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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. The flux formulas appropriate to such calculations are
almost always based on the point kernel and allow for at most the
congideration of laminar slab shields. These formulas often require
access to tables of values of integral functions for effective use.
This report gives flux formulas and function tables appropriate to
calculations involving homogeneous 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. Line sources may be tilted with
respect to a slab shield., All function tables are given for a wide
range of arguments.
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PREFACE ﬁ

Hand calculations of radiation fluxes, dose rates, and energy absorption rates
are still necessary even in the present age of digital computers. Such
calculations are often done in order to obtain a quick answer to a simplified
problem. Hand calculations also have a definite place in the preliminary scoping
studies which define the rough outlines of a shield design problem.

Hand calculations are appropriate to problems involving both gamma-ray and
neutron sources, provided that the shields are laminar and regular, and that,
in the case of a neutron source, the detector points lie in hydrogeneous
material outside any other shields.

For many years two standard references for hand calculation methods have been
the Reactor Shielding Design Manual, edited by T, Rockwell, and the Engineering
Compendium on Radiation Shielding, edited by R, Jaeger, However, a considerable
amount of work has been done in this field in recent years, including contrib-
utions by H, Ono and A, Tsuro and by Bettis Laboratory personnel. Thus, more
accurate and more convenient cylindrical source approximations are available
from the work of Foderaro and from the work of Ono and Tsuro than are given by
either Rockwell or Jaeger, Further, tables of shielding functions are now
available that cover greater ranges in more detail than those given by Jaeger
and that are free of the errors found in the Engineering Compendium,

This report is therefore an effort to supply the shielding engineer with a .
relatively complete; up=-to-date, and convenient reference for radiation hand

calculations. It includes a set of semi-analytic flux and dose rate calculation

formulas (based on the point kernel), the shielding function tables required by ‘
these formulas, and a minimally adequate set of library-type shielding data.

These latter data include, for gamma rays, total attenuation coefficients,
energy absorption coefficients, flux-to-dose conversion factors, buildup
factors, and source energy and yield data; and for neutrons, removal cross
section kernel data are given. Data for only a few materials such as water,
iron, and lead are given because of space limitations.

The flux calculation formulas given here assume that source strength distrib-

utions are uniform and that, in general, the shields are laminar slabs.* The

shielding functions required by these formulas have at most three arguments.

More complicated formulas and function tables are not given because they

become voluminous and are therefore more difficult and time~consuming to use.

Calculations requiring such refinements are better done by computers. .

*
Nomograms are given for estimating the effect of converting a slab shield of .

a given thickness to a cylindrical shield, and an approximate method of finding
the effect of a spherical shield versus a slab shield is also given.

ii



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. Cylindrical source flux formulas are also given for
detector points located on the cylindrical axis both internal and external to
the source volume. Detector points may also be located internally or externally
with respect to slab and spherical sources. Line sources may be tilted with
respect to their shields. :

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 Flux Formulas and
Tables of Shielding Functions

0. J. Wallace

A. Introduction

1, General Information

The information in the tables of functions given here was generated
on a CDC=6600 computer using 32=-point Gauss-Legendre quadrature. Except for
spot checks against tabular data given in References (1) through (6), no error
analysis of these data has been made, A detailed error analysis for one
function is given in Reference (4), which applies also to much of the work
reported here. Gauss quadrature is discussed in Reference (6).

Tables of various shielding functions are given in References (1)
through (6); but in none of these publications are the set of functions as
complete as those given here, except in Reference (2), and the tables in
‘Reference (2) contain many errors. Also, in many cases, the tables given here
are more detailed and span a greater range of arguments than those given in
the references. The most useful tables given here are displayed in compact
form (see Reference (7)) which makes interpolation between values very easy.

Only slab shields are considered in the functions tabulated here
because interpolation of function tables having more than three arguments is
tedious and error prone. However, nomograms are given which enable the user
to estimate the flux from a cylindrical source with a cylindrical shield of
thickness t if the flux from the same source with a slab shield of the same
thickness is known.

Most of the flux formulas given here have been programmed as part of
the SPAR]1 point=kernel computer program for shielding (Reference (8)), and
values from these function tables have been spot checked against SPAR1
calculations.

This report also includes formulas for total gamma ray fluxes in which
the Taylo: exponential coefticieht rgprea@nting the build-up factors appear
exblicitly, and a limited amount of cross section and other data for common
shielding materials is inclﬁded for the convenience of users of this report.



2. The Point Kernel

~ The basis for all the flux formulas treated in this report is the
point kernel
-" -b r

¢(r) S8 (r)e Q)

4ﬂ|r - -n|2

where ¢(:) is the uncollided flux at the detector point ;:’ from a point source
of strength S located at /. That is, if S(:'), is given in.gammas/second,
¢(:) has units of gamnas/CmZ-s_ec in Equation (1). In the process of tracing a
. straight linﬁ from ?' to :, various materials are encountered, and we may
define b = i§1 “1‘1 as the total optical distance through N shielding material
having thicknesses t:l' and cor;-esponding'macroscopic attemuation coefficients-
“1'
calculations in which the use of a neutron point kernel with removal cross

Equation (1) is valid for gamma ray calculations and for those neutron

-sections Zri..‘replacing the ui is permissible. Such neutron kernels may be.

uged if the shields are uniform and at least fifteen centimeters of hydrogeneous
- material lies- bet:ween the last non-~hydrogeneous shield and the detector point.
More information on neutron point kernels, including spectral information,

their use when less than fifteen centimeters of following hydrogeneous material
is present, and a data table, is given in Sect'i.ons F.3 and F,4 of this report.
This material comes from References (9) and (10).

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

and the Er -are functions of material.
The integration of the point kernel over an extended volume yields

"" -b -
dv
. v 4ﬂ|r - ‘;I '2 ’ .
N

. o S .
where b = 121 u.it:1 +u.8 z(;, r’ , &) .

Here u. is the mcroscopi.c attennation coefficient of the source material and
Wy z(r, r' , a) is the optical dietance within the source volume and depends
on r , the distance a fron t:he source boundary to the detector point r' ' , and

the geometry of the source. If S(r ) i.s given in gamas/cm3-sec, the units of

¢(r) in Equation (2) are gamnas/cmz-sec.
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In all formulas considered here, the source strength distribution S(:')
1s assumed to be a constant such that

]'vs(}")dv- s, jv av = vs_ (3)

so that Equation (2) becomes

«b

S e b D e s T T Y ek g S T

S,
¢(r) -

5 av (4)
v

Further, we also assume that the source radiation is isotropic, giving the

factor
_t in Equations (2) and (4).
é 4 - r'lz
’ , The uncollided gamma flux @ from Equation (4) may be converted to an
d uncollided dose rate Dun or an uncollided energy absorption rate EAun by

. multiplication by the appropriate dose conversion factor kD Oor energy
abgorption coefficient kea giving,

()
4 "'|2
and
; , S -b . :
: dv
un lm v |t - ;"2

kD is a function of energy, and kea s a function of ilntetigl and energy.

The units of k;, are gi_.}_l_im_ .
1. o gams/cnz-sec
~ The units of k,, are watt-seconds/cm at energy E, so that k ea® has
units of watts/cn , where ¢ has units of L 5 . k__ is defined by
cm’ -gec

® k, (E,2) = N(2)0__(E,2)kE




oea(x,Z) = microscopic gamma-ray energy absorption cross section of material Z
at energy E, in barns/atom, barns/molecule, or cinzlgm.

E = gamma-ray energy gi'oup central energy, in MeV.

N(Z) = number density of material Z, in atdms/barn-cm, molecules/barn-cm,
or gm/cna, and

k = 1.6 x 1013 sattesecond/Mev.

The total dose rate D and the total energy absorption rate EA may be
found by applying the appropriate gamma-ray buildup factor B(b) to Equation (5)
or (6). For good results, B(b) should appear under the integral sign. The
most analytically convenient form of B(b) 1is <the Taylor exponential form

-alb -azb

B(b) =A e + (1=A) e (7

which converts Equation (5) to the form

D=k Y |A| &—— 4v + (1-A) av (8)
lem IV E_’.:l‘2 s _-N'E

which gives the total dose rate D, Likewise for the total energy absorption
rate EA, we have

iv. J' -b(1+o.1) - J‘ e-b(1+a2) "
EA = k A| S———— qv + (1A dv 9
€8 4n viIg-22

These formulas have certain computational advantages. In Equations (8) and
9) the coefficients A, 0y and o, are einpi.rical numbers found by fitting a set
of buildup factor data B(b ) to the formula of Equation (7). (See Reference
(11).) PFor Equation (8), the fit would have been done for gamma-ray dose
buildup factors, and, for Equation (9), the fit would have been done for energy
absorption buildup factors. Imn all .cases the formulas given in this report
asgume ﬁhlt total ai:tenuation coeff:lciénts will be used to describe the selfe
absorption of the source. |




«5=

The buildup factors are functions of material (atomic number), emergy,
and optical distance b.

For more information and for attemuation cross section data, dose
conversion factor data, energy absorption cross section data, gamma-ray
buildup factor data,and neutron removal cross section data, see References (1),
), (8), (9), (10) and (11) and Section F of this report.

3. Radiation Sources

The radiation source strength per unit volume Sv is assumed to be
constant over any extended source volume treated here. A detailed description
of the source strength equations will now be giﬁen, gince they are important
factors in Equations (2) and (4) and in the formulas given in Section II of
this report., Some data for activation and capture gamma source for specific

nuclides is given in Section F, as well as fission gamma source data.

a. Activation GCammss (in core and in shields, built up during reactor
operation, important after shutdown) (See Table 29.)

-Xti -kt’
s,=No ¢ (1-e )e Y(E) (10)
3
sv = y/cm =gec at energy E.
N = atoms/barn-cm (number density of activation material).
o, = microscopic activation cross section in barns/atom.
¢ = thermal neutron activating flux in neutrona/cmz-sec.
A - 1,'1,' 2 vhere T, is the half-life of the activated nuclide, in the same
N .
time units as t, and t_.
i 8
ti = jrradiation time.
t. = gshutdown or decay time.
Y(E) = the yield, in gammas/disintegration, at some specific energy E.
«At,, =\t
N 0; ¢ (l-e i)e - specific activity of the activation muclide.

N o; ® = reaction rate,
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' 2
More precisely, for nuclide j, the source strength in gammaq/cm -gsec at

energy E is 3 ]
A t, -A't
| o 3 3
S"j'(ti,ts,x) oj ® (l-e )e - 8yJ(E) gammas/cm =sec
while the source strength in MeV/cm3-sec is » ‘ ¥

o ev/end-sec .
s;"(ti,ts) E s)(e e ,E) MeV/cm -sec (11) ]

In an activation-gamma calculation, the dose rate at some time after
shutdown of the reactor is of primary interest. Figure 1 shows a sample
reactor-operation history, in which each (f 1,'1'1)‘- pair specifies a level of
source output and the time during which this output was maintained.

:
-
4 3
33
g;'i':'
o1 f ‘
Y
g4 | [ |
&3 . ’
53 eyl * e
S a po— T)——fe— Tp—=—T - Te T jou To-—j
. K- I ' M TD Dg v!
3 | ] l 3 j
- To -l
' 2 |
p- To, —»
FIGURE 1

DECAY~-GAMMA CALCULATION

It is assumed that the decay of the radioactivity which is
produced by each source output f begins at the end of time Ti If the total |
mumber of operating times is N, then for the last operat:l.ng time ('1‘ ) the decay >
time ( ) equals the decay time after shutdown (T )e For the previous
operating times Tl’ 29 sees TN-I’ the decay times are given by:

N
Tpn = Tp * 1_)!:‘!_’_1 T, ' 12)

At the end of time TD, the dose or flux may be integrated over a
sample time T‘, and the integrated dose or flux is found.
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The source at the end of the time TD is then given by

N - =T =AT
| My i
Sv No ] 1§1 fi l_l e ]e . (13)

where fi. is the fraction of the thermal neutron activating flux which
corresponds to the operative time step T,. The time integrated source §v

i
for the sample time '1's is:

-lTs
-_— l-e
sv = sv Y (14)
where
A\ = Ln 2 _ 0.69315 (15)

Ty Ty
and where '1',5 is the half-1life of the radioactive nuclide. All data regarding
half-life and operating decay and sample times must be given in consistent
units,

b. Gammas from 0235 Fission Products (Built up during operation,
important after shutdown)

About a thousand different radiocactive nuclides are produced as
by-products of the fission of U235. As these nuclides decay, they release
significant amounts of energy in the form of beta- and gamma-radiation, both
of which contribute to heating of reactor components after shutdown. This

gamma radiation is also i.n_npottant in that it affects refueling shielding
design and is present in any irradiated reactor components which must be
moved, so that shielded containers are required,

The following discussion of fission product energy release assumes
that neutron capture in fission product nuclides is unimportant; therefore
137 s not included.

The 0235 fission product muclide c:ncentrationa in a reactor build
up during operation and then decay after shutdown. Since many nuclides are

the production and decay of muclides such as C

involved, tables of functions have been prepared which sum up the yields of
all of the important muclides for infinite irradiation time t, and a wide
range of shutdown times t.. See References (2) and (12) through (24).

The formulas used in calculating these tables are given below. They take
account of the fact that the abundance of a muclide depends on the activity
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and decay of its precursor. In these formulas, for nuclide n,XZn and xln are

the decay constants of the nuclide and its precursor, respectively; Yln is the
independent fissi d :
ndependen ssion yiel and(Yén ig the total yield; EB,n’ EGT,n’ and Ebl,n

through Eh are the average beta energy, the total gamma energy, and the

7,n
gamma energies in each of seven energy groups, all given in MeV/decay. The w
central'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),

-

-\, t -\, t
Ins : 2n's
Dn(ts’ti) F [Ane + Be ] (16)

where F {s the fission rate in fissions/sec and Dn(ts’ti)'is the decay rate

of nuclide n, and

Y, -~ Y -t
A - - _2.“_._l2 . X Y l-e 1“ i (17)
n A, = A 2n
1n 2n
Y, =Y -\, t
2n In e l1.a 2ni
B =X, =% * Xln *'Yln 1-e (18) '
1 2n
D(t ,t,) =~ D (t ,t,) (total decay rate in (19)
8’1 non 8’4 disintegrations/sec)
B(t ,t,) =& D (t ,t,) *E (total beta yield (20)
s"1" § nTe’d B,n MeV/fission) ’
é(t ,t,) =L D (t ,t,) *E (total gamma yield, (21)
e’’1" W ne’ AT CIin MeV/fission)

Fj(t',ti,zj) - § Dn(ts’ti) * EGJ,n (from gamma energy groups Et,, (22)

J =1,7, yield in MeV/fissfon)
M(t_,t.) = Bt ,t)) + G(t,,t,) (total energy yield in (23) N
s s | MeV/£ission)

Now, the corresponding source strength is

P 3
Sv(t;i,t’) Ve G(t’,ti) MeV/cm™ =sec (24)
and ottt ) = [o(=,e) - G(=,e 4 )] (25)
where t1 and tsAare obtained from a reactor operating history (see the

discussion in Section A.3.a).
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AR
. The total fission product gamma source strength is then

P
v

and the fission product gamma source strength for gamma energy group J is

5,(t,t) = Te [6m,e) - 6ot )] MeV/cm>-sec  (26)

G(ty,t ,E)) = [G(",ts) * Fi(=,t ,E)) = G(*,t +t,) * FJ(?»,ci+ ts,EJ)j MeV/fission

where J = 1,7. G(ti’ts’EJ)/EJ then gives yields in gammas/fission at energy

E e Therefore,

s (¢,,t L,E.)
v 18’3 1 r.e - - G(®,t +t
E; = E; lec bt) *F (2,6 ,E) = G(=,t 4t )

. _
FJ(°°,t:1+:8,EJ)J gammas/fission at energy E; (28)

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

35 35 s_(t,,t ,E)
. S"‘(E ) = NU2 C)‘u2 0 i s J ganlnas/cms-sec (29)
v J f EJ
where
’ e 35
N = number density of Uz in atoms/bar-cm.
23 35
Gf = figsion cross section (microscopic) of Uz in barns/atom.
] = thermal neutron activating flux in neutrons/sz-sec.
and
35 35
Sf = Nuz ogz = the macroscopic 0235 fission cross section in cm'l .

(30)
Thus 8f¢ is the fission density in fi.ssions/cma-sec.

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

may write
‘. w2 a}f’”s 6=% | (31)
where P has units of watts, V is given in Cm3, and ¢ = 3.1 x 1010 fissions/
wact-éec, based on the measured energy release of 200 MeV/fission for l1235.
Typical values of 02235 and 25 are 580 barns/atom and 0,174 cm'l, but these
ﬁ values may vary for specific situations and ¢ 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 ¢ (and of Z'f). ' ' '

c. Capture Gammas (in core and in sh:l..elds‘ during reaétof 'operation)‘
(See Table 30.)

sv =NOJ, ¢ Y(E) gamas/cm3-sec at energy E (32)

N = number density of capture material,

= capture cross section, and

I~

~

8
]

yield in QMs/ capture.

¢ is defined in Section A.3.a.
d. Prompt Fission Gammag in Core (important during operation)

Sv = % c Y(E) gamas/cm3-sec at energy E (33)

yield in gammas/fission at energy E.

3.1 x 1010 fissions per watt-sec.

-
~
=
-’
fl

0
)

L ]
]

source output in watts, and

v = gource volume in cm3.
e. Neutrons in the Core -

S, = % cv fissfon neutrons/cm=sec (34)
vhere
P = source power in watts.

V = gsource volume in cm3.

%- watt’s/cm‘?' = power density.

c=3.1x 1010 fission neutrons/watt-sec.

Vv = 2,43 fission neutrons/fission.

The power _asSociai:éd' with a fission neutron flux of ¢ fission neutrons/cmz-sec
may be found, in ideal cases, from " '

Zf¢v

c

P= watts
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where zf is the macroscopic 0235 fission cross section in cm.l. This of course
assumes that ¢ is constant over the source volume V and so takes no account of

local conditions. A typical value of Sf is 0.174 cm"1 but this value may vary

from problem to problem.

f. Fission Gammas (See Table 31.)

P
s, =y ¢ Y® (3»5)
where

P

source power in watts.
v = gource volume in cm3.
3.1 x 1010
yield in gammas/fission at energy E.

c fissions/watt-gsecond.

Y(E)

B. Flux Formulas

The derivations of most of the equations or flux formulas given here may
be found in References (1), (2),and (5). These derivations have all been
checked, and a number of extensions and special cases have been derived in
Reference (25) which are not explicitly given in References (1), (2), and (5).
All equations given in this section give results in terms of the uncollided
flux §, Inclusion of gamma=ray buildup factors and conversion factors in
these equations allows the calculation of total dose rates and total energy
absorption rates. (See Section A, Eqdations (2) through (9), and Section E
of this report.)

Note that only slab shields are assumed by these formulas and that separate
formulas are given for those cases which do not involve external shields.

The geometry, nomenclature and shield placement assumed by each formula should
be clear from the referenced figures. Sv = gource strength per unit volume,
Sa = gource strength per unit area, and SL = gource strength per unit length.

The flux formulas included here are all either analytic or include a
limited number of integral functions which are readily available in tabular
form. See Section C of this report.
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1. Uniform Disk Source, No Shield (References ), (2), (25))

(See Figures 2 and 3.)
s _
.Pl = -29- In sec 8

sec 6 = Vl + (R/a)2

(36)

2 elmg 52:+R2-h2+-\/R4+2R
P, % 2
2 2a

h)u__,)

2. Uniform Disk Source with Shield (References (1), (2), (25))
See Figures 2 and 3.

r
. where

N
§ "N:orb=izluiti.
sec § = \/1 + (R/a)

-t .
E.(b) = r €— dt, See Tables 1 and 2.
1 b t :
El(b) - Bl(b) <

’Pz = i—: D(BR,pa,ph)
where
- §u. t b
rdtda
D(R,ia,pbh) = 2 I I .

p
pznrz+h2+§2 - 2rh cos G.

See Table 3.

S
’P -—;"[El(b) - El(b sec 8)]

(38)

(39)

(40)

(41)

(42)

(43)
(44)

(45)

37

4




~13-

3. Infinite Slab Source of Infinite Depth, Self Absorbing, No Shield
(References (1), (2), (25)) (See Figure 4.)
S
’ . A
P, 2u (46)
S¢
e, = 47)
Pz 2u8
Sv /
4, =3-[2- 5 @] “8)
3 8
where
o e-t - e-b
E,(b) = b Ib -t—z- dt = E,(b) =~ . (49)

See Tables 1 and 2.

4, Infinite Slab Source of Infinite Depth, Self-Absorbing with Shield
(References (1), (2), (25)) (See Figure 4.)’

s
’Pl - i':—s E,0) (50)
where
b=yt = ; Bheto
See Tables 1 and 2,
E,(b) = E,(b) -‘;—b- . (51)

5. Infinite Slab Source, Self=-Abgsorbing, No Shield (References (1), (2),
(25)) (See Figure 5.)

5
b 2 [1-8 wn] (52)

sv
.Pz - "2;:[1 - 32 (u.sl)] (53)
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S
o, " [2-5 6a) -5 Gi-a’h]

See Tables 1 and 2.

Note that the geometry of a detector point on or very close to the
surface of a source of any shape may be approximated by replacing that source
with an infinite slab source of finite depth. Note also that an upper limiﬁ
on the flux at a detector point interior to a source may always be found by using
Equation (54).

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

S
., A
b s TEG) (55)
See Tables 1 and 2,
If &£ = 1, this gives an infinite plane surface source.

7. Infipite Slab Source, Self-Absorbing, with Shield (Béferences (1), (2),
(25)) (See Figure 5.) . , ,

*

] o
. = 'z':f; [32 (b). - tz-(b-lu'z)] (56)

See Tables 1 and 2.

8. Cylindrical Source, No Self-Absorption, No Shield, ﬁxiul_DeCectog Point

(References (1), (2), (25)) (See Figure 6.)

s
.Pz = - €(4,0,R) &7
s | a .

'1,1 = - C(%,a,R) B ¢ )

_ .2
C(L,a,R) = ﬁ';‘.& In ‘_1 + (-al}l?) :l +R t:an.l %

- -;—ln [1 +(%)2]- R t:an-l a-%z

2
c(#,0,8) = % 4n(14(5) 1+ R ean £
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9. Cylindrical Source, Self-Absorbing, No Shield, Axial Detector Point
(References (1), (2), (25)) (See Figure 6.)

s

01,1 - 2_}; (1 - E,(n t) = Z(u L, a/t, R/L)] (59)
8 ?x_ L] 0
P, - 7u 1 - E,(u0) - Z(u L, R/2) (60)

z(b’, a/t, R/L) = f:' E) (y-\/l +{% b/(y +32 b')}z) dy
2(b’, R/8) - f:'lil‘ C\/yz + (o’ %‘)L) dy

where b = byt

See Tables 1, 2, 4 and 5,

10. Cylindrical Source, Non-Absorbing. with Shield, Axial Detector Point
(References (1), (2), (25)) (See Figure 7.)

S

¢ " -2! L C(R/L, b, a/b) (61)

Vhét&
b =pt = § Bt

See Table 6.

L C(R/L, b, a/t) = CL, b, &, B) = 4E () +a E, (b'\h + R/2)°)
- (a#) E (1:'\/1 + R/ a#))?)

- R-F [tan’? (R/(a+2)),b]

4 ReF [ean™! (r/a),b]
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11. Cylindrical Source, Self-Absorbing, with Shield, Axial Detector Point

(References (1), (2), (25)) (See Figure 7.)

_ S :
,
.Pl -ﬁ’: z(b', b, a/t, R/L) , (62)

where
b =ut =% “1t1 and
b’ = .
ot
’

b

where

gy (y) = (y-!b)-\/l + (% b’/ (v + % b'))z

See Tables 1, 2 and 4., The function table for Z(b', b, a/4, R/L) is not given
here because it is too voluminous and difficult to use. An approximation of

§, may be obtained by using only the first two terms of the equation which
"define Z(b’, b, a/%, R/L) just above or by using the approximation discussed

under Section 20.a.

12, lindrical Source Interiér Self~-Absorbi Detector Point on Axis
(References (1%, ), (25)) (See Figure S.s

ol,l - ;‘:—s [e(u h,b) + cm,u-n},m (63)
vhere
b= u’R.
’P - ;y— G £,b) . (64)
2 u's 8

See Table 7.
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b
G(s h,b) = f F(8,b’) db’
0

where
0 _ -1 B b _
b/ = W Ts F(Bo,b) =‘f ebsec 8 de, and O = tan 1 -f-r = tan"! t;_'- .

0

13. lindrical Source A ximation, Self-Absorbing with Shield, lateral
Detector Point (References (5), (25)) (See Figures 9, 10, 1la, 11b.)

Asgsume that slab shields with thicknesses t { and macroscopic attenuation

coefficients 1 ¢ intervene between P. and the source in Figure 9,

1

Then
b =pt = ; bty s (65)
M_= \/(%) +5%-%,and (66)
b'=b + wMR . (67)

See Figure 10 for the detector point positions. We have

’
.Pl - 2m L, (@,0b) {c(el,b) c(8,, b )} (68)

See also the Appendix,
3 svpo ' ,
"3- 2""'m, L,84b) {6(85,b) +G(8,,b) - G(6,,b") = G(B,,b )} (69)

"
PS Zm

L, @) {G(8,b) - G(8,,b) = G(8,,b") +G(B,,b")} (70)

From Figure 10, the definitions of the angles may be seen to be:

d=h
- el R S W ] NS S|
oo sin 3R ° 01 tan - T, 02 tan pendt’
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h ’ d ’
- tan~l =3 - tgn-1 Bt - ran”l B
93 tan = =, 04 tan rel) os tan ~ —

The functions L, and G used in Equations (68) to.(70) are defined as follows:

8

o . e -
6(8,,5) = jo cos 8 2% & 4o = G(0),b) * 9 e
See Figures 44 and 45 and Table 9.
H(b) = G("/2,b), and

J H(b sec &) d¢

o N
and 1is given by Figures 38 and 39 or Table 8.
Lo(¢o,b) - °ou(b) g y ¥lgu ,

See also Tables 2, 13, 15 and 16.
If h> 4 find 01, 3 the enswer mey be very low because of the

S0f 47 = g 2R 2R +o (h=£) 1in place of £ to get an upper

approximation. The use
limit is discussed below. ; , :

The method of solution given here is an approximation based on
substituting an annular section for the cylinder as shown in Figure 9. This
approximation is satisfactory for calculating the fluxes at l’1 and P3 in
Figure 10, so long as R > 10, cm, g > 0oy bE 2 1, o> 2,and t/a > .5, For
these conditions the error introduced by the approximation is less than 157%,
and the error goes down rapidly as % increases. See Table 16 for details.

See also Figures lla and 11b. :

We may note in passing that the function L (¢o,b) ie almost independent
of the value of ¢ For ¢ in the range (0,0872 = 1,5708) the value of
L0(¢ ,b) changes by less than 5%.

The flux at a po:l.nt opposite a cylindricel source, such as P3 in

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

h
'@ - Ly (8g,b) {G(can" -3-,b) - G(tan™ 2,p")

2-h L=h
+ G(t:an'1 --;—3-,b) - G(t:an"1

3591 . (71)




Using a similar rule (Equation (70)) to find the flux at a point such as P5 in
Figure 10 unfortunately gives an answer which may be low by an order of
magnitude or more. Consideration of the shape of the annular section vhich is
substituted for the cylindrical source by this approximation (Figure 9) will
show why this 1s so.

Therefore, at locations outside the height of the cylindrical source
(such as PS in Figure 10), the best course to follow is to make calculations
using this approximation which bracket the true flux, The procedure is to
first find the lower bracketing value using a subtractive rule:

1h’

1 —;’b' )

Se ’
¢ @) =521 (o,b) {o(eant Bop) - Geean”

un’ 5%1low 2ﬂu.s

’ '
- cean”t 22 p) v o(ean™ B2} L ()

If the source height L is then replaced by

£t 4z =t 4528 (0 (73)

and we have

1 h’ -1 h' [
b)) - G(tan :;;b )

S @
-0 -
.un(PS)high 211|.Ls Lo(°o’b) {e(ten

- hl_zl ’- hl-zl
- G(tan 1 - ,b) + G(tan 1 - bf)} (74)

which gives an upper limit on the value of the flux at P.. These limiting
values should be compared and the conservative upper limit value given the
most weight in any averaging of these results.

The approximate effect of replacing the slab shield with a cylindrical
shield of the same thickness and attemuation may be found by use of the
nomograms given in Figures 47 and 48, As is intuitively obvious, a cylindrical
shield is always more effective than the corresponding slab shield.



14, 1indrical Surface Source with Lateral Detector Point, No Shield
(Reference (25)) (See Figure 12.)

-14
S R tan

a a de
’un(Pl) = m o —— (75)
1 -ksind

This integral is an elliptic function of the first kind and is not
given in the function tables of this report gsince it is readily available in
Reference (6) and in other handbooks of mathematical functions.

15.

where
2 V,R§3+R2
k = "Rt

1indrical Surface Source with Axial Detector Point (Reference (25))
(See Figure 12,)

1f P2 is located at the end of the axis but there is self-attemuation,

=1 £
tan -
S R - R sec © S
Qun(Pz) = -2'9'1‘0 e uh df = 'Ee' F(t‘n: 1 ':', uhk) (76)

if ’2 is not located at the end of the axis, an additive or subtractive rule
may be used to find the flux. If £ - = also,
S

e * 3. )

If there is no attenuation,

S
i, (7)) =3 tan~! % (78)

16. lindrical Surface Source with Interior Detector Point, No nential
Attenuation (Reference (25)) (See Figure 13.) '
If a ¥ 0,

-1 £
t‘n S———
3 = fg R j‘ - Rea a8
2 _

e , (79)

c o2 ar

atR
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This integral function is the Legendre normal form of the elliptic integral
of the first kind. Tables of the function are not given in this report but

are available in Reference (6) and elsewhere.
17. lindrical Surface Source with Axial Detector Point, No Self-
Attenuation, and an Intervening Slab Shield (Reference 25))
(See Figure 14.)
sa -1 R -1 R
’P = T[F(tan e u.t:) - F(tan pery] u.t)] (80)

18. Truncated Cone Source, Self-Absorbing with Shield, Apex Point
(References (1), (2), (25)) (See Figure 15.)

-1 R

00 tan a
R
sec 8, = \/1 + &;)
b = ut
v’ =b + p.al
3
= ’ ’

’Pl = 2, [E,(b) - E,(b") + cos 8y Ep(b" sec 8)) = cos 6, E,(b sec 8,)]

(81)
See Tables 1 and 2,

3 3
Volume of a truncated cone = g R2 {L‘ﬂ_l 2- a }
a
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19. Trupcated Conme Surface Source, Detector Point at Apex (Reference (25)) é
(See Figure 16.)

s -[pt-usa]sec,a

--a - ]
’P > € [Fl(usa sec ) El(us(a+£)sec alsin o (82) ‘
vhere 7

R <
sin @ = .\/_;_____

2

Rl + a

and

o= Vi+(D) .

If Be = 0,
Sg - t sec a a
.P = -.} e sin a log (—:i) . (83)
and if ut = 0 also,
S R
+4
6 == (%) - (84)

URi +az

Equation (82) may be used to approximate a cylindrical surface source with
both self-attenuation and a slab shield and an axial detector point, as in
Figure 14 .

20, Approximations Usigg Truncated Cone and Cylindrical Sources (References
(1), (25)) ’

The truncated cone source may be used to give several useful approximations,

a., Cylinder with Axjal Point

The flux at a point on the axis of a cylindrical source, such as P s
in Figure 17, may be bracketed by two calculations using truncated cone sources
subtending the angles 91 and 92, respectively, If usl £ 3, we use the full height
of the source cylinder, and the two bracketing truncated cones are then those

defined by the angles 61 and 62 i{n Figure 17, If u.sz > 3, a better answer is ‘
obtained if'g is used in defining the cones; that is, only the nearep half of the
 cylinder need be considered in the calculation, so that 61 = tan'l —1, and 92 - tan-l %;

1]
a7
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This approximation may be used whether or not a slab shield intervenes between
the source and the detector point, For a refinement of this approximation

see the appendix,

b, Finite Slab Source with Exterior Detector Point

Upper and lower limits on the flux from a finite slab or rectangular
solid source at an external detector point may be obtained by replacing the
slab by inscribed and circumscribed truncated cone sources. This approximation

- of course is most accurate for a square slab source with detector points

located on a perpendicular to the center. For a slab source which is long in
comparison to its width, the slab may be replaced by a cylindrical source with the
correct diameter/height ratio if the detector point is not too close to the source.

c. Annulus with Exterior Point

A rough approximation of an annular source can also be obtained

using a truncated cone. The fl_.ux at the point P in Figure 18a is conservatively
approximnted'by the flux from a truncated cone with apex at P, angle

00 = t:an'l L:—, and thickness £ = R2 - RI’ where h’ -: { 41?2 +h” , as shown

in Figure 18b. An anmular source may also be approximated by the superposition

of two cylindrical source calculatioms.

d. Sphexre with Exterior Point.
This approximation comes from References (5) and (7).
The nomenclature is shown in Figure 19, a_nd accuracy estimates are
shown in Figure 20. The spherical source volume is approximated as a conical

section of a spherical shell.

’un = ;—:—s (1 - e-msusn) {Ez(b) - cos ¢0E2(b sec ¢0)} or

-baecﬁo

S -m | R) b _ -
8 e e
Nl (1-e **) {&Em - ey E, (b sec 8)} (85)
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and 1
2 a 3 a
o g+ O -1
8 = cos &, R
L is so chosen as to make the volume of the conical section of the spherical
shell equal the volume of the spherical source being approximated. See
Tables 1, 2, 14 and 15,

21, Truncated Cone Source, Not Self-Absorbing, with Shield, Apex Point
(References (1), (2), (25)) (See Figure 15.)

S s
’P - -21 L [El(b) - El(b sec 60)] (86)

where
b = ut
See Tables 1 and 2,

22, Truncated Conme Source, Self-Absorbing, No Shield, Apex Point
(References (1), (2), (25)) (See Figure 15.)

S
.Pl - -i:-: {1 - E,(s L) +cos 8 E,(u & sec 8) - cos 90] 87)

See Tables 1 and 2.

23. Truncated Cone Source, Not Self-Absorbing, No Shield, Apex Point
(References (1), (2), (25)) (See Figure 15.)

s
61,1 - -2! 2« in sec 8, (88)
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24, Spherical Source, No Self-Absorption, No Shield (References (1), (2),
(3), (25)) (See Figure 21.)

A =R +a

A'-R-a'

Al <R
R
sin °0 R+a
S
o "k (208 - 00 tn |A£] (89)
S R
§ = (90)
P, 2
o = y [ZRA' + (R%-a% 1 'lm'l] (91)
P, A& - " R-A’
QPA = SVR (92)

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

A =R +a

R |
sin 60 * Rta
2
o = a + 2Ra
cos 0 R +a
- [
b4 Mg 'a l

X ’
bo = u, C2r - |a’l]
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S
8, ==—=1[1 - cos ¢, = SCa/R, W R)J (93)

«21 R
-] - = (1 - 8
01,2 7 O 78R (1-e )] (94)
«b «b
e e 1 4 5
01,3-% 1-= -—-2—~zu—szr{e (1+b4)-e (1+b5)
b,b
425
taar (B0 - E1(”5)}] (95)
R (96)
- — -e
P4 Hg '
- 0 -zun'\/1-(1+ sin o
S(a/R, u.sll) =I sind e do 97)
0

See Tables 1, 2 and 11,

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

= -v
b =t = ¢ pty

sin ‘0 = RE—"

S

P, 231 S(b, a/R, p.R) (98)
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@

0
S(b, a/R, u.sR) -I e
4]

) J’% -(b sec & +2u R Vl . (1 . %)2 81n2 ¢)
o

sin ¢ &
(99)
Note that
60
fo e~b sec ¢ gin @ d = Ez(b) - co8 ¢o Ez(b sec ¢0)

See Tables 1, 2 and 12,

27. A Special Cage of a Spherical Soupce with a Spherical Shield (Reference
(25)) (See Pigure 21.)

If we assume in Figure 21 that Pz lies on the outer edge of a spherical
shield of thickness c, so that the distance of P, from Pa is R+c, and that the
source and spherical shield have the same attenuation coefficient s then the
flux at Pz is given by

2,,, (R'I'c) {lz(u c) + lztu (2R+c)] - s n Ey(n c) +—— E,ls (2R+c)]} (100)
8

If we use the relation
Ba(x) - ke - x Ez(x)) (101)

and assume ¢ = 0, (100) reduces to (94). (100) may be used to approximate the
effect of a spherical shield versus a slab shield. The following approximation,
derived from (98) and (99), assuming that by =B, and that

‘\/1 - (14-/&)5.1::5; -1,
may be used to find the flux when the slab shield is in place:

1 - -L (1 -e -2p R)[‘z(u t) = cos 008 (u. t sec Go)] (102)

See Tables 1 and 2. See also Section B.20.d.

28. Line Source with Parallel Shield (References (1), (2), (25)) (See

Figure 22,)
-1 - ean-l 2=h - ean"l h o ean=1 h'-2
61 = tan =, 8, = tan rel 03 tan = 2, 04 tan Pl

-1h’
95 tan Y
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sL

§P1 = 7 F(O,,ut) (103)
5

%, = ima [ (8,,ut) +F(8,,ut)] (104)
5L

'rs = i [F(o5,ut) - F(B,,ut)] (105)

See Tables 2 and 10.

Bquai;ion (103) also applies to an arc of a circular line source behind
a slab shield, as shown in Figure 24. Note that if

6= tan'l

o

and 4’ =a § -

where £ is the length of the straight line source and Y is the arc length of

the circular line source, then

sL -1 4 ’
'P = ima F(tan :,u.t) for both £ and £ .

29. Line Source without Shield (References (1), (2), (25)) (See Figure 22,)

S

v
b “m b | (106)

sL
b = [92 + 93] - (107)

S

b, == (o

., = ama (05 - 8,1 | (108)

5 4
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30, Line Source with Perpendicular Slab Shield (Reference (25) (See
Figures 23a and 23b,)

b = ut

If the detector point lies opposite the end of the line source,

S, (b a-b) [Ez(usa) ) E, (s a + usl')

See Tables 1 and 2,

If us = 0,

A more general case of a line source with a perpendicular slab shield is shown

in Figure 23b,
Let

*2 -'2-- 02.

Then

and 1f L 5 @

See Tables 2 and 10,

a atl’

¥ = ;% e [% - E%I]

S
4 = 7= [F(4,,mt) - F(3,,mt)]

SL
QP iy F('l,mt)

(109)

(110)

(111)

(112)
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31. Line Source with Slab Shield Tilted Out at Bottom, and Lateral Detector
Point (Reference (25)) (See Figure 25a.)
SL .
b " [Flat,b) - F(a,p)] (113)

Here, a ® (£ + ¢t csc @) tan Q.
See Tables 2 and 10,

32. Line Source with Slab Shield Tilted Out at Top and Lateral Detector
Point (Reference (25)) (See Figure 25b.)

S

" ZI#: [F(a,b) +F(8,-0,b)] (114)

where a 2 t sec @, and 00 = tan" ! (%).

See Tables 2 and 10,

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

S

P~ 2 a(2R+a)

34, Circular Line Source with Interior Detector Point (Reference (25))
(See Figures 27 and 28.)

(115)

If the detector point is at the center, and we assume attenuation, the
uncollided flux at the point P in Figure 27 is

b =ke 5 . (116)

If the point P lies a distance h above the plane of the circular line source,

SLR -4 V R2+h2

e 8 .« (117)

we have

] =
un 2(R2+h2)

In Figure 28, the detector pbint P lies at the end of a diameter.

If there is no attemuation,
S

L .
.P = Zr tan ® . (118)

Obviously, ¢ cannot approach 90°, and so defines an arc which is a portion of a
circular line source.




s ke e e

e
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. If the detector point is interior to the circular line source, but
arbitrarily located as in Figure 29, and there is no attemuation,

v SLR
. .P- >3 » a<R (119)
2(R"=a")

35. Annylar Disk Source with Interior Detector Point (Reference (25))
(See Figures 30 and 31,)

For a detector point at the center of the annulus,

Sa (T )Ro
. = e o
un 2

[E (T3 o - El(usk)] (120)

which holds so long as R0 > 0,

If there is no self-attenmation (u.s = 0),

S =uR
-2 0 R
un 2 € log R (121)
0
and if » = O also,
Y S
-2 R
hn — 2 log Ro . (122)

If the detector point is arbitrarily located inside the annular disk
as in Figure 31, with a < Ro < R, and there is no attenuation,

S 2 2

R -
b, = 2 108|505 (123)
Ro-a

36. Disk Source with Exterior Lateral Detector Point (Reference (25))

‘ (See Figure 32.)
If there is no attemtion,

S r 2
-2 (a+R)
.P 7 °O log

.az-i-laR

¢ r N ‘
+ f;:—J‘oolog .cob ¢ + -\/(-;Rﬁ-) - sin’ o ] a (124)
@ 1R

where ¢o = gin IR If we assume @ = O, a conservative approximation of
(124) may be obtained.
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The second term of Equation (124) is then approximated n?a¢o log :.,;R

that an upper limit on the flux value is given by

s
; +2
¥ = 2—;' $o log (37) (125)

37. Rectangular Surface Source with Detector Point on Perpendicular to
Corner, No Shield (Reference (25)) (See Figure 33.)

An upper 1limit in the flux from this source is given by

S 2 L 2 '
¢ - -2 .12 [V _l.) _l]
an tan 2 log 1 +(a + 3 ) or

P
Sa ‘
3, = i %o los (sec 8, + tan 60] (126)

A circumscribed disk source may also be used to obtain an estimate o.f

the flhx from a rectangular surface source.

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

6, = tan
Ifu's=0.

. -] ,
S a+l S 2 cot 8
-2 a 2 -ut sec 9
.P s log _aJ' F(Bl,ut) + o fe log (t Y ) e dé (127)
1 .

This may be conservatively approximated by setting cot 6 = cot 91 - .ﬂ;

2

and integrating, which gives

] at ' '
0, = 22 105 (—1) P(8,,u¢) (128)
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39. Spherical Surface Source, No Shield (Reference (25)) (See Figure 35.)

s
$ -3 R_ at2R
l’1 2 aiR log a (129)

$ =S
2 a

I1f self-attenuation us is present,

=S.e 8 (130)
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FIGURE 5

INFINITE SLAB SOURCE OF
FINITE DEPTH
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FIGURE 6 FIGURE 7
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FIGURE 8
CYLINDRICAL SOURCE INTERIOR

FIGURE 9

- CYLINDRICAL SOURCE-VOLUME APPROXIMATION
USING A SECTION OF AN ANNULUS WITH A
CURVED TOP SURFACE
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'FIGURE 10

CYLINDRICAL SOURCE WITH
EXTERIOR DETECTOR POINTS
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FIGURE I2
CYLINDRICAL SURFACE SOURCE WITH
LATERAL DETECTOR POINT



FIGURE I3

CYLINDRICAL SURFACE SOURCE

WITH INTERIOR DETECTOR POINT
NO ATTENUATION
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FIGURE 14
CYLINDRICAL SURFACE SOURCE WITH AXIAL
POINT AND SLAB SHIELD
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FIGURE 1s

TRUNCATED CONE SOURCE WITH
DETECTOR POINT AT APEX

FIGURE 16
TRUNCATED CONE SURFACE SOURCE
WITH SLAB SHIELD, DETECTOR
POINT AT APEX



FIGURE 17

APPROXIMATION OF A CYLINDER WITH AXIAL DETECTOR
CONES

POINT USING TRUNCATED

FIGURE 18a
ANNULAR SOURCE

/

FIGURE 18b

APPROXIMATION OF AN

ANNULAR SOURCE USING
A TRUNCATED CONE
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INNER SPHERICAL SURFACE
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FIGURE 19

SPHERICAL SOURCE APPROXIMATED AS A
CONICAL SECTION OF A SPHERICAL SHELL
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FIGURE 21

SPHERICAL SOURCE

FIGURE 22
LINE SOURCE
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FIGURE 23 LINE SOURCE WITH PERPENDICULAR *
SLAB SHIELD

FIGURE2» LINE SOURCE
WITH PERPENDICULAR SLAB SHIELD

1

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



FIGURE 252 LINE SOURCE
WITH TILTED SLAB. SHIELD

FIGURE 256 LINE SOURCE
WITH TILTED SLAB SHIELD
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FIGURE 26
CIRCULAR LINE SOURCE WITH
EXTERIOR DETECTOR POINT

FIGURE 22 CIRCULAR LINE SOURCE
WITH DETECTOR POINT IN CENTER
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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 3I. ANNULAR DISK SOURCE
WITH DETECTOR POINT ARBITRARILY
LOCATED INSIDE THE ANNULUS




FIGURE 32
DISK SOURCE WITH EXTERIOR
LATERAL DETECTOR POINT

FIGURE 33 RECTANGULAR SURFACE SOURCE
WITH DETECTOR POINT ON PERPENDICULAR
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FIGURE 3 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

EL(b) and Ejz(b)

The exponential integral functions El(b) and Ez(b) are defined in terms
of Ei(b) and Eé(b) as follows.

