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TEMPERATURE DISTRIBUTION IN A COAXIAL RING TUBE 

DUCT FOR HTR APPLICATIONS 

Aydm Konuk and Fernando A Rodriguez 

ABSTRACT 

A computer program has been developed to help optimize the design of a coaxial ring tubes type hot gas duct 
to tie used in high temperature reactors IIHTR) In this design the hot helium 1950 C) flows In a large ceramic pipe 
and the cold helium returns to the reactor through the holes made in the pipe wall thus cooling the ceramic The 
program provides a finite difference solution of the steady state conduction equation with proper iwundary conditiorH 
in polar coordinates The finite difference grid containing many irregular points because at the convective boundary 
conditions on the cold gas holes is prepared in a subroutine to allow running the program easily many timet with 
different configurations 

I - INTRODUCTION 

For nuclear process heat applications high temperature reactors (HTR) must operate at a mean 
helium outlet temperature of 950°C or more One of the most important technical problems associated 
with operation at such high temperatures is the transportation of helium from the core to the heat 
exchangers Five possible HTR hot-gas duct designs have been reviewed by HfLugeler et al as follows 

1 Double walled piping with insulation m the annular space the outer steel pipe which carries 
the pressure load (40 bar) is kept at about 50°C Fibres metallic foil or ceramic can be used as 
insulation materials The inner pipe which operates at a high temperature (950°C) does not carry any 
pressure load In this design an inner liner for the hot gas is necessary and this creates problems 
because the performance of possible liner materials over a long service life has not at present been 
adequately tested This type of duct with fibrous insulation in the annular space will be studied in the 
second test section of the lEA helium loop and a computer program has been developed'^' to predict 
Its performance The hot helium duct of the loop is of the same type as well 

2 Coaxial duct without insulation Countercurrent cold helium (250°C) flows in the annular 
duct between the inner and outer pipes The outer wall again carries the pressure load and is maintained 
at about 250°C The maximum inner wall temperature is limited to SBO'C The vibrations and thermal 
expansion are considered to be problematic in this duct design 

3 Coaxial duct with insulated hot gas duct This is a combination of the two previous designs 
It operates with an inner hot gas pipe insulated on the mside Although the temperature of the inner 
wall IS thus reduced a liner which can withstand an operating temperature of 9S0°C is again necessary 
The lEA helium loop presently has a test section to investigate this type of duct where the insulation 
consists of layers of metallic foil 

The dimensions and temperature profiles for the above hot gas ducts are shown in Figure 1 
taken from reference' ' * 

4 Coaxial Ring Tubes Duct This dpsign is the subject of this report It consists of a coaxial 
duct (Figure 2) made completely from a reramic material The problem of liner vibrations and thermal 
expansion encounfred in the previous dp<;igns are avoided in this one The ceramic material would be 

carbon stone and tho température tiiadionts in ciibon storp are high but can be tolerated'^' 
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5 Coaxial Ring Holes Duct This design shown in Figure 2 has the cold gas ducting made of 
cast material with a carbon stone liner for the hot gas duct 

The obiect of this report is to obtain the temperature distribution in a coaxial ring tulies duet 
made of ceramic material to help optimize the duct design The resulting temperature distribution is 
necessary to calculate the thermal stresses in the ceramic material The heat conduction equation in 
polar coordinates has been solved numerically using finite difference methods 

The parameters to be considered in the optimal design are the number of loops the HTR would 
have and the dimensions of the duct The variables in the dimensions of the duct are the diameters of 
the hot gas duct and of the cold gas holes/ the number of cold gas holes the wall thickness of the 
ceramic material and the distance of the center of the cold gas hole to the center of the hot gas duct 
To optimize the duct dimensions temperature profiles would have to be obtained for many different 
duct configurations Since the finite difference grid contains many irregular points on and near the wall 
of the cold gas holes each configuration leads to a different snd To avoid time consuming manual 
construction of the grid a subroutine has been written to prepare the grid configuration using only the 
duct dimensions as input The output in the form of a table Is used by the subroutine which mountt 
the coefficient matrix of the finite difference equations Thus a computer program suitable for 
optimization studies has been obtained The method of solution is discussed in detail in section i i , and 
in section III some results are shown to illustrate the use of the program Section iV contains the 
conclusions 

11 - FINITE DIFFERENCE EQUATIONS 

1 - The Heat Conduction Equation and the Boundvy Conditions 

The steady state heat conduction equation in 2 dimensions (radial and angular) with no heat 
generation term is 

a dT 1 a aT 
(rK — ) + - — (K —- ) = 0 (1) dr dr r bB bd 

with 

r radial coordinate 

a angular coordinate 

T temperature 

K thermal conductivity = f(T) 

The symmetry of the system allows modeling of the section shown in Figures to obtain the 
temperature distribution in the hot gas duct considered 

The ijoundary conditions (Figure 3) for the section modeled are 

r = r, (at the inside surface of the durt) 

aT 
K — + h. (T. - Tl - 0 (2) 

3r n n 

r - ti (at the outside surface of the duct) 



m
in

e 
gi

fA
ot

 Fi
gu

re
 3

 -
 

Se
ct

io
n 

m
od

el
ed

 



i f " ^ '"̂ o - T) = 0 (3-a) 

Eq (3) IS a convective boundary condition which really does not exist at the outside surface of 
the duct, but it is used to simulate either a prescribed outside wall temperature or an Insulated 
outside wall 

Eq (3) is reduced to 

at r = r, T = T, (3 b) 

by letting = and choosing a value for h^ which is much larger than K 

at 
The boundary condition which corresponds to an insulated outside surface ( — a t surface = 0) 

at 
IS obtained from eq (3) by choosing h much smaller than K Than eq (3) gives 

aT 
at r = r, ( — ) = 0 (3-c) ar 

^ = 0 (lower diameter of symmetry) and B = 9i (upper diameter of symmetry) 

aT 
K — = 0 (4) 

de 

The boundary condition at the surface of the cold helium hole can not be readily expressed in 
it I ins of the coordinates r and 0 Instead, it is written in terms of s the normal to the surface 

I lius on the surface of the cold helium hole 

aT 
K — + h^ (T - T) = 0 (5) 

ds " 

The terms in the boundary condition equations are defined as 

ri r2 internal and external radii of the duct respectively 

h^ hj. heat transfer coefficientes for the hot and cold gas respectively 

hg heat transfer coefficient between the outer surface of the duct and the medium 
surrounding it 

T^ T^ temperature of the hot and cold gas respectively 

temperature of the medium surrounding the duct 

temperature of the outside surface of the duct 

0i n /n where n is the number of cold gas holes 



2 - Finite Difference Grid 

A finite difference grid with 20 radial and 6 axial divisions is shown in Figure 4 The 
geometrical configuration of the grid is prepared m a subroutine whose inputs are the internal and 
external radii of the duct (r̂  and r2) the radius (ra) of the cold gas hole the distance from the center 
of the cold gas hole to the center of the duct (d) the angle 0i and the number of radial (m) and 
angular (n) divisions The subroutine does the following (Table I) 

a) Numbers the grid points in a systematic way counting from left to right beginning on 
the lower radius of symmety and going upward Points on the cold gas hole and on a 
circle (such as points 43 63 75 etc) are numbered after points 42 62 and 74 

b) Determines the type of each point such as points on the cold gas hole (16 28 43 ), 
on the hot gas duct surface (11 23 ) regular internal points (39 77 ) etc Each 
type of point has a different finite difference equation 

c) Identifies the neighbors of each point specifying the direction of each neighbor and its 
radial distance or angle to the point For example for point 27, points 28 41 26 and 
15 are listed as its righthand upper lefthand and lower neighbors For points on the cold 
gas hole such as point 28 the neigbors are points 27 and 41 because the radius of the 
cold gas hole passing through 28 intersects the nearest radius or circle (in this case a 
circle) between points 27 and 41 at point 28 The distance of point 28 to point 28 and 
the angular distance of point 28 to points 41 and 27 are calculated using trigonometric 
relations For point 61 neighbors are points 60 and 59 because the radius of the cold 
gas duct passing through 61 cuts the nearest grid radius or circle (in this case a radius) 
between points 60 and 59 The distance between points 61 and 61 and the distance of 
point 61 to points 59 and 60 are calculated again using trigonometric relations 

An other finite grid example with 18 radial and 5 angular divisions is shown in Figure 4 and 
Table 11 

3 - Finite Difference Equations 

The finite difference form of eq (1) is derived considering the different type of points of the 
finite difference grid 

a Regular internal points The finite difference equations are derived using central differences 
At point p(i ]) where p(i j) is a regular point the finite difference form of eq (1) is (see Figure 5) 

\ (r '*^'2 K ' * ' ' ^ ' ( T ' * ' ' - T " ) - r '~^ ' ' , ^ 1 - 1 / 2 i j j l j j i - 1 i, j 
Ar 

1 
+ _ J . I ) _ K' ' ^J,l _ y i i 1)1 - 0 (6) 

where 

= , 1 + ,7 1, 
2 



•"i = 50 cm rj = ino/.». 
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1 1 9 5 1 _ H 0 ll'- Y 8 t MM M m M m TyM 3 M M 0 8 7 5 0 0 0 0 0 0 

1..I3 5 1 ^ 1 0 1 1 9 9 9 2 SI.3M 0 y M 0 2 SM0 3 0 M 0 9 0 0 0 0 0 0 0 0 
1 2 1 5 1 ¿ . ^ 0 1-M J MH 5 m m M M m m S Y 0 3 M 0 y 9 2 5 0 0 0 0 0 0 
1^^ 5 1^3 0 1 - 1 IHJ s y 0 M m m m Si3M MMM 9 5 0 0 0 0 0 0 0 
123 5 1 2 4 0 1 - 2 1 « - 5 M y M MMM — SMy MMm 9 7 5 0 0 0 0 0 0 
1¿.4 8 k1 M i i y M Mm iJ SyM I 1 H M 1 0 M M y 0 0 0 0 0 

DEFINITIONS (Distances in cm angles m degrees) 

CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
C11 
C12 

Grid point identification number 
Type of point 
Identification number of the right hand neighbor 
Identification number of the upper neighbor 
Identification number of the left hand neighbor 
Identification number of the lower neighbor 
Distance between the point and the right hand neighbor 
Angle between the point and the upper neighbor 
Distance between the point and the left hand neighbor 
Angle between the point and the lower neighbor 
Radial coordinate (r') of the point 
Distance As (Figures 7 A and 7 B) 
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Table II 

(Sheet 1 of 3) 

GFID CONFIÜUHñTlON^ 

13 

C l C2 C3 C 4 Ct f r e í C l n o C l l 1 1 2 

1 6 2 1 1 0 0 5 n 0 2 O l i o 0 OOO 0 OH0 52 5 0 0 0 0M0 

2 4 2 1 2 1 0 2 í LIO - O i n l 2 •"HH 0 0OL1 5Í : 0 0 0 0 HHO 

4 4 1 3 2 0 ? n r i 3 011(1 2 5 0 0 0 L1H0 5 7 5 00 0 «00 
4 1 2 5 1 1 0 2 01 t n z OHO 2 j o m 0 OHH to 0 0 0 0 OHM 

5 1 7 0 1 4 0 4 0 01 U1 ; OHfl 0 0 ( i u 0 0H0 0 0tlO 2 0 0 0 
b 1 7 0 1 9 0 — 0 11(10 3 HHO 0 OtiO 0 HHH 0 H (10 2 OM0 

7 1 4 £ e 0 2 •=̂ 1111 j (11 lU 2 o u o 0 LIHO ^0 0 0 0 0 OM0 
E 4 T 0 2 í: OH 111111 <i ^oo 0 OHU 9 2 ""110 0 000 
9 4 1 0 2 1 6 0 £ HHH , 5 011 0 0HO 0 5 y i i O 0 0 0 0 

1 0 9 0 2 2 Q 0 0 O i m _ OllH 50M 0 HHH =•7 •̂ (10 0 HM0 
1 1 2 1-1 0 1 T h h (II111 0 HHO — OHH 5 2 s u o 0 MO0 
1 £ 1 1 _ 2 » 1 1 2 riM IIHH 2 t l i o 2 t l H d cr tr HUM 0 OM0 

i : 1 1 4 tr z 2 51111 _ ril1(.1 2 í n o Zç OHO s u o 0 0 0 0 
1 4 1 1 5 2L l-< 4 2 t t o 01111 2 C 110 ~- O o n fcO UMH 0 M00 

lE^ 1 7 0 tfc 0 1 4 0 OOH u 0 0HL1 O M HHO 2 6 2 4 
It 1 7 0 0 1 ^ 0 0(111 ^ e 0 LlüO 0 0 4 4 0 MHO 0 2 2 
1 7 Ifc 1 9 Z 2 1€ It c OD _ u n o 0 ^ l o 0 4 \ £ 7 5ML1 0 000 
l e 1 6 0 1 9 0 - ü (.11111 0 o 1- 1 1 HHH 2 Q44 0 0HU 2 5- -5 
1 9 1 2 0 Z I 1 7 -• f l I U : 0OL1 "^HU z OOO 9 0 OHM 0 0M0 

2 0 1 2 1 1 4 1 9 € 2 •̂ (10 5 OnO t o o z OHO 9 2 5M0 0 0 0 0 
2 1 1 2 2 2 0 9 2 5 0 0 'i. 0 0 0 2 5 O 0 2 O h O 9= 0H0 0 0 0 0 
2 2 3' 0 5fc' 2 1 1 0 0 OHO ~s OOO 5 n o 2 o u o 9 " 5M0 0 0 0 0 
2 1 2 2 4 - f 0 1 1 ? n o 2 O O O 0 OHU OOO 5 2 •^HO 0 0 0 0 
2 4 1 2 5 2 6 2 2 1 2 i¿ 5(10 2 OHH - 0 0 0 5 5 0 0 0 0 0 0 0 
2 5 1 2 b 2 9 2 4 1 2 2 5 0 H 2 0H0 <£. •^00 2 0 0 0 5 7 5 H 0 0 0M0 

