
OAK RIDGE NATIONAL LABORATORY 

operated by 

UNION CARBIDE CORPORATION 

for the 

U.S. ATOMIC ENERGY COMMISSION 

THE SUBCRITICAL REACTOR WITH SOURCES 

C. A. Preskitt 

ABSTRACT 

The mathematical formulation of the subcritical reactor 
with extraneous sources is presented in detail. The solutions 
are presented for a two-group approximation including epi­
thermal fission and the relationship to the usual critical 
reactor problem is discussed. Application of the equations to 
an arbitrarily complicated geometry is outlined, and an IBM-
7090 program for the solution in a bare cylindrical reactor is 
described. 
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THE SUBCRITICAL REACTOR WITH SOURCES 

I. Introduction 

The calculation of neutron flux distributions in subcritical chain 

reacting systems containing extraneous sources is occasionally en­

countered in reactor analysis. The mathematical development of this 

problem is given below and the relationship to the more frequently en­

countered problem of a critical reactor is pointed out. The development 

is carried out in the two-group approximation commonly used in reactor 

analysis, including epithermal fission, and the equations for the fast 

neutron distributions are given. This distribution is not presented 

and epithermal fission is not considered in 'frequently consulted texts. I - 3 

II. General Formulation 

We write the two-group diffusion equations for a time independent 

neutron distribution in the form: 

Where it has been assumed that the reactor is homogeneous and 

uniform and the group constants have the following definitions: 

DI = fast group diffusion coefficient, 

D2 thermal group diffusion coefficient, 

= fast group total cross section (absorption plus removal), 

~2 thermal group absorption cross section, 

p resonance-escape probability, the number of neutrons 

thermalized per initial source neutron in an infinite 

reactor, 

(2) 
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k2 :::::: number of neutrons produced, per initial source neutron, 

by thermal fissions in an infinite reactor, 

kl :::::: number of neutrons produced, per initial source neutron, 

by nonthermal fissions in an infi9-ite reactor. 

In order to solve Eqs. (1) and (2) we assume that the functions 

¢l(!) and ¢2(!) may be expressed as a linear combination of the solutions 

of Laplace's equation 

where the functions 0/ (r) are defined in the same interval (volume)'as n-
¢l and ¢2 and satisfy the same symmetry conditions and boundary con-

ditions at the outer boundary. This expansion will be valid if the 

functions 0/ form a complete orthogonal set. The numbers B in Eq. (3) 
n n 2 

compose a discrete set of distinct eigenvalues of the operator ~ for 

the specified boundary conditions and are the only values for which'the 

functions 0/ exist. 
n 

We write for ¢l and ¢2 

00 

= I; An o/n (!) , 
n::::::l 

= C 0/ (r), nn-

and for the source function 

00 

:::::: I; 
n=l 

S 0/ (r). nn-

We now substitute Eqs. (3), (4), (5), and (6) into (1) and (2) 

and obtain 

00 { 2 k2} I;[-D B - r. (l-k ) ] A + - r. C + Sn lItn(!) 
n=l 1 n 1 1 n p 2 n 

= 0, 

( 4) 

(6 ) 
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~ {[-D B2 -
n=l 2 n 

0. (8) 

If the above equations are multiplied successively by 'l(E), '2(E), 
etc., and integrated over the reactor volume, then the assumed orthogo­

nality of the functions, over this interval results in our obtaining 
n 2 

an equation for each value of n in which one of the integrals J 'neE) dE 

is a common factor in each. Upon cancellation of these factors we obtain 

the following equations for each value of n: 

= 0, 

= 0. (10) 

III. Source Free Problem 

At this point it is instructive to digress for a moment to examine 

the solutions of Eqs. (9) and (10) for the source free problem. In 

thi s case all of the S are zero n and the above equations are pairs of 

linear homogeneous equations for the coefficients A and C • In order n n 
that a non-trivial solution exist it is necessary that the determinant 

of the coefficients vanish. That is, 

2 k2 
-D B - E (l-k ) -E 1 nIl p 2 

0, = 

pEl 
2 

-D B - E 2 n 2 

from which we obtain 

k2 kl 
1. (11) + 

(1 + TB2) 
= 

(1 + L 2B2)(1 + TB2) 
n n n 

In Eq. (11) we have set 
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= = T. 