1, The Compact Exponential Integral Functions

E (b) = E (b) S— (131)

E,(b) = Ep(b) 5~ (32)

These tables are given in this form because of their compactness and ease of
interpolation. See Reference (7).

Values of the exponential function e.b may be read from Table 2,

TABLE 1

THE COMPACT EXPONENTIAL INTEGRAL FUNCTIONS 'El(b) AND iz(b)

b(mfp) El(b) Ezcb)
.01 04078 00954
.02 +06845 .01863
.03 .09148 02726
<04 «11163 03553
+05 «12972 .04351
«06 «14622 .05123
.08 17566 .06595
.10 «20146 .07985
<20 .29867 14027
.40 «41913 .23235
«60 49676 .30194
«80 +55300 35760
1.00 «59635 «40365
1.25 .63879 45151
1.50 .67239 49142
1.75 «69979 .52537
1.90 «71398 « 54345
2.00 «72266 «55469
2.50 .75881 .60296
3.00 .78625 .64125

3.50 .80787 «67246



100,00
150.00
190.00
200.00

TABLE 1 (Continued)
E, (b)

82538
.85211
.87161
89824
.91563
.92791
.94080
.95218
.95437
.96287
97294
.98076
.98386
.98701
.99019
99342
99479
.99505

E, (b)

«69847
« 73945
«77037
.81410
.84367
+86504
.88794
«90856
«91258
.92831
.94726
.96223
«96823
«97435
.98058
.98693
.98964
«99015




E,(b)=bebE|(b)
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E2(b) = beP E5 (b)
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2, The Exponential Function e-x
This function is needed for convenient .use of the tables of the
functions El(b), Ez(b), E(eo, b), and F(Go, b) which are given in compact form.
e™* also appears in various flux formulas.



1.0

5.0

10.0
11.0
12.0
13,0
14,0
15,0
16,0
17.0
18.0
19.0
20,0
21,0
22,0
2340
24,0
25.0
26,0
27.0
28,0
29.0
30.0
31,0
32,0
33.0
34,0
3%,0
36.0
37.0
38,0
39,0
40.0
41,0
42,0
43,0
44,0
45,0
46,0
48,0

0
170U00e01
3aTB7940n
13533540~
‘97871-01
1R3156-0
673798-0>
267875-0?
911882=03
33546303
1234]10-03
453999404
167017=04
6146210
22603305
831529=04
3In5902-0%
712535-06
41399407
152300-0~
S60280=Vx
2r6115-0R
758256=00
278967-09
102619=09
377513=1n
738879.!q
510909-11
1R7953.1
691640=1>
254367=1>
935762-13
34424R-13
126642-13
465889.146
171391=14
63051215
231952=1%
85330516
31391314
115682-1¢
424R35.17
756288-17
574952«11
211513=1n
77811319
2R6252=17
105306=19
387400-2n
16425162~
5??239-2‘
192875«21

4

ol
904837+9n
332871+0n
122456+ )0
450492-01
165727=01
609675~07
224287=97
825105=03
303539~-97

111666=03"

411796=0s
151123=p4
5589561=0%
204523=0%
752398=p6
2TAT92=06
101826=06
374597=07
137807=97
506962=0R
1RA501-pR
686098~p%
252402-09
928533=10n
341588=)1n
125663=10
462289~11
170067~1)
625641=)7?
23016017
84671313
311488=13
114590-13
421553~14
15508114
STn511-1%
209879=18
T772102=16
2B4040-16
104493=16
384407~17
14161)5=17
52n238~1R
191385-8
704066-19
259011-19
952850=-20
350534=-20
128954=20
474396=-2)
174521~=21

02
81873109
301194+00
110493+00
407rc2=01
149956=01
551656=02
20294302
746586=03
2741~54=013
101°39«03
371703-04
130742=04
503~46-05
185100«05
680798=06
250452<06
921360-07
33894907
124673=07
458718=08
168753=08
620808-09
2283¥2«09
840172-19
309r82=19
113705=19
418297-11
1538483=11
5661U3~12
208258~12
766137-13
28l546-13
103685«13
38143714
140323=14%
516219=]18
189906~15
6982716
25711016
945489=17
347826~17
127958=~=17
470731-18
1731 (2-18
637~65¢19
234303~-19
8621/74-2¢
317176=29
11€6483.2¢
4292%1-2)1
157913=21

TABLE 2

THE EXPONENTIAL FUNCTION EXP(=X)

o3
740818+00
272532+00
100259¢00
368832-0]
135686=01
499159=02
183630=02
675539=03
248517=03
91424204
336331=04
123729%=0¢
455174-05
167449=05
616012=06
226618=0¢
833681~07
306694=07
11282607
415065=0R
152694=08
561730=09
206649-09
760219-10
27966%9=10
102884=10
378491=11
139239~11
512231=12
188439%=12
693230~13
255025=11
938184~=14
345139=14
126969=14
467095-15%
171834=15
632144=16
232553-16
855513-17
314726=17
115781~17
425935=18
156693=1a
576440-19
212061-19
780127=20
28699320
10557920
388403~21
1642885«2}

o4
670320+00
266597+00
907180-01
333733.01
122773=01
451658<«02
166156=02
611253=03
224867-03
827241-04
304325-04
11195504
411859-05
15151405
557390=06
205052-06
75434607
2771508-07
102090~07
375567-08
138163-08
508274~09
18698409
687874-10
253055-10
930937-11
342472-11
125989-11
463486-12
1705n7-12
627260-13
230756«13
84890414
312294=14
114887=14
422645-15
155482-15
57198716
210422-16
774101-17
284T76-17
104763=17
385402-18
141781-18
$21585-19
19188019
705888+20
259682-20
965316.21
351441=-21
129288-21

: 5

60653100
223130+00
820650=0u1
301974=n1
111090=01
408677-02
150344-02
5537184=03
20346R8=n3
7“8518.0‘
275364-04
101301=0n4
372665-05
137096-05
504348~)6
185539-06
682560=-nT7
251100=97
923745=08
339827-¢8
125015=08
459906=09
169199=09
622414=10
228973=10
8642346~11
309882«11
113999=-11
419380~12
154281~-12
567569«13
208797«13
768120-14
282576-1‘
103954=14
38242515
1640686~15
517556=16
190398=~16
700435«17
257676=17
947936~18
348726-18
128289~18
471950=19
173621=19
638714=20
234970=20
864406=2)
317997=21
116985=-2]

o6
548812400
201897400
742736201
273237=01
100518=01
369786-02
136037=02
500451=03
184106~03
6772087-04
2491%0-04
9166V9=05
3372v2-05
124050=05
456353=06
167883=06
6176V6=07
227205=07
835839=¢08
307488«08
113119=08
416140-09
153089«09
563184-10
207184~1¢
76218711
200393~11
103151-11
379470-12
139599=)2
513557=13
188927.13
695026~14
255685=14
94061315
34603215
12729815
4683V4«16
172219=-16
633780=17
233155-17
8577¢8-18
315540~18
116081=18
427038=19
197096-19
577933-20
212609-20
782147=-21
287736=21
1058592=2)

o7
496585400
182684+00
672055=01
247235<01
909528=-02
334597=02
123091=02
452827-03
166586=-03
612835=04
225460«04
829382=-05
305113=-05
112245=05
412925=06
151907-06
558833-07
205583=07
756298-08
278227=-08
102354=-08
376539-09
138521-09
509590~10
18746810
689655«11
253710~11
933346~12
343359=-12
126315=12

.464686=13

170948-13
628884<=146
231353=14
851102-15
313103-15
115184=15
423739-16
155885-16
573468~17
210967=17
776104~18
285513-18
105034~18
386400~19
142148=19
522935=20
192377=20
T07716-21
260354=21
957789=22

8

449329+00

1652994+00
608101~01
223708-01
822975=902
302755=02
111378-02
409735«03
150733-03
55451004
203995-04
750456=05
276077=05
101563=05
373630=-06
137451=06
505653=07
186019-07
684327~-08
25175008
92613609
340706=09
125339-09
461096-10
169628-10
624026-11
229566=11
844527-12
310684=]12
114294=12
42046513
15468013
569038-1‘
209337-14
770109-15
283307-15
104223~-15
3834)15-16
1‘1050-16
518895«17
190891=17
702248-18
258343.18
950390=19
349629-19
128621+19
47317120
174070=20
64036821

235578-21

86664322

o9
406570400
149569+00
550232-01
202419-0)
744658-02
27394 4=02
100779=02
370744-03
136389+03
50174704
184582-04
679040-05
249805-05
918981+06
338074~06
124371-06
45753407
168317=07
619205-08
227793-08
838003=-09
308284=09
11341109
417217=10
153486-10
564642~-11

-207720-11

764159=-12
281119~12
103418=12
380453~-13
139961-13
514887=14
189416~14
696823-15
256347-15

943048-16

346928-16
12762816
469516~17
172725=17
635420-18
2337158~18
85994819
316357-19
116381-19
428143=20
157505-20
579428-21
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784171=-22
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7r9567-2>
2A102R=2>
940268=27
3532613-23
179958.27
47808924
17587924
64T(323=25
238027=-2%
875651-26
37213424
118506=26
43596127
76538‘-27
§90009-212
217052=21
79849029
293748=25
108064=29
3975453~
146249=3n
538019-3)

197926=31

728129=3>
26TB64=3?
985415432
3642514-31
13336733
49060934

JR0485234

663968.35
244269~35
89858336

330570-34

721610p=34
4467378-37
164581=37
605‘60-3“
222736=38
819401-39
30144139
110894=30
407956«4"~
75007941
55210841
203109=4)
747197-4%2
27487942
1n1122-42

ol
64202b=27
23,188=-27
86R8B6=213
31964b=23
117591=23
432593~=24
159142-2¢
585451«28
215379=2%
792322-26
291479=26
1u7229=26
2944T4=27
148119=27
S33R62=2R
196397~2R
7272506=29
265794-29
977803=3r
35071§~30
1372331=3n
486819-31
179091=31
65R838=32
262373=3?
891641=37
32R016-33
120670=33
443922-34
163310=34
600783=35
221016=35
813071=36
299112=36
110037=36
404804=37
14R918=37
5476843=38
201540=-38
761425=39
272755-39
109341~-39
369134=40
13579T=40
4995684
183781=41
67509247
248730=¢?
914991=43

2
5808=22
21371222
786201=23
289°¢27-23
1064u1=23
391642624
1439Y8=24
529738-25
194800 =25
716922=26
263741=26
970249-27
35693527
1313y9-27
483-~59=28
1777v7-28
653749=-29
2405v1=29
884753=39
325482-3¢
11973839
4404923}
162748-3]
596142-32
2193v8-32
806790=-33
296n0U1=33
10918733
601477=34
147769=34
5431135
199983=35
T35697=3¢
270548=36
995658=37
366282+37
134748-37
49571938
182361-38
670869-39
246799=-39
907922=40
33470649
122874=49
452r28~4)
166292«4]
611753-42
225051 -42
827918~-43

o3
525646=22
193374=22
711384=23
261704=23

35417724

130295=24
479327=2¢
176334=25
648698=26
238643=24
877918=27
32296827
118813=27
437089=28
160796=~28
591536=29
217614=2¢
800557=30
294509=30
108344~-3¢
398574=31
146627=3)
§39411~32
198438~32
730014=33
268857=33
987966=34
363452=3¢
133707=34
649187935
180952=3%
665686-36
26489236
900909=37
33142637
121925-37
448536~38
165007-38
607027=39
223313-39
821522=40
302221=40
111181=40
409012=41
150467=47
553537=42
203635#42
749131=43

TABLE 2 (Coutimued)

ol
475624222
174972-22
643687-23
236799-23
87113524
320473=24
11789524
433713=-25
15955425
58696626
21593326
794373-27
29223327
107507-27
395495-28
145494-28
53524429
19690529
T24374-30
266482=30
980334-31
360645-31
132674-31
486079-32
17955432
660544-33
243000-33
893949-34
328865-34
120983-34
445071.35
163732=35
602338-36
221588«36
815176-37
299886-37
110322-37
405852-38
149305-38
549261=39
202062=39
T433464=40
27346140
100601-40
370089=-41
13614841
S00861=42
184257-42
677842-43

5
430362-22
15R321=22
§82432=-23
214265-23
788236=24
2B9976~-24
106076=24
392“‘0-25
144370=25.
531109726
195384-26
718778=27
20462427
972760=28
357859=-28
131649-28
484309=29
178167=29
655“‘1030
241123=30
887043-3)
326325-131
120048«3)
441033=32
162468«32
§97685«33
219876=33
8UBETB=34
297570=34
109470=34
402717-35
14815)=35
545018436
200501=36
737602=37
271348+-37
998235=38
367230-38
135096=38
496992-39
182833=39
672606.40
24743p=40
910273=41
334871=41
123192=41
453198=42
166722=42
613337«43

)
389408=22
14325522
s<T0v6=23
193875223
713225=24
26238124

965246225

35509425
130632=25
480507=26
17679126
65031727
23926027
880190-28
32380é4=28
119121.28
438221-29
101212=29
593007=30
218177=39¢
802629=3]
29521131
108624~3)
3996v6=32
147007=32
540807=33
198952-33
731903=34
209252-34
990$23~35
364393435
134093=35%
49315336
18142136
66740937
245526e37
903240~38
332284~38
122240-38
44969739
165434-39
608599=40
223891 <40
823649-4)
303003-4)
111469«4)
41007142
150857+42
§24970«=43

o7
352351=-22
129623-22
476855-23
175625=23
645353=24
237412=24%
87339p=25
321302-25
118201=25
434835-26
159967=26
588486=27
216492-27
796429-28
292990=-28
107785=28
396519-29
145871-29
§36630-30
197415=30
726269-31
267172=31
982871=32
361578-32
133017-32
489343=33
180019=33
662254=34
243629=34
896263-35
32971735
121296=35
446223=36
164156=-36
603897-37
222161~-37
8]17286=-38
300663-38
110608=38
406903~39
149631=39
550683=40
202585=40
T45268«41
274169=4]
100861=4]
371047=42
136501~42
502158=43

8
318820-22
111287.22
431476223
15873123
5683940424
214819=-24
79027625
290726-25
10695225
393455426
146764226
53248427
195890-27
720639-28
265108428
97527829
358785-29
131990-29
485563=30
178628<30
657137=31

24174731

88933932
32?169.32
120359-32
442776-33
162888+-33
59923234
220445-34
810972-35
29834035
109753-35%
~°375?-36
148535236
546429-37
201020-37
73951138
272051«38
100082-38
36818139
13544639
498278=40
183306~40
67434741

248078-41

912629=42
335737=42
123511-42
45437143

o9
288480-22
106126=22
390416~23
143626223
5283T0-24
194377=24
715072-25
263060-25
967744-26
356013-26
130970=26
481811-27
177249-27
65206128
239880~28
882468-29
324642-29
119429-29
439355-30
161630~30
§94603-31
21874231
80470732
296035=-32
108905-32
40064033
147387=33
542207-34
199‘67-3‘
733798-3%
269949.35%
993087=36
365336-36
13440036
494429=37
181890=37
669137-38
246162=38
905578239
333144-39
122557=39
45086140
16586240
61017441
22447041
82578142
303788-42
111757=42
411132=43
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3. The Function D(UR, pa, ph)
The function D(UR, pa, ph) is useful for finding the flux at points
opposite a disk source but not on the disk axis. See Figures 2 and 3.
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3517138401
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102073206
1156428-06
1203778«06
1200475.06

3,00000
+26000

170974803
1058589-02
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1,0099*001
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431892403
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7918876-01
8176423-01
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819853#-01
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175000
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2945533-01
1501172400
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213802501
2138397401
2138423401
2138422401

20,00000
010000

10183157.42
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4032079.11
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3331130-10

6330873-140
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1378404401
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9131275~-08
1572383~-07
323721007
6921868407
101611406
115536406
120373006
120547306

3,00000

175000
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8173026#03
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1067943401
1373355001
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2130919001
213799lt01
2138398+01
2138428401
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20,0000
/50000

1607318-12
100397811
4005650-11
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4677454=09
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1378403001
1378429401
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162076004
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6284412400
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© ,50000
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3072508+00

+50000
+75000

1578075+01
101255300
4366570600
1032096e04
1726822408
2684766403
3119578404
3414794002
3508446601
3516669401
3517115+08
3517272404

3515708¢04

15,00000
'175000

4180684410
2610403-09
104056408
2327855400
410536208
9029210008
1555422407
320590007

687472107

101469606
118397306
120363106
1205472«06

3,00000
+50000

1620364=03
1006153202
3932912-02
852170402
143919501
202106803
421430001
6320218+01
7903952201
8475178+01
819679701
8198526=01
819853501

+ 73000

75000

9679969=02
6082524=03
245148100
5393292+00
885133700
1463792403
1791593¢04
204359708
2130047403
213794304

2138394403

233841903
233084239+03

20.00000
«79000

199377042
9954000-12
3971531011
889836111

1972643°19
3‘79674010
604386119
127396209
2905336+09
466110009
56390708-09
6144302-09
647863209

5,00000
20000

817138705
5089290e04
201056203
4431825403

7658524003

159291302
2551168402
439743702
6514798202
7133365202

720724402

7214898502

72149‘9002

1,00000
+ 73000

57567231»02
358402408
1406482000
3021244400
4940007400
0505764000

10870190}
129292204

1370500034
1377966003

1378400004 -

1378429404
137843001

,10000
1,00000

1149786401

7571364004

3698938400
1243397404
4807816001

9968500604

1085513402
1139084003

11647066002
184002

1220
1249593402
1048672402
140335302

7050°°°f
«+50000

302331706
1685502409
7484281408
1662643404
2903943404
6216885+04
1033013403
1940011203
3346108403
3995927403
411796703
413607903
413627303

1,950000
+75000

2084701002
1292198404
5014285.09%
1070448400
1764447400
3200367400
4376480400
8635374400

6216373400

62802008400
6284439400
6284412,00
62844414000

125000
1.00000

1063030.0%
6960232404
3296180400
9978806400
232532449034
5482099204

§990996404
6429789%.0%
6552421404
$570337+04

65439
67420

aaaotoooo},
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]



TABLE

MUwA (MFP)
MUeH(MFP)

MU=R(MFP)
.10000
.25000
50000
,75000

1.00000
1.50000
2.00000
3.00000
5,00000
7.50000

10,00000

15,00000

20,00000

MUwA(MFP)
MU«H(MFP)

MU«R(MFP)
«10000
,25000
50000
75000

1,00000
1.50000
2.00000
3,00000
5,00000
7,50000

10,00000

15,00000

20,00000

MywA(HFP)
MUsHIMFP)

MU«R(MFP)
.10000
,25000
.50000
75000

1,00000
1,50000
2.,00000
3.00000
5,00000
7,50000

10.00000

15,00000

20,00000

OF THE FUNCTION

¢50000
1,00000

8262808n02
531757401
2349533400
6076637400
1205818401
2407998401
3007033401
3392307401
3506960401
3516599001
3517204401
3517802401
3520218401

= 15,00000
= 1,00000

411230110
2567745409
102362708
22902319-08
4039598408
8888344408
153203907
3162%586w07
6809160007
1009913006
115200808
120354706
120546906

s 3,00000
= 1,50000

975348404
608339703
241516002
536378%5«02
935425702
198269301
3217736403
553032¢=01
772300901

8159625001

819564301
8198522404
819853801

275000
1,00000

5777444-02
3664097=02
1534391400
3636601+00
6610010+00
1295872403
17068310403
2023853403,
2128641+01
2137875403
2138389403
2138443403
2138419+01

20,00000
1,00000

1574733»12
9835196+12
3924262~11
8792948-11
1554435=40
3430405-10
$975874=4p
1260680-09
2881707.09
44638254%09
5625971.09
6142776-09
6478562+09

5,00000
1,50000

623036105
38851089~04
1541999-03
3422340=03
597101503
1273630#02
230304302
386507102
6259Q75-og
7092882-02
7202960-02
721486502
7214954~=02

D(MUsR,MUwA, Ny*H)

1,00000
1,00000

3822902-02
24017/6-02
9741888-01
2209448400
3865207«00
751458400
1026928+01
127632801
1369490801
1377899+01
13783968401
1378430401
1378428403

+10000
1,50000

3109737-02
2005258~01
896942301
24708808400

599429800

5124799¢01
101346802
111307802
1140250402
120916ge02
9954078+01
139944402
4601238402

7.20000
$,°0000

255939806
159688805
634866505
141402704
247853804
535789804
9015178=04
174465703
3186392~03
394945603
411025603
413597003
413627803

TABLE 3 (Continued)

1,50000
1,00000

1992576+-02
9924768-02
39231330013
8815177-03
1469381400
2861356400
4101682400
5929705400
6205862400
6279643400
628410300
6284413400
6284414400

125000
1,50000

2965939.02
1922313w01
8961488.01
2949464400
5438964400
2706930401
5334204401
6335661404
6544586401
6984616401
6492032401
675450703
6926056401

10.,00000
1,%0000

1246939407
7783033-07
309851006
6916992406
1216262003
2052787.09%
451606705
903050505
178584704
2392363404
2370902004
201116104
2611894.04

2,00000
1,00000

670922503
4173152%02
1640190w01
3579723=01
608708101
1199543400
1774732400
2952931400
3009260400
306832360
3072227«00
307280700
3072509400

+30000
1,50000

259759502
166405101
7268091001
189113700
4094632400
1397226401
2935645401
330745001
3501829401
354645301
3516664401
392119308
3527230401

15,00000
1,50000

392340510
244992909
97683930V
2186212#08
385779608
8498538408
1467348+07
304241507
662482207
9962322007
1140288s0¢
1203176=06
120546000

3,00000
1,00000

1328657-03
826636403
3253241-02
7424733-02
1219889-01
247028401
3844836-01
6030692+-01
7840809-01
8169846-01
819640301
81908525«01
819853701

75000
1,50000

209539902
133415304
’6936‘e.°1
1418442400
286195000
8014058400
1397294¢91
19516368401
2123817404
213764203
2138376401
2138498403
213860704

20,00000
1,50000

152164%.12
9503883»12
3792433~44
8498924.13
150250110
3327311040
378598310
1223309=09
2815198.09
‘573304-09
558827109
6138282.09
6176350!09

5.00000
1,00000

7369728«05
45392268=04
1817368-03
401729803
6968605-03
146389202
2372687-02
43192117-02
6421460~02
7119078=02
7205752~02
7214885-02
721495002

1.00000
1.50000

1997356«02
101121901
422601001
101960200
194827000
4892390400
829900309
181773000}
136476204
137767603
1378383403
137042903
13784108+03

+10000
2.00000

106223802
679273102
29050223=0%
7631632-03%
1659743+09
7132421+00
5282736+04
1105624¢02
1089306+02
1017161+02
125613602
1569926402
155059102

7,50000
1,00000

2839067406
177089705
7033639205
156409304
735556904
5878291=04
0044627004
106447003
3286229903
3979043403
411522003
4136044003
413627303

1,50000
1,50000

8376398403
5259952002
2136635404

4908913%08

0900104304
2012632009
3311858600
51820944000
6170682400
6277649409
6283984400
6284413400
6284434000

, 25000
2,00000

1034780002

6613037+02.
2865386404

737840404
159164300
651517100
2917469403
6109096004
6528438604

6812726601,

6643498004
6686095201
7072227404

10,00000
1,00000

1343079007
838197497
3335345.06
7439760406
130674440%

. 2841440009%

4819765,09%
953462005
1842352404
2417001404
2377147404
261130504
2611893004

2,00000
1,%50000

431260552503
2’80‘3..02
1033708.03%
232%569%.01
4119273404
8923255,.09
1450647400
2364526400
2983376400
3066474400
3072121400
3072907400
3072850%400

50000
2,00000

9443084003
028981202

2989512404

657151409
1382502400
4997379200
1493042004
3113900404
3491934404
3515676404
35180436404
3529050404
3542926404

-cg-



TABLE

MUwA(MFP)
MUsH(MFP)

MU«R(MFP)
.10000
.25000
.50000
.75000

1.00000
1.50000
2.00000
3,00000
5,00000
7,50000

10,00000

15,00000

20,00000

MUeA(MFP)
MUSH(MFP)

MUeR (MFP)

.10000
+25000
50000
75000
1.00000
1,50000
2,00000
3.,00000
5,00000
7.50000
19,00000
15,00000
20,00000

MUA (HFP)
MUeH(MFP)

MU*R(MFP)
,10000
.25000
.50000
75000

1,00000
1,50000
2,00000
3,00000
5,00000
7.50000
10,00000

15,009
20.00!0

OF THE FUNCTION

75000
= 2,00000

816080703
5489880w02
2207745401
5494167901
1119922400
357935100
8736235400
1798783¢01
211460301
2137216401
213837701
2138651+01
2139874401

= 20,00000
= 2,00000

1450456012
905959112
3615626m11
810449711
143321540
3176654310
553063619
117335609
2724536409
448319509
553‘994:09
6131656009
6178026-09

= 5,00000
= 3,00000

2712308405
1696344e04
6799927204
1534796403
2739260-0§
6212245403
110855702
2432856002
5283497202
6895416-02
7479878a02
7214483202

7214952s02

1,00000
2,00000

673359903
4268701~02
1794894«03
4376230-01
B648543~01
2503256+00
5434602090
1103234493
1356400#01

1377274001

1378361+01
1378431+0%
1378499401

«10000
3,00000

173836903
110400102

1156313-03
2345741-01
7697729i°1
236104000
5433830+0%
1084470402
9993916403
1100486402
13184008402
7238978401

7,50000

3|000001

149420706
9334570-06
3727739-05
8364131-05
148100204
3291856-04
5743628=04
1214821203
2657225-03
3759521~03
4074243-03

4135451-03

4136269-03

-

D(MUeR,MUsA,MUwH)

1,50000
2,00000

41327387-03
2604879-02
1072908-01
2526824~-01
4757102-01
1209033+00
2319247+00
4592009400
610652700
627414700
6283774000
6284412400
6284413400

4125000
3,08000

1713216+03
1087849=02
460373802
1137416501
2303528~01
751375001
227262800
304331901
6467593401
6486315401
654597501
6892620401
5737590401

10,08000
$,08000

8423667=-08
5264333=07
2099598~06
4705839=-06
83192408~06
1842152-05
3204245-05
6736458~05
149904004
2243512+-04
2529893-04
2610079=04
2611878=04

TABLE 3 (Continued)

2,00000
2,00000

252303603
1458278402

5¥21218+02

1962886w01
2489753.01
5694247-01
1065125000
207337400
2937925400
3063772400
3074936+00
3072507400

- 3072%09+00

© 50000
3,00000

1027100-03
1032549402
4360312-02

1073206+01 °

2161055«01

6908314001

199910100
1586466001

3434495401
3513108401

3516023403
3936094401
345502501

15,00000
3,00000

3051081010
190573509
75058686409
1704956408
3015260+08
6084065008
1163836+-07
2468362007
570309707
9223384407
111282106
120090006
1205393-06

3,00000
2,00000

6567018-04

410595003
1644199-02
3703133s02
658148702
1465733201
2521543401
4838698.01

. 7930892a01"

8142139-01
819434001
8198516401
8198538401

75000
3,00000

149548703

9481594003

399061802
976531302
194936301
6050144001
16%0683«00
9426990400
2062737401
213513701
213819501
2139658401
2133468401

20,00000
3.00000

1265669012
7906236012
3156514011
7079800e11
1253094+10
2784244410
4863780240
104i402009
2480603409
423128109
537892609
611053509
6176919=09

5,00000
2,00000

496469605
3098750-04
1233503«03
279276103
483709403
1051535+-02
1777652-°2
3439893-02
6020710-02
7051040-02
719835%.02
7214830002
7214982.02

1,00000
3,00000

1333156%03
844266203
3538532402
8596862+02
1697952.04

- 5090344-014

1305400400
595393100
1311166401
137531501
1378252012
1378512402
13780484018

«10000
5.00000

847390905
8387576-04
223256403
5373858~03
1048442.02
3051663-02
765%282~-02
434702304
5549607601
1324347402
8756771404
1921044402
1806887402

7.50000
2,00000

221844806
138465505
5511936~05
123024604
2162615%04
4712076%04
8p10232«04
158910403

"3047022-03

3905031203
430245903
413587303
413627203

1,50000
3,00000

9776929=04
537525903
2863725=02
6128870=02
1168264703
3302927-01
759108304
261701800
879055700
625747900
628281100
6284412400
6384409+00

,25000
5,00000

841185305
531813704
2215826-03
533234403
1040004=02
302417702
7575064202
427634301
3139774401

6589402+01

627716601
74931644014
7822347013

10,00000
2.00000

112478507
7021871=07
2797308«06
6254340006
1200806#05
2411027205
41268966405
836927205
1708443204
2355546404
2561401004
261093304
2611889w0¢

2,00000
3400000

6876501004
414310403
1704262002
4012097-02
7577554402
199123604
421850201
1237559400
2734916400
305037500
307109800
3072303400
3072%310«090

+50000
5.00000

8194564909
5180064004
2157255203
5487193203
1010534002
2928502402
729729%e02
4036914004
16566/%+04

348082890

35077990
3576816401

»3635620001

15,00000
2,00000

3674326010

2294559409

9151244409

2048961208
3617737008
798293008
1;8;3‘1-07
268432307
637406207
9770973407
1138022406
120265906
1205447406

3,00000

$,00000

2509902#04
197502503
63689720403
1‘70’64.03
2609330308
692276864002
125315304
3304294404
6806191408

8067330008

8188638404
8198487,.0¢

8498839204

+75000
%.00000

7046985405

4959263004
20636083.03
4955076403
9636365403
2777287.02
6862908402
3670354404
9945297400
210441704
2136648404

2143424401
usz‘-o:

;



TABL!

MU«A (MFP)
MU*H(MFP)

MUsR(MFP)
10000
«25000
50000
.75000

1,00000
1,50000
2,00000
3,00000
5,00000
7.50000

19,00000

15,00000

20.00000

MU=A(MFP)
MUsH(MFP)

MU«R(MFP)
.10000
.25000
.50000
+75000

1.00000
1.50000
2,00000
3,00000°
5,00000
7.50000

10.00000

15,00000

20,00000

MUSA(MFP)
MUsH(MFP)

MUsR(MFP)
+10000
,25000
020000
75000

1.00000
1,50000
2,00000
3,00000
5.00000
7,50000

10,00000

15,00000

20,00000

OF THE FUNCTION

= 1,00000
= 5,00000

7389209=05
4668570«04
1940665#03
465202103
9023344-03
258155102
6309044402
3247631-01
6340013400
1347242401
1376980401
1378820404
1379894403

= ,10000
s 7,50000

3092074006
1951255«05
807660305
1922522404
369317304
102873303
242551903
113377102
22085633e01
5611073401
1378451402
701790701
1621615+02

= 7,50000
s 7,50000

6916802208
433852407
1757635=06
4038418006
7389257906
1799465205
354778105
1031556004
4989142404
1763926003
3232565.03
4106421003
413591903

1,50000
5,00000

6245003-05
3942581 ~04
1634327-03
3899527-03
751443303
2109309=02
5012181-02
2344(092+03
2835120400
6043127+00
6271596#00D
628439700
6284563+00

125000
7,50000

307839406
1942598~05
8040405=05
1913762-04
367596404
102364003
241253303
1126339-02
2257203%03
3187145408
6666198404
563729904
7959722403,

10,00000
7,50000

7496030~09
469537008
1892931-07
4314497007
7807965»07
1845097=-06
349853906
924486706
364091805
1082192-04
1916266~04
2570448.04
261108104

D(MUeR,MU®A, NU*H)

2,00000
5,00000

4974610-05
3437583-04
1296234-03
307545603
5879904-03
1613569-02
3712006-02
156924901
1362768400
28985358400
3061787+00
3072466400
307250800

«28000
7.,58000

3030094-06
1912038-05
7912615-05
188284504
3615249-04
100568903
236681003
1100273-02
2159508-01
1690880401
3484998401
3439568401
3698094401

15,00000
7.58000

5816208-11
363981910
146028709
3302356-09
59124190-09
135628n-08
2473948-08
5940048~08
19028798=07
4739666-07
8024782=-07
415570706
1203300-06

TABLE 3 (Continued)

3,00000
5,00000

2715848405
1709428~p4
7010842-04

1043432.03

3089863.03
80089614~-03
1’4‘804-02
6167356-02
3929171-01
7’13071'01
8132252=01
5190196'01
8198538-01

+ 79000
7,50000

2951473006
1862282405
7704700-05
1832568404
3516573+04
9765688004

2292848403
105!425-02
2009028#01
1019640403
2106617404
21312683401
2165579401

20,00000
7,50000

30420844013
2277552'12
9i21237#12
2056383-11
3065’90.11
8511513-11
149262710
3444919040
100889609
23912803-09
3512662'09
5735468.0’
614511109

5,00000
5,00000

534027306
3350161205
135790004
3122087-04
571632104
1392123403
2733670003
7692278003
294991302
599889702
7039376402
721336302
721494302

1,00000
7.50000

2043239000
1795068405
742391205
176471704
33683541904
9374176004
249377303
1003044w02
1821189¢01
6525944400
1349501001
1377672403
1382813401

10000
10,00000

142781307
900249907
374497706
8796793206
1678640-05
4987515-05
10!4265-04
459153804
7140420-06
2‘32903-01
5669855¢01
1962342402
5712860401

7.50000
5,00000

4707361=07
294667906
118517605
269076505
484288105
1126018-04
208588304
5139193~04
1596661-03

314415003

3912490~03
4132237-03
4136238~03

1,500090
7,50000

2564690006
1617612-05
668327209
1586022~04
303392%-04
8351369+04
193706303
8620833-03
1398727«01
2938864400

6060806400

6283673400

6285693400

125000
10,00000

142332207
897412607
3793169-06
8770561-06
1673172-09
457195405
1080499-04
457286704
7099110-03
2452194.01
320927001
7479687201
48991424034

190.00000
5,00000

3505332=08
2192143=07
8787126+07

1983939=06

3543558-06
807295706
145729605
338401105
9546864~05
184240904
23681918~04
260451504
261179204

2,00000
7.,50000

2222723+«06
1401402-05
5782327409
1369218-04
26112982-04
23427333=04
1634068=03
7040440+03
9992758=02
142157440¢
291146300

3074914500
307254800

«50000
10,00000

140740807
887359507
3661423=06
8670547206
1653805=05
4516857205

103717004
4506884~04
6953878+03
2346652+01
1707894404
3575356401
3270357401

15,00000
5,00000

170768310
1067246909
4268193909
9600296m09
17050884+08
3832023«08
6793568408
151191407
396296307
7526697407
1048830¢06
1191992=06
1205095=06

3.00000
7450000

1496564406

942686706

3076743005
9429788005
172806704
4618447004
102908403
4095218003
44141080=02

372379304

7473342003
0194288a04
0198529#04

+ 79000
10.,00000

13681316=907
8708779=07
3592939406
8506638206
1622073+09
4426658409
101537804
4399304004
6719602+03
2184032«03
10320844034

2141836004

2099653004

20,00000
?,00p00

8232%23,13
5144239.42
205613844
4620455,44
819950841
183540040
32308979,40
7129558440
1833246409
34835835.09
4855532409
6019926409
617113409

5.,00000
7,50000

4711103407

2961332406
1208829089
2012254,09%
5234304009
1339599,04

R798424004

9473447404
45073308403
3170006.02
6096829,02
7199008.03
72140843002

1,00000
10,00000

1349676407
8483653407
349944006
828285906
1578770408
4303721.0%

9657114408

425388704
6407186203

1980940004

6617938400
1377995,03
1372092404
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TABLE
MUA(MFP)

MU«H(MFP)

MU+R(MFP)
,10000
.25000°
.50000
075000'

1.00000
1,50000"
2,00000
3.00000
5.00000
7.50000

19,00000

15,00000

20,00000

MUsA(MFP)
MUsH(MFP)

MUtR(HFP)
.10000
,25000
o50000
«75000
4,00000
1,50000
2,00000
3,00000
5,00000
7.50000
10,00000
15,00000
20,00000

MUeA (MFP)
NUSH(MFP)

MUsR(MFP)
,10000
«25000
.50000
75000

1,00000
1,50000
2,00000
3,00000
5,00000
7.50000

10,00000

15,000

20,0000

OF THE FUNCTION

= 1,50000 -
= 10,00000

1249284207

7874865207
3246730406
7678410006
1461917#05
397285305
906165505

386643904

5605125=03
152371101
2990034+00

627359100 .

6282478400

= ,25000
] 15!00000

426761410

268861609
1106338408
2608138908
4944168208 -

1327808407
2982342407
1223528s06
1592042405
3574388e04

852080203-

3220808403

7838724401

. 10,00000
* 15,00000

143328811
9003844011
3667416010
850231910

- 4575258409

397412509
822720309

274428708

2066463007
4008192406
112095005
1196386-0‘
2434529-04

2 00000

10,00000

1126820-07 .

7101572-07
292594706
£912143-06
1314031-05
3556040=05
806570205

'3389755-04

4672893~-03
1090652~03

1143047700

306343300

13072412400

0000
15,00000

4237497«10
2669620-09
1098490~08
2589515+-08
4908549-08
1318031107
2939659«07
12135%06=06

1576373-05.

3524036e04

834750103

1724924901
3640287#03

13,00000
15,00000

4280002013
2684198-12

. 1086869.13

2495332011
4561030-134
1109464040
2189207-4p
6470374~10
361689109
209169608
8633441+-08
5405047-07

106424706

7bcnu-a MURA, NU*H)

3,08000
10,08000

8437321-08

5314799-07

2185888-06
514876706

9748784-06

2609154-05
5831316-05
2355661~04
2862995-03
484024702

-3818728-01

8142512-01
819826801

75000
13,00000

4187808-10
263827809

1085542-08
255879¢-~08.
4849792-08"

130485807
2922260-07
1197008=06
1350634=05
34466308=-04
806790%-03
1044518401
215143001

20,00000
15.00000

6983898-15
‘37‘96,-14
176435R-13
402389843
726’15.-13
1720499-42
3290698-42
8955288+12
4067778-41
1794769-10
5819460-10
2719684%-09
5196768-09

TABLE 3 (Contimued)

5.,00000

10,00000

320930608

2?07705-07
903827407
2112909-06
3959336 06
1029884-05
2216597.05
5111736'05
7‘0017‘ 04
7‘13552-03
3397327'02
7067452+02
7?13681-02

1,00000
15,00000

411927540
259505709
;067657-05
291643008
4768791008
1279%90.07
2670761-07

1174299406

1315370.03
33541500004
769495403
6709323400
1378944001

110000
20,00000

1020728042
1020682«41
419442113
9866626.11
186483340
4967947410
110423109
4412360+09
535150808
1055707-06
2036538+05
9205762-03
5639351001

7,50000 -

110,00000

749983709
4710278#08
1916988n07
4438008w07
8205989w07
2057829006
4221657068

136744505
908774005

564392704

184208003

3949056003
4133052-03

1,50000
15,00000

392998040

247567309

1016377408
239946908
4345220008
1216819507
2728908e07
111196400

1419376405

3060542e04
6736992003
3040914400
6274497000

125000
20,00000

160108389042
101920811
4180347w11
985227114

1862103w10.

4960550»40
110255209
440329009

534179708

1053398406
2030924#05
915291103
3249478003

10,00000
10,00000

11133858+09

7111517-09
2880302~-08
6615438408
1209954-07
2944998407
5810683907
1706367=06
8969154~06
416269905
1140269=04
2420802-~04
2606023-04

2,00000
15,00000

368036240
2318270«09
953380509
224536908
425003408
1137483407
2542818-07
1030626-06
1296009-05
2710838-04
8622535+03
1479177400
306403100

«30000
20,00000

1610066~12

1013962#11
‘166729011

9801168311

185238610
493422540
109657409
4380140-09
830726708
104549406
2011010~05
896708703
1732092021

15.00000¢
10,00000

143239111
89687355911
3610776=10
8211622-10
1481615-09
347391309
$526171-09
1694555-08
6688835208

2252491-07

508202007
105262006
119482606

15,00000 -

305587510

192450309
7908763=09
1860“9-00

351644408

9368369408
2082286007
831638207
100377809
193552104
345479603

391272803

8146222~0%

75000
20,00000

159629512
1009283=13
‘130959.11
9716654011
1836310190
4890677-1p
1086688-09
433855909

525024508

103167’006
1978296+05
8667271-03
1050816+03

20,00000
10,00000

1222197343
7646274u43
3069272912
6946193012
1244873»11
284487/0e1}
525040%5«44
1279811n49
434953410
1239894409
2524950009
511123909
605447209

' 5,00000

1%,00000

1709904040
107626509

441370309

103472808

1946606008

512025508
111926807
4284124007
4604632206
7149343203

9001934004
3394916002

7077146002

1.,00000
20,00000

1977224%12
993261842
408142204}
959959811
184404919
4830380a4¢
1073004209
428104909
5171500408
1013064=06
1933473-05
.367325.0;
6755502+00

«10000
15,00000

4276088410

2693960009
‘1106546400
2613378408

4954419100
133054507
298872707
122635006
1596459,03
3584780.04

857009303

5784125404

1895206¢02

7.50000
15,00000

5'23'91l1$
3662190440
1496864a09

349010309

6517028.09
1679658,00
3573497408

4279908407

1151911.06
1320236405

. 4119962.04

1910340,03

.3’62102-03

1.50000

20,00000

152403312
9897397442

3943294044
9273341441
1751996440
4662406080
403489909
452142109
495340008
9616571,07
181143609

72398 3
‘30662 0
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TABLE

MUwA(MFP)
MU=H(MFP)Y

MU=R(MFP)
,10000
.25000
,50000
.75000

1,00000
1.50000
2,00000
3,00000
5.00000
7.50000

10,00000

1%5,00000

20.00000

OF THE FUNCTION

= 2,00000
= 20,00000

1452712#12
914790912
3758104=11
8835786+11
1668844010
443748510
983631910
3907759=09
466436508
894801407
1654555405
604418103
1493475400

3,00000
20,00000

1267586-12
7981293=12
3277%98-114
7701273-11
1453333-10
3855%65~10
8523637=10
3360068~09
3933221-08
729487907
1282705=-05
3717127=-03
3959488~0%

D(MUSR, MU*A, NUeH

5,00000
20,00000

8243982~13
5189103-12
2128513-11
4991911-11
9396258~-11
247343410
5423428-10
2090168-09
2307292-~08
3873493~07
5901479-06
970855804
3448278-02

TABLE 3 (Contimsed)

7,50000
20,00000

3647140-13
229437112
9392548-12
2195622-11
4114433011
107089540
250971440
8558742410
8542999409
1216022+07
148420006
121179704
1956047-03

10,00000
20,00000

1223334#13
7690774n3
3141056042
7314530m12
1363527s11
34987p3e11
7407726081
262078810
2327311w09
2756463908
268057107
12179990%
122399704

15,00000
20,00000

6986857~-45
430657444
1783074-13
411996713
759853513
1693633~12
3859781-12
1241395-14
87011471}
7277323-40
477039109
9455398-08
55482546907

20,00000
20,00000

204473816
1282396-15
519155415

1191684=14¢ -

217803814
529458214
104455013
3093719-13
1770555-12
1116593-13
547252011
642404240
281386309
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4. The Function Z‘b'. a/t, R/L)

The function Z(b’, a/L, R/4) is useful in finding the flux at points

on the axis of a cylindrical source without intervening shields.