2 6 1 2" " 4 0 2 5 1 4 2 5 0 0 2 000 2 5 0 0 ~- 0 0 0 6 0 0 0 0 0 0 0 0 
2 7 1 0 2e 4 1 2 6 1 5 1 2 000 2 5 0 0 2 0 0 0 6 2 5 0 0 0 0 0 0 
2 e 1 7 0 4 1 0 2 7 0 OHO 1 0 0 0 0 1 2 0 1 0 000 2 1 7 3 
2 9 1 7 0 ^ 2 0 2 0 0 ooo 2 0 0 0 0 0 0 - 1 0 0 0 0 0 0 5 2 
3 0 1 6 2 2 5 2 2 9 : i 2 5 0 0 — 0L1M 0 0 4 1 0 8 5 0 0 0 0 0 0 0 
2 1 l e 1 2 0 2 0 0 4 2 e 0 O O O 0 0 7 2 0 0 0 O 0 0 0 0 0 0 9 0 
2 2 1 „ _ c - 1 0 1 - 2 5 O 0 eoo 2 SO0 2 OOO 8 7 5 0 0 0 0 0 0 
3' 2 1 1 4 f 4 3 2 1 9 2 5 0 0 e o ü 2 5 0 0 2 0 0 0 9 0 0 0 0 0 0 0 0 
2 4 1 - c r 5 5 2 2 2 0 2 5 0 0 0 0 0 2 5 0 0 0 0 0 9 2 5 0 0 0 000 
1 5 1 Zt 2 4 2 1 ? 5 0 0 3 0 0 o 2 5 0 0 2 0OO 9 5 0 0 0 0 0 0 0 
2 6 2 0 3 5 ¿ . ¿ f i 000 j . 000 2 5 0 0 0 0 0 9 7 5 0 0 0 0 0 0 
2 7 2 : e 0 2 1 = 00 0 0 0 0 0 0 0 0 0 0 5 2 5 0 0 0 0 0 0 
? & 1 ; 9 5 9 1 7 ' 4 5 0U 0 0 0 2 5 0 0 HOO 5 5 0 0 0 0 0 0 0 
; C l 1 ÍCi e e ; e d :oo O O O 5 0 0 000 5 7 5 0 0 0 0 0 0 
4 0 1 » 1 t i " 9 2 ' ?(10 OOO 2 5 0 0 OOO 6 0 0 0 0 0 0 0 0 
4 1 1 4c- (. 2 4 0 H'i _ eoo 2 5 0 0 2 yOO e 2 5 0 0 0 0 0 0 
4 2 1 2 4 » í- _ 4 1 4_ •" l iU _ o O h ' I í- 5 0 O l>-0 <-.5 0 0 0 0 0 0 0 
4 2 le í-- 0 13 n (•)• 11 (iO(.l 11 0 1 8 0 OHL1 0 0 0 0 2 4 - 0 
4 4 »í 1 4 4 1 P 1 l lUO c SUH 0 4 4 1 6 7 5 0 0 0 0 0 0 
4 ^ t t 11 \ [ 11 11 1(111 1 H u o n 0 HL1H 0 f ^O I 
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Table II 

(Sheet 2 of 3) 

Cl C2 c : C4 C5 et t l € CIO C l l r i 2 

4 t 17 0 fc4 0 44 0 D0ñ 1 ¿.110 0 0110 1 8 0 0 0 0 0 0 2 349 
17 0 72 0 4E 0 000 2 517 0 000 0 4C2 0 0 0 0 0 74Í-

46 16 50 72 47 49 2 5 0 0 000 0 125 0 115 80 000 0 000 
4C. 18 50 0 48 0 2 41£ 0 000 0 06 2 0 0 0 0 0 0 0 0 0 1^0 
50 12 52 74 4£ 5 1 2 500 J 000 2 500 1 2fc0 82 500 0 0M0 

5 1 1 8 52 0 50 0 0 cif 4 0 000 1 516 0 000 0 0 0 0 2 377 
52 1 52 75 50 20 2 500 000 2 =iO0 3 0 0 0 85 0 0 0 0 0n0 
55 1 54 7b 52 32 2 500 3 000 2 5 0 0 2 0 0 0 87 5 0 0 0 000 
54 1 55 77 52 22 2 5O0 2 000 2 500 3 0 0 0 90 0 0 0 0 0M0 
55 1 56 78 54 24 2 500 2 000 2 5 0 0 3 0 0 0 92 500 0 000 
5t- 1 57 79 55 25 2 5 0 0 2 000 2 5 0 0 2 0 0 0 95 0 0 0 0 000 
57 2 0 80 56 3 6 0 0 0 0 2 000 2 5 0 0 3 0 0 0 97 500 0 000 
56 2 59 E l 0 27 2 500 2 OUH 0 0 0 0 2 0 0 0 52 500 0 000 
59 1 60 £2 58 2E 2 500 3 000 2 5 0 0 3 0 0 0 55 0 0 0 0 000 
fc-0 1 6 1 €2 59 39 2 500 7 000 2 5 0 0 0 0 0 5 7 5 0 0 0 000 
b l 1 6 2 84 t 0 40 2 500 3 000 2 5 0 0 3 000 60 0 0 0 0 000 
62 1 63 85 6 1 4 1 2 500 3 000 2 5 0 0 3 0 0 0 62 5 0 0 0 000 
6 2 1 64 86 b2 42 2 500 000 2 500 3 0 0 0 65 0 0 0 0 G H O 

64 1 65 87 fc3 44 2 500 7 000 2 500 3 0 0 0 67 5 0 0 0 0 0 0 
6 5 12 €7 EE 64 fc6 2 500 - »100 2 5 0 0 2 5M0 70 0 0 0 0 0 0 0 
66 18 t 5 0 64 0 0 «^01 0 000 1 599 0 0 0 0 0 0 0 0 3 l 6 5 
67 12 69 69 6 5 b& 2 500 *< o o u 2 500 2 0 7 5 72 5 0 0 0 000 
h& 18 67 0 65 0 0 2 : 1 0 000 2 £fcQ 0 000 0 0 0 0 2 622 
6 9 12 7 1 90 67 70 2 500 3 000 2 5 0 0 2 0 5 6 75 0 0 0 0 000 
70 18 7 1 0 69 0 2 2 1 7 0 000 0 282 0 0 0 0 0 0 0 0 2 7 1 1 
- 1 1 2 73 9 1 69 72 2 500 3 000 2 500 2 4 0 1 77 "=¡00 0 000 
72: 1 8 73 0 7 1 0 1 4«£ 0 000 1 002 0 000 0 0 0 0 3 419 
72 1 74 9 2 7 1 4 t ¿ 500 3 000 - 1 

CL. 5 00 2 000 80 0 0 0 0 000 
74 1 75 92 72 50 5iifi ^ 000 2 • 00 J, 000 P2 500 0 000 
75 1 7fc 94 74 Su 2 Í Oti 2 000 <; 5»i0 2 0 0 0 85 0 0 0 0 nn i i 
76 1 77 95 75 52 2 5.00 2 000 c 5011 — oon 87 5 0 0 0 000 
77 1 78 9fc 7b 54 £l f 00 2 000 <£. 500 3 000 90 0 0 0 0 0MO 
7S 1 79 97 77 55 5 0 0 _ 000 C 500 3 000 92 5 0 0 0 000 
79 1 60 98 78 5 t 2 500 3 000 2 500 2 O n o 0 0 0 0 000 
£0 2 0 99 79 57 »3 000 2 000 2 5 0 0 3 0 0 0 500 0 000 
e i 7 82 0 0 b& 2 5O0 0 000 0 0 0 0 000 52 5 0 0 0 000 
£2 5 e : 0 8 1 5 y 2 500 0 000 2 500 3 0 0 0 55 000 0 000 
82 5 84 0 £2 60 2 500 0 000 50T 7 (100 S7 500 0 000 
&4 5 c = 0 E_ t l ¿ Í 00 0 000 2 S» IL' H t m f 0 O00 0 000 
65 5 It 0 E4 fc2 •^00 H 000 c:. bOO _ HtlO » •^00 0 000 
E6 5 l 0 €5 €2 P •"00 0 000 00 2 nn0 1 ^ O o o 0 000 
Ê7 5 0 66 fc4 n o f l HOO nu 000 F- 500 H uno 
&e 5 F •* (1 fc5 1111 II f-iOn 10 (<0M 0 o n o 0 ilOO 
£9 5 i> f l f- (m 11 t l lMI U' 1 n 1 IUI 0 o o n 
S'IL ER L 1 1 J lU1 1 1111(1 c 1 IL LI * IIIIII 11 nn i i 
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Table II 

(Sheet 3 of 3) 

C l C2 C3 C4 C5 C6 C7 CE C9 CIO C l l C12 

9 1 5 92 0 90 71 2 500 0 0 0 0 2 500 3 0 0 0 77 5 0 0 0 0 0 0 
92 5 92 0 9 1 72 2 500 0 0 0 0 2 5 0 0 3 0 0 0 80 0 0 0 0 0 0 0 
9 5 5 94 0 92 74 2 500 0 0 0 0 2 5 0 0 3 0 0 0 82 5 0 0 0 000 
94 5 95 0 92 75 2 500 0 0 0 0 2 5 0 0 3 0 0 0 65 0 0 0 0 0 0 0 
9 5 5 96 0 94 76 2 500 0 0 0 0 2 5 0 0 2 0 0 0 8 7 5 0 0 0 0 0 0 
9 6 5 97 0 95 " 7 2 5 0 O 0 0O0 2 5 0 0 3 0 0 0 9 0 0 0 0 0 0 0 0 
^7 5 98 0 96 78 ^ • -00 0 0 0 0 2 5 0 0 2 0 0 0 92 5 0 0 0 0 0 0 
9 6 5 «̂ 9 0 9-^ •^9 2 500 0 0 0 0 2 500 3 0 0 0 95 0 0 0 0 0 0 0 
99 8 0 0 98 £0 0 0 0 0 0 0 0 0 2 •-00 2 0 0 0 97 5 0 0 0 0 0 0 

DEFINIT ION OF THF VARIAHIFS TS CTVFN TN TABLl- - 1 
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r ' - l / 2 = r ' - — (7 2 ) 
2 

KI+1 /2 j = ( 7 3 , 
2 

K « - 1 / 2 i = ^ ,7 .4 , 
2 

1(1 J+1 . , ( I J 

K ' i + 1 / 2 = J5 U i - , 7 5 , 
2 

K U - 1 / 2 = K Ui_ , 7 6 , 

Arranging eq (6) the coefficients of the 5 variables appearing in the finite difference equation 
at point p(ij) are obtained as 

, 1 -1 /2 K^i-1/2J 
j i - l 1 1 ^ , 8 - 1 ) 

Ar' 

,1+1/2 ,^1+1/2 J 

j K I i 1 !1 , 8 . 2 ) 

Ar' 

T - H - l !l , 8 . 3 ) 

r 'AO' 

,(11+1/2 

r 'Af l ' 

r'i 
^1+1/2 ,^1+1/2 J + ^ i -1 /2 ,^1-1/2] _ 

1(11+1/2 + 1-1/2 

r 'A0' 
(8-6) 

Regular points are assigned type 1 (Table I) 

b Non regular internal points Those are the points of type 10 11 12 15 and 16 in Table I 
The finite difference form of the heat conduction equation at point p(i j) where p(i]) is a non regular 
internal point is obtained by making a heat flow balance on the surface element shown in Figure 6 The 
heat balance gives 
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^ ^ » [ r ' *^ /2 ^1+1/21 ( i l ,1+1/2 i _ ^1-1 /2 , ç l - 1 /2J ( ü )«- i j 

+ * r K ' ( — ) « 1 + 1 « - K'J-^'^ , I I , 1 4 - 1/2 1 = Q 
2fi dO dO 

Using central difference approximations for the derivatives 

(10-1) ( £1,1+1/21 = J i _ 

dr Ar2 

ar , t " - t ' - i ' , £L , 1-1/21 = J 1 00-21 
ar Ati 

, £ [ , 1 1 + 1 / 2 = "^"^^ " ' r " (10-3) 
30 A0a 

, £1 ,1+1-1/2 = J 1 (1<M) 

Combining eqs (9) to (10-4) and rearranging give the coefficients of the 5 variables appearing 
in the finite difference equation at point p(i i) 

,1 -1 /2 1(1-1/2 1 
j l - l J 1 2 (11 1) 

LTI (Art +tri) 

,1+1/2 i(i*M7i 
j l + l I 1 2 111^ 

Ara (^•'1 *àTi) 

^11-1 

A0| r'(A9i +A0a) 

(11-3» 

tm+i " '̂"^ ni-4) 
A03 r>(A0i +A02) 

,1+1/2 1(1+1/2 1 , 1 -1 /2 1(1-1/21 

T-H _ ,1 !S + ! -!5 ) 
Ar, (Ar, +Ara) Ar, (Ar, +Ar,) 

1 1(11+1/2 1(11-1/2 

r ' (A0,+Af l , ) ^ » ^ » 

Eqs (11 I I to (11 5) arc rediiiod lo eqs (8 1) to (8 5) when 
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R' 4- R ' - L 

In reference to Figure 4 for example point 28 is of type 17 and point 31 is of type 18 

The finite difference form of eq (3) is obtained using a forward difference approximation for 
bJ 

i — ). the temperature gradient at the surface of the cold gas hole In reference to Figures 7-8 and 7 b 
3s g-r 

the forward difference approximation for ( — ) is given by 
3s " 

3T Ta - Ts 
( — ) = 12) 

3s » As 

where As is the distance between points (a) and (s) and Ts and Ta are the temperatures at points (s) 
and (a) respectively 

Point (a) IS obtained by the intersection of the cold gas hole radius passing through (s) with a 
circle or a radius In Figure 7-a the radius passing through (s) first intersects a circle at point (a) and 
then intersect a radius at (a) Since (s) is closer to (a) than to (a') As m eq (12) is taken as the 
distance of (s) to (a) Using the minimum possible Ar increases the accuracy of forward difference 

approximation for ( — ) in Figure 7 b the radius passing through (s) first intersects a radius at point 
ds * 

(a), thus As is choosen as the distance of (s) to (a) 

The temperature Ta in eq (12) is expressed in terms of temperatures T, and Tj (Figures 7-a 
and 7-b) interpolating linearly between T, and Thus 

Ta = AOj T, + AO, T , (13 1) 

or 

Ta - A f j T, + Ar, T j (13 2) 

where Ar, A r j ^ , and AOz are defined in Figures 7 a and 7 b 

The f ini tp differf'nre fo rm )( eq (3| thus bPCom<«i 

Ar, = Arj = Ar and A0, = Aflj = A0 

c Points on the cold gas hole In Table I those points are of type 17 when they are obtained 
by the intersection of a radius with the cold gas hole and of type 18 when they are obtained by the 
intersection of a circle with the cold gas hole 

For non regular points r'"'"̂ '̂  and r ' ~ ' « are defined as 
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Figure 7 A — Points on the cold gas hole 

