 0 
78  22773 + 0 0 
8607107+00 
9610 017+ 00 

9954004*00 

9877312+00 

9 9 4 i o m e e  

~ 3 7 0 6 i + e o  

A/  L 
RiL 
BP (flFP1 

.10000 
e25000 
.50000 
075000 

1.00000 
2 0 0 00.00 
.4 . 0 0000 
7 . o a o o o  

1 0  0 00000 

- - .01000 
= 5. 00000 

0 05000 
5.OOOIO 

007500 
5.00000 

.50000 
5.00000 

.75aoo 
5.00000 

1.00000 
5000000 

5925118-01 
4125178-01 
1646236-01 
6839317-02 
3449242-02 
1174258- 0 2 
3964218-03 
7188323-05 
1238992-04 

6932464-01 
56 5 2 696- 0 1 
3136315-01 
1957548-01 

10 12894-01 
817 0 187- 02 
617 95 98- 0 2 
4547592- 0 2 
1 4 1  1 9 0  0- 0 2 

i bs.9 o 36- e i 

7440748-01 
6459653- 0 1  
3978286-01 
27 13032- 0 1  

1578161- 0 1  
1354588-01 
I 1  275 64- 0 1 
9393630-02 
4598963-02 

2 1 3 9 3 i r - 0 1  

78991 28-0 1 
7 2043 19-0 I 
47809 06-01 
346968 8-0 1 

2143056-01 
18722 58-01 
1641862-01 
144464 0 -0 1 
883009 3-02 

2 a i i 4 5 6 - a i  

1 0  07848+ 0 0 
10931 85400 
9095446-01 
76101 16-01 
6720719-01 
55211 53-0 1 
'50 326 89- 0 1 
47262 38-01 
44996 07-0 1 
3849132-01 

1265542+00 
1567627+00 
1515669400 
138 7 045+0 0 
1285733+00 
1107897+00 
1025735+00 
9828902-01 
9556653-01 
8854638-01 

145 7795+ 00 
194178 W O O  
2031115*00 
1948172400 
1855590+00 
1649432400 
1538999400 
1 4 0  4920+00 
145344 6+ 00 
1370455+00 

1611214+00 
2251229+00 
2478706+0@ 
2453840+00 
2382662+00 
2171682+00 
2039022+00 
1975019+00 
1939735+00 
1860417+00 

2 1  46106+00 
b2 3392394+ 6768 14 0 0 0 

47647974 00 
,9614250+ 4759102+00 80 

kk77580+00 

w i o  9602+oe 

4524001+ae 

2 0 . 0 0 0 ~  3212926-07 

L 



t 

TABIS 4 (Contimad) 

25. O O O O r l  50. noooo 
5. 0 0 0 0 0  5 . 0 0 0 0 0  

8 

A I L  
R I L  
BP (HFP) 

.10000 
250 00 

.50000 

.75000 
1.00000 
2.00000 
4oOOOOO 
7.00000 

10.00000 
20.00000 

= 5 . 0 0 0 0 0  
= 5 . 0 0 0 0 0  

7.50000 
5 .00000  

10.00000 
5 .00000 

1 o o . c o o o o  
5 .00000 

2772775tOO 
4018469tOO 
6725705t00 
70 1787 8t 0 0 
8501241+00 
9601983+00 
993 191 2tOO 
9944685+00 
992'1727tOO 
9867968+00 

2.50000 
7.50000 

.05000 
7.50000 7.50000 

.01000 07500 
7.50000 

369113 7-01 
176 9695-0 1 
4€04732-02 
179'715 4- 0 2 
1108911-02 
4554316-03 
8 539356- 0 4 
614 7993-05 
42 4 5855- 0 6 
5341766-10 

4542454-01 
2819918-01 
1311395-01 
8865331-02 
'1501316-02 
5991761-02 
4532214-02 
2872835-02 
17  22 649- 0 2 
2668718-03 

497925 5- 0 I 
3395437-01 
1816534-01 
1322167-01 
1149719-01 
9584616-02 
1967821-02 
60 65941-0 2 
44 59796- 02  
1368773-02 

2487589+00 
4160426+00 
5567881+00 
6279676+00 
6672851)+00 
7148904+00 
7162910+ 0 0 
70  99759iO 0 
7 0  60894+00 
6976401+00 

2616975+00 
b457443+00 
60 86394t 00 
6963748+00 
7401010+00 
821 47OW 0 I9 
8351180+00 
8318025+00 
8280649+00 
8215013+00 

2676632+00 
4595303+ 00 
63 2 9 50 4+ 0 0 
7287357+00 
7866319+00 
8734108+00 
8939915+ 00 
8924263+00 
8900189+ 00 
8832628+00 

2755991tO 0 
47794 43 t 0 0 
6656245tOO 
7724671tOO 
8389494+.00 
9448615+00 
9756634+00 
97651 5 6+00 
9747455+00 
9686974 +O 0 

2769309+00 
4810408+00 
6 7 1  13 57 t 0 0 
7798626+ 00 
0478161+00 
9570331+00 
9895817+00 
9907808+00 
9890747 +O 0 
9830902iOO 

79000 I. 00000 
7.50000 7.50000 

5.00000 7.50000 
7.50000 7.50000 

10.00000 
7.50000 

A/L 
RIL  
BP (NFP) . 10000 

250 00 
500 00 

.75UOO 
1.00000 
2.000 00 
4.000 00 
7.00000 

I O .  00000 
20.00000 

A/L 
R f  L 
ep WFP) . 100 0 0  

250 00 
.5oeoo 
.75000 

1.80000 
2.00000 
4.00080 
7.0@000 

1 0 ~ 0 0 0  00 
20.00000 

A/L 
R/L 
8P (NFP) . 100 00 

e25000 
.50000 
. I5080 

1 . 00810 
2.09080 
4.00000 
t.aaooo 

10. oouoo 
20.00000 

- - .10000 
= 7.5oaoo 

.25000 
7.50000 

.50000 
7.50000 

227 877 W O O  
369 014 5+ 0 0 
4770597+00 
5255041+00 
5#9 0195+ 00 
5 69 083 2+0 0 
5629300+00 
5966410+00 
5530027+00 
544 8786+0 0 

2475226+00 
4133228+00 
5523694+00 
6225481+00 
6613315+00 
7090358+00 
1123923+00 
7076429+00 
704444W00 
696ai~o+oa 

2578273+00 
4368824+00 
5932401+00 

1243456t  0 0 
7908285+00 
80 220 02+80 

1963024+00 
7891888+08 I 

6761600+oe 

7990437+ee 

4 

050000 ? 
10.00000 

!337€600-01 
3936244-01 
2309406-01 
1734487-01 
1548465- 0 1 
13 17 7.26- 0 1 
11 61 8 2 1- 0 1 
9 4  22 6 15- 0 2 
1631958-02 
33180 85- 02 

7304771-0 I 
6756899-01 
5100611-01 
429766b-01 
3925606-01 
3471395-01 
3211419-01 
2978886-01 
27792 09- 0 1 
2163312-01 

9660951-01 
1 0  57402+00 
9335653- 0 1  
8 3 7 7 113- 0 1  
78 2 4 3 1 4- 0 I 
70 46362- 0 1 
6649138-01 
6364280-01 
6144556-01 
55 0 0 831- 0 1' 

1147349+00 
1374639+00 
1318286+00 
122654#*00 
1162529+0 0 
1058976+00 
1006144*00 
9725897-01 
9486738-01 
88208 65-0 I 

1295787+00 
1647945+00 
1670644+00 
1595931+00 
1530806+00 
1408661+00 
1343620+00 
1305239+00 
1279464+00 
1210756+00 

1853256tOO 
2764364tOO 
3277676tOO 
341 3846 + 0 0 
3434685+00 
3340458+00 

3173287+00 
' 3 139 18 8 + 0 0 
3060876+00 

3232788+00 

= 25.00010 
= 7a50000. 

2734476i0  0 
4729493+00 
6567549400 
7605906+00 
8247380+00 
9254710+08 
9536283+00 
9539956+00 
9521454+00 
9460201+00 

= o75000 
= 10.00000 

50aOa000 
1.50000 

2763 569+ 8 0 
47 97066+ 0 0 
6687630*00 
7766807+00 
8440839+00 
95181W+OO 
9836419+00 
98S7182+00 
982997WOO 
977 80 l O +  0 0 

1.00000 
10.00000 

i ao . aoeeo 
7.50000 

. 01000 05000 
10 .00000  10.00000 

.07500 
10.00000 

a10000 
10.00000 

a25000 
10.00000 

2771 309+ 00 
4815060+00 
67 19640i  00 
78 09743+ 00 
84 9 1493+ 00 
9518637+00 
9916733400 
99 29 2 124 0 0 
99 12 2 284 0 0 
9852451+00 

2.58000 
10.00000 

2436169-01 
83373 02-02 
17423 9 5-0 2 
8322810-03 
58738 16-03 
1982122-03 
2 0 0 68 3 9-0 4 
5117534-06 
16065 0 3- 0 7 
98817 5 9-13 

3157696-01 
1581949-01 
7 32 25 3 7- 0 2 
5627162-02 
5065350-02 
(C085332-02 
2799271-02 
1452479-02 
7060469-03 
5502197-04 

3533773-01 
2005292-01 
1073247-01 
8624754-02 
7892805-02 

5 3 1  428 1-02 
3591811-82 
2299995-02 
4415660- e3 

6 7 t a i w - 0 2  

387 8619-0 1 
2409262-01 
1410404-01 
1 16 163 9- 0 1 
1 0 7 192t- 0 I 
986 320 3-0 L 
t872824- 02 
6010737-0L 
4416466-02 
1 34 745 4- 0 2 

5582803-01 
4589305-01 
3 377968-0 1 
2946282-01 
2765402-01 
Z519322-01 
2325610-01 
2117452-01 
192 7 00 2- 0 1 
1338685-01 

1723132-01 
7686926- 0 1  
65 0 0 517- 6 1 
5880572-01 
5574290-01 

4885675-01 
4648437-81 
4446669-81 
38 23404-0 1 

5 i 5 2 ~ 5 a - e ~  

5.00000 7.50000 
10. 00000 10.00000 

10.00000 
10.00000 

25.00000 
10.B0000 

27 0 5943+ 10 
4663376+00 
645 Ob98+00 
744 959 8 + 0 0 

9002028+00 
9251018+00 
9249073+ 0 0 
9229680+00 
9167564+00 

8060aos+eo 

5 0 ~ 0 0 0 0 0  
10.110000 

27 55652+ 0 0 
4778675+00 
6654939i06 
7723001+00 
8307587+00 
9446479+00 
9755 002+00 
9764130+00 
974 6727t  0 0 
9686607+00 

100.00000 
10.00800 

2769264+ 0 0 
4810306+00 
67 11 1 8 4+ BO 
rr9arco4+ o e 
a779004 eo 
9570045+00 
98 9 5 59 8 + 00 
99 0 7676+ 88 
98 90649+0 0 
98 30853+00 

2091555+00 
3278658+00 
409794 1 to 0 
4417163+00 
4548283tOO 
4604323tOO 
45297 17  t0 0 
4476579tOO 
444463 4 + 0 0 
4368636+00 

2 33 0 6 6 0 i  00 
3807336+00 
4970432+00 
5513597+00 
5790843 * O O  
6073316+00 
6051252+00 
6002105+00 
5970979+00 
5895800+00 

9407813-01 
10 36 54 64 0 0 
9 4 546 03- 8 1 
8754900-01 
8 3 5 6 627- 0 1 
1773332- 0 1  
7435108-01 
7 I 69 549-0 1 
6956800-01 
6 3  20 7 2 4- 0 1 

1081147+80 
1274125+00 
1225046+00 
1155736+00 
1110136+90 

996 9131- 0 1 
9 6759 59-0 1 
9452502- 0 1  
8804147-01 

1031678+0 0 

16 308 89t 0 0 
23 10260+ 00 
2619536*00 
2649301+00 
26 30 538+ 00 
2532665t 00 
2459220+00 
2415912+00 
2388091iOO 
23 16950* 0 0  

2468665+00 
4118835+00 
5500418+00 
6197059+00 
6582307+00 
7060202+00 
710 4156t 0 0 
7064689tOO 
7036185+00 
6963971+00 



TABLE 

A/L ~ 

RIL 
BP (MFP) . 10000 

025000 
.50000 
075000 

1.00000 
2.00000 
4.00000 
7 .  09000 

10.00000 
20.00000 

OF THE FUNC T I O N  ZtBP,A/L,R/L) 

05000 07500 
25.00000 25.00000 

T A U  b (Contimod) . 1 0 0 0 0  25000 
25.00000 25. 00000 

I 

P 

o50000 
25.00000 

m75000 
25.00000 

1.00000 
25.00000 

2.50000 
25.00000 

* .01000 
* 25.00000 

33471 15- 0 2 
442 75 32- 0 3 
1784845-03 
9098248-04 
4331459- 04 
2478026-05 
6426058-08 
79 655 17- 12 
9704 0 61- 16 
8464836-29 

6343651-02 
2479025-02 
18 9 67 59- 02 
1672379-02 
1491468-02 
9096143-03 
2824296-03 
420 82 19-0 4 
5969256-05 
81 09777-08 

8039143-02 
374 2 2 8 0- 0 2 
2994397-02 
2732226- 02 
2533249- 02 
1879074-02 
92 00554- 03 
2701562-03 
7464407- 04 
91 587 04- 06 

9658686-02 
4999628-02 
40920 16-0 2 
379239 0-0 2 
3 5767 6 2-0 2 
2890114-02 
17667 4 S -0 2 
7350946-03 
2860121-03 
1077S 95-04 

18405 19-01 
1245415-01 
1067642-01 
1 0  153 02- 0 I 
98 3816 0-02 
9 012256-02 
7710740-02 
5913877-0 2 
4339336-02 
1309494-02 

3087281-0 I 
2499993-0 I 
2164191-01 
20 7504 8-0 1 
2021056-01 
1921697-01 
1780851-01 
1592673-01 
lSlO483-0 1 
0624985-02 

4170871-01 
364 092 0-01 
32 5 879 3 - 0 I 
3133986-01 
3 0 6 9577- 0 1 
294 151 4- 0 1  
2790069-01 
2 59 746 1-01 
2412880-01 
I 8 1  730 9-01 

5137968-01 
478 6922-0 I 
4350150-01 
4191683-01 
bli1011-01 
3960356-01 
37 98351-0 I 
360 1347-01 
3415022-01 
2810340-01 

9477765- 0 1  
10 91234+ 0 0 
1074362+00 
1047698+00 
1031550tOO 
10 0 3494+0 0 
98 11219-0 I 
9588515-01 
9392033-01 
8774332- 0 1  

AIL 
RIL 
BP (MFP) . 100 00 

250 00 
o50000 

750 00 
1.00000 
2.00000 
4.00000 
7.00000 

10.00000 
20.00000 

A/ L 
R f  L 
BP (HFP) . 10000 

o258BO 
050000 
750 00 

1.00890 
2.00100 
4. BOO 00 
i . o o e a 1  

16 . 008 00 
29.00000 

f 5.00000 
25.00000 

1.50000 
25.00000 

IO. 00000 
25.00800 

25.00000 50. 00000 
25.00000 25.00000 

1 0  0.00000 
25.00000 

2745399+00 
4754891tOO 
6612761+00 
7666598tOO 
8320186tOO 
9355003+00 
9651939+00 
9659569+00 
9642166+00 
9582133+00 

2m50000 
50.00 000 

5405508-01 
5397422-01 
5179971-01 
5089216-01 
5037684-01 
4924960-01 
4779744-0 1 
4589554-01 
4405890-01 
380320 2-01 

8 o i o o a  
50.00000 

349663 8-03 
8924249-04 
2265730-04 
5374249-05 
123901 3- 05 
32 1303 2-08 
1976383-13 
290 €120-21 
4232438-29 
314 702 5-55 

m05000 
50.00000 

1466329-02 
948 3826-0 3 
7457356-03 
5 8,84820-03 
4548086-03 
1412156-03 
1100526-04 
2146905-06 
40 54980-0 8 
690 0587-14 

07500 
50.00000 

2148879-02 
14 97 20 7- 0 2 
1266631-02 
1095037-02 
93 95423-03 
460 0318- 0 3 
88 32413- 0 4 
6494575-05 
4579510-06 
61 72 749- 1 0 

1396641+00 
1869794400 
2 OS078 O t  0 0 
2040766+00 
20 28096+ 00 
1987512+00 
1956075+00 
1929986+ao 
1908824+00 
1845301+00 

= .10000 
= 50.00000 

1688968+00 
24389344 0 0 
2822934+00 
2919329+00 
2939181+00 
2912680+00 
2875203+00 
2846183+00 
2823855+00 
2758971+00 

025000 
50.00000 

1897960+ 00 
2869439400 
3466500tOO 
3668093+00 
373962WOO 
37 5821 8+ 0 0 
37 20 0 65+ 0 0 

3666067+00 
3600293tOO 

3689164t 0 0  

2456158+00 
4091476+00 
54563 8 6+0 0 
6 1435 2 9 + 0 0 
6524042+00 
7 0 044 2 1 +O 0 
7068137+00 
70 43437 t 0 0 
7021263+00 
6956490 +00 