»

YABL! OF THE FUNCTION Z(RP,A/L4R/L)

A/L

R7L

BP (NFP)
.10000
«25000
«50000
.75000

1.00000

2.00000

4.00000

7.00000

10.00000

20.00000

A/L

R/L

8P (MFP)
«10080
«25000
50000
«75000

1.00000

2.00000

4.00000

7.00000

10.00000

20.00000

A7L
R/L
B8P (MFP)
«10000
25000
«50000
«75000
1.00000
2.00000
&.00000
7.00000
10.00000
20.00000

AsL
R/L
B8P (NFP)
.10000
«25000
50000
«75000
1.00000
2.00000
4.,00000
7.00000
10.00000
20.00000

.01000
.01000

2769631+00
4810466400
6709301+00
7792790400
8467277+00
9531744400
9790612400
9705565+00
9600272+00
9294366+00

5.00000
.01000

([}

2773950+00
5821200400
6730565+00
7824398+00
8509055+00
9612685+00
99440874+00
9957096+00
9940159400
9880413+00

= ,10000
= ,05000

2763244400

&795079+00
6630314+00
T751736¢80
8415482400
9547180¢00
9670940400
9571087+ 00
9473016+08
9249082400

= 25.00000
b « 05000

2773950+00
4821200400
6730564400
7824396400
8509053+00
9612683+00
9944085+00

9957096400

9940158+00
9880412+00

«05000
«01000

2773016400
%818902+00
6726083400
7817832+ 00
8500496+00
9596892400
9916307400
9915150400
9886904+00
9800747400

7.50000
.01000

2773951400
4821202400
6730569400
7626402400
8509060400
9612693+00
9944097+00
9957107400
9940169+ 00
9880424+00

«25000
«05000

2770083400
48113880+00
67129081+00
7799435+00
8477462400
9560079400
9864527+00
9853641+00
9821605+ 00
9735502+00

50.00008
«05000

2773951+00
5821203+00
6730570+00
7824606400
8509062+00
9612696400
9944100400
9957110400
9940173400
9880427400

07500
01000

2773342400
4819710+00
6727678+ 00
7820195+00
8503609400
9602841400
9927297400
9932543¢00
9909701+ 00
9837035+00

10.00000
.01000

2773951+00
4821203400
6730570+00
7824404+ 00
8509062+ 00
9612696+ 00
9944100400
9957111+00
9940173+00
9880427+00

«50000
«05000

27723424100
5817363+00
6723443+00
78164563400
8436642+00
9593065+00
9916559400
9923653+ 00
9903394+ 00
9838497400

100.00800
05000

2773952400
£821204+00
6730571+ 00
7825406+00
8509065+00
9612699+100
9946104+00
9957114+00
9940177+00
9880431400

TABLE 4

.10000
.01000

2773505400
4820114400
6728472400
7821366400
8505145400
9605735+00
9932523400
9940606+00
9920061+00
9852809+00

25.,00000
.01000

2773952400
4821204400
6730572+00
7824406400
8509065+00
9612699+00
99441 04+00
9957115+00
99401 77+00
9880432400

« 75000
«05000

27730364400
4819027+00
6726567400
78188508+80
8502204400
9602169+00
9929942400
9940536400
9922337+010
3860755+00

. 01000
« 07500

2689952+00
§614275+00
6326391+00
7231712400
7735800400
81845271+08
7445309+00
6248596+00
5332108400
34901933+00

«25000
01000

2773796400
4820828400
6729862400
7823399400
8507789400
9610573+00
9940882400
9952915400
9935357400
9874522+00

'50.,00000
01000

2773952+00
4821204400
6730572400
7824406400
8509065400
9612700400
9944105400
9957115400
9940178400
9880432400

1.00000
« 05000

2773351+00
£819783+00
6727973400
7820826400
8504661400
9606069+00
9935431400
9947199400
9929648¢00
9869044400

050800
«07500

2732942400
5720680+00
6535741400
7540742400
8141418400
8948265400
8814861400
8319790400
7928752400
7104065+00

THE FUNCTION Z(W4, a/f, R/L)

«50000
«01000

2772887+00
4821050400
6730286+00
7824007+00
8508567+00
9611912+00
9942999400
9955771+00
9938699+00
9878745400

100.00000
«01000

2773952+00
4821204400
6730572+00
7824407400
8509065+00
9612700+00
9944105400
9957115+00
9940178+00
98806432+00

2.50000
05000

2773815+00
4820884+00
6729994+00
7823621+00
8508112400
9611331+00
994642434400
9955313400
9938322400
9878508400

.07500
07500

2744122400
4768301+00
6589937+00
7620543400
8245924400
9143716+00
9162525+00
8844358+00
65880843+00
8050446+00

75000

«01000

2773915+00

4821117400

6730411+00
7024184400

8508791+00

9612278+00
9943537400

9956451400

9939462+00
9879643+00

01000
«05000

2723210400

6695801+00

6484355+00
7461548400
8033383+00
8718405+00
8332612400
T&T7397+00

6764879400

5134097400

5.00000
.05000

2773912400

4821111400

6730405+00
7824182400
8508794400
9612319+080

9843654+00

995664 2+00
9939697400
93879942+00

10000
07500

2750963+00
M765172+00
6622948+00
7669024400
8309258+00
9261179400
9369000+00

9152467400

8973973+00
8597813+00

r

1.00000
.01000

27739284900
4821147+00
6730468+00
7824263+00
8508889+00
9612434+00
9943757+00
9956718+00
9939756+00
9879976+ 00

«05000
« 05000

2753453+00
4770862400
6632710400
7681512+00
8323351+00
9273660+00
9358178+00
9090648+00
8858660400
8329235+00

7.50000
.05008

2773933+00
4821160+00
67306494+00
7826301400
8508939+00
9612524400
9943899+00
9956901+00
9939961+00
9880213+00

+25000
07500

2765335400
&800443+00
6691421+00
7768855+00
8438792+00
9495875+00
9767879+00

9728592400

9678822+00
9562254400

2.50000
+010080

2773946400
4821191+00
6730549+00
7824375+00
8509027+00
9612645400
9944038+00
9957043400
9940104+00
9880355+00

«07500
.05000

2759714400
©786361+00
6663215+08
7726566+00
8382525+00
9385546400
9561042400
9404192+00
9261340400
8937255+00

10.00000

+«05000

2773941+00
£821179+068
6730527+00
T824346+00
8508992+08
9612599+008

- 9943987+00

9956994400
9940055+00
9880309+00

«50000.

. 07500

2770340400
§812588+080

6714584¢00

7802067400
8481214408
9568705+08
98382435400
4882260400
9857936+030
9786764400
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TABLE
AZL
R/L
_ BP(NFP)
10000
25000
50000
75000
1.00000
2.08080
4.00000
7.00000
10.00000
20.00008

A/L
R/L
B8P (MFP)
.10000
«25000
«50000
«75000
1.00000
2.00000
4.00000
7.08000
10.00000
20.00000

A7L
R/L
BP (MFP)
«10000
«25000
.50000
75000
1.00000
2.00000
L.00000
7.00000
10.00000
20.00000

A/L

R/L

BP (NFP)
«10000
«25000
.50000
.75008

1.00000
2.00000

©.00008

7.00000

10.00008

OF THE FUNCTION

= ,75000
= ,07500

277189000
4816313400
6721576¢00
7811944400
8493655+ 00
9589054400
9912319400
9919917+00
9900160+00
9836313400

= « 01000
= 10000

2656288400
4532211400
6168812¢00
7004441400
7644081+00
7677172¢00
6649708400
5225854+00
4215742400
2420830400

= 5.,00000
= 10000

2773793400

%820833+00
6729906+080
78235087+00
8507980400
9611176400
9942304+00
9955223+00
9938254+00
9878472400

= «10000
= «25000

2607676+00
4419969400
5972256+00
6746509+00
7143620+00
7337926400
6535053+00

5625048000

5093044¢00

20. 000' 5307969+00

1.00000
07500

2772601400
%818010+00
6728731400
7816359400
8499167+00
9597798400
9924618+00
9934842400
9916528+00
9854860400

. 05000
«10000

2709198+00
$662796+00
6424549400
7380239+00
7935119400
8586727+00
8231629400
7525989+00

7003200+00.

5981421+00

7.50000
+«10000

2773877+00
6821030400
6730260+00
7823986+00
8508559400
9611995+00
9943282+00
9956259+ 00
9939312+80
9879555400

«25000
« 25000

2691449400
4623288+00
6359966+ 00
7302109¢00
7852656400
8547017+00
8395486400
8025814400
7790858+00
7398196+00

»

Z(BP,A/L4R/L)

2.50000
«07500

27736404400
6820683+00
6729272+00
7822640+ 00
8506921+ 00
9609621+00
9940347+ 00
9953062+ 00
9936003+ 00
9876105+ 00

07500
+10000

2724998400
4701749+00
6500709+ 00
7691997+00
8080990400
8856154400
8700584+ 00
8214624+¢00
7850309+ 00
7129875+ 00

10.00000
«10000

2773908400
4821103+00
6730392+ 00
7824164+ 00
8508774+ 00
9612295400
9943635400
9956629+ 00
9939688+ 00
9879937+ 00

«50000
«25000

2735855+ 00
4730484400
6562690+00
7590447+ 00
8218132+00
9157327+ 00
9314646400
9203402+ 00
9119381+00
8960103+ 00

TABLE 4 (Contimued)

- 5.00000
«07500

2773862+00
4820895+00
6730197400
78233901+00
8508455+00
9611842400
9943031+00
9956051400
9939095400
9879329400

«10000
«10000

2735320+00
4727159+00
6550282400
7564599400
8175579+00
9029828+00
9000649+00
8653073400
8388985+00
7864327+00

25.00000
 +10000

2773944400
4821187400
6730542400
7824366400
8509016400
9612633400
9944028+00
9957036400
9940098 +00
9880353+00

« 75000
«25000

2751651400
4768348+00
6633503+00
7690118+00
8343239400
9359472400
9606103400
95641 22+00
9519071400
9419223+080

»

7.50000
« 07500

2773910+00
4821106400
6730396400
7824170400
8508781+00
9612303400
9943642400
9956634+00
9939691+00
9879939400

«25000
«10000

2758841400
4784813400
6661990400
7727156400
8386115400
9408742400
9637497400
9560972400
9488311400
9333250400

$0.00000
«10000

2773950400
§821200+00
6730564400
7824396400
8509053+00
9612683+00
9944085400
9957096+00
9940158+00
3880412+00

1.00000
« 25000

2759186400
4786320400
6666838+00
7736676+00
86401252400
9450865+00
9733361+00
9717117400
9685895400
9606402+08

i

10.00000
«07500

2773927+00
4821147+00
6730470+00
7824270400

8508901400

3612472400
9943841400
995€842+400
9939902+00
9880154400

.50000
«10000

2767558+00
480%5954+00

6702280+00

7784882+00
8459800400
9534936400
9835225400
9825105400
9795249+00
8715587+00

100.00000
10000

2773951400
4821203+00

6730570400

7824404400
8509062+00
9612696+00
994 4100+00
9957110+00
9940173+00
9880427+00

2.50000
«25000

2770547400
4813225+00
6716165+00
7804855400
8485335+00
9578646+00
9902577400
9912335400
9894071400
9832658400

2%.00000
«07500

2773948400
4821194+00
6730555400
7824384400
8509038400
9612662400
9944061+00
995707100
9940133+00
9880388+00

«75008
«10000

2770294400

L2812528+00
6714616400
7802304400
8481738400
9570784400
9887792+00
9891249400
9869341 +00
9802378+00

.01000
«25000

2661099+00
©064146+00
5293897+00
5775297+00
590€116+00
5251154+00

3441327+00

189€201+00

1171006400

4662562-01

5.00000
«25000

2772959+00
481 8885+00
6726416400
7818792+00
8502291+00
9603184+00
9932863+00
9945302400
9928172+00
9868197+00

50.00000
07500

2773951+00
4821201+00
6730568+00
7824401400

8509058400

9612690400
9944 094+00
9957104400
9940167400
96380421+00

1.00080
«10000

2771553+00
4815533400
6720202400
7810121+00
8491496400
9586255400
9909535+00
9917614&+00
9898243400
9835099+00

«05000
« 25000

2546811400
4272099+00
5689920+00
6341587+00
6626683+00
6458197+ 00
5201128+00
3956395400
3281843+00
2404006+00

7.50000
«25000

2773485400
%820115+00
6728624+00
7821781400
8505305+00
9608296400
9938966+00
9951768400
9934769400
9874954+00

» »

100.00000
« 07500

2773951+00
4821203+00
6730571+00
7824405400

8509064400

9612698+00
9344102400
9957113400
9940175+00
9880430400

2.50000
-10000

2773405400
5819923+00
6728262400
7821267+00
8505254400
9607228+00
9937428400
9949912+00
9932759+00
9872743+00

« 07500
«25008

2581057+00
4355293+00
5848735+00
6569296+90
6917289400
6951853+80
5945822+00
4880569+00
§275377+00
3426615+00

10.00000

«25000

2773681+00
820573400
6729446+08
78228923+00
8507262+00
9616171+00
9941172400
9954080+ 00
9937115+00

9877'00

-OL-



- L4

Tna‘or THE FUNCTION  Z(BP,A/L,R/L)

AZL
R/L
8P (MFP)
.10000
«25000
.50000
«75000
1.00000
2.00000
%.00000
7.00000
10.00000
20.00000

A/L

R/7L

BP (MFP)
.10000
«25000
.50000
«75000

1.00000

2.00000

4.00000

7.00000

10.00000

20.00000

A/L
R/L
B8P (NFP)
10000
25000
+50000
75000
1.00080
2.00000
4.00008
7.00000
18.00000
20.00000

AL
R7L
_BP (MFP)
+10000
«25000
.50808
. 75008
1.00800
2.00000
%.00000
7.00000
10.00000
206.00000

25.00000
25000

2773906+00
£0821097+00
6730382400
7824152400
8508760+00
9612279400
9943623400
9956621+00
9939662+00
9879934+00

= «75000
= «50000

2691558+00
4626458+00
6374493400
7333665+00
7905745400
8704281400
8755893400
8600279+00
8501772400
8331668400

= +01000

= ,75000

1945191+00
2884953+00
3253032+00
3119205¢00
2823215400
1596446400
§993467-01
1684751-01
10587%52-014
4552509-02

= 5,00000
= «75000

2765089400
4800516+00
6693515+040
TT74370+400
8448712400
9528030400
9844217480
9852239+00
9833619400
9771888+00

50.00000
«25000

2773940400
4821177400
6730524400
7824342400
8508988+00
9612593+00
9943983+00
9956991+00
9940053400
9880308+00

1.080000
«50000

2717848400
4688894+ 00
6489535400
7493522+00
8103490+00
9009374+00
9163304+00
9083103+00
9019861400
8898057+00

«05000
« 75000

2062068+00
3152563+00
3721033400
3733537+00
35643037+00
2691753400
1339745+ 00
86755508-01
7366038~-01
59870746-01

7.50000
« 75000

2769764400
5811450+00
6713118+00
7800883+80
8530754400
9573278400
9898126400
9909291400
96891810400
9831445400

100.00000
«25000

2773949+00
4821197+00
6730560+ 00
7824390400
8509046+ 00
9612673+00
9944074+00
9957084+ 00
994014L7+00
9880401+ 00

2.50000
50800

2760685+00
478965%+00
6673723+ 00
T747196400
8415404+00
9478531400
9780056+00
9781353+ 00
9759340480
9693254+ 00

«07500
«75000

2116441400
3278306+ 00
3942695+00
4027922+00
3892108+00
2947472+ 00
1805734400
1284692+ 400
1123728+00
9514511-01

10.00000
« 75000

2771521400
4815541+00
6720461+ 00
7810797400
8492700400
9590005+ 00
9917799+00
9929892+00
9912712+00
9852699+ 00

w -

TABLE 4 (Contimnued)

.01000
«50000

2178138+00
3406615400
4127218+00
4218751400
4055603400
2057881+00
1244418400
4610862-01
2550806-01
11654L44-01

5.00000
.50000

2769992+00
4811959+00
6714006400
7802033400
8482072+00
9574800+00
9899354400
9910106400
9892405400
9831757+00

$10000
. 75000

2163114+00

3386589+00
4134631400
4284260400
£197792+00
3355694400
2239838400
1686934400
1502329400
1301307+00

25.00000
« 75000

2773540400
4820246400
6728865+00
7822114400
850631%+00
9608915400
9939770+00

19952673400

9935717400
9875953400

« 05000
+ 50000

2285721400
3660500400
4589378+00
4851274+00
4826951400
3962355+00
2495564400
1611011+00
1295199400
1001326400

7.50000
«50000

2772086400
481€853+00
6722794400
7813924400
8496445+00
9595121+00
9923594+00

9935777400

9918595+00
9858572400

25000
« 75000

2355599+ 00
3836053¢+00
5940056+00
$371892+00
5509310+00
5185840400
4339268+00
3775318+00
3536373¢00
3241176400

50.00000
75000

2773847400
4820960+80
6730137+80
7823823+00
85083€6+400
‘9611741400
9943011400
9955998400
9939057+00
9879310400

«07500
«50000

2333793+00
3774405400
©798203+00
5139214400
5180817+00
L&48€055+00
3130247+00
2244273+00
1897705+00
1544324400

10.00000
.50000

2772870400
4818683400
6726071400
7818348400
8501780+00
9602594+00
9932388+00

9944989+ 00

9927943+00
9868078+00Q

+50000
75000

2522299+00
4220230+00
56516385+00
63645003+00
6697505+00
6926297400
6507164400
6113893+00
5919539400
5644046400

100.00000
«75000

2773925+00
§821142+00

6730462400

7824259+00
8508889400
9612458400
9943830+00
995€835+00
9939897+00
3880151+00

,10000
.50000

2373996400
3669843400
497:3733+00
5382057+00
5480299+00
§935842+00
3691817400
2825345400
2463778400
2069091+00

25.00000
«50000

2773769+ 00
4820778400

6729813+00

7823387+00
8507842+00
9611017+00
9942177+00

9955160+00

9938194+00

987 3441+00

«75000
«75000

2607909+00
4430255400
6020156+00
6851449+00
7319050480
7855007+00
7705330400
7456859400
7322386+00
7113256+00

«01600

1.00000

1752714400
2466611400
2592947+80
2334426400
1991722400
9145955-01
2279231-901
86088831-02
5842391-02
1981709-02

«25000
«50000

2527685+00
4235787+00
5650353400
6323393+00
6647972+00
6733739400
6054010+00
56431892+00
5119336+00
4696980+00

2773905+00
4821095+00
6730379+00
7826147400

8508755+00

9612274400
9943618+00
9956619400
9939680400
9879933+00

1.00000
«75000

2656955+00
&546028+00
6231411400
7141951+00
7675755+00
8389276+00
8398308+00
8241425+00
8143055+00
7989967+00

.05000
1.00000

1873740400
2737415400
3065418400
2905098+00
2635750+00
1622490+00

8157479-0%

$708089-01
5046265-01
4077472-01

«50000

«50000

2641322400
4506842400
6153179+00
7025525+00
7522455+00
8105718+00
7934803+00
7630349+00
7457960400
7189639+00

100.00000
«50000

2773940+00
&821177+00
6730523+00
7824341400
8508987+00

‘9612593400

9943983+060
9956991400

9940053+00

9680307+08

2.50000
« 75000

2744198+00
4751546400
6605180+00
7654264¢08
8302853¢00
9318160+00
9586999400

9573581+00

9546058+00
9473134400

«07500
1.00000

1931224+00
2867212+08
3265659+00
3187264400
295925008
2000503+80
1159396+060
8688829-01
7842119-01
6697289-01%



TABLE

A/L

R/L -

BP (MFP)
+10000
«25000
+50000
«75000

1.00000
2.00000
%.00000
7.00000
10.00000
20.00000

AZL
R/L
BP (MFP)
.10000
+25000
.50000
.75000
1.00000
2.00000
£.00000
7.00000
10.00000
20.00000

A/L
R/L
8P (MFP)
10000
25000
50080
+75000
1,00000
2,00000
4.00800
7.00000
10.00000
20.00000

AsL

R/L

BP (MFP)
.10000
+25000
+50000
75000

1.00000

2.00000

4,00000

7.00000

10.00000

R

OF THE FUNCTION

= ,10000
= 1.00000

1981225400
2980627+00
3459577+00
3437614400
3248473+00
2348380+00
1489218+080
1162240400
1061107+00
9300774-01

25.00000
1.00000

2773220+00
4819581+00
6727538+00
7820332400
8504176400
9605974400
9936402+00
9949221+00
9932251400
9872474+00

= 75000
= 2.50000

1989842+00
3035006400
3646384+00
3791619+00
3778795+00
3474112400
3144931400
2989661+00
2921263400
2605996¢00

= .01000
= 5,00000

5925118-01
$125178-01
1646236-01
6839317-02
3449242-02
1174258-02
3964218-03
T188323-04&
1238992-04%
3212926-07

25000
1.00000

2195748400
3471900400
£313100+00
4557198+00
4562383+¢00
4024456400
3221097+00
2794652400
2631747400
2426714+00

50.00000
1.00000

2773765+00
5820770400
6729799+00

7823370400

8507822400
9610994+00
9942160400
9955129400
9938186400
9878437400

1.00000
2.50000

2127956+00
3341608400
4155025400
4433098400
&507313+00
4334344400
4021478400
3854009+ 00
37789461+00
3655253+00

. 05000
5.00080

6932464-01
$652696-01
3136315-01
1957548-01
1459036-01
1012894-01
8170187-02
6179598-02
5547592-02
1411900-02

Z(BP,A/L,R/L)

«50000
1.00000

2398573400
3942231+00
S147217+00
5673550+ 00
5898369+ 100
5854381400
5317088+00
4930502+ 00
4756760400
5519384+ 00

100.00000
i.g80000

27739085+ 00
5821094+ 00
6730377+ 00
7824145400
8508752+ 00
9612271400
9943616+ 00
9956617+ 00
9939679+ 00
9879933+ 00

2.50000
2.50000

2519493¢ 00
4231081400
5683889400
6423404+ 00
6832133+00
7310911400
7275186400
7168401400
7109637+ 00
7001110400

07500
5.00000

T440748-01
6459653-01
3978286~-01
2713032-01
2139317-01
1578161-01
1344588-01
1127564~01
9393630-02
4598963-02

.. TABLR & (Continmed)

«75000
i1.00000

2513415400
%210503+00
5628693400
6325381400
6687097400
6978154400
6680521400
6389637+00
6246254400
60344%99+00

»01000
- 250000

1069060+00
1129123+00
7976640-01
5047488-01
3138182-01
6652698-02
2345323-02
1046294 4-02
4531281-03
2477851-04

5.00000
2.50000

2683931+00
4611740400
6357221400
7322571400
7906269+00
8778029400
8973119400
8945383+00
8915357+00
8840417400

«10000
5.00000

7899128-01
7204319-01
4780906-01
J449688-01
281145601
2143056-01
1872258-01
1641862-01

"1444660-01

8830093-902

1,00000
1.00000

2584161400
4376274400
5927670400
6732036+00
;%61§43000

%07+00
7568393+00
7360141+00

7249414+00
7073855¢00

« 05000
2.50000

1187236+00
1355980+00
1097639+00
8133158-01
60726L47-01
2880003-01
2024536-01
1711538-01
1590993-01
9092193-02

7.50000
2.50000

2729420¢00
4717546400
6545721400
7575865400
8210479+00
9199528400
9465301400
9460669+ 00
9438658+ 00
9373170400

« 25000
5.00000

10078%8+00
109318%5+00
9095446-01
7610116-01
6720719-01
5521143-01

‘5032689-01

4726238-01
4499607-01
3849132-01

>

2.50000
1.00000

2722342400
4700482¢00
6513558400
7530321+00
8152057+00
910€180+00
9332876+00
9302746+00
9268775+00
9188000+00

«07500
2.50000

1245597+00
1470668400
1255202400
9813225-01
7722376-01
4228432-01
3153365-01

2775211-01.

2531643-01
1877640-01

10.00000
2.50000

2747635+00
4759949+00
6621351400
7677583+00
8332723400
9369038+00
9662694+00
966€6370+00
9647007+00
9584589+00

«50000
5.00000

1265542+00
1567627+00
151€869+00
1387045+00
1285733+00
1107897+00
1025735400
9828902-01
355€653-01
8854638-01

€.00000
1.00000

2758312400
4784706400
6665222400
7736200400
8402708+00
9463652+00
9768480+00
9772845+00
9753005+ 00
9689838+00

-10000
2.50000

1297604+00
1574093+00

1400019400

1138454400
9289300~-01
5557141-01
4280086-01
3837900-01
3572957-01
2886677-01

25.00000
2.50000

2769396400
4810606400
6711695+00
77993058+00
8478656+00
9€70888+00
9896247400
9908079+00
9890939+00
9830999+00

«75000
5.00000

1457795+00
194L1784&+00
2031115+00
1948172+00
1855590+00
1649432+00
1538999+00
1484920+00
1453446400
1378455400

7.50000
1.00000

2766532+00
4803909+00
6699662400
7782762400
8458943400
9542942+00
9862786400
9872555+00
9854664400
9793834400

« 25000
2.50000

1537326+00
2063680+00
2114&920+00
1944137400
1759340+00
1319027400
1096822+ 00
1016718400
9779174~-01
8958788-01

50.00000
2.50000

2772787400
4818494+00
6725749400
7817934+00
8501305+00
9602055+00
9931968+00
9964720400
9927751+00
9867980400

1.00000
5.00000

1611214+00
2251229+ 00
2478706400
2653840+00
2382662+00
2171682+00
2039022+00

1975019+00

1939735+00
1860417400

Lol -

10.00000
i.00000

2769639+00
%811158+00
6712636+00
7800267+00
8480042+00
9572662+00
9897478+00
9908868+00
9891504400
9831287+00

«50000
2.50000

1804246+00
2630017+00
2991898+00
2985088+00
2881112+00
2471070400
2164275+00
2037404400
1981150+00
1879950400

100.00000
2.50000

2773657400
%820519+00
6729354400
7822773+00
8507107+00
9610017+00
9341052+08
9954004400
9937061+60
9877312408

2.50000

S.00000

2146106400
3392394400
8267681+80
4609602400
a784797400
4759102400
86146250+ 60
%524001+80
W4 77480400
#384850¢00

-ZL-



TAB& OF THF FUNCTION

asL
R/L
BP (MFP)
.10000
«25000
«50000
«75000
1.00000
2.00000
4.00000
7.00000
10.00000
20.00000

AL

R/7L

B8P (MFP)
.10000
25000
+«50000
.75000

1.00000

2.00000

%.00000

7.00000

10.00000

20,00000

AL
R/L
8P (MFP)
10000
+25000
50000
75000
1.00000
2,00000
4.000080
7.00000
10.00000
20.00000

AL
R/L
8P (MFP)
.10000
«25800
«50000
+75000
1,.00080
2.00000
5.00000
7.00000
10.00000
20.00000

5.00000
5.00000

2487589+00
%160426+00
5567881+00
6279676+00
6672858+00
7148904400
7162910400
7099759+00
7060894+00
6976401+00

= «10000
= 7.50000

537€600-01
3936244-01
2309406-01
1754487-02
15408465-01
1317726-01
1141821-0%
9422615-02
7631958-02
331800%-02

25. 00090
7.50000

2734476400
§7295493+00
6567549400
7605906400
8247380400
9254718+ 00
9536283+00
9539956400
9521454+00
946020100

= «75000
= 10,00000

9407813~-01
1036546400
9454603-01
8754900-01
8356627-01
T773332-01
T435108-01
7169549-01
6956800-01
6320724~-01

7.50000
5,00000

2616975400
h657643+00
6086394+00

- 6963748+00

7481010400
8214704400
8351180+00
8318025+00
8288649+00
82150813+00

«25000
7.50000

73064771-01
6756899-01
5100671-01
4297664-01
3925606-01
3471395-01
3211419-01
29780886-01
2779209-01
2163372-01

50.90000
7.50000

2763569+00
4797068400
6687630%00
T766807+00
0440039¢00
9518142+00
9836619400
98647182+00
9829974400
9770010400

1.00000
10.00000

1081147+00
1274125400
1225046400
1155736400
11£0136400
1037678400
9969131-01
9675959-01
9452502-01
8804147-01

Z(BPLA/L,R/L)

10.00000
5.00000

2676632400
4595303+ 00
6329504400
7287357+00
7866319+00
8734108400
8939915+ 00
8924263400
8300189+190
8832628+¢00

«50000
7.50000

9660951-01
1057402400
9335653~ 01
8377113-01
782L314-01
7046362-01
6649138-01
6364280-01
6144556-01

$500837-01

100.00000
7.%50000

2771309+00
4815060+ 00
6719640400
7809763+00
8691493400
9588637+00
9916733400
99292124100
9912228400
9852453+ 00

2.50000
10.00000

1630889+00
2310260400
2609536400
2649301+ 00
2630538400
2532865+00
24£9220+00
2615912+00
2308091400
2316950+00

-

»

TABLE & (Contimmed)

25.00000
5.00009

2755991+00
779643400
6656245400
7724671400
8389494400
9448615+00
9756634+00
9765156400
9747655+00
9686374+00

« 75000
7.50000

1147349400
1374639400
1318286+00
1226544+00
1162529400
1058976400
10061 44+00
9725897-01
9486738-01
8820865-01

«02000
10.00000

24361 69-01
8337302-02
1742395-02
8322810-03
5873816-03
19821 22-03
2006839-04
ST77534~06
1606503-07
9881759-13

5.00000
10. 00000

2091555400
3278658400
5097941+00
4417163400

. 4548283+00

5604323400
§529717+00
8476579400
LLubth634400
4363636+00

50.10000
5.00000

2769309+00
4810408400
6711357400
7798626400
8478161400
9570331400
9895817400
9907808400
9830747+00
9830302400

1.00000
7.50000

1295787+00
1647945400
1670644400
1595931400
1530806+00
1408661400
1343620¢00
1305239400
1279464400
1210756400

« 05000
10.00000

3157696-01
1581949-014
7322537-02
5627162-02
5065350-02
4085332-02
2799271-02
1452479-02
7060469-03
5502197-0&

7.50000
10.00000

2330660+ 00
3807336+00
5970432+00
5513597+00
57900843+00
6073316400
6051252+00
6002105400
5970979+00
5895800+00

100.00000
£.00000

2772775+00
4818469400
6725705+00
7817878+00
85012641+00
9601963+00
9931912+00
9944685400
9927727+00

9867968400

2.50000
7.50000

1853256+00
2764364400
3277676400
3413846400

3434685400

334b04L58+00
3232788400
3173287+00

‘3139188+00

3060876+00

«07500
10.00000

3533773-01
2005292-01
1073267-01
8624754~02

.7892805-02

6723787-02
5314281-02
3591811-02
2299995-02
4415660-83

10.00000
10.00000

2468665+00
6118835400
5500418+00
6197059+00
6582307+00
7060202400
7104156+00
7064689400
703€6185+00
6963971+00

01000
7.50000

3691137-01
1769695-01
LEQ&L732-02
1797154-02
1108911-02
&554316-03
8539356-04
6147993-05
4245855-06
5341766-10

5.00000
7.50000

2278778400
3690145+00
4770597+00
5255061400
5490195+00
$6900832+00
5629300+00
5566410¢00
5%30027+00
56448786+00

«10000
10,00000

3878619-01
2409262-01
141 0404-01
1161639-01
1071927-01
9363203-02
T8720824-02
6010737-02
4416€466-02
1347456-02

25.00000
10.80000

2705943+00
4663376400
6450498400
7449598+00
8060803+80
9002028+00
9251018+00
9249073400
9229680+00
9167564400

. -

05000
7.50000

4542454-01
2819918-01
1311395-01
8865331-02
7501316-02
5991761-02
4532214-02
2872835-02
1722649-02
2668718-03

7.50000
7.50000

2675226+00
5133228400
5523694+00
6225481400
6613375+00
7090358+00
7123923+00
7076429400
7064454400
6968120+00

+25000
10.00000

55820803-01
4589305-01
3377968-01
2946282-01
2765402-01
2519322-01
2325870-01
2117452-04
1927002-01

'1338685-01

50.00000
10.00000

2755652+ 00
4778675400
6654939+08
7723001+00
8387587+00
9446479400
9755002+00
9764130400
9746727400
9686607400

« 07500
7.50000

%979255-01
3395437-01
1816534-01
1322167-01
1149719-04
9584616-02
7967821-02
6065941-02
#459796-02
1368773-02

10.00000
7.50000

2578273+00
4368824400
5932401+00
6761600+00
T7243456+00
7908285+00
8022002+60
T7990437+08
7963024400
769108808+08

«50000
10.00000

7723132-01
7686926-01
6500517-01
5880572-01
S574290-01
$152258-01
5005675-01
4640437-01
4446669-01
38230604-01

100.00000
10.00000

2769264+00
4810306400
6711184+00
7798404400
8477908+080
9570045+00

. 9895598+00

3907670+080
9890649+00
9830853+00

-ct-



TABLE

V4 SER
R/7L
BP (MFP)
«10000
'«25000
«50000
«75000
1.00000
2.00000
&.00000
7.009000
10.00000
20.80000

A/t

R/L

BP (NFP)
«10000
«25000
50000
« 750800

1.00000

2.00000

4.00000

- 7.00000

10.00000

20.00000

AZL
R/L
8P (MFP)
10000
25000
50000
+75000
1.00000
2.00800
4.00000
7.00008
10.00800

20.00000

AL

R/L

BP (MFP) .
.10000
~25000
58000
.75000

1.00800

2.00000

%.00000

7.00000

10.00000

20.00000

OF THE FUNCTION

=  o01000
s 25.00000

3387115-02
4427532-03
1784384503
9098248~-04
§531459-04
2678026-05
6426058-08
7965517-12
9704061-16
8464836-29

= 5,00000
= 25,080000

1396641+010

1869794400
2030780+00
2048766+00
2028096+00
1987512+00
1956075+00

1929986+00

1908824+00
1845301+00

= +10000
= 50.00000

2823913-02
2046028-02
1788396-02
16008191-02
1645070-02
8833840-03
269537403
3906276-04
5387721~-05
6691077-08

= 25,00000
= $0,00000

2041418+00

317€091+00
3949242400
§252839+400
4384150+08
44682074400
4464216+00

5439452+00 -

&618761¢00
4355768+00

« 05000
- 25.00000

6343651-02
267902502
1896759-02
1672379-02
1491468-02
9096143-03
2824296-03
4208219-04
5965256-05
8109777-028

7.50000
25. 00000

16889648+00
2638934400
2822934400
2919329+00
2939131+00
2912680+00
2875203+00
2846183+00
2823855+00
2758971+00

- +25000
'50.00000

676758902
5338513-02
%919305~-02
4692616-02
4506332-02
3855565~02
2678840-02
1371531-02
6548343403
4808366-04

50.00000
50.00000

2451775¢00
4081917400
5461065+00

6124980+00

6503927+00
6985399400
7056012+ 00
7036320400
7016274+00
6953992¢00

» .

ZIBP,A/L,R/L)
- « 07500

25.00000

8039743-02
3742280-02
2994397-02
2732226-02
2533249-02
1879074-02
9200554~03
2701562-03
TH64407-06
9158704-06

10,00000
- 25..00000

1897960+ 00

'280694639+00

35466500400
3668093+ 00
3739626+ 00
3758218400
3720065+900
3689164+ 00
3666067+00

3600293+ 00

«50000
S6.00000

1304891-01
1062334-01
1013709-01
9833209-02

9610120-02

6905819~ 02
765902402
5882267-02
$313855-02
1296959-02

100.00000
50.00000

2668999+ 00
4578172400
6300777+00
7251061+ 00
7825362+ 00
8689996+00
8907656+00
8904326400
8886071+00
88254938¢00

TABLE 4 (Continued)

+10000
25.00000

9658686-02
£999628-02
4092016-02
3792390-02
3576762-02
2890114-02
1766745-02
7350946-03
2860121-03
10776494-064

25.00000
25.00000

2456158400
§091476400
5456386400
61543529+00
6524042400
7004421400
7063137400
7043437400
7021263400
6956490400

« 75000
50.00000

1902845-01

1630188-01
1535397-01

1497296-01

1471308-01
1395561-01
1268259-01
1085903-01
9091564~02
4610109-02

. 01000
100.00000

5874709-04
1132865-04
6195068-06
3188427-07
1606516-08
9881918-14
35506 27-24
7493316-40
1573516-5%
859578-108

«25000

25.00000

1840519-01
1245415-01
1067642-01
1015302-01
9838160-02
9012256~02
7710740-02
5913877-02
#339336-02
1309494-02

50.00000
25. 00000

2669904400
©580201+00
6304170400
7255338+00
7830177+00
8695135400
8911359400
8906587+00
8887662+00

8826296400

1,00000
50.00800

2673224014

2176920-01

2056946-01
2011145-01
1981683-01
190042401
177054901
1586858-01
1606375-01
8599599-02

« 05000
100.00000

5065652-03
372868003
2274045-03
1292070-03
7060789-04
5502643-05
28664222-07
1003648-10
345033114
9528063-26

23

«50000
2%.,00000

3087281-01
2459993-01
2164191-01
2075068-01
2027056-01
1921697-01
1780851-01
1592673-01
1410883-01
8624385-02

100.00000
25.00000

2745399400
4754891400

6612761+00

7666598+00
8320186+00
9355003400
9651939+00
9659569+¢00

9642166400 .

9582133400

2.50000
$0.00000

5405508-01
5397422-01
5179971-01
5089216-01
5037684-01
4924960-01
WTT9T44-01
4589554 -01
4405890-01
3803202-01

«07500
100.00000

789348103
6333161-03
4697718-03
3345206-03
2300164-03
441622304
1345035-05
§527072-08
3086425-10
5251775-18

«75000
2%.00000

4170871-01
3640920-01
3258793-01
3133986-01
3069577-01
29615146~-04
2790069-01
2597461-01
2412880-01
1817309~-01

.01000
50.00000

3496638-03
8924249-04
226%5730-04
5374249-05
1239013-05
3213032~-08
1976383-13
290€120-21
§$232438-29
3147025-55

S5.00000
50.00000

8988817-01
1031655400
1030762+00
1017617400
1009440400
9930792-01
9760728-61
9560032-01
9372196-01
8764072-01

+10000
100,00000

1072061-02
8941996-03
7225365-03
572407703
4416334-03
134769403
1012257-04
1869963-06
3345613-08
4755102-14

1.00000
25.00000

5137968-01
4786922-01
4350150-01
5191683-01
$111011-01
3960356-01
3798351-04
3601347-01
3415022-01
2810340-01

05000
50.00000

1466329-02
9483826-03
7457356-03
5884820-03
4548086-03
1412156-03
1100526-0%
2146905-06

5054980-08

6900587-14

7.50000
50.00000

1160733+00
1655249400
15206407+00
1515583+00
1506603+00
1486068+00
1466731400
1445676400
1426498+00
1365270+ 00

«25000 -

100.00000

2767018-02
2459681-02
2253192-02
2085865-02
1927807-02

1339443~02

5386307-03
1170076~-03

2604327-04

1113210~-06

¥ -

2.50000
25.,00000

9477765-01
1091234+00
1074362+00
104L7898+00
1031550+ 00
1003494+00
9811219-014
9588515-01
9392033-01
8774332-01

«07500
50.00000

214887902
1497207-02
1266631-02
1095037-02
9395423-03
4600318-03
8832413-04

6494575-05

4579510-06
6172749-10

10,00000
50.00000

1364419400
1817174+80
1975740+00
1993996+00
1989914400
1968012400
1946576+00
1924622400
1905086480
1843442+00

50000
100.00000

5586050-02
5068768-02
%805264-02
4620056-02
W453185-02
3829703<02
2664339-02
381552-02
6485657-03

b72619‘k

-yL-



TABLE

AL

R/L

BP (MFP)
.10000
«25000
«50000
+75000

1.00000
2.00000

&4.00000

7.00000

19.00000

20.00000

OF THE FUNCTION

= « 75000
=100.00000

8394211-02
T6T77745-02
7357229-02
7154163-02
6978466-02
6361943-02
5131281~-02
3471061~-02
2205536-02
§107703-03

1.00000
100.00000

1118643-01
1028654-01
9909047-02
9686114-02
9503683-02
8854275-02
7633571-02

5866583-02

6301155-02
1290713-02

Z(BPyA/L4R/L)

2.50000
100.00000

2733816-01
2592788-01
2521388-01
268859401
2664916-01
2392256-01
2266347-01
2084293-01
1903948-01
1325687-01

TABLE & (Contimed)

5.00000
100.00000

5100899-01
517537401
5067401-01
5017082-01
&984747-01
4899317-01
K767117-01
4582386-01
5400885-01
3800700-01

7.50000
100.00000

7073375-01
7669791-01
7600083-01
7535609-01
TH494865-01
7396870-01
7258481-01
7071119-01
68088565-04
6266982-01

10.00000
100.00000

8735917-01
1002574+00
1010420400
1003826+00
999045701
9880301-01
973585801
9545910-01
9362336~01
8759556~01

25.00000
100.00000

1515286+00
2103949400
2365409+00
2422005+00
2433146400
26264470+00
2607002+00
2386676+00
2367789+00
2306892200

50.00000
100.00000

20346085+00
3162471400
3929832400
4231705+00
4363303400
4666990+00
4656176400
4434863400
£4615552+00
§3564166+400

100.00000
100.00000

24469542+ 00
%077050+00
5433279+00
6115568+00
6493735+00
69758008+00
7049928400
7032757+00
7013777400
6952743+00

-5L=
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5. The Function ZSb’ R R[l.)

The function Z(b', R/L) gives the flux at an axial point on the
end of a cylindrical source with self-absorption.