Figure 7 B Points on the cold gas hole 
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or 

or 

— ( — L - i _ Y , + h (T - T, = 0 (14-1) 
As A0, + Afla * ' " • 

JCs A r ^ ^ ^ ^ A r r r , _ , , , _ ^ , . Q „ 4 2 ) 
As Ar, + Arj » "= • 

The coefficientes of the variables in eq (14 1) or (14 2 ) is than 

K , A02 

^ ' As (Afl, + A0j) 
(151a) 

K, A0, 
T, ^ (15-2a) 

As (A0, + A0a) 

T - ( — + h„ ) (15-3a) 
6s c 

K , A r j 

As (Ar, + Arj) 
(151b) 

K , Ar, 
T , - - (15 2b) 

As (Ar, + Arj) 

T. H M ) 

The right hand side B is 

B = - h T , (15-4) 

C C 
d Pointe on the lower diameter of symmetry In reference to Figure 4 those are points 105 to 

123 and in Table I they can be identified as of type 4 

The finite difference form of eq (1) is written at point (i 1) as follows (Figure 8) 

_J_ I 1̂+1/2 1(1+1/2 1 ( j i + l 1 _ Jl 1j _ ^1-1/2 1(1-1/2 1 ( T ' 1 - T ' ~ 1 1) ] 
Ar' 

+ — [ K ' 3 / 2 { T ' 2 - T ' M - K ' ' ' 2 ( T ' l - T ' ° ) 1 = 0 (16) 

r'AO' 
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0 = 
80 2Afl 

which gives 

T ' ° = T ' 2 (171) 

which could also be deduced directly from symmetry considerations 

Eq (17 1) indicates that 

J . 1/2 = j . 3 / 2 ( ^ 7 2) 

and since thermal conductivity K is a function of temperature 

K M / 2 ^ K ' 3 / 2 1 1 7 3 ) 

Combining eqs (15 4) (17-1) and (17 3) and then rearranging eq (16) one obtains the 
coefficients of the temperatures T ' ^ ̂  T ' * ^ ' T ' ^ and T ' ̂  in the finite difference equation written at 
points on the lower diameter of symmetry 

T - 1 1 -L (,i-1/2 K - ' ' 2 1 , ,18 1, 
Ar' 

T-i+l 1 _L ,^1+1/2 K'+1/2 1 , ,18-2) 
Ar' 

91(1 3/2 

T ' 2 — (18 3) 
r' Afl' 

T - i = - — , , K l / 2 1 ^ , . 1 / 2 K ' - ' / 2 l ) - ^ ^ ^ (184) 
Ar' ¿^2 

e Points on the upper diameter of symmetry In Figure 4 those are points 2 to 4 and 7 to 9 
and in Table I they appear as of Type 5 Thp finite difference form of eq (1) is written at point (i j) as 
follows (Figure 8) 

2 K . 3 / 2 

The boundary condition equation on the lower diameter of symmetry that is at fl = 0 

S = » 

IS used to write that at fl = 0 

8T T ' 2 - T ' " 

(6)) 
Eq (16) can be obtained by setting p i in the finite difference equation for regular points (eq 
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^ [,i+,1/2 ,(1+1/2 ji ( j i+l Ji _ j l j i , _ ^1-1/2 K ' -1 /2J1 (TUI _ j l - l JJ, ] 

( 1 9 ) 

Ar' 

+ ^ ¡ - ¿ 7 [ K ' " - ^ ' 2 _ T-iii, - K'Ji-1 (T '« - T ' J i - 1 ) ] = 0 

Eq (19) can be obtained from eq (6), setting j =j] 

The boundary condition on the upper diameter of symmetry, that Is, at 0 = 0 i , 

aT 
( - 1 - 0 13) 

IS used to write that at 0 = 0i 

9T T - i i + l _ j U J - l 
0 

a0 2A0 

which gives 

T'iJ+1 = T ' " - 1 ( 2 0 - 1 ) 

which could also be deduced directly from symmetry considerations 

Eq ( 2 0 - 1 ) indicates that 

j i j j+1/2 = j i j i - 1 / 2 ,20-2) 

or 

K'iJ+1/2 = K ' " - l / 2 ,20-3) 

Combining eqs (19) (20 1) and (20 3) and then rearranging eq (19) one obtains the 
coefficients of the temperatures T ' " ^ " T ' * ' T ' ''"^ and T ' " in the finite difference equation written 
at points on the upper diameter of symmetry 

j l - l i . _L ,^1-1/2 K ' - 1 / 2 , l , , 2 , „ 
Ar' 

T'+m -L ,rl+l/2 K ' * l / 2 „ , ,212) 
Ar' 

2K.J I -1 /2 

—T-ZTT- (213) 
r' A0' 
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Figures - Points on the diameters of symmetry 
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1 9 I^Hi-1/2 
T 'ii -_L (^.+1/2 K ' - l / 2 " + r ' - ' / 2 K ' - i « « ) (21-*) 

f Points on the mside (hot) surface of the duct Those are points 1 11 23, 37, 54 83 and 
104 in Figure 4 and they are of type 2 in Table I except for point 1 which is of type 6 and point 104 
which IS of type 7 

The boundary condition given by eq (2) is written if finite difference form as (Figure 9) 

^ <Th - T ' ') + — (T^« - T 1 ') = 0 (22) 

The coefficients of the temperatures T^ ' and T^ ' in eq (22) are then 

T ^ ' (231) 

K 1 J 

" ^ " " 7 " '23 2) Ar 

The right hand side of eq (22) B is 

B = - h^ T^ (23 3) 

g Points on the outside (cold) surface of the duct Those are points 9 22 36 53 82 103 
and 124 in Figure 4 and they are of type 3 in Table I except for point 36 which is of type 8 and point 
124 which IS of type 9 

The boundary condition given by eq (3 a) is written in finite difference form as (Figure 9) 

K <T^ - T " ' ) + ( T ' ' - ' ' - T ' " ) = 0 (24) 

Ar 

The coefficients of temperatures T " ' ' ' and T" ' in eq (24) are 

K'" 
T " - 1 ' (25 11 

Ar 
K"i 

T " i _ h - — - (25 2) 
' Ar 

The right hand side of eq (24) is 

B - - h^ T^ (25 3) 
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- 1 

1 

1 1-

1 
1 
1 

Figure 9 - Points on the inside and outside surfaces of the duct 
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Combining eqs (26) to (27-4) and noting that 

T ' " T ' 1 (17 1) 

^ 1 1 / 2 (17 3) 

yields the coefficients of the temperatures T ' ' ^ ' T ' * ' ' T' ̂  and T ' ^ in the finite difference equation 
written at the point on the left of the cold gas hole 

, 1 - 1 / 2 1/2 1 
j . - i l [ JL. (28 1) 

Ar (Ar + Ap) 

,1+1/2 ,(1+1/2 1 
-ri+1 1 L (28-1) 

Ap (Ar + Ap) 

h Points on the lower diameter of symmetry next to the cold gas hole 

Those are points 4 and 7 in Figure 4 point 4 is assigned type 13 and point 7 type 14 in 
Table II Note that points of type 13 or 14 do not exist in Figure 4 nor in Table I because the distance 
of the points 4 and 7 in Figure 4 to the cold gas hole is equal to Ar, therefore both are assigned type 4 

The finite difference form of equation (1) at point (i 1) on the left is obtained by considering 
it as a non regular interior point Then, a heat flow balance on the surface element shown in Figure 9 
gives 

^ 1^1+1/2 1 , ^ , 1 + 1 / 2 1 _ ^i-1/2 ,(1-1/2 1 , £ 1 , 1 - 1 / 2 1 ] 
dr dr 

, ^ L ^ f K ' 3 / 2 ( £ L , . 3 / 2 _ K i 1 / 2 , ^ , > 1 / 2 j = o (26) 
2r' de 90 

Using central difference approximations for the derivatives one obtains 

-x-r t ' * I I T < 1 

,£L , .+i /2i ^ 1 „ , 2 n , 
dr Ap 

ar t ' ' - t ' - 1 1 (£1,1-1/2 1 I 1 ,27 2) 
dr Ar 

a r t ' 2 - T '1 , £1,13/2 I 1_ ,27^) 
30 Afl 

, l L , . 1 / 2 I 1_ (27-4) 
30 Afl 
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(Ar + Ap) Ap Ar r' Afl' 

The coefficients of the temperatures in the finite difference equation written at point on the 
right of the cold gas hole are obtained in a similar way 

, i - i / 2 ^ - ' -1 /2 1 
T . - 1 1 I !̂  ,29-1) 

Ap (Ar + Ap) 

,1+1 i(i+1/2 1 
V + l l I !S ,29-2) 

Ar (Ar + Ap) 

If' 3/2 

1 ,1+1/2 K . + 1/2 1 , 1 - 1 / 2 , ( 1 - 1 / 2 1 l f<3/2 
r 1 — , I !S + ! !̂  , _ JL_^ ,29^, 

Ar + Ap Ar Ap Ar'Afl' 

4 — Numerical Solution 

The finite difference form of the heat conduction equation — eq (1) and the boundary 
condition equations lead to a set of n algebraic equations where n is the number of unknown 
temperatures The n algebraic equations must be solved simultaneously in order to obtain the unknown 
temperatures The system of algebraic equations is linear when the thermal conductivity K is constant, 
and nonlinear when K is a function of the temperature The nonlinear system is solved by the succesive 
solutions of the linearized system Values of K'' are evaluated at the arithmetic mean of the hot and 
cold gases for the first iteration and at the previously computed values of T ' ' for the subsequent 
iterations. The procedure is continued until all temperatures converged within a given error criterion 

Since the set of algebraic equations to be solved is sparse (in no equation appears more than 5 
unknowns) subroutine SPAMAT has been used for the solution SPAMAT solves a set of linear algebraic 
equations by Gauss elimination using sparse matrix techniques Only the non zero elements of the 
coefficient matrix are considered for the storage and the elimination operations Thus significant savings 
in computer memory and running time are achieved SPAMAT is described in an other report*'' The 
computer program is listed in Appendix B It was run on a POP 11 and took less than 2 minutes to run 
a problem with 124 grid points 

III - RESULTS 

The computer program has been run for 12 cases as shown in Table III The dimensions of the 
different hot duct geometries used are given in Table IV Geometry 1 is the one shown in Figure 2 
Geometries 2 and 3 are obtained by multiplying the dimensions of geometry 1 by 1 1 and 9 
respectively The finite difference grid for geometries 1 2 and 3 is given in Figure 4 and Table I 
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Table IV 

Duct Dimension 

31 

Geometry 1 Geometry 2 Geometry 3 Geometry 4 

(G1) (G2) (G3) (G4) 

Number of Cold 

Gas Holes (N) 
10 10 10 12 

ri (m) 5 55 45 .525 

rj (m) 1 1 1 90 975 

rs Im) 15 165 135 13 

d(m) 75 825 675 75 

Im') 785 950 636 .865 

Ac (m*) 707 855 573 637 

r, rj Internal and external radii of the duct respectively 

r3 Radius of the cold gas hole 

d Hot gas duct - cold gas hole center to center distance 

A^ Area of the hot gas duct Â ^ = 0 r2 

Cold gas hole flow area A^ = N n r̂  
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fipomrtry 4 has a lelatively smallw wall tickness than the previous ones Thus it has a smaller rold gas 
hue liiamtter and more (12 instead of 10) cold gas holts The finite difference grid for geometry 4 is 
shown in Figure 4 and Table II 

For the thermal conductivity of the ceramic material specified as carbon stone in (1) 3 values 
have been used The first two are K = 5 2 Wm/(m' "C) and K= 118 wm/(m' °C) corresponding to carbon 
pipe and graphite pipe at room temperature'*' K for carbon pipe varies very little with temperature***, 
but the thermal conductivity of miscellaneous graphite as given in ranges from 20 to 
200wm/(m' °C) in the range of 100 to 1000°C The third expression for K of the duct material has 
been taken as K = 118 05T (T in °C) to test the computer program when K varies with temperature 

In order to have tolerable pressure losses and dimensions in the design a hot gas velocity of 
about 60-70m/sec and a hot gas duct diameter of 1 1 1 in should not be exceeded According to 
Figure 8 in reference'^' these data lead to 8 12 loops for a 3000 MW plant The computer program has 
been run for a plant with 6 9 or 12 loops The Sloop case leads to highest velocities therefore to 
highest heit transfer coefficient on the hot gas side resulting in highest duct wail temperatures 
Although unacceptable high velocities are thus reached the case was studied as an example of severe 
conditions 

The respective hot and cold gas temperatures have been taken as 950°C and 2S0''C The outside 
duct temperature T2 is indicated as 70°C in Figure 7 of reference'^' Except for runs 10 11 and 12 
values of Tj near 70°C have been obtained by using a relatively high value for h^ and taking the 
surrounding temperature T̂ ^ as 70°C In run 10 the surrounding temperature T^ has been taken as 
25°C and several values h^ have been tried until computed Tj was near 70°C As seen in Table A 10 
when h^ = 140 w/(m' "C) Tj varies from 79 0 to 59 9 along the wail When the effective thermal 
conductility of the outer insulation is known h„ can be estimated and this estimated value can be 
used in the computer program as a realistic boundary condition The computed temperature distribution 
will give the outside duct temperature T ,̂ 

The heat transfer coefficients for the hot and cold gases (h^ and ĥ .) have been calculated from 

h = 023 K/D Re ® Pr * (30) 

The helium properties have been taken from'^' 

The temperature drop for the hot helium per meter of duct (AT) has been calculated from 

AT = (31) 
m Cp 

A the heat transfer area per meter of duct length is given by A = 27n-a T^ is the arithmetic 
Kg 

average of the wall temperatures m is the gas mass flow in — given by m = M/N where M is the total 
s 

gas mass flow and N is the number of loops is the heat capacity at constant pressure in ws/(Kg°C) 
Calculated values of AT are shown in Table III 

The influence on the results of the thermal conductivity number of loops duct dimensions 
and duct outer insulation is discussed below Figures of isotherms and temperature profiles are given for 
some runs (Figures 10 to 13) and tables of temperature distribution fot all runs are in Appendix A 
Tables A 1 to A 11 should be used in itference to Figure 4 and Table A 12 in leference to Figure 4 
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IV-CONCLUSION 

The computer program developed allows the steady state computation of temperature 
distribution in the hot gas duct for different duct and plant configurations The work continues in the 
following areas 

1 ) Calculation of thermal stresses at steady state conditions 

2 ) Calculation of temperatures and stresses in the transient conditions. This would allow 
analysis of the duct during normal operational as well as eventual accidental transients. 