Since all of .the B are distinct it is clear that Eq. 
n 

(11) can be satis-

fied for at most a single value of n. For this value of n an A and C 
n n 

may be found, but for all other values only A = C = 0 are possible 
n n 

solutions. 

The source-free solution to Eqs. (1) and (2) is thus characterized 

by the appearance of only a single one of the ~ (r) which satisfy n-
Laplace's equation. This does not mean, however, that the reactor fluxes 

will be proportional to ~ (r). It must be remembered that Eqs. (1) and n-
(2) are time independent and if the criticality condition expressed by 

Eq. (11) is not satisfied by the smallest of the B , then there will 
n 

exist exponentially increasing time-dependent solutions which will 

eventually become dominant. 

It is also clear on physical grounds that the reactor flux can 

never be proportional to a single one of the ~ except ~. This follows 
n 0 

since all of the ~ except ~ are negative over portions of the reactor 
n 0 

volume. The physical requirement that the neutron flux must everywhere 

be real and positive imposes the condition that the exponentially in­

creasing components must be present with sufficient amplitude to compen­

sate for the negative contributions of the time-independent component. 

The condition of greatest practical interest, of course~ is that for 

which Eq. (11) is satisfied for the smallest of the B . 
n 

IV. Solution with Sources Present 

Returning to the source problem we note that Eqs. (9) and (10) are 

inhomogeneous for this case and solutions for A and C may be found 
n n 

for any set of values for the constants in the equations. The numbers 

S are not unknowns of the problem since the ~ (r) are known, S(~) is n n-
given, and it follows from Eq. (6) that 

S 
n = 

J S(~) 'n(~) dr 

J ,~(~) dr 
, (12) 
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where the integrals extend over the entire volume of the reactor. 

It is not difficult to show that Eqs. (9) and (10) yield 

S 
A 

n 
(13) = n 2 

Ll(l + B r)(l - k ) n n 

and 

k p S 
C 

n n 
(14) = (1 - k ) 

. , 
n L2 [k2 + (1 + L2B2) klJ n n 

where 

k 
k2 kl 

(15) = + n (1 + L2B2)(1 + rB2) 2 (1 + rB ) n n n 

Equations (12), (13), and (14) provide all of the necessary information 

from which the fluxes in both groups may be obtained in terms of the 

functions * (r). n-
It is interesting to note that whenever any of the k equal unity 

n 
then the corresponding A and C are infinite and will, in effect, be n n 
the only significant components in the solution. This is, of course, 

merely another appearance of the situation described in Sec. III which 

arises when the reactor is critical (Eq. 11 satisfied) for a particular 

one of the B • 
n 

A comparison of Eqs. (13) and (14) shows that more components 

(modes) will be present in the epithermal than in the thermal flux 

distribution if thermal leakage is significant. In fact, the ratio of 

A and C is just n n 

A 
n 

Cn 
= (16 ) 

In practice it has been found that about 15 modes may suffice to 

reproduce the thermal flux distribution to a few tenths of a percent, 

but as many as 80 modes may be required to reproduce the epithermal 

flux near the source. 

It should be noted that Eqs. (12), (13), and (14) apply in general 

and are not restricted to a bare reactor. In this case both positive 



8 

and negative values for B2 will appear and the functions W (r) will n n-
themselves be linear combinations of the allowable solutions for each 

root. 

In discussing the solution for this case it is convenient to refer 

to the discussion given by Glasstone and Edlund
l 

(pp. 240-247) of the 

critical-reflected reactor. The functions W (r) are obtained for each n-
mode by an exactly analogous procedure as that presented by those 

authors. Their Eq. (8.55.1) will contain values of B in the core as 
n 

parameters and the successive roots of this equation are the eigen-

values of Eq. (3). No conditions analogous to their Eqs. (8.45.2) and 

(8.45.3) will be applied. As each B is obtained, their equations at 
n 

the bottom of page 245 may be used to obtain the coefficients A, C, F, 

and G which then completely specify that W over the entire reactor 
n 

volume. By this procedure it is straightforward" though tedious, to 

solve the source problem in any geometry. 

v. A Computer Program for Practical Calculations 

A program for the IBM-7090, designated CYS-l, has been written 

which solves Eqs. (12), (13), and (14) for a cylindrical or annular 

source in a bare cylindrical reactor and computes the thermal and epi­

thermal fluxes to a prescribed convergence with a maximum of 200 modes. 