TABLE

R/L
BP (MFP)
«10000
«25000
50000
«75000
1.00008
2.00000
4.00000
7.00000
10.00000
20.00000

R/7L
BP (MFP)
.10000
«25000
«50000
«75000
1.00000
2.00000
4.00000
7.00000
10.00800
20.00000

OF THE FUNCTION

= «01000

2758921+00
4783732400
6655970+00
7712997+00
8361155+00
9321602400
9378408400
9004206+00
8625225+00
7504677+00

= §,00000

5957898-01
3613492-01
1219102-01
3729410~02
1105191-02
T748777-05
3449346-09
9876590-16
2815175-22
£397583-44

«05000

2697777+00
4632652400
6359480400
7276326400
7789153400
8250807+400
T472761+400
6142584400
S063700+00
2736208400

7.50000

3389510-01
1644018-01
2527735-02
4080744~03
6423276-04
3663265-07
11066457-13
1786377-23
2870734-33
6537882-66

Z(BP4R/L)

« 07500

2660600+00
4561640+ 00
6183548400
7020991+ 00
7459440400
7666163400
6529855+ 00
4904646+00
3706002+00
1517609+00

10.00000

2187737-01
6194751-02
5685914-03
48€9157-04
%082217-05
1900335-09
38080611-18
3502363-31
3147858-44
1027457-87

TABLE 5
«10000

26241 86+00
§4653032+400
6013954400
6777229400
7147647400
7132967400
5725253400
3940596+00
2736172400
8549057-01

25.00000

26489303-02
6749059-04
1381790~06
2723645-09
5311506-12
746462923
143469444
3784989-~77
996364-110
250589-218

« 25000

2420714400
3966476+00C
5108951+00
5512449400
5573839¢00
4710821400
2707932400
1136430+00
4866802~01
3178386-02

50.00000

1147847-03
6927501-07
2669528-12
1006227-17
3770292-23
7317808-45
2717621-88
193489-153
137597-218
0000000¢00

THE FUNCTION zZ(tX, R/2)

«50000

2132739+00
3300232400
3935959400
3960432+00
3744971400
2440019+00
8349749-01
1607217-01
3177211-02

1633397-04

100.00000

415578206
133€496-12
1889949~23
2640440-34
3677363-45
1372442-88
189771-175
0000000+00
0000000400

0000000+00

«75000

1897960400
2776733400
3069553400
2883245+00
2552651+00
1290667+00
2675172-014
2413722-02
2233558-03
9252342-07

1.00000

1704929+00
2361277+00
2421523+00
2124184400
1761353+00
6922401-01
8741600-02
3732506-03
1627348-04
5683829-09

2.50000

1024555400
1047022+00
6965951-01
4084958-01
2293842-01
1989333-02

1289359-04

6393804-08
3174L718-11
3326933-22

-LL-
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6. The Function C(R/L, b, a/t)

The function C(R/L, b, a/f) is useful in finding the flux at a point

on the axis of a non~absorbing cylindrical source with an intervening slab
shield.



TABLE

8 (MFP)
AsL
R/L
«01000
«05000
.07500
«10000
«25000
«50000
« 75000
1.00000
2.50000
5.,00000
7.50000
10.00000
25,00000
$0.00000
100,00000

B8 (MFP)
A/L
R/7L
«01000
+05000
« 07500
«10000
«25000
«50000
+« 785000
1.00000
2.%0000
5000000
7,50000
1000000
25,00000
50400000
100,00000

8 (MFP)
A/L
R/L
«01000
«05000
«07500
10000
«25000
+50000
« 75000
1.00000
2.,%0000
5.00000
7.50000
10.00000
25.00000
50.00000
100.00000

OF THE FUNCTION

] «10000
f ] 00100!

3900“5.02
4438179=p1
726227401
1008668400
2612763400
4884829490
6713670400
8189327400
1304068401
158753991
1697362401
175027791
1817585491
1822798491
182299941

s 7.50000
s «01000

167179305
104322304
1544882204
2017214=04
‘18765500‘
59182]1 1=
6431764204
6551533=04
658309304
6582093=04
658309304
6583093=p%
658309304
6583093=04
65813093.0%

= « 75000
s «0500v

4456199203
9328732«¢2
1797134=01
2738236ep1
8309103=9¢1
1571288499
210191500

2674971400

3258884400
3393188490
3402656400
340330300
3403405400
340340500
3403405400

+25000
«01000

3324927.02
3608765<91
5814350.01
7991303-01
2011152400
3679709490
4972941400
5973012400
8836178400
1001160401
1029961401
1038985491
1044250401
1064285491
104¢288.01

10,00000
001000

1263883.06

7531395496
1108835.08
143736205
2887078.0%
38871834905
4113957.0S
415111105
4156%539.0%
6156539-05
4156539.0%
415653905
4156539408
4156539495
4156839_0%

1,00500
«05000

3467504.03
7151428.92
136211101
205497791
603116601
1116291400
1469508400
1706678¢00
2141836400
2191881490
2193743400
2193836400
2193841400
2193841490
2193841400

C(R/LeBoaA/L)

«50000
«01000

2548939.02
258685)18.0)
4100018401
557765791
1347926400
2446596400
3241267400
3820974400
9201505400
5546853400
5589298400
5%06144400
5597739400
5507760400
5507741400

12.00000
«01000

7455264409
419322008
6106380+08
7839010-08
140931707
164388497
191401407
1918062«07
1918299.07
191829907
1918299.07
1918299«¢7
1918299407
1918299-¢7
191829907

2,00000
« 05000

127126303
2‘7@133-02
454035002
6642274=02
1788108-01
31/8885-01
380990401
‘3‘990‘.01
4875659401
‘88?99@-01
4890046401
Q890096-°l
4890046+01

4890046-01
489004601

s

TABLE 6

THE FUNCTION C(R/%, b, a/$)

«75000
001000

1954772=902
1879200=01
2944)65-p1
3980761=g1
9604148=01
1688225+00
220110800
2556339+¢0
3279309¢90
3395323490
3402709400
3403336+00
3403405400
3403405+00
3403405400

20,00000
.01000

4523381-11
2452076+10
3539957«10
4507890=10
817264410
9795079=10
9828972-10
9@339’3.10
983‘117'10
9834111=10
983411710
98341)17*10
98;41{?-}0
9834117~10
983411710

3.,00000
«05000

466070904
8628891 ~93
153386792
2197226~02
59‘1665-02
9334625=02
1130090~01
122561 5=91
1304270=01
1304839<¢91
1304839=91
1304839=91
1304839-91
1304839+¢91
1304839<91

1,00A00
«01000

1699615_02
1376684 _01
214047001
2881806.01
6866490-01
1189295,00
1529273400
1753603,00
2150295400
2192365400
2193774400
2193838,00
2193841400
2193841,00
2193841400

50,00400
201000

290344224
141458523
1970425-23
2423054.23
36269%8+23
3762343.23
3783110-23
3783110.23
3783110.23
3783110.23
3783110-23
3783)10.23
3783110-23
3783110.23
3783110.23

4,00400
. 05000

170876404
3017444,03
523708103
7389508.03
1817448<02
291628702
3431690-02
3647336.02
3779089=02
3779355.02
3779355=02
3779355.,02
3779355-02
3779355.02
3779355-02

2,00000
«01000

5211255+03
4199670-02
6418867-02
8555253=02
1968648-01
3253044=0)
4003026-01
441741109l
4879090+01
489001601
4890046-01
4890046-01
4890046+01
4890046=p1
4890046-01

100,00000
001002

408137546
1828979«45
2448478445
269452945
366262945
3683552-45
368355345
3683553+45
368355345
3683583+45
3683553445
3683553+45
3683553445
368388345
3683553.45

$,00000
00500

6264959405
10591%6~93
1803390+03
251566693
6006188-03
9343548=93
1074010~02
112453302
1148282«02
114829602
114829692
11‘82960°2
1148296=02
1148296-9¢
1148296-32

3,00000
«01000

1819561.03
135p373-02
2044812<02
2708870=02
6078986402
96T6946-02
1151586-01
1237761+01
1304044401
130483%9-91
130483901
1304839-91
130‘!39-01
13048390}
1304839401

10000
«0%000

855%255.03
186494201
3714552401
584006001
2008371400
:zgaoo:ooo

074038400
759;900000

- 1263817+0)

1564931+01
1623353ool
1747135¢p}
1814491401
18227%0+01
1823009401

7.50000
205000

5099532-06
7838604~05
128939104
1764092-04
3981275-04
581161704
6395013-0‘
654338404
6583092404
6583093-0¢
6583093404
6583093~04
:523093-06
5 93«04
6593893-8‘

4,00000
«01000

637981504
4469041-03
672350403
8866516+03
194881402
300468802
3480S06=02
3870841%02
3779186«02
377935592
377935%.02
3779358502
3179388402
377935802
3779385492

+25000
«05000

1359768+03
1589068=01
313917501
4895883«01
1623173+00
;297061003
46200%3¢0
5650357000
8673578400
9952023400
1027506401
1037908¢
19‘423708{
1044288401
1044208,01

10,00000
+ 05000

4151569+07
§892541~96
9473163+06
187942608
27165972008
3837872-05
4101203-05
41648730«05
4156539+0%
4156539=05
415653905
4156539«05
415653905
4156%39«05
415683905

900000
«0i000

2249175404
1509366403
225484403
296£435.03
6393660.03
95932;3-03
1083662, 92
1129319202
11608288,02
1148296402
1193232.02A
148296402
i §§2?§-3z
82
8296.02

1l
114
1148¢

g T3S

217131091
2373762201
3658888491
1153338,00
229??92000

6013
321;.!;:33
5148367,00
sssigiszzo
5587049,00

595614
359;;32138
85971740
ss9!?§;:33

19400000
+05000

2152205409
3440206408
$370796.08
712}%§}-oo
1"_ 14407
1850872497
1912280.07
1917909207
19;619’007
1918299207
1918299.07
191829907
1915323.01
918299207
1918299207



¢

TABLE

B (mFP)
AL
R/L
«01000
«05000
«07500
«10000
+25000
«50000
« 75000
1.00000
2,50000
5.00000
7.50000
1000000
25,00000
50.00000
100,00000

8 (MFP)
A/L
R/L
«01000
«05000
« 07500
«10000
+25000
«50000
« 75000
1.00000

2,50000

5.00000
7,50000
1000000
25,00000

50,00000

100.00000

8 (MFP)

A/

R/7L
01000
«05000
0Q75°°
«10000
«25000
50000
«75000

1,00000
250000
5.00000
T+.50000

10.00000

25.,00000

50. 0
100, 0

OF THE FUNCTION

= 20400000
= 0500

. 182494311

206831119
316783510
415145510
795856210
9666%38-1¢
982616410
9833883.10
983411710
9834117=10
9834117-10
9834117-19¢
983‘117.19
9834117«190
9834117«190

= 3.00000
L 07500

3063261'0‘
6516010-03
125316202
1899807-92
5317673-02
9115466-02
1115997<01
1217460=91
130‘13‘-01
1304839<9)
130483991
1304839=9}
1304839«01
130483991
1304839=9)

= 10000
= «10000

4108057=03
9832159-02
2107405=01
353453801
1502828499
3556255400
536015000
6875785400
1212596491
1535633491
1666839+91
1728897+01
1814916491
1822662491
182301449}

50,00000
«05009

1561929-24
127205123
1838215.23
2303993.23
3592509.23
3781826223
378310923
3783110-23
378311023
378311023
3783110.23
378311023
3783110.23
3783110.23
3783110.23

4,00000
+07s500

1125146404
2325642.03
437483%.03
6482691203
1734656402
285931%«¢2
3399258.02
363i181-02
3779008.02
377935502
3779355.02
377935592
377935502
3779385.02
3779355.02

025@00
«10000

353277303
8435755.02
180194691
301002401
1247116490
2851743,00
418647900
5253290400
8460831490
9871469400
1024090+91
1036362401
1044214491
1044285491
1044288491

C(R/LOBQA/L)

170,00000
+05000

265461046
166816345
233571445
2802896445
3654768445
362355045
36R3553.45
36R3553.45
3683553445
360355345
3603553445
36R3553«45
3683553.45
36R3553.45
3683553.45

2,00000
+07500

4132706-05
831061204
1533111.03
223836303
5761554403
912807403
1066166402
1121175«02
11‘8277-02
1148296.92
1148296402
1148296402
1148296402
1148296402
1148296a92

20000
«10000

2750698403
6535186402
13881850}
230373901
917314449)
2001604400
2844116490
3477672400
5076940400
5551959400
5583663499
5594773400
5507738400
8507740400
SS5o7761400

TABLE 6 (Continued)

010060
«07500

5592821-03
1302752=9p1
2722397=91
4455(0S1=91
172851600
3872362490
5702987+00
1220254400
1238249+91
1550348441
1674238401
1735128¢91
1815733491
1822710+p1
1823012¢01

7.50000
007509

3379070=06
637485405
113023104
1605706=94
3850403-04
574332304
6369854004
6535889=04
6583092«0¢
6583093=q¢
6583093=04
6563093=p4
6583093=04
6583093=0¢
6583093=0¢

.ZSOQO

10000
2141739+¢3
5083023-02
1069599=01
17938Q9.ol
6775492=01
1424155400
197512390
2369665400
3239725490
3389982400
3402044400
3403247400
3403495+90
340340500

3403405¢00,

«25300
+07200

4812646.03
111543601
231993901
3773631.01
1419354400
3067371.00
4400678400
5453221,00
8568494400
9912592,00
1025847401
1037161401
1044227401
10#6285.01
10442884901

10,00400
«07R00

2763106.07
¢9aosgzzoé
8465566406
]130626.05
268883905
3804735.05
4092041-05
4146879.05
t156539705
4156539.05
4156539405
415653905
4156539+05
415653905
4156539_0S

1.00§00
«10000

1667608.03
3922894=02
8242310,02
1350953<01
5022968401
1023p72¢00
1392701400
1645472400
2129881400
2191116400
2193688,00
2193831400
2193841,00
2193a41+00
2192341,00

+50000
«07500

3746648493
86)12188«0¢
1775697«01
28636451
1028849+00
2123578409
2955356400
357478140y
5113345+0)
55295133+00
558544000
5595221490
5597738400
559774000
5597741400

15,00000
007502

184763509
2?76226-05
4910038-08
668020808
140998197
184187297
1910847<9?
191777897
1918299.01
191829997
191820997
1918299=97
1918299=¢7
191829997
191829907

2,00000
10009

6129216=04
1413773«p2
2910462+02
466477502
156198%9=91
2924393+901
3764831=¢1
425684891
48703}19«91
‘889962-01
489904601
4890046<01

4890046=9] -

489004601
4890046-01

« 75000
« 07500

2916684<03
6650109-02
1369170~01
2175033-01
7511035-01
1697673400
2038873400
2422800+00
3245172400
3391663400
3402265400
3403278400
3403405400

~34023405+00

3403408.00

20,00000
«07500

12;5.06-1‘
1829182410
2934486410
3927356410
7819826+10
9639700»10
9823871410
9833779«10
983411710
9834117«10
9834117-10
9'3‘111.10
9834117#10
9834117.10
9834117<10

3.00000
+10000

225274804
509799903
10€9815=92
1618670.02
5022648=02
8892525~02
110141301
120881701
1303973«01
1304639-01
130483901
1304839201
1304839-01
1304839«01
1304839+01

1,00000
007500

227061803
5135457«02
1042239+01
1653363-01)
5515990«01
1070197+00
1431383400
1676419+00
2}36054009

91522400
3193718080
2193834400
2193641400
2193843400
2193841400

$0,00000
- «07500

110573%=24
118266323
175490723
222849723
ggseoov.aa
8138¢0~23
g;:aloo-ag
3110-2
;7031§g-33
3te3j10-23
B
1lo=2
3183110423
378331022
3783110-23
4,00000
.10000

8279890+05
18392208203

3650743703 -

5641371+03
16051386+¢2
2601097-02
3365376<02
3‘133‘3-02

- 37789¢7=02

3119388.02

377935802

3779388«02
3179355=92
377935%«02
317935502

€400000
«07800
O"QOOZ.DQ
1828031 .02
360518%.02
5962248.02
1674830401
3vii208a01
3833199.01
4303754401
4673335.01
448 r {9
4890086201
489004691
4890040401
4990048.9)
4690036.01

100,90000
07500

19?‘193-“
101981348
228303048
3.359;3..3
083548445
sedisticis
[ ] 93«63
3683856345
3683553.48
308386348
3‘;355”.“
3:33:39'25
2683883248

306326708
6628579.04

197372403
5515167403
9026‘32.03
1057894202
1117838 02
1146827002

11‘52"002

- -l .-

=08-



TABLE

B (MpP)

A/,

R/L
«01000
«N5000
eN7500
«10000
«?25000
«50000
75000

1.00000
2,50000
5.00000
7.50000

10,00000

25.00000

50,00000

100.00000

B (MFP)
A/L
R/L
«01000
«05000
07500
10000
«25000
«50000
« 75000
1.00000
2450000
5.00000
7+50000
10,00000
25.00000
50,00000
10000000

8 (mfFP)
A/L
R7L
*N1000
05000
007500
+10000
«25000
+50000
«75000
1.00000
2450000
S.00000
7.50000
10.00000
25.00000
50,00000
100.00000

OF THE FUNCTION

s 7420000
= «10000

2492374=00
5206260-05
9811478=05
1649400=0%
3718180=¢g4
567238404
634200204
652743304
6583091=0
6583093-04
6583093=0¢
6583093=04
6583093~04
6583093-0.
6583093=04

s 15000
L 025000

1554438=04
186837102
4166784292
723702102
3775108=¢1
1025167400
1594628400

2037627400 .

3128441490
337613300
3399950400
3402906400
3403405+90
3403405400
3403405+00

= 2000000
a .25000

3286382-)2
756¢02;.11
15420} 7=1

Ze28] 8-13
675580819
9369326a10
9790336190
983132810
9834117=10
9834117<1¢
9834117=10
9834117=10
9834117=1y
9834117=10
9834117=10

10,00000
«10000

204136607
4093880.06
7489090-06
108166905
2610669=95
3769981.0%

. 408191505

41447142905
4156539.05
415653909
4156539.05
Q15653?.05
4156539205
4156539405

1.00000
+25000

5883162-04
145360702
3222257.92
5614234202
28838%64¢1
7607110=01
1155128400
1447839400
208429%490
2187452400
2193361400
2193800400
2193841499
2193841400
2193841490

$0.00000
«25000

3059820.25
63331‘1.26

17471323
%682451.%3
3362865.23
3773772.23
37683055.23
3783110423
378311023
3783110223
378311023
3783110.23
3783110-23
3783110.23
3783110-23

C(R/LeBya’/L)

12400000
«10000

134943009
2548864.08
4452045.08
6232047.08
1378336.97
1832196407
1959256-07
191761207
191829997
1918299.¢97
1918299.97
191829907
191829997
1918299.07
191829907

2400000
+2%000

21#39.1-0‘
537589703
117486302
203370802
985636102
2355446401
3373670-901
3940542.01
4845657491
488970301
480004301
4890046.01
480004601
4800046,01
4890046-0]

16000000
«25000

5853457.47
1048776245
174304845
2370743445
358441045
36A3444,45
3683553445
36R3553.645
3683553445
3683553.45
3683553445
368355345
36“3553-‘5
36R3553.45
36Rr3553.45

TABLE 6 (Continued)

20,00000
«10000

9185669-)2
159967410
2701027-10
3702323-10
7677484=70
9609741-10
9821089-10
9633638«10
9834117-10
9834117=10
9834117=10
9836117-10
9834117=10
9834117=10
9834117=10

3.00000
025000

7959334=95
1951352=93
4283832=03
7368432=93
338697102
T489770w02
10063549}
114784591
13023¢09-¢1
1304837=91
1304839«91
130483991
1304839-91
130483991

1304839<01

¢10000
«50000

6031696e04
1504280=92
3374054=92
5972316-92
3553977=91
1232619490
232770390
3454403490
8653537490
1288696491
1491511491
1604906491
1793079+¢1
182070391l
1822932+901

»

50.00400
10700

8370919.25
1093111<23
1671117.23
2]52225-23
3543976.23
3780817-23
3783106.23
3783110-23
3783110.23

-3783110-23

3783110.23
3783110-23
3783110.23
378311023
3783)110.23

‘000600
«25n00

2927607.05
714978504
1562141.03
267033303
1168626.02
2428564=02
3133)82.02
348567902
37177666402
37793%4=02
3779355.02
377935%«02
3779355.02
377935502
37793%5.02

+25300
«50400

5191495_04
1294514202
2902905.02
5)367 =02
304604801
1045668400
1949%522,00
2854169+00
6628610,00
9010607+00
9821396400
1014960401
1043594.01
1044279+01
1044285,01

100.00000
10000

1547865=46
153304445
2191644-45
2683825+45
3642310%45
368354445
3683553=-45
3683553-45
368355345
3683553w45
3683553=4
368355345
3683553w49
3683553-45
3683553+45

$.00000
025000

1076833-05
261972804
sgoeago-ge
96794]19=04
4049874203
799188403
999534703
108916802

1168172=92"

1168296w92
11482962
1148296e92
1148296=02
11‘8296-02
1148296=02

+50000
«50000

4043091=04
1007866%02
22%9262+02
399574602
2358677wg1
7952100-01
14524135+00
2081742909
4339652+ 9y
53220%50+00
5525000400
857636T+00
5597703¢0¢
5597738400
5597740+00

«10000
«25000

164725103
3588471402
7994151~02
1400515=-01
761656491
2254104+00
3796523+00
5204108400
1065900+01
1441700+01
1603258401
1686965401
1608784401
1882215+01
1823002+01

7.50000
25000

883847207
212905805
4576907-0%
766410405
2907208-04
5198306404
61326898404
6453425404
658307104
658309304
658309304
658309304
658409304

658309304

6583093+04

«75000
«50000

314869606
784¢844403
175832¢-02
310817402
1821864=0]
609%?26-01
1083581400
1522887400
2902311400
3338264400
3392001400
3401255400
3403404400
3403405+00
34034054900

«25000
«25000

124563003
3086736e02
6867861=02

-1802588«91]

6476048=01
1876174400
3094419400
4159797490
7775181400
9589594400
1011419+91

1030316401

1066094491
1044283401
10442874901

10.00000
+25000

7250032+08
1730578«06
3678996=06
6076498206
212395508
352791705
3999196+05
‘123320-05
4156538=9%
$156539«0%
415633905
4156539.08
4156839«0%
415653905
4156539«0%

1.00000
+30000

245217904
6%0:297-03
136846=92
251777&-82
1409050=01
ng“78-01
809461101
1117164400
197469%¢00
2174800400
2191785¢00
219359000
2193841+00
2193841400
el93se100

«90000
«€5000

970uS 19«04
240i498.02
533661102
9328917.02
‘9‘3‘95.01
1484991400
2214019400
269$g§3.oo
4830352400
5464970400
5568991400
5990706400
5997134400
5591739400
$591141+00

4881506.10
143676.
2379990208
Jgggg;g.oe

07=07
1759886207
1894106407
191581é.07
1918299.97
1918299.07
191829907
1919289.07
191829997
1918299.07
191829997

€400000
;§Qooo

re -4

2244800.03
502052‘-03
84523541.03
$943499.92
198070501
2551055401
3314222401
4768138401
4888034,01
4890006401
489004501
489004640)
4990046.01
4890048401

)
[« -]
rrt
[}



- vaBLt
B8 (MFP)
A/

R/L .
«01000
<05000
«N7500
«10000
«?%000
«50000
«75000

l1.00000
2,50000
5.00000
7.50000

10.00000

25.00000

$0.00000

100,00000

8 (MFP)
AL
R/L
«01000
«05000
007500
«10000
«25000
+«50000
+75000
1.00000
2,50000
5.,00000
7.50000
- 10400000
25,0000
50.00000
100,00000

B (MFP)
AL
R/L
01000
205000
«07500
10000
25000
«50000
«75000
1.00000
2,50000
S5.00000
7.%50000
10.00000
25,00000
Y
100, 0

OF THE FUNCTION ~C(R/LsBya/L)"

= 300000
s . «5000v

3318332-05
824R212=04%
1842098403
3241280-03
1806205-02
5251541=0¢
8174511-02
1014535«9¢1
1295180401
1304808=p1
1304839=-01
1306839-01
130483901
1304839=p1
130483991

s «10000
s +75000

3446859.04
8606795«03
1933509=02
2089927-01
T705487«¢1
15492844+00

2621047409,

7119062400
1152859404
1382318491
1518246491
1770579+01
18177404901
1822824401

= 750000
- .ZSooo

2106510«07
523773806
117022405
2060132-05
115131204
330)1074=0%
493523204
5838813=0¢
6580820-0%
65813093=04
658309304
6583093-04
658309304
6583093-04
6583093-04

1 4,00600
«50000

1220693.0%
3030733204
675864004
1186807.03
6471904403
1787377402
2655714.02
3180984.02
377059902
3779349292
3779355.02
3779355«02
3779355.02
377935502
3779355.02

.25000
. 015009

296673004
740727903
1663853402
2951070=02
1794912201
6579056.01
1311077400
20309665490
5617398400
8368605490
9446756400
9930348400
104245301
1046265401
1044283491

10.00000
075609

172912708
4293260407
9574458407
1681264406
9138152406
2443302<05
342940805
388515705
4156363.05
415653%¢5
4156539.05
‘15653?005
4156%539.0%
415653995
4156839408

?060000
0?0000

4400482.06
1113617-04
2479748.04
434569304
232015703
6111059603
8727‘66-03
1016215-02
1147429,02
11‘8296-02
1148296402
1148296402
1148296402
1148296202
1148296402

20000
« 15000

2310478.04
57479332903
129537502
229692902
139282601
505595601
9940611.01
1516147400
3823160400
5121602400
5450952400
55a48172+00
9507566400
5547738400
5597739400

19.00000
«75000

1165072-l°
2806527409
64092%50.09
111978508
5768272.08

1365590-07

1745611407
1873267-07
1918297.07
1918299-¢97
1918299.07
1918299<07
1918299.07
1918299007
1918299407

TABLE 6 (Contimnued)

7450000
«50000

3685542=97
9113811-06
2021998=95
3525728«¢5
1789219=04
424916504
5618822w0g¢
6222166=04
658278% ¢4
6583093=04
6583093=04
6583¢93~¢4
6583093«04
658309394
6583093«0¢

75000
« 15000

1799375«04
4491362=93
1008493+02
178777402
1ggggze-¢1
3 62-01
7590262-31
113317390
2631613490
3267467400
3375345400
3396973400
340360200
340340500
3403405+00

20,00000
+75000

7849061%13
1937778-)1
4289965«11
7457845=11
3650443%)10
7806532=10
9357029-10
974595310
983411710
9834117=10
983411710
983411710
983411710
9834117=30
9834117-10

10,00400
. 50400

3025991.,08
7259371.07
]6&8913-06
2861019.06
1383836405
3014859.095
377000805
4042209.05
41565213405
4156539.05
4156539405
4156539.05
4156539-05
4156539,05
4156539-05

1,00400
- 275000

1401347,04
3497356,03
7R51524+03
1391493.02
8387)90-02

986958.01

72178801
8477939.01
1829629¢00
2150539,00
218773500
2192878,00
2193841+00
2193841,00
2193841400

50,00400
"« 75000

7338809,26
178134524
36004024
6519058.24
2459246423
3646372423
377632923
3782938.23
3783;10-23
378311 0.23
3783110«23
3783110.23
e
37 10

3783%10-23

15.00009
,QSOOOF

2038035«14
493680104
10966135=08
1884400~08
93‘2‘22-08
158747407
124;168~0;
19038089

1918299.07
1918299=¢97
1918299=07
191829907
1918299-07
1918299«¢7
1918299-07

2,00000
+75000

5155154=05
1285842=04
2684583-03
5106917=03
3041646202
1043773-01
1904761-01
2081379«91
4625358401
4882616-01
‘989060001
4890037-01
4890046401
4890046-01
4890046=01

100,00000
«75000

141374347
3337320%46
6989159+46
1129712245
3128886-45
36726774
3683508«45
3683553+42
3683553445
368355345
3683553.45
3683553=45
3683553.45
368355345
3683553«45

20,00000
«50000

137285312
3346884-1)
7293334-11
124148210
5076069=10
8726937+10
9653353410
9812300~10
9834117-10
9834117=10
9834117-10
9834117-10
9834117-10
9834117-10

9834117=10

3,00000
¢ 75000

189641905
4T27501=04
109974503
1874267-03
110315602
3653184=02
6378727=02
859707302
127909901
1304656=01
1304838491
1304839-901
1304839401
1304839«01
1304839401

«10000
100000

2262045-04
565096203
1279253<02
2255218-02
1367495.01
5265072-01
1095783¢00
1773234¢00
5926627+00
1034897401
12811944901
1433623¢01
1742579401
1812862401
1822618401

50,00000
«50000

128267425
3024009-24
632760724
1022896=23
295437723
3736545-23
318210723
378310123
3ta3y)o-23
37831 10=23
37831]0-23
3783110-23
37a3110=23
3783110=23
378311023

4,00000
< 75000

6976~06.o°
s
9 -
687878404
400154703
1280518=02
2la7780-02
27893¢91«02
3750531-02
37719300<02
317938402
3779355=02
3119355492
3119358«02
37719388402

+25000
1,00000

194695704
486356503
1093183«02
1940662=02
1%92626-0)
4508482701
9330155«01
1499397400
4768777400
1125663400
9025426400

9659312000

1040348001
1046221¢01
1044282401

109400000
050000

2671993,47
§513039246
1089720445
103§3§?-09
3‘0929‘-‘5
2081775245
3683852.45
3083553.45
3083553.48
3683593445
3683593.45
3683553445
3083553.45
3683563.45
3083553245

900000
75000

2560425406
6390418405
193039804
2524802404
It e
L ] -
$268013-03
91430869493

+$774.02
114829402
1148296 ,02

11482%6.02

114829802
1148296.02
1148296,02

+50000
$+00000

1916287404
378740303
8511975203
1910839-02
9231;92.02
281360.
3A§z§;g.8}
134137400
1337603000

4879236400

$345294.00
5902191400

5997141
559773*
5591738

-zs-



TABLE

B8 (MFP)
A/L
R/L
«01000
005000
«07500
«10000
«25000
«50000
« 75000
1.00000
2.,50000
5.00000
7.50000
10.00000
25,00000
50.00000
100,00000

B (MFP)
A/L
R/L
+01000
«05000
«07500
«10000
«?25000
«50000
« 75000
1.00000
2,50000
5.00000
7.50000
10.00000
25,00000
50400000
100,00000

B (MFP)
A/L
R/L
«01000
« 05000
«07500
«10000
+25000
«50000
« 75000
1.00000
2,50000
5.,00000
7.50000
10.00000
25,00000
50.00000
100,00000

OF THE FUNCTION

a ¢ 75000
= 1+0000v

1180870=04
2949337=(3
6627712-03
1176205=02
7201298.82
268839%6e¢1
5461366a01

8582463=01

2351081400
3172452+00
3346781e00
3388261+90
3403391400
3403405+00
3403405+00

= 20400000
e 1400000

$152001~13

12781421

204734111
4992393=11
266550310
673555‘.10
88708?‘.10
9593203-10
9834114210

9834117=10

983411710
9834117=10
9834117410
9834117~1y
983411710

a 3.00000
= 2450000

2844927-0%
7109786-05
1598961«04
284755«04
176175893
6857105«03
147599302
2472176=02
882898902
1258388=¢1
1300683<¢1

'1304475=p1

1304839«91
1304839%=9)
1304839~01

1,00000
1.00000

919659605
2296738493
516061703
9156966403
5595835.92
2076090-91
4179354491
649741991
1666001400
2112052400
2179573400
2191103400
2193841400
2193841400
2193841490

50.00000
1.00000

4818422.26
1182994424
2600425-24
467682924
1982598.23
3487480.23
3757164.23
3781773.23
3783110.23
378311023
3783110.23
378311023
3783110.23
3783110~23
3783110.23

4,00000
2450000

1046592406
26153634095
5881298.0%
1064751-09
646923704
2504340403
§344020.03
88‘8929.0;
2878175«902
3725019«02
377687502
377924602
3779355402
3779355-02
3779355.02

C(R/LeBoa/L)

2400000
1.009000

33R3196.05
8446)70-04
189693703
330378303
204037902
73R64]11=02
1435663.01
214333601
442001701
?869665.01
482905401
481999301
4860046201
4890046=01
4850046.01

170,00000
1,00000

92r6485.48
2241018446
482033546
8060782=46
2771055-45
3645190-45

I6RI06945.

36R355145
36R3553.45
368355345
36R03553.45
362355345
36r3553.45
368355345
3683553,45

9,00000
2450000

385020207
9620710-06
2163256405
3842361005
2375527.04
9146468204
1915039-03
3168362-03
945399303
1141698402
1148135<02
1148292-02
1148296202
1148296«02
11648296402

14

TABLE 6 (Continued)

3.00000
1.00000

124458305
3106022=04
69?2088-0‘
123566293
T439790=03
2629520=¢2
‘9“022-92
7115520-02
1250618-0!
1304120=01
1304829=91
1304839=01
1304839«¢1
1304839+-¢1
130483901

«10000
2450000

S170516=05
1292436-93
290741503
5167339=93
3219078«¢2
1272918-91
2811055=91
4872927=91
23687602+00
5807090¢00
8390863+90
1027223+01
1533854491
174423544]
1813982491

750000
2.50000

3169392«08
7895641=q7
177495606
3151595«96
19‘0985-05
7373749=05
1527385«q4
2433702=04%
6024741=04
6578591=04
6583072=04
6583093-0“
6583093=04
6583093=p4
6583093~04

»

4,00A00
1.00000

4578522_06
1142232.0¢
2563024=04
4539178.04
271287603
936626803
1706600-02
2376190.02
3708175-02
3779055.02
3779353=02
3779355.02
3779355+02
3779355.02
377935502

«29400
2,50A00

4450305.05%
1112398.03
250237403
4447367.03
2769919+02
1094406401
241359701
417632%5.01
2009544400
4695099400
6522296400
7707620400
1000984401
1040997.01
1044248401

10,00400
2,%0000

259434109
6480316.08
1456452=07
2585225.07
1586052=06
594579106
120643305
1872979.,05
398441805
4156188.05
4156838-05
415653905
415653905
4156539.05
4156539-05

5,00000
1,00000

1684326406
4200522=05
942117105
1667458e04
9892823-04
3338099-93
5904291-03
7?78618-o§
1138176«02
114828202
1148296402
1148296-902
1148206402
1148296~0¢
1168296-02

50000
2,50000

3:65898-02
86632049

19‘8769.03
3463356-93
2156217=02
850761802
1872075-01
3229%19=901
1508465400
3307667400
4337530400
4889630+0¢
5565838000
5597401400
5597738400

15.00000
2.50000

174823011
43652na8=190
980644410
1739532«09
1059036-08
3686714708
7539843=08
111521907
1898556+07
191829697
1918299-07
1918299<97
1918299«0/
191829907
1918299<07

7.50000
1000000

1382519-07
3444839-06
771753506
1363778405
79?550‘.05
253727804
419533104
5324239-04
657461906
6583093.04
6583093-04
6583093«04
658309304
658409304
658309304

+ 75000

2450000

2699218408 .

674672604
1517626-03
2697040-03
167847402
6613506-02
1452068401
2497448401
1132963400
2341606+00
2924856400
3183923400
3409399400
3403400+00
34034085400

20,00000
2.50000

117790113
2947314512
660186312
1179325«11
707069111
2516207-10
‘723251-10
668671110
980786910
9834117«10
9834117<10
9834117-10
9834117«10
9834117~10
983411710

10,00000
1,00000

1134866408
282529297
632240407
111548806
6383543406
193493725
301709509
364606305
415548305
4156539«05
415653905
4156539+05
§l§6539-05
415653905
415653905

1.,00000
2,50000

2102152«05
$254259%04
1181880«03
2100302+03
130659302
S1el240~02
1126294201
1931336-01
851405601
1665466+00
1997339+00
2119764900
2193522400
219384} %90

2193841400

50,00000
2,50000

1102019-26
2144876925
614634942%
1085372=2¢
626739224
1929306+23
299291723
3528301-23
378310%5=23
378311023
3783110-23
378311023
g;ealxoozg
83110-2
3783110w23

7640994.11
190042809
‘294151009
76468936.09
4123179.00
113536207
160875407
1815684407
1918282407
1913299.07
1918299.07
1918299.07
191829907
1918299.07
191539?-07

499004629}
+8900%8.01

100,00000
2350000

212914148
8276471847
1175844040
2062008446
110739248
2 reiaees

0 4
3063221:‘5
3683853.48
30635‘3-‘5
3683553.485

'36.35‘3."

365;553.“
3@9‘5530‘5
368359345

-88-



TABLE

8 (MFP)
A/,
R/L
«01000
+ 05000
007500
«10000
«25000
«50000
«75000
1,00000
2050000
9,00000
7.50000
10.00000
25000000
$0,00000
100.00000

B (MFP)
A/L
R/L
+01000
« 05000
«07500
«10000
+25000
«50000
«75000
1.00000
2450000
5.,00000
7.50000
10,00000
25. 00
§0.90000
100.00000

B (MFP)
A/L
R/
«01000
+05000
«07500
10000
25000
«50000
« 75000
1.00000
2450000
5.00000
7.50000
10,00000
25,00000
5008000
10 000

OF THE FUNCTIUN

® 10000
s 5.,0000V

1508074=05
377002‘.04
8482086=04
1507810=03
9415069-03
3753609-02
839957902
1481992=01
8512285=01
2691363400
4610636400
6314379400
1219445491
15692894901
1759920401

= 7+50000
s 5.00000

9217997=99
2304057=07
5182831=97
921069607
573257906
2259091«05
495944905
8522832«05

3701378=04 °
6210875704

655851 3=04
65818;5-0‘
6583093=04
65830930%

6583093=0%

s 75000
s 7.50000

3704835=96
9261846405

208384504

370443704
231395703
9237071-03
2071349=02
3665148402
7317464491
1311646400
1822031+00
3140506400
3387742400
3403321400

.Zsboo
5,00000

1298012205
3264882404
7300552«04
1297768.03
8102991=03
322974692
722“85-02
1273310-01
7272786491
2259099400
3794065400
5073149400
8763983490
1011012401
1042283491

10.00900
5.,00000

7567020=10
18912964908
4254072408
7559452408
1844837.06
402425%=00
6855853406
2736238405
40%59816.0%
4153628295
4156678405
415653905
4156539.0%
4156539205

1,00000
7,50000

268533006
721311905
1622892404
2684992.04
180200103
7192070.03
161227702
2851624.02
167953901
5576442201
9798774.01
1332392400
21019144900
2191313¢00
2193838400

<4

gtﬁ/LoBoA/L)

+20000
9,00000

1010892-05
252710304
56R5608+04
i010682403
637978403
2514006-02
5619808-02
g901037-02
25950864«0]
16a8338,00
2729257+00
3539393400
5282844400
5578235400
5507615490

ig;ooooo
2,00000

509%187=12
127435910
284602310
5091961-10
3158678409
123029908
2649926«08
4437957.08
151749797
1910222«07
1918299’07
191:233.01
9 eg?
1918399237
19182997

2.00000
1.50000

1051‘55-06
2653537405
5970164=95
1061289404
662757404
2643222403
$918184-03
1044965402
6034794202
188;;97-01
3 4.

3878084001
4870694.01
4890021-01
4800046.01

TABLE 6 (Contimed)

’ 075000
5,00000

7872765=06
1968082-04
442786304
7870959=04
4913375-q3
195686702
«37153%1=92
769‘587.°2
4304745=g])
1262610000
1982624990
2483740490

'333199“00

3401969400
3403404400

20.00000
5.00000

3435706=14
8585443+13
1930606=12
3429407-12
2122672-11
8203966« 1
1745083=10
2874240210
8572771=10
9826444210
9834197=10
333411;-10
34117~
s8341}7o10
9834117=)10

3,00000
7.,50000

3904852=q7
976166796
2196240-0S
3904090-05
2637536=g4
971424604
2172369+=03
3829172«93
2168780=92
6603897e92
9749128492
115956891
1304322491
1304839-91
139‘839.01

>

1,00400
5,00400

613131706
153273604
344838404
6129783«04
3826938.03
1523210-02
3400553.02
5980333-02
33120%93.01
9448661401
1438546,00
1752698400
2176159400
2193724400
2193841,00

50.00@09
5.00400

3214577227
8027998=26
1803829.25
320067425
1955195_2¢
7219009«24
14291 78,23
2147820«23
3715579)1.23
3783)10-23
3783)1p.23
3723110723
3783} 1023
3703113253
3783)10.23

4,00000
7,50400

1436521 .07
3591 099=06
8079376.06
1436185405
8965923.,05
35701 7804
7974101.04
1403193=03
7795730403
2178464202
312496702
3550819.02
3779200=02
3779355.02
3779355«02

2.00000
5,00000

2255588+06
5638513-05
1268532.02
2254836-04
1406784=03
559186003
1%:?1&:-02
e 908=02
T161397-0%
2982746491
4081551=91
4571918«01
48899g6egi
4890046<01
489004691

100.00009
$.,00000

6199670+49
1546725047

347080847

6147224047
367437146
126071845
224100545
297903445
36832097«45
3953553-‘5
3683553445
3683583445
368355345
36835§3-t5
3683553+45

$.00000

7.,50000
5284686=98
13210g4-06
297218306
820324206
3297249«¢S
1312110-04
2927063=04
5141995«0%
2802740-03
743036803
1011695«02
1110383=02
114829)=02
1148296=p2
1148296402

3.00000
$,00000

82977191-07
207423805
466642105
8294331-05
51725]16-04
2052804-03
4559132.03
796051703
407582302
9512534.02
1198537-01
127632101
1304832201
1304839+01
130483901

_+10000
750000

T096823=06
177417106
39917‘1-0‘
7096263206
4433226-03
177954602
3973490=02
7038704«02
422§319+01
1482866400
2809142+00
4147165400

983;
1309885498
1677377+01

7.50000
7.50000

4337900-09
108437707
2639564-07
4336292407
2704862206
107439605
2308948105
4179944<05
2174032204
5108012+04
627427904
653460604
658309304
6583093-04
6583093404

4,00000
$,00000

305260007
163057306
1716698=05
3051072-05
1901871=04
753607504
16693184=03
2906475«03
1431619=02
3063‘15002
3625801~02
375108502
3779384<02
3779385402
3179388=¢2

«25000
7,50000

6108297«06

152704204
3435749e0é
6107760=04
3815574=¢3
152369902
341888302
605471102
3619501 -0l
1259701400
2355312000
3526414409
449357¢

??sos¢1og,

103322%¢+01)

10,00000
7,50000

3560970~10
890141409
2002%822-08
358939308
221908107
979‘100-07
1950785=06
3398239«06
1688813-08
fisiesses
9!69812-05
415653905
4156539«05
9156539-05

-

.9599?!7-01

112299207
z‘ozggg-o‘
631471306
1122337405
6992944405
276888004
exgcggl-o;
099 0
5032?!_-03
9956712.03
1124848,92
1192333.02
1148296402
11§§3?9-°2
1148296.02

90000
!559300

4797146406
118925804
207574904
475668204
2911389%.03
110636%.02
2681155.02
4710780802
200213101

757029400
§~g§3g3.oo
478383

$491208,00

$395031+00

19,00000
1,50000

2499636432
S998124.11
134929839
2398044,10
149381709
8899778.09
1300246408
2246]98.08

1022002.07
1805909.07

viestiLor
1518120207
1919299.07
191829097
S

Qe



TABLE

8 (MFP)
A/L
R/,
«N1000
«05000
«N7500
+10000
«25000
«50000
«75000
1,00000
2,50000
$5.00000
7.50000
10.,00000
Zg.ggooo
50400000
100,.00000

8 (MFP)

1.00000

2.50000

5,00000
7.%8800
10.00000
25.00000
5000000
100,00000

B (MFP)

A/L

R/,
201000
«05000
«07500
«10000
+25000
«50000

«75000.