2669904+00 
4580201+00 
6304170+00 
72553 38+ 00 
7830177t00 
8695135400 
8911359+00 
8 9 0 65 87+ 0 0 
8887662+00 
8826296+00 

075000  1.00000 
50. o o o o o  5o..oeaoo 

0500 00 
50.00000 

5.00000 
50000000 

7.50000 
50.00000 

10.00000 
5OoOOOOO 

13 6441 9+ 0 6 
18 17174+ 00 
1975740+10 

1989914+90 
L9680 12+@0 
1946576+00 
1924622t00 
1905086+80 
1843442+80 

1993996+00 

50000 
1 O O m O O O O O  

5586050-02 
50 66768-02 
48 0 5264-0 2 
462 0 0 56- 0 2 
4453%85-04 

3;::;::;:: 
361552-02 

19028 45-01 
16301 08-01 
1535397-01 
149 7296-0 I 
1471308-01 
1395561-01 
1268259-01 
108590 3-01 
9091564-02 
4410109-02 

2473224-01 
2176920-01 
2 0 569 460.0 I 
2 0 1 11 45-0 1 
1981483-01 

1770549-01 
1586856-01 
lriO6375-01 
8 599599-02 

1900424-01 

28239 13- 02 
20 460 28-02 
1788 39 6-0 2 
1608191-02 
1445070-02 

2695374-03 

53877 21- 05 
6691077-08 

8a3wto-oa 

39 o 6 276- e 5 

6767589-02 
5338513-02 
491 93 05- 0 2 
4692616-02 
4506332-02 
365556!kO 2 
267 8840- 02 
1371531-02 
6548344-03 
48 0 8366- 04 

13 0 4 89 1- 0 I 
10 82334- 0 1  
10 13709- 0 1  
9833209.02 
96 10 I 20- 02 
8905819- 02 
7659024- 02 
5882267-02 
43 13 855- 02 
12 9 69 59- 0 2 

8988817-01 
1031655+00 
i 0 3 076 2 + 0 0 
1017817+00 

9 9 3 079 2- 0 1 
9760728-01 
9 56 003 2-01 
9372196-01 
8764472- 0 1 

ioa944otoo 

11607a3+ 00 
1455249+08 
1520407t60 

15066b3@@8 

1466731+00 
1bb5676+ 00 
142 6498+0 0 

15155e3+00 

i+a606e+e8 

1365270+00 

50. ooaoo 
50.00000 

100.00000 
50.000 00 

. 01000 05000 
100.00000 100.00000 

0 7500 
100.00000 

.10000 
100.00000 

025060 
1000 a0000 

2767018-02 
2459681-02 
2253192002 
2085865-02 
1927607-02 
13 39443- 0 2 
5386307-03 
11 70 07 6- 0 3 
24 0 4 327- 0 4 
1113210-06 

AIL = 25.000eo 
R/L = 50m00000 

.IO000 2041418+80 
025000 3170091+00 
o5U606 3949262+08 
e75000 4252839+00 

1.00100 4384150+09 
2.00000 4402074+00 
4.0000b 4464216+00 
7 .  00000 4439452400 

BP (MFP 

10.00000 4418761+00 
20.00000 4355768+00 

2451715400 
40 8191 7+ 0 0 
5441065+00 
6 12496 O+ 00 
6503927+00 
6985399+00 
7056012+OO 
7036320tOO 
7016274+00 
6953992+00 

2668999t 00 
4578172+00 
6300777+00 
7251061+ 0 0  
7625362+ 00 
8689996tOO 
8907656+00 
89 04 326+ 0 0 
8886071+00 
8825498+00 

5874709-04 
11328 65-04 
6195068-06 
318bb 27-07 
1606516-08 
98819 18-14 
3550427-24 
7 4933 16-50 
15735 16-55 
859578-108 

5065652-03 
3728680-03 
2274045-03 
1 2 9 2 07 0- 0 3 
7 060789-64 
5502643-05 
2864222-07 
1003646-10 
3450331-14 
9528063-26 

7893481-03 
6333161-03 
469 7718-03 
3345206 -0 3 
230 0164-113 
4416223-04 
1345035-05 
652 7 072-0 8 
3086425-10 
5251775-18 

107206 1-02 
894 1996- 0 3 
7 22 536 E 0 3 
5724877-03 
4416934-03 
13 I 7 6 9  4- 0 3 
1012257-04 
1 869963-06 
3345613-08 
4755102-14 



TABLE 

A /  L 
R/L 
BP (HCP) 

.io000 
0 250 00 
.50000 
a75000 

1.00000 
2.00000 
4.0~000 
7.00000 
10.00000 
20.00000 

O F  THE FUNCTION t(BP,bfL,RfL) 

- - 075000 1.00000 2.50000 
=100.00000 100.00000 100.00000 

8394211-02 
7677745-02 
7357229-02 
7i 51 1 63- 0 2 
6978466-02 
b3 4 19 43-0 2 
5131281-02 
3471061-02 
2 2 0 5536- 0 2 
4101103-03 

11 18643- 0 1 
10 28654- 81 
9909047-02 
968 01 15-02 
950 3 6 63- 0 2 
8854275-02 
7633571-02 
586 6583- 0 2 
4301155-02 
129 07 13- 0 2 

27 338 16- 0 1 
259 27 8 8-0 1 
25 2 138 8-0 1 
24 8 8 594- 0 1 
2464916- 01 
2 3 92 2 5 8- 0 1 
2266347-01 
20 64293- 01 
1903948-01 
13 25667- 01 

TABLE i (butimld) 
5.00000 7. 50000 

100.00000 100.00000 

5100899-01 
51753 74-0 1 
50675 0 1-0 1 
50170 82-01 
4984747-01 
0899317-01 
4767117-01 
4582386-01 
4400885-01 
3600700-01 

7073375-01 
7 6697 91-0 1 
76000 83-01 
75356 09- 01 
7494865-01 
7396870- 01 
7258481-01 
7011119-01 
6 8 8 8 5 65-0 1 
6286982-01 

10.00000 
l o o .  o a o o o  

8735917-01 
1002574+00 
10 10420+00 
1003826+00 
9990457-01 
9880301-01 
9735858-01 
9545910-01 
9362536-01 
8759556-01 

25.00000 
10 0.0 0000 

1515286+00 
2103949+00 
2365409+00 

2433146+00 
242417 0 + 0 0 
250 700 2+00 
2386676+00 
236778 9+00 
230 6692+00 

2122003+eo 

50.00000 
100.00000 

2034685+00 
3162471+00 
3929832+00 
4231705+00 
4363303+00 
4566990+00 
5456176+00 
4434863+00 
4415552+00 
4354166+00 

100.00000 
100.00000 

2449542+ 0 0 
40 77 05 0 + 0 0 
5433279+00 
61 15566+00 
6493735+00 
6975608+00 
70 49928+00 
70 32757*00 
70 13777+00 
69 52 74 3 + 0 0 
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5. The Function Z(b' , R / i )  

The function Z(b', R/L) gives the flux at an axial point on the 

end of 8 cylindric81 m r c e  wlth eelf-8brarption. 



TABLE 

R/ L 
BP (NFP) 

10000 
25000 

.50000 

.79000 
1.00000 
2.000 00 
4 .00000 
7.000 00 

10.00000 
20.00000 

R/L 
BP (MFP) . 10000 

250 00 
500 00 
750 00 

1 . 0 0 0 0 0  
2.00000 
4.00000 
7.00000 

10.00100 
20.00000 

OF THE FUNCTION ZtBP,R/L) 

- .01000 05000 07500 - 
2758921+00 
4783732tOO 
6655970+ 0 0  
7712997t  0 0 
8361155tOO 
9321602+00 
9378408+00 
9004206+00 
8625 225+ 0 0 
7504677+00 

2697777tOO 
4632652tOO 
63 5 94 EO+ 0 0 
7276326+ 0 0 
7789153+00 
8250807tOO 
7472761+00 
6142584+00 
5063700+00 
2736208+00 

2660 6 0 Ot 00 
4541640t 0 0  
6183548+00 
7 0  20991+00 
7459440t00 
76661 63+0 0 
6529855+ 0 0 
49 04646t 00  
3706002+00 
1517609tOO 

= 5.00000 7.50000 10.00000 

5557898-01 
3613492-01 
1219102-01 
3129410-02 
1105191-02 
7718777-05 
3449346-09 
9876590-16 
2814175-22 
4397583-44 

33895 10-01 
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6. The Function CCR/L. b. a/&) 

The function C(R/A, b, a/L) i s  useful i n  finding the flux a t  a point 

on the axis of a mn-absorbing cylindrical source with an intervening slab 

shield. 
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7. The Function G((rsh, psR) 

The function G(psh, p8R) i r  uaeful i n  finding the flux at  points on 

the axis  of  a cjl indrfcal relf-absorbing aource. 

8. The Function LO(OO, b) 

The function b) is  useful i n  the cylindrical source approximation 

o f  Ono and Tsuro. It has been pointed out by D. Foderaro that t o  a good 

approxiation. Lo(do, b) - 8(a0. b). 
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9. The Compact Function E(Bo, b) 

The function G(Q,  b) is used i n  the  cy l indr ica l  source approximation 

Here we give the  compact form E ( 0 ,  b) because of i ts  ease 

G(8, b) is r e l a t ed  t o  the  compact form c(e, b) by 

of On0 and Tsuro. 

of interpolation. 

where 0 is given i n  radians. 0 

10. The Compact Function P’(e0, b) 

The function F(8,  b) is used i n  finding the  f lux  from a l i n e  source. 

Here we give the  compact form P(B0, b) because of its ease of interpolation. 

F(e0, b) is re la ted  to F(eo, b) by 

- 

where 0 is given i n  radians. 
0 

It has been pointed out by A. Foderaro tha t ,  t o  a good approximation, 
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11. The Function S(a/R, psR) 

The functioa S(a/R, psR) is useful in finding the flux external to  an 

unrhielded spherical I O U ~ C Q .  
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12. The Function S(b, a/R, psR) 

This function I s  useful i n  finding the f lux from a spherlcel source 
with a slab shield.  
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12490 16-03 
9 7264 0 6- 04 

2785657-03 
1024674-04 
3 76 7 6 60-0 5 
1385629-05 
1136628-06 
9322086-08 
6271611-10 
4219358-12 
3912917-25 
7433145-17 

757451 1-04 

, 

.05000 
,50000 

2559505*00 
2051678+00 
1436074+60 
1015364*00 
721106()-01 
1996810-0 1 
5895232-02 

5740532-03 

22970 10-05 
1102892-07 
5776445-10 
2317740-23 
2291465-!5 

7.50000 
.soooo 

2960448-02 
2546955-02 

15*2532-02 
1200441-62 
f403200-03 
1615693-63 
5924 177-06 
2173002-04 
1770708-05 
1452923-06 
9582 69-09 
6363&2-11 
$570 848-24 
92&968-&b 

025000 . 75000 
2070026*00 
17$3553*bO 
la! 1829+00 
9400 51 9-0 1 
6959409-01 
2122244-01 
6613633-02 
2099704-02 
6f73 139-03 
1225399-04 
2788291-bS 
134699f-67 
70!1121-10 
2845526-23 
2815005-45 

1 e t50es-02 
3s09817-e4 

1982110-02 

10.00000 
.50000 

1765817-02 
1519453-02 
1182832-02 
9201869-03 
716?952-03 
2632323-03 
966682610? 

1103692-04 

8707864-07 

3885308-11 
395370 1-24 
6129650-46 

!5!000~-0~ 

1 ob5471 -0s 

sei650 -09 

.50000 

.75000 

16579-a 1 

.10000 
e50000 

2229017~00 
1818406*00 
1301123+00 
93598.03-01 
6766145-01 
192507?-01 
5759 21-02 

5673012-03 
3479726-04 
2282348-0s 
1098228-07 
5758181-10 
2314826-23 

1784-99-02 t 

2290028-45 

2SoOOOOO 
.s0000 

3156618-03 
2716799-03 
2119679-03 
1647564-03 
1283024-03 
47 18Sd-04 
1735291-04 
6381805-05 
2347001-05 
1925 30-06 

1062211-09 
7149953-12 

1258080-46 

,75000 
. ~ S 0 0 0  

9631829-01 
8184025-03 
6239296-01 
4 757660-0 1 
3628606-01 
1 23 027 1-0 1 
4184413-02 
1427581-02 
4884914-03 
3387202-04 
2387065-05 
1236081-07 
6696180-10 
2802420-23 
2795397-45 

1578- 8 26-07 
6626688-25 

.25000 
*SO000 

1601227+00 
133?49bOO 
9862666-01 
7300794-01 

1659124-01 
5195004-02 
1655781-02 
5358393-03 
3363284-04 
2228?6?-0s 
10811366-07 
56953OZ-3 0 
a30~090-eb 
2285271-~5 

50.00000 
.50000 

8202342-04 
7059736-04 
5498015-01 
4281772-04 
333l)579-04 
1226623-04 
f512129-05 
1659784-45 
6105509-06 
5010689-07 

2769645-10 
1865414-12 
1741137-25 
3345010-4? 

1.00000 
r7SOOO 

1239747-01 
61 73179-0 1 
473355bO 1 
363004f-01 
2?84081-01 
9642951-02 
3345401-02 
1162477-02 
f045802-03 

21 12759-05 
1141404-0? 
63&824&10 
2770131-23 
2?82254=fS 

S412801-01 

4 1  1 21ee-oe 

291041~-04 

, 

.50000 

. ~ O O O O  

1047880*00 
08$2342-01 
6685520-01 
505146J-01 
3b 1858?-0 1 
1252622-01 
4i37867-02 
13?590&-02 
$603398-03 
3053680-04 
208660@-05 
1O42555-07 
5594123-10 
2285232-23 
22!5792-45 

100.00000 
050000 

2091278-04 
1799974-04 
140 1815-04 
1091728-04. 
8602344-05 & 
3127?7%oS 0 
11~061~-Ob 
4242801-06 
1SS7129-06 
12.78103-07 
1 Of907?-00 
7067892-11 
?79181S-i 3 
4463150-16 
8840 136-48 

2.50000 
075000 

2278559-01 
i9SSt55-01 
1 $i 61 65-0 1 
11 75360-01 
9111813-02 
3291372-02 
1189072-02 
4296329-03 
1552550-03 

9Jt6362-06 
5938653-08 
3@0753-10 

2606577 

l?A946*-04. 

2262973-23 



TABLE 

A I R  
MUS*R (WFP) 

B (MFP) 
10000 
e25000 
e50000 
75000 

le00000 
2.00000 
3eOOOOO 
4e00000 
5.06000 
7.50000 
10~00000 
15*00000 
20*00000 
S O e O O O O b  
100.00000 

A I R  
HUS*R(HFP) 
B (MFP) 

e 10000 
e25000 
e50000 
e75000 

1.00000 
200QOob 
3e00000 
4eOO000 
J e O O O O O  
7r50000 
10 e 00000 
lSe00000 
20.00000 
50eOOOOO 
100,00000 

A I R  
HUSW (HFP 1 

8 (MPP) 
,10000 
e25000 
e s o o o o  
e75000 

1 eOOOOO 
2.00000 
3 e O O O O O  
4eOOOOO 
~ * 0 0 0 0 0  
7eSOOOO 
10 e 00000 
15*00000 
20,00000 
50e00000 

looeooooo 

7669619-02 
6595268102 
5128582-02 
3988067-02 
3lolh8-0? 
1133951-02 
4146359103 
1516162-03 
5544098-01 
4483027-05 
3625360-06 
2371526-08 

1227649-23 
1838647-45 

155 1888- 10 

= ~10000 = 1~00000 

3367096*00 
2737173*00 
1947734*06 
1393?96*00 

281 03e9-0 1 
8316908-02 
2556925-02 
0079?4~-0~ 
4907774-04 
3199992-05 
15292?0-07 
7oe7qz6-10 
3185766-93 
314235s-49 

8 25100000 

470 6?03-03 
4050640-03 
3154284-03 
2456?)6-03 
191 291 6-03 
7034935-04 
2587163-04 
95 14635-0s 
3499060-0s 
2869861-06 
23538 4-07 

9870?06-25 
1873217-46 

100298S~00 

1~00000 

lS83J-1-09 8 
1065i48-ii 

, 
T A U  12 (bntimed) 

~ 0 ~ 0 0 0 0 0  
.?SO00 

1055842-03 
9087604-04 
7077286-04 
5511681-04 
$292412-04 
1578959-04 
5608i82-05 
2136533-05 
7859212-06 
6449893-07 
5293a91-08 
35$5111-10 
2401155-12 
2241317-25 
4305642-47 

1. 00000 2o50000 
1.00000 1,00000 

8394743-01 
?156576-01 
5485786-0 1 
?205~10-61 
3224367-01 

3864473-02 
134 11 80-02 
46521 19-63 
3344158-04 

1102030-07 

31 12832-23 
3111470-45 

e05000 
le50006 

?589408*00 
3$S03s?*bO 
2519643*60 
1759962400 

iiis~35-01 

2921222-0s 

72143~-10 

.01000 
1.00000 

4437830*00 
3438124*00 
2309?10*00 
1189635*00 
1112672*00 
2952244-01 
8564593-02 
2609456-02 
8205418-03 