As indicated in the description of input data, the calculation requires 

values for T, L2, ~l' ~2' v~i, v~~, and p, together with the core radius 

and inner and outer radii of the source. In terms of these, the program 

computes kl and k2 from 

kl ::::: v2{/~l and ::::: 

The calculations assume that SeE) is constant and equal to unity (per 

cm3-sec). 

In cylindrical geometry, for an azimuthally symmetrical core, the 

functions * (r) are simply J (B r) where the sequence of eigenvalues B n - 0 n n 
are determined by the condition that J (B R) ::::: 0, where R is the ex-o n 
trapolated radius of the core. The numbers S in Eq. (12) are, for this 

n 
case, 



S 
n = 

9 

2 {R2J l (BnR2 ) - ~Jl (Bn~)} 

Bn {RJl (BnR)} 
2 (l7) 

since both integrals are elementary (~ and R2 are the inner and outer 

radii of the source region). 

VI. Input and Operation 

Program CYS-l is programmed to be run on the 7090 Monitor System 

and requires no tapes other than the standard (10, INPUT) and (9, 
¢UTPUT). Three data cards per case are required and as many cases as 

desired may be run successively by stacking the input cards. 

Card 1. Column 1 must contain a l-punch. Columns 2-72 may 

contain any alphameric information and will appear at the top of each 

page of output. 

Card 2. Seven ten digit fields (7E10.4) specify in succession 

values for T, L2 f f and p. , ~l' ~2' V~l' V~2' 
Card 3. Five ten digit fields (5E10.4) specify in succession 

values for 

a. 

b. 

c. 

d. 

~, inner radius of source region, cm. 

R
2

, outer radius of source region, cm. 

R, extrapolated radius of core, cm~ 

NR, the number of equally spaced points from r = 0 to r = R 

at which output fluxes are desired. We must have NR ~ 1000. 

If NR ~ 180 and is divisible by four the most orderly form 

for the output is obtained. 

e. CONY, the degree of convergence desired. The contribution 

of successive modes (¢n) is computed until either 

¢N 
Nt

.-

L; ¢. 
j=l J 

~ CONY 

at every point for each group, or until the maximum of 200 

modes has been accumulated. 
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At the completion of the calculation for each mode the contri­

bution to the flux from all modes up to that point are accumulated 

and printed out at each space point requested. In addition, values 

for S , k , A , and C are printed out for each mode. n n n n 
A sample data sheet and several representative pages of output 

are given in the Appendix. 
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APPENDIX 

The following pages present the data sheet for a sample 

calculation and four typical pages of output for this problem. 

Convergence to the degree specified was achieved after the 

inclusion of 78 modes • 



TEN DIGIT DATA FORM 
.... OBLE ... 

CYS-l 
IREQUE$T 

CODER .O"TE PAGE 
C. A. of 

I 9 11 I 19 21 29 31 39 41 I 49 51 59 61 1 69 71 73 80 

1 SAMPLE ASE F¢R REP¢RT ! i -f---

: 
--

7£0.0 140.0 0.04 0.007 :).012 0.008 0.7 

0.0 ! 1.0 87.0 88.0 0.005 i 
--.---;-~ .. ~- ~ . 

... ~~ ___ ...l __ 
~---- I--

i 1 

i , [ 

i ! ! , 

I i ! 
I 

! i ! 
I 

-----

t= I 
I---.-

i 
i : 
j j i i -----
! : ! I 

I i i 
--~----

[ ; I ! i I , 
I 

-: 
I 

I 
I 

i I 

I 

! [-~ --

I 
t I 

I I I 
, 

I 

i I 
I I i I 

-.:Ji:N.32 •• 

• ... 