1.00000
2.50000
5.00000
7.50000
10.00000
25,00000
$0.00000
100.00000

OF THE FUNCTION

s 2000000
= 7.50000

1616819«14
4041205~)13

90902‘8-13'

1615431=12
1005062<11
3955737=11
866%705~-11
1484730~19
6215953=10
9597079=10
32293;0-10

10
983:%1 -}9
9834117=10
9834117=10

s 3.0000v
8 1000000

226304107
565744706
1272880+05
2262786405
141339504
5641526=04
126‘8‘5003
2237498«03
1319*32-0%
4365196«

7314691.82
9868430=02
129977301

"1304836=p)

130483901

s .loooo
s 25400000

69603?0-0?
11‘0085-03
3915180=0

6960297<¢5
4350001«04
1739737-93
3913‘20-03
695473493
432839202
1705824=01
3747010-01
645033%-91
2990883490
6779823490
11284054901

S0.00000
7.50000

151277727
3789083=20
8499742.26
1509711-25
9334960225
359479824
760114424
124183423
3448318.23
3782633-23
3;:3110-23
3 0=

3783110:33
3783110.23
3783110.23

4,00000
10.00000

8325303.08
2081257=96
4682629406
8324175-00
%198876.08
2074231aq¢
464718304
821269904
479772;.03
528005=-0
1512013202
3155448402
3776371-02
377935492
3779355,02

+25000
25400000

5990332.0;
i“977o -

3369326.85
599078395
374406904
1497385403
336820403
5985654403
372414%.02
1466127401
321492701
55214719l
2503125400
5612242400
8291798490

C(R/L9Be /L)

170400000
1,50000

2917625.49
728702848
163752447
295604247
1778529.46
667849946
1320798445
200737545
365251545
3683553045
3683523.&5

55345
sl
36nr3553.45
3683553.45

9400000
10.00000

3062718.08
765650507
1722626.06
3062235«06
1912295-05
7676360.05
176742704
3014460-04
D
as 03
6‘3225‘083
1019‘85002
1148110402
1148296492
1148296.02

«90000
29000000

4665662.07
116641405
262“2‘.05
466562205
291586704
1166136.03
2623018.03
4661183.03
2008626402
1139111.01
2490661.01
4261027-01
1841785400
3739515400
5124330400

.

.

TABLE 6 (Contimued)

«10000
10,00000

4112935=¢6
1028222=0%
231346404
4112739=¢4
2569816403
1027005=02
2307318=¢2
4093368«02
269652201
9214000=01
1237200000
He
8040765450
1246677491
1587274491

7050000
1000000

2514013-¢9
6284708=08
141396497
2513475«47
156913706
6251157206
1397065«05
246044905
1373543.,9

07041=0
399134%-39
630002304
6583073«0¢
6583093=g4
6583093«04

.ZSOoo
25400000

363360397
908395796
20438083«05
3633554~05
227084504
9081578«04
2042680=03
3629752-93
2256083=92
8850370-02
192959701
3288‘80.61
1385880400
2601871900
3278592+00

25300
10,00700

35640037.06
8R49984_05
199121406
3539a57.04
2211815-03
8838767.03
1985547«02
3521996402
2144278-01
786780401
1562823000
4 4,00
283504339
8899292,00
1015570401

10,00400
10,00000

2063748.10
$159031.09
1160683«08
2063189.08
128764407
5124279,07
1143200-06
2008417.06

109436809

2868750108
3807%21705
408761005
4156838405
4156539.0%

415653909

1,00500
25,00000

2029844,07
7074595400
159177805
2829813.05
1768526404
T072573.04
1590755-03
282658303
175598602
68763%52.02
149492401
2537936.01
1032489+00
1822440,00
2158113400

+50000
10,00000

27569g3-06
6892365=09
1550754=04
2756R28<0%
172250203
6882687=03
1545880002
27413713=02
1664139-01
6047090-01
1188076400

122385000

532508600

5582887+00

15,00000
10,00000

.1390702~12

3476431-11
7821023-11
139016810
867089710
344330409
7654761209
133825]1-08
6:0‘6é9.og
71535
18ed338-91
1913539=97
19l8299-07
1918299=¢7
1918299.07

2,00000
25.0000;

1261062-01
26026p0~0

§858892-06
1041028=90S5
6505099-05
2601609=04
5850868-09
1039444203
644455103
250591 7=02
5;36235-02
9006583=02
320645901
4656903-014
4886642-01

¢ 75000
10,00000

2147121-06
5367722-¢5
12Q77l‘-0‘
2146968804
1341426-03
$359409~03
120351402
2133755<02
129152101
4648129=901
aoggza~.01
3840
137388208
3345203400
3402447400

20,00000
1000000

937023315
2342276-13
526929613
936858213
583810312
2313447411
5124946011
8916300-11
il
& -
9193005.{3
9835380~10
983411710
9834117-10
983411710

3000000
25,00000

3829762.08
957436907
215422006
3‘29692-06
2391316-05
9569811-05
215191404
3822409=04
236511203
913207403
1949917-02
3197771-02
100840701
1286720«01
130479801

1,00000
10,00000

167218006
4180383~05
940566005
¥672067=04

1044667-03

4173319-03
9369980~03
1660826-02
1002338-01
3572938¢01
22513°2'°§
1?13021089
2180296400
2193773400

50,00000
10.00000

8767308028
219120426
4928308226
8787027+26

$439237.25.

212818824
4617253.24
789711324
HTnaaeoecy

6 -2
378307223
378311023
3333110.23
3783110%23
378311 9.23

4,00000

25.00000

l‘oa?o].o.
352292807
1924958497
lQolGO?-og
8804350-06
3520216-0%
7914776205
1405682=0é
ageooze-og
3328107=0

6995194203
1135869=02
3209528«02
3763858=02
3779349«02

€400000
1¢,90000

6151618407
1537871405
346011108
6151063.08
3842575.04
1534409.03
3442630.03
6092913-03
3.3 68 =02
268238.01
l'.?‘77.ox

225
15288028

QGOQQii.ol
4990046.01

100,00000
1000000

169092549
s224984.48
9499245.48
168703947
108164340
399103246
.310‘1’."
13%2808.48
3063392.48
30.3‘1’."
369359345
268355348
368385348
3683553245
3083593.48

9,00000
25400600
5183079.09
1299789.¢7
291%433.07

‘518293207

3238874 06

9489605
911065.08
:15915’.03
3185596.04
121293203

2521432.03

403680803
1033047.02
114689902
114829602

-gs-



TABLE

8 (MFP)
A,
R/L
«01000
+ 05000
« 07500
10000
«25000
«50000
«75000
1.00000
2.50000
S5.00000
7.50000
10.00000
25000000
S0.00000
100,00000

8 (MFP)

AsL

R/L
«01000
05000
oQ75°°
«10000
«?5000

+50000

« 75000
1400000
2.50000
5.00000
7,50000

10.00000
25.00000

$0.00000

100,00000

8 (MFP)
A/L
R/L
«01000
« 05000
« 07500
+10000
«25000
«50000
«75000
1.00000
2450000
5,00000
7050000
10,00000
25400000

So, 0
s

OF THE FUNCTION

8 7450000
& 250000V

42544741y

1063614=(8
2393104~08
4254339=p8
2650651-07
1062652=06
238823906
‘238983-06
259933005
9727256«0%
1968257-0~
3044902=0%
6342765-04
658270304

= «75000
= 50.00000

926199708
231552406
520992406
9262072=06
578871305
2315368-0‘
5206140-0%

9259691.°s,

S$779074e03
2300030~02
S132192«02
9019456«¢2
‘962629-01
1402690900
2616799400

s 2000000
a 5000000

4042091=16
101051614
2273644-14
404199514
2525961=13
1009976=12
2270%14-12
403337312
2492550-11
9580236.11
2019657«
328736#.13
8961457=19
983205%9~10
9834117-10

&

10,00000
25,0000

3492503.11
8731165«10
1964484,09
2182187.08
8721195-08
195944207
347643%97
212113006
780292106
1537946.95
2303453405
4101083.0S
4156526405
4156539.05

1,00000
50,00000

7213385.08
180333406
4057494.06
72133)2-0%
4508250405

1803200~04
4056R28404

T211211=04

450006003

179017102
3991491.92
T007410-02
381138001
1044334490
1831050400

50.00000
50,00000

378204029
9454939.28
21273264217
3781828.27
2363010-26
9443010.26
2121297-2%
3762803.2%
229003724
834765624
162041523
2377186.23
377272%.23
3783110.23
3783110-23

-

Ct(R/LeBoa/L)

15,00000
2%.,00000

2353498.13
58R3666-12
1323798.11
23%3351-11
1470339-10
5874147=10

2338175-09
1412487208
$023476+08
9414755.08
1329005-07
1914854.07
191829907
1918299407

2,00000

50,00000

2653630408
663410607
1492670406
265363106
1658485405
663345405
145234404
265269‘-06
166467103
©569659.03

- 146040902

2553223-02
1326824,01

3235650«01

4666434.01

160,00000
50.,00000

7294389=-51
18235‘5.‘9
4152845.49
7293627.49
455612448
181903747
408007947
7221890447
4285616-46
1435531445
264678045
316509545
3623522+45
36R3553.45
368355345

TABLE 6 (Contimued)

20000000
25,00000

1585738=-15
3964266-14
8919361=14
1585606-]3
9905630~13
3955969=12
8877438=}12
1572399-11
940519011
3236235-10
57684304=10
7750533-10
9831729=10
9834117-10
9834117-10

3,00000
50,00000

9?62192-09
2640536-07
549119407
9762102-07
610115606
244023805
5489694«05
975736495
6082696«0¢
2410934=03
53’3260-03
9302809-0;
4624230+¢2
1015602+91
1287775~91

10000
100,00000

448043408
1119862-06
2519678=¢6
4479452206
27996238+(5
1119844<06
2519609=04
4479202-04
279873893
1118406ep2
2512343=92
4456306402
2712326=91
994862691
305394 7¢90

50,00400

2?.00000

148371328
370910527
834456327
1483419.26
92616306=26
3690795.25
825267025
1454424.24
820596924
2350)71.23
334608123
3696394 .23
3783)10-23
3783110423
3783110«23

4,00500
50,00400

359139609
8978276_08
2020107=07
3591290.07
2244487=06
897695906
2019445«05
3589200405
2236341~04
88’1790-0§
1955020-03
3389732.03
1613383402
3227266.02
3765028<02

+25300
100,00400

3856915.08
9638599=07
2168711.06
385549206
240967105
9638586«05
21686‘#.0#
3855273«04
2408841.03
9625322+03
2161944.02
3834161=02
2329222.01
8489690401
2554223,00

100,00000
25,00000

286162150
715337849
16093]13~48
2860509~4Y
178414067
7084339~47
15746581246
2752219=46
141403145
3144989+45
363224745
36814664~45
3683553~45
3683553+45
3683553445

5.00000
50,00000

13212¢99«09
3302936v08
743158108
1321166=97
8256990w07
3302371=¢%
742874106
1320269=95
822204105
324791804
7153187-04
12351 75«03
5635295.03
1037Qi9-°§
11‘7020.02

+50000
100,00000

3002785«08
7506661-07
1688996<96
3002689%=06
187665305
1506527.05
1688936=~0%
300247104
187593593
7495048403
1683} 38=p¢
2?8‘23‘.02
18971390}
6518198401
1897770400

 +10000
50.00000

1774185407
443%522.06
997989506
1774204-05
1108865«04
4435291-04
9978762.04
1107455.02
4412837292
9866026+02
1738617=01
986i§6‘.01
3032657+00
6842262400

7.50000
50.,00000

1084456<10
2711191-09
610016109
108446908
6777599.08
271956697
609699907
1083469406
673870306
26??]‘7-05
5792735403

99013‘0-05

408258704
635595104
6582758.04

«75000
100.00000

2339040~08
584614207
13i5380-06
233845406
1461525«05
584602705
1315328-04
233029104
146091003
583619603
1310363=02
232265002
16402092-01
500803101
1411219+00

.25060
50,00000

152710207
381768706
858975906
1527073-05

954409105

3817478=06
8588734=04
1526739=03
9531085=03
37967718+¢2
8484802«02
1494272991
841596301
2536988400
457116400

10,00000
50,00000

890247712
222%5612=10

5007605=10

890236310
sgeaeaa-og
2224962+

500432808

8892002-06

$523346-07
2161537=06
4691654206
7?39132-06
2977508405
4105058«0S
415652905
1,00000
100,00000

182133800
455295907
1024418=¢6
182119206
1136823T=03
4552885405
102437S=06
182108304
1137114503
4544533203
1020157+02
1909766-02
1087832+=91
384330901
1050334400

v <+

¢20000
9¢.00000

1189308.,07
2913218406
60891737.06
118928%.05
7432935408
297303704
6688821.04
11889%6.,03
1::;6?3.03

123.02
2599923.02
1100926401
6462419401
1883844400
3765398,00

12,00000
90,00000

5999118,14
14997177.32

3374480.12

899903012
3749065.11
109915719
337134810
5989} 38.)

3710688.0

19397108
307801908
Hsens
161415%.,07
19152i6.07
1918299.07

-98-



TABLE

B (MFP)

A/

R/L
«01000
«05000
+ 07500
«10000
«?5000
+50000
« 75000

l.00000
2.50000
5.00000
7.50000

1000000

25,00000

50400000

100,00000

OF THE FUNCTION

= 3400000
2100.00000

6161726=qb
1386392=07
246469907
1550‘26-06
616156200
1386298«05
24643964(>
6142736=p4
137679903
243451493
1420685-02
4658504=02
1019198=91

4,00000
100,00000

9067592410
226678398
510027708
9067173408
5666930a0?
226670990
509985906
9065827406
5661727.05
2258‘02-09
5057963.04
517816703
1624612902
323607002

C(R/LeBea/L)

2400000
170,00000

3335414.10
833907209
1876292.08
333563608
20R4752.07
833873907
1876115.06
3335062-06
2082519.05
83r3099-05
1858149.04
3278621.0¢
187691503
567209003
1039574402

TABLE 6 (Continued)

750000
100.,00000

2737773=11
6845]14=19
1540144<09
2738¢33=09
1711250=08
684470108
15;99“-07
273739747
170876306
6805036=06
1519976405
2674773=p5
1485157=q¢
4105194=0é
6362342=06

10,00300
100,00400

224788112
5619110.11
1264301-10
2247648.190
140675609
5618714.09
1264093<08
2246985 _08
1402179«07
$577632.07
1243437206
2182318.06
1175811-05
2991398.05
410695205

15.,00000
100,00000

151472914
3786572=13
851977813
15)4626«]12
96466198.)2
3786181-11
8517787=11
151399410
9441599-1§
374792609
8321‘i6-09
145273%5=98
7379855«08
1619398=¢7
191538307

20,00000
100,00000

1020617-16
2591304-15
574043015
1020521=14
6378067-14
25509670]3
5730698-13
101997¢«12
635602112
2516897-11
§568267-11
9669901-11
464046010
8981251410
9832206-10

50,00000
100,00000

954930230
23871%9-28
5371080«28
954855828
5967436427
238639926
536723826
9536386226
5920164029
2311996=24
5000654024
842025124
2%82840023
377329923
3783110423

lkgial

1861706,5)
4090%005.5¢
103590949
186160049
1150846.48
400]206.48
1034455.47
183700247
1133058.46
€325453.46
901905046
1066‘?6-‘5
3513797.48
359352‘-‘5
3083553.48

-Lg-
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7. The Function G(u.sh, u.sR)

The function G(ush, usR) is useful in finding the flux at points on
the axis of a cylindrical self-absorbing source.

8. The Function Lo(ao, b)

The function LO(OO, b) is useful in the cylindrical source approximation
of Ono and Tsuro. It has been pointed out by D, Foderaro that to a good
approximation, L0(¢o. b) = E(¢°. b).



usR (mfp) =
“sh(nup)
«01000
02500
+05000
« 07500
10000
«20000
«30000
«40000
»50000
«80000
«70000
80000
. 90000
100000
1.25000
1.50000
1.7S000
2.,00000
2,50000
3.,00000
3.50000
4,00000
10,00000
20,00000

psR (mfp) =
psh (mip)
«01000
02500
«05000
«07500
«10000
20000
30000
«40000
+50000
«60000
«70000
«80000
_«90000
] +00000
1.25000
1.50000
1.75000
2.,00000
2.50000
3.,00000
3,50000
4.00000
10.00000
20.,00000

01

« 01126
*01365
«01458
01488
«01504
«0152%
«n1532
091535
+01536
«01537
+»01538
+01538
«01839
+01%539
091539
+01539
01540
+01540
201540
001540
«01540
+ 01540
201540
201540

175

* 04964
»10137
» 16869
022355
027951
41198
«51029
+58342
063974
+68404
71939
* 74790
«77107
079003
«82409
«R4549
+85918
+86809
«ATT78S
+»8822%
+868431
«8R%29
«88627
+88627

"5

202571
«0423)
.055*1
06091
« 06418
+ 06974
+070a3
«0T156
«07106
«07220
«07276
07246
«072%4
+0725%9
s 0T72A7
«07271
07274
207275
07277
07277
207277
+07277
007277
«07277

2470

204928
10178
016972
222509
027257
416°6
51636
«59142
»649%8
069543
273242
« 76246
*+ 78725
280751
844
86706
»88316
«89374
090449
+90946
91211
«9133%0
914K}
«9148]

«95133
«95133

«20

+03R11
07259
«11145
013843
+15R3S
0202137
e22154
023143
«23M3
024069
024304
024468
024879
024663
024791
+ 24858
024098
¢24917
«24938
024947
0269%5)
024953
024654
024954

3.00

05028
o10277
«17151
27778
027415
042320
52699
«6A54T
066694
«T1618
o TRA22
«70916
081648
+83931
«88179
94995
«92893
94190
095707
096448
«96817
97008
*97207
97207

«30

04127
208048
012705
«16140
+18821
025425
028749
030618
+31753
032483
032975
*33318
33564
«33744
034024
034171
034254

e34302

»3435%0
034369
034378
034382
34385
034385

3.50

«05038
010292
017181
022823
027676
042441
52880
060787
066992
071972
076031
079377
«82160
*B4492
+88852
91765
093746
095111
096729
¢97534
+97943
*98154
+9p388
98388

TABLE 7
THE FUNCTION G(u‘h, u.n)

40

«043131
+08555
1373
17637
«20790
029046
033692
036343

+38048

039248
40047
040613
«4102¢
41329
41806
«420A0
2204
42288
42372
042400
42421
42428
h2430
42434

4000

«05042
«10300
17197
022847
«27707
042504
52975
«60913
+67149

72159

76247
« 79622
«82432
«84790
«89213
92180
94209
+95615
97295
«98142
+98578
«98806
99065
«99065

50

NGATI
«N8911
o 14423
018694
«22188
031490
0‘7’62
40787
+43120
YYYALS
oASALS
46656
47254
47701
«48410
« 48792
+49009
«49738
049267
«49320
049342
0491353
«49363
+48363

4,50

005043
«10305
«177206
e 22860
«P1724
«42538
«53026
+060980
+67233
072259
076363
« 797583
*A2879
+84951
+RG408
«92406
294462
+95893
e 97611
*9ALAS
+98q238
099177
099455
¢99455

60

«04579
Q0N TS
014948
e19478
023227
331487
040084
044284
«47153
¢49169
*50619
¢51682
«52474
«S53ATe
56037
¢545646
e54866
55047
«55228
¢55302
¢55334
55349
55363
¢55363

5400

«05040
«10310
17210
027867
027733
+42556
053054
061017
«67278
*72313
076426
*7982S
282659

*85039.

089515
+92531
094603
96047
e977a8
*9R678
99143
99390
90681
¢99681

10

004659
«093176
«1535p
«20079
«29025
«35235
«42390
47071
90412
«52812
56569
«55876
+ 50864
«57618
+58847
«59529
«59925
«bul62
604902
e8uSy2
«O0548
«6056%
09053‘
«60584

6.00

«05024
«10318
«172123
22872
«2774}
« 42572
«53077
+61068
«67317
«72359
RLYYT

« 79886

+82727
«85118
«89607
92639
94725
96182
« 97944
+98891
+99328
+99583
« 99889
+9989¢

RO

04722
o N9 34
+ 15665
0 2085]
0264651
036459
44769
49719
«53r69
«55a11
«5TR50
t59389
50264
oh1aT2
062069
«$3R12
« 64906
50405
066910
654336
«65092
«69118
065142
065742

7,50

« 040982
10430
017214
«22aT3
0277464
«42577
«53AR5
61059
e67931
72376
¢ 76499
+79908
«87953
+85743
«A9442
«92679
34771
096533
+98005
+98918
099201
099660
99976
99976

<90

« 04773
209660
015917
« 20928
25152
037442
45499
51180
55252
58298
+605689
06234)
v63693
o6ATAT
«66507
«67513
«68109
068473
«6ARAS
+69002
069072
069104
069134
069134

10,00

« 04882
o 10341
«17220
27287
027742
247578
+53086
«61061
067333
272379
+ 76503
«79912
+87757
+85148
+89648
92687
«94780
0962464
«9R017
«98632
099416
« 99677
299996
299996

1.25

+04RB6
009944
«16485
«21779
026284
239676
e4R776
55393
60370
64191
67169
69513
71374
+«72863
e 75445
« 7699}
« 77940
« 78536

e79164

e79435
«79558
«79616
079671
« 79671

15,00

« 04652
«10285
017254
22879
«27738
«42578
53083
+61058
«6733)
72377
« 76500
¢79010
«82755
85145
«89646
«92685%
«94778
296241
+98015
«98931
«99415
+9947S
99995
«9999S5

1,50

+N4933
¢10060
16M7
022126
o 26747
240593
«50132
57164
«652S30
¢66710
« 70013
« 726581
« 74775
e 76496
079540
«81412
«82588
oA3340
oB4149
«84506
«84670
oB4aT748
RAR24
084824

20,00

204438
010132
17273
«22909
027747
047569
«53080
v61054
67327
72373
« 76496
«79906
+02751
B5141
«B9642
092681
94774
096238
«98011
98927
099411
299671
099941
¢9999])

-68-



b (mfp) =
@ (rad)
201745
04363
+ 08727
+13090
017453
21817
026180
034907
0436132
+352360
+61087
«698113
« 78540
+AT266
104720
1.22173
1.39626
1.,57080

b (mfp) =
@ (rad)
«0174S
«04363 .
° 08727
«13090
«174%3
21817
76180
034907
«43633
52360
61087
«69813
+ 78840
+87266
1.0472n
1.22173
1.39626
1.57080

01

1400000
1.00000
299998
299996
299992
«99988
«99982
299968
299949
099925

099898

+998%58
*99813
«99758
099407
099363
«98888
096454

3.50

«9998]
299879
299515
«9R91)
o°ﬂo76
«97010
«95726
092539
«R88619
«04095
079123
+ 73880
+608553
063332
+53859
046281
040497
35998

»

05

1.00000
+99998

+99991’

+99979
299962
299941
«99918
299846
99755
299649
«99498
099324
99112
«98AS6
«98158
+QT7058
«95051
+A9281

4,00

+99978
¢99862
+99451
«98769
«97823
096622
95178
91618
«87279
082334
«T76978
oT1427
«6S897
260590
«512%81
043992
+38494
36217

99999
+9999)
099965
099922
+99R6]
099782
099684
099432
99100
+9R68)
+98166
097542
«96794
»95901
*93553
«90108
«84T743
oT6513

6.00

099968
099798
«9919%
98201
296R3
+95109
093062
+8BR127
+85334
o Th0I]
«69573
063?ﬂ7
57432
252180
063674
e3744)
032761
«29121

TABLE 8
THE FUNCTION Lo(¢o.b)

o4

+99997
+99984
99934
2996852
99736
*+99586
099402
98927
*98305
«97525
296574
95435
+94088
92506
88498
83049
e 75778
«67638

099957
e99734
098942
097642
095865
093649
091046
+84906
¢ 77951
«70708
063645
57124
51357
46412
38727
¢33195
¢29046
25818

60

99906
299976
99905
+«997RS
099617
099400
099134
98451
«97558
296447
95102
«93508
«91645
+894961
«84208
«TT4a7
+69521
«61874

10400

099947
+99670
«98691
«97092
«94919
«92235
«89117
81918
o T4041
«66161
«58812
52317
46702
«42187
035170
30146
«26378
023447

«80

2949995
99969
*90876
+99720
«99502
299221
«98RTE
«97962
«96R44
095421
9372
+«91708
«A%391
«A6TS]
«80468
o« 72932
«64797
« 87621

12.00

+99037
«99607
«9R442
«96548
093992
«Q0A64
«R7269
079141
»70535
062245
54810
48473
43230
38936
32451
+27815
0?4338
021634

100

*99994
299962
29Q848
299657
99390
99046
«98624
«9T7547
96153
«94436
+92390
«90009
«87289
84232
77158
069111
+61046
054271

ls.oo

096922
99512
*98p7T1
295744
92635
*§R880
084635
e75325
065917
*57310
«49967
*43961
39127
035222
029352
25159
022014
*195686

125

«99993
299953
«998113
«99579
«99252
«98831
«98316
«9700¢
+953}6
«93251
+90811
«88006
«84839
81341
« 73597
«65106
«572068
«509v7

20.00

+99896
99355
« 97459
094432
+90456
285757
+8ySHe
«69767
«59590
«50936
4002
«38569
034293
+3086S
25721
« 22066
«19290
17167

1,50

«9999]
099048
99979
«99%03
«99716

« 98420

«9IRAS
«96574
«9450)
«92709
+A9305
06112
«82559
«TRA9)
« 70595
61746
«54789
«4R168

25,00

«99a71
«997y98
«96a85
«93765
88374
«82R44
« 76009
65340

+54863

+467159
«39704
034761
«30900
'?7910
«2N17S

+19065

017?82
.15‘50

1.7%

+999990
0999236
+99745
099427
+9R983
«9R412
97716
095955
93712
91008
«87862
«84319
80427
« 76293
067445
+SRATH
«5)1606
245872

35.00

«99R20
«9888S
e 95667
+ 9696
«B4ATY
«77S7S
« 70518
«57492
°47139
039487
«33870
029638
026345
023710
019759
016936
014819
013172

® 2400

99988
99928
090712
.99382
«9R850
+98206
<97423
L98445
+92929

89935

86475
.82615
« 78425
73997
64895
56393
. #9393
43905

50.00

«99744
+98420
«93936
87232

.70230.

+70853
,628135
249632
«39902
33286
+28533
« 24966
22192
19973
016644
+14266
.12483
+11096

2.50

299986
099911
099646
«99204
+98589
«97802
' 96R47T
« 94450
09144)
+«87885
«8368583)
o 7944)
o T4T6A
«699%3
60524
52281
045761
40677

60,00
+99694

«98113
«92R14

" 85061

+760864
«67023
«58687
+454R)
36551
« 30470
026117

- 022852

20313
«18282
15238
+13059
011426
+10187

3,00

+99983

«9989S
«99%A0
«9905%8
+9R331
+97403
«96281
093482
«90005
+85942
oA1410
076542
«71493
066429
«%6907
0408992
«42873
+3IR110

75.00

«99618
«97654
91177
«81996
«71822
62070
53562
«40922
032791
027328
023424
220496
e18219
16397
« 13664
o11712
010248
209109

[}

0

(=
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9. The Compact Function E(eo, b)

The function G(A, b) is used in the cylindrical source approximation
of Ono and Tsuro. Here we give the compact form 6(3, b) because of its ease
of interpolation. G(8, b) is related to the compact form G(8, b) by

G(8y, B) = 8,e™ T(8,, b) (133)

where 90 is given in radians.

10. The Compact Function F(8., b)

The function F(8, b) is used in finding the flux from a line source.
Here we give the compact form E(Bo, b) because of its ease of interpolation,

F(Oo, b) is related to F(B , b) by

F(8,, b) = eoe"’ F(8,, b) (134)

where 90 is given in radians.

It has been pointed out by A, Foderaro that, to a good approximation,

6(90, b) = F(8,., b + 0.7)
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80.0
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b (mfp) =
6 {rad)
«01745
« 04363
« 08727
«13090
+ 17453
21817
+26180
034907
«43633
052360
«61087
«69813
+ 78540
_+BT7266
1.04720
1.22173
1039626
1.57080n

b (mfp) =

6 (rad)
001745
004363
« 08727
+13090
017453
+21817
+26180
34907
«43633
«52360
.6%087
,09813
» 78540
+87266
1.04720
1.22173
!039626
1.57080

o01

¢99998
299968
99872
+99712
«99488
99201
+ 98850
097961
296826
295448
«9383%
91993
«89932
«87660
82527
¢ 7668S
«70239
+63312

3.50

«99977
«99857
099431
«98725
097747
+96508
95019
091362
«86928
«81903
076497
« 70928
+65410
60138
«5088%
+43686
38226
33979

-]

«99905
«99947
«99847
099740
99448
299149
«98815
«978A8}
«967n0
095268
«935a]
091678
«89516
«8TY76
+B81R4S
« 15784
869112
62055

4,70

«99975
»99842
«99348
«98585
«97542
961133
« 94493
090474
+85648
*80272
« 74543
«68736
+63078
oS7770
«486R7
4177
« 36550
v324r8

TABLE 9

THE COMPACT FUNCTION E(oo,b)

.20

299994
099962
299848
099658
0991392
«990%)
98634
«97579
096232
094600
092690
«90514
+88082
85409
+ 7940}
272650
«6%5409
»51353

6,00

099964
+99778
99117
98029
096534
094660
092440
87101
o8797S
«74373
+67718
061348
58511
050349
42098
36088
371877
228068

040

099993
099956
099822
+99601
099291
+98893
!98408
«97180
!95615
93722
¢91514
+R9007
+86218
83169
976‘02
68993
«61438
«54672

y
8.00

«99954
99715
«98867
097478
«95583
+93228
0Q0‘7°
084012
«76778
!69331
62182
55663
«49965
+45120
037638
e32261
028229
25092

60

99902
099949
99797,
299544
«99190
+98736
+98]1R3
«96784
+9500%5
«92860
«90367
«87549
‘gee1e
«810%54
« 73666
«6582%
58230
«51778

10.00

+99944
99652
«98619
296936
94649
+918136
.88578
+81107
«73013
+65009
+57630
51178
« 45724

+R0O

99991
«99943
«96772
« 99487
+99n89
«98879
« 97958
«96191
+94402
«92013
oA9P48
«86140
oR2727
« 79054
»71163
+630%6
« 85854
«491387

12,00

«96934
299589
098371
96394
«93732
¢ Q90483
«8676)
« 78798
«h9625
061262
+53R36
+AT8S8
042795
038179
«31819
027274
«PING4
«21213

1,00

+99990
299937
099746
¢99430
+98988
W9H423
«97735
«96n01
*93807
«91180
«8R156
84776
«glngl
77162
68867
060613
053267
47350

15.00
«99919

*99494

«98002
495596
+92387
288523
84167
!7Q667
065151
156521
49216
143275
«385310
+34665
,28888
024761
«21666
*19259

1.25

+99989
+99929
«99715
99359
+96803
«982¢28
« 97457
095517
93072
«90100
«86828
«83133
79143
o T4937
«66253
«57933
«Su8l7
«45171

20400

«99893
99337
+97393
094291
«90225
+8543)
«80169
69222
58998
«Su306
43482
«38197
«3388)
« 30493
25411
«21781
+19058
« 16901

1,50

« 99987
099921
«994R3
+«995R8
+9R738
«98p34
«977R1
95038
0923249
-8916?
+B95840
+R1555
« 77204
o« 72855
+63aR8
+55891
48712
043399

25,00

«99n68
.QOTRI
96790
«93419
088156
Y.ri{1}
« 76537
s64581]
«54793
45726
039922
0 J4424
«30401
027841
22950
019§72
017?13
+«15100

Y75

+99986
«99913
099652
«99218

e9R613

«97841
« 954908
094563
91636
+8818S8
«84289
«80039
+ 75539
o 70908
61739
53553
«46RT2
«41664

35.00

099818
+98A69
+956nS
90570
«B428)
«ITNT
oTN214
«5715%
46828
«39213
¢33633
02943
o2h161
023544
219620
16817
« 14718
¢13080

2400

299985
99905
99620
99147
.98489
«97648
96632
94093
90933
.87230
.83076
.78582
< 73871
+69075
59779
+«51680
«45242
«%0215

$0.00

99742
«9R404
«93877
87116
+ 19060
«70643
+62603
49205
039708
33122
28392
24843
022083
.19874
.18542
14196
12621
11041

2.50

+99982
«99889
«99587
99006
«98240
97265
«96089
+93166

+89559°

«85378
+80754
« 75834
«70775
«65739
56335
408524
042466
e37747

60,00

. «9969)

+98097
«927%6
«8495%])
« 75928
+66RI9
58492
«45301
«36401
«30344
026009
«22758

-+20230

18207
15172
«13005
«11379
*1011%

3,00

¢99980
299873
+99494
+9R84S
«97993
«968RS
95551
«92285
«88224
«83604
o 78564
« 732089
-67966
062778
53407
+45906
403170
035707

75,00

099615
097639
91122
+B1895
+T16RS
61916
53407
«40789
32683
27238
023347
020428
+«18)5%58
«16343
013619
11673
010214
+09079

=96=
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b (mfp) =

6 (rad)
+0174S
+04363
«08727
13090
017453
21017
26180
+34907
043633
+82360
61087
+69813
o 78540
_eBT7266
1404720
122373
1439626
1.8708¢

b (mfp)
6 (rad)
001745
«04363
« 08727
+13090
+ 17453
21817
«2618n
« 34907
+4363)
52360
061087
«69813
« 78840
. 87266
i.04720
1.,22173
1.39626
1.57080

o01

1400000
1400000

299999
99997
«9999%
099992
99986
099979
099967
099951
299931
+99907
«99878
299842
«99743
099582
099263
«97326

3,50

099982
99889
«90557
«99005
+98238
97260
096078
937132
«89483
*85234
+80515
o 75477
«70n289
065131
«55581
«47796
041824
37177

S

1400000

+99998
099994
¢9999¢
«99974
«99940
¢99942
99898
09987
099758
+996%8
«99518
+99303
992158
098729
097948
0964A3
«91345

6”0

«999n9
«99873
09949
298845
09799}
«968R0
«95540
92273
+8818)
«834A8
78342
e T294AS
+67537
+62259
«828nr2
45344
39677
035248

10

99999
«99997
«99987
299971
«99949
299920
«99884
«99791
«99668
+99511
N7
«99080
« 98792
+98443
97492
+9599)
93267
+86443

500

«9997%
«99841
«99368
«98584
«97500
096127
RIYY T
«90453
85600
080149
«T8350
«68466
«62741
057385
+48282
ohlé]]
36235
32209

TABLE 10

THE COMPACT FUNCTION F(no,b)

*20

299099
«99994
«99978
099943
+99R98
+90R40
290768
299583
99337
99027
«PR64A]
«9R176
097613
96933
«95113
092343
«87723
« 70598

6,00

«9997¢
«998190
099242
«9R306
97014
295386
293446
o8R74T
83192
-7?092
270779
«6456S
«5871%5
+5416
haT4T
¢30363
+33568
+29R38

40

99998
«99987
299949
99885
099796
+99680
+99537
99168

'!98633

98071
097321
«96416
095334
«94049
990713
«R5967
* 79145
070774

99989
!997‘7
98992
097752
296054
p9393‘
91435
«85516
«78763
371667
,6‘653
58172
¢52365
047351
39522
33877
029642
026348

060

099997
099981
099924
99828
099604
99520
099307
98787
«98036
«97133
96032
«94T715
«93189
«91335
86739
+80601
« 72795
.64831

1000

299949
99683
«98743
«97205
95112
92522
+89505
«82509
74797
«67018
59700
«53181
«47599
+ 42927
35789
«30677
26842
«23860

RO

99996
96975
«99R98
«99771

099892

099361
294078
e9R149
297398
096211
e 94775
«%3072
«91n80
«8p778
+83140
* 76036
«hTRET
+60365

12400

+999239
+99620
29495
«96663
94187
«91150
+A76851
«79706
«71233
«63008
+ 58573
+49103
«43R90
39536
«32951
«PR7244
«24713
e21967

1400

+99995
99968
*99873
099714
09949])
099203
+98R50
97944
¢96766
+95396
293549
091484
89094
086367
+ 79870
oT2113
«63R97
«56810

15.00

099924
099526
*9R125
+9SR60
«92830
089163
«85006
+ 75849
266534
¢57951
50581
044523
+39634
+35679
«29733
025446
«22300
219R22

1.25

«99994
099900
9vRe)
099643
+993064
+9900S
« 98566
97443
«95988
«94196
«92000
«B8Y573
+86733
+83543
+T0188
067927
« 59864
«53216

20400

« 99899
+99369
97514
094549
«90608
+«86029
«80930
279225
«60091
«51423
X YYYYY
«38965
«34646
«31183
«25986
+22213
«19489
«17324

1,50

+99992
099952
«99810
99571
«99238
«98009
«98384
09A046
+95522
93111
«90416
«RTT41
+84498
+R0Q12
«T72R96
«64173
56860
«50276

25,00

«99r73
.9°912
«96010
«93570
«8R561
«B3702
«77230
+65439
+54973
o46H838
W40AS1
«35458
03116Q
«28048
«23373
«200364
«17230
«15882

175

299991
099944
099778
v99500
909112
«98613
«9R003
096453
094466
«92050
«89216
+85983
«823R2
o 78458
269940
61317
«5378)1
+4780S

35.00

«99823
+ 98900
+95722
«90R08
oﬂ‘b??
« 77806
o7079
+57796
+47425%
039736
*34085
+29R26
«26572
e23R6]
«19884
o17044
014913
+13256

2400

99990
«999137
+99746
99429
+9R986
98817
. 97724
« 98965
93722
«91012
.87858
84296

+80376

76146
«67274
J9R6ST
«51396
+ 45686

50400

«99747
. 98435
+93990
87338
.79387
«T1047
03049
+ #9642
. 40084
33439
+2R664
+25081
272294
«20065
16721
14332
+12540
o 11147

2.50

«99987
+9992]
+99483
+99288
*9R736
98029
«97169
«95003
092267
+89002
85263
81121
276667
«7201%
062665
54241
+ 47484
«42208

60,00

099696
«98127
092867

+85163.

« 76229
067196
«58871
+45650
036692
«30588
026219
022941
20392
+18353
«1529¢
«13109
11471
«10196

3,00

«999AS
299005
299420
99146
LYY
097643
«96621
«94059
+«904/SS
+87078
«R82819
+ 78189
+73320
+6R362
+58826
«50707
44376
«39445

75,00

099621
097669
91229
+82091
+71951
62217
«53710
41048
032894
027414
e?23498
+20560
18276
016448
«13707
011749
+10280
+09138

QL6-
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F (85, b) = (€°/8,) F (6, b)
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11. The Function S(a/R, usR)

The function S(a/R, u'R) i8 useful in finding the flux external to an

unshielded spherical source.



TARLE
Mg;gR(MFPl

+NV1000

« 05000

+ 07500
«1n000
«25000
«50000

< 75000
1.00000
2.50000
5.00000
7.50000
10.00000
25.0n000
50.00000
100.00000

MUS®R (MFP)
A/R
«01000
«05000
« 07500
«10000
+25000
«50000
« 75000
1.00000
2.50000
5.00000
7.50000
10.00000
25.,00000
50.00000
100,00000

OF THE FUNCTION

= s10000

771~308+n0v
6184512+00
5621515400
S172474+0v
35202VU1e¢0n
2264n038+00
1575594400
117411540V
365‘355-(}1
1225682-01
6088040=2
3629181-0‘
6482885«03

= 7.50000

2330207=01
1199584=01
9756490=0¢
8323553-c2
4601208=02
259449T=0:2
1737614=02
1267322-0¢
3732227=03
1234860=03
6109927=0%
3638156=04
649n229=05
1685900=-05
429a015«09

.250n0

6584556400
5220027400
4726829400
4338451en0
?293R047+00
185631700
1303052+00
9715777=nl
3012483=n1
100980301l
5012552«0¢
2988541wn2
5339596-03
138735503
353713704

10,00000

1425698«n1
6951180=02

-6596355«02

4745418<n2
2584170=0¢
1447605-p2
965875103
7005501=03
2065207=03
6827523-04
337749404
2010970=-0%
9317678=-06

2375430=-06

S (A/RyMUS*R)

«50000

5133769%+n0
39”4914400
35R6689400
3277853+00
2191341400
1373735400
96r9744=01
715141001
22n19441-01
7398786=02
3671763-02
21R8932.02
3910475«03
1016016=03
2560376«04

15,00000

6R867679=02
31222%4=02
2410133302
20R6538-02
111072102
6139529-03
4071780-03
2943173.03
8619762-04
28644332-04
1406396-0‘
8372162=05
1493058-05
3878163-06
988681507

TABLE 11

THE FUNCTION S(a/R, u.n)

« 75000

4072940400
3092384400
2765995400
2516621400
16060301400
1032553+00
7197666«01
5345983=01
1645664<01
5505292-02
2731400-02

162817002

2908337-03
7556267-04
192649204

20,00000

396331702
1717141=02
13490]10-02
1125149=02
5838245=03
3172237-03
2086801=-03
1501319«03
4357021-04
1“339‘3-0‘
708551905
4216843=05
7517759=06
1952616«06
4977829=07

1,00000

3786043400
2438867400
2167607400
1963315400
1278076400
788507701
547723701
4060228-01
124535501

4161937-02

206439002
1230447-02
219763803
5709662-04
1455688404

1050000

2241113¢0v
1588788+0¢
1394319«00
1251707400
7937698«¢1
4821656=01
332664601
2456788-01
7483289-0¢
2496074=0¢
1237501=0¢
7374532-03
1316825-03
3421103=0¢
8722075=-09

2400500

1616179400
10947643400
9499]188.01
8651290=~01
523096901
3132802-01
214823501
1581167=01
4TR6280=02
1593732=02
7898009=03
4705796-03
86401131=04
218253804
5564315-05

3,00000

9497298=01
5956183=01
5061085=01
4443070~01
2643389«0]
1548071=01
1051495=901
7699239=02
2308560-902
7667011=03
3797060-03
2261788=03
4036663~04
10648637~-04
2673433=05

2.,00000

29508675401
20760104401
1790948401
1017052401
5813157.02
390?622-02
286762302
84580068403
2601886403
1386753403
825839804
1‘7;45‘-0‘
3827525405
9757913406

€01~
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12. The Function S(b, a/R, usR)

This function is useful in finding the flux from a spherical source
with a slab shield.




TABLE

A/R
MUSeR (MFP)
8 (MFP)

«10000
«25000
50000
«715000
1.00000
2.00000
3.00000
4400000
S.,00000
7.50000
10,00000
15,00000
20,00000
50400000
100,00000

A/R
MUS®#R (MFP)
B (MFP)

#10000
+25%000
+%50000
075000
1,00000
2000000
3,00000
4,00000
5400000
7450000
10.00000
15.00000
20,00000
50,00000
100,00000

A/R
MUSeR (MFP)
8 (MFP)

10000
+25000
«%0000
«75000
1,00000
2000000
3,00000
4,00000
5,00000
7450000
10,00000
15,00000
20,00000
50.00000
100,00000

OF THE FUNCTION

s 401000
. «10000

7500128-01
590607301
4053057-01
283%330-01
2010566=01
5520071-02
1634161=02
5047863-03
1603339+03
9843008~0%
6468731=06
3118937-08
1638116=10
6612810=24
655363346

s 5.00000
s 410000

1564374=02
134531702
1046242~02
813654203
6327731-03
2314645-03
8466945=04
3097242=04
113299904
9170469-06
7423196=07
4865205=09
3189768-1)
255119124
3884713+46

s «10000
s 425000

1305980400
1067554400
7662874=01
5528545=01
4007356401
1150269~01
3463201=02
1078280-02
3439853403
2122666+04
139747105
6756163-08
355030210
1434818-23

1422327-45 .