3222 193-05 
153604$-07 
8013 34-10 

3144260-45 

5000000 
1,00000 

8884287-02 
7639647-02 
5940525-02 
4619306-02 
3591939-02 
1313234-02 
4801333-03 
75b447-03 i 418303-04 
5186348-Ob 

2!42171-08 
1793369-10 
1413818-23 
2106553-45 

e10000 
1 e50000 

3978258*00 
3224793eOO 
228450?*00 
162a324*00 
1167179+00 
3231137-01 
9481579-02 
2~7787-02 

4954995-04 

3189 5 02-23 

4194478-06 

9117101-03 
5499650-04 
3571435-05 
1699081-07 
8852332-10 
3513612-23 
3459625-45 

35092il-$3 
3457586-43 



A I R  

e (wFP)  
MUS4R (MfP) . 10000 

-25000 
*50ooo 
e75000 

1 .00000 
2.00000 
3.00000 

5.00000 
~ . 5 0 0 0 0  

10.00000 
15.00000 
20.00000 
s0.00000 

100.00000 

M U S W  (HFP) 

4.00000 

A/R 

(YFP) 
e 10000 
rt5OOO 
r 5 O O O O  
r7SOOO 

1 e O O O O O  
2.00000 
3eOOOOO 
4.00000 
5egooob  
7.500OO 

10.00000 
15.00000 

= ~ 0 1 0 0 0  
8 2~0000!, 

5772898+00 
4413218+00 
2915iZ15+00 
1981650*00 
1373923+00 
3 5 6 w - 0 1  
1020014-01 
3082507-02 
9631619-03 
5768163-04 
373 1632-0s 
1768635-0? 
9197141-10 
3638249-23 
35782e1-49 

5.00000 
8 2i00006 

1120626-0A 
9635813-02 
7492068-02 
5825262-02 
4529285002 
1655363-02 
6050040-03 
221 1223-03 
8081902-04 
6521&?1*0b 
5272522-06 
3441038-06 

0 PZ46603-10 
0 1753643-23 
0 257SOS2-4$ 

3069088*00 
2$46727400 
18689124bO 
1374018400 
lo i i982+00  
3028551-01 
928881?-02 
2910092-02 

5616545-04 
3698258-6s 
1190682-01 
91!0157-10 
3634801-23 
3516713-45 

9fe3s7s-03 

? 0 , ~ 0 0 0 0  
2.00000 

1542072-03 
lh7256-b3 
1033645-63 
8049844-04 
6269092-04 

8f.02114-05 
)120359-05 
1141813-bS 
9419713-4 7 
7730440-08 
5206398-40 
350 6413-1 2 
32 l2428-25 
52835S3-47 

2jo606+-04 

25.00000 

9503364-03 
4736550-03 
3668618-03 
28723?8-03 
2236822-03 
8226036-04 
3025 70-04 

4091365-05 
3355570-06 
2752102-01 
1851234-09 
1245256-11 
1153589-24 
2188139-46 

e7?000 
2.00000 

141509j.*OO 
1201046*00 
9139600-01 
6956497-01 
5296018-01 
1 ?82915-0 1 
6022840-02 
2041394-02 
6941 736-03 
4744883-04 
3302t97-0b 
1676i89-07 

3622421-23 

* O l O O O  
3.00000 

6275667*00 

310686e*oo 

1.50000 

1112 1 23-04 

e 9 5 0 m - i o  

3511861-45 

4!54741+00 

2096082*00 
1449318*00 
3700629-01 
1053764-01 
3113596-02 
9899900-03 
5905657=04 
3813832-05 
1801251-07 
9373684-10 
3701f09-23 
3638214-45 

50.00000 
1.50000 

143000?-03 
123 199-03 
958a26?-0i 7664848-01 

2138481-04 
7066342-05 
289361 2-03 
1064407-05 
8?35275-07 
7168781-08 
4828174-10 
~ 2 5 1 7 7 ~ - 1 2  
3034915-25 
582808$-4? 

1.00000 
2.00000 

1061943*00 
9041849-01 
6928802-41 
%06640-01 f.064116-01 

1400721-01 
9835?10-02 
1672171-0& 
5792500-03 
4120916-04 
2961204-0s 
i571?7?-0? 
8618172-JO 
361006143 
356e33e-55 

r O ~ O O O  
3 e O O O O O  

5401645*00 
?265 19?* bo 
2909556*00 
201164?*00 
i 4 0 ~ 2 s o ~ o o  
3615887-01 
1050933-6 1 
I.168908-02 
9890486-03 
9902992-04 
~812?18-0$ 
1803987-07 
9312183-10 
3101299-23 
3636165-35 

$8i3502-04 

i 

100.00000 1.50000 

36?5937-04 
313807?-04 
2943923-04 
190331?-04 
482298-01 

&s294?-oS 
2005982-OS 
7379132-06 
2714681-06 
2228221-03 
1828933-08 
1232188-1 0 
8361491-13 
7763024-2b 
14g5624-47 

2150000 
2.00000 

3332103-01 
2859417-01 
22158?6-01 
it1 7 189-0 1 
1$3014j-01 I 
$739964-02 ’f 

?3158$-02 OD 

2254463-03 
i764st8-04 
1382369-0s 
8506186-08 
5252300-40 
3 i i ~ ? t ) - e 3  
39t7177-45 

e07500 
3.00000 

k?f159@-03 I 

5003933*00 
3998011*00 
2??3030*00 
1941509*00 
137084?*00 

3 of.7740-0 1 
p164388-02 
9882363-03. 
$000964-04. 

937i163-10 

3 m 9 0 a - 0 1  

38 or*-os 
18 F 3804-07 

?701227- 3 6 3 8 1 3 3 6  



A I R  

1) (HFP) 
W S W  (MFP) 

. l O O O O  
r25000 
r ~ 0 0 0 0  
rf5OOO 

1.00000 
2.00000 
3eOOOOO 
~ . 0 0 0 0 0  
5.00000 
7rSO000 

10.00000 
15.00000 
20.00000 
50.00000 

100.00000 

A I R  
W S W  (MFP 1 

e (UFP) 
e10000  
025000 
r50OOO 
075000 

1 . 00000 
2.00000 
3.00000 

5rOO00O 
7.50000 

10.00000 
15.00000 
20.00000 
50.00000 

100.00000 

A I R  
MUS*R (MfP) 

e ( W P )  

4.00000 

e 10000 
r95000 
.so000 
e75000 

1.00000 
2.00000 
3rO0000 
~ . 0 0 0 0 0  
5 o Q O O O O  
7.50000 

10.00000 
15sQO000 
20.00000 
50eOO000 

100.00000 

= .10000 
* 3r00000 

4661850600 
3758754+00 
26407?3*00 
1868047+00 
1329852+00 
3603702-01 
1042865-01 
3157567-02 
987162210? 
5898626-04 
36111*6-0s 
180360S-0? 
937 1 5 12-1 0 
3701151-23 
3638100-45 

8 25200000 
3 r O O O O O  

6329584-03 
54476)4-03 

3303571-03 
2572S95-03 
9460690-0? 
3479159-0? 
1279457-04 
0705190-05 

3 1647 1 6 4 7  
21286Y4-0? 

4242246-03 

m 8 e 3 2 - 0 4  

8. a 7 ~ 9 0 9  
8 r ~ Q o o o o  

1012752*00 

1 57 16?3+ 0 0 
1332792+00 

7697440-01 
5851 aa6-0 1 
1959866-0 1 
6584!93-02 
2220691-02 
75 16!33-03 
5084635-0? 
3508117-05 
175771 0-07 
9306?04-10 
371 1297-23 
3 64 75 86-4 9 

. 

1.00000 
3.00000 

1134603*00 
96p3780-01 
7396490-01 
$691 800-0 1 
4334444-01 
1490553-01 
6135153-02 
1712316-02 
6 lfi776s-03 
43foo8O-64 
!106130-05 
1637526-07 
8939 46 1 - 1 0 
3622369-23 
3635928-45 

rOlOOO .OS000 
~ ~ 0 0 0 0 0  5.00000 

5.00000 
3.00000 

1195386-01 
1027835-01 
7991273-02 
6213107-02 
4830612-02 
176S142-02 
6450063-03 2356976-03 

8612974-04 
6953096-05 
5613660-06 
3660244-08 
2387SO6-10 
1853973-23 
2700876-46 

. l O O O O  
5 ~ 0 0 0 0 0  

4880813*00 
3923361+00 
27436S3*OO 
1932872eOO 
137 1 O09*00 
3676300-01 
1057423-01 
3190763-0L 
99SlSl80-03 
9933315-04 
3829510-05 
1810608-07 
9404 21-10 

3647634-4S 

25a00000 
5.00000 

6161499103 
5647227-03 
4397665-03 
3424S91-03 
2666834-03 
9807169-04 
3606~6s -e4  
1326292-04 
4577382-06 
a999965-06 
3380392-07 
2206303-09 
1483901-11 
1373582-24 
2602011-46 

3711 s 66-23 

10 . 00000 
3eOOOOO 

35?1395-02 
30?7 19)-02 
237 1979-02 
1846380-02 
1437248-02 
5276834-03 
193738~-03 
7113102-04 
26l1579-04- 
zl33116-05 
17?2326-06 
1162444-08 
7?%83?-11 
66f664?-ob 
1201526-45 

. ~ O O O O  
5e00000 

2210006+00 
i?5691!+00 
A?01504*00 

b i l 7 3 b O l  A 
DS302lO-01 0 
ethsOe-02 
Zb?990 1-02 
86 12407-03 
$636292-04 
3f$4966-05' 
1802509-07 

* 3711489-23 9394660-1 0 

3#?760*-4S 

052?14*00 



A I R  
~ S * R  (MFP) 

B (MFP) 
r 10000 
r25000 
r50000 
r75000 

1.00000 
2.00000 
3.00000 
4r00000 
~ . 0 0 0 0 0  
7.50000 

10.00000 
15.00000 
20.00000 
50e00000 

100.00000 
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A I R  
W S * R  (MFP) 

0 (MFPI 
.10000 
025000 
.50000 
.75000 
1.00000 
2.00000 
3.00000 
~ . 0 0 0 0 0  
~ . 0 0 0 0 0  
7eb0000 
10.00000 
15.00000 
20.00000 
50.00000 

100.00000 

5.00000 
0 20~00000 

1263381-0 1 
1086253-01 
8441855-02 
6565292-02 
5104067-02 
1864533-02 
681 13i8-03 
2488281-03 
9090234-0) 
7333237-0s 
59 16458-06 
3852388-0(! 
25 0 9455- 1 0 
1933988-23 
27877 75-45 

!0.00000 
?0.0000!, 

37f2163-02 
3219908-02 
2806367-02 
19So94*-ot 
155861 4-02 
557510!h3 
2 0 f 672$-0 3 
7513916-01 
27s8506-Or 
2252 b60-05 
183959 bo6 
1226829-06 

7205454-24 
125961?-4? 

81~2060-11 

~0.00000 
20,00000 

1737787-03 
1495705-03 
1164829-63 
90!1476-04 
?064703-04 
&08769-04 
9559 199-65 
3516295-05 
1293448-05 
1061472-06 
e?l1004-08 
586661 2-1 0 
39?0995-12 
3686567-25 
7076484-47 

100.00000 
20.00000 

4430636-04 
381 3470-06 
2969915-04 

1801323-04 
6626533-05 
2437706-05 
896759.9-0 6 
32f8914-06 
2!07748-07 
2222519-08 
1491338-10 
1008775-12 
9432808-26 
1817128-47 

231295e-04 

*,,<e--- 
4 t 

+J .' 



-11% 

13. Mc - The Factor which Equalizes the Areas of t he  Bases of t h e  Cylinder 

and t h e  Annular Sector 

Ms - The Factor which Equalizes t h e  Volumes of the  Sphere and the  

Conical Sector of a Spherical Shel l  

14. 

These tab les  are useful in conjunction with Tables 1, 2, 8,and 9 i n  
doing calculat ions using the  cy l indr ica l  source approximation (Section B.13) 

and the  spherical  source approximation (Section B.20) . 



TABLE 13 
HC--THE F4CT09 W I S H  EOUhLIZES T H E  AREAS OF THE BASES OF THE C Y L I W E R  AND THE ANNULAR SECTOR 

4 /Q o b  0 1  02 0 3  04 05 0 6  07 08 09 
0. 141421tOl  156227tOl 159696t01  161562t01  162699t01 163428tOl  163904t01 164213t01 364407t01 164520t01  
1.0 1 6 4 5 7 5 ~ 0 1  164587401 164567+01 164524t01  1 6 4 4 6 0 0 1  164391+01 164309t01 164219t01 164125t01 164028t01  

7.0 162959401 16237 0 + 0 1  152783+01 162698tOl  162615t01 162534t01  162455t01 162376t01 162302t81 162229t01  
2.0 161929401 16382AtOl 153728t01  163627tO 1 163528t01 163429t01  163332t01 163236+01 163142t01 163049+01 

4.0 162157t01 162087401 15L018tOl  161951t01  161886t01 162822t01 161760t01 161699t01 161640t01 161582tOl  

A / R  I). 1.0 2.0 3. 0 4. 0 5.0 6r 0 7.0 8. 0 9.0 
0. 141421t01 164575401 163929tOl  162959t01  162157t01 161525t01  161025+01 160622t01 160291t01  160016+01 

10.0 15978ktOl 159585401 153413t01  159263t01  159131t01 159014*01 158909t01 158815t01 158?31+01 158654+01 
20.0 158584t01 158520t01 158461+01 158407t01  158356t01 158310t01  158267401 158226t01 158189+01 158153+01 
30.0 158120+01 158069+01 158060t01  158032+01 158006t01 157981t01  157958t01 157936t01 157914+01 15?894*01 
40.0 157875491 157857t01 151839t01  157822tOl  157806t01 157791*01 157776t01 157762t01  157749t01 157736*01 

TABIS 14 
HS--THE FACTOQ WHICH E Q U i L I Z E S  THE VOLUMES OF THE SPHERE AN0 THE CONICAL SECTOR OF A SPHERICAL SHELL 

4 / R  0. a 1  02  03 04 05 0 6  07 0 8  b 9  
0. 125992t01 140798t01 144851+01 147228t01  148777tOl 149826tOl  150541t01 151023401 151334+01 151518t01  
1.0 151607+01 151621*01 151578t01  151491t01  151370t01 151222t01  151054tOl 150870t01 150674+01 150470+01 
2. 0 153259*01 1 5 0 0 4 9 0 1  149027tOl  149609t01  149390tOl 149172+01 148956t01 148741+01 148529+01 148319+01 
3.0 148113t01 14791 0+01 lC?7 lO+Ol  147514t01  147321t01 14?133+01 146947t01 156766t01 146580+01 146414+01 
4.0 146243t01 146076t01  145913t01  145753t01  145596t01 145443t01  145293tOl 145146+01 145002t01 144861+01 

4 / R  0. i. 0 2.0 3. 0 4. 0 5. 0 60 0 7.0 8.0 9.0 

10 .0  140370+01 139861+0& 139420+01 139033t01  138692+01 138390+01 138119+01 13?8?5+01 13?655+01 13?454+01 
20.0 137272+01 13710 9 0 1  136951t01  136809t01  136677t01 136556t01  136442t01 136336*01 136237t01 136145*01 
3 0 . 0  136058t01 135976+01 135099tOl  135826t01  135757t01 135691t01  135629t01 1355?0+01 135514t01 135461+01 
40.0 135410t01 135362t01 135315t01  135271t01  135229+01 135188t01  135149t01 135111+01 135075t01 135041+01 

0. 125992t01 15160 I t 0 1  150259t01  148113t01  146243t01 144724t01  143495*01 142491tOl  141660t01 140962+01 
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15. Relation of a0 and Bo to the Geometry of the Cylinder 

This table is useful in quickly determlning the angles 6, and 0, which 

appear in Section b.13, which gives approxioute formlu for the flux f r o m  a 

shielded, self-absorbing cylindrical source. 
The angle go also appears in the flux fornulas for a spherical source 

given im Equations (851, (981, and (991. 
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A/L OP A I R  

. 0 0 1  . a02 
0 0 5  
007 . 0 1 0  
025 
050 
075 

0 1 0 0  
150 . 200 
250 
300 
350 

0 4 0 0  
450 

0 5 0 0  . 550 
.eo0 
a650 

700 
750 

0 8 0 0  
850  

0900 
0950  

1 . 0 0 0  
1.150 
1.200 
1. 250 
10 300 
1. 350 
1.400 
1.450 
I. 5 0 0  
1. 550 
1 . 6 0 0  
1.650 
1 . 1 0 0  
1.750 
1 . 8 0 0  
1. 850 
1 . 9 0 0  
1.950 
2.000 
2 .100  
2.200 
2. 300 
2.400 
2.500 