MODE NI.;MBE K MODE ~ULrIPLICArI0~ FAcrOK A.J208E-OJ 

SOURCE AMPLITUOE 4.9JI6E-04 

FAST AMPLIIUUE 4.~~56E-02 SLOW AMPLITUOE 1.7546E-JI 

MODE FLUXE S 

f< PH I I >JH{2 R PH II PHI2 K PHil PHI2 R PHIl PHI2 

O. 4.856£:-02 1.155E-01 22.00 4.417E-02 1.,)96E-01 44.00 3.219E-02 1.16.1E-01 66. f]:J 1.582E-02 5.711E-02 
I. CO 4.855E-J2 1.754E:-01 23.UJ 11.37":-C2 1 .582E-OI 45.00 3.15IE-02 1.139E-81 b7.UC 1.5::J4E-02 ').435E-C2 
2.CO 4.8'>2E-02 I. 75:SE-O 1 24.00 'I. BhE-C2 1.'>67E-OI It6.0n _L 0831::-C2 1.1I4E-r'1 68.~11 1.426E-02 5.IS2E-02 
3 rl' 4.841E-J2 1.-(52E-JI 2').OJ 4.293£:-02 I.'>'>IE-OI 47.00 ~. [J UE-02 I. G89E-J J 69.J[] 1.~4BE-02 4.tHIE-02 !-J ._u 
4.CO 4.11411:-02 1.74"E-CI 26.:]:] 4.24?t:-C2 1.535E-OI 48.CO 2.943E-02 1.063E-01 70.CJ 1.270E-02 4.'>89E-C2 vJ 

5.(0 4.8321:'-02 1.(46E-QI 27 • [llJ 4.2:3E-02 1.'>19E-0I 4'J .CO 2.871 E-02 l.u3tlE-QI 71.0C I. I 92E-02 4.308E-02 
6.CC 4.82?E-02 1.743E-nl 28.00 4.155E-02 1.5CIE-01 su.oe 2.t99E-C2 I.CI2E-CI 72.8;-1 1.1 I~E-02 4.J28E-f)2 
7.CO 4.8IJE-OL I. UdE-'J1 21.0:: 4.1r.6E-02 I. 484E-O I ') I .00 2.727E-02 9.853E-02 73. ;-=J I.OHE-02 3. 74BE-02 
8.(0 4.79tlE-02 I. 733E-\] 1 30.00 [,.0')6[-02 I .~66E-01 52.0C 2.654E-02 9.58HE-02 74.UD ?60IE-D) 3.469E-02 
9.[0 4.7ClIE-02 1.(2dE-OI ~ I .eJ 4.001IE-02 1.447E-OI 5.3.0C 2.58[E-[2 1.32IE-02 75 ,,;,J 1'.8BE-0.:5 3.I92E-02 

10.[0 4.7651:-02 1.72IE-DI 32.08 3'95IE-:]2 1.428E-01 54.00 2.'>05E-[2 9.L:52E-IJ2 76.JJ d.J69F-03 2.116E-02 
I I.CO 4.744E-02 1.714E-01 33. OJ _).89 (E-02 J .408E-Ol 55.00 2. 43['E-02 8.7HIE-[]2 77.00 7.108E-03 2.61tIE-02 
12.1.:0 4. 72 ~c-02 1.707E-01 34.0:] 3.84IE-:i2 I. 588E-0 1 56.00 2.555E-02 8.508E-02 78.[10 6.552E-0:S 2.367E-02 
13.[0 4.70uE-02 1.698E-01 35.0J .'l.784E-02 1._i67E-01 57.:10 2.27C}E-02 8.234E-02 7?UO ').800E-O.1 2.096E-02 
I~.CC 4.676E-02 1.689E-01 36.0:J :S.726E-C2 1.346E-OI 58.00 2.20::'E-[2 7.95t3E-02 80.00 ">.053E-O.1 I • d26E-C12 
15.CO 4.6~9E-02 1.680E-01 37. [10 ~ .66 7E-02 1.125E-01 5?OC 2.12M-02 7.68IE-02 8 I • GO 4.312E-03 I .55RE-02 
16.(0 4.62IE-02 1.670E-0) 38.CO .~. 606E-02 1.503E-01 60.00 2.049E-02 7.4C3E-02 82.00 .:5.517E-03 1.292E-02 
17.00 4.59IE-02 1.659E-0) 39.00 _~.544E-::::2 1.28IE-01 6 I • DO 1.97IE-02 7.1?5E-02 H3.JII 2.848E-05 I.J29E-C2 
18.[0 4.560E-02 1.648E-OI 40.0J :\.481F.-02 1.258E-01 62.00 J.894E-Q2 6.84.1E-02 84.00 2.125E-03 7.678F-03 
19. OJ 4.527E-02 I. 6$6E-0 I 4 I .00 3.417E-U2 1.235E-01 63.00 1.816E-02 6.562E-02 85.LJO 1.409E-0.~ 5.092E-03 
20.[0 4.492E-02 1.623E-01 42.00 3.3,)2E-02 1.211E-01 64.00 1.738E-02 6.28IE-02 86.Ge 7.009E-04 2.533E-03 
21.00 4.455E-02 1.6ILJE-01 43.0::1 3.286E-02 1.187E-OI 65.00 1.66CE-02 ').999E-02 e7.0U 1.412E-07 5.I03E-07 