1 Thermal conductivity K Comparison of runs 1 2 and 3 with runs 4 5 and 6 show that the 
temperature grddients are lower when K is higher However the temperature drop per meter increases 
with higher K reaching about 2°C/m for run 6 (corresponding to K = 118 wm/(m'°C) and to 12 
loops) Run 7 compared with run 4 shows the effect of K varying with temperature In this case 4 
Iterations were necessaryfor the temperatures to converge within 1°C (Table A 7) 

2 Number of loops Higher number of loops for the same duct dimensions leads to lower gas 
velocities and to lower heat transfer coefficients Thus as indicated by the comparison of runs 1 2 and 
3 or of runs 4 5 and 6 lower temperature gradients are obtained with higher number of loops 

3 Duct dimensions Comparison of run 2 with run 8 and comparison of run 3 with run 9 show 
that decresing or increasing the duct dimensions by 10% has almost no effect on the temperature 
distribution Comparison of run 1 with run 12 again indicates that small changes in duct geometry does 
not effect the temperature distribution significantly Run 12 has been included mainly to give an other 
example of finite difference grid 

4 Outer insulation of the duct and heat dissipated to the surroundings Run 11 corresponds to 
an almost completely insulated duct This has been simulated by using for the outside heat transfer 
coefficient ĥ , a very small value (h^ = 1 w/(m' "O) The surrounding temperature T ,̂ has been taken as 
Tg = 25''C Comparison of Figure 12 and Tab ieAI I ( runl l ) with Figure 1 0 and TableAl (run 1) 
shows that insulating the duct has no effect on the temperature distribution on the hot half of the 
duct but leads to higher temperatures (around the cold gas temperature of 250' 'C) on the cold half' 
on the duct in particular outer insulation does not help to decrease heat losses from the hot gas and 
temperature drop per meter However heat lost to the surroundings has been calculated to be 3 0 % and 
1 5% of the total heat lost by the hot gas for runs 1 and 11 respectively Thus insulation decreases heat 
losses to the surroundings and causes higher but uniform temperatures on the cold half of the duct 
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RADIUS 

Figure 12 - Isotherms and temperature profiles 

K = 5 2 h„ = 

G1 6 Loops 

K = 5 2 h„ = 1333 h^ = 1646 h„ = 1 = 25 
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RADIUS 

Figura 13 — tsothprms and temperature profiles 
K = 52 = 1223 = 1841 = 140 T ,̂ = 70 
G4 6 Loops 
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APPENDIX A 

Tables of Temperature Distribution 

Table A 1 

K = 52 . = 1333 = 1646 h„ = 20000 T„ = 70 
c 

G1 6 Loops 

1 < r< :«> - en.-" : T( 4 ) = 4 4 7 4 
J< 5 ) = T( i->; - 2 4 R i < 7 ) - l--'4 4 T< c i ) = l'=^0 
T< J) = 1 1 < 1 0 ) M r ( U ) - 7 T( 1 2 ^ = 7 7 0 J 

T< f-l? IK 1 4 > - 4i^.. 5 r< 1 5 ^ ^ - 0 8 T< 1 6 ) = 2 7 2 A 

I< 1 . - ; = T< 1 ) ^ . - 3 1 8 r ( 1 9 ) - 1 ^ 7 2 T< 1 4 6 1 

f< . . 1 ) = 1 h 7 2 r< 7 n T< ) = 9 2 6 9 T< 2 4 ) « 7 7 9 

T< ^3}=- € - H 1\ 4J7 T< 2 7 ) - ;»=;2 2 T< a 8 ) = 2 6 7 A 

T< ^9)= 2 4 ' - T< 0)=. ^ 4 3 £ T< -<.1) = i 4 4 8 T< 1 2 ) * 2 0 7 H 

T< 12)^ 1 7 1 T< 1 4 1 - 131^ 5 T< . S ) = 1 0 2 8 T< 3 6 ) = 7 0 

T< 27)= 1 < : ) - 4 r ( 3 y ) = 7 T< 4 0 ) = 5 3 7 

7< 4 1 ) = - 1 T 4 ^ - 3 7 7 7< 4 T< 4 4 ) = 2 6 0 cr 

T< 45)=^ - 4 7 1 T< ._^4 °> T< • 7 ) - _4^ 1 T( 4 8 ) = 2 1 0 
T< 4 y ) = ! - • 1- T ' 11) - 1 T< 5 1 ) : ^ 1-1-' f\ T< 5 2 ) = 9"^ 1 
T< 5 3 ) = 7H M T< "4)- 9.-y T( •=iS> - 8 0 3 T< 5 6 ) = 6 7 3 0 
T< 5 7 ) = 5 ^ J 1 T< 1 = 4 7 1 6 T< 1 9 0 1 T( 6 0 ) = 3 2 3 1 
T< 6 1 > - 1 Tv ^ ^ 7 7 r< I - . ) - 2 5 7 0 T( 6 4 ) « 2 6 5 6 
T< 6 5 ) = 2 5 4 T( ^ "1 8 T< . ^ 7 1 - ^ 5 2 0 T< 6 « ) = 2 5 1 3 
r< « 9 ) = -CM 4 T-- 7mj-= 2 4 i - 8 T< 7 1 ) = 2 4 9 1 T< 7 2 ) = 2 : ^ 0 
T< 7 . , ) = 1 7 4 ) - CL T< 7 = 1 ) ^ 2 4 7 4 T< 7 6 ) = 2 1 0 3 
T< 77»=^ 1 j<H 2 Tu 7 c ) = 1.-7 7 T< aj! - 1 4 3 1 r< 8 0 ) = 1 1 ^ 2 
T< . , 1 ) * ^•4 c; T< t . - 1 = M T< ) ^ 9 3 0 7 T< 8 4 ) ^ 801 8 

T< 3 5 ) - f T< . - I ^ ) - -J -1 T > = 4 9 3 9 r< 8 8 ) = 4 2 3 <a 

T< 8 9 ) - - ':j5 1 T<: 9 0 ; - 2^2 1 1 2 9 2 4 T l 9 2 > * ¿ 7 2 2 

T< j » 3 ) - ¿ 5 7 3 9 4 ) - ^44 4 1 < ) ^ 2 3 1 1 T( 9 6 ) = 2 1 f i 1 
T\ 9 7 ) - 1 J 9 d T< 9 1 7 9 8 \K 9 9 ) = 1 5 9 1 T < 1 0 0 ) = 1 3 7 3 
T < 1 M 1 ) - 1 1 4 r<ict^^ = T<1M7)^ 70 0 r ( i 0 4 > = 9 3 1 0 

T ' 1 0 5 ) = 1 T < 1 M 6 ) = I < l M 7 ) - = j ^ b I - . r < i 0 8 > » 5 0 7 it 
T < i e 9 ) = 4 : 4 6 T \ l l i 3 ) - S7i= 5 T d l l ) = 3 3 2 iS r < i i 2 ) « 3 0 0 f 
T < 1 1 3 1 - ¿ - 7 5 T < 1 1 4 ) = ^ 6 T < 1 1 5 ) = 2 4 4 r < i i 6 ) » 2 2 9 1 
r < 1 1 7 > = 21Z 2 l^- ' I 7 T < 1 1 9 ) = 1 7 6 7 T < 1 2 0 ) " 1 5 6 4 
r ' ' 1 2 1 > = T ' l . - ) 1 1 3 T ( 1 2 3 > » 9 1 II; T < 1 2 4 > » 7 0 6 



Table A 2 

K = 52 - 964 = 1190 = 20000 T„ = 70 

G1 9 Loops 

TEMPEFi'HriihE 1 I - I I T I M N > 
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T( 1 ) - y l f- 1 - r«. _ >= 7 h i 8 T < ) - ^ M ^ 4 T( 4 ) = 4 5 0 6 
T\ 5 1 - T< - 4 1 r T< 7 ) = 1 ^ - 8 T( 3 ) = 14> 1 
T( y ) - i n 6 T< 7M r< 1 1 ) = 917 T< 1 - ) = 765 3 
T< 1 3 ) = If-. 1 1 < 1 4 ; - T< 1 - ; = 0 7 ft T< l t D l = 9 

T< l . - ' ^ »1 C T J 7 r ( 1^«) = 1..5 7 T< - 0 ) = 145 1 
T< . . 1 ) = lo t ^ -» T< - - ) = 7m 0 T< ¿ 3 ) = y l - i 8 T< 2 4 ) = 7 7 4 4 
T< ^ 5 ; = 0 If 2i^> = 4^-" 2 T< 2 7 ) = 3 66 4 T< -t- ) = 273 5 
T< = - 4 : 1 7 < ;t^)-= - 4 1 4 T<. - 4 2 9 T< 3 2 ) » 205 5 
T< 3 3 ) = 170 T( 3 4 ) = 1 _ " I < I M ^ 5 r ( ^6 ) = 70 0 
T< 3 7 ) = 9 2 0 T( 3 - . ) = 4 T< r 9 ) = ^ ' 5 7 3 T< 4 0 ) = 537 2 
T< 41>= 4 ^ 7 T< 4 - ) = : _ i 0 1 < 4 3 ) = ¿70 9 T< 4 4 ) = 264 2 
T< 4 5 ) = 2 4 0 T< 46> = 2 1 3 3 T< 4 7 ) = ¿ 4 4 6 T< 43>i= 2 0 9 4 
T< 4 9 ) = l ! : 2 7 T< 1 ^ 4 6 T< 5 l ) = 1 - 6 T( 5 2 ^ = 9 7 9 
T< 5 1 ) = 7m 0 If 54 > = _ T( s - > = 7J5 l b . r ( 5 6 ) = 676 5 
T< 5 7 ) = 5c. ̂ . 1 T< ) = 4 7 - 1 r < •= i9 ) - 2 ^ 1 5 T< i=;0) = 3 3 0 0 
T< 6 1 ) = 2 6 3 8 T< t ) 2 ) = 5 T< 6 3 ) = -•=59 6 T< 6 4 ) = 2 6 7 0 
T< 6 5 ) = - i55 8 T< 6 6 ) = 2Sti^ i£- T< 6 7 ) = - 5 2 3 T( 6 8 ) = 2 5 1 6 
T< .^y) = 2 5 0 5 T< 70)=- - 4 t 6 T< 7 1 ) = - 4 ^ 8 T< 7 2 ) = 23 3 6 
T< 7 3 ) = - 4 7 4 T< 7 4 ) = 2 2 i ^ 3 T< 7 5 ) = 2 4 6 4 T( 7 6 ) = 2 0 9 6 
T< 7 7 ) = 1119 5 T< 7 8 ) = 167 1 T< 7 9 ) = 1 4 3 3 T( 8 0 ) = 118 9 
T< 8 1 ) » 9 4 3 T< 8 2 ) = 70 0 T< 3 3 ) = 9 2 3 7 T< 8 4 ) = 8 0 1 8 
T< 8 5 ) = 6 8 9 0 T< 8 6 ) = '=l«7 3 T< -.7) = 4 9 8 5 T< 8 8 ) = 424 4 
T< 8 9 ) = 3r>6 1 T< 9 0 ) = 3 i r 2 T< 9 1 ) = 2 9 3 3 T( 9 2 ) = 2 7 2 8 
T< 9 3 ) = ¿ 5 7 6 T< 9 4 ) = - 4 4 4 T< --•5) = 2 3 0 9 T< 9 6 ) « 2 1 5 8 
T< 9 7 ) = 19v. 6 T< 9 8 ) = 1 7 y 4 T< - -9) = 1 5 3 7 T ( 1 0 0 ) = 1 3 7 0 
T < 1 « 1 ) = 114 7 T < 1 0 - ) = y— ^ T ( 1 M 3 ) = 70 0 T ( 1 M 4 ) = 924 1 
T < 1 W 5 ) - t.M4 1 K I M . ^ ) - J 1 ( 1 0 7 ) - 5 9 3 8 T ( 1 0 8 ) = 5 0 7 2 
T < 1 0 9 ) = 434 8 T < 1 1 0 ) = 3 7 7 r < i i i ) = 3 3 3 5 T < 1 1 2 ) = 3 0 1 5 
T < 1 1 3 ) = 273 1 T<114)-= ->^0 0 T < 1 1 5 ) = 2 4 4 3 T ( i l 6 ) = 2 2 9 0 
T < 1 1 7 ) = ¿ 1 . 9 T < 1 1 3 ) = 1^=1 4 T < l l y ) = 1 7 6 4 T < 1 2 0 ) = 156 1 
7 < 1 ^ 1 ) - 0 T d i . . > 1 1 J i T ( l - 3 ) ^ r ( i 2 4 ) = 70 0 
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T a b l e A-3 

K = 5 2 = 765 945 = 20000 T^ = 70 

G1 12 Loops 
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9.«) 
•J7> 

T<1M1) 
T<10=^ ) 
K l y y ) 
T < 1 1 _ ) 
T d l 7 > 
T d - 1 > 

e l ^ 

I M . -

1 
5 
4 

- 4 
= - 4 1 5 
- l i - j " 2 
- y l - y 
= 7 
- - I « 
= 1 1 
= 7 M E 

= 5 6 7 1 
= 2 6 7 1 
= 2 5 7 2 
^ 25M 
= - 4 6 
= 1-
= 94 
- --1=̂  
= f t -
- - 5 7 
- l y 
- 114 

7 

9 

1 
9 
y 
2 
5 

I w 
- < • T 

1 . 7 
i : I 7 

14 >^ 
1 ) = 
-p . ^ 

> -

_4 ' -
_ -> • -
4^ • = 

""I I t = 

5 4 ) = 
•= t . ) -

6 - ) - = 
f,f ) = 
7m > 
74) 
7 ) 
^ - ) 
rf ) 
yw^ 
9 4 ) 
y » 

7 ^ 
T ( 

T< 
T< 
H 

r< 
r< 
r 
T < 

T' 
T< 
T< 
T< 
T< 
T< 
7< 
r \ 
T< 
T< 
f 
T < 
I ( I M ^ ^ 
TklM.-.) 
T^11M> 
I <- 114 >̂  
7 ( 1 1 
7 < 1 — ; 

2 " y 4 

41-7 

70 M 

y 7 
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Table A-4 

K = 118 = 1333 = 1646 

G1 6 Loops 

h„ = 20000 T„ = 70 o o 

lEtlFERHTUI E L>ISTK I hMT ION> 

!)=• 'ti>- 7 7 1 . i-j.. r( ) - S 7 - 4 T( 4 ) = 506 5 
< 5 ) * 4 i n T< f) = 17? 1 7< 7) = LU 3 T< 1 2 1 4 