TABLE 15 
RETATION OF #o A#D eo TO rn GBQIETRY OF mxmm 

R I  ( 4 t  R) . 999 00 
998 00 . 995 03 

0993 05 . 990 1 0  
975 61 
952 38 

0930 23 . 909 09 
86957 

083333 
60  0 00 . 759 23 

074074 
714 29 
689 66 
666 67 
645 15 
625 00 

0 606 06 . 598 24 
571 43 . 545 55 

.5%0 54 
526 32 

m5i282 
0 5 3 0  00 . 465 12 

454 55 . 44444 . 434 78 
425 57 
41667 
408 16 

. 4 9 0 0 0  
332 16 
384 62 
377 36 
370 37 
363 54 
357 14 
350 86 
344 87 

e33898 . 333 33 
322 59 
312 50 
303 03 
294 12 
285 71 

PHI 0 
ARCSIN (R/ ( A t R )  1 
DEC RAD 

87.43872 l e  5260936 
86.37931 1.5076034 

5 3.240 36 1.452818 3 
81.93070 1.4299605 

7 2 . 2 4 7 2 i  1. 2609517 
58.47110 1. 1950461 

50.40815 1. 0543212 
56 .44269 09851108 

50 .28486 8776364 
+To79455 08341723 

84 .za232  i. 4710040 

77.31962 i . 3 4 9 4 a i g  

55 .3aoo2 i. 1410967 

5 3 . 1 3 0 1 0  9272952 

b5.5a469 .7956030  
43.60282 7610128 
41 .81031 07297277 
40.17777 7012344 
38.68219 06751315 
37.30529 06510986 
3 6. o 31 88 . 62aa749 
34084990 6082456 
33.14899 5890310 
32 .72044 05710795  
31.75686 e5542618 
30.85189 5384670 
3 o . o o o o o  .52359aa 

z j . 3 a t a o  . 4605540 

27.11775 4837660 
27.03569 e4718618 

25.77146 4497969 

24.62432 4297754 
24.08951 04204412 
23.57818 04115168 

25.18434 4395496 

2 3 . o a 8 n  . 4 0 2 9 7 5 i  
22.61986 3947911 
22.17016 3869422 
2L073d46 3794077 
21.32369 3721685 
20 .92483 e3652072 
20.54098 3505077 
20.17127 3520551 
19 .81493 3458357 
19 .47122 339d369 
18.81906 3284546 
18.20996 3178237 

17 .10464 2985322 
16 .60155 2897517 

i t . 6 3 9 7 0  . 307a709 

THETA0 
ARCTAN ( A I L )  

0 EG RAD 
005730 1 0 0 0 0 0 - 0 2  
011459 200000-02 
028648 499996002 
040106  699969002 
e57294 999967-0 2 

1 .43210 249948001 
2.86241 49958400 i  
4 .28915 748598-01 
5 .71059  996687-01 
8 .53077 148890+00 

11 .30993 197396tOO 
14003624  244979tO 0 
16 .69924 291457tO 0 
19 2900 5 336675tO 0 
2 i . a o i ~ i  3a0506too  

2a.r31079 5 0 2 8 4 3 + 0 0  

24.22775 422854+0 0 
26.56505 463648tOO 

30.96376 540420+00 
33.02387 576375tOO 
34.99232 610726tO 0 
36.86990 643501+00 
38 .65981 674741+00 
4 0  36454 704494tO 0 
41 .98721 732815tOO 
43 053120 759763tO 0 
45.00000 785390tOO 
48.99091 855053tOO 
50 019443 876058tO 0 
51.34019 896055tOO 
52.43141 915101+00 
53.47114 933248tO 0 
54 .46232 950547tO 0 
55.40771 967047tO 0 
56 030993 982794tO 0 
57 .17146 997830+00 
57.99462 101220+01 
58.78160 102593t01  
59 .53446 103907+01 
60 .25512 105165+01 
60.94540 106370+0 1 
61.60696 107524t01  
62 .24146 108632t01  
62.85032 109694+01 
63 .43495 110715+0 1 
64.53665 112638tO 1 
65.55605 114417t01  
66 .50143 116067+01 
67 . 380 1 4  11760 1+0 1 
68.19859 119029+01 

, 



A/L OR A/R 

2. 60 0 
2.700 
2. 8 0 0  
20 900 
3. 0 0 0  
3.100 
3. 250 
3.500 
3.750 
4.000 
40  250 
4.500 
4.750 
5 .000  
5.250 
5. 500 
5.750 
6. 000 
6.500 
7.000 
7.500 

8.500 
9.000 

1 0 . 0 0 0  
1 1 . 0 0 0  
12.000 
13. 0 0 0  
14.000 
1 5 . 0 0 0  
16.000 
17.000 
18.000 
19.000 
20.000 
25.000 
30.000 
35.000 
40.000 
45.000 
5 0 . 0 0 0  

60.000 
65.000 
7 0. 0 0 0  
75.000 
0 0 . 0 0 0  
90.000 

1 0  0 .000 

a. o o o  

55; 0 0 0  

. 277 7a 
270 27 
263 16 
256 41 
250 00 
24390 
235 29 . 222 22 . 210 53 . 2 0 0  00 . 190 48 
181 82 
173 91 
16667 
160 00 . 153 a5 
148 15 
142 86 
1 3 3  33 
125 00 
i t 7  65 . 11111 
135 25 . 1 0 0  00 
030 91 
0 8 3  33 
076 92 
071 43 
05667 
062 50 
053 02 
055 55 
05263 . 040  00 
047 62 
038 46 
03226  
02778 
024 39 
0 2 1  74 . 019 61 
017 86 
015 39 
01515 
014 08 
01316 

001235 
010 39 . 09990 
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P H I  0 
a R C S I N  ( R I  (A+R) )  
OEG RAD 

15.68035 2736737 
15.12762 .2814801 

15.25752 2662940 
1b.85717 2593065 
14.47751 2526803 
14.11698 02463878 
13.60696 02315212 
12.83959 2240931 
12.15320 2121133 
11.53696 2013579 
10.98058 1916472 
10.47568 01828351 

3.59407 1674481 
9. 20690 1606907 

io.oi54i .174ao19 

8.a49aa . 1544596 
9.51962 01486955 
8.21321 0 1433476 
7.66226 1337316 
7.18076 1253276 
6.75633 1179202 
5.37937 1113410 
5.04233 1054585 

5r21591  e0910348 

be41173 0769991 

3.82255 00667161  
3.58332 0625408 

3. 18474 0555842 
3. 01696 0526559 
2.66598 0500209 
2.72940 0476371 
2.20423 0384710 

1.59175 e0277814 
1.39760 0243927 
1.24566 0 021740 8 
1. 12352 0196091 

093932 00163942 
086815 0151521 
o80701 0140850 
0 7 5 3 9 1  0131583 
070737 0123460 
062964 0109892 
056729 0099012 

5.73917 1001674 

4.78019 0'834301 

6.09604 .0714a94 

3.37229 .05aa575 

i e a 4 t w 7  .0322637 

1.02319 . oi7a581 

THETA0 
ARCTAN (A/L)  

OEG RAD 
68.96249 120362+01 
69.67686 12160 9+0 1 
70.34618 122777+01 
70 091439 123874+0 I 
7 1  r 565 05 124905+0 I 
72.12130 125875+01 
72089727 127230+01 
74.05460 129250+01 
75.06858 131019+01 
75 96376 13258 2+0 1 
76.75948 133971+01 
77.47119 135213+01 
70.11134 136330+01 
78 0690 07 137340+0 I 
79 2157 0 138257 +O I 
79.69515 139094+01 
8 0  013419 139861+01 
60 05376 8 140565+0 I 

81.86990 142890+01 
82.40536 143624+01 
8 2  87498 144644+0 I 
63.29016 145369+01 
83 065981  146014+0 I 

84.80557 148014+01 
85 023636 148766+0 I 
85.60129 149402+01 
85 091438 149949+0 1 
86.18593 150423+01 

a i .253a4  141ai5+01 

84.2a941 i 4 7 i i 3 + 0 1  

a6.42367 15083a+oi  

a6.98721 i51821+01 

86.090a5 i 5 3 7 4 a + o i  

83.72697 i 5 4 0 5 a + o i  
88.a5424 i 5 5 0 8 0 + 0 1  

a9.04516 155413+oi 

86.63354 151204+01 
86.82017 151530+01 

87.13159 152084+01 
87.70939 153082+01 

88.36342 154223+01 
88.56790 154580+01 

88.95837 155262+01 

89.11860 155541+01 
89.18154 155651+01 
d9.23610 155746+01 

89.36341 155969+01 
89.283ae i55830+01  

89.42706 1560ao+oi  
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16 . Conditions fo r  Accurate Results from the  Cvlindrlcal Source ADvroximation 

Conditions f o r  Accurate Results from 
the Cylindrical Source Apvroxiasation 

1. g 2iL 5 1.1 I%o.rl 
i f  ks = 0.1, R 3 lo . ,  and i f  ps = 0.5,  R a lo., and 

Ala 2 

1. 

2.5 

4.25 

4.25 

0.5 

0.75 

0.9 

1.25 

2 .o 

- a / R  2 

5.  

2 .  

1. 
0.5 

0.5 

2 .  

1. 
0.5 

0 02 

!e 
0 .  

0.  

0 .  

1. 
10 

10 . 
10. 
10 

10 . 

0.1 
0.8 

1.4 
2.25 

3.75 

1.6 

2.7 

0.25 

0.5 

0.7 

1.0 

a / R  5 

5.  

2 .  

1. 
0.5 

0 e 2  

0 . 5  

0.2 

2 .  

1. 

0.5 

0 02 

b S  

0 .  

0 .  

0. 

0.  

0 .  

1. 

1. 

10 . 
10. 

10 . 
10 . 

- 

'15 - is the  r a t i o  of the uncollided f lux  calculated by the  approximate 

*mrr 

cyl indrical  f lux  formula t o  the  uncollided f lux  calculated by the  exact 

cyl indrical  f lux formula (see Reference (71, or Refereace (25)) f o r  the 
same geometrical configuration and shields. 
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17. E s t i m a t i a n  the Ef feet of a Cvlindrical Shield 

The cyl indrical  source approximation of-Sect ion B.13 assumes a slab 

shield of thickness t and a t t e m a t i o n  p intervening between the source and 

an external lateral detector point. I f  a cy l indr ica l  shield of the  same op t i ca l  

thickness i s  substi tuted for the  s lab  shield,  the  uncollided f l u x  w i l l  be decreased. 
The two nomograms given in Section F, Figures 47 and 48, give approximate values 

t 

of t h i s  reduction fac tor  f = 4 

In  order t o  approximate the e f f ec t  on ganma-ray build-up of the 
replacement of a s lab  shield with a cyl indrical  shield of the  same thickness, 

the change i n  uncollided f lux  rmst be t rans la ted  i n t o  the corresponding change 
i n  the opt ical  distance. 

t o  t h e  apparent op t ica l  distance through the  s l ab  shield and new values of the  
buildup factors  found. 

g- energy) 

This change i n  the opt ica l  distance may then be added 

That is, the  apparent buildup fac tor  i B  (for a given 

a t o  t a l  
7 - 'lab while the change i n  the apparent B(bs lab) = .uncal lided 
'slab shield 

l l idcd  

L 'slab sh ie ld  - An ,uncollided = i n  .I op t i ca l  distance is 
A 'cy1 shield 

where f is the reduction factor  defined above. 
The apparent op t ica l  distance 

table of buildup fac tors  t o  f ind t h e  op t i ca l  distance corresponding t o  
rsay be found by interpolat ing a s l ab  

B(Kslab) Then 

. -  
+ a 'cy1 shield 'slab sh ie ld  f B(bslab 

t o  t a l  uncollided 
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D. Information About Shieldinn Functions 

Definition: 
OD 

-e E,(b) = b n-1 Jb > dt, n = 1,2,3,... 

If we set t = by, we get an equivalent definition 

-by 
En(b) = e dy, n = 0,1,2,... 

1 Y" 

En@) is related to the incomplete gama function 
OD 

-t a-1 r(a,b) =I  e t dt 
b 

by the expression 
dD 

Integrating (135) by parts gives the recursion relation 

1 -b 
%+l (b) = ;; [e - b En(b)I, n > 1 , 

while differentiating (136) with respect to b gives 

(137) 



-12 1- 

A l s o ,  we have specif ical ly ,  from equations (135) through (138) 

-b e 
E()(b) - b ( 140) 

(141) 

and 

4 

E l m  3 

Use of the  subst i tut ion p = b sec 8 enables us  t o  show tha t  

-b sec 8 ?tan e e de = El&) - El(b sec eo) 
0 
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?sin 8 cos e e Ob e de = E3(b) - cos2 8, E3(b sec eo) 

(150) through (152) may be generalized t o  give 

n 
h 

En(b) s i n  8 (cos eob de fo r  n - 0,1,2,... . 
0 

Some useful approximations f o r  En&) are: 
For b > 10 

and for small values of b 

where r = 0,577216... is the  hler-Mascheroni Constant. 
For any value of b, the  following inequality brackets the value of 

E ,a ,  : 

Finally,  f o r  b < 0 

where 

and 
2' 3' Ei(b) =e (1 -tl. + *  +?  -k ...) fo r  b 2 10 . b 

(159) 
b b  b b 

. 
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2, Sievert's Integral of the First Kind (References (l), (2), (3), (61, 
VI, and (25)) 

For eo SO, 

P(eO,b) e0eob 

and for a small angle 6 ,  

-b sec eo 
P(o0 + 6,b) =I P(eo,b) + 8e b 

The substitution p = b sec 8 gives 

1 

Note that 

3. The G-Function Defined by On, and Tsuro (References (S), (7), and (25)) 

-b sec 8 de 00 
G(OOsb) = cos 8 e 

0 

which becomes, using p = b sec 8, 

b sec 

b2 s 
b 

p2 7/p2-b2 

BO 
G(Bo,O) = cos 0 de = sin eo (167) 

0 
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The corresponding function f o r  an i n f i n i t e l y  high cylinder i s  defined by 

On0 and Tsuro as 

G(O0,pa)/2pS represents un i t  col l ided f lux  a t  t he  center  of the  base of an 

i n f i n i t e l y  thick annular source of inner radius a, where the  macroscopic 

self-at tenuat ion coef f ic ien t  of t he  source material is p and the macroscopic 

attenuation coeff ic ient  of t he  shielding material  f i l l i n g  the i n t e r i o r  of the  

annulus is p. 

by a l ine  passing through the  center a t  the  angle O0,and the  height of the  

inner surface of the  annular source is  J! 

Section B.13.) 

8 

The top surface of the annular source is  conical, being defined 

a t an  0,. (See Figure 9 and 

4. The L Function Defined by On0 and Tsuro (References (51, (71, (25)) 
0 

where G G ,  b) and G@, b sec 0 )  are as defined by (168) . L0(g0,b) gives an 

approximation to  the r a t i o  between the  at tenuat ion of a s lab  shield of op t i ca l  

thickness b and t h e  at tenuat ion of an annular shield (also of op t i ca l  

thickness b) which i s  curved around the  dose point as a center. Both the  s lab  

and annular shields  are assumed t o  be of i n f i n i t e  height,  while subtending the  

angle a0. 
L (O ,b) is  only weakly dependent on the assumption tha t  the s lab  and annular 
s h i t l d s  are i n f i n i t e l y  high, and so t h i s  function is va l id  for  sh ie lds  of any 

height. Also, to  a good approximation, 

(See Section B.13.) As noted i n  Reference (7), the  value of 

0 0  

b 
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5. The G-Function Defined by Rockwell (References (1), (2), (25)) 

P h  
where the function (tano1 X) is defined by (160). PSX9 ps 

G(Psh 9vs R)/2ps represents unit uncollided flux at the center of the 
base of a cylindrical source of height h and radius R. 
self-attenuation coefficient of the source. 

ps is the macroscopic 
(See Figure 8.) 

6. Relatione Between Functions (Reference (25)) 

In terms of a cylinder of radius R, height band macroscopic self- 
attemation coefficient ps, finding the flux at the center of the base in 
different ways gives the following relation between several of these functions: 

(172) 
-1 .where G(psh9psR) i8 given by (171) and G(tan 

To derive (172) the relation 

R, psR) is given by (165). 

n - -1 E 
-p h sec f 

dt S 
h 

sin t e 
*sh csc 8 

cos 0 e dB - 
tan 

is needed. Here $ - 4 - 8. 
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The left-hand s ide  of (172) may a l so  be expressed as 

where y psr. 

relationehip : 
Equating the  right-hand sides of (172) and (174) gives another useful 

Finally,  i f  we consider a cylinder of i n f i n i t e  height, (172) reduces 

to 

This simple re lat ionship furnishes us  with the  j u s t i f i c a t i o n  f o r  
assigning the  letter G t o  represent both of these functions. 
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E. T0t.1 F lax  F o r a r l a r  U r i a n  T a r l o r  b a s a t  ia1 Build-Uo Fac tor  b e f f i c i e n t r  

The total f l u x  f o r ~ r l a s  given hare correrpond to variour flux foraulas 
given i n  Sec t ion  B of this report; inclusion of the appropriate y-ray Qrc 
couverrion factor8 in there forapulu alhwa total Q6e rater or total energy 

abrorptioa rater to be calmlatad. 