«05000
10000

6608160-01
$330514-01
3757729-01
267349891
1917085-01
$373503-02
1603315-02
497321%-03
1583762-03
9158762405
6422980-06
310472108
1632411-10
6603245-2¢
654882746

7.50000
210000

77764774203
6688978-03
5205709-03
4051352-03
3152973203
115665103
424312304
1556576~04
571021108
4654563-06
379411307
2521159-09
1675431-}l
1445575-¢4

246122846

25000
225000

9408281~01
7849285-01
$810997-01
4308693-91
3199580.01
9866803-02
;10‘513.Q2
9937390-03
3227613.03

2039777.04
‘1357810-05

6829423-0¢
3501509-10
1426999.23
1418458445

S(ByA/RIMUSHR)

«07500
+10000

6166473l
501587191
357591 7-p1
2566172-01
1852365-01
52694T1=92
158204892
4922796=p3
157069293
9703248=05
639497106
3095456+98
162870310
659705824
6545723-46

10400000
+10000

4637628-03
3990638=93
3106607=03
2418412=03
188267103
6914342~04
25393‘100‘
932621405
3425180-05
279982406
228866i=07
152929999
1021910-11
910393125
1621557«46

+50000
+25000

6168941=01
5214319=01
3941584001
298067401
2256349«01
7423591=¢2
2460121=902
820469293
275264493
1836927=04
1261246-05
6345549-08
3395843-10
1411227-23

141079045

TABLE 12

THE FUNCTION S(b, a/R, u_R)

«10000
«10000

5781995¢01
4132492401
3403832-0)
2400356<01
1786460-01
515689592
195%013=02
4808683-03
1559872-9?
9645339=08
6365912406
308589108
162488310
6590709-24
6542542=4¢

25,00000
210000

8290793=04
713863104
55?°§1q.°Q
4327330004
33690876-04
1239337-04
4557896+05
1616255=09
6164750-00
505854707
414756i-08
z??gézé-lo
1871365-12
1741111-28
330868547

275000

225000

4401441201
3742371-01
265628801
2180432-01
160482101
566893702
i936153-02
0631921«03

12-03

2278
$593561-04.

1131788=05
9935259+08
3245784wip
1391537-23
1401504«45

+25000
010000

4172908=01
348379101
2581961=0]
1916489=01
1624625=01
440981402
1392014<02
4468082-03
1454616=03
9233772=05
6165306=06
3021549-08
1599457=10
6549139=24
6521819-46

20.,00000
«10000

2154347=04

1854242004

1444057=06¢
1124611~04
875830905
322175108
118812405
4359487-06
1603641=06
1316092-07
1080104=~08
727485411
4899851«13
§5!Q611-26
8788701-48

1400000
+25000

331156601
282505601
216796101
166387001
1277118401
443717102
]5“9‘3-92
5381169=03

1878208-03.

1360358.0¢4
9937574=06
$428142-08
3046466-10
1366925-23
1390457<45

«50000
210000

2739556=01
2316447=01
1752069=01

1325794=01

100367891
3310936-92
109948192
3673893-93
123476993
827186705
5697238.96
28?935?.09
154548310
646583824
6480876-46

100.00000
«10000

5492760-05
97216‘9-05
368187805
286743%=05
2233150-05
821513606
3022120~06
111175406
4089832497
335697208
2755434499
1825613'11
1250717=13
116967726
2253778-48

2.,50000

«25000.

1044318%5«01
896375892
695046702
538941102
4178999.92
1510885-02
5463202-03
1975693-03
116574904

5624868-05

4.31209-06
27?6515-09
1719990=10
1076580+23
1268062=45

75000
+10000

1955768=01
1663295=01
1269960=01
96983681-02
T407686=02
2526117=02
8639817-03
2963417-03

101923203

7151315-05
509248206
2682126=08
147151710
6362936=24
643153146

«01000
+25000

1699025+00
1333%7+00
9118423«01
6359473=0)
4498549201
1227009=01
361798402
1114513-02
3%32795«03
2161472=04
141685308
6817524=08
357549110
1438961=23
1‘2‘39‘-’5

500000
«25000

3516576=02
3024111-02
2351767-02
1828905-02
142229102
$202133~03
1902745203
695962204
254564004
2059926=05
166703206
1092048<08
7156315=11
$707672=24
B654569=46

1.,00000
«10000

147197401
1255928+0)
9640665=02
740102902
5682244=02
197630502
6884221=03
2401641-03
8390716=04
6091372=0%
$459344206
264494908
1376443=10
6236294-24
837317746

+05000
«25000

1494399400
1203254¢00
8458920=01
6003669=01
4295a82+01
1196479=0)
fistieres
1099526-02
3495888.93
2144999=04

140857705

6790320-08
35640648-10
143716923

1423495048

T7.50000
+25000

174762302
1503548402
117012202
9106385-03
7086975403
2599689=03
953637704
349821804

12832582=04

104587705
852§305-°7
5662953«09
3762390-11
324157324
54840959~46

2450000
+10000

4644294=02

3987056=02
3091786+02
2397563=02
1859235=02
6723969=03
243205303
879783704
3182982=04
2507379=0%
197672306
1231401=08
76941064-11
4849893=24
575652946

«07500
28000

1393564400
1131828400
805024201
5764867=01
415335401
1174417=01
3811277=02
1089307=02
346772003
2134092=04
140313405
6772549=08
3857567«10
143600923
142292045

1000000
«25000

104243302

897000203

698286003
8435934%9)3
4231702+03
155409903

5707463=04
2096080-04

769791708
6292002-06
514289607
3436018-09
2295705=11
2043402-24
3634516=46

~501=



TABLE

A/R
MUSeR (MFP)
8 (MFP)

010000
+25000
+50000
75000
1,00000
2000000
3,00000
4,00000
5.00000
750000
10,00000
15.00000
20,00000
50,00000
100,00000

A/R
MUSaR (MFP)
B8 (MFP)

«10000
«25000
50000

« 75000
1,00000
2400000
3,00000
4,00000
$,00000
7.50000
10400000
15,00000
20,00000
50,00000
100,00000

A/R
MUSeR (MFP)
B (MFP)

+10000
«25000
«50000

*« 75000
1,00000
2400000
3,00000
4,00000
500000
7.50000
10,00000
15,00000
20,00000
50,00000

100.0‘0

OF THE FUNCTION

= 25000000
] .!25000

1863540-03
160389103
1249016-03
9726606=04
71574511-04
2785657~04
1024674=04
3767680-05
1385629~05
1136528-06
9322086=08
6271617-10
4219358~12
3912517~25
T433145=-47

s 275000
= 50000

7469709=01
6348938=01
4842841-01
3694764-01
2819421~01
9578745-02
326435602
1115798=02
3824975«¢3
266334104
1883855-0%
9813525-08
533908%8~19
225997723
2264220456

® 201000
®  +75000

3792619+00
2950424+00
1992899+00
1377009+00
9669182<01
2586632+01
7539501-02
230437802
7262585=03
4401740704
2868721-05
1371015=07
7162528-10
285938%.23
282112245

.

50400000
+25000

4842359-04
4i67807-0¢
3245827.04
2927893-0¢
196861604
7241559.05
2663810-05
9798832-06
360450406
2958171-07
2427734-98
1635147-10
1101317-12
1028128-25
1975182-47

1.,00000
250000

s
4790747201
3674902401
2819248.01
2163039-01
1502920-02
2606792-02

9070563-03

316115003
2281376-04
%gslgoa-os

02065508
$038590-10
2227509-23
2850312-46

+05000
.ZSooo

3318193+00
2856879400
185223500
1305016400
9278156401
2535530-01
744264702
2282436402

7207652403 -

4379796204
2858077-05
1367658497
714945310
2857328.23
2820714-45

<

S(ByA/RIMUS*R)

190400000
025009

1236615=04
1082640«04
8275804=0%
6445170=05
5019678=05
184652605
679285196
2498900-0%
9192783«q7
7545490=-08
6193403~09
417266111
zaéxzsg-tg
2629053+2

508567148

2450000
+50000

1769449=91
1518867=91
1177588=01
T iaesecos
018614«

szao;?-gz
924520i-03
3381849=03
1208133.93
9499124wg5
7474904=00
4639735«08

2888968-19

178872323
2082120-48

007500
+ 75000

3087869¢00
2496510400
1763227400
125465400
8987407-01
2695969-¢1
7371375<02
2206911-92
716966103
4365006-04
2850986+05
1365645=07
T1%0884-10
26855993+23
2820061-45

TABLE 12 (Contimmed)

«01000
+50000

2913392400
2276548400
1548513400
1073428400

75§3666.0r

204220701
5984985.02
1535969-02

580179603

3531740-04
2?9?!37.05
1106319<97
579018710
2319956-23
2292562445

5000000
250000

5957442402

512303802
396389¢-02
309804302

é409173-01

ot
e o
115325.03
430933264
348577105

L ) ™ ]

2819853-06

1845852408

1200704~=10

9598766224

144692548

210000
+ 75005

2869127+00
2382563+00
1618458+00
12041089+00
B§§§5A1-01
2450815+01
728980%«02
2249555+02
712809403
4349278=04
2843521405
1363139-07
7131996-10
2854619-23
2019391448

.

«05000
050000
2558505400
2051678400
1436074400
1015364000
T7241069=01
1996818+01
5895232«02
1815086-02
$748532-03
3509817=04
229701005
110289207
S776445<10
231774023
229146545

7.50000
«50000

2960448202
2546955«02
1962110-02
1562532402
1200561-02~
4403200-03
1615093003
$924177<04
217300204
177070805
164292306
988216909
6363882«1)
S470848<24
922296846

+25000
+ 75000

2070026+00
1753553400
1211029400

400519=01
6959409-01
212224401
9@13653002
2099794=02
677313903
$255399-04
2788291405
1346994207
707112110
2845526423
2815005«45

5

388839

«07500
«50000

2380502400
1928817400
1366873400
9758892-01
7007652-01
1962929=01
583097602
1800596+02
5712227=03
3495177404
228984505
1100604=07
57§746§-{o
2316303-23

2290755-45

10,00000
+50000

176581702

1519453=02
1162832-02
920786903
1167952-03
2632323-03
9686826=04

3530006-04

1303692=-04
1095471-05
8707864=07
5319502-09

=11
345370124
6129650=46

+50000
« 75000

1352292400
519‘927‘°°

16279=01
6505029-01
491345191
1606813=01
5292565-02
1755146-02
5857654=03
3804837-0¢
262951‘.05
130575107
6928840~10
2826759-23
2806216<45

,10000
+50000

222901700

1818406400

1301123400
9359803-01
6766145=01
1925979=01
5?59321-02
1784699«02
$673072=03
3479726=04
220234805
1098228=07
575818110
2314682623
2290028~45

25,00000
+50000

3156618-03
2716799=03
2115679+03
1647564203
1283024=03
471850404
1738297=04
6381805«05
23&7001-02
192%030<0

157832&-07
106221109
7148953«]2
6624680825
1258080=46

+75000
« 15000

9631829=01
8184025=01
6239296-01
4757660=01
362860601
1239271~01
4184413-02
142758102
488491403
3387202=04
2387065<0%
1236081-07
669618010
280242023
279539745

+25000
«50000

1601227+00
1334493400
9862666-01
73007940}
$412801-01
165942401
$195004=02
1658781=02
5358393=03
3363284-04
222846705
1081864=07
$69530p2=10
230%5090-23
228527145

59000000
«50000

8202342=04
705973504
5498015=-04
4281772=04
3334579-04
1226623-04
4512129=0%
1659784=05

6105509-06

5010689=07
411218808
276964510
186541412
174133725
334501047

1.,00000
«75000

123974701
6173179=01
473355901

3630047=0)

2784081-01
964298102
3345401«02
1162477=02

4045802=03

291061104
2112759-05
1141404=07
6348242210
277013123
2182254245

v ~

50000
+50000

1047880400
8852342«91
668552001
5051465=01
3818584=01
1252622<01
4137847<02
1375904=02
$603398+03
305368004
2086608=05
104255507
5554123=10
2285232%23
227579245

100400000
«50000

2091278=04
179997404
140181404
109172804
86023440%
312777308
1150619«08
4232804=06
1557129=06
127810307
1049077=08
706789211
47818)5-13
445315826
888013648

2.50000
+ 75000

227855901

1955758=01
1516145=01
1175360=01)
9111813=02
3291372+02
1189072=02
4296329%03
1552550403
1219466=04
9566362-06
5938653«08
369075310
2262973-23

250657?-‘

L]
-
(=]
N

[]
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TABLE

A/R
MUS#R (MFP)
B8 (MFP)

+10000
025000
+50000

« 75000
1.00000
2,00000
3,00000
4,00000
$,00000
7,50000
10.00000
15,00000
20,00000
50,00000
100,00000

A/R
MUS#R (MFP)
B (MFP)

10000
225000
«50000
«75000
1.00000
2400000
3,00000
4,00000
5.00000
T+50000
10,00000
15,00000
20,00000
50,00000
100,00000

A/R
MUSOR (MFP)
B tmMFP)

010000
025000
«$0000
+75000.
1.00000
2400000
3.,00000
4,00000
5400000
7.%0000
1000000
15,00000
2000000
$0,00000
100,00000

OF THE FUNCTION

s 5400000
s 75000

7669619-02
6595268=02
5128582-02
3988067-02
3101188-02
1133951~02
4166359-03
151616203
5544098-04
4483027-05
362536006
2371526-08
1551888~10
1227649-23
1838647+45

= 210000
= 100000

3367096400
2737173400
1967734400
1393996+00
10029685+00
2810389-9}
8316596-02
295692502
8079747-03
4907774=04
3199992-05
1829270-07
7987326~10
3185766-23
3142355+45

= 25400000
® 1500000

4706403-03
4050640-03
3156384=03
245643603
1912918«03
T7034935«0¢
2587163<0¢
951453508
349906005
zaeogol~og
23538040

1553387-0?
1065148+11
9870486~25

187321 7-46

T+50000
«15000

3811047-02
327871502
2551542-02
1985646402
1545258-02
566759903
207873393
762429604
2796420404
2278324405
l!SOlSQ-oQ
123228908
81813%5-11
701936124
1179609-45

«25000
100000

2406801400
2002244400
1475422400
1089064400
8052065-01
2463755-01
7580’90-02
239977602
771840003
4769301064
314933305
1515068~07
79348%50-10
3178213-23
313875945

50,00000
1.00000

1222928403
105257103
819728504

6383893.04

497167604
182882204
612729005
2474622-05
9102882-96
7,70‘92-07
6130853-08
4129185-10
2781044=)2
2595789.25
498548747

S(ByA/RyMUS*R)

10,00000
«75000

2273118<02
195596402
1522623-92
1185288492
922689193
338830103
124425403
4569164.04
1677896-04
137115908
1120506=06
7483019-09
499750411
443705124
785961 1-46

¢50000
1000000

1569819+00
1326908¢90
99904 71-01
7537039-01
568889491
185529191
6095298402
201652192
6715097-03
44094¢8=04
2988676-05
147615597
7806551-10
3162438423
313151445

10000000
1.00000

311798494
26836€5.04
209002904
162770704
1267653-04
466333495
171559805
6310863=06
2321587-0%
1925511-02
1564104=08
1053771-10
7099484+13
6639122426
127913747

TABLE 12 (Contimued)

€5,00000
+ 75000

4063359-03
3497198403
27¢3402-03
2120818-03

1651563-03.
607381504

2225719-0‘
821475305
;2;1372-95
203232907
139!:82.09
9197315=12
8524657525

1018303-4

«75000
1,00000

1117305400
9490868-01
7232183401
5512183-01
4202118-0)
142213001
482849402
1644559-02
561827603
380812685+04
272636005
140435607
7578316-10
31415481
3122518-45

201000
1450000

5280260400
4081090400
2702949+00
1847452400
1286208400
3367101~01
989820302
2939564-02
921185803
§$32300-04
359909‘.05
170332807
8868120~10
3515871823
346070045

50.00000
+75000

1055842403
908760404
7077286<04
551]681-0‘
4292412=04
1578959<04
5808182205
213653305
785921206
6449893+07
5293294-08
3565111«10
240]1155-12
224131725
4305754247

1.00000
1.00000

8394743401
715657601
5485786=01
420581001
322436701
111533501
BT

1180=02
466211003
3344158=04
2421222-0%
1302030-07
721438710
3112832-23
311147045

«05000
1,50000

4589408400
3650354400
2519643400
1759962400
1241901+00
332116401
961979102
2923954=02
917484903
5519019-04
3589019+05
1701539=07
8801420-10
3514903-23
3460536045

100,00000
« 75000

269198304
2317004=0¢
1804475«04
1405319=04
1094458«04
4026200~05
148112505
5‘98633-06
2004399-06
1645224407
1350411-08
9098030-11
9%29555-13
5§732160-26
110441947

2,50000
1,00000

2640006-01
zzgsasg-ol
1756387-01
136147%-01
1055365=-01
38i0770~02
1376203-02
497963103
179856103
1409061-0¢
1106690—05
0843g94-08
4246208-19
2581)17%-23
294580645

«07500
1,50000

4260129400
3425786400
2399604400
1694786490
1205908400
328070601
9558333=-02
2912071~02
9148066403
$509778.0¢
357588005
170036307
8456980=10
351426823
345993545

«01000
100000

4437830¢00
3438124400
230571000
1589635+00
1112672+00
295224401
8564593=02
2609456402
820541803
‘95‘995-0‘
3222193=05
183604407
8013234=10
3189702=23
3144260=45

5,00000
1.00000

8884287-02
7639647=02
594052502
461930602
3591939=02
131323402
4801333+03

758447=0)

418303=064
$188348+05
4194478406
2742171=08
179336910
1413818-23
2106553045

«10000
1,50000

3978258400
3224793400
228450500
1628324400
1167179+00
32331137«01
948)1579=02
2897787«02
9117101=03
5499650«04
357143505
1699081-07
885%2332=10
3513612-23
3459625=45

«05000
1.00000

3873446400
3093892400
2149011+00
1509282400
107005500
2900588401
8471011-02
2568847202
8154833-03
4935612404
3212872-08
1533168407
3003172-10
3188005=-23
3143436<45

7.50000

1,00000

441437402
3719773402
29554085«02
229990402
178979102
6564085=03
240739603
862922404

323616504

2637832=08
2148844406
1426099=08
946527011
8106688-24
135851945

«25000
1.,50000

2832286400
2352832400
1729727+00
1273898+00
93981238«9)
2829660-01
87232%59%=02
2764462202
8735519.°§
5404986204
353463005
[689717«07
8819245=10
3509211-23
3457586~48%

«07500
100000

3601268400
2905812400
2046037400
1451873000
1037427+90
235897‘-01
8399990=02
2873945=02
8119281=03
4922083=04
3206616=08
1531263=97
199489610
3186903-23
3142903=45

10,00000
1,00000

2632918«02
228558)1=02
1763608=02
1372869=02
1008702=02
3924350=03
;9*1051-0:
3291653=04
1943140=04
1587772=08
129740506
8662883«09
5§78442%e11
$§3029%=2¢
9071960-46

«50000
1.50000

1842465400
1553868400
1170267+00
8818]154=01
564799001
215621901
Tob0416=02

2326611=02

T719568«03
50;:651-0&
3 34«08
135 262-0

9262«0T

8729996=19
3499782#23
3453429=45

=L0T~



. TABLE

A/R
MUS®R (MFP)
8 (mFP)

10000
+25000
50000
«75000
1.00000
2,00000
3.00000
4,00000
S,00000
7,%0000
1000000
15,00000
20,00000
50,00000
100,00000

A/R

MUSeR (MFP)

B (MFP)
010000
+25000
«50000
275000

1.00000

2,00000 -

3,00000
4,00000
5.,00000
7.50000
10,00000
15,00000
20,00000
50,00000
100,00000

A/R
MUS®R (MFP)
B (MFP)

010000
025000
+50000
075000
1,00000
2,00000
3,00000
400000
$,00000
750000
10,00000
15,00000

20,08400
50, 0
100,0 0

OF THE FUNCTION . S(BsA/RsMUS®R)

s 475000
s 1450000

1309775¢00
111205500
8467409-01
6448064401
4912239=91
165747001
5611287~02
19056869=02
6493775-03
4458871=04
3115453-05
1591162«07
8533524~10
348670623
3448176~45

= +01000
s 2200000

5772898+ 00
4413248400
2915215400
1981650400
R
6 -0
1026612-01
3082507=02
9637619-03
5768163=04
3731632-05
1768635-97
919744310
363824523
357820]-48

e 5,00000
= 2400000

1120626=01
9635813-02
7492068=02
5g25262~92
452928502
1655353-902

6050040-03

2211223+03
8081902-04
§527‘?‘-°5
827252206
344103808
224650310
1753843-23
257805245

1.00000
1659000

983414701
838088901
6320722-01
6919548201

. 37169762-01

1301188-01
449897002
1558195-02
5605729-03
3859340.04
2782153-05
1484923-07
8177886-10
3467116-23
3441572-45

205000
2+00000

$000153+00
3963637400
2722216400
1893293.00
1331065400
3523209-91
1016436201

307173402

961346103
576005104
3728084.05
176764107
9193621-10
3637747.23
357804845

T7.%50000
200000

556721902
4189415-02
3126973.02
290021402
22568%7.02
8275623.03

393458303

1112754-03
408038104
3222476-08
270541006
179393308
1109681-10
101379023

1685345.45

2050000
150000

3088696=01
2650724901
2054391-01
159222901
1234048«9])
445323402

1607238=92

£801577-03
209446403
1641176=04
1287100695
7936908~08
49%0942-13
2943506~2

331014648

207500
2009009

4635421400
371754100

- 289324%4+90

1824805400
1294161400
3486316w01
1009‘60-01
3062995=92
9595018203
$754260-04
372562105
1766969-91
9191403-10
3637421-23
3577897=45

10.,00000
2.,00000

3320315«92
2858998=02
2023953-92
172;1?2-0;
1347592~

‘951945.8;
1816736=03

6670514=04

2049218-94
2000784<95

1634468<96

109078798
727976%-11
643702024
1132669-45

TABLE 12 (Contimued)

5,00000
1,50000

1039048-01
893455802
694708792
540173002

4200136-02 .

1535287~02
5612059-03
2051453=03
1499069-04
605899308
489592206
3197603«08
2089186~10
1§378°1-23
2419760-45

«10000
€.00000

.....

3497581400

2469086400

1754247400
1253763409
34386853+01
1002831.01
3051800-02
957281 0-03
514715404
3122934-08
1766283-07
919535§-1°
363708423
357174248

€5,00004
2000000

893469103

$107772-03
397159403
309148603
2412116<03
887062104
3262194=04

1199680-04

4411857-08
381835406
2967568-07
1996092-09
134264401]
124351 7.2;
235779744

7.50000
1,50000

516229302

4441111-02°

345699702
268939902
2092846-02
?6?5784-03
281447003
1032117-03
3784570~04
3082504+05
2510468«06
1665278=08
1104736<10
9434529«24
1873792+48

25000
2.00000

3069088400
2546727400
1868912400
1374018400
1011982400
3028551=01
928881402
2910092<02
9283575=03
5676545=04
3?9825‘-@5
176068207
91/0157=10
3634801«23
357671345

2000000
2.,60000

1542072-03
1327256403
1033645-03
804985404
6269092<04
2306064204
848277405
3i20359-05
1147813=05
961971307
7730440-08
52063984190
3506473-12
327/2426.258
626355347

10,00000

1,50000

3078898-02
264928102
29?2557-02
1605353=02
1249660=02
458856803
1684858293
6186569-04
2271627-04
1855912405
1516287=06
1012138«08
6756351-11
598194124
1054813=45

50000
2,00000

1992449400
1679414400
1263646400
9513080=01
7165442401
2318186-01
1559413402
268387102
821832003
5323831~04
3570352-05
1738059=07
9111508<10
362977623
3574592=45

100,00000
2,00000

3931662=0¢
3386902-0¢
2635448-04
20524T7-0¢
1598462=04

5880,78-05

2163184=05
1957727-96
2927417-06
2602833.01
19722%3.08
1328742-10
8951971«13
837118126
1612750=47

25,00000
1,50000

550336403
4736550-03
3688518-03
2672378%03
223682203
822603604
3025)70~04
1112523=04
409136505
3355570-06
275210207
185123409
124525611
1153589-2¢
2188139=46

+75000
2+00000

1415094400
1201046400
9139600«01
695649701
$296018«01
1782915=01
6022840«02
204139402
694173603
4744883=04
3302297+05
167618907
295037110
362242123
357186145

+01000
3.00000

6275667400
4754741000
3106866400
209608200
144831800
3700629=01

1053784=01

3173596<02
989990003
5905657~04
381383205
1804251=07
937368410
3701409=23
3638214-45

$0,00000
1,50000

1430003-03
1232799.03
95852464-04
7464848=04
5813502~04
2138481=04
786634205
289361205
1064407=0%
8735275-07
716878108
4828174=10
3251715-12
3034915-25
5828085=47

1.00000
2.,00000

1061943400
9047849=01
6928892=01
8306640~01
4064710%01
i¢00721~01
4835470-02
1672171=02
5792500+03
4120946-04
296120408
157177707
861817210
3610061-23
356833045

+05000
3,00000

5407645200
4266197400
2909556400
201164900
1407280400
367588701
1050933-01
3168908=02
9890485=03
890299204
;512773-05
1803987=07
9372783=10
370129923
363816548

100.,00000
1,50000

364593704
3138077=06
2643923=04
1903319«04
g082298-ot

452947-05
200596208
737943206
271468106
2228221=07
1828933=08
1232188«19
830149113
776302426
1495624047

2450000
2400000

3332103-01
285941701
2215878=0)
17171689=01
1330743=01
4199964=02
l131se§-oz
6247594=03
225446303
1764578=04.
1382369-05
850618608
525230010
3115724«23
346717745

07500
3400000

5003933400
3998017+00
2773030+00
1941509400
1370867400
3645908«01
1067740201
3164388<02
9882363=03
5900964204
38}2014-05
1803804=07

937216%9=10 .
‘3101227
3638133

-801~



TABLE

A/R
MUS®R (MFP)
B8 (MFP)
«10000

25000
50000

¢ 75000
1,00000
2000000
3,00000
4000000
5.,00000
7.%0000
10400000
15,00000
20,00000
50400000
~100,00000

A/R
MUS®R (MFP)
8 (MFP)

»10000
25000
50000

« 75000
1.00000
2400000
3,00000
4,00000
5400000
7.50000
10.00000
15,00000
20000000
50,00000
100.00000

A/R
MUSeR (MFP)
8 (MFP)

+10000
025000
¢50000

e 75000
1,00000
200000
3.,00000
4,00000
5.00000
7450000
1000000
15,0000
20,00000
50,00000
100,00000

OF THE FUNCTION

= 210000
= 300000

4661850400
3758754¢00
2640743400
1868047+00
1329852400
3603702=01
1042805-01
3157567=02
9871022-03
5898326~04
3811146-05
1803605=07
9371512-10
3701151-23
3638100-45

= 25000000
= 3500000

632958403
5447634=03
4242245203
330357103
2572%95-03
9646069004
3479159=0é
127948704
4705190<0%
3858032-06
316411607
212859409
1431697-11
1325%99«24
251218140

= 275000
= 5500000

1571693+00
1332792+00
1012752¢00
T697440=01}
58%51836-01
1959268-01
658419302
2220691=02
751643303
508463504
3508117=05
1757710-07
9306904=10
3711297-23

364758445

025000
3.00000

3294185400
2129470400
1998228400
1465708400
1077128400
3196035-01
9144777202
3036867-02
9647244-03
$857008~04
3800259-05
1801840-07
93663268-)

3%0631-2

3637879<48

$0,00000
3.00000

1644670-03
1415561-03
110241%-03
8585418.04
66861 76-0¢

2459480204

9047087-05

-3327931-0%

182416405
1004624406
824458508
5552578=10
3739878-12
348969925
689987847

1400000
5400000

1177971400
1003031400
76734i4-01
5873037-01
4492549-01
154213101
sgoasgo-oz
182739102

630804403

445123004
3175257-05
166507i-07
904629710
3709548.23
3047543245

S (BrA/RyMUSH*R)

«50000
3.00000

2132761+00
1796370400
1350006400
1045108400
7637022-01

245969791

798778002
26145813«92
8621650=03
8545413~04
3699143-05
17868825=¢7
9381297=10
3699418-23
363741145

100.,00000
3,00000

419323904
3609142=9%
2810786=94
2189029=04
1704808=0%
6271490-05
230709805
8487140=06
312217 =¢d
280266397
2103485=08
141713010
9547437%13
8927827=26
1719933=417

250000
5.00000

3687533=91
3163901-91
2451157+¢1
1698993-¢1
1471228=91
$300871=92
1910209=92
6884630-03
2481684=03
1937311 -9d
1513781=¢%
92688586+-08
5696070=10
3302119-23
359841545

TABLE 12 (Continued)

+ 75000
3200000

1512933400
128349000
975947301
742265891
564685501
1895391«01
6384883.02
2158345-02

7320900-03

Q??S;?‘-Q‘
1736214=07
9224492410
3697353-23
363678845
201000
$000000

6630330400
4973139400
3212932400
2i52177400
1476943400
3747463201
1063379-0,
3]98%46.02
$961474<93

'8934i0d<04

382973908
181064707
940‘133-10
3711576-23
366763d-45

5,00000

$+00000

1239387-01
1065611-01
8284677+02
6440989202

5007857«02

1829498402
6684130
108-03

=3 O N1
oI
N Py

1907538«23
270132445

130-03

2
261304
013708

1,00000
3000000

113460300
966378001
7396490=01
566180001
433404440)
1490553=01
$1385153-02
17/2318=02
6187764-03
4340080-04
3106130-05
1637526<07
893146]1=10
369236923
363592845

05000
5400000

5680558400
445986500
3020222400
2076297400
1445798400
3734905=01
1002522«01

3198812=02

9960065-03
$93393004
3829660-05
1810632«07
96040687-10
371157223

3647636=45

7450000
5,00000

615608202
$295867=02
4120896-02
3206612-02
2495176=02
9147905-03
335385103
1229610«03
4508095-04
366914105
2986390=06
197883108
1310937=40
111151523
183317545

2,50000
3,00000

355563801
3050970-01
2363968-01
1831479-01
1419258.01
5116214-02
184459202
6651448403
239881{1-03
137‘83100‘
146673808
9000933~08
5543447-10
324655223
356869345

«07500
5.00000

$246322400
4175972400
2680326400
2006966400

1411264400 -

37122868-01
106082201
998820503
5933689-04
382959405
s
056-
3711869.23
3647635=45

10,00000

$.00000

367128102
31%8935%.02
2459923-02
1914039-02
1489096=¢2

546987003

2008161+03
?3?2601.0‘
2706721=04
2210564-05

1805372-06

120423 7=08
8933639-11
7081938-2‘
123985445

5,00000
3,00000

1195386=~01
1027835=~01
7991273=02
6213107~02
4830612~02
1765142~02
645006303
2356976+03
861297406
6953096~0%
561366006
366024408
2387506<10
185397323
270087645

10000
5.,00000

4880813400
3923363+00
2T7436%3+00
1932872400
137100900
3676300-01
105742301
319076302
995418003
593331504
3829%10~05
181060807
9404021~10
3711566.23
3647634445

25,00000
5,00000

656149903
$647227<03
4397665-03
3424894203
2666834~03
9807169-04
360654504
132629204
4877382«08
3999965«06
3280392+-07
2206303+09
1482390111
1373582=2¢
2602011-46

750000
3.,00000

$938111-02
5108417=02
3975115-02
3093238-02
2407005-02
882%362-03
323s861-03
11864486-03
4350201-0¢
354134508
2882982206
1919765-08
1266539<10
1076362=23
1781632-45

3434393400
2041749400
2075852400
151945600
1118400400
328%660+01
9956797<02
3009819«02
9784019+03
$91086304
382594 0-08
1810496-07
9403871-10
3711846423
3647626=45

50.00000
$.,00000

170492103
146741803

1142800+03

8699923.04
693119304
2549570«04
937845705
3449816405
126899705
104141006
854639708
5755800«10
387639812
361713825
6943775=47

1000000
300000

3541395=02
3047197=02
2371979+02
1846380~02
19372“-02
5276834=03
193738%=03
7113102=04

2611576=0¢

2133116=0S
T
1 -0
775583’.11

664664724
120152645

2218006400
1006918400
1401504400
%052716000

911732+01

2%38210-01

0213586-02
207990102

88i2407-03

5636292+04
3744964~08

180250907

' 9394660-10
371148923
364760%=48.

100400000
5,00000

0346848204
3791353-00
291378106
2269218404

176725804
6501223#0%
239160905

879002806
323653506

1666559-91

2180497=08

16469031=19

989706113

925461326
176283847

-601-



TABLE

A/R
MUS#R (MFP)
B (MFP)

+10000
025000
+50000

+ 75000
1400000
2400000
3.,00000
4,00000
500000
7,50000
10,00000
15,00000
20.00000
50.,00000
100.,00000

A/R )
MUS R (MFP)
B (MFP)

.~ 10000
+25000
+50000
275000

1,00000

200000

3,00000

4,00000

5.00000

7.50000

10,00000

15,00000

20,00000

50,00000

100,00000

A/R
MUS®R (MFP)
B (MFP)

10000
25000
30000

« 75000
100000
2400000
3,00000
4.00009
5.,00000
7+%0000
10,00000
15,00000
20,00000

1005008

OF THE FUNCTION

= 401000
s 7:50000

6769054+00
504798700
3242269+00
2164916400
148296%+00
3rs2too~0l
1064132-901
3198152-02
9964566+03
593524304
3830232-05
1810812-07
9404849210
3711782-23
364702045

= 5400000
= 7,50000

1253518=01
1077781-01
837910802
651426402
S064463-02
1850163-02
675917403
26469360-03
9021578«04
1278786-05
$873272=06
3g25222-08
2492366~10
1923399=23
2777890~45

s 10000
= 1000000

498701500
4000396400
2768887+00
1959533400
1386786400
3696586~91
1060286=~0]
319%299-02
9962356-03
8938214w0d
3830238-05
1810814=07
960485610
3711783-23
3647682145

b

+05000
750000

5780723400
4526859400
3055273400
2094817400
1455736400
374467401
1063797-01
3197948202
9964377-03
5935226.04
3830229-05
1810811-07
9404848-10
3711782-23
3647820-45

750000
7.50000

6226230-02
§356187-02
4167798.02
3243081-02
252353302
925155903
3391740-03
1243460-03

45587224064

371003905
3019429.06
2000093-08
1325016-10
1122392-23
1848448.45

25000
10.00000

3499155+00
2892036+00
2i10272+00
1542659400
11300%50+00
33182%0-01
1002543-01
310447402
961583403
$9186483.04
38208178-05
15:0717-21
9404848-10
3N17183.23

- 364782145

-

e

$(BrA/RIMUSER)

«07500
7.50000

5333468400
4237491400
2914939490
2026579490
1482463¢90
3725281<p)
1002596<91
319713892
9963756+¢93
5935200=04
383022%=0%
1810811«07
9404848<10
311178223
3647820=45

10,00000
7.50000

3713071=02
3194883=p2
2486898=92
1935802-92
1506829+92
SR
20309039

745594 7«94
2737266-94
2235400-0%
1825565=96
1217568-08
8120900=11
T154743-24
125161845

+50000
10400000

2256313¢00
1898405000
14242168400
1069100900
8029988=91i
2570283=91
8300763=02
270364 1=02
aa?1z¢z-02
866186104
3755274=¢5
180438897
9398709-10
3711783-23
3647821=45

TABLE 12 (Contimnued)

«10000
T.50000

4958388400
3915600400
2177120400
19862772400
1362692400
3692198-01
105976%9-01
3194650-02
996147403
§935119-04
3830218-6%
181081107
940484719
3711782«23
36,!229.‘5

25,00000
150005

6636092-03

5711423=93

4447652403
34635171-0
2§§7i‘§-°§
991859204
3647508=04
134138
4932744208
408633206
331158007
223{268409
133:399-11
13889542,
2630873.4¢
275000
10400000

159780900
1354608400
1028920400
1817279=01
§940650«01
1986077-01
6668189-02
2288173-42

9050303
$122084=04
3527134=08
176273807
932¢182-1¢
3T11733-23
36‘7621-,5

=04

+25000
7.50000

3481991400
2879363400
2101270400
1536643400
1126029+00
3310205-01
1000927<01
3101210-02
980920503
5917279«04
3827916=05
1810760-07
9404825-10
3711781-23
3647820-45

9000000

7.50000

172629903
1484097=03

1158788«{3

9001073-04
7009875=04
257854304
948802605

348991405

1283414408
105323906
864348608
582114010
3920385-12
365808325
1022056047

1.00000
10,00000

1197126400
1019172+00
7794757=01
5962262-01
4561132-01
i584044=01
537363102
1849783=02
637965303
449271204
3199344=05
1613262-07
9074558<1¢
3710489-23
3647821-45

50000
7.50000

2246246400
1890148400
1418283400
1064834400
799929491
2562093-01

8278877-92

269779802

8861579=03

5656036=0¢
3753094=05
1804045-07
9398234-10
3711780-23
3647820-45

100,00000
7.50000

‘396251.0‘

3783a874-0¢
204686604

2295008-0¢
178734304
657%108-08
2“‘183-05
!G:aooa-oé
3273318=06
29!0%%7-07
220527‘-°é
1488722=19
1000950-12
935968526
1803950=47

2.50000
10,00000

3745746<01
32i3191«01
248916101
1928296-01
149382101
S389719-02
1938429-02
698436903
2516935=03
1963493=04
1533229-05
937593308
5755356-10
3319109=-23
3603469<45

+ 75000
7.50000

1590965+00
1340901400
1024699400
778605401
591756401
1979170-01
664451802
2238988402
7571978=03
$112958-04
3522660-05
176164907
9318105=10
371172123
36467819~458

01000
10.,00000

6823766400

8074499400
3250870400
2168004400
1484181400
3753291-01
106418501
3198223+02
9964683+03
$93526604
383024009
1810814=07
940485610

3711783=23

3647821248

5.,00000
10,00000

1258507-01
1082067=01
8612369-02
6540079=02
503‘499-02
1857434=02
678556403

'2678938-03

9056335=04
730636305
5895153«06
383899808
2501039=10
1928800~23
2782784045

1,00000

7.50000

119211700
1014955400
776309901
5938496~01
4543290-01
1556377-01
535563002
1844064=02
6361485-03
§482370=04
3193453205
1671346+07
9068307-10
3710401-23
364781845

+05000
10.00000

5818503400
4551393400
3067293400
2100783400
1458693400
3746702=01
1063969=01
3198134+02
9964634403
$935268-04
3830240-0%
1810814=07
940485810
3711783=23

364782148

7.50000
10,00000

625093602
8317432402
4184316-02
325592302
253351..02
9288046-03
3408073-03

'1248333+03
457652606
372441108

303103006
2007652-08
1329935410
1126163#23

1853652045

~ »

2,50000

T.50000

3730125+01
3200343=01
2479258401
1920663=01
14879380}
535998902
193110302
69%8513.03
250781103
1956743=04
1528235-0%
934859308
$740366~=10
331514023

- 3602463245

«07500
10.00000

536591100
4259862400
292701100
2033116400
162601500
3728523=01
106292101
3197504=02.
9964234=03
$935288=04
383024008
1810814=07
94048568<10
3711783-23.
3647021448

1000000
10,00000

3727789202
320784302
249674702

1943448802

151279102,
585377103
2033903.03
148527904
273001404
224413308
1832664=06

1222256=08
8i81870-11
1160458-24.
1255683~

-ot1-



TABLE

A/R
MUS®R (MFP)
B (MFP)

«10000
25000
+50000

« 75000
1,00000
2000000
3.00000
4,00000
$,00000
750000
10,00000
15,00000
20,00000
50,00000
100,00000

A/R
MUSeR (MFP)
8 (MFP)

+«10000
025000
+%0000

¢ 75000
1.00000
2,00000
3,00000
4,00000
5.00000
T+50000
10,00000
15,00000
20,00000
50.00000
100,00000

A/R
MUSOR (MFP)
8 (MFP)

210000
25000
¢50000

« 15000
1,00000
2,00000
3,00000
4400000
$,00000
7.50000
10,00000
15,00000
20,00000
$0.00000
100,00000

OF THE FUNCTION

= 25400000
= 1000000

6662359-03

5734028~03
446525403

3477223~03
270761503
995782604
366193104
1346683-04
4952236+05
4061304~06
3330688~07
22400%4-09
1506565-11
139435824
264073346

s ¢75000
= 15,00000

1602754000
1356736+00
1031967+00
783977401
$957271-01
1991022<01
6679900~02
2249852-902
7603826803
512834704
3830175-05
176344907
9322451-10
3IT117371-23
364782148

s 401000
= 20500000

6881706400
$099478+00
3257409+00
2169872+00
1484768400
3753424=01
1064192=01
3198229«¢2
9964690=03
5935287=04
383024005
181081497
9404856+10
3711783¢23
3647621248

50.00000
10.00000

1731123-03
1489970-03
1160362-03
9036691-04
7037613-04
2588746-04
9522%852.05
350281605
1288491405
1057405-06
867763008
5844146210
393s812.12
3672495-28
1049598.47

1,00000
1%,00000

1200747400
192221900
781760901
537940001
487390601
1568112-0)
536650302
1853086.02
$392843.03
449997804
Szo:‘:v.os
187456207
9070698-10
3710933.23
0e7021.08

03000
2000000

5057021400
;!15z3§¢09
078646,00
2106068400
1461191400
3747982-01
1664042-91
319818402
64676-03
$935247.0%
383024005
1810814-07
9404858-10
3%11703-23

364782145

S(89A/RyMUS*R)

10000000
10:09009

441364704
379884704
295852704
2304089-04
1794416204
6601125-95
242835%+0%
8933215«06
328626606
269736797
221399998
149159910
100490912
939667926
1810177=47

2450000
15,00000

375598721

3222463=91
2496306-01
19338010}
1498063-01
539567892
194370292
7002960=¢3
2523490-03
1908331<pé
1836800-05
9395380208
576898610
3321963<23
360011245

«07500
20,00000

539866690
4202088400
2938620+00
2039197+00
1429206+00
3730982-01
1083117-01
:127912-03
99643849

£935265-¢4
383024005
18108i4=07
9404886-10
3711783+23
364782145

»

TABLE 12 (Continued)

201000
15,00000

6866018400
5093136400
3255951400
2169517400
14846754 00.
375341501
1064192«0)
3198229=02
9964869003
§935261=94
3830260-08
181081407
9404086-10
371i183-23
3064782148

5.00000
15,00000

12621906~01
ke
8436361-02
68580902
5890951-02
1862677-02
6804586-03
2005‘39-03

908i378=04

132621 6-08
$910894=06
3848893-04
1932640-23
218048648

«10000
2000000

5015741400
4020704400
2800286400
1965938400
1330@85000

1810814=07
9‘09‘590]0
371178323
3647821048

05000
15400000

5846761400
4569329400
3075725400
2104733400
1400580400
3747709-01
1064029=01
319817802
996467303
5935267-04
383024005
181081407
9404856-10
3711783-23
3647821048

7.50000
15,00000

626876102
$392756<02
419623102

285i8702

840720-02
931435903
341468703
1291045402
486936004
3734760208
3039387206
2013094=08
133347810
112886323

1057352048

3516)30+00
2906106000
2119076400
1548500000
1133926400
3325768+01
1004003=01
3107313=02

9821362203

$919688-04
3628337-0%
1810782«07
940485110
3711783-23
364782145

.07500
15,00000

5389977+00
4276212400
293560400
2037640400
1428401400
373040501
1063975<01
3197639=02
9984361-03
$935264-04
383024005
181081407
94048%6.10
3711783-23
364782145

10,00000

15,00000

3738405%-02
32{6675-02
R
1 99J=9

1$:7ooi-oz
556?527003
iienict)
1500430-0

2758763-0¢
228043105
1637780406
122863408
8174172-11
719893024
12808589-45

+50000

2266307+00
1906897+00
1430025400
1073263490
80%9792+91

.2518158=01

932155‘002
270913%-02
889174103
$667062+06
375714308
1804600-07
9399p26-10
3711783-23
36‘7821-‘5

10000
15,00000

500813900
401535800
2797313400
1964282+00
1389465400
3699322=01
1060571-01
319%5602=02
9962690-03
593523104
30302‘0-05
181081407
9404856410

"3711783=23

364782145

25,00000
15,00000

6681305-0)
$750334=03
447795103

30071%0-03

2715513+03
998612504
3672334=04

1350477=04

496629408
4072823~06
334009%=07
224639109
1510819«11
1398253=24
264797846

73000
20,00000

1604512400
1360199¢00
1033048400
T847751~01
$963157-01
1992768«01
668507602
2281087<02
7608080=03
$139527-04
3531219-08
176368997
932300110
3711737=23
3667821245

225000
15.00000

3511664400
2902620+00
2116769400
1546974+00
1132916400
3323832~01
1003632.01
3106601-02
9819995+03
5919264=04
3828302-05
161078107
9404850-10
3711783-23
364782148

$0400000
15,00000

173604403
1494206403
1163661-03
908238104

1057620-04

2596104=04

954961808

351277198

{292152~08

1060409=06
8702279=¢08
5660738-10
394704112

3682000-25

7069488047

1.00000

120203200
102330000
102871101
98847629}
457883501
15608490}
5391042«02
185528902
6397069=03

450251104

3204858-05
3675009-0?
900009710
3T10%47=23
364782145

«50000
15.00000

2263611400
1904383400
1428504400
1072173400
8051993=01
2576108«01
831616602
210772102
8888018+03
5865743=04
3756675-058
1606484i=07
9398952=10
371178323
364782145

100.00000
15,00000

442619504
3809647«04
2966938«04.
2310639=04
179951 7=04
661989108
243826208
808860906
33?!609-05
2705034=07
222029108
f498838=19
1007764«12
2%23362=26
181531147

2450000
20,00000

375082801

- 3225787<01

2438836401
1935781=01
149986880}
5300900-03
194855%e02
1009%33«03
252880603
1970038<04.
153805605
9402227-08
5769672=10
332292123
380432748

nd 49 8



TABLE

A/R
MUS#R (MFP)
8 (MFP)

«10000
«25000
+«50000
275000
1.00000
2000000
3,00000
4,00000
$,00000
7.%50000
10,00000
15,00000
20,00000
50,00000
100,00000

OF THE Fu~ctloui

. 5000000
= 20200000

126338101
1086253=01
8444855-02
6565292=02

5104067=02.