SAMPLE CASE FOR REPO~T 

MODE Nu.'>1BER 12 MODE MULTIPLICATION FACTOR 5.0215E-03 

SOURCE AMPLITUDE 7.4896E-03 

FAST AMPLITUDE 2.8590E-03 SLOW AMPLITUDE 4.3635E-04 

MODE FLUXES 

R PH II PHI2 R PHIl PHI2 R PHIl PHI2 R PHIl PHI2 

O. 1.213E-01 2.638E-01 22.0;] ':>.08IE-02 1.822E-01 44.00 2.692E-02 1.037E-OI 66.00 1.141E-02 4.455E-02 
1.00 I. 205E-0 I 2.634E-01 23.00 4.90IE-02 1.780E-OI 45.00 2.626E-02 I. 007E-0 1 67.0;] 1.078E-02 4.218E-02 
2.00 1.18IE-OI 2.622E-OI 24.00 4.728E-02 I. 73?E-O I 46.00 2.559E-02 9.773E-02 68.00 1.0 I I E-02 3.983E-02 
3.CO 1.143E-OI 2.603E-OI 25.00 4.568E-02 1 • 699E-0 I 47.00 2.489E-02 9.471E-02. 69.00 '1.482E-03 3. 752E-02. 
'1.CJ I. 094E-0 I 2.578E-01 26.00 4.425E-02 1.659E-01 48.00 2.414E-02 9.185E-/]2 10.00 8.903E-03 3.524E-02 
5.eo 1.03 7E-0 I 2.541E-OI 27.08 4.30CE-02 1.620E-01 49.00 2.334E-C2 8.896E-02 7 1.00 8.367E-03 3.298E-02 
6.CC; 9.75?E-02 2.,)IIE-OI 28.00 4.191 E-02 1 • ':>82£-0 I 50.00 2.251 E-02 8.609E-02 72.00 7.864£-03 3.076E-02 
7. CO 9. 13tlE-02 2.471E-01 29.00 4.096E-C!2 1 • ')45E-0 1 51.00 2.165E-02 8.325E-02 73.00 7.380£-03 2.856E-02 
8.CO 8.542E-02 2.429E-01 30.00 J .. 009E-02 1.508E-01 52.00 2.079E-02 8.044E-02 74.00 6.898E-03 2.638E-02 
9.CO T.996E-02 2.185E-OI 31.00 3.924E-02 1.471 E-O I 53.00 1.996E-02 7.767E-02 75.00 6.40IE-03 2.423E-02 