A +ray buildup f a c t o r  Bf(b,2,E) may be represented by Taylor c o e f f i -  

c i e n t s  A(2,E), al(2,E), and az(Z,E). 

E is an energy l eve l ,  and b is an o p t i c a l  d i s tance .  

Here 2 is an (equivalent)  atomic nunber, 

Then 

-a b -a2 b 
Bf(b,Z,E) = A e  + (1-A)e (177) 

which may be conveniently included in the  i n t e g r a l  o f  t he  poin t  kernel  over an 

extended source (See Eq. 7, 8, and 9 ) .  

The a c t u a l  formulas obtained when t h i s  buildup f a c t o r  r ep resen ta t ion  is 
used to  ob ta in  total  f l u x  formulas f o r  the  var ious  opt ions  of  Sec t ion  B are 
displayed below. The definition8 of the various rgabolr and the mmenc~ature 
may be found by checking t h e  corresponding formulas and f igu res  i n  Sec t ion  B. 

As a preliminary,  w e  def ine 

A 1 - A  
u l = l + O l ’  U 2 = 1 + u 2  

A 1 - A  
u3 = u1 + u2 = 1 + cy1 + 1 + CY2 

The nota t ion  and d e f i n i t i o n s  used here are t h e  same as i n  Sec t ion  B, except 

t h a t  (p 

1. 

, ‘pp , etc. r e f e r  to  total  f lux .  

Uniform Disk Source. wi th  Shield 
p1 2 

where 
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- 
Let 5 1;<1 + 9) md 5 = p(1 + 9). 

S 
1 Pp = 4n {A D(MLR,%a,Mlh) - (I*) D@p,Mp,%h)} 

I n f i n i t e  S lab  Source of I n f i n i t e  Depth, Self-Absorbing, No S h i e l d  

(180) 

2. 

s” - u  - gP1 - 9P2 3 2Bs 

3. I n f i n i t e  S l a b  Source of I n f i n i t e  Depth, S e l f  Absorbing, wi th  S h i e l d  

4. I n f i n i t e  S l a b  Source, Self-Absorbing. No Shie ld  

- u2[E2rLbsa~(l+(y2)~ + E2c~8c.G-a9(l*2)l]} 

5. I n f i n i t e  S lab  Source,  No Self-Absorption. wi th  Sh ie ld  

6. I n f i n i t e  S l a b  Source. S e l f  Absorbing. wi th  Sh ie ld  

VP1 * sv a b s  {U1[E2Cb(l+a1)J - E&(b+u8.G)<1+cll)~] 



7. Cyl ind r i ca l  Source, Self-Absorbing, No Shield, Axial Detector Point 

8. Cyl indr ica l  Source. Non-Absorbing. with Shield. Axial Detector Point 

9. Cyl indr ica l  Source, Se l fdbso rb ing ,  wi th  Shie ld ,  Axial Point 
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11. Cyl indr ica l  Source Approximation, Self- Absorbing, 
w i t h  Shield.  Lateral Detector Point 

(196) 

12. Truncated Cone Source, Self-Absorbing wi th  Shield. Apex Point 

Define v(b,b') = E2(b) - E2(b') + cos 8 E (b'sec O 0 )  - cos 8#2(b sec eo) 0 2  
(197) 

13. Truncated Cone Source. Self-Absorbing, No Shield,  Apex Point 

S 
= 1 {(l - COS 8 0 3  )U +Ul  [COS 0gE2[~sX(l+cul)~ec e,] - E2[psl(l+crl)j] 

(199) 

Vpl 2Ps 

14. Spher ica l  Source, Self-Absorbing. No Shield f 
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Dc f i n e  

Then 

15. Spher ica l  Source, Self-Absorbing with Shield 
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A l l  buildup is  i n  the  s h i e l d  i n  t h i s  case. 

Other total f lux  formulas may be easi ly  found by the appl icat ion of Equations 

(7), (8),and (9) to specific f lux  formulas. 
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F. Wbrarv Data 

A limited amount of data useful i n  shielding calculations is given here. 
This data includes g a m - r a y  dose b u i l d v p  factors and Taylor exponential 

coefficients for  water, iron,and lead; gama-ray dose rate conversion factor 

data, neutron removal cross sectlon,and nmltiplier data for  some selected 
shielding materials; macroscopic ganma-ray t o t a l  attenuation and energy 

absorption data fo r  camon shielding materials8 and information re la t ive  t o  
activation gama, capture gapmaa, and f iss ion gamma sources. 

estimating the effect  of a cylindrical  versus a slab shield, taken direct ly  

from Reference (281, are also given. 

Nomograms fo r  

The neutron removal cross section data come from Reference (10). The 

gapmra-ray dose conversion factors come f r o m  References (10) and ( 2 9 ) .  The 
gamm-ray bu i ldvp  factor data come from References (11) and ( 2 9 ) .  The gamna- 
ray cross section data is  taken from References ( 2 )  and ( 2 9 )  and from the work 
of W. D. Brown . 
f iss ion ganma sources was obtained from References (lo),  ( 3 0 ) ,  (31), (32), 
and (33) . 

* 
The Information on activation garnma, capture ganrma, and 

* 
EIuch of t h i s  information was obtained from Mr. W. D. Brown, Aerospace Group, 
b e i n g  Aircraft Company. 
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1. Taylor Exm nential Coefficients for Ganma-Rav Build-UI, Factors for 
Water. Iron and Lead 



Energy 
0 

e25 
0 5 0  
60 
70 

e 8 0  
.90 

1 .oo 
1 a25 
1.50 
1.75 
2 000 
2.20 
2.50 
2 e75 
3 e00 
3.50 
4.00 
4a50 
5 .oo 
5.50 
6 e00 
6.30 
6.50 
7.00 
7.50 
7.65 
8.00 
8.50 
9 .oo 
9.50 
10 . 00 

.+ . 

TABLE 17 
GAHMA-RAY DOSE BUILD-UP FACTORS FOR WATER 

II L 

Error Magnitudes Greater 
than 5% Paired with 

b (mf Corresponding b valuer 
la00 2.00 4.00 7.2 10.00 15.00 20.00 A ALPHA1 ALPHA2 (Z Error. b (mfp) ) -- 0.  - - - - - - - ,-, 

1.00 
1.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1.00 
1.00 
1 .oo 
1 .oo 
1.00 
1 .oo 
1.00 
1 .oo 
1 .oo 
1 .oo 
1.00 
1.00 
1 .oo 
1.00 
1.00 
1 .oo 
1.00 
1 .oo 
1.00 
1 .oo 
1 .oo 
1.00 
1.00 
1 .oo 
1 .oo 

3 e 0 9  
2.46 
2 039 
2.33 
2 e26 
2.20 
2.13 
2 005 
1.98 
1.90 
1.83 
1.80 

1.72 
1.76 

1 .69 
1 a63 
1.58 
1.55 
1 a52 
1 a49 
1 e46 
1.45 
1.44 
1.42 
1.40 
1.39 
1.38 
1.37 
1.35 
1.34 
1.33 

7.14 
4.91 
4.67 
4.43 
4.19 
3.95 
3.71 
3.47 
3 e24 
3.00 
2 e 7 7  
2.70 
2.59 
2.51 
2 0 4 2  
2.30 
2.17 
2.10 
2 a04 
1.97 
1.91 
1 e88 
1 e87 
1.82 
1.78 
1 e7 7  
1.74 
1.71 
1.69 
1.66 
1 063 

23.00 
12 090 
11.86 
10.81 
9.77 
8.72 
7.68 
6.98 
6 e28 
5.58 
4.88 
4.69 
4.39 
4.15 
3.91 
3.63 

3.19 
3.05 

3 0.34 

2.91 
2.76 
2.71 
2 067 
2.58 
2 049 
2 046 
2 0 4 0  
2.35 
2 e29 
2 e24 
2.19 

72.90 
32 e 8 0  
29.48 
26.16 
22 e84 
19 52 
16 e20 
14.26 
12 33 
10 39 
8 O M  

8 e 0 1  
7.34 
6.79 
6.23 
5 e68 
5.13 
4.84 
4.56 
4.28 
3.99 
3.89 
3.83 
3.66 
3.50 
3.45 
3.34 
3.25 
3.16 
3 e06 
2 097 

166.00 
63.10 
55 . 90 
48.70 
41.50 
34.30 
27a10 
23.42 
19 75 
16 007 
12 040 
11.65 
10 . 51 
9.57 
8.63 
7.78 
6.94 
6.50 
6 006 
5.62 
5.18 
5.04 
4.95 
4.71 
4.48 
4 a 4 1  
4.25 
4.12 
3.98 
3.85 
3.72 

456.00 
141 000 
122.88 
104 76 
86.64 
68 052 
50 e40 
42.67 
34.95 
27.22 
19 50 
18 16 
16.15 
14.47 
12 e80 
11 038 
9.97 
9.25 
8.53 
7 081 
7 e09 
6-88 
6.73 
6.37 
6 e02 
5 -91 
5.66 
5.47 
5.28 
5.09 
4.90 

982 000 

218.04 
184 008 
150 12 
116 16 
82 020 
68.57 
54.95 
41.32 
27 70 
25.56 

252 .OO 

22.35 
19.67 
17.00 
14 095 
12.90 
11 089 
10.87 
9 e86 
8.85 
8.56 
8.37 
7.90 
7 042 
7.28 

6.71 
6 e95 

6 046 
6.22 
5.98 

1.335 0.6924 
0,983 0.4805 
0.995 0.4095 
1.001 0.3386 

1.002 0.2215 
1,004 Om2845 

1.048 0.1575 
1.007 0.1241 
0.966 0.0907 
0.926 0.0574 
13.369 -0.0521 
12 9 17 -0 e0488 
12 .2 39 -0.0438 

11.110 -0.0355 
11.137 -0.0305 

11.675 -0.0397 

11.163 -0.0254 
10 469 -0 002 36 
9.774 -0.0218 
9.079 -0.0200 
8.385 -0.0182 
7.822 -0.0194 
7.447 -0.0202 
6.510 -0.0223 
5.572 -0 -0243 
5.291 -0.0249 
4,635 -0.0263 
4.362 -0.0272 
4.090 -0.0281 
3.817 -0.0290 
3.545 -0.0299 

0.0835 
0 . 0052 
0 . 0042 
0.0036 
0.0021 
0.0010 
0.00 
0 00 
0.0 
0.0 
0 e0166 
0 e0197 
0 00243 
0 e0282 
0.0321 
0.0312 
0.0303 

0.0359 
0.0388 

0.0460 

0 e0331 

0 00416 

0 e0490 
0.0563 
0.0636 
0.0658 
0.0710 

0.0791 
0 e0750 

0.0831 
0.0872 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
T 
T 
T 
T 
T 
T None' 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

I 
c.r 
w 
VI 
I 

* 
T signifies Taylor exponential fit coefficients: 
C signifies cubic polynomial fit coefficients: 

Build-up factor = A*exp(-alphal*b) + (l-A)*exp(-alpha2*b). 
Wild-up factor - 1.0 +A*b + alphal*bW + alpha2*b*3. 



TABLE 18 
DElAILED EVALUATION OF TAYIDR EXPONEM!IAL COEFFICIEm 

REPRESENTATION OF DOSE BUILD-UP FACTORS FOR WATER 

DOSE BUILD-UP FACTORS 

C o e f f i c i e n t s  Energy b (mfv) 
(MeV) 1.0 2.0 4.0 x 7,o 15.0 - 20.0 A. A Alpha 1 Alpha 2 

0.50 
1000 
2 000 
3.00 
4.00 
6 .OO 
8 .OO 
10 000 

0050 
1 boo 
2 000 
3.00 
4.00 
6 000 
8 000 
10.00 

2 046 
2.13 
1 a83 
1.69 
1.58 
1.46 
1.38 
1.33 

12 090 
7.68 
4.88 
3.91 
3.34 
2 076 
2.40 
2.19 

32.80 
16.20 
8 046 
6 e23 
5.13 
3.99 
3.34 
2 097 

63.10 
27.10 
12 e40 
8 068 
6 e94 
5.18 
4.25 
3.72 

141.00 
50.60 
19 50 
12.80 
9.97 
7.09 
5066 
4090 

252 .OO 
82.20 
27.70 
17000 
12.90 
8 085 
6 095 
5.98 

CAUULATED DOSE BUILD-UP FACTORS (WITH PERCENTAGE ERRORS) FOR MINIMU4 WRORS AT MIDDLE OF b-RANGE 

3.31 34.5 6.12 24.67 13060 
2.43 13.9 4.03 8.6 7.84 
1.92 4.9 2.87 307 4.90 
1.72 1.8 2.45 1.0 3.91 
1.59 0.7 2.18 0.4 3.35 
1.46 -0.3 1-90 -0.5 2.77 
1.37 -0.5 1.73 -0.5 2.41 
1032 -0.7 1.63 4.3 2020 

505 31.17 -5.0 60002 
201 15039 -5.0 25.74 
0.3 8.25 -2.5 12.04 

0.4 5.11 -0.3 6.89 

0.5 3.36 0.6 4.24 

0.0 6.17 -1.0 8.51 

0.2 4.01 004 5.19 

0.4 2.99 0.6 3.72 

-4.8 150.82 
-5.0 51.67 
-2.9 19.59 
-1.4 12.67 
-0.8 9.89 
0.2 7.06 
-0.2 5.63 
-0.1 4.86 

# 
7.0 339.86 34.86 98.81319 -0.11604 -0.09594 c1 

2.5 93.59 13.9 34.17618 -0.08059 -0.04255 

-1.0 17.27 1.6 11011000 -0.03550 0.03206 
0.4 29.06 409 13,36870 -0.05214 0001662 

-0.8 13.01 0.9 11.16300 -0.02543 Oo03025 
-0.4 8.86 0.1 8.38500 -0.01820 0.04164 
-0.6 6.97 0.3 4.63500 -0.02633 0.07097 
4.7 6.00 0.4 3.54500 -0.02991 0,08717 

CAUUIATED DOSE BUILD-UP FACTORS (WITH PERCENTAGE ERRORS) FOR MINIMUM =ORs AT ENDS OF b-RANGE 

0.50 2.73 1102 4.85 -1.2 10.50-19.0 23.60 -28.0 45.14 -28.4 112080 020.0 253.60 0.6 73o20000 -0.11604 -0.09594 
0.50 2.55 3.8 4.44 -9.5 9.50-26.7 21.20 -35.4 40.38 -36.0 100.70 -28.6 225090-10.4 65eOOOOO -0.11604 -0.09594 
1.00 2.26 6.0 3.67 -1.0 7.00 -8.5 13.70 015.6 22.80 -16.0 45.60 -9.5 82.4 003 30.00000 -0.08059 -0.04255 

*: . r t t 



Energy 
<MeV) 

e25 
e 50 
60 

.70 
e 8 0  
.90 

1"OO 
1.25 
l e 5 0  
le75 
2.00 
2.20 
2 .SO 
2-75 
3.00 
3e50 
4.00 
4.50 
5.00 
5,50 
6.00 
6.30 
6.50 
7.00 
7-50 
7-65 
8 .00 
8.50 
9eoo 
9.50 

1oeoo 

TABLE 19 
GAMMA-RAY ENERGY ABSORPTION BUILP.UP FACTORS FOR WATER 

Error Magnitudes Greater 
than 5% Paired with 

b (mf v )  * Corresponding b values 
- - - -A 0 -  1.00 2.00 4.00 7 00 10.00 15eOO 20eOO A AIPEtAl ALPHA2 Tvve  J X  Error b (mfv) 1 

1 eo0 
1 eo0 
1 .oo 
1 eo0 
1 .oo 
1 .oo 
1 .oo 
1.00 
1 .oo 
1 eo0 
1 eo0 
1.00 
1.00 
1 eo0 
1 eo0 
1 .oo 
1.00 
1.00 
1 e o 0  
1 eo0 
1.00 
1 eo0 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 e o 0  
1.00 
1 eo0 
1 eo0 
1 eo0 

3.03 
2 0 4 4  
2-37 
2 e29 
2 e22 
2.14 
2 e07 
2.01 
1 e96 
1.91 
1 e85 
1 e83 
1.80 
1.77 
1.74 
1 e66 
1.59 
le56 
1.52 
1 e49 
1 e46 
1 e45 
1 e 4 4  
1-42 
1 e40 
1 e39 
1.38 
1.36 
1.34 
1-33 
1.31 

6.88 
4.81 
4.57 
4 -32 
4.08 
3.83 
3e59 
3.40 
3.20 
3 e01 
2 e82 

2.67 
2.59 
2 e52 
2 e35 
2 e18 
2 011 
2 e03 
1 e96 
1.89 
1 e87 

2.76 

1 e85 
1.81 
1 e78 
1 e77 
1.74 
1-10 
1.67 
1.63 
1 a60 

21.80 
12 50 
11.52 
10.54 
9.55 
8.57 
7.59 
6.94 
6.29 
5.64 
4.99 
4.81 
4.54 
4.32 
4.10 
3.73 
3.37 
3e22 
3.06 
2 e91 