V7 9 T 10 ; = "5 3 T< 1 1 ) = 7 0 ^ 4 T< 1 - ) = 6 4 0 2 
V 1 - «1 - y T< 14 -1 7 i 1"=) = 444 3 T ( 1 6 ) = 4 3 3 4 
<, 1 - ' = l r " i 4 7< 1- . ) = l i - . - . T< 1 9 ) = 1 4 i 9 T< 2 0 ) = 120 1 

ye 3 iK 2 - ) = T l 2 3 ) = 71« 4 T ( - 4 ) = 6 4 2 8 
577 1«; T< - i ^ ) = 514 5 T< 2 7 ) = 4-^3 1 T< 23;-= 4 0 9 t> 
186 1 T< J 0 ) = 1 5 0 T< 3 1 ) - 1 - ' * 4 T< ~2) = 1 6 1 9 

i< JZ<) = 1 - y 3 7 34> = 1 1 7 3 T< 35)-= 95 8 n _<.6; = 74 9 
i< : 7 ) = 713 0 T l r ^ ) - = 646 1 7< 3 9 ) = 5 32 4 T< 4 0 ) = 5 2 1 7 
U 4 1 ) = 464 0 T< 4 - ) = 4 M y 7< 4 3 ) = j y 7 7 T l 4 4 ) = 3*=:3 5 
r< 4 5 ) = 207 b T< 4.=:) = 19=. 7 T< 4 7 ) = i y 8 7 T ( 4 8 ) « 1 7 5 8 
T< 4 y ) = l'=^5 4 T< 50)=r 114 y T< 5 1 ) = 114 4 T< 5 2 ) = 94 3 
r< 5 j ) = 74 6 T< 5 4 ) = 715 6 T< 5 5 ) = 6 4 9 4 T< 5 6 ) = 5 3 7 0 
JK 5 7 ) = 5^8 4 T< 5 ) = 4 7 3 8 T< 5 9 ) = 4 - 3 6 T ( 6 0 ) = 3 7 8 6 
7< 6 1 ) = 359 9 Jf i=^ .̂) = 34H 5 T< 6 3 ) = 1 3 0 6 T ( 1^4) = 3 0 « 9 
1< 6 5 ) = 3«4 2 T< 6 6 ) = 2t.j 2 T< 6 7 ) = 2 ^ 0 9 T< 6 3 ) = 2 6 2 1 
T< 6 y ) = 6 T< 7M)=: 243 6 T< 7 1 ) = - 4 2 6 T< 7 2 ) = 2 2 6 0 
T< 7 3 ) = 22-=: 6 T< 7 4 ) = 2 0 o 3 T< 7 5 ) = 2 1 2 5 T< 7 6 ) = 189 « T< 7 7 ) = 1 7 0 6 T< 7 8 ) = 1 5 1 2 T< 7 9 ) = 1 3 1 7 T ( 8 0 ) = 1 1 2 3 
T< 8 1 ) = 93 2 T< 8 2 ) = 74 4 T( 8 3 ) = 7 1 7 3 T< 8 4 ) = 6 5 1 6 
T< 8 5 ) = 590 2 T< 8 6 ) = 5 3 3 0 T ( y 7 ) = 4->0 2 rc 8 8 ) » 4 3 2 1 
T< 89)=» 3 8 9 3 T< 9 0 ) = 3 5 1 9 T< 9 1 ) = 3 1 9 8 T< 9 2 ) - 2 9 2 2 
T< 9 3 ) = 26C 2 T< 9 4 ) = 24.«: 6 r( 9 5 ) = 2 2 6 4 T< 9 6 ) = 2 0 6 9 
T< 9 7 ) = 1 8 7 6 T< 9 8 ) = 16-=! 3 T< 9 9 ) = 1 4 9 1 T < 1 0 0 ) » 1 3 0 0 
T < 1 0 1 ) « 1 1 1 1 T < 1 0 2 ) = y c 5 T < 1 0 3 ) = 74 3 T < 1 0 4 ) = 7 1 8 0 
T < 1 0 5 ) « 6 5 2 5 T<1P I6 ) = • ^ y l 3 T < 1 0 / ) « * 534 5 7 ( 1 0 8 ) « 4 8 2 3 
T < 1 0 9 ) = 434 9 T < 1 1 0 ) = 3 9 2 6 7 < 1 1 1 ) = 3 5 5 4 T ( 1 1 2 ) = 3 2 3 1 
T < 1 1 3 ) » 295 0 T < 1 1 4 ) = 2 7 0 1 T<115>= 2 4 7 7 T l l l 6 > = 2 2 6 
T < 1 1 7 ) « 206 7 T < 1 1 8 ) = 1-^7 1 r<119)= 1 6 7 7 7 ( 1 2 0 ) = 1 4 8 5 
T<121>= 12'=> IT T < 1 2 2 ) = i m T< 1-"?)'^ 9 2 3 r ( 1 2 4 > - 74 3 



A? 

K - 118 

Table A-5 

= 964 = 1190 = 20000 T„ = 70 

G1 9 Loops 

It ( I I M I I III! L L I II II 111 l i iN 

1 J- '-•7^ - T' 2 ) = f ! •= 7 < 3,>-= s.i;0 3 T< 4 ) = 507 7 
4'- 8 Ts 1 ->y 3 7< 7) = l ^ K 5 T( 115 0 
->1 5 T 1HJ = 7 1 7 7< 11) = 1 - 7 - 6 T< 1 ? ) - 616 0 

5-cl 4 T-- 1 4 J - •=1.1 5 T< 1 ) ^ 4'=̂ .=- o r< 1 6 ) = 4 4 s 2 
T i Jf-.. 3 T< 1 ) = I ' t 7 7< l y ) = 1 T 5 0 2 0 ) = 114 2 
I 1 » = y4 1 T< ) - - 4 6 T< 2 3 ) = .^73 6 T< 2 4 ) = 6 1 7 1 
I - > = '=̂ ^ 8 -1 - ) = S l H 7 T< - ? ) = 4t-"0 1 r< 2c. > = 424 4 
If J - o - 174 T< 10 ) = IT-t 3 T< 3 1 ) - 173 5 T< 3 2 ) = 1 5 2 6 
r< sZ)= i ; - - r< 4 > - 112 T< ^ ) = 9 « 2 T( ; 6 ) = 74 4 
T< 37>= o74 y T"" It . ) = e l t : 7 r< 2-")- 565 1 T( 40 ) = 5 1 3 9 
T< 4 i > = 4f 4 9 Tl 4 - ) ^ 41.- 7 7< 41 ) = 4 1 - 4 T< 4 4 ) = 377 1 
T< 4 5 ) = 19=" r< 4f- ) = 1W7 3 T< 4 7 ) - 7 T< 4 8 ) = 1 6 8 3 
f< 4 9 ) = 14-' T< j - y y T< 5 1 ) = I l l 0 T< 5 2 ) = 92 4 
T< 5 j ) = 74 3 T 5 4 ) = T< s=-) = 6.-Pt 3 T< S h ) = 5 6 7 3 
T< 57)= 517 T< *=; > = 4i- •> * T( •=, J t = 4-'^ 3 T< 6 0 ) = 384 1 
T< <=:i) = Z 7_<. T< 6 - ) - '-47 3 T< .-'3) = 3 4 1 0 T< 6 4 ) « 3 1 5 1 
T< 6 5 ) = 311 9 T' 6t.) = - 7 4 r< 1^7)- 2«=^ 6 T< 6 - ) = 2^2 
T< 6 9 ) = - 6 - 1 Tl 7t^) = - 4 - 4 T< 7 1 ) - 2413 31 T< 7^) = - 2 2 7 
T< 7J)= 2 i l 8 T< 7 4 > - -11- o T< 7 5 ) - 2 0 4 6 T< 7 6 ) = 1^4 
T< 7 7 ) = lt .5 9 If 7c ) = 1 4 7 0 T< 7y) = 12'--' 3 T< 3 0 ) = 1 0 9 9 
T< 8 1 ) = y l 8 Jf .-.-) = 74 T( =!3) = 677 — T< 8 4 ) = 6 2 1 5 
T' 3 5 ) = 9 Tl -t^ ) - 519 S T< ^7) = 4 7 3 2 T< 8 8 ) = 4 3 0 1 
T< s y ) = Zyu 5 Ts y0) ~ 3'-4 7 T< 9 1 ) = 322 T( 9 2 ) = 2 9 4 4 
T< 9 3 ) - T< 94 ) - 0 7< •iS) = 2^4 5 T< 96 > = 2 m 4 
f 9 7 ) = 1^4 4 T-" 9"" > = 1-̂ 5 1 7< y 9 ) = 1 4 6 2 T < 1 0 0 ) = 1 2 7 6 
T < 1 0 1 ) = l « y 4 T<ln . y l r < i « 3 ) = 74 1 7 < 1 0 4 ) = 677 S 

T<1M5»= i^-i 9 T IMi- ) •^f9 T < 1 m 7 ) = 52« 3 7 ( 1 « ^ ) = 474 t 
T < 1 P I 9 ) = 4 1 7 7 < l l M ) = _92 T ( l l l ) - 3 "7 1 T ( 1 1 2 ) « 22'=i 
T ' 1 1 2 ) = ^ - » 1 - 5 T i l l 4 ) - 271^ 7 7 1 1 1 5 ) ^ - 4 7 7 ( 1 1 6 ) = - 2 5 — 

r<117)= i H 4 4 T s l l ^ >- l - i* 4 T i l l 9 ) = 1 6 5 C\ I ( 1 2n) = 1 4 k tl 
t •' 1 ) - 1 . 4 7 J ) = lM-< T ( i : : > = =•1 7(1 •>4) = • I 



K = 118 \ - 765 

Table A-6 

Gl 12 Loops 
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T( 1>= >-.}>• . ) = •=-y. f T< : ) = 5-10 7 T< 4 ; 5M-> 9 
T l .-.) = 1 4 - ' 7 T< 7 ) - 1 - y 6 T< 5 > = 1 1 0 4 

T l y ) - y - M T> 74 T ( 1 1 ) = 1^4»- : r< 1 - ) = s 97 7 
r< i o = 7 T-- 1 4 ) - 7 T< I f ) = 4.-.2 3 T< 1 6 ) = 4 5 5 1 
T.- !•=_ 1 T' 1 14 1 r 1 9 ) » 1 2 S 7 T< 2 y ) = l i n n 

T ( > = -•1 T ) = •"4 T l 2 ) - fi4 7 0 T< 2 4 ) = 
7i ¿ - ) = 9 T -*=;)- y T l - 7 ) - 4 . - - 3 T ( - -. j a 4 : 1 
T< -.-<) = l^-"i y T< 0 T ( 3 1 ) = it=;5 1 T< 3 - ) = 1 4 6 0 

T< = lo-i 4 T< 3 4 ) = i « y T ( 9 1 4 T ( -^6> = 74 1 
T ( 3 7 ) = f>47 — T< : ) = 5 -1- . i T< r 9 ) = •=¡51 5 r< 4 0 ) = 5 0 6 6 

T< 4 1 ) = 4 6 3 3 T< 42.» = 4 2 1 4 T< 4 r ) - 4 2 0 0 T< 4 4 ) = 3 34 ^ 

T< 4=1) = 1 9 2 6 T*^ 4^%) = 1 " 1 1 T< 4 7 ) = 1 3 1 5 T< 4 ¿ ) = 1 6 2 7 
T< 4 9 ) = 1 4 4 4 T< 5 M > ^ 1 2 6 3 T< •=.1)= 1 0 8 5 T< 5 - ) = 9 1 1 
T< 5 3 ) = 7 4 If 5 4 ; = t - 4 7 r T< =.'^) = f 9 o T< 5«=¡) = 5 5 2 1 
T< 5 7 ) = 5W7 t-> T< 5 46=i -» T< 4 - 4 7 T ( 6 0 ) = 3 3 6 3 
T< 6 1 ) = l ^ w 5 T< l i - > = I SO 7 T< 6 r ; - 1 4 6 ï- T< 6 4 ) = 3 1 8 3 
T< 6 5 ) = 3 1 6 Pt T< ) = ^ o 4 T< 6 7 ) = - ^ 8 0 T ( 6 3 ) = - 6 3 8 
T< 6 y ) = 5 T l 7 0 ; = - 4 1 0 T< 7 l ; ~ ¿.^y 3 T< 7 2 ) = 2 2 0 0 
T< 7 3 ) = 0 T< 7 4 ) = T< 1 9 5 7 T< 7 6 ) = 1 3 1 1 
T< 7 7 > = 1^2 3 T< 7£ ) = 1 4 3 9 T ( 7=») = 1 2 5 3 T< 8 0 ) = 1 0 8 2 
T< 8 1 ) = yw 9 T< 8 - ) = 7 4 0 T< S . O = •=:43 1 T ( 8 4 ) = 5 9 9 2 
T< 8 5 ) = 5 5 2 7 T< 8 6 ) = 5w -. 5 T< ¿ 7 ) - 4 6 6 7 T< 3 8 ) = 4 2 7 1 
T< '^•^) = 9 T< 9 0 ) = 3-^5 4 T< y l ) = 3 2 3 8 T< 9 2 ) = 2 9 5 0 
T< 2 " i o 8 T< 9 4 ) = 2 4 4 9 T< y 5 ) = 2 2 2 7 T< 9 6 ) = 2 0 1 3 
T< 9 7 ) = I S l 8 T< 9 < i ; - 1 ^ 2 6 T< 9 9 ) = 1 4 3 9 T<100)= 1 2 5 8 
T < 1 0 1 ) = 1 0 8 1 T < 1 0 C ) = -111 T < 1 0 3 ) = 7 4 0 T < 1 0 4 ) = 6 4 3 2 
T < 1 0 5 ) = •^9y 3 T < 1 0 6 ) - 5'=i2 9 T < 1 0 7 ) = 5 0 3 9 T < 1 0 8 > = 4 6 7 2 
T < 1 ' ^ 9 ; - 4 - 7 9 T < 1 1 0 ) - 3 y i 1 T < 1 1 1 ) = 3 5 6 9 T < 1 1 2 ) = 3 2 5 5 
T d l - O - 7 T < 1 1 4 ) - - 7 n 4 T < 1 1 5 ) = ¿ 4 6 1 r < 1 1 6 ) = 2 2 3 6 
T < 1 1 7 ) = H i ! 4 T d l S > = 1 ^ - T < 1 1 9 ) = 1 6 2 8 T ( 1 2 0 ) = 1 4 4 0 
K l . i l ) 8 T 1 1 2 2 ) 1 T < l i 3 ) = y « b I 1 1 2 4 ) = 7 4 0 

K = 945 h„ = 20000 T„ - 70 

C O o 
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Table A 7 

(Sheet 1 of 4) 

K - 1 1 8 - 0 5 T h^ - 1333 ĥ . = 1646 h„ 

G1 6 Loops 

¿0000 T „ - 70 

I L I I I F k t t T U r L C I r i , f 117 lOU 

1 T 7 r » - : r t -̂ T^ 4 ; = Cin2 4 
T- r > = LI T £• > - 1E4 1 T ' i r 4 1 T-- 1 — 1 1 

c l ^ = . Q -1 — ^f 10)-^ - 4 5 T l 1 1 1 — - 4 0 2 T l 1 2 ) - h ^ 0 

7 i : > = 5 e : T 14 - 4 1< 1 5 ; - • 2 « 4 T-; I t >- 4 1 . ' 
7 i r ) = ISfc 5 T*- I E J T 1 9 >- I ' S O 9 Jf 20 ) = 1 ? 4 
7 ¿1 J = 9e Q T< - 4 : T- — > - - 4 3 0 T l 2 4 ) - K l - 4 f 

7 c 5 ; = 0 7 tfc ) - e T*- - 7 1 = 4 » : 9 7 < 2 8 ) = r y z 1 

T 2 9 » = 0 T< 1 0 » = 1 '4 T< 3 1 1 = 1 0 5 3 T< 3 2 ) = 1 6 9 4 
T : : > = 1 1 4 c T ' 14 ) = 1 2 0 4 T< 2 5 > = 9 T< 3 t . ) = 7 4 0 
7 : ? ) = 7 4 t e T< I E ) = e T 2^ I = 5 9 6 4 T< 4 0 ) = 5 2 6 C ! 