186453302
68)1318~03
2488281-03
909023404
7333237-09
$916458=06
3852388-08
2509455-10
1933988423
2787175«45%

7450000
20400000

6275071.02
5398182.02
4200449-0¢
3268466.02

€943269-02

932367403
3418090-03
1253089-03
4593903.04
3138432.05
3042344406
2015018-08
133473110
112981523
1858651<45

§(3.A/R.Hus'ab

lo.ooooo
20.00000

3742163-02
25063679

1950949=02
1518614=92
5575306=03
208672403
151391604
2758506-04
zzszseo-os
183959106
1226829<08
8182060-11
720545424
125961445

TABLE 12 (Cbntihnod)'

25,00000
?0900000
6688012-03
5756106=-03
4482445403
3450809-03

2116238403

999814204
36760168=04

497121105
40716900=06
_§§3430.01
224863309
1512325«1)
1399632~24
265054146

we

50.00000
20.00000

1737787=03
1495705=03
116482903
9071476064
1064703-06
2598709«06
935919905
3516295=05
1293448405
1061472=06
8711006-08
886661210
3990995-12
3686567-25
707648447

100,00000
20,00000

4430636=04
3813470=0¢
2969915-04
2312958=04
1801323-04
6626533+0%
ZQ371°6.°5
896759996
329891406
27077‘8-07
2222519-08
1497338210
1008775=12
9‘32303-26
1817128+47

”»

-2~
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13. Mc = The Factor which Equalizes the Areas of the Bases of the Cylinder

and the Annular Sector

14. Ms - The Factor which Equalizes the Volumes of the Sphere and the

—

Conical Sector of a Spherical Shell

These tables are useful in conjunction with Tables 1, 2, 8,and 9 in

doing calculations using the cylindrical source approximation (Section B.13)
and the spherical source approximation (Section B.20).



A/R

1.0
2.0
3.0
4.0

A/R

10.0
20.0
30.0
40.0

0.
141421401
164575+01
163929+01
162959+01
162157+01¢

9.
161621+01
159784+01
158584401
158120+01
157875+01

o1
15622 7+ 01
16458 7+01
16382A8+01
16237 0+ 01
16208 7+ 01

1.0
164575+ 01
159585+ 0%
15852 0¢+01
158089+ 01
157357+ 01

o2
159696+01
1564567+01
153728+01
152783+01
15201 8+01

2+ 0
163929+01
153413+01
158461+01
158060+01
157839+01

o3
161562+01
164524401
163627+01
162693401
161951401

3.0
162959+01
159263401
158407401
158032401
157822+01

MS=-THE FACTOR WHICH EQUALIZES THE VOLUMES

40.0

L
125992+01
151607+01
150259401
148113+01
146243+01

0.
125992+01
140370401
137272401
136058+01
135410401

o1
140798+01
151621+01
150045+ 01
164791 0+02
146076+01

1.0
151607+01
13986 1+04,
137105+ 01
135976+ 01
135362+01

2
164851+01
151578+01
143827+01
147710401
14#5313+01

200
150259+01
139420+01
136951+ 01
135699+01
135315+01

o3
147228401
151491+01
149609401
147514401
145753+01

3.0
1681134018
139033401
136809+01
135826+01
135271401

TABLE 13
MC-=THE FACTOR WHICH ZQUALIZES THE AREAS OF THE BASES OF THE CYLINDER

ol
162699+01
164464401
163528+01
162615+¢01
161886+01

4.0
162157+01
159131+01
158356+01
158006401
157806401

o5
163428¢01
164391+01
163429+01
162534+01
161822+01

5.0
161525+01
153014+ 01
158310+01
157981+01
157791+01

TABLE 14
OF THE SPHERE AND THE CONICAL

o
148777+0¢
15137 0+01
149390+01
147321401
145596401

4o 0
14624:3+01
138692+¢01
136677+01
135757+01
135229+01

«5
143826+01%
151222+01
149172+01
147133+01
145643+ 01

5.0
164724+01
138390+01
136556+01
135691+01
135188+01

6
163904+01
164309¢01
163332+01
162455+01
161760+01

6.0
161025+01
158909+01
158267+01
157958+01
157776401

6
150541+012
151054¢01
148956¢01
146947+01
145293+01

6.0
143495+01
138119+01
136442+01
135629+01
135149401

AND THE ANNULAR SECTOR

o7
164213+01
164219+01
163236+01
162373+014
161699+01

7.0
16062201
158815+01
158226+01
157936+01
157762+01

SECTOR OF

o7
151023404
150870+01
168761401
146766+01
145146401

7.0
142691401
1370875+01
136336+01
135570+01
135111+012

.8
164407+01
164125+01
1631462401
162302+01
161640401

8.0
160291+01
158731401
158189+01
157914401
157749401

9
166520+01
164028¢01
163049¢01
1622294014
161582+01

9.0
160016+01
158654¢01
158153401
157894+01
157736+01

A SPHERICAL SHELL

.8

151334+01
150674401
148529+01
146588401
145002401

8.0
141660+01
137655+01
136237+01
135514+01
135075+01

(3]
151518+01%
150470+01
148319401
146416401
164861+01

9.0
140962+01
137454401
136145401
135461 +01¢
135041401

ALy
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15. Relation of ¢, and 90 to the Geometry of the Cylinder

This table is useful in quickly determining the angles 60 and 90 which
appear in Section B.13, which gives approximate formulas for the flux from a
shielded, self-absorbing cylindrical source.

The angle ¢o also appears in the flux formulas for a spherical source
given in Equations (85), (98), and (99).
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TABLE 15
RBU“HON¢W'¢OIWW %)Tb'nm!Gnaﬂan(m'THE(”HJNDER
PHIO THETAQ
A/L OR A/R R/ (A+R) ARCSIN (R/ (A+R)) ARCTAN (A/L)
DEG RAD DEG RAD

«001 99909 87.43872 1,5260936 05730 100000-02
o002 ¢« 938 00 8637931 1.5076034 «11459 200000-02
¢ 005 « 99502 34428232 1.4710040 028648 499996-02
« 207 «93305 833.24036 1.4528183 «40106 698989~02
« 010 « 99010 81,93070 1.,4299605 57294 9939967-02
« 025 e 97561 7731962 1,3494819 1.,43210 249948-01
« 050 ¢952 38 72.24721 1,2609517 2.86241 499584=-01
075 «930 23 58,7110 1.1950461 L,28915 748598-01
100 « 90909 55.38002 1,1410967 5471059 996687-01
150 « 86957 50,40815 1.,0543212 8.,53077 148890+040
« 200 +83333 5644269 49851108 11.30993 197396400
250 « 80000 53.13010 49272952 16.03624 244973400
«300 ¢ 75923 50.28486 L,8776364 16.,69924 291457400
¢ 350 o 7074 3779455 8341723 19.29005 336675+040
+ 400 e 71429 45.58463 ,L,7956030 21.80141 380506+00
450 « 589366 ©3.60282 07610126 24422775 422854400
«500 66667 #1.81031 ,7297277 26456505 4L636L8+00
550 e 645 15 k017777 7012344 28481079 502843+00
«600 « 62500 38,68219 6751315 30.96376 540420+00
« 650 « 606 06 3730527 .6510986 33.02387 576375+00
«700 e53324 3603188 6288749 - 34,99202 610726+00C
« 750 eS7143 3484990 6082456 36.86990 643501+00
«800 ¢ 55565 33.74899 ,5890310 38.65981 674741400
¢ 350 « 54054 32.72044 45710795 40,36454 TOLLOLHOD
«9300 e 526 32 31.,75686 +5542618 41.,98721 732815+040
«950 »51282 3085189 ,5384670 43,53120 759763400
1.000 «52000 30,00000 5235983 45.00000 785398+00
1.150 W 43512 2771775 4837660 48.,99091 855053+00
1.200 o 45455 2703569 4718618 50.19443 876058+00
1.250 o bbb bl 25438780 4605540 51.34019 896055+00
1.300 03478 25.77146 4497969 52.43141 915101400
1,350 e 42553 25018434 4 4L3IG95LT6 53.47114 933248400
1.450 o408 15 24,08951 4204412 55.,40771 967047400
1.500 «43000 23.57818 4115168 56430993 982794+00
1.550 e 33216 23.08877 4029751 67.17146 997830+00
1.600 e 38462 22.61986 43947911 57 .99462 101220401
1.650 ¢ 377 36 22417016 o 3869422 5878160 102593+01
1,700 e 37037 21.73846 o« 3794077 59.53446 103907+01
1.750 ° 363 54 21432369 3721685 60.25512 105165+01
~1.800 ¢ 357 14 20,92483 3652072 6094540 106370+01
1.850 « 350 88 20.54093 3585077 61.60698 1075244014
1.900 o 3414 83 2017127 43520551 6224146 108632401
1.950 « 33898 19,81493 3458357 6285032 109694401
2.000 ¢33333 19.,647122 +3393369 63.43495 110715401
2.100 032258 18,81906 3284546 64.53665 112638+01
2.200 ¢ 31250 18.,20996 , 3178237 65455605 114417401
2.300 ¢ 30303 17.63970 3078709 6650143 116067401
240400 e 29412 17.10464 2985322 67.38014 117601+01
028571 1660155 2897517 68,19859 119029+01

2,500
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A/L OR A/R

2,600
2,700
2,800
24900
3.000
3.100
34250
3,500
3.750
4 000
44250
44500
4,750
5,000
54250
5,500
5,750
64000
6.500
7.000
74500
84000
84500
9,000
10,000
11,000
12,000
13,000
14,000
15.000
16,000
17.000
18,000
19,000
20,000
25,000
304000
35,000
40,000
45,000
50,000
55,000
60.000
654000
70.000
75.000
80,000
90,000
100,000

R/ (A+R)

027778
27027
026316
025641
« 25000
e 24390
023529
022222
¢ 21053
« 20000
«130 48
«18182
17301
016667
¢« 16000
«15385
e14815
014286
13333
12500
«117 65
011111
«19525
«10000
« 03091
« 08333
07692
e 07143
« 05667
¢« 06250
053882
0055655
« 05263
+ 05000
¢ 04762
¢ 038 46
003226
02778
¢ 02439
e02174
01961
« 017 86
01639
e 01515
01408
« 013156
01235
01039
« 009130

-117=-

TABLE 15 (Continued)

PHIO

ARCSIN (R/ (A+R))

DEG
15.12762
15.68035
15.25752
14.85717
Lke 47751
14.11698
13.60896
12.83959
12.15320
11.53696
10.98058
10.47568
1001541

9.59407

93,20690

8484938

3.51962

8.21321

7.66226

7.18076

675633

537937

504233

373917

521591

be78019

be1173

4. 09604

3.82255

3.58332

3.37229

3418474

3.01696

2.86598

2472940

220423

1.34857

1.59175

139760

1.24566

1.12352

1.02319

¢93932
86815
«80701
75301
«70737
«62964
«56729

RAD
« 2814801
e 2736737
¢ 2662940
¢ 2593065
¢ 2526803
e 2463878
¢ 2375212
¢« 2240931
¢2121133
¢ 2013579
¢ 1916472
» 1828351
«1748019
e1674481
«1606907
¢« 1544596
«1486955
01433476
«1337316
«1253278
e1179202
«1113410
« 1054585
«100167 4
«0910348
+ 0834301
¢ 0769991
20714894
« 0667161
e 0625408
« 0588575
¢« 0555842
¢« 0526559
« 0500209
e 0476371
¢ 0384710
« 0322637
« 0277814
e 0243927
« 0217408
¢« 0196091
« 0178581
« 0163942
« 0151521
« 0140850
¢ 0131583
e 0123460
« 0109892
« 0039012

THETAQ

ARCT AN
DEG
68.96249
69.67686
70.34618
7097439
71.56505
72012130
72.89727
74.05460
75.06858
75.96376
76.75948
7747119
78.11134
78.69007
79.21570
79.69515
80.13419
80.53768
81.25384
81.86990
82.40536
82487498
83.29016
83.65981
84428941
84.80557
85.23636
85.60129
85.,91438
86.18593
86.,42367
86.63354
86.82017
86.,98721
87.13759
87.70939
88409035
88.,36342
88456790
88472697
88.85424
88.95837
89.04516
89.,11850
89.18154
89.23610
89.,28384
89.36341
89.42706

(A/L)
RAD
120362+01
121609+01
122777+01
123874401 -
124905+01
125875401
127230+01
129250+01
131019+01
132582+01
133971+01
135213401
136330+01
137340¢01
138257+01
139094+01
139861401
140565+01
141815401
142890+01
143824401
14464L4+01
145369+01
146014401
147113401
148014+01
148766+01
149402+01
149949+01
150423+01
150833+01
151204401
151530+01
151821+01
152084+01
153082+01
153748401
154223+01
154580401
154858+01
155080+01
155262+01
155413+01
155541401
155651+01
155746401
155830+01
155969+¢01
156080+01
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16. Conditions for Accurate Results from the Cylindrical Source Approximation é

TABLE 1
Conditions for Accurate Results from
the Cylindrical Source Approximation ¢
o ] ,
.9s;-£’-—s1.1 1.¢5—u—s1.1 '
corr corr
if “s = 0.1, R 2 10., and if b = 0.5, R 2 10,, and
L/a = a/R = b= L/a 2 a/R = b=
1. S 0. 0.1 5. 0.
2.5 2. 0. 0.8 2. 0.
4.25 1. 0. 1.4 1. 0.
4,25 0.5 1. 2,25 0.5 0.
0.5 0.5 10, 3.75 0,2 0.
0075 20 10. 106 0.5 1. “+
0.9 1. 10. 2.7 0.2 1.
1.25 0.5 10, 0.25 2, 10, -
2.0 0.2 10, 0.5 1. 10.
0.7 0.5 10.
1,0 0.2 10,

¢15 is the ratio of the uncollided flux calculated by the approximate

¢(!(D‘I.‘l'

cylindrical flux formula to the uncollided flux calculated by the exact
cylindrical flux formula (see Reference (7) or Reference (25)) for the

same geometrical configuration and shields. .
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17. Estimat fect of a Cylindrical Shield

The cylindrical source approximation of Section B.13 assumes a slab
shield of thickness t and attemuation p intervening between the source and
an external lateral detector point. If a cylindrical shield of the same optical
thickness is substituted for tﬁe slab shield, the uncollided flux will be decreased.

The two nomograms given in Section F, Figures 47 and 48, give approximate values
! = guncollided /Qunco 11ided
cyl shield / slab shield’

In order to approximate the effect on gamma-ray build-=up of the

of this reduction factor f

replacement of a slab shield with & cylindrical shield of the same thickness,
the change in uncollided flux must be translated into the corresponding change
in the optical distance. This change in the optical distance may then be added
to the apparent optical distance through the slab shield and new values of the
buildup factors found. That is, the apparent buildup factor is (for a given
gamma energy) '
total
B(b slab shield

slab) = Toncollided
slab shield

while the change in the apparent

uncollided

glab ghield
uncollided = gn %
cyl shield

optical distance is Ab = #n

where £ is the reduction factor defined above.

The apparent optical distance ;;lab may be found by interpolating a
table of buildup factors to find the optical distance corresponding to
B(b.lab) « Then

total = auncollided . . e
] £ B(bsllb

’cyl shield slab shield + 4b)
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D, Information About Shielding Functions

1. Exponential Integral Functions (References (1), (2), 3), ), (1),
(25), (26), (27))

Definition:

-t
En(b) = b“'l j; 5;— dt, n = 1,2,3,... (135)
t ‘

If we set t = by, we get an equivalent definition

P _=by
En(b) = J'. & n dy, n= 0,1,2,000 (136)
l vy ,

En(b) is related to the incomplete gamma function

I‘(a,b)> -f e.c(:a.1 dt
b

by the expression

-t
E (b) = b“'lf e dt . py™lr@on,n) .
n b tn

Integrating (135) by parts gives the recursion relation

B, (b) = Lie® - v e ®], n>1, (137)

while differentiating (136) with respect to b gives

dE

o En(b) | (138)

Thus,

2 3
§ 8
En(b+6) = En(b) - 6En_1(b) +'§? En-Z(b) -3 En-3(b) + oo o (139)




i
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Also, we have specifically, from equations (135) through (138)

e.b
Ey(®) = 5~
b) = b e dt
E,(®) J: 7

=t
E,(b) = b2 r Ladt.
b ot

a, a, -yt
dyd
f. E )0y = jtf T - g () - By

)
2
1 8
and
J
. E,(y)dy = Es(a)) - E,(a,)
1
E, (0) s
310”) =0
32(0) =]
EZG') =0
Use of the substitution p = b sec O enables us to show that
)
0 -b gsec
J; tan § e 48 = El(b) - El(b sec So)
I
-b
o 8in g oD sec @ de = Ez(b) = cos B,E, (b sec 90) .

(140)

(141)

(142)

(143)

(144)

(145)

(146)

(147)

(148)

(149)

(150)

(151)
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and

0
(1]
[ “stn 8 cos 0 ™ oo ® 48 = E,(b) - cos’ 8, Ej(b sec 8)) (152)

(150) through (152) may be generalized to give

En(b) = | gin 8 (cos 9)“’2 e'b sec 8 d8 for n = 0,1,2,... . (153)

o >N

Some useful approximations for En(b) are:

For b > 10
-b
.8 _n_n(#H) n(at)(nd2 ]
E(b) = S—|1-3+ 2 3 + oo, (154)
and for small values of b
- 1 "
n-
B, ) = I (D" 2o r -t bl (155)

where r = 0,577216... is the Buler-Mascheroni Constant.
For any value of b, the foliowing inequality brackets the value of

E (b):
e"b e"b
b-in-1>En(b)>'an"“zl' (156)
Finally, for b <O
El(b) = - Ei(-b) (157)
where
b et
Ei(b) -J\ e dt (= < b < ®) (158)
«f0
and b

(14l 3 |
E,(b) =3 (1+b+ +=+..)forbz10. (159

Toole2
o
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2, Sievert's Integral of the First Kind (References (1), (2), (3), (6),
(7), and (25))

L)
0
F(0,,,b) -f e®%c® 45 120 (160)
0
n
0= 90 < 5' .
For 60 < 5°,
. -b
F(eo,b) = Qoe (161)
and for a small angle 6,
. -b sec 90
F(_eo +6,b) = F(eo,b) + 8e . (162)
The substitution p = b sec 8 gives
b sec Go -p
F(8,,b) = b_f —~e_dp (163)
b 2 .2
e p =b
Note that
F(8,,0) = 8, . (164)

3. The G-Function Defined by Ono and Tsuro (References (5), (7), and (25))
8

0
G(8y,b) -—-I cos 8 e %¢¢ ® 49 (165)
0
which becomes, using p = b sec 6,
. b sec 90 e-pdp
G(eo,b) = b I ——— (166)
b 2 2 .2
P p =b
e0
G(BO,O) =I cos 8 df = sin 90 . (167)

0
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The corresponding function for an infinitely high cylinder is defined by

Ono and Tsuro as

n
H(b) = c;(’z-T b) = | cos 8 e % 8 45, (168)
0 1
G(eo,ua)IZus represents unit collided flux at the center of the base of an N

infinitely thick annular source of inner radius a, where the macroscopic
self-attenuation coefficient of the source material is Be and the macroscopic
attenuation coefficient of the shielding material filling the interior of the
annulus is p. The top surface of the annular source is conical, being defined
by a line passing through the center at the angle eogand the height of the
inner surface of the annular source is £ = a tan 90. (See Figure 9 and
Section B.13.)

4., The L. Function Defined by Ono and Tsuro (Referemces (5), (7), (25))

0
¢0 .
f G(E’ b sec 6) do .
0

L, yb) = - G@ b) (169)
oS\2>

where G(g, ﬂ) and G(g, b sec @) are as defined by (168). L,(¢,,b) gives an
approximation to the ratio between the attenuation of a slab shield of optical
thickness b and the attenuation of an annular shield (also of optical
thickness b) which is curved around the dose point as a center. Both the slab
and annular shields are assumed to be of infinite height, while subtending the
angle ¢0. (See Section B.13.) As noted in Reference (7), the value of
Locoo,b) is only weakly dependent on ;he assumption that the slab and annular
shields are infinitely high, and so this function is valid for shields of any

height, Also, to a good approximation,

b N

e
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5. The G-Fynction Defined by Rockwell (References (1), (2), (25))

-1 "'sh
R Jtan ;:i -4 X sec 6

G("'sh’u'sk) - Io fo e de d(p.sX) (170)

8 ]
GG _h,u R) = f r(m:'l E':'i’ " x) d@ X) a71)

where the function P(tan 1.8 u.sx) is defined by (160).

]
B X
G("‘sh’"'sR) /2u.8 represents unit uncollided flux at the center of the
base of a cylindriéal source of height h and radius R, B is8 the macroscopic
self-attenuation coefficient of the source. (See Figure 8.)

6. Relations Between Functions (Reference (25))

In terms of a cylinder of radius R, height h, and macroscopic self-
attemuation coefficient “'s’ finding the flux at the center of the base in
different ways gives the following relation between several of these functions:

G, R) =1 - c(can'l ‘R—‘, “sR) - E,(uh) + h E2(p.sv R24h2)

(172)
-1 h
where G(ush,p.sR) ie given by (171) and G(tan R’ u.BR) is given by (165).

To derive (172) the relation

ul tan-]' R
2 -p.sh csc O h -4 h sec ¢
J cos 6 e de-f sin e ° dy
¢ “lh (0]
an = ¢
= E, (p,sh) -—h Ez(u.sv R2+h2) (173)
v Rz-!'h2

is needed. Here ¢ = 12'-' - 8.
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The left-hand side of (172) may also be expressed as

| ot o
G(u.sh,usk) =] - Ez(u.sh) - J‘o E1 h +("'3R) dy , (174)

vhere y = BgTe
Equating the right<hand sides of (172) and (174) gives another useful
relationship:

t# h
' -
2 2 1 h h 2.2
f E‘ Vy +(u R))dy-G(tan =, u-R) - E(u. R"+h™) (175)
1 8 R’ "8 2\"'s
0 1¢R?+h2

Finally, if we consider a cylinder of infinite height, (172) reduces

c(o,u;n) + c(;-' “s“) =1.0 . (176)

This simple relationship furnishes us with the justification for
assigning the letter G to represent both of these functions.
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Ee T F Fo las Using Taylo ial Build-Up Facto efficients

The total flux formulas given here correspond to various flux formulas
given in Section B of this report; inclusion of the appropriate y-ray dose
conversion factors in these formulas allows total dose rates or total energy
absorption rates to be ulalitod.

A Y-ray buildup factor sf(b,z,z) may be represented by Taylor coeffi-
cients A(2,E), al(z,E), and az(z,!). Here Z is an (equivalent) atomic number,
E is an energy level, and b is an optical distance. Then

-alb -azb
+ (1-A)e (177)

Bf(b,z,t) = Ae
which may be conveniently included in the integral of the point kernel over an
extended source (See Eq. 7, 8, and 9).

The actual formulas obtained when this buildup factor representation is
used to obtain total flux formulas for the various options of Section B are
displayed below. The definitions of the various symbols and the nomenc}ature

may be found by checking the corresponding formulas and figures in Section B.

As a preliminary, we define

A 1-A
U *"T7a. 2 "1T7a (178)
1 2
A 1 - A
U3'“1+02'1+a1+1+a2'

The notation and definitions used here are the same as in Section B, except

that cpP » cpP , etc, refer to total flux,
1 2

1. Uniform Disk Source, with Shield

S
(pPl - -3‘! {A[zl(nl) -E,(B; sec 8] + (1-A) [E,(B,) -E (B, sec e)]} (179)

where
B, = (1+a1)b

B, = (l+a,)b



~128~

Let M, = (1 +a) and M, = k(1 +a).

S :
b - 20 * DO4R,Mya,Mh) - (14) * DOLR,Mya, )} (180)

2, Infinite Slab Source of Infinite Depth, Self-Absorbing, No Shield

S

v
o, =9, =U — (181)
P1 P2 3 2“8

g
v ’
e, " 7 {2"3 = UE, [u a’(14e))]

- "232["' o2 '(1+<::2 )} (182)

3. Infinite Slab Source of Infinite Depth, Self Absorbing, with Shield

S
cpPI = -i‘-:’: {UlEz[bu'"’l)] + uznsz(lwz)]} (183)

4. Infinite Slab Source, Self-Absorbing, No Shield

S
% "%, " -2;": {03 - UE, (e (14 )] - uznztusmﬂvz)]} (184)

s A \
Pp = ﬁ {2u3 - Ul[Ezfusa'(lwl)J + zzus(z-a’)uwl)]]

3
- 0B luga’ (1roy)] + L, -2 Y1401 |} (185

5. Infinite Slab Source, No Self-Absorption, with Shield

s
cppl -1 {Asll:b(ual)] + (1-A) Eltb(lmz)]} (186)

6. Infinite Slab Source, Self Absorbing, with Shield
. sv | |
o = 7 {U[EaloC1rap] - B Lo 2110

+ uz[zztb(lmz)] - zztcw,z)(mz)l] (187)
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7. Cylindrical Source, Self-Absorbing, No Shield, Axial Detector Point

S
°p1 - 5;”: {03 - ul[nztu‘z(lwl)_'l + 2lu _2(1+,), a/t, Rll]]

"z[“z["'.‘(““z’] + z[usz(1+a2), a/e, n/z]]} (188)

S
v
(ppz = -2—“7{03 - ul[t-:zl’,usz(lwl)] + z[u.,z(l-ral). R/Z]]

0,0 4 (140y)] + 2 214y, R/21]} (189)

8. Cylindrical Source, Non-Absorbing, with Shield, Axial Detector Point

S
9p = 3 [A-C(L,b(1+a;),a,R)

+ (1-A) -C(t,b(l+a2),a,k)] (190)

9, Cylindrical Source, Self-Absorbing, with Shield, Axial Point

S
v

+ U,2(b"(1+a,) " b(i+ay), a/t, R/L)} (191)

10, Cylindrical Source, Self-Absorbing, Detector Point on Axis

s .
%1 o ﬁ {ul[ctush(lﬁ,l), b(1+a,)] + 6[u, (L=h)(1+ey), b(1+a1)]:|

+ uz[G[ush(lwz)", b(1+a2)] + G[u.s(z-h)(lwz), b(lmz)]]} (192)

s
%, - — {v, + 6lugt14ay), b(l4oy)]

8
+ U, - Glu 2(140y), b(l+ay)1} (193)
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11, Cylindrical Source Approximation, Self-Absorbing,
with Shield, Lateral Detector Point

12,

Define A(9,a) = Lo(¢o,b(1+a)){c(e,b(1+a)) - G(8,b’(1+a))} (194)

S ¢
v 0
% " Imi, {"1“91'“1) + “2“91’“2)}

s,
vo
%, ™ T {UIEX(ez.al) + M83.9)] (195)

3
+ Uzt)\(ez,dz) + )\(93902)]}

5.0
%, - ﬁf{"l[“"s’“l) - 79,01

+ 0[N (05,0)) - )‘(94'“2)]} (196)

Truncated Cone Source, Self-Absorbing with Shield, Apex Point

Define T(b,b’) =E,(b) - Ez(b') + cos eoﬂz(b'sec 8y) - cos AE, (b sec 6,)

13.

)
L5

14,

P,
P

(197)

s _
- -z-gs- [0 (140,57 Qe + 0,106 (), b7 (140y)] ) (198)

Truncated Cone Source, Self-Absorbing, No Shield, Apex Point

S
= Eii {(1 - cos 90)03+-Ul [cos 90E2[u31(1+01)89° 60] - E2[“31'(1+a1)]]

+ U, | cos 8B [u t(l+a,)sec o] - Eztu,zclwz)]]} (199)

Spherical Source, Self-Absorbing, No Shield

Pp

1

] |
- 27,,!; [03(1 - cos ) = U sla/R,u (14, )R]

+ uzs[./n,u. (1+u2)n] (200)
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S U =2y R(1+o,)
e, =2 [0 - (8 () ()

- (52) @) (=) ]

s - _R(1+o,) -u_R(1+a,)
*r, " ;f [0y w0 ne t T ]
Define
-b, (1+a) “bg (1+a)
e
K(a) = {} - 2 - £ 2
1 [ -b4(1+a)[1 b, (1+a)]
- - e + +or
4usA’(l+a) 4"
-bs(l'H!)
-2 [1+bs(1+0)]]
b,b_(1+a) '
Then

S
v
°P3 - ;: [le(al) + Uzk(az)]

15, Spherical Source, Self-Absorbing with Shield

s -
%, * 'va,'{"lsf(““x"" o/R, b (14a )R]

+ U,S[(14a,)b, a/R, u,(l*uz)‘]}

16. Line Source with Shield

Define

S
2(o,ut) "Z#: [AP(G,(1+ai)ut) + (1-A) F(8,(l+a,)ut)]

(201)

(202)

(203)

(204)

(205)

(206)
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Then (pl,l - Q(Rl,ut)
@PB - .(ezoﬂt) + 5(93.ut)

QPS = '(95,ut) - ’(eatut) “
All buildup is in the shield in this case.

Other total flux formulas may be easily found by the application of Equations
(7), (8), and (9) to specific flux formulas,
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F. Library Data

A limited amount of data useful in shielding calculations is given here.
This data includes gamma-ray dose build=up factors and Taylor exponential
coefficients for water, iron,and leadj gamma-ray dose rate conversion factor
data, neutron removal cross section,and multiplier data for some selected
shielding materials; macroscopic gamma-ray total attenuation and energy
absorption data for common shielding materials; and information relative to
activation gamma, capture gamma, and fission gamma sources. Nomograms for
estimating the effect of a cylindrical versus a slab shield, taken directly
from Reference (28), are also given.

The neutron removal cross section data come from Referemce (10). The
gamma~ray dose conversion factors come from References (10) and (29). The
gamma=ray build-up factor data come from References (11) and (29). The gamma-
ray cross section data is taken from References (2) and (29) and from the work
of W. D. Brovm*. The information on activation gamma, capture gamma, and
fission gamma sources was obtained from References (10), (30), (31), (32),
and (33).

*
Much of this information was obtained from Mr. W. D. Brown, Aerospace Group,
Boeing Aircraft Company.
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1. Taylor Exponential Coefficients for Gamma-Ray Build-Up Factors for

Water, Iron and Lead




Energy

{!ev)

.25
.50
.60
«70
.80
.90
1.00
1.25
1.50
1.75
2,00
2,20
2.50
2.75
3.00
3.50
4.00
4,50
5.00
5'50
6.00
6.30
6.50
7.00
7.50
7.65
8.00
8.50
9.00
9.50
10.00

TABLE 17
GAMMA-RAY DOSE BUILD-UP FACTORS FOR WATER

b (mfp)
0. _ 1.00 2.00 _4.00 _7.00 _10.00 _15.00 _20.00
1.00 3.09 7.14 23,00 72.90 166.00 456,00 982.00
1.00 2.46 4.91 12.90 32,80 63.10 141.00 252.00
1.00 2.39 4.67 11.86 29,48 55.90 122.88 218,04
1.00 2.33 4.43 10,81 26,16 48.70 104,76 184.08
1.00 2,26 4,19 9.77 22,84 41.50 86.64 150.12
1.00 2.20 3.95 8.72 19,52 34,30 68.52 116.16
1.00 2.13 3.71 7.68 16,20 27,10 50,40 82.20
1.00 2.05 3.47 6.98 14.26 23,42 42.67 68.57
1.00 1.98 3.24 6.28 12.33 19.75 34.95 54.95
1.00 1.90 3,00 5.58 10.39 16.07 27.22 41.32
1.00 1.83 2.77 4.88 8.46 12,40 19.50 27,70
1.00 1.80 2.70 4,69 8,01 11.65 18.16 25.56
1.00 1.76 2,59 4.39 7.34 10.51 16.15 22.35
1.00 1.72 2.51 4.15 6.79 9,57 14.47 19.67
1.00 1,69 2.42 3.91 6.23 8,63 12,80 17,00
1,00 1.63 2.30 3.63 5,68 7.78 11.38 14.95
1.00 1.58 2.17 3,34 5,13  6.94  9.97 12.90
1.00 1.55 2,10 3,19 4.84 6.50 9.25 11.89
1.00 1,52 2.04 3,05 4.56 6.06 8,53 10,87
1.00 1,49 1.97 2,91 4.28 5.62 7.81  9.86
1.00 1.46 1.91 2,76 3.99 5.18 7,09  8.85
1.00 1.45 1,88 2.71 3.89 5.04 6.88  8.56
1.00 1.44 1.87 2.67 3.83 4.95 6.73  8.37
1.00 1.42 1.82 2.58 3,66 4.71  6.37  7.90
1.00 1.40 1,78 2.49 3,50 4.48  6.02  7.42
1.00 1.39 1,77 2.46 3.45 441 591  7.28
1.00 1,38 1.74 2.40 3,34  4.25 5.66  6.95
1.00 1.37 1.71 2,35 3,25 4.2  5.47  6.71
1.00 1.35 1.69 2.29 3.16 3.98 5.28  6.46
1.00 1.34 1.66 2.24 3,06 3.85 5.09  6.22
1.00 1.33 1.63 2.19 2.97 3.72 4,90  5.98

A

1.335
0.983
0.995
1.001
1.004
1.002
1.048
1.007
0.966
0.926
13.369
12.917
12.239
11.675
11.110
11.137
11,163
10.469
9.774
9,079
8.385
7.822
7.447
6.510
5.572
5.291
4.635
4,362
4.090
3.817
3.545

ALPHAL

0.6924
0.4805
0.4095
0.3386
0.2845
0.2215
0.1575
0.1241
0.0907
0.0574
«0.0521
«0,0488
-0.0438
‘0 00397
-0,0355
-0 00305
=0.0254
-0 00236
-000218
-0.0200
-0.0182
"0 00194
-0,0202
-0 .0223
=0.0243
-0,0249
«0.0263
-0.0272
-0,0281
-0.0290
-0.,0299

ALPHA? Type

0.0835
0.0052
0.0042
0.0036
0.0021
0.0010
0,00
o.o
0.0
0.0
0.0166
0.0197
0.0243
0.0282
0.0321
0.0312
0.0303
0.0331
0.0359
0.0388
0.0416
0.0460
0.0490
0.0563
0.0636
0.0658
0.0710
0.0750
0.0791
0.0831
0,0872

HEEAASSREdEAAAREAEEE0O000000000

e

Error Magnitudes Greater
than 5% Paired with
Corresponding b values

(% Exror, b(mfp))

-GE1~

None’

*T signifies Taylor exponential fit coefficients: Build=up factor = A%*exp(-alphal*b) + (l=A)*exp(-alpha2*b).

C signifies cubic polynomial fit coefficients:

Build-up factor = 1.0 + A*b + alphal*b*¥2 + alpha2¥b¥*3,



TABLE 18

DETAILED EVALUATION OF TAYLOR EXPONENTIAL COEFFICIENT
REPRESENTATION OF DOSE BULLD=-UP FACTORS FOR WATER

DOSE BUILD- UP FACTORS

Energy . b(mfp) ‘ Coefficients

(Mev) 1.0 __ % % 4.0 % 7.0 %2 __ 10.0 % __15.0 % __20.0 % Alpha 1 Alpha 2
0.50 2.46 4,91 12,90 32.80 63.10 141.00 252.00

1.00 2.13 3.71 7.68 16.20 27.10 50.40 82.20

2.00 1.83 2.77 4.88 8.46 12.40 19,50 27.70

3.00 1.69 2.42 3.91 6,23 8.68 12.80 17,00

4.00 1.58 2.17 " 3.34 5.13 6.94 9.97 12.90

6.00 1.46 1.91 2,76 3.99 5.18 7.09 8.85

8.00 1.38 1.74 - 2,40 3.34 4,25 5466 6.95
10.00 1.33 1.63 2.19 2,97 3.72 4.90 5.98

CALCULATED DOSE BUILD-UP FACTORS (WITH PERCENTAGE ERRORS) FOR MINIMUM ERRORS AT MIDDLE OF b-RANGE
- '
0.50 3.31 34.5 6.12 24.67 13.60 5.5 31.17 -5.0 60.02 =4,8 150.82 7.0 339.86 34.86 98.81319 -0.11604 -0.09594
1.00 2.43 13.9 4.03 8.6 7.84 2.1 15.39 -5.0 25.74 -5.0 51.67 2.5 93.59 13.9 34.17618 =0.08059 -0.04255 %t
2,00 1.92. 4.9 2.87 3.7 4.90 0.3 8.25 =2,5 12,04 =2.9 19,59 0.4 29.06 4.9 13.36870 -0.05214 0.,01662
3.00 1.72 1.8 2.45 1.0 3.91 0.0 6.17 ~-1.,0 8.51 -1.4 12.67 =-1.0 17.27 1.6 11,11000 -0.03550 0.03206
4.00 1.59 0.7 2.18 0.4 3.35 0.4 5.11 =0.3 6.89 -0,8 9.89 -0.8 13.01 0.9 11.16300 -0,02543 0.03025
6.00 1.46 -0.3 1.90 -0.5 2,77 0.2 4.01 0.4 5,19 0.2 7.06 -0.,4 8.8 0.1 8.38500 -0.01820 0.04164
8.00 1.37 -0.5 1.73 =0.5 2.41 0.5 3.36 0.6 4.24 -0.2 5,63 =0.6 6.97 0,3 4.63500 =0.02633 0.07097
10.00 1.32 -0.7 1.63 =0.3 2,20 0.4 2.99 0.6 3.72 =0.1 4.86 «0.7 6.00 0.4 3.54500 -0.02991 0,08717
CALCULATED DOSE BUILD-UP FACTORS (WITH PERCENTAGE ERRORS) FOR MINIMUM ERRORS AT ENDS OF b-RANGE

0.50  2.73 11.2 4.85 <1.2 10.50 =19.0 23.60 =28.0 45.14 =28.4 112,80 =20.0 253.60 0.6 73.20000 =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 =28.6 225.90 ~10.4 65,00000 -0.11604 -0.09594
1.00 2.26 6.0 3.67 =1.0 7.00 -8.5 13,70 «15.6 22,80 -16.0 45.60 «9.5 82.4 0.3 30.00000 -0.08059 -0,04255




TABLE 19

GAMMA=RAY ENERGY ABSORPTION BUILD=-UP FACTORS FOR WATER
Error Magnitudes Greater
than 5% Paired with
Energy b(mfp) & Corresponding b values
(Mev) 0. 1.00 2.00 4.00 _7.00 _10,00 15.00 20,00 A ALPHA1 ALPHA2 Type (% Exrror, b(mfp))

«25 1.00 3.03 6.88 21.80 68,10 154.00 421.00 906.00 1.323 0.6448 0.0759

«50 1.00 2.44 4.81 12,50 31,30 59.60 130.00 232,00 1.025 0.4392 0.0047

«60 1.00 2.37 4.57 11.52 28,14 52.80 113.34 200.06 .998 0.4009 0.0028

.70 1.00 2,29 4,32 10,54 24,98 46,00 96.68 168¢12 1,008 0.,3332 0.0021

«80 1.00 2.22 4.08 9,55 21.82 39.20 80.02 136.18 1.012 0.2656 0.0016

90 1,00 2.14 3.83 8.57 18.66 32.40 63.36 104.24 1,012 0.1980 0,0008
)5 0

1.00 1,00 2,07 3.59 7.59 15,50 25,60 46.70 72,30 1.035 0.1334 O,

1.25 1.00 2,01 3.40 6.94 13.79 22.42 40,02 61.37 0.972 0.1093 0.0
1.50 1.00 1.96 3.20 6.29 12.08 19.25 33,35 50.45 0.938 0.0801 0.0
1.75 1.00 1.91 3,01 5,64 10,38 16,07 26.67 39.52 0.928 0.0538 0.0

2.00 1.00 1.85 2.82 4,99 8,67 12,90 20.00 28.60 22.082 =0.0421 - .0006
2,20 1.00 1.83 2.76 4.81 8.25 12.14 18.68 26.46 20.931 -0.0392 ,0036
2,50 1.00 1.80 2,67 4.54 7.62 11.01 16.70 23.25 19.204 <=0.0347 .0101
2.75 1.00 1.77 2.59 4.32 7.09 10.06 15.05 20.57 17.765 <=0.0310 .0154
3.00 1.00 1,74 2.52 4.10 6.57 9.12 13,40 17,90 16.326 <=0,0273 .0208
3.50 1.00 1.66 2.35 3.73 5.88 8.06 11,75 15.45 13.828 -0.0263 .0255
4.00 1.00 1.59 2.18 3,37 5.18 7.01 10,10 13.00 11.330 =0.0253 .0303

L1~

None

HedkdEd -l A O000000000

4.50 1.00 1.56 2.11 3.22 4.88 6.55 9.34 11.96 10.067 =0.0255 .0368
5.00 1.00 1.52 2,03 3.06 4,58 6.09 8.58 10.91 8.805 «0.0257 .0434
5.50 1.00 1.49 1,96 2,91 4.28 5.64 7.83 9.87 7.543 <~0.0259 ,0500
6.00 1.00 1,46 1.89 2.76 3.98 5.18 7.07 8.83 6.280 -0.0261 .0566
6.30 1.00 1.45 1.87 2,71 3.89 5.04 6.86 8.56 5.985 =-0.0266 .0599
6.50 1-00 1044 1085 2.67 3.83 4095 6.73 8.37 50788 -000269 00620
7.00 1.00 1.42 1.81 2.59 3.67 4.73 6.38 7.91 5.297 -0,0276 .0675
7.50 1.00 1,40 1.78 2,50 3.52 4.50 6.04 7.46 4.805 -0,0284 .0729
7.65 1,00 1.39 1.77 2.48 3.47 bbb 5.94 7.32 4.658 -0,0286 .0746
8.00 1.00 1,38 1.74 2,42 3.36 4.28 5.70 7.00 4,314 -0.0291 .0784
8.50 1.00 1.36 1.70 2.35 3.24 4.11 5.46 6.69 4.138 -0.0288 ,0788
9,00 1.00 1.34 1.67 2,27 3.12 3.94 5.21 6.38 3.962 -0.0285 .0791
9.50 1.00 1.33 1.63 2,20 3.00 3.77 4.97 6.07 3.786 =0,0282 ,0795
10.00 1,00 1.31 1.60 2.13 2.88 3.60 4,73 5.76 3.610 «0,0279 ,0799

* .
T signifies Taylor exponential fit coefficients: Build-up factor = A%exp(-alphal*b) + (1=A)¥*exp(-alpha2*b).
C gignifies cubic polynomial fit coefficients: Build-up factor = 1.0 + A*b + alphal*b¥*2 + alpha2*b**3.