2.71 
2 e67 
2 059 
2 e 5 0  
2 e 4 8  
2 e42 
2.35 
2.27 
2.20 
2.13 

2.76 

68 e 10 
31e30 
28 . 14 
24 e98 
21 e82 
18 e66 
15.50 
13.79 
12 -08 
10.38 
8 .67 
8 e25 
7.62 
7 e09 
6e57 
5 e88 
5.18 
4.88 
4.58 
4.28 
3.98 
3.89 
3.83 
3.67 
3.52 
3.47 
3.36 
3.24 
3-12 
3 e00 
2 e88 

154.00 
59 060 
52.80 
46 .oo 
39 e20 
32 -40 
25.60 
22.42 
19.25 
16 e 0 7  
12 e90 
12 e14 
11-01 
10e06 
9.12 
8.06 
7.01 

6.09 

5.18 
5e04 
4.95 
4.73 
4.50 
4.44 
4.28 
4.11 
3e94 
3e77 
3.60 

6,55 

5.64 

* 
T s igni f ies  Taylor exponential f i t  coefficients: 
C s ign i f i e s  cubic polynomial f i t  coefficients: 

421 .OO 
130.00 
113-34 
96 e68 
80 e02 

46e70 
40.02 
33.35 
26 e67 
20 000 
18 e68 
16.70 
15 e 0 5  
13.40 
11.75 
10 e 10 
9.34 
8-58 
7e83 
7 -07 
6 e86 
6.73 
6.38 
6 e04 
5.94 
5.70 
5.46 
5.21 
4.97 
4.73 

63.36 

906eOO 1.323 
232.00 le025 
200.06 e998 
168 0.12 1 e008 
136.18 1.012 
104.24 1.012 

72.30 1.035 
61-37 0.972 
50.45 0.938 
39.52 0.928 
28.60 22.082 
26.46 20.931 
23.25 19.204 
20.57 17.765 
17.90 16.326 
15.45 13.828 
13.00 11.330 
11.96 10.067 
10.91 8.805 
9.87 7.543 
8.83 6-280 
8.56 5.985 
8.37 5.788 
7.91 5.297 
7.46 4.005 
7.32 4.658 
7.00 4.314 
6.69 4.138 
6.38 3.962 
6.07 3.786 
5e76 3.610 

0,6448 

0 . 4009 
0 04392 

0.3332 
0 -2656 
0.1980 

0 1093 
0.0801 

-0.0421 
-0 -0392 
-0.0347 
-0.0310 
-0.0273 
-0 e0263 
-0.0253 
-0.0255 
-0.0257 
-0.0259 
-0 -0261 

0,1334 

0,0538 

-0 a0266 
-0.0269 
-0.02 76 
-0 *0284 
-0.0286 
-0 -0291 
-0 -0288 
-0.0285 
-0.0282 
4 e0279 

0,0759 
0.0047 
0 -0028 
0.0021 
0.0016 
0.0008 
0.0 
0.0 
0.0 
0 .o 

e0006 
e0036 
.0101 
.01% 
,0208 
,0255 
-0303 . 0 368 
e0434 
.os00 
.OS66 
0599 

.0620 

.0729 . 0 746 

.0784 

-0791 

.0799 

00675 

e0788 

e0795 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

I 
c.' w 
-J 
I 

None 

Build-up factor = A*exp(-alphalw) + (l-A)*e~p(-alpha2%)~ 
Build-up factor = 1.0 + A*b + alphal*bW + alpha2*b*3. 



TABLE 20 
GAMMAIRAY DOSE BUILD-UP FACTORS FOR IRON 

Energy b (mf 
(Mev) 0 ,  1.00 2.00 4.00 7- A ALPHA1 ALPHA2 WDe* 

025 
50 . 60 
70 
.8O 
.90 
1.00 
1.25 
1 e50 
1.75 
2 000 
2 020 
2050 
2.75 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6 000 
6.30 
6 050 
7 -00 
7050 
7.65 
8 .OO 
8.50 
9 000 
9.50 
10 000 

1.00 2.06 3.22 6.40 12.85 21073 42.17 69.22 48.63800 0.07220 -.05130 
1.00 1098 3.09 5.98 11.70 19.20 35.40 55.60 tOo437OO -.064100.03940 
1.00 1.96 3.05 5.86 11.40 18.60 33.98 53.02 38.04000 0.06300 -.03680 
1.00 1.94 3.01 5.74 11010 18.00 32.56 50.44 35.64300 -.O618O -003410 
1000 1091 2.97 5.63 10.80 17040 31.14 47.86 33.24600 -.06070 0.03140 
1.00 1.89 2093 5051 loo50 16.80 29.72 45.28 3Oo868OO -005960 -002880 
1.00 1.87 2.89 5.39 10.20 16.20 28.30 42.70 280451OO 0.05840 0.02610 
1.00 1.84 2.77 5.07 9.46 14.87 25.62 38.30 25.80500 0.05540 -.02100 
1000 1.81 2.66 4.76 8.72 13.55 22.95 33.90 23o16000 0.05230 0o01580 
1000 1079 20% 4044 7.99 12.22 20.27 29.50 20.51400 0.04920 -.01060 
1.00 1.76 2.43 4.13 7.25 10.90 17.60 25.10 17.97400 0.04630 0.00570 
1000 1.72 2.37 4.01 6.97 10.42 16.78 23.90 17.02300 0.04590 0.00470 
1.00 1065 2.29 3.82 6.55 9.70 15.55 22.10 15.59600 0.06530 -000330 
1000 1.60 2022 3.66 6.20 9.11 14.52 20.60 14.60700 0.04480 -000210 
1.00 1055 2.15 3051 5085 8.51 13.50 19010 13021800 -004430 -000090 
1.00 1.50 2.05 3.27 5.38 7.81 12.35 17055 11.42100 0.04560 oOOO4O 
1.00 1.45 1.94 3.03 4.91 7.11 11020 16.00 9.62400 -.04700 o00180 
1.00 1.42 1.88 2.92 4072 6.84 10.87 15.67 8.68500 -.05060 .00080 
1.00 1.40 1083 2.80 4.52 6056 10056 15035 8.13225 -005149 -.00006 
1000 1037 1.77 2069 4.33 6-29 10.22 15002 6,80600 0.05790 -000100 
1.00 1034 1.72 2.58 4014 6.02 9.89 14.70 5.86700 -006150 -*OO190 
1.00 1033 1.70 2053 4.04 5088 9.68 14.44 5.47300 -006350 o00160 
1.00 1032 1.68 2.49 3.98 5078 9-56 14.27 4.95045 -006490 . O O W  
1.00 1.30 1064 2.41 3081 5.54 9.19 13085 4,32725 -.06820 oO1018 
1.00 1.29 1.60 2032 3065 5.31 8.85 13.42 3.89900 -.07160 000930 
1.00 1.28 1.59 2.29 3.60 5.24 8.74 13030 3.33180 0.07623 e01978 
1000 1-27 1056 2.23 3.49 5.07 8.50 13.00 3.24300 -007500 002120 
1.00 1-25 1.52 2.16 3.36 4.89 8.26 12085 2.58210 -008505 -03087 
1.00 1.23 1049 2.09 3.24 4.71 8.02 12.70 2.37025 0.08700 .02622 
1-00 1.22 1045 2.02 3.11 4.53 7.78 12.55 2012100 -.09300 .03300 
1.00 1-20 1042 1.95 2-99 4.35 7.54 12.40 1.74700 -.09900 .06630 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

* 
T signifies Taylor exponential f i t  coefficients: Build-up factor = A*-(-alphal*b) + (l-A)*exp(-alpha2*b) 



TABLE 21 
Gam-Ray Energy Absorption Build-Up Factors for Iron 

4 

Error Magnitudes Greater than 
Energy b(mfP) * 5% Paired with Corresponding 
W v )  0. 1.00 2.00 4.00 7.00 10.00 15.00 20.00 A ALPHA1 ALPHA2 Type b values (% Error. b(mfp)) 

.25 1.00 3.47 6.21 13.27 28.42 49.57 98.82 166.71 66.013 -0.0813 -0.0447 T (5.7s2)s(5.8s20) 
050 1.00 2.80 4.84 9097 20.40 34.20 64.30 101.00 44.303 -0.0720 -0.0302 T (6.5,1),(6.8,2),(-5.lp1O),(6~8,20) 
0 6 0  1.00 2.68 4.59 9.38 19.04 31074 59.20 92.50 41.429 -0.0703 -0.0284 T (6.6,1),(6.7,2)s(-5.4,10),(5.8,20) 
.70 1.00 2.56 4.34 8.78 17.68 29.28 54-10 84.00 380555 -0.0687 -0.0266 T (6.8~1),(6~7~2),(-5.7~10),(5o2,20) 
.80 1.00 2.43 4.08 8.19 16.32 26.82 49.00 75.50 35.682 -0.0670 -0.0248 T (6.9,1)~(6o6,2),(-5.7s10),(5.1,20) 
-90 1.00 2.31 3.83 7.59 14.96 24.36 43.90 67.00 32.808 -000653 -0.0230 T (7o1,1),(6.5,2),(~5.5,10),(5.7,20) 
1.00 1.00 2.19 3.58 7.00 13060 21.90 38.80 58.50 29.934 -0.0637 -0.0212 T (7.2,1),(6.5,2),(7.2,20) 
1.25 1.00 2.09 30% 6.38 12.18 19.40 33.92 50.72 280247 -0.0582 -0.0174 T (6olp1),(5.4,2)s(-6o4p1O) 
1050 1.00 1098 3.11 5.76 10.75 16.90 29.05 42.95 26.559 -0.0527 *OoO136 T (503,1)~(-6.7p10),(~509,15) 
1.75 1.00 1.88 2.88 5.15 9.33 14.40 24.17 35.17 24.872 -0.0473 -0.0098 T (5.2,lO) 
2.00 1.00 1.78 2.64 4.53 7.90 11.90 19.30 27.40 230252 -0.0420 -0.0061 T (5.5,2),(6.2,20) 
2.20 1.00 1.74 2.55 4.35 7-53 11.28 18.24 25.88 21.281 -0.0425 -0.0047 T 
2.50 1-00 1.68 2.42 4.07 6097 10.36 16.65 23.60 18.325 -0.0431 -0.0026 T (5.6*2)s(6.7,20) 
2.75 1.00 1.63 2.32 3.84 6.51 9059 15.32 21.70 15.861 4.0437 -0.0008 T (5.5,20) 
3.00 1-00 1-58 2.21 3.61 6.05 8.82 14.00 19.80 13.398 -000442 0.0009 T 
3.50 1.00 1.52 2.08 3.32 5.47 7.96 12.55 18.25 11.330 -0,0469 0.0006 T 
4.00 1.00 1.45 1.95 3.03 4.90 '7.10 11.10 16.70 9.261 -0.0495 0.0003 T 
4.50 1.00 1.41 1.87 2.87 4.61 6.66 10.49 15.70 8,209 -0.0522 0.0005 T 
5.00 1.00 1.38 1.79 2.70 4.31 6.22 9.88 14.70 7,157 -0oO55O Oo0008 T 
5.50 1.00 1.34 1.71 2.54 4.02 5.79 9028 13.70 6.104 -0.0577 0.0011 T 
6.00 1-00 1030 1.63 2038 3.73 5.35 8.67 12.70 5.052 -0.0604 0.0014 T 
6.30 1.00 1.29 1.60 2.32 3.62 5.18 8.40 12.35 4.875 oOoO611-0.0007 T 
6.50 1-00 1.28 1.59 2.28 3.54 5.07 8.22 12012 4.758 -0.0616 -0.0021 T 
7.00 1.00 1.25 1.54 2.18 3036 4079 7.78 11.55 4.464 -0.0627 -0e0055 T 
7.50 1.00 1.23 1.49 2.09 3.17 4.51 7-33 10.97 4.169 -0.0639 -0oOO89 T 
7.65 1-00 1.23 1.48 2.06 3.12 4.43 7.20 10.80 4.081 -0.0642 -0.0100 T 
8.00 1.00 1021 1.45 1-99 2.99 4.23 6.89 10.40 3.875 -0.0650 -0.0124 T 
8.50 1.00 1020 1.42 1.94 2.89 4.09 6.71 10.27 3.682 -0.0677 -0.0177 T 
9.00 1.00 1.18 1.40 1.88 2.80 3.96 6.53 10.14 3.488 -0.0703 -0.0230 T 
9.50 1.00 1.17 1.38 1.83 2.70 3.82 6.35 10.02 3.295 -0.0730 -0.0283 T 
10.00 1000 1.16 1.35 1.78 2.61 3.69 6.17 9.89 3.101 -0.0756 -0.0336 T 

* 
T signifies Taylor exponential fit coefficients: Build-up factor = A*exp(-alphal*b) + (l-A)*up(-alpha2*b). 
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TABLE 22 
--RAY DOSE BUILD-UP FACTORS FOR LIUD 

e2 5 
50 

e 60 
e 70 
e 8 0  
e 90 
1 e00 
1.25 
1.50 
le75 
2 000 
2 e20 
2.50 
2 e75 
3 e00 
3.50 
4.00 
4. 50 
5.00 

6 .OO 

6.50 

7.50 

8 .OO 

9.00 
9.50 
10.00 

5.50 

6.30 

7eOO 

7.65 

8e50 

Error Magnitudes Greater 
than 5% Paired with 

b * Corresponding b values 
-L-.-- 0. 100 2.00 4 00 7.00 10.00 15.00 20.00 A ALPHA1 ALPHA2 Type IS, Error, b(mfp)) 

1.00 
1 .oo 
1 .oo 
1 e o 0  
1 e 0 0  
1.00 
1 .oo 
1.00 
1 e00 
1 e00 
1 e00 
1 eo0 
1 eo0 
1 .oo 
1.00 
1.00 
1 e00 
1 .oo 
1 .oo 
1.00 
1 .oo 
1.00 
1 e00 
1.00 
1 .oo 
1.00 
1 .oo 
1.00 
1 .oo 
1 e00 
1 000 

1.17 
1 e24 
1.27 
1 e29 
le32 
1 e 3 4  
1.37 
le37 
1.38 
1.38 
1.39 
1.38 
1.37 
1.35 
1 e 3 4  
1.30 
1.27 
1.25 
le23 
1.20 
1.18 
1.17 
1.17 
1.16 
1.15 
le15 
1.14 
1.13 
1.13 
1.12 
1.11 

1.29 
1.42 
1.47 
le53 
1 e58 
1.64 
1 069 
1.71 
1 e72 
1.74 
1.76 

1.72 
le74 

1 e70 
1 e68 
1 e62 
1.56 
1.52 
1.48 
1-44 
l e 4 0  
le38 
1 e37 
1.35 
1.32 
1.32 
1.30 
1 e28 
1.26 
1.25 
1 e23 

1 e40 
1 e69 
1.80 

2.03 
2.15 

1.92 

2 e 2 6  
2 e32 
2.38 
2.45 
2 e51 
2.49 
2 -47 
2 045 
2.43 
2.34 
2 e25 
2.18 
2e11 
2.04 
1.97 
1.94 
1.91 
1 e85 
1.80 
1.78 
1.74 
1.70 

1.62 
1.58 

le66 

1.49 
2 .oo 
2 e20 
2.41 
2 -61 
2 e82 
3.02 
3.18 
3e34 
3.50 
3.66 
3.68 
3. 70 
3.73 
3.75 
3.68 
3.61 
3.54 
3.47 
3e41 
3e34 
3.27 
3.23 
3.11 
3.00 
2.97 
2 089 
2.80 

2 -61 
2.52 

2e70 

1.53 

2e56 
2.27 

2.86 
3e15 
3.45 
3.74 
4.01 
4.29 
4.56 
4.84 
4.93 
5.07 
5.19 
5.30 
5.37 
5.44 
5.50 
5.56 
5.63 
5.69 
5e60 
5.53 
5.38 
5.22 
5e18 
5.07 
4 e89 
4.70 
4e52 
4e34 

1.57 
2 065 
3 e08 
3.51 
3.95 
4.38 
4 e81 
5e32 
5.84 
6.35 
6e87 
7.18 
7.65 
8 e05 
8.44 
9.12 
9 e80 
10.80 
11.80 
12.80 
13.80 
13.84 
13-87 
13.95 
14 e02 
14.05 
14.10 
13.70 
13e30 
12 e90 
12 50 

1.72 
3.10 
3.65 
4.20 
4 e 7 6  
5.31 
5 086 
6 065 
7 043 
8.21 
9 e 0 0  
9.66 
10.65 
11.47 
12.30 
14.30 

20.40 
24.50 

16 0 30 

28 e60 
32 70 
34.48 
35.67 
38 065 
41.62 

44.60 
43.25 

42 e52 

41 e90 
40 55 
39.20 

le34200 -.01080 
1 e67700 =e03080 
1.93800 - 003170 
2 e09000 0.03575 
2 046100 -e03340 
2.72300 - .OX20 
2.98400 - .03500 
3.05150 -e04025 
4.00425 me03490 
4,83000 0.03315 
5.42100 -e03480 
5.45300 -e03870 
5.50000 - e04450 
5.54000 -004940 
5.58000 -.05420 
4 73900 e06940 
3.89700 -e08470 
2 e36500 0.11360 
1 e47800 - e 14140 
le35100 -e15510 
092600 e 17860 
-84200 - .la730 
74670 0 19320 
58230 - e20780 
-45720 - e22230 
034950 0.23803 
36800 - e 2  3690 
e35400 -e23770 
.34000 - .23860 
32 500 0 2 3940 
31 100 - e24020 