7 i 41-> = 4 e i 0 1< 4 £ J - ; Q u 4 T l 43 1 s. : t i 5 T< 4 4 ) = 3 4 9 3 
7«' 4 5 ) = 214 Q 7 4fc ) = cr Tf 4 - , I - -0 fc T< 4 8 ; = 1 8 1 8 
T< 4 9 ) = l e o 1 7 i 50 ) = l i e c Jf »=. l i t Z- T< 5 2 ) = 94 8 
T S T ) - 7 7 r4 ) = 0 If e5 1 - t 7 4 T< 5 f c ) = 6 0 3 2 
T*- S - ' ) - 9 7< 5€ 4 - 5 7 If 5 - 1 = 4 ^ 0 T< 6 0 ) = 3 7 2 2 
Jf f l > = : 4 t 1 7< fa2; = I I I 0 Jf bZ 1 = 3 1 9 9 T ( 6 4 > = 3 0 2 3 
T< e 5 ) = 29fc 5 7'' f t •» = £ 7 £ 7 T< 6 - > = 2 7 6 1 T< 6 8 ) = 2 6 0 2 
7 ( 6 9 ) = T< 7 0 ' = 244 1 T< 7 1 I = 2 4 3 5 T< 7 2 ) = 2 2 8 3 
Jf T2)= 2 : 0 2 T< 7 4 ; - 2 1 1 6 T< 7 5 ' 1 = 2 1 8 8 T< 7 t . ) = 1 9 3 3 
Jf 7 ? ) = 1 - 4 0 T< 7£ ) = 1 5 : T< 7 9 1 3 3 6 T< 8 0 ) = 1 1 3 3 
Tf e i ) = 2 T-- € 2 ) = 7 1 5 T< t : ' = 7 5 2 4 T< 8 4 ) = 6 7 7 5 
Jf £ 5 » = e 0 7 C l T< 6e » - ^ 4 3 5 T*" 4 t 4 9 T< 8 8 ) = 4 3 ¿ 5 
Jf 9 9 ) = : t e " e 7< 9 0 ) = Z4£ 1 T l 9 1 > = 3 1 6 0 T ( 9 2 ) = 2 8 9 3 
Jf 9 : ) ~ e T l 9 4 » - 24fc 4 T.- 9 5 ; ) = 2 2 7 2 T ' 9 6 ) = 2 0 8 6 
T< 9 7 ) = 1 € 9 e T< 9£ » = 1 7 0 3 T< 9 9 I = 1 5 0 8 T < 1 0 0 ) = 1 3 1 2 
T < 1 0 1 ) = 1 1 1 e T<10S.> = 9 2 ; T< lC ' i 5 ; > = 7 1 7 T < 1 0 4 ) = 7 5 3 2 
T d 0 5 ) = fc-E •7 T d O f ) - eCi9 5 T i l 0 7 ' I - 545 C l T i l 0 8 ) = 4 8 8 0 
7 ' ' 1 0 9 > = 4-<-fc 4 T d l O ) - 191 3 Jf 1 1 1 = 3 5 ^ E T i l l 2 ) * 3 2 0 2 
T " - ! ! : » - T < 1 1 4 » - Zt^ 7 Jfli5 1 = ¿47 T < 1 1 6 ) = 2 2 7 
T<'il7i = T l E ^ fc T C l l * ^ > - l t.<> 7 ( 1 2 0 ; = 8 
Jfi 1 > 1 11 I 7 0 ^ 11 1 1 T 11 7 i l ? 1 > = 73 
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1 » = • u £ T 2 ) = e . : 4 7 7 : )= £ ""4 4 Jf 4 ; = 4 9 8 1 
T l 5 ) - 4 2 4 2 T 6'» = 1 7 5 5 T l — J - 1 4 - 4 T l £ ) = 1 2 1 7 
T< £ • ) - c>7 8 Tf 1 0 ) - - 5 2 T l 1 1 ) = 7 4 1 7 T»- 1 2 ) = 6 5 b 0 
T = C-fc T 1 4 1 = 5 0 1 2 T.- 1 5 ) = 4 2 9 1 T< l t . ) = 4 1 7 2 
T^ l-^> = 1 7 7 5 T l Ê ) - I - L I •"" T 1 9 ) = 1 4 4 6 T< 2 n ) = 1 2 « 2 
Tf 2 1 ) = 1 T< 2 2 ) = 7 f 0 T-' Ij. 7 4 4 2 Jf 2 4 ) = 6 5 9 4 
T l 25-) = 5 8 1 T-- 2 6 ) = T O t f Jf ¿ 7 » = 4 4 0 Cl J< 2 8 ) = 2 9 4 4 
T*- 2=|-) = l e - e T< 2 0 ) = l E c fc T< : i ) = 1 8 7 1 T 2 « i ; = 1 6 2 5 
T ' 2 1 ) = i : « 2 T< 2 4 ) = 1 1 7 0 T ( J . 5 > = 9 5 5 T< 2 6 ) = 7 4 7 
T< 2 7 ; = 7 4 7 5 T< 2E •) = fc62 8 T< 2 ? ) - f £ 7 7 T ( 4 0 ) = 5 1 8 2 
T-- 4 1 J = 4 5 4 7 Jf 4 ¿ ) = 1 9 7 0 T< 4 2 ; = I E : 2 T< 4 4 ; = 2 5 0 S 
T< 4 5 ; = I 0 e 5 T l 4 t ) = 19fc 1 T l 4 7 ) = 8 T< 4 8 ) = 1 7 5 7 
T< 4 9 ) = 1 5 4 8 Tf 5 0 ) = 1 2 4 0 Jf 5 1 ) - 1 1 2 6 T l 5 2 ) = 9 3 7 
T< 5 2 ) = - 4 4 T 5 4 ) = - 5 0 6 T< 5 5 ) = fc6E 1 T< 5 6 ) = 5 9 3 7 
T l 57-) = 52fc 8 T 5Ê ) = 4fcfc £ T< 5 « ) = 4 1 2 7 T< 6 0 ) = 3 6 8 0 
T< 6 1 ) = 2 4 7 6 T< fc2; = : : 0 fc Jf €Z ) = 2 2 0 3 T< 6 4 ) = 3 0 0 6 
T l b 5 ) = 2 9 6 1 T l 6fc ) = 2-fc 9 T l fc-; = 2 7 4 8 T< 6 8 ) = 2 5 7 6 
T' ' 6 9 ) = 2 5 6 4 T< 7 0 ; = 2 4 0 4 T< 7 1 ) = 2 4 0 1 Jf 7 2 ) = 2 2 3 
T.- 7 2 ) = 2 2 5 6 T< 7 4 ) = 2Dfc 4 T-' ^ 5 ) = 2 1 2 9 T- 7 6 ) = 1 8 8 1 

T< 7 7 ) = 1 6 9 0 T 7 6 ; = 1 4 9 6 T.- •^9) = 1 2 0 2 T< 8 0 ) = 1 1 1 1 

T< 8 1 ) = 9 2 4 Tf S2 ) = - 4 2 T< 8 2 ) = 7 5 2 Ê T ( 8 4 ) = 6 7 1 P 

T< 8 5 ) = ^ 9 7 8 T Eb = 5 : 2 5 Jf £ 7 ) = 4 7 4 5 T< 8 8 ) = 4 2 3 5 

Jf 8 9 ) = 1 7 9 6 Jf c i Q > = 1 4 2 5 T< 9 1 ) = : i i -• T< 9 2 ) = 2 8 5 0 
T< 9 2 ) = 2 t 2 J< C 4 ^ = 2 4 1 8 T l « 5 ) = 2 2 2 t— T< 9 6 ) = 2 0 2 t? 
Jf 9"^) = i e 4 7 Jf 9E ) = 1 6 5 £ T^ Q Q ) = 1 4 6 Q T < 1 0 O ) = 1 2 8 2 
T - ' i e i ; - 1 0 9 7 T < i e 2 ) = -•1 6 T d o : •) = 7 4 0 T < 1 0 4 ) = 7 5 2 I-. 

T i l 0 5 ) = 6 7 2 1 T ' I O f c " ) - ^ • 9 9 T ' ' 1 0 7 ; = 5 : 4 er T ( 1 0 S ) = 4 7 7 1 

T ' ' 1 0 9 ; = 4 2 6 8 Jf l l U ) - £ 2 T f 1 1 1 ) = 2 4 6 1 T < 1 1 2 ) = 3 1 1 
T ' ' 1 1 2 ; = 2 5 - 5 T < 1 1 4 > 9 T l l l 5 ) = 2 4 2 4 T < 1 1 6 ) = 2 2 2 
T d l ? ) - 2 0 ^ 9 T d l t > I E : E T 1 1 Q > - l f c 4 Cj T < 1 2 0 ) = 1 4 6 1 
T < 1 2 1 ) - 1 - cr 7 1-r - - T LcZ )- y i Í T ' ' 1 2 4 ; = 7 4 M 
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(Sheet 3 of 4) 