10.CO 7.518E-02 2.~40E-01 32.00 3. 8 ~8 E-02 1.436E-01 54.00 1.917E-02 7.494E-02 76.CO 5.879E-03 2.209E-02 
I I. [0 7. I 16E-02 2.295E-01 33.00 3.141E-02 1.400E-01 55.00 1.844E-02 7.224E-02 77.00 5.326E-03 1.197E-02 
12.CO 6.790E-02 2.2511:-01 34.00 3.648E-02 1 • 365E-0 I 56.0C 1.777E-02 6.958E-02 78.00 4.744E-03 1 .787E-02 
13.00 6.53IE-02 2.206E-01 35.0Ll 'S.543E-02 1.330E-ol 57.00 1.715E-02 6.695E-02 79.00 4.142E-03 1.579E-02 
14.00 6 __ ~28E-02 2.162E-01 36.00 'i.433E-02 I. 296E-0 1 58.00 1.657E-02 6.436E-02 BO.CO 3.533E-03 1.373E-02 
15.CO 6.163E-02 2.119E-OI 37.00 3.320 E-02 1.262E-01 59.00 1.601 E-02 6.180E-02 81.00 2.932E-03 1.169E-02 
16.00 6.02IE-02 2.076E-01 38.00 3.20n-[12 1.228E-Ol 60.00 1.544E-02 5.927E-02 82.00 2.355E-03 9.676 E-03 
17.CO 5.886E-02 2.033E-0I 39.00 ~. I'BE-02 1.195E-01 61.00 1.486E-02 5.676 E-02 83.00 1.812E-03 7.689E-03 
18.[0 5.748E-02 1.990E-01 40.00 3.004E-02 1.162E-01 62.00 1.424E-02 5.428E-f12 84.00 1.309E-03 5.728E-03 
19.00 5.59tlE-02 1.9J~8E-01 41.00 2.'115E-02 1.130E-01 63.00 1.358E-02 5.18IE-02 85.00 8.453£-04 3.794E-03 
20.00 5.436E-02 1.?05E":oi 42.00 2.834E-02 1.099E-01 64.00 1.290E-02 4.937E-02 86.00 ll.130E-04 1.885E-03 
21.[0 5.262E-02 l.d63E-01 43.00 2.76IE-02 I. 068E-0 1 65.00 1.219E-02 4.694E-02 87.::]0 1.250E-07 5.053E-01 

.. 



SAMPLE CASE FOR REPORT 

MODE NUMBER 40 MODF MULTIPLICATION FaCTOR 4.0764E-04 

SOURCE AMPLITUDE 1.979IE-02 

FAST AMPLITUDE 6.664IE-04 SLOW AMPLITUDE }.2094E-06 

MODE FLUXE S 

K PH II PHI2 R PH 11 PHI2 R PHI I PHI2 R PH II PHI2 

O. 1.'l8SE-OI 2.65?E-01 22.00 5.026E-02 1.82IE-01 44.00 2.702E-02 I.037E-01 66.00 1.152E-02 4.455E-02 
I. CO I. 509E-iJ I 2.653E-01 23.00 11.8?6E-02 I. 780E-0 I 45.00 2.624E-02 I.OOfE-OJ 61.0C 1.091 E-02 4.219E-02 
2.00 1.335E-OI 2.635E-OI 24.0!J 4.754E-02 1.739E-01 46.00 2.53?E-02 9.770E-02 b8.CO I.027E-02 3.7861"-02 
3.00 1.16IE-oJ 2.6C9E-OI 25.0::1 11.609E-OZ I • 699E-0 I 47.00 2.456E-02 9.474E-02 69.00 9.664E-03 3.755E-02 1-' 
4.CO I. o48E-0 I 2.'l78E-OI 26.00 4.483E-02 I.MoE-ol 48.00 2.382E-02 9.18IE-02 7D.r.O '}.I09E-03 3.526E-02 \n 
5.eo 9.858E-02 2. 543E -01 27.00 4.372E-02 1.62IE-01 49.00 2.311 E-02 8.892E-02 71.00 8.540E-03 3.301 E-02 
6.00 9. 332E-02 2.5D6E-OI 28.00 4.254E-02 , .583E-01 50.00 2.233E-G2 8.6C6E-02 72.00 7.?32E-03 3.077E-02 
7.CO 8.755E-02 2.1~67E-0I 29.00 4.12dE-02 1.5451:-01 51.00 2.154E-02 8.324E-02 {3.DO 7.~l.;oE-03 2.R56E-G2 
8.CO 8.249E-02 2.425E 01 30.00 4.012E-02 1.5OflE-01 52.00 2.o82E-02 tl.045E-02 71.;.00 6.800E-03 2.637E-02 
9.00 7. 892E -02 2.383E-01 31.00 3.912E-02 1.471 E-o I 53.CO 2.oI4E-02 7.769E-02 75.JO 6.268E-03 2.42!E-02 