.64100 
e30900 
e27400 
-21510 
e 15300 
16900 
13400 

e 122 10 
.07480 
005525 
e04300 
.03600 . 02 500 
.01500 
.00600 - .00800 - 002300 - .03200 

0.01 300 
-.07500 - .04600 
oO47OO - ,04410 - . 04845 

-.05130 - -07700 
- .04900 
-.04200 

- .02 700 

- e 0  5600 
-e03500 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T ).r 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

a 

None s 
I 

- 
T signifies Taylor exponential fit coefficients: hild-up factor = A*exp(-alphal*b) + (l-A)*exp(-al~ha2*b) 



TABLE 23 
GAWMA-RAY ENERGY ABSORPTION BUILD-UP FACTORS FOR LEAD 

Error Magnitudes Greater than 5% 
Energy b(mfv) Paired with Corresponding b values 
0 0.L.. 100 2 00 4 00 3000 10000 15000 20000 A AISHA1 ALPHA2 m e *  j% Error, b b f p ) )  

025 . 50 
.6O 

. 80 . 90 
1.00 
1.25 
1050 
1.75 
2 0 0 0  
2 020 
2.50 
2.75 
3.00 
3.50 
4.00 
4050 
5 000 
5.50 

70 

6.00 
6.30 
6050 
7 000 
7.50 
7 065 
8 .OO 
8.50 
9000 
9050 
10 .oo 

1.00 1038 1051 1059 
1.00 1.51 1.80 2.19 
1.00 1-56 1.91 2043 
1.00 1.61 2.03 2.67 
1.00 1.66 2.14 2.91 
1.00 1.71 2.26 3.15 
1.00 1.76 2.37 3.39 
1-00 1.71 2.30 3.33 
1-00 1067 2.23 3.27 
1.00 1.62 2.17 3.20 

1.00 1.54 2.03 3.01 

1.00 1.42 1.82 2.66 

1.00 1.30 1.61 2.29 

1-00 1058 2.10 3.14 

1000 1.47 1.91 2.82 

1.00 1.37 1.73 2050 

1000 1024 1.49 2.09 
1000 1021 1.44 1.99 
1.00 1.19 1.39 1.89 
1.00 1.16 1034 1.80 
1.00 1014 1.29 1.70 
1.00 1.13 1.28 1.67 
1.00 1.13 1.27 1.65 
1.00 1.12 1.25 1.60 
1.00 1011 1023 1055 
1.00 1011 1.22 1.53 
1.00 1.10 1.21 1.50 
1.00 1.09 1-20 1047 
1.00 1.09 1.18 1.44 
1-00 1.08 1.17 1.41 
1.00 1.08 1.16 1.38 

1055 
2.61 
3.04 
3.46 
3.89 
4031 
4.74 
4.73 
4072 
4.71 
4.70 
4.53 
4027 
4 006 
3.85 
3.55 
3.25 
3.09 
2 094 
2 078 
2 063 
2 057 
2.52 
2 042 
2 031 
2.28 
2 021 
2 014 
2 .O6 
1.99 
1.92 

1.51 
3.01 
3.61 
4.21 
4081 
5.41 
6.01 
6 009 
6.16 
6.24 

6.14 
6 032 

5 088 
5.65 
5 043 
5.11 
4.79 

4.49 
4.35 
4.20 
4 009 
4.02 
3085 
3.67 
3062 
3.50 
3.35 
3.21 
3006 
2 092 

4064 

1.55 1.60 

4.37 5.38 
3.52 4.30 

5.22 6.46 
6.08 7.54 
6.93 8.62 
7.78 9070 
8.10 10.27 
8041 10.85 
8.73 11.42 
9005 12-00 
8.97 12012 
8085 12030 
8.75 12.45 
8.65 12.60 
8.55 13025 
8.46 13.90 
8071 15.80 
8096 17.70 
9.21 19.60 
9046 21050 
9.33 21.72 
9.24 21.87 
9.03 22.25 
8.81 22.62 
8.75 22.74 
8.60 23.00 
8.24 22.35 
7088 21.70 
7.51 21.05 
7.15 20.40 

1 0644 
2 0030 
2 0462 
2 e750 
30161 
3 760 
4 . 192 
4.775 
4.555 
4.456 
6 502 
6 0640 
6 0848 
7.021 
7 . 194 
2.529 

1.237 

401% 

lo672 

1.029 
Oo7n 
0.713 
0 0674 
0 576 
0,479 
0 0449 
00381 
0.329 
0.276 
0.224 
O 171 

0.0024 0,906 
-0 00374 0 05064 
-0 00384 004424 
-0.0415 0.2838 

-0.0415 0 -2504 
-0,0426 0.1864 
-0 00413 0 1536 
-0.0660 0,1267 
-0.0437 0.1143 
-0 -0375 0.0563 

-0.0425 002358 

4.0396 0.0451 
-0.0427 0.0282 
-0,0454 000141 
-000480 0.0 
-000694 0.0 
-0.0909 0.0 
-0.1152 0.0058 
-001348 0 00267 
-0 01472 000172 
-0.1660 0.0382 
-0 .I716 0 00325 
-0,1754 0.0287 
4 1847 000191 
-0.1941 0.0096 
-0,1969 0,0067 
-0.2035 0. 
-0.2113 -0.0079 
-0.2192 -0.0158 
-0 022 71 -0.0236 
-0 02350 -0.0315 

T 
T 
T (7.4,2)s (709.4) 
T 
T 
T (7.0,2)s(8o8s4),(5.5,7) 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T (5.5,15), (5420) 
T 
T 
T 
T 
T (506,15)s(6.6s20) 
T (5.6.20) 
T 

(7 09 s 4) s (7 o6,7), (5 2 s 10) 

I 
w 

I 
f 

* 
T signifies Taylor exponential fit coefficients: Build-up factor = A*exp(-alphal*b) + (l-A)*exp(-alpha2*). 
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2. --Ray Lbse Rate Conversion Factors 
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.?00  
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3. Neutron Removal Cross Section Kernels 

Data for three neutron point kernels are given in Table 25. These 

three kernels give fast neutron dose rate, thermal neutron flux in low 
temperature water (60°P S T S 18OoP), and thermal neutron flux in high temperature 
water (4S0°P S T S 650°P),respectively. More information on the fast neutron 
dose rate kernel is given below. 

For these kernels, the point kernel equation is analogous to Equation 
(1) but has N terms, and the macroscopic total gamma attenuation coefficients 

p are replaced by macroscopic neutron removal coefficients Zr : 
i i 

The nultipliers Ai are empirical numbers found by fitting a linear 
combination of single exponential8 to the experimental fast neutron dose rate 
distribution in pure water, the experimental thermal neutron flux in water at 
68OF, and the theoretical neutron flux in water at about 555OP. For the fast 
neutron dose rate kernel, the multipliers Ai contain dose conversion factors 
implicitly. 

N=3 for the fast neutron dose rate kernel and the kernel for thermal 
N=2 for the thermal neutron flux in neutron flux in high temperature water. 

l ow temperature water kernel. 

These data are also discursed in Reference (34), which gives a 
bibliography of the sources of these data. 
same discussion and bibliography. 

units are barns/atom for element8 and cm /gm for mixtures. 
corresponding macroscopic removal coefficients these data nust be nultiplied 
by lumber density (atodbarn-cas) for elements or by physical density (gm/cm ) 
for mixtures. That is 

Reference (10) gives much the 
See also Reference (9). 

Microscopic removal cross section data Gi is given in Table 25; the 
2 To find the 

3 
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C - CI x Number Density fo r  elements and 

C = u x Physical Density fo r  mixtures. 
ri 

Number density information is  given i n  Table 26. 

The u s e  of these kernels is val id  only i n  problems with uniform 

shields, and, i n  general, a t  least f i f t e e n  centimeters of hydrogeneous material 

must l ie  between the  last non-hydrogeneaus shielding material and the  detector 
points. 

which may be used t o  f ind the  biological dose rate (mrem/hr) i n  a l l  water 
medium due t o  neutrons with energies greater  than 1 ev. 

energies greater  than about 0.3 MeV contribute over 90% of t h i s  dose rate. 
In  prac t ica l  applications,  the  e f f e c t  of t he  non-hydrogeneous materials such 
as the  i ron  and/or lead within a hydrogeneous shield is taken i n t o  account by 
the  use of removal cross  sections. 
parameters describing the  apparent exponential a t tenuat ion observed fo r  the  

The mst useful  of these kernels is the f a s t  neutron dose rate kernel, 

Neutrons with 

These cross  sections are empirical 

I non-hydrogeneous material i n  a water shield.  

Most removal c ross  sections have been derived from measurements i n  

the  Lid Tank Shielding Fac i l i t y  a t  Oak Ridge National Laboratory. These values 
were derived from thermal neutron measurements made behind samples followed 
by a thickness of water (usually no less than 100 cm). 
large enough so that the  neutron spectra a t  the  point of measurement can be 

assumed to be essent ia l ly  the  same with o r  wi.thwt the sample, and therefore 

the thermal neutron f lux  can be taken as a measure of the f a s t  neutron dose 

rate. 
limited i n  appl icabi l i ty  t o  s i tua t ions  camparable to  those from which they 

were derived, i.e., 100 cm of water following the material. 
however, t h a t  the  thermal neutron flux curve becomes pa ra l l e l  t o  the a l l  water 

curve at  about 30 c m  beyond the  iron (Reference (l), p. 76) implying tha t  
neutron spectral  equilibrium has been regained. Therefore, i n  actual  practice,  

the  removal cross  sections could be used when a t  least 30 c m  of hydrogeneous 

material follows the  non-hydrogenear8 material. 
energy neutrons, which d i c t a t e  the  fast neutron dose rate, probably approaches 

the equilibrium water shape even more rapidly, i.e., i n  less than 3C c m .  

This thickness is chosen 

S t r i c t l y  speaking, the  resu l t ing  removal cross sect ions should be 

It is  observed, 

The spectrum of the higher 
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A distance of 15 c m  of hydrogeneous material following non-hydrogeneous 
material has therefore been used as a PdnLmUm for  which fu l l  c red i t  fo r  reamval 
cross sections can be taken i n  fast neutron dose r a t e  calculations. 

The variation of the f a s t  neutron dose rate removal cross sections fo r  

iron and lead as the thickness of t h e  hydrogeneous material changes is  shown 

i n  Figure 46, which is taken from Reference ( 9 ) .  

equation and associated empirical constants which give a good f i t  of the curves 

of Figure 9. 

Table 25. 

Reference ( 9 )  also gives an 

This equation and the constants are given i n  the footnote t o  



TABLE 25 

MICROSCOPIC NEUTRON -VAL CROSS SECTIONS AND MULT1PLI.S 
(From Reference (10)) 

piaterial Name 

Hydrogen 
Carbon (Graphite) 
Standard Water 
Oxygen 
Ordinary Concrete 
Aluminum 
Chromium 
Iron 
Nickel 
Zirconium 
Tin (White) 
Tungsten 
Lead 
Uranium 

Mu1 t i p l i e r  s 

* 
Fast Neutron Dose Rate Kernel 

Microscovic Removal Coefficients 
d U d 
r1 '2 '3 

09720 1.9000 3,7420 
08100 08100 .8 100 

2 09340 4 7900 8.4730 
09900 . 9900 .9900 
e0397 00397 00397 

1 . 3100 1 . 3100 1 3100 
1.8300 1 e8300 1.8300 
1.9800 1.9800 1 9800 
1.8900 1.8900 1.8900 

2 05800 2.5800 2.5800 

3 . 5300 3 5300 3 . 5300 
3 e6000 3 6000 3.6000 

2,3200 2 3200 2 3200 

3.1300 3.1300 3,1300 

Thermal Neutron Flux 
i n  Low Temp. Water 
Kernel Microscopic 

Removal Coefficients 
U cf 

1 '2 r 

1.8360 .9290 
08100 08100 

4.6620 2 08470 
09900 09900 
00397 00397 

1.3100 1 . 3100 
1.8300 1,8300 
109800 1.9800 
1 8900 1.8900 
2.3200 2 03200 
2.5800 2 . 5800 
3.1300 3.1300 
3 5300 3.5300 
3 o6000 3.6000 

1.1770 

3.3440 
.81OO 

9900 
.0397 

Io3100 
1.8300 
1 09800 
1.8900 
2 . 3200 
2 . 5800 
3,1300 
3 5300 
3.6000 

I! U 
'3 

Thermal Neutron Flux i n  
High Temperature Water Kernel 

Microscopic Removal Coefficients 

U U 
1 r2 r 

2 0 3600 3.6850 
68100 .8100 

.9900 .9900 
00397 

1.3100 1.3100 
108300 1.8300 
1 e9800 

5.7100 

1.9800 
1.8900 
2.3200 
2.5800 2.5800 
3.1300 3 e1300 
3.5300 3 5300 
3.6000 3 6000 

00316 022 10 -01275 17.2000 35 70 2 08300 5905OOo -117.0000 

* 
For t h i s  kernel, if less than 15 cm of hydrogeneoas material l ies between the detector point and the l a s t  non- 
hydrogenems shields,  the removal coeff ic ients  fo r  tha t  material intervening between the source and the detector 
point and lying closest t o  the  detector point may be decremented t o  allow f o r  t h e  changed neutron spectrum. The 
decraaented value is given by 

ui(t) = d (l-be-ct) 
f , 
1. 

where t i r  the actual  d i r t m c a  through the hydrogeneotis material, given i n  CII, and b and c a re  equal t o  0.6968 and 
0.125 respectively f o r  iron and t o  0.7830 aud 0,0931 respectively for lead. 
given i n  Figure 46. 

Plot8  of P U r i ( t )  for  iron and lead are 
See Reference ( 9 ) .  

4 
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THCKNESS OF POLYETHYLENE, CENTIMETERS 

FIGURE 46 

EFFECTIVE MACROSCOPIC FAST NEUTRON DOSE RATE RBfOVAL 
CROSS SECTION AS A FUNCTION OF THICKNBSS OF HYDROGENI#IUS 
MATERIAL (POLY-) INTERVWING B%rwEa IRON OR LEAD 
SHIELD AND THE DBTIQCTOR POIWT 
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5.  materials 

(Based on the following number densities.) 

TABLE 26 

l!Pdml Numb er Densities of Conrnon Shieldinn Ma terials 

Standard Water 
Water, lSS°F, 14.7 psia 
Iron 
Zirconium 
Lead 
Uranium 
Hydrogen 
Carbon (Graphite) 

* oxygen 
Ordinary Concrete 
Aluminum 
Chromium 
Nickel 
Tin 
Tungsten 

Nominal Number Density 

. 333700-01 molecules/barn-cm 
326900-01 mo lecules/barn-cm 
.849200-01 atoms /barn-cm 
. 431200-01 atoms/barn-cm 
. 329900-01 atoms/barn-cm 
.479500-01 atoms/barn-cm . 537100-04 atoms/barn-cm 
.112800+00 atams/barn-cm 
.537900-04 atoms/barn-cm 
.233900+01 gm/cm 
.602500-01 atoms/barn-cm 
.831700-01 atomdbarn-cm 
.913200-01 atoms/barn-cm 
.371000-01 atoms/barn-cm 
.6 32 300-0 1 a toms /bar n-cm 

2 

* Concrete nmaber denaity varies greatly according to the exact mix. 
number density assumes the following composition: 

This 

2 
Element Partial Number Density in d c m  

H 
0 
Na 
Mg 
A1 
si 
S 

0.013 
1.165 
0 . 040 
0.006 
0 e107 
0 737 
0.003 



TABLE 27 

Units are cmol 

W-RAY mutm wxoscop~c ATTBHUATION COEFFICIENTS* 

1 I 158- 
Water I 

Water , a.7 psia Iron Z i r c O n i U m  Lead 
1674173*00, 1640938+0C 2694512+01 5941936+01  6376967+0i  
13604Pfi*BU 1333503+0C 1094619+01  1361730+01  1099557+0i  
1182967+00 1159497+0C 8429139+00 8093624+00 4 3 6 7 8 7 6 . ~ 0 1  
1055827+00 1034880+0L 7255565+0U 6390384+00 2507900+01 
9643930-01  9452598-01  6530348+00 5480552+00 1747810*03 

8319141-01  8154092-01  5572450+00 4506040+00 1121990+01 
7821928-01  7666743-01  5231072+00 4206356+00 9715555+0[ 
7037753*01  6898107-01  4695227+00 3744972+00 7818630+0[ 
6296919-01  6171990-01  4193330+0C 3330158+00 6462741+01; 
5736303-03 5622497-01  3828194+0C 3043410+00 5776549+01 

~ 5282471-01  5177668-01  3553902+0U 2837296+00 5337782+0C 
~ 4918738-01  4821132-01  3347546+00 2691119+00 5106852+013 

4612846-01 4521329-01 3180396+00 2576923*00 4930905+013 
I 4134543-01  4052515-01  2932288+00 2420757+00 4743962+0C 
1 39510081-01 3872621-01  2843971+00 2370738+00 4710972+01 

3637330-01  3565167-01  2704702+00 2296140+00 4674683+01 
3393729-01  3326399001  2607893+00 225345>1+00 4697776+0(3 

8 9 1 3 i 2 7 - 0 1  8736293-01 5994503+ac 4911368+00 1361827+01 

3192842-01 3129497-01  2534862+0L ,2228010+00 4747261+Ou ' 3025992*01  2965957-01  2481362+00 :2214212+Ou 481 ,3241+0~  
2882884-01  2825640-01  24406UltO.U 2204294+0U 4875922+00 
276103r lw01 2706236-01  24108 /9+00  22012?6+00 4948500+00 
2656586-01 2603880-01  2388800+00 2203863+00 5027676+0U 

1 2567134-01 2516223-01  2373514+00 2212056+0U 5113430*0U 
2489068-01 2439686001  2362474+00 2224561+00 5205822+00 
2420326qOl  2372306-01 2355681+00 2240084+00 5290194+00 
2359593-01  2312779-01  2351435+00 2256901+00 5393865+0U 
2305553-01  2259792-01  2349736+0U 2272855+00 5482968+00 
2259816-01  2214982-03 2352709+00 2282773+0U 5555516+00 
2214099-01  2170172-01  2555661+OU 2292690+00 5628094+00 

U r a n i u m  
l o r n  * c  

2331329*0i 
9172855+01 
51738U5+01 
3506104+bl 
2653553*01 
2 1 3 8 5 / 0 + 0 1  
1824977+01 
1428910+01  
1153197+01 
1019417+01  
9535865+00 
8909110+00 
8590242+00 
8285760+00 
8242605+00 
8189860+00 
8223425+00 
8295350+00 
8396045+0U 
8506330+00 
8621410+00 
8746080+00 
8870750+00 
8990625+0U 
9115295*00 
9239965.tOU 
9369430+00 
9508485+00 
9647540+00 

* 
The nominal number dcnrities of Table 26 were used to obtain these macroscopic 
cro88 rectiona. The corresponding dcro8copic cr088 sectionr ma9 be found by 
dividing by the appropriate d e r  d e ~ i t y .  