TLdl LKf l r iK ^ r I £ If II H T I M N 

1 ) = r 10 7 T ) t: • 1 fc T' < ) = 5 - 1 4 T< 4 ) = 498 2 
T i 5J = 424 2 7 t ) r 1 7 Í 4 Tl 7 1 4 , T< 8 ) = 121 7 
T '=<f = •a 7 9 1 10 ) ' 5 C Tl 1 1 } - 7 4 1 7 T< 1 2 ) = 655 9 
T 1 - ) = w fc - T< 14 ) = 01 : Jf I t 2 T< l t ) = 4 1 7 3 
Tl l - > - í Jf 16 ) - 1 , y fc Tl 19 > = 144 t Jf ¿0> = 1 2 0 2 
T 2 1 ; = 1 T< ^ ¿ > - 75 0 7 f 744 2 Jf 2 4 ) = 659 3 
T< Z5»= 5fcl T< 2 b ) = 501 9 7 f 2 » = 141 0 T< ) = 294 5 
T*- 2 9 ) = 1 6 ^ 7 T< 10 ) =• 16fc 5 7'' 3 1 ^ 1F7 0 tf _<2) = 162 5 
Tl : : » = 129 ~ T 2 » ) I J - 0 7 2 5 5 7 2b ) = 74 7 
T : r ) = - 4 1 Tf F í fct 1 7 I - •"b 7 7 Tl 4 0 ) = 5 1 8 3 
T 4 1 > - 454 M Tl 4 2 ) - c - 7 4 : > - 262 T< 4 4 ) = 250 9 
Tf »5) = 206 4 T< I t ) í->h 1 7< 47J J . M C I & T< 4 8 ) = 175 7 
T i ' 4=») = 154 £• Jf 5 0 ) = i : 4 1 J' 5 1 i i : 7 T< 5 2 ) = 92 8 
Tl 5 1 ) = 74 4 Jf 54 ' 5 T< ' - fcfc7 £ T< 5 6 ) = 592 6 
T< 5 7 ) = •=i2t 6 Tl 5C ) - 4ffc M 7'' 4 1 _ Q T< 6 0 ) = 2t>8 2 
T*- b D - 147 7 T fc2 ) = 7 71 b : 120 4 T< t .4 ) = 2«0 8 
T< b 5 ) = 2 T fct ) 0 T( t - ¿74 9 T< 6 8 ) = 2 5 7 6 
Jf b9>= 2Efc 4 Ts 7 0 ) 4 T'' 7 1 ' 2 4 0 1 T< 7 ¿ ) = 223 7 
T 7 2 ) = 225 € T'' ' 4 ) = 2Ufc T< 7 5 : • = 212 o T< 7 6 ) = 18b 1 
T-- 7 7 ) = I t * : " 0 Tv 76 ) 14C, 7 Jf • 7 C | ^ > - 120 j T< 8 0 ) = 1 1 1 2 
T*- e i ) = 4 T'' 62 "•4 c J' 6 - »- - 5 2 € T< 8 4 ) = 67»^ 7 
T 6 5 ) = 59 — Ts 6 t ) zzz 5 Jf 6 - ' 474 t Tl 8 8 ) = 4 2 . f 
Tl 6 9 ) = - - t l 6 T< 90 ' - . 4 ¿ 7 Tl '^l 2 1 1 5 7< 9 2 ) = 2 8 5 1 
T-- 9 2 ) = 2 t 2 4 Ts 94 ) - 2 U 9 T< 95 222 b T< 9 6 ) = 203 7 
T< 9 7 ) = 164 6 T< 9 t ) l t 5 Q J< 99 = 147 0 T<10O)= 128 2 
T ' ' 1 0 1 ) = 109 7 T 10¿ ) «̂ 1 t J> 102 74 0 T < 1 0 4 ) = 753 4 
T 1 0 5 ) = fc7J 6 T'-lPifc- - 1 J 1 0 7 . = 524 4 T < 1 0 8 ) » 477 2 
T 1 0 9 ' - C l T'-l lL-t» _ !- " J 1 1 1 _ Ifc 2 T i l l 2 ) = 314 7 
T d i : - í 7 T1114 > - 4 0 Jf 1 1 - - ¿ 12 5 T 116 ) = 2 2 2 4 
7 ' ' 1 1 7 ) - U T M l f ' Jf l l y Ifc i C l T ' ' 1 2 0 ) = 146 1 
T- ' i rJ ' i T 1 r^: > 111 1 T 1.. = 4 7 1 1 2 4 ) = 74 0 
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Tf 1>= " 4 0 E Tí 2 ) = e í 4 É 1 3 ) = 5" M 4 T< 4 ) = 4y8 2 
T< 5 ) = 424 2 T< 6 ) = 175 4 Tf 7 ) = 147 3 T< 8 ) = 121 7 
Tf = 97 9 T< 1 0 ) = 75 2 Tf 1 1 ) = 741 7 T< 1 2 ) = 655 9 
Tf i r ) = 5 - 6 3 T< 1 4 ) = 501 3 T< 1 5 ; = 4 2 « 3 T< 1 6 ) = 417 5: 
T'' 1 7 ) = 1-7 4 T< 1&) = 17ti 6 Tf 1 9 ; = 144 6 T< 2 0 ) = 1 2 « 2 
T< 21>= 97 1 T< 2 2 ) = 75 0 T< 2 2 ) = 744 2 T< 2 4 ) = 659 3 
T< 2 5 ) = s e i 5' Tl 2 6 ) = 506 9 Tf 2 7 ) = 441 1 T< 2 8 ) = 394 5 
T< 2 9 ) = i e 7 7 T< 3 0 ) = 166 5 Tl 21 ) = 187 0 T< 2 2 ) = 1 6 2 5 
T< 5 : ) = 13 9 3 T< 3 4 ) = 117 0 T< 2 5 ) = 95 5 T< 2 6 ) = 74 7 
T< : 7 ) = 747 4 T 2 6 ; = 662 7 T< 3 9 ) = 587 7 Tí 4 0 ) = 518 3 
t< 4 1 ) = 454 9 Tl 4 2 ) = : ^ 7 2 T< 41 ) = 2 6 2 3 r< 4 4 ) = 350 9 
Tf 4 5 ) = 208 4 T< 4 6 ) = 196 0 T( 4 7 ) = 199 8 T< 4 8 ) = 175 7 
Tl 4 9 ) = 154 8 Tl 5 0 ) = 124 1 Tl 5 1 ) = 113 7 T( 5 2 ) = 93 8 
T< 5 2 ) = 74 4 T< 5 4 ) = 750 5 T< 5 5 ) = 667 8 Tí 5 6 ) = 593 6 
T< 5 7 ) = 52e. & T< 56 ) = 467 0 T< 5 9 ; = 412 9 Tí 6 0 ) = 368 2 
T< 6 1 ) = 347 7 T< b 2 ) = : ; 0 7 T< 6 2 ) = 3 2 0 4 Tí 6 4 ) = 3 0 0 S 
T< 6 5 ) = 296 2 T< 6 6 ) = 277 0 T< t 7 ; = 274 9 Tí 6 8 ) = 2 5 7 6 
T< 6 9 ) = 256 4 T< 7 0 ) = 240 4 T< 7 1 ) = 240 1 Tí 7 2 ) = 2 2 3 7 
T< 7 3 ) = 225 6 T< 7 4 ) = 206 4 T< 7 5 ) = 2 1 2 9 T*- 7 6 ) = 188 1 
T< 7 7 ) = 169 0 T< 7 6 ) = 149 7 T< 7 9 ) = 1 2 0 3 Tí 8 0 ) = 1 1 1 2 
T< 81>= 92 4 T< 8 2 ) = 74 2 T< 8 2 ) = 752 6 Tí 8 4 ) = 6 7 0 8 
T< 8 5 ) = 597 7 T< 8 6 ) = 53 2 5 T< 8 7 ) = 474 6 Tí 8 8 ) * 423 8 
T< 8 9 ) = 3 79 8 T< 9 0 ) = 242 7 T( 9 1 ) = 2 1 1 5 Tí 9 2 ) » 2 8 5 1 
T< 9 3 ) = 262 4 T< 9 4 ) = 241 9 T< 9 5 ) = 2 2 2 6 Tí 9 6 ) = 203 7 
T< 9 7 ) = 184 & T< 9 6 ) = 165 9 T< 9 9 ) = 1 4 7 0 T < 1 0 0 ) = 128 2 
T<101>= 109 7 T < 1 0 2 ) = 91 6 T < 1 0 3 ) = 74 0 T Í 1 0 4 ) = 7 5 2 4 
T < 1 0 5 ) = 671 8 T < 1 0 6 ) = 599 1 T < 1 0 7 ) = 534 5 T Í 1 0 8 ) = 477 2 
T<109>= 427 0 T < 1 1 0 ) = 383 5 T < 1 1 1 ) = 346 3 T í l l 2 ) = 314 7 
T < 1 1 3 ) = 287 7 T < 1 1 4 ) = 264 0 T < 1 1 5 ) = 2 4 2 5 T Í 1 1 6 ) = 2 2 2 4 
T < 1 1 7 ; = 202 0 T < l i e ) = 163 9 T < 1 1 9 ) = 164 9 T í l 2 0 ) = 146 1 
7 Í 1 2 1 ) = 1 - - 6 T l l 2 ' ) = 10=» 3 T < 1 2 2 ; = 91 4 T í l 2 4 ) = 74 0 
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K = 5 2 

Table A-8 

812 - 1002 - 20000 r „ - 70 

G2 9 loops 

ftMPEFHiUhE L I." f P I F U r i i i N > 

T l 1)= ^14 T l 7^-1^ " T<: T< 4 ) = 4 5 1 5 
T< 5 ) = £. - 0 T l f,) -4m T< 7) = l_-'2 3 T< 8 ) = 146 8 
T< y > = IM^ 5 T l 1m; T< 11 )•= y l 4 9 T< 1 2 ) = 764 0 
T< i J . ) - £ T l 14 >- 46*- 9 r ( 1*) = J.M.-' 5 T< 1 6 ) = 2 8 2 0 
T< 1 7 ) = - 4 M T< 1 ) = — — T< l y ) = l . , 5 3 T ( 2 0 ) = 144 3 
T< - 1 ) = IMI-' T- - - ) = 7 M M T< 2 2 ) = 9 l K 6 T ( - 4 ) = 773 0 
T< -•=) = h : 4 t r T l ) = 4 9 9 5 7< - 7 ) = - 6 7 6 r< -^) = 2 7 5 2 
T< 2 9 ) = 2 4 * T< _ « ; = - 4 M 9 r< : i ) = - 4 2 4 T ( 22 ) = 2 0 5 1 
T< 1 2 ) = 1&9 9 T< 3 4 ; = 1 1 5 6 T< - 5 ) = 1 0 2 4 r ( 3 6 ) = 70 0 
T< 1 7 ) = y l D 7 T< 33 > = -=!4 0 T< 3 9 ) = t .56 6 T< 4 0 ) = 537 
T< 4 1 ) = 4 ^ 7 T< 4 - ) = 3 - 2 M r< 4 3 ) = - 7 * 4 T( 4 4 ) = 2 6 5 3 
TC 4 5 ) = 245 7 T*- 4i-. > = - 3 : 0 T< 4 7 ) = ¿4 4 2 T< 4 8 ) = 2 0 9 1 
T< 4 9 ) = 1 - 4 T< = M ) = r 154 4 7< S l ) - - 12>i 0 T< 5 2 ) = 97 3 
T< 5 1 ) = 0 T< •S4; = 5 T< 5'=-'« = 793 9 T( 5i^) = 675 7 
T< 5 7 ) = 5f>7 W T< 5 - ) = 4 7 . _̂ 7< 5 9 ) = - 9 1 T< 6 0 ) = 3 3 0 5 
T< 6 1 ) = 2t.4 ft T< k 2 ) = 290 M T< 6 ) = - 6 0 3 T< 64)=^ 2 6 7 4 

T< 6 5 ) = ¿56 2 T< 1 - . ^ ; = - 5 6 8 T< t .7 ) - - 253 0 7< 6 8 ) = 2 5 1 7 
T< 6 9 ) = ¿50 6 T( 7 0 ) = - 4 i ^ 6 T< 7 1 ) = ¿40 7 T ( 7 * ) = 23-> 5 

T< 7 3 ; = 2 4 7 3 T< 7 4 ) = - ¿ 6 2 T< 7 5 ) = 2 4 6 1 T< 7 6 ) = 2 0 9 5 
T< 7 7 ) = 1 8 9 3 T( 7 3 ) = 167 0 T< 7 9 ) = 143 2 T< 8 0 ) = 113 3 
T< 8 1 ) = 94 3 T< 8 * ; = 7 « 0 T< 8 3 ) = 9 2 1 7 T< 8 4 ) = 300 4 
T< 3 5 ) = 6 3-- 1 T l 3 6 ) = 5 '̂ ci T( 37) = 493 4 T ( 33> = 424 5 
T< =i9; = 3t>6 3 T< 9 0 ) = 323 5 T< 9 1 ) = 292 6 T< 9 2 ) = 273 0 
T< 9 3 ) = 2 5 7 7 T< 9 4 ) = 244 5 Y< y T ) = 2 3 0 9 T< 9 6 ) = 21 -^ 7 
T< 9 7 ) = 193 5 T< 9- ' ) = 179 3 T( 9 9 ) = 1 5 8 6 T < 1 0 0 ) = 12t . 9 
T < 1 0 1 ) = 114 6 T < 1 0 2 ) = 92 T < 1 0 3 ) = 70 0 T ( 1 0 4 ) = 9 2 2 2 
T < 1 0 5 ) = ^P02 7 T < 1 0 6 ) = 6 9 - 4 T<li5»7) = 5 9 3 2 7 < 1 0 3 ) = 5 0 7 0 
T<109>= 434 3 r < 1 1 0 ) ~ 377 4 T < 1 1 1 ) = 333 7 T<112>= 3 0 1 7 
T < 1 1 3 ) = 273 7 1 1 1 4 ) = 260 1 T < 1 1 5 ) = 24 4 3 T < 1 1 6 ) = 2 2 9 0 
T ( 1 1 7 ) = 212 T C 1 1 8 ) - 1^5 3 T < 1 1 9 ) = 176 •7 T ( 1 2 0 > = 156 0 
T ( l - 1 ) = 114 9 T<.122 > = 113 2 r < i 2 3 ) = 9 1 5 T<124>= 70 0 
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K = 52 

Table A g 

= 925 \ = 1142 h - 20000 T„ = 70 o o 

n3 12 Loops 

I tMPEhHlUPE L I r i ' I E H T I i i N . 

r< 5 ) 
n y ) 
T< I j ) 
T«. 1 7 ) 
T< _ 1 ) 
T< - S ) 

T< ¿ y ) 
T< : 3 ) 
T< 27) 
T< 4 1 ) 
Tl 4 5 ) 
T< 4 9 ) 
T< 5 3 ) 
T< 5 7 ) 
T< 6 1 ) 
T< 6 5 ) 
T< 6 9 ) 
T< 7 3 ) 
T< 7 7 ) 
T< 8 1 ) 
T( 8 5 ) 
T< 8 9 ) 
T< 9 3 ) 
T< 9 7 ) 
T < 1 0 1 ) 
T < 1 8 5 ) 
T ( 1 0 9 ) 
T < 1 1 3 ) 
T < 1 1 7 ) 
r < i ¿ i ) 

911 y 
= 2-14 
= ll-T 
= & 1 ' 
= 2 4 0 
= 101-
= t.34 
= 2 4 i 
= I k 9 

= 91.Í" 

= 4 -
= - 4 5 
= 1^2 
= 70 « 
= 5e7 5 
=* 265 S 
= 251«: 
= -5M 
= 247 
= l t 9 
= 94 
= 687 
= 366 
= 257 S 
= 198 3 
= 114 
= 801 
- 4'4 

= ¿ 1 -
- 1 4 

T< 2 

7 
6 
1 
2 
2 
3 
6 

5 
3 
9 
4 

) - 7 

6 ) -
1H) = 
1 4 ) -
I b » -

¿ 6 ) = 
: 0 ; = 
14) = 

; = 
4 - ; = 
4»- )>= 
5 0 ) = 
•34) = 
5o) = 
6 - ) = 
6 6 ) = 
7 « ) = 
74) = 
7 y ; = 
8 2 ) = 
d6) = 
9 0 ) = 
9 4 ) = 
9!" ) = 

T < 1 0 2 ) -
T < 1 M 6 ) = 
T ( 1 1 0 ; -
T i l l 4 » = 
T d l >-
T<12-»= 

T ( 
Tv 
T< 
T l 
T< 
T< 
T< 
T< 
T< 
T ( 
T< 
T< 
T< 
T< 
T ( 
T-
T< 
T< 
T< 
T l 
T< 
T< 
T< 
T ( 

9 
- 4 H 2 

70 0 
4f 

7 If H 
4 ^ -) 

r< J ) = 

3 
5 

2 4 0 
ls5 
7 3 i 
_-32 
2 3 -
154 2 
9 1 K 5 
4 7 -
A y 0 
2 5 7 0 
246 5 
¿ - 6 0 
li^6 t 

70 0 
5 y t 5 4 

_«-3 
244 
1 7 9 

y 2 
f-yl 
-«.77 
. 6 « 

i i : 

4 

2 

5 
6 
1 

r< 
Tl 
r i 
T< 
r< 
T< 
T( 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
T< 
r< 
T< 
T< 

7) 
1 1 ) 
1 5 ) 
1 9 ) 
- 2 ) 
2 7 ) 
3 1 ) 
3 5 ) 
3 y ) 
4_ ) 
4 7 ) 
5 1 ) 
5 5 ) 
5 9 ) 

6 7 ) 
7 1 ) 
7 5 ) 
7 y ) 
3 3 ) 
8 7 ) 
y l ) 
y 5 ) 
y y ) 

r < i 0 3 ) 
T1107) 
T t l l l ) 
T d l - " ) 
T d l - - ) 
T d - ) 

l - " ! 9 
9 1 - 6 
j i l l 2 
i- i4 
• ^ 1 4 

363 
2 d 
1 M 2 
1-56 0 
2 73 9 
2 4 3 3 
125 9 
7 9 2 5 
3 9 2 3 
2i^l 0 
2'=-3 2 
- 4 M .î; 
2 4 5 8 
1 4 3 
9 1 9 
4 9 8 3 
: y 3 
- 3 0 8 
1 5 8 5 

70 0 
5 9 2 8 

= "<.«3 9 
= 244 3 
= 176 -
- 91 S 

1 

r i 4) -
n 3 ) 