TABLE 20
GAMMA=RAY DOSE BUILD-UP FACTORS FOR IRON

Error Magnitudes Greater than

Energy b (mfp) % % Paired with Corresponding
(Mev) 0. 1.002.00 4.00 7.00 10.00 15.00 20.00 A ALPHAl ALPHA2 Type b values Error, b(mf
25 1.00 2,06 3.22 6.40 12.85 21,73 42,17 69,22 48.63800 -.07220 -.05130 T (6.1,2),(-5.1,10),(6.1,20)
50 1.00 1,98 3,09 5.98 11.70 19.20 35.40 55.60 40,43700 =.06410 =.03940 T (5.7,1),(6.8, 2) (6.2 20)
.60 1,00 1,96 3.05 5.86 11.40 18,60 33,98 53,02 38.04000 -.06300 -.03680 T (6.6,1), (7.6,2),(7.2,20)
70 1.00 1.94 3,01 5.74 11,10 18.00 32.56 50.44 35.64300 -.06180 -,03410 T (7.1 1),(7.9,2) (7.6,20)
80 1,00 1,91 2.97 5.63 10,80 17,40 31.14 47.86 33.24600 -.06070 -.03140 T (7.2,1),(7.7,2),(7.6,20)
.90 1,00 1.89 2,93 5.51 10.50 16.80 29.72 45.28 30.84800 -.05960 -.02880 T (6.9, 1),(7.0,2),(7 1,20)
1.00 1.00 1.87 2.89 5.39 10.20 16.20 28.30 42,70 28,45100 -,05840 -.02610 T (6.2,1),(5.7,2),(6.0,20)
1.25 1.00 1.84 2,77 5.07 9.46 14.87 25.62 38.30 25.80500 =.05540 =.02100 T (5.5,1),(6.7,2),(5 5,20)
1,50 1.00 1.81 2,66 4.76 8.72 13.55 22,95 33.90 23.16000 -,05230 «,01580 T (6.9,2)
1.75 1.00 1.79 2,54 4.44 7.99 12.22 20.27 29,50 20.51400 =.04920 -.01060 T
2.00 1.00 1.76 2.43 4.13 7.25 10,90 17.60 25,10 17.97400 -,04630 -.00570 T
2.20 1,00 1.72 2.37 4.01 6.97 10,42 16.78 23.90 17.02300 =.04590 =.00470 T
2,50 1.00 1,65 2.29 3.82 6.55 9.70 15.55 22.10 15.59600 =.04530 -,00330 T
2,75 1.00 1.60 2,22 3.66 6.20 9.11 14.52 20.60 14.40700 =.04480 -,00210 T
3.00 1.00 1.55 2.15 3,51 5,85 8.51 13.50 19,10 13,21800 -.04430 -,00090 T
3,50 1.00 1,50 2.05 3.27 5.38 7.81 12,35 17.55 11.42100 -,04560 .,00040 T
4,00 1.00 1.45 1.94 3.03 4,91 7.11 11.20 16.00 9.62400 -.04700 .00180 T
4.50 1,00 1,42 1.88 2.92 4,72 6.84 10.87 15.67 8.68500 -.05060 .00080 T
5.00 1,00 1.40 1.83 2,80 4.52 6.56 10.54 15.35 8.13225 -.05149 -.00006 T
5.50 1.00 1,37 1.77 2,69 4.33 6.29 10.22 15,02 6.80600 «.05790 -,00100 T
6,00 1.00 1.34 1.72 2,58 4.14 6.02 9.89 14,70 5.86700 -.06150 -.00190 T
6.30 1.00 1,33 1.70 2,53 4,04 5.88 9.68 14.44 5.47300 -,06350 .00160 T
6.50 1,00 1,32 1.68 2.49 3.98 5.78 9.54 14.27 4.95045 -.06490 .00546 T
7.00 1.00 1,30 1,64 2.41 3,81 5.54 9.19 13.85 4,32725 -.06820 .,01018 T
7.50 1.00 1.29 1,60 2,32 3,65 5.31 8.8513.42 3.,89900 ~.07160 .00930 T
7.65 1,00 1.28 1,59 2,29 3.60 5.24 8.74 13.30 3.33180 -.07623 .01978 T
8.00 1,00 1.27 1,56 2.23 3.49 5.07 8.50 13.00 3.24300 -,07500 .02120 T
8.50 1.00 1.25 1.52 2.16 3,36 4.89 8.26 12.85 2.58210 -.,08505 .03087 T
9.00 1.00 1.23 1,49 2.09 3,24 4.71 8.02 12,70 2.37025 ~.08700 ,02622 T
9.50 1.00 1.22 1.45 2,02 3,11 4.53 7.78 12.55 2.12100 -.09300 .03300 T
10,00 1.00 1.20 1.42 1.95 2.99 4.35 7.54 12,40 1.74700 -.09900 .06630 T

*
T signifies

Taylor exponential fit coefficients:

Build-up factor = A*exp(-alphal*b)

+ (1=-A)*exp(=alpha2*b),



TABLE 21
Gamma~Ray Energy Absorption Build=-Up Factors for Iron

T SR T —  ———RARAITED  SS———R——

Energy ‘ b(mfp)

(Mev) 0. 1,00 2,00 _4.,00 7,00 10.00 15.00 _20.00
.25 1.00 3.47 6.21 13.27 28.42 49.57 98.82 166.71
«50 1.00 2.80 4.84 9,97 20.40 34.20 64.30 101.00
60 1.00 2.68 4.59 9.38 19.04 31.74 59,20 92.50
.70 1.00 2.56 4.34 8.78 17.68 29.28 54.10 84,00
.80 1.00 2.43 4.08 8,19 16.32 26.82 49,00 75.50
.90 1.00 2.31 3.83 7.59 14.96 24.36 43.90 67.00

1.00 1.00 2.19 3.58 7.00 13,60 21.90 38,80 58.50
1.25 1.00 2.09 3.34 6,38 12.18 19.40 33.92 50.72
1.50 1.00 1.98 3.11 5.76 10.75 16.90 29.05 42.95
1.75 1.00 1.88 2.88 5.15 9.33 14.40 24.17 35.17

2.00 1,00 1.78 2.64 4.53 7.90 11.90 19,30 27.40

2.20 1,00 1.74 2.55 4.35 7.5311.28 18.24 25.88

2.50 1.00 1.68 2.42 4,07 6.97 10.36 16.65 23.60

2.75 1.00 1.63 2.32 3.84 6.51 9,59 15.32 Z1.70

3.00 1.00 1.58 2,21 3.61 6.,05 8.82 14,00 19.80

3.50 1.00 1.52 2.08 3.32 5.47 7.96 12.55 18.25

4,00 1.00 1.45 1.95 3.03 4,90 7.10 11.10 16.70

4.50 1.00 1.41 1.87 2.87 4.61 6.66 10.49 15.70

5.00 1,00 1.38 1.79 2.70 4,31 6.22 9.88 14.70

5.50 1,00 1.34 1.71 2.54 4,02 5,79 9,28 13.70

6.00 1.00 1.30 1.63 2,38 3.73 5.35 8.67 12.70

6.30 1.00 1.29 1.60 2,32 3.62 5.18 8.40 12,35

6.50 1.00 1.28 1.59 2.28 3.54 5.07 8.22 12,12

7.00 1.00 1,25 1.54 2,18 3.36 4.79 7.78 11,55

7.50 1,00 1.23 1.49 2.09 3.17 4.51 7.33 10.97

7.65 1.00 1.23 1.48 2,06 3.12 4.43 7.20 10.80

8.00 1.00 1.21 1.45 1.99 2.99 4.23 6.89 10.40

8.50 1.00 1.20 1,42 1.94 2.89 4.09 6.71 10,27

9.00 1,00 1.18 1.40 1.88 2,80 3.96 6.53 10.14

9.50 1,00 1.17 1.38 1.83 2,70 3.82 6.35 10,02

10,00 1,00 1.16 1.35 1.78 2.61 3.69 6.17 9.89

*
T signifies

Taylor exponential fit coefficients:

66.013
44.303
41.429
38.555
35.682
32,808

29.934

28,247
26.559
24,872
23.252
21.281
18.325
15.861
13.398
11.330
9.261
8.209
7.157
6.104
5.052
4.875
4,758
4.464
4.169
4.081
3.875
3.682
3.488
3.295
3.101

ALPHAl ALPHA2

’000813
-000720
«0.0703
-0.0687
-0.0670
‘0.0653
-0,0637
-0,0582
=0,0527
«0.0473
-0.0420
-0,0425
-0.0431
=0.0437
‘0.0442
-0.0469
‘0 00495
-0.0522
-0.0550
-0.0577
-0.0604
‘000611
-0.,0616
-0.0627
-0.0639
-0,0642
‘0.0650
«=0.0677
-0.0703
-0.0730
-0.0756

«0.0447
=0.0302
~0.0284
-0.,0266
-0.0248
=-0,0230
-0.0212
-0.0174
“0.,0136
-0.0098
«0,.0061
=0.0047
-0.0026
«0.0008

0.0009

0.0006

0.0003

0.0005

0.0008

0.0011

0.0014
=0.0007
«0.0021
‘0.0055
-0.0089
=0.0100
=0.0124
-0.,0177
=0,0230
-0,0283
-0.0336

%*
Type b values (% Error, b{mfg!)

I I R N R e R N N R RN N N B N N R N R B B B N

Error ﬁagnitudes Greater than
5% Paired with Corresponding

(5+7,2), (5.8,20)
6.5,1),(6.8,2),(-5.1,10), (6.8,20)
(6.6,1),(6.7,2), (=5.4,10), (5.8,20)
(6.8,1),(6.7,2),(-5.7,10), (5.2,20)
(6.9,1),(6.6,2), (=5.7,10), (5.1,20)
(71,1),(6.5,2), (=5.5,10), (5.7,20)
(7.2,1),(6.5,2),(7.2,20)

(6.1,1) (504,2),('604,10)
(5.3,1)’('6.7,10),(‘5.9,15)
(5.2,10)

(5.5,2), (6.2,20)

(5.6,2),(6.7,20)
(5.5,20)

Build~up factor = A%*exp(-alphal*b) + (1-A)%*exp(-alpha2*b).

-6£1~



Energy

(Mev)

25

.50

<60

70

.80

.90
1.00
1.25
1.50
1.75
2.00
2.20
2.50
2,75
3.00
3.50
4000
4.50
5.00
5.50
6.00
6.30
6.50
7.00
7.50
7.65
8.00
8450
9.00
9.50
10.00

TABLE 22
GAMMA-RAY DOSE BUILD-UP FACTORS FOR

b (mfp)

0. 2.00 4,00 7.00 10.00 15,00 20.00 A

1.00 1.29 1.40 1.49  1.53  1.57  1.72  1.34200
1.00 1.42 1.69 2.00 2.27 2,65 3.10 1.67700
1.00 1.47 1.80 2.20 2,56 3,08  3.65 1.93800
1.00 1.53 1.92 2.41 2.86 3.51  4.20 2.09000
1.00 1.58 2.03 2.61 3.15  3.95 4.76 2.46100
1.00 1.64 2.15 2.82  3.45 4,38 5,31 2.72300
1.00 1.69 2.26 3.02 3.74 4.81  5.86 2.98400
1.00 1.71 2.32 3.18 4.01 5,32  6.65 3.05150
1.00 1.38 1.72 2.38 3.34  4.29  5.84  7.43  4.00425
1.00 1.38 1.74 2.45 3.50 4.56  6.35  8.21 4.83000
1.00 1.39 1.76 2.51 3.66 4.84  6.87 9,00 5.42100
1.00 1.38 1.74 2.49 3.68 4.93 7.18 9.66 5.45300
1.00 1.37 1.72 2.47 3.70 5.07 7.65 10.65 5.50000
1.00 1.35 1.70 2.45 3.73  5.19  8.05 11.47 5.54000
1.00 1.34 1.68 2.43 3.75 5.30  8.44 12.30 5.58000
1.00 1.30 1.62 2.34 3.68 5.37 9.12 14.30 4.73900
1.00 1.27 1.56 2.25 3.61  5.44  9.80 16.30 3.89700
1.00 1.25 1.52 2.18 3.54 5.50 10.80 20.40 2,36500
1.00 1,23 1.48 2,11 3.47 5.56 11.80 24.50 1,47800
1.00 1.20 1.44 2.04 3.41 5.63 12.80 28,60 1.35100
1.00 1.18 1,40 1.97 3.34 5.69 13.80 32,70  .92600
1.00 1.17 1,38 1.94 3.27  5.60 13.84 34.48  .84200
1,00 1.17 1.37 1.91 3.23  5.53 13.87 35.67  .74670
1.00 1.16 1.35 1.85 3.11 5,38 13.95 38.65  .58230
1.00 1.15 1.32 1.80 3.00 5.22 14,02 41.62  .45720
1.00 1,15 1.32 1.78 2.97  5.18 14,05 42,52  ,34950
1.00 1.14 1,30 1.74 2.89  5.07 14.10 44.60  .36800
1.00 1.13 1,28 1.70 2.80  4.89 13.70 43.25  .35400
1.00 1.13 1.26 1.66 2.70 4.70 13,30 41,90  .34000
1,00 1.12 1.25 1.62 2.61  4.52 12,90 40.55  ,32500
1.00 1.11 1.23 1.58 2.52  4.34 12.50 39.20  .31100

.64100
«30900
«27400
.21510
«15300
«16900
«13400
«12210
.07480
+05525
«04300
.03600

02500

.01500
+00600

-.00800
- 002300 .
=.03200
-.01300
-.07500
-.04600
-004700
-.04410
-.04845
-.05130
-.07700
- 005600 )
=.04900
=.04200
- 003500
-.02700

HMHEAEAAAASEESSEESAAMEaAdEAAEESEASAE

Error Magnitudes Greater
than 5% Paired with
Corresponding b values

*
ALPHA2 Type (% Exror, b(mfp))

None

-0%1=

% ’ .
T signifies Taylor exponential fit coefficients: Build-up factor = A*exp(-alphal*b) + (1-A)*exp(-alpha2#b).



Energy
(Mev) O,
.25 1.00
.50 1,00
«60 1.00
«70 1.00
.80 1.00
90 1.00
1.00 1.00
1.25 1.00
1.50 1.00
1.75 1.00
2,00 1.00
2,20 1.00
2.50 1.00
2.7 1.00
3,00 1.00
3.50 1.00
4,00 1,00
4,50 1.00
5.00 1.00
550 1.00
6.00 1.00
6.30 1,00
6,50 1.00
7.00 1.00
7.50 1.00
7.65 1.00
8.00 1.00
8.50 1.00
9,00 1.00
9.50 1.00
10.00 1.00

TABLE 23
GAMMA-RAY ENERGY ABSORPTION BUILD=UP FACTORS FOR LEAD

Error Magnitudes Greater than 5%
b (mfp) Paired with Corresponding b values

1,00 2.00 4.00 7.00 10,00 15.00 20,00 _A  ALPHAl ALPHA2 Type* (% Frror, b(mfp))

1438 1451 1459 1.55 1.51 1.55 1.60 1.644 0.0024 0.906 T
1.51 1.80 2.19 2,61 3.01 3,52 4.30 2,030 -0,0374 0,5064
1.56 1.91 2.43 3.04 3.61 4.37 5.38 2,462 =-0,0384 0.4424
1061 2003 2.67 3-46 4.21 5122 6046 2.750 '000415 0.2838
1.66 2.14 2,91 3.89 4.81 6.08 7.54 3.161 «0.,0425 0.2358
1.71 2.26 3.15 4.31 5.41 6.93 8.62 3,760 -0.0415 0.2504
1.76 2.37 3.39 4.74 6.01 7.78 9.70 4.192 -0.0426 0.1864
1.71 2.30 3.33 4.73 6.09 8,10 10.27 4.775 -0.0413 0.1536
1.67 2.23 3,27 4,72 6.16 8,41 10.85 4.555 <-0.0440 0,1267
1,62 2.17 3.20 4,71 6.24 8.73 11.42 4.456 -0.0437 0.1143
1.58 2.10 3.14 4.70 6.32 9.05 12.00 6.502 -0.0375 0.0563
1.54 2.03 3.01 4.53 6.14 8.97 12,12 6.640 ~=0.0396 0.0451
1.47 1.91 2.82 4,27 5.88 8.85 12.30 6.848 -0,0427 0.0282
1442 1.82 2,66 4.06 5.65 8.7512.45 7.021 -0.0454 0.0141

N -

(7.4,2),(7.9,4)

(7.0,2),(8.8,4),(5.5,7)
€7.9,4),(7.6,7),(5.2,10)

-I%1-

1.37 1.73 2,50 3.85 5.43 8.65 12.60 7.194 -0,0480 0.0
1.30 1,61 2.29 3.55 5.11 8.55 13.25 4,132 =0,0694 0.0
1.24 1.49 2,09 3.25 4.79 8.46 13.90 2.529 -0.0909 0.0

1.21 1.44 1.99 3.09 4.64 8.71 15.80 1,672 =0.1152 0.0058

1.19 1.39 1.89 2,94 4.49 8.96 17.70 1.237 «0,1348 0.0267

1.16 1,34 1.80 2.78 4.35 9.21 19.60 1,029 -0.1472 0,0172

1l.14 1.29 1.70 2.63 4.20 9,46 21.50 0,772 =-0.1660 0.0382

1.13 1.28 1.67 2,57 4.09 9.33 21.72 0.713 -0.1716 0.0325

1.13 1.27 1.65 2.52 4.02 9.24 21.87 0.674 =-0.1754 0.0287

1.12 1.25 1.60 2.42 3,85 9.03 22.25 0.576 =0.1847 0,0191 (5.5,15),(5.5,20)
1,11 1.23 1.55 2.31 3.67 8.81 22.62 0.479 =0.1941 0.0096

1e11 1.22 1.53 2.28 3,62 8.75 22.74 0.449 =0,1969 0,0067

1.10 1.21 1.50 2.21 3.50 8.60 23.00 0,381 =-0.2035 O,

1.09 1.20 1.47 2.14 3.35 8.24 22.35 0,329 =0.2113 -0.0079

1.09 1,18 1.44 2.06 3.21 7.88 21.70 0.276 -0.2192 -0.0158 (5.6,15),(6.6,20)
1.08 1.17 1.41 1.99 3.06 7.51 21.05 0.224 -0.2271 -0.0236 (5.6,20)

l-l'-lr-]!-l'-]!-ll-li-iHHHHHHHH&HHHHHHHHHHHHH

1.08 1.16 1.38 1,92 2,92 7.15 20.40 0,171 =0.2350 -0,0315

*
T signifies

Taylor exponential fit coefficients: Build-up factor = A¥%exp(-alphal*b) + (1=-A)*exp(=-alpha2¥b).
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2, Gamma-Ray Dose Rate Conversion Factors

TABLE 24
GAMMA-RAY DOSE-RATE CONVERSION FACTORS

These factors convert flux in gam/enz-uc into dose rate
in millivem/hr. .

ENERGY(MEV) GAMMA=-RAY DOSE CONVERSION FACTORS

«100 «000160
«200 . 000371
¢300 «000596
o400 +000815
«500 0001022
«6100 . 001222
«700 «001610
+ 800 «001593
1.0n0 «00192%
1.250 «0N229%
1.500 «002652
1.750 « 002971

2.010 +093272 '
. 2,200 «003509
2,500 ¢ 0038640
2.750 ¢006103
3.000 « 004359
3.500 + 004854
4,000 «005332
4e500 +0N5814
5.000 « 006265
5.500 «006732
6.000 + 007176
6.500 «N07612
7.000 «008059
7.500 ¢ 008482
8.000 «008912
8.500 «009350
9.,0n0 « 009801

10,009 « 010719
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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 T 5'180°F),and thermal neutron flux in high temperature

water (450°F £ T < 650°P),respective1y. 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 attemuation coefficients

u, are replaced by macroscopic neutron removal coefficients Zr :

1
N -Zr t
. sS@') T Ae i
D(r) = L (207)
4mlz-2’

- The multipliers A1
combination of single exponentials to the experimental fast neutron dose rate

are empirical numbers found by fitting a linear

distribution in‘pure water, the experimental thermal neutron flux in water at
68°g,and the theoretical neutron flux in water at about 555°F. For the fast
neutron dose rate kernel, the multipliers A, contain dose conversion factors

implicitly.

i

N=3 for the fast neutron dose rate kernel and the kernel for thermal
neutron flux in high temperature water. N=2 for the thermal neutron flux in
low temperature water kermel.

These data are also discussed in Reference (34), which gives a
bibliography of the sources of these data. Reference (10) gives much the
same discussion and bibliography. See also Reference (9).

Microscopic removal cross section data 6i is given in Table 25; the
units are barns/atom for elements and cmzlgn for mixtures. To find the
corresponding macroscopic removal coefficients these data must be multiplied
by number density (atoms/barn-cm) for elements or by physical density (gm/cma)
for mixtures. That is
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L = 0 x Number Deﬁsity for elements and
Ty 0Ty

Zri - oii x Physical Density for mixtures.

Number density information is given in Table 26.

The use of these kernels is valid only in problems with uniform
shields, and, in general, at least fifteen centimeters of hydrogeneous material
must lie between the last non-hydrogeneous shielding material and the detector
points.

The most useful of these kernels is the fast neutron dose rate kernel,
which may be used to find the biological dose rate (mrem/hr) in all water
medium due to neutrons with energies greater than 1 e&. Neutrons with
energies greater than about 0.3 MeV contribute over 90% of this dose rate.

In practical applications, the effect of the non-hydrogeneous materials such
as the iron and/or lead within a hydrogeneous shield is taken into account by
the use of removal cross sectioné. These cross sections are empirical
parameters describing the apparent exponential attemuation observed for the
non-hydrogeneous material in a water shield.

Most removal cross sections have been derived from measurements in
the Lid Tank Shielding Facility at 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). This thickness is chosen
large enough so that the neutron spectra at the point of measurement can be
assumed to be essentially the same with or without the sample, and therefore
the thermal neutron flux can be taken as a measure of the fast neutron dose
rate. Strictly speaking, the resulting removal cross sections should be
limited in applicability to sitﬁétions comparable to those from which they
were derived, i.e., 100 cm of water following the material. It is observed,
however, that the thermal neutron flux curve becomes parallel to the all water
curve at about 30 cm beyond the iron (Refefence (1), p. 76) implying that
neutron spectral equilibrium has been regained. Therefore, in actual practice,
the removal cross sections could be used when at least 30 cm of hydrogeneous
material follows the non-hydrogeneous mntetial.- The spectrum of the higher
energy neutrons, which dictate the fast neutron dose rate, probably approaches
the equilibrium water shape even more rapidly, i.e., in less than 3C cm.
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A distance of 15 cm of hydrogeneous material following non-hydrogeneous
material has therefore been used as a minimum for which full credit for removal
cross sections can be taken in fast neutron dose rate calculations.

The variation of the fast neutron dose rate removal cross sections for
iron and lead as the thickness of the hydrogeneous material changes is shown
in Figure 46, which is taken from Reference (9). Reference (9) also gives an
equation and associated empirical constants which give a good fit of the curves
of Figure 9. This equation and the constants are given in the footnote to
Table 25.



TABLE 25

MICROSCOPIC NEUTRON REMOVAL CROSS SECTIONS AND MULTIPLIERS
(From Reference (10)) o

Thermal Neutron Flux
in Low Temp. Water Thermal Neutron Flux in

Fast Neutron Dose Rate Kernel* Kernel Microscopic High Temperature Water Kermel
Material Name Microscopic Removal Coefficients Removal Coefficients Microscopic Removal Coefficients

a (o a G a c o] o

T T2 3 | T2 1 T2 T3

Hydrogen «9720 1.9000 3.7420 1.8360 «9290 1.1770 2.3600 3.6850
Carbon (Graphite) «8100 .8100 .8100 .8100 «8100 «8100 .8100 «8100
Standard Water 2.9340 4.,7900 8.4730 4.6620 2,.8470 3.3440 5.7100 8.3590
Oxygen +9900 .9900 «9900 «9900 «9900 «9900 .9900 .9900
Ordinary Concrete .0397 «0397 «0397 «0397 .0397 .0397 .0397 .0397
Aluminum 1.3100 1.3100 1.3100 1.3100 1.3100 1,3100 1.3100 1.3100
Chromium 1.8300 1.8300 1.8300 1.8300 1.8300 1.8300 1.8300 1.8300 )
Iron 1.9800 1.9800 1.9800 1.9800 1.9800 1.9800 1.9800 1.9800 §
Nickel 1.8900 1.8900 1.8900 1,8900 1.8900 1.8900 1.8900 1.8900 '
Zirconium 2.3200 2,3200 243200 2.3200 2.3200 2.3200 2.3200 2.3200
Tin (White) 2,5800 2,5800 2.5800 2.5800 2.5800 2.5800 2.5800 2.5800
Tungsten 3.1300 3.1300 3.1300 3.1300 © 3.1300 3.1300 3.1300 3.1300
Lead 3.5300 3.5300 3.5300 3.5300 3.5300 3.5300 3.5300 3.5300
Uranium 3.6000 3.6000 3.6000 3.6000 3.6000 3.6000 3.6000 3.6000

Ay Ay Ay A ) A ) Ay
Multipliers .0316 .2210 -e1275 17.2000 #3570 2.8300 59.5000 -117.0000

*
For this kernel, if less than 15 cm of hydrogeneous material lies between the detector point and the last non-
hydrogeneous shields, the removal coefficients for that material intervening between the source and the detector

point and lying closest to the detector point may be decremented to allow for the changed neutron spectrum. The
decremented value is given by

0,(t) = 0_ (l=be )
1
vhere t is the actual distance through the hydrogeneous material, given in cm, and b and c are equal to 0.6968 and
0.125 respectively for iron and to 0.7830 and 0.0931 respectively for lead. Plots of pOfi(t) for iron and lead are
given in Figure 46. See Reference (9).
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THICKNESS OF POLYETHYLENE, CENTIMETERS

FIGURE 46

EFFECTIVE MACROSCOPIC FAST NEUTRON DOSE RATE REMOVAL

CROSS SECTION AS A FUNCTION OF THICKNESS OF HYDROGENEOUS
MATERIAL (POLYETHYLENE) INTERVENING BETWEEN IRON OR LEAD
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Camma-Ray Cross Section Data for S
(Based on the following number densities.)

Common Shieldi

TABLE 26

Nominal Number Densities of Common Shielding Materials
Nominal Number Density '

Name

Standard Water
Water, 158°F, 14.7 psia
Iron

Zirconium

Lead

Uranium

Hydrogen

Carbon (Graphite)
Oxygen

Ordinary Concret:e*
Aluminum

Chromium

Nickel

Tin

Tungsten

* . :
Concrete wmber density varies greatly according to the exact mix. This

.333700-01
.326900-01
.849200-01
+431200-~01
.329900-01
«479500-01
+537100-04
.112800+00
+537900-04
+233900+01
.602500-01
.831700-01
.913200-01
«371000-01
+632300-01

molecules/barn=cm

mo lecules/barn-cm

atoms/barn=-cm
atoms/barn-cm
atoms/barn=cm
atoms/barn=cm
atoms/barn~cm
atoms /barn-cm
atoms/barn-cm
gm/cm2

atoms/barn-cm
atoms/barn-cm
atoms/barn-cm
atoms/barn=cm

atoms/barn-cm

number density assumes the following composition:

Element

H
0
Na
Mg
Al
Si
S

Partial Number Density in gg[c:nz

0,013
1.165
0.040
0.006
0.107
0.737
0.003

Materials
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TABLE 27

GAMMA-RAY NOMINAL MACROSCOPIC ATTENUATION CO!FFICIENTS*

Units are cmrl

200000+00

300000+00
400000400
500000+00
600000+00
706000+00
800000+00
100000+04
125000+01
150000+01
175000+01
200000+01
225000+01
275000+01
$00000+01
$50000+012;
400000401
450000+01
500000+01
550000+01
600000+01
650000+01
700000401
750000+01
800090+01
850000+01
900000401
9500 U0+01

100000+02

Standard
Water . -

1.7 psia

Water
158°F

Iron

Zirconium

Iead

Uranium

TT674173%00]
13604980 0]

1182967+00
1055827+00
9643950-01
8913127~-01
8319141-01;
7821928-01
7037753~01
6296919-01
5736303~01
5282471~-01
4918738-~01
4612846-01
4134543~01
3951008~01
3637350-01,
33937¢29-01

3192842-~01}

3025992-01
2882834~01
2761054-01
2656586-01
2567154-01
2489068-01
2420326-01
2359593-01
2305533~-01
2259816-01

2214099-01

1640958+00
1333503+00
1159497+00
1034880+00
9452598~01
8736293-01
8154092-01
7666743~01
6898107-01
6171990~01
5622497-01
5177668-0)
4821152-01
4521329-01
4052515-01
3872621-01
3565167-01
3326399-01
3129497-01
2965957-01
2825640-01
2706256-01
2603880-~-01
2516223-01
2439686~-01
2372308-01
2312779-01
2259792-01
2214982-01

2694512+01
1094619+01

8429159+00
7255565+00
6530348+00
5994503+0

5572450+00
5231072+00
4695227+0

4193350+0

3828194+0

3553902+0

3347546+00
3180396+00
2932288+00
2843971+00
2704702+00
2607893+00
2534862+0

2481362+00
2440601+00
2410879+00
2388800+00
2373514+00
2562474+00
2355681+00
2351435+00
23497386+00
2352709+00
2355681+00

594193640
1361730401
8093624400
6390384400
5480552400
4911368400
4506040+00
4206356400
3744972400
3330158+00
3043410400
2837296400
2691119400
2576923400
2420757400
2370738400
2296140400
2253451+00
/2228010400
'2214212+00
2204294400
2201276+00
2205863+00
2212056+0U
2224561+00
2240084400
2256901400
2272855400
2282773+00
2292690400

6376967+02
1099557402
4367876401
2507900+01
1747810404
1361827+01
1121990+01

971555540 0f

7818630+00
6462741+00
5776549+00
5337782+00
5106852+00
4930905+00
4743962+00
4710972+00
4674683+00
4697776+00
4747261+00
4813241+00
4875922+00
4948500+00
5027676+00
5113450+00
5205822+00
5298194+00
5393865+00
54829$8+00
5555516+00

2653553+01

5628094+00

-
2331329+02
9172835+01

51738U5+01
3506104401

21385/0+01
1824977+01
1428910+01¢
1153197+01
1019417+01
9335865400
8909110+00
8590242400
8285760400
8242605+00
8189860+00
8223425+00
8295350400
8396045+00
8506350400
8621410400
8746080400
8870750+00
8990625+00
9115295+00
9239965400
936945000
9508485+00
964754000

2170172-01

*
The nominal number densities of Table 26 were used to obtain these macroscopic

cross sections.

dividing by the appropriate number demsity.

The corresponding microscopic cross sections may be found by
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TABLE 28

GAMMA=RAY NOMINAL MACROSCOPIC
ENERGY ABSORPTION COEFFICIENTS

(The entries in this table may be used to convert gamma flux, which has units of

L , to energy absorption rate in watts/cn )
cm -sec
Water
Energies Standard 150°F
Mev Water 14.7 psia Iron Zirconium Lead
1000V0«0U | 4087825-15 4006724~15 | 2814249-15 | 8348032~13 10015/6~11
200000400 | 9480417-15 | 9292329~15 | 1256816-13 | 2605310-18 | 32468/6-12
300000400 | 1531016~14 | 1500641-14 | 1096030-16 | 1773526-15 | 1767274-12
400000400 | 2093300~14 | 2051770-14 | 1554885-15 | 1677799~15 | 1228878-12
500000+00 | 2636897-14 | 2584582~14 | 1861446-1S | 1752397~13 9817824-19
600000+00 | 3149461-14 | 3086976-14 | 2173103-13 | 1914097~15 | 8640081-13
700000400 | 3637330-14 | 3565167-14 | 2478815~13 | 2103394-13 | 7930796~13
800000400 | 4101173-14 | 4019807-14 | 5776035~15 | 2313819-15 | 7637185-1
100000401 | 4965456~14 | 4866943-14 | 3331412-13 | 2727771-18 | 7399657-1$
125000+01 5933186~-14 5815473-14 3977653-18 | 3220633~13 7541514-13
150000401 | 6807480-14 | 667242214 | 4000416-43 | 37182388-18 | 8263995-1
175000+01 | 7635056~-14 7483579-14 5235318-153 4251632-138 0167921-1¢
200000+01 8415914~14 8248945~-14 5880710-1$ 4820816~13 10398465=1¢
225000401 | 9146717-14 | 8965249-14 | 45025536-15 | 5414435-15 | 1168891-12
275000401 | 1051822~-15 | 1030955~13 | 7841513-13 | 6679288~15 | 1464756-12
300000401 | 1116894~18 | 109473513 | 8517476~15 | 7356272-13 | 1630696~12
| 350000401 | 1244034~-15 | 1219352~13 | 9910164~15 | 8761984~-15 | 1978080~12
400000+01 | 1366168-13 | 1339063-15 | 1135380~-12 | 1025825-12 | 2356146~12
450000401 | 1483964-13 | 1454523~13 1284840-12 118321312 | 2757964-12
550000401 | 1711547~18 | 1677591~1 1595647 12 | 1511787=12 | 3622302-12
| 600000+01 | 1822336~13 | 1786181-13 1756995 12 1682542~12 | 4080863-12
750000401 | 2145024~15 | 2102467~15 | 2,91¢10~12 | 2232322~12 | 5565413-12
800000+01 | 2249472~15 | 220484315 | 2453359-12 | 2428518~12 | 6093253-12
850000401 | 2353586-18 | 230689213 | 5639314~12 | 2629026-12 | 6637588~12
900000401 | 2458368-13. | 2409595~13 | 2827g36~12 | 2832122-12 | 7191820-12
950000+01 2569323~15 | 251834913 3016783~12 | 3029396=-12 | 7749351~12
'100000+02 | 2680278~-15 | 262710314 3205730~12 | 3226670~12 | 8306882~12

*
The nominal number densities of Table 26 were used to obtain these macroscopic

energy absorption coefficients.

The corresponding microscopic energy absorption

coefficients may be found by dividing by the appropriate number density.
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6. Nomograms for Estimating the Effects of Slab Shields Versus Cylindrical
Shields

These nomograms come directly from the work of J. W. Langhaar reported
in Reference (28).
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rIuRE 47. CYLINDRICAL VS FLAT SLAB SHIELD FOR
£/R 22 AND pugR 24 (FOR ugR <4, MULTIPLY
THIS FACTOR BY FACTOR FROM FIGURE 47.)

.él.s is ratio of uncollided flux for cylindrical shield to that for flat slab
shield of thickness t and attemumation .

The cylindrical source is homogeneous and has radius R and length £, § = a+R
is distance from axis. For a cylindrical shield, negligible gap between
source and shield is assumed. See Figures 9 and 10.

Key: From point in (pt, t/R) grid, project straight line through point in
(ut, s/R) grid to Oclls scale.
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FIGURE 48. CYLINDRICAL VS FLAT SLAB SHIELD.
ADDITIONAL FACTOR FOR ugR <4

When u.’k < 4, value of chis from Figure 46 should be multiplied by m, which
for u..R = ]1 is given by Figure 47.

For 4 R = 2, m is about midway between unity and value for p R = 1,
8 ]

Key: From t/R scale, project straight line through proper point in (pt, s/R)
grid to scale for m.

A



7¢ i n, Capture and Fiss rces

The nominal mumber densities given in Tables 29 and 30 must almost
always be replaced by partial mumber demsities reflecting the actual abundance
of the muclides of interest when the source data from these tables is used in
practical problems. Section A.3 discusses the use and units of these types of
source data. The data giﬁen in Table 31 assume that the source strength will

¢

be given in fissions/cms-sec. The data of Tables 29 and 30 assume that the
source strength will be given in terms of thermal neutron flux.




MN53

cos9
FES8
NA23

ZR94

HF174(N)GAM) HF178
HF18g(N,GAM) HWF487

FE54

TA181(N,GAM) TA482

N1S8

NAME

(N,GAM) MNS56
(N,GAM) COs0
(N)GAM) FESO

(N,GAM) NA24

(N,GAM)ZR=NB9S

(NsP) MNS54

(N.P) €058

TABLE 29

ACTIVATION GAMMA SOURCES

ACT!VATION CROSS HAL;GL!FE

SECTION,

13,3000 2576000901
37,2000 4597757405
112000 1094400904
5340 1496000402
10750 1572900%04
390,0000 1680000404
1246000 1020000%04
1,0000 7536000404
21,0000 27624p0w04
11,0000 171120004

NOMINAL NUCLIDE
NUMBER DENSITY

8157000~0¢

909600001
2800000"03
25440q0-01
7500000702
8000000-04
1580000-04

4940000~02
5525000=01

6199000-01

ENERGY
MEV,

18470
1,8110
2,1100

1,1730
143320

110950‘

1,2920

1.,3690
2.7540

|7240
7560
'7650

43430

|3460
14820

+ 8350

1,1200
1,2200

15100
8400
865
1.6700

YIELD
GAMMAS/DECAY

9900000000
29000000+00
15000000+00

10000000+0%
10000000%01

56000000+00
44000000*00

10000000¢01
1+0000000*0%

4900000000
49000000400
1000000001

85000000+00

13000000+00
81000000+00

10000000+01

34000000«00
10000000+01

30000000400
9900000000
1400000001
60000000=02

U
Pt
‘N
W
[




TABLE 30
CAPTURE GAMMA SOURCES

NOMINAL NUCLIDE

ABSORPTION CROSS DENSIYY NUMBER DENSITY

ENBRGY YIELD

NAME SECTION; GM/Ce MEV, GAMMAS/CAPTURE
HYDROGEN CAPTURE , 3300 8988000203 5371000-04
| 2:2000 10000000*01
1RON CAPTURE 2,5300 7874400%01 8492000701
%-oouo 18500000*01
0000 86000000*00
ZIRCONIUM CAPTURE 11800 6530000%01 4312000704 ' |
‘ 1,0000 70000000+00
: 5.0000 14200000%01
URANIUM  CAPTURE 7,6800 1895000%02 1 4795000"014
-;ooo ~ 36300000%01
2,000 12000000+0%1
WATER CAPTURE 06602 $980000%00 3337000"01 ! 00
_ : 2,2000 10000000«01
STAINLESS STEEL CaPT 10332 7900000%01 7900000%014
1,0000 16900000¢0%
. _ ' 7,0000 93000000*00
INCONEL  CAPTURE 0462 8510000401 8510000+01
: 3000 20000000%01
5.5000 15100000+01
HAFNIUM  CAPTURE 10540000 1329000%02 4485000"01
1,0000 79030000*00
3:0000 23685000%01

-9S1-
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TABLE 31
FISSION GAMMA SOURCES

NAME » ENERGY
MEV,

N GAMMAS

16 2,7400
6,1300
741200

8000
2,0000
4,0000

PROMPT#DELAYED FISSN

YIELD

GAMMAS/FISSION

10000000=01
69000000400
5p000000°01

72200000%0L
22600000¢02
1020000001
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G. Sample Problems
These sample problems are given to illustrate the use of the function

tables.

1. Infinite Slab Source with a Slab Shield

See Figure 5 and Equation (56).

For this problem, usz = 0,1
b=1,0
By = 0.01
Sv = 1,0
’

- b-}“’l,

sV
boa® = 3 [2,0) = By 0m,00]

'Using the compact exponential integral function from Table 1 and the
exponential function from Table 2,

S, e - e
"m(P) = -2-‘-‘-‘.—; {-b—- EZ(b) - -b—,—E(b )]

-1 _ -1.1 _
= 50 [9-1— E,(1) - 9—1—1—- Ez(l.l)]

= 50 [.1681 -,1279] = 1,010

Gamma-ray buildup factors may be included in this ¢alculation by using the
appropriate Taylor coefficients from Section F and equations from Section E.3.

2, Cylindrical Source with Slab Shield and Lateral Detector Poinmt
See Figures 9 and 10 and Equation (68).

For this problem, a = 95
R =10
b=yt =0,1 x10=1,0
L = 47.5
w =0,2
s, =1,0
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= 9.5

B ms

= .5

Using the functions from Tables 2, 8, 9, 13, 15, and 16

<
-1 R -1 10 -1 °
< ¢, = sin ~ o= = sin 105 ™ Sin (0.0951) = 5,44° = ,095 radian

=11 -1 47,5 -1 °
90 = tan z" tan 55 = tan "(0.5) = 26,56" = ,4636 radian

2
<8 il a
mc - +v0 -R-1.6

b’ = b + uamck =1+ .2x1,6x10 =4,2

S ¢°e

v¥0°0 -b -b’
b () = s Lologe0) {e7c0gb) -7 a0}

i 1. .4636 .095 -1_. -4.2_
- Lo X8 X 093 g5k, 1) [€715(26.56,1) - 07+%5(26.5,4.2) |

= 0,0351(.99)(.36788 x ,940 - .015 x .85)
= 0,01157

From Figures 47 and 48, it is apparent that for this problem, in which the slab
shield is thin and the source radius small, the effect of changing the slab
shield to a cylindrical shield would be negligible,

Gamma-ray buildup factors may be included in this calculation bj using

) the appropriate Taylor coefficients from Section F and equations from Section
E.lo.
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J. Appendix - A,Foderaro's Approximations of Cylindrical Sources

Reference (35) is an excellent brief reference which gives shielding
_formulas and data for the use of students, Material from this Reference which is
of interest here gives approximations of the flux from a cylindrical source
at lateral and axial detector points r"eapeétively.

Equation (68) for the flux from a cylindrical source at a lateral point,
given in Section B,13 of this report, may be simplified a little, based on

Professor Foderaro's observations that

I‘o(%’ b) & G(®» b)
where
E“o' b) = ‘f(ao, b+ 0.7)

(See Sections C.8, C.9, and C.10 of this report,)
Then Equation (68) may be written

S .9 ¥

—~01 G@,, b) [e'bE(el, b) - e

] =

G(8,, b")]
and may be used even if enly a Sievert Integral Table is avatilable.

The approximate formula for the flux from a cylindrical source at an axial
detector point given in Section B.20.a has also been improved by Professor
Foderaro, (See Figures 7 and 17 and Equation (81)).

The flux is given by a modified truncated come formula, as follows,

S
9, =Gy () - Ey(6") +oes SE,(b' sec £)

-cos EE, (b sec €]

where the effective angle € is found as a function of the geometry and
attenuation of the problem. See Figure 17,

S

o,
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If wR >4, € =0,

(Results are overestimated no more than 207%.)

0 8
Ifu R <4 and 4/R > 1, € =152

3 (Results are correct within + 10%.)
1f DSR £ 4 and L/R > 1, use the table below to find E; then £ = ER,

(Results are correct within + 10%).
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