TABU 28 
GAmA-RAY N r m I l l A L ~ C o P I C  * 

ABSORPTION COEFFICIQJTS 

(The entries  i n  t h i s  table  m y  be used t o  convert gama flux, which has unit8 of 
3- , to energy absorption rate in  watts/cPP .) 
cm - a s  

1 3 

Energies 
MeV 

1 o o o u o + o u  
2 0 0 0 0 0 + 0 0  
300000+00 
400000+00 
500000+00 
600000+00 
7 0 0 0 0 0 + 0 0  
8 0 0 0 0 0 + 0 0  
1 0 0 0 0 0 + 0 1  
1 2 5 0 0 0 * 0 1  
1 5 0 0 0 0 + 0 1  
175000*01'  
2 0 0 0 0 0 + 0 1  
225000+01  
275000+01  
30 0 0 0 0 + 0 1. 
350 0 0 0 + 0  1 
400000+01  
450-0 0 O + O l  
500000+01  
550000+01  
600000+01  

7 0 0 0 0 0 * 0 1  
650000+01  

750000+01  
c100000*01 
850 0 0 0+01 
900000+01  
950000+01  
100000+02 
I 

S t d a r d  
Water 

4087825-15 
9480417-13 
1531016-14 
2093300-14 
2636897-14 
3149461-14 
3637330-14 
4101173-14 
4965456-14 
5933186-14 
6807480-14 
7635056-14 
8415914-14 
9146717-14 
1051822-15  
1116894-15 
1244034-15  
1366168-13  
1483964-15 
1 5 9 8 7 5 7 w 1 5  
1711547-13  
1822336-13  
1931789-15  
2039241-15 
2145024-15 
2249472-15 
2353586-15 
2458368-15 
2569323-15 
2680278-13 

Water 
150% 

14.7 p3ia 
4006724-15 
9292329-15 
1500641-14 
2051770-14 
2584582-14 
3086976-14 
3565167-14 
4019807-14 
4866943-14 
5815473-14 
6672422-14 
7483579-14 
8248945-14 
8965249-14 
1030955-15 
1094755-15 
1219352-15 
1339063-15  
1454523-15  
1567038n15 
1677591-13  
1786181-15 
1 8 9 3 4 6 3 ~ 1 5  
1998783-15  
2102467-15 
2204843-15 
2306892-15 
2409595-13 
2518349-13 
2627103-15 

Iron 
2814244-15 
1256616-13  
1295030-15  
1554885-13  
1861446-13  
2173103-13 
2478815w13  
2776035-13 
3333412-15 
3977653-15 
4600116-13 
5235318-15 
5880710-15 
6525536-13  
7841513-15 
8517476-15 
9910164-15 
1135380-12  
1284840-12  
1438545-12  
1995647-12  
1756995-12  
1922589-12  
2094127-12 
2271610-12 
24533Y9w12 
2639314-12 
2827836-12 
3016783-12 
3205750-12  

Zirconium 
8348032-15 
2605310-15 
1773526-13 
1677799-15  
1752397-15  
1914097-15 
2103394-13 
2313819-15 
2727711-13 
3220633-13 
3718258-15 
4251652-15 

5414435-15 
6 6 7 9 2 8 8 ~ 1 5  
7356212-13 '  
8761984-15 
1025825-12 
1183213-12 
1346206112 
1511787-12  
1682542-12  
1858903-12  
2042163-12 
2 2 3 2 3 2 2 ~ 1 2  
2428518-12 
2 6 2 9 0 2 6 - 1 1  
2832122-12 
3029396-12 
3226670-12 

4820816-13 

Lead 

1 0 0 1 5 / 6 - 1 1  
3246816-12 
1767214-12  
1228878-12  
9817824-15 
8640081-15 
7930796-15 
7637185-15 
7399657-13 
7541514-13 
8263995-15 
9167921-15 
1039845-12  
1168691-12  
1464756-12  
16306Y6-12 
1978080-12  
2356146-12 
2757964-12 
3181556-12  
3622302-12  
4080663-12 
4555919-12 
5050769-12  
5565413-12  
6093253-12  
6637588-12 
7191820-12 
7749351-12 
8306882-12 

* 
The nominal Lumber d e m i t i e s  of Table 26 were used t o  obtain these macroscopic 
energy abrorption coef f ic ients .  
coef f ic ients  may be found by dividing by the appropriate mmber density. 

The corresponding microscopic energy abrorption a 
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6.  Nomon ram for Estimatian the  Effects of Slab Shields Versus Cylindrical 
Shields 

These lbomograma come d i r e c t l y  from the work of J. W. Langhaar reported 
i n  Reference (28) 
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FIGURE 47. CYLINDRICAL VS FLAT SLAB SHIELD FOR 
J/R 22 AND psR 24 (FORpgR <4, MULTIPLY 
THIS FACTOR BY FACTOR FROM FIGURE 47.) 

4 /4 

rhield of thickness t and attenuation p. 

The cylindrical source is homgeneous and has radius R and length 4. 

is distance f r o m  axis. 
source and shield is assumed. 

Key: 

is ratio of uncollided flux for cylindrical shield to that for flat slab 
c s  

S = a* 
For a cylindrical shield, negligible gap between 

See Figures 9 and 10. 

Prom point in (pt, t/R) grid, project straight line through point in 
(pt, s/R) grid to ec/ea scale. 
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p s R = l  
' 1.10 

1.08 

1.06 

1.04 

1.02 

0 2  -I 1.00 

48. CYLINDRICAL VS FLAT SLAB SHIEL 
ADDITIONAL FACTOR FOR psR e4  

When psR 
for paR = 1 is given by Figure 47. 

4, value of @c/4s from Figure 46 should be Plultipliad by m, which 

For p 1 = 2, m ia about midway between unity and value for p B - 1, 
8 8 

b y :  From t / R  scale, project straight line through proper point in  W, dR) 
grid to scale for m. 
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7. Act ivrrtio n. Camture and Fisrion Sou rcea 

The nominal d e r  densit ies given i n  Tables 29 and 30 nust almost 
always be replaced by partial d e r  densi t ies  ref lect ing the actual abundance 
of the  lrztclides of in te res t  when the  mrce  data from these tables  is used in 
pract ical  problems. Section A.3 discusses the use and uni t s  of these types of 
source data. 

be given i n  fissions/cm -8ec. 

source strength w i l l  be given i n  terms of thermal neutron flux. 

The data given i n  Table 31 assume tha t  the source strength will 
3 The data of Tables 29 and 30 assume that the 

i 

i 
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TAB= 29 
ACTIVATION GAWMA SOURCES 

WIIIMAL UUCLIDE 
A C T ~ V A T I O N  CROSS HALC-L!FE NUMQhR DENSITY 

S E C t I b N e  HOURS 

MN59 ( N i Q A M )  HN46 1 3 8 3 0 0 0  257601)0*01 8157000*01  
99oaoooo~~o 

1 5 o a o o o o + o o  
2 9 0 0 0 0 0 0 + 0 0  

1 0 0 0 0 0 0 0 + 0 1  
l O O O O O ~ O * O l  

, 8 4 7 0  
1 , 8 1 1 0  
2 , 1 1 0 0  

1 , 1 7 3 0  
1 I 3 3 2 0  

1 I 0 9 g l  
1 I 2920  

n 7240  
,7560 
,7650  

H F 1 7 4 ( N i G A M )  H f 1 7 5  3 9 , 6 , 0 0 0 0  1 6 8 0 0 0 0 r 0 4  8 0 0 0 0 0 0 ~ 0 4  
i 3 4 3 0  

A350 

11z00 
1 , 2 2 0 0  

A I 5 8  ( k r P )  CO98 1 , 0 0 0 0  1 7 1 1 2 0 0 * 0 4  6 1 9 9 0 0 0 * 0 1  



NAME 

TABU 30 
CUPTURE Gmu SOURCBS 

N(ltIM& MIXLIDB 
ABSORPTION CROSS D E N S I T Y  N U H B t R  DENSITY 

SECTION; QM/CC 

ZIRCONIUM CAPTURE t 1 8 0 0  6530 0 0 O * O  1 ~ 3 1 2 0 0 0 ~ 0 1  
1 , 0 0 0 0  r o o ~ o o o a * o o  
5 t 0 0 0 0  1 4 2 0 0 0 0 0 * 0 1  

WATER CAPTURE t 6602 9980 0 0 O + O  0 3337000-0 i 
S T A I N L E S S  STEEL C A P 7  ,0332 790 0 0 0 0*01 7 9 0 0 0 0 0 + 0 1  

I ~ C O N E L  CAPTURE 8 0462 8510 0 0 o+  0 1 ~ ~ 1 0 0 0 0 * 0 1  

HAFNIUM CAPTURE 10510000 13290 0 0 1 0 2  4485000ROl  

i 
t' Y 
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TAB= 31 
FISSION GMM so1181cBs 

2 ,7400  ¶ , 0 0 0 0 0 0 0 n O i  
6 , 1 3 0 0  6 9 0 0 0 o 0 0 + 0 0  
7 ,1200  5 0 0 0 0 0 0 0 * 0 1  

J ~ O O O  7 2 2 0 0 0 0 0 + 0 1  
2 , 0 0 0 0  2 2 6 0 0 0 0 0 4 0 1  
4m0000 10200000*01 



G. Sample Problems 

These sample problems are given to i l l u s t r a t e  t he  use of t h e  func t ion  

abler 

1. I n f i n i t e  S lab  Source with a Slab Shield 

See Figure 5 and Equation (56). 

For t h i s  problem, &st = 0.1 
b = 1.0 

= 0.01 US 
S" = 1.0 
b' = b s y s L  

Using t h e  compact exponential i n t e g r a l  func t ion  from Table 1 and t h e  
exponential  function from Table 2. 

GcrPlma-ray buildup factors may be included i n  t h i s  Calcu la t ion  by using t h e  

appropr ia te  Taylor c o e f f i c i e n t s  from Section F and equations from Section E . 3 .  

'i 

i 

2. Cy l ind r l ca l  Source with Slab Shie ld  and Lateral Detector Point 

See Figures 9 and 10 and Equation ( 4 8 ) .  

For t h i s  problem, a = 95 
R = 10 

b = p t  = 0.1 x 10 = 1.0 

L = 47.5 

us = 0.2 
sv = 1.0 
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a 
- 9  9.5 It 

Using the  functions from Tables 2, 8, 9, 13, 15, and 16 

-’ = tan-’ = tan -1 (0.5) = 26.56” = .4636 radian 9s  eo = tan a 

b ’ = b + ~ m P = 1 + . 2 ~ 1 . 6 ~ 1 0 = 4 . 2  
I I C  

LO‘S .44,1) [e-%( 26 .56,1) - eo4 02E(26 . 5,4 . 2)] P 1. x A636 x .095 
6.28 x .2 

= 0,0351(.99)(,36788 x .940 - -015 x .85) 

9 0.01157 

From Figures 47 and 48, it is apparent that for t h i s  problem, in which t h e  s l a b  

s h i e l d  is th in  and the source radiw, am11 

shield to  a cyl indrical  shield would be negligible.  

thc: effect of changing t h e  s l ab  

Canma-ray buildup factors  may be included i n  thLs calculat ion by w i n g  

t h e  appropriate Taylor coef f ic ien ts  from Section P and equations from Section 

E .lo. 
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J. Appendix - A, Foderaro's Approximations of Cyl indr ica l  Sources 

Reference (35) is a n  exce l l en t  b r i e f  reference which gives sh ie ld ing  

formulas and data f o r  t h e  use of  students.  Material from t h i s  Reference which i r  
o f  i n t e r e s t  here l i v e s  approximations of  the f lux  from a c y l i n d r i c a l  source 
a t  lateral and a x i a l  detector poin ts  respec t ive ly .  

Equation (68) f o r  t he  f l u x  from a c y l i n d r i c a l  source a t  a lateral poin t ,  
I 

given i n  SectLon B.13 o f  t h i s  report, may be s impl i f ied  a l i t t l e ,  based on 

Professor Foderaro's observation8 t h a t  

(See Sections C.8, C . 9 ,  and C.10 of t h i s  report.) 

Then Equation (68) may be wri t t en  

and may be used even i f  on ly  a S i c v e r t  I n t e g r a l  Table i r  avallable. 

The a p p r o x h a t e  formula for t he  f l u x  from a c y l i n d r i c a l  source a t  an  a x i a l  

de t ec to r  po in t  given i n  Section B.20.a has a180 kea improved by Proferror 
Foderaro. (See Figures 7 and 17 and Equation (81)). 

The f l u x  is given by a modified truncated corn formula, as follows, 

'P1 9q s" [E 2 (b) - E2(b') +c.sSE2(b'seC 5 )  

where the e f f e c t i v e  angle 5 is found as a function o f  t he  geometry and 

attenultloa of the  problem. See Figure 17. 

Y 

",. 

..- 

e 
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If wsR > 4, 5 = 6. 

(Results are overecrtlmated IW) more than 2m.) 
+ 02 If )r,R C 4 and L/R > 1, 5 = 

3 

(Results are correct w i t h i n +  l a . )  - 
If u R s 4 and t/R > 1, use the table below to find E ;  then 5 = ER. 

S 

(Rcsults are correct within ,+ 1oX). 
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a/R 

0.5 

1 

2 

4 

8 

- 

Ratio E for Finding 5 - ER 

0.4 
1 
2 
4 
8 

10 

0.4 
1 
2 
4 
8 

10 

0.4 
1 
2 
4 
8 

10 

0 04 
1 
2 
4 
8 

10 

0.4 
1 
2 
4 
8 

10 

=US. GOVERNMENT PRINTING OFFICE 1981/703-014/617 

0,4 

0.66 
0.64 
0.62 
0.58 
0.54 
0.53 

0.69 
0.69 
0.68 
0.66 

. 0.64 
0.63 

0.76 
0.76 
0.76 
0.76 
0.75 
0.75 

0.84 
0.84 
0.84 
0.84 
0.84 
0.84 

0.91 
0.91 
0.91 
0.91 
0.91 
0.91 

0.73 0.82 0.92 
0.71 0.80 0.90 
0.69 0.78 0.88 
0.64 0.73 0.85 
0.59 0.67 0.79 
0.57 0.65 0.76 

0.75 0.82 0.93 
0.75 0.82 0.90 
0.74 0.81 0.89 
0.72 0.80 0.88 
0.69 0.77 Om87 
0.69 0.76 0 . 8 6 '  

0.81 0.87 0.94 
0.80 0.86 0.93 
0.80 0.86 0.92 
0.80 0.86 0.92 

0.79 0.85 0.91 
Om79 0.85 0.91 

0.87 0.94 
0,87 0.91 
0.87 0.91 
0.87 0.91 
0.87 0.91 
0.87 0.91 

* 0.98 
. 0.98 
. 0.96 
. 0.95 
. 0.95 
. 0.95 

0.93 0,95 0.98 
0.93 0.95 0.98 
0.93 0.95 0.98 
0.93 0.95 0.98 
0.93 0.95 0.98 
0.93 0.95 0.97 

u 
'd *.'$ I 