T( 1 2 ) 
T( 16 ) 
T< 2 « ) 
r ( 2 4 ) 
Tl 2 8 ) 
T< 1 2 ) 
T( 3 6 ) 
T< 4 0 ) 
T( 4 4 ) 
T< 4 8 ) 
T< 5 2 ) 
Tl 5 6 ) 
T( 6 0 ) 
T( 6 4 ) 
T< 6 8 ) 
T< 7 2 ) 
T< 7 6 ) 
T( 3 0 ) 
r< 3 4 ) 
T< 8 8 ) 
T< 9 2 ) 
T< 9 6 ) 
T < 1 0 0 ) 
T < 1 0 4 ) 
r d 0 3 ) 
r ( 1 1 2 ) 
T ( 1 1 6 ) 
T < 1 2 0 ) 

T d . ; . 4 > 

4 5 2 3 
14ft 6 
7 6 2 7 
- 8 4 W 

144 6 
771 7 
276 9 
204 7 

70 0 
5 3 7 2 
266 
2 0 3 

97 
674 
3 3 1 0 
2 6 7 7 
2 5 1 
2 3 3 
2 0 9 
1 1 8 
799 0 
424 7 

= 2 7 3 
2 1 5 

= 136 8 
= 920 3 

5 0 6 8 
3 0 1 9 

= 2 2 9 0 
= 155 9 

71.1 O 

3 
3 
7 
9 

7 
4 
3 
7 

1 
6 
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Table A10 

K = 5 2 = 1333 \ 1646 = 140 T„ = 25 

Gl 6 Loops 

If Ml-t >tH IMKF Dl J Ih Ibll f JllN> 

I< 1 ) = y -^ ¿ r i 7k t- S ft 4)-= 447 4 
u 5 > = I «; - 4 4 r ( 7) = lyi-. 4 T K y ) = 1Ö4 1 
l< y) = li--. ( <• IHJ = < • » ji \K Ll) = y . - i 7 I t 1 2 ) = 7.'0 1 
l< ij} = t l f ¿ r i 14 ) = 4c.- I ' 1 ; - 3 l < it>) = 2i'2 2 
r< 1/ > = ¿ 4 j i ' - ; - — - — i r< l y ) = 1 - 9 T( 2W) = 149 1 
r< ¿ 1 >- 1 1 - 1 2^) = / ? 1 r< - ) - y-f-. 9 r< - 4 ) = 779 2 
u 2S) = C .I- . 7 rc i.*-') = 43< 9 - 7 > = :»-2 2 1 K - 8 ) = - b 7 4 
T -y> = - 4 0 -\^) = - 4 _ 1 - L) = - 4 4 8 r ( 3 - ) = ¿ 0 Í 0 
T< _ij ) = l i - l 1- f i s4) = Ij. .- S i< 104 5 Tl 2b) = 72 5 
r< j7) = ir s ) = 7yM 4 j 9 > - 7 4 H ) - 5 i 7 3 
u 41}^ 4 - 5 1 4-> = i - 7 r i 4 3 ) = ¿is5 4 T< 4 4 ) = 260 5 

45)- ¿4, ' «¿t 4 k ; . = - _ 4 1 r< 47) = - 4 6 0 Tl 4 8 ) = 209 6 
r< 49) = l i ¿ 4 I ' S0; = l!:i r< S l ) = 124 8 T( 5 2 ) = 96 0 
T< 5s) = 4 r i b4> = y-y i < •Í00 r i bc) = 6 79 4 
I < 57) = 1 St.)-- 41-1 5y ) = 1 r ( t>0) = i ¿ 8 0 
î< 61) = 1 - 8 c 1- 11 c._t » = - b 7 0 II e.4) = 2t>5 6 
i< 65) = -S4 tl C.C.;- ¿ ' • ' - 7 r< 1 -7)- -•-.2 0 n b 3 ) = ¿ 5 1 2 

b9) = ? r - 4 i - T< 71 > = - 4 y 1 T< 72) = 2J8 5 
r t 7I) = ¿ 4 = 1 T< 1-4; = ¿ - 1 - M u c S ) - - 4 ( _ fl 76) = 208 9 

77) = l 5 o 1 Î 7^ t = 1H.S 0 I < 7y ) = 1 4 « 4 T< 8 M ) = i;L4 9 
T< ül) = sy 1 r< (-. _ •-!_<; = yjH 7 r i 3 4 ) = 30b 8 
r< Q5) = ¿ ri Pe >- T< 37) = 498 8 Tl 8 8 ) = 423 8 
I < SV) = Ic'=. 0 T yM; = -< r< 9 1 ) = 292 2 n 9 2 ) = 271 9 
1 < 91 ) = - ' i n 8 Tl y 4 ; = - 4 _ 7 r< 9 = ) = 23M 0 r< 9 6 ) « 214 6 
I < 3( ) = ly f I y > = lcf> y 9 9 ) = IbS s r i i 0 0 ) = l-<2 5 

i m > = IH^ I <.1\^^) = 4 ji ? ( lM -0 = 60 8 f 1 1 0 4 ) « 931 0 
r <;iMt ; = 1 T <; ikit- 1 = t>yr-> i-> • T ( i n 7 ; = d95 S I 1 1 0 3 ) = 507 7 
( ' 4. 4 f 1 1 M > - _ /1 - 4 f t l l D - •» I 1112) = 3 « 0 4 
1 ' - C 1 1 r 114 J - - ly 1 1 i i i - ^ ; - - 4 3 — 1 U 1 K ) = - ¿ 7 9 
T ' 117)^ - 1 I 1 í ' 11 l y j _ 1 v i l -»; 17- r i i - 0 ) = L5- i 
I 1-1 ) - 1 M H 1 a - . >- I 1 ' - 1 1 1 - 4 ' - 5^ 9 



Table All 

5 2 = 1333 1646 h„ = 1 T„ = 26 

G1 6 Loops 

JbriPERflTUf.t C I:^rf. iEuri i- iN> 
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1>= ^ ¿ 5 i Ji. 2 ) = 7.^.=; 5 T< 3 ) - b 0 9 3 T< 4 ) = 44 7 5 
( < 5 » = - 7 2 T( c ) = 2 4 y y T< 7)-= ¿ 4 ^ 5 rc 8 ) = 24 7 3 
(< V) = - 4 t . 2 T< 1 « ) = - 4 5 1 7< 1 1 ) = 9 - 5 7 T( 1 2 ) = 7 70 1 
i< i i ) = b l 7 2 T< 1 4 ) = 4 b - 6 T< 1 5 ) = 2 0 0 8 7( 1 6 ) = 2 72 3 
(< 1 7 ) = i 4 y 8 T< 1^) = - 4 9 5 T< 1 9 ) = 2 4 8 3 rc 2 0 ) = 24 7 2 
1< - 1 ) = ^4f? 1 T( 2 2 ) = 2 4 5 0 T< 2 3 ) = y 2 7 0 T< 2 4 ) » 779 3 
r< 2 5 ) = 62-^ 8 T< 2»=;)= 4 y ^ 0 T< - 7 ) = 3 b 2 3 r ( 2 8 ) = 26 7 4 
r< ¿ 9 ) = 2 4 9 9 T< 2 0 ) = 2 4 9 9 T( 3 1 ) = 2 4 y 9 T( 3 2 ) = 2 4 9 0 
r< 3 i ) = 2 4 8 0 T< 3 4 ) = 24 7 0 r< 3 5 ) » 2 46 0 r ( 3 6 ) = 2 4 4 9 
r< 2 7 ) = 9^:1 5 r< 2 ) = 790 5 T< 3 9 ) = t>59 9 4 0 ) » 53 7 6 
I< 4 1 ) = 4 - S s r< 4 - ) = 32v 0 7( 4 3 ) = -^>5 4 r i 4 4 ) = 2 6 0 5 
r< 4 5 ) = 2 5 0 1 T( 4 t . ) = 1 7( 4 7 ) = 2'-0 0 T( 4 8 ) = 2 4 9 7 
r< 4 y ) = 2 4 8 9 r< 5 0 ) = 2 4 " 0 T< 5 1 ) = 24 7 1 r ( 5 2 ) » 2 4 6 0 
T< 5 2 ) = 2 4 5 0 T l 5 4 ) = 9 2 9 8 T< 5 5 ) = t 0 0 5 r< 5 6 ) = 6 79 8 
T< 5 7 ) = 5 6 9 7 T< -> > = 4 7 2 4 r< 5 y ) - 3 9 1 1 T< 6 0 ) = 3 2 9 2 
T< 6 1 ) = 2<-& 2 T< H - ) = 28 •• 9 r< 6 2 ) = 2 ' ' 7 2 r ( 6 4 ) = 26 7 0 
r< c . b ) = ¿ 5 4 6 T< t 6 ) = 2 5 7 6 r< 6 7 ) = 2 5 2 6 T( 6 8 ) = 254 5 
r< 6 y ) = ¿ 5 1 4 T< 7 M ) a 2 5 3 6 T< 7 1 ) = 2 5 0 7 T< 7 2 ) = 2 5 3 0 
r< 7 2 ) = 2 5 0 3 T< 4 » = 2 5 - 4 T< 7 5 ) = 2 5 0 1 r ( 7 6 ) « 2 5 1 5 
r< 7 7 ) = 25M 1 ) = 2 4 9 5 7< 79 ) = 2 4 8 5 r< 8 0 ) « ¿4 7 4 
T*- 8 1 ) = 24t> 3 I ' ) = 2 4 5 2 71 8 3 ) = 9 3 0 7 T< 8 4 ) » 8 0 7 1 
T< .=»5) = 6 9 2 7 r = b ^ y 7 r ( 8 7 ) = 5 0 « 0 TC 8 8 ) » 4 2 5 6 
r< ¿ 9 ) = 3 6 7 4 1 ' 5 T( 9 1 ) » 2 9 7 5 r ( 9 2 ) = 27"9 9 
f i 9 3 ) = 2»^9 r . .b2 7 Tf 9 5 ) = - 5 - ' r i 9 6 ) = 2 5 5 7 
r< y c ) = - 5 3 5 r< - 5 1 r( 2 " ' ) ( 1 M 0 ) = ¿ 4 ^ 0 
K 1 0 1 > = 2 17 T ¿ 4 6 ( 1 - 24 T d 0 4 ) = 9 3 1 n 
r d w - ^ i ) My 4 ( - 6 9 7 f ( yb 5 i C ) = 509 i 
I l l M - « b r i i i M > - 2 7^ 3 r < i i i ) ~ 336 9 1 - ) = 3W7 1 
T < l l j 1 3 7 I I J f ) - ¿ 7 4 4 r ( i i 5 ) ^ —*•'•' A 1 l l iH 1 = 2t>M 8 
r < i i c j = 7 1 r i i i c i ) 2'". 4 4 T< ^ ) = 2 5 . J I l l - : 0 ) = 2 5 « 7 
r ( i ^ i ) = 2 4 y <I. T < 1 2 2 ) - - 4 7 .4 T 241- r ( j - 4 ) = 24'=. 
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TabI« A 12 

K = 5 2 = 1223, = 1841 = 140 T^ = 25 

G4 6 Loops 

t e u f e f h t u f l c i ^ t m e u t i o n 

1>= < i ^ i t T i . ) - - c t Z Ts Z<;= 5^1 5 T< 4 ) = 4 - 0 4 
1 Ts fc >- ^ 4 4 J Ts 7 ) = 20Z 9 T< 8 ) = 159 2 

T 9 Í- l i e - T 1 0 ) - t l 0 Ts 1 1 ) = 9 2 2 5 T-- 1 - ) = 760 7 
T i : » - tUl 5 T 14 ) = ÎZy 8 TC 15> = 2fc9 5 7 I t ) = 244 4 
T L-> = , .40 4 T' l^ - ^4 1 fc T l y ) = 194 9 1 20> = 153 5 
T 115 1 Jf 76 9 Ts 2Z ' = <124 1 T( 24'» = 771 5 
T ^5 ' = fc^5 0 T 164 0 T< 2 7 ) = 5 4 ^ 8 T< 2 o ; = 264 6 
T Z<=< 245 7 Ts _ LI ^ 4 5 1 T Z I ) = 2 4 5 5 Ts 3 2 ) = 2 1 0 5 
T _ z 175 4 T- - 4 140 8 Jf r5>- lOfc 9 T< 3e.) = 74 0 
Tf I r > = -•25 8 T z e ) - -6Z 7 T( Z9 fc4Q 5 T< 4 0 ) = 526 5 
T- 4 1 ) - »17 9 T' 42 ) - 329 £. Jf 43 ' - b T< 4 4 ) = 271 1 
T- 4 5 ) = 2 5 9 0 T' 4fc ) - ¿55 7 Jf 4 7 ) = 248 5 Jf 4 8 ) = 2 4 7 0 
T' 2 4 7 9 T 5 0 ' = - ^ £ Ts 51 ) = 24fc. 8 Ts 5 2 ) = 2 1 1 7 
T 5 : ; = i e 5 9 Jf 157 — J< 128 4 T< 5 6 ) = 98 7 
T tl T 56 ) - -*¿7 0 Jf SQ J = 791 7 T< 6 0 ) = 666 5 
T fcl ' - 554 0 T fc2 ' = 45.7 4 J< fc.Z<- ) -- 6 0 0 T< 6 4 ) = 323 9 
T fc-5) = ^e t 1 T fc-f ) - 2 5 Í 2 J t r ^ - 2 t 7 4 T< 6 8 ) = 251 9 
T' tS") ^ 5 4 7 T< - o > = ¿ 5 0 3 Ts 7 1 ; - . 4 4 0 T< 7 2 ) = 249 2 
Ts 7Z >=• ̂ : i 5 T r 4 ' - - 1 5 ^ T 75 ' = 1^5 ¿ T< 7 6 ) = 1 7 2 1 
Tf 7 - ) - 14fc 9 T 76 ) - 3¿Li 1 Ts - 9 ) = Ts 8 0 ) = 65 7 
T' » T £ 2 ) = 794 6 T cZ ' = 4 T< 8 4 ) = 563 
Tf e r >=• »"•0 T e t ) - Z 9*^ - 7 s Z Z ^ 4 T< St 300 9 
T e = < ^ z •-. 4 Tf -^0 — T' - u •.1 Ts 9 - ' - 227 7 
1 .lu 7 c,4 - 1 QS >- 7 143 4 
T 1 " T 'S . ' - M l ** I u -1 1- » t T 
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APPENDIX B 

Listing of the Computer Program 

( Hfl( HR M N 
FiEfFH-S THC G E O r i E T U C f l L CONFIGURATION OF THE 
F I N I T E D IFFEFF tJCL GFIC 

COflflON ELOCOl PCE:^. R C I N P I N T CCC TETfl, NDH NCV 
COriflON CIDCOZ