10.00 7.598E-Q2 2.340 E-o! 32.o[J _).81IE-02 ! .435E-ol '>4.00 1.943E-02 7.497E-02 76.00 '::> .691E-03 2.206E-02 
II.CO 7.275E-02 2.297E-01 33.00 .i.70IE-02 1.399E-01 55.00 I. d68E-02 7.227E-02 17. []Q '>.12IE-03 1.995E-02 
12.CO 6.952E-02 2.252E-OI 311.00 3.594E-02 I • 364E-0 I 56.00 1.797E-02 6.96IE-02 78.00 4.59IE-03 1.785E-02 
13.(0 6.696E-02 2.208E-01 35.00 3.500 E-02 1.330E-01 57.00 1.7BE-02 6.698E-02 79.00 4.t18tlE-03 1.578E-02 
14.00 6.490E-02 2.164E-OI 36.00 3.41IE-02 1.295E-OI 5tl.oO J .06 7E-02 6.437E-02 80.00 :S.557f-03 I. H3E-C2 
15.00 6.274E-02 2.120E-01 37.0J 3.314E-02 1.262E-01 59.00 1.597E-02 6.18oE-02 81.00 ).oOIE-o:s 1.I70E-02 
16.00 6.042E-02 2.J76E-01 ~Cl.08 3.214E-02 I. 228E-0 I 60.00 I.S28E-02 5.925E-02 82.00 2.480E-03 9.696E-03 
17.00 5.838E-02 2.CJ33E-OI 39.00 _3.125E-02 1.19SE-01 61.00 1.465E-02 5.673E-02 83.00 1.999E-03 7.714E-03 
18.00 5.674E-02 1.989E-01 40.0Q 3.043E-02 I. 163E-0 I b2.[10 1.404E-02 5.424E-02 84.flO I.S05E-03 5.7531"-03 
19.CO 5.514E-02 1.?47E-ot 41.00 2.957E-02 1.131 E-O I 63.00 t.338E-02 5.178E-02 85.00 9.777E-0,+ 3.8I3E-m 
20.00 5. :S3bE-UZ I. '7Q4E-OI 42.00 2.865E-02 1.099E-01 64.00 1.27IE-02 4.934E-02 86.00 4.657E-04 1.896E-03 
21.CO 5.166E-02 I.H62E-oJ 43.00 2.179E-02 I.D68E-oJ 65.00 1.210E-02 4.693E-02 87.UO 1.255E-07 5.052E-07 



SAMPLE CASE ~UK ~ErORr 

MODE NUMflER (tl MODE uULTIPLICATIC~ FACrOR I.S594E-]4 

SOURCE AMPLITUDE 1.47D4E-D2 

fAST A,"iPLlTULlE 1.2fSIE-04 

~\Of)E FLUXES 

i( >'H I I L'H I 2 

J. 1.712E-LI .~6CE-C" 
1.:::!O 1.5411:-01 2.-'lS)f-r:1 
2.LO 1.2~6E-CI 2.634E-SI 
3.CC l.ltdE-JI 2.6::1f: CI 
4.Ct.l I.Cbl ':::1 2. )78E-nt 
5.:":0 9.tH3E C_ 2.i4.H:-CI 
6.CO ?252F-D 2.j~6E- I 
f.CO d.73?E Cl 2.~61F-nl 
B.CO ~.3~IE-02 2.426E-:::1 
9.00 7.7JoE-[2 2.~83t-r:1 

10.CU 7.57::t-DL 2.)4'::F-C'1 
II.CO 7.25It- ,2 2.2:.171:-[11 
12.ce 6.971E-82 2. 51E-CI 
13.CO 6.712E-~~ 2.2~8F-DI 
14.00 6.477[-02 2.164t-01 
IS.CU 6.2~4E-C~ 2.12J[-81 
I 6 • C (: 6.Li 4 9 F -.' i 2 •. ~ t 6 F - 0 I 
17.CO 5.8S~[-02 2.~3iE-81 
18.[0 5.67IE-J) 1.)~9t-OI 

19.CO 5.50UF-02 1.74([-JI 
20.CC 5 •. B1E-[:,' 1.}04E-UI 
21.00 5.180E-C2 I.R62E-OI 

SlO~ A~Dl!TUn~ 4.69JCt-07 

PHIl I-'hl2 

22.GJ S.G27E-C2 l.d2IE-OI 
2~.CG ~.rl8HE-C2 I.TaOE-OI 
24.00 ~.r4~~-[2 1.73?E-OI 
25.:\] u.6IfE-:::2 I.TOOE-ill 
26.[CJ 1~.4R</E-r2 1.6681:-O{JI 
27.:::: h.3a6E-G2 1.62IF-01 
2B.QJ 4.24lf-C2 1.~83E-CI 
2'}.O,j Ij.I~IE-(]2 I.S4SE-CI 
)O.CJ 4.C2GE-C2 1.5Ci3F-ClI 
.~I.QJ <.Y[)7E-C2 1.41IE-OI 
)2.0~ 1.~J~E-D2 1.435E-01 
:n.D,1 .~.r:JUE-Q2 1.5'7?E-:J1 
34.00 5.bUIE-L2 1.164E-nl 
~~.nc; '.':>[)IE-C2 1.1~OE-UI 
36 • ::: c; ~ • 41 b -= -:J 2 I. <: '7 ') E - r. I 
H.rn 3.~IIE-:2 1.262E-OI 
38.0J ~.21/E-C2 1.22RE-OI 
3~.OO ~.129E-C2 1.195E-01 
4[1.0: 3.0~7E-[2 1.163E-01 
41.[1IJ 2.?'dE-C2 1.13It-lll 
42.0J 2.d66E-C2 l.n99E-QI 
43.0J 2.7H4E-C2 1.068E-01 

PH II 

44.:][ 2.'0:::1:-0;:: 
4').CO 2.62[E-02 
4 t, • flu 2. 5 59t - 02 
4r.rr 2.46IE-82 
4t3.CCl 2.18)F-C;:: 
47.r:0 2.300E-02 
50.CO 2.23:>E-C; 
sl.e!] 2.1,:>7E-02 
'>2.n: 2.JBiJI-:-C2 
5L[,0 2.0111"-02 
54.001.9411"-02 
55.CD 1.87CE-02 
'>6. CO I. elf] I E- 02 
,)7.801.B?E-02 
5rl. eLl 1.6641"-02 
59.0i] 1.':>97E-02 
60.0:J 1.53IE-C2 
61.00 1.4661:-02 
62.0C 1.40IE-C2 
63.0::; I. 338E- 02 
64.;]J 1.274E-02 
6'>.OJ 1.212E-02 

PHI2 

I.CHE-GI 
I. J07E-C 1 
9. 770E-02 
7.474E-02 
9.II3IE-(!2 
d.892E-82 
8.606E-[2 
d.324E 82 
8. U4SE-n2 
7.1b9E-:J2 
7.49rE-n2 
7.227E-fJ2 
6. 'In 1 E<12 
6.6981"-02 
6.43fE-C2 
6.18UE:-02 
'.i. 72'>E-'J2 
5.6nE-02 
'>.4241"-02 
5. 1 7dE-02 
4.734F-l12 
4.693E-02 

66. 
67. 
6i' • 
67. 
7 ~J. 
71 • ~:... 
72.[ C n. __ 
74. 
75. :-;,j 
76.8[1 
77 .:0 
18.,",D 
19 ... ·fJ 
eC.~J 

d I. =~ 
ti2. CT 
83. LiC 
84.:::8 
1"5.:0 
P6.I1U 
H7.GO 

PH II 

1.I'>OE-02 
I .OHlI~-f12 
1.'J29E-02 
).686E-O:S 
).1011::-03 

.51 I E-03 
1.?4IE-03 
f • 362E:-0 'I 
I, .oJ4E-[13 
t; .240E-05 
">.6'1 1 E-O::; 
-..144E-C1 
4.602E-fJ1 
4.~7IE-05 
'I.5.HE-O.~ 

:S.020E-03 
2.417E-03 
1.992E-01 
1.480E-fH 
'1.850E-04 
4.f!7dE-04 
1.2S5E-Of 

"H12 

4.455E-02 
4.21?E-C2 
5.766E-C2 
3.1S5E-C2 
3. ':>26E-C2 
3 •. ~JOE-02 
3.U77E-C'2 
2.M5!)E-C2 
2.6HE-r2 
2.42IF-02 
2.206E-02 
1.9?5E-D2 
1.7R'iE-02 
1.578E-02 
1.3BE-02 
I. 1 7OE-02 
9.696E-03 
1.113E-03 
'i. r52E-fJ3 
~.8I3E-n3 

I.H96E-0~ 
5.052E-07 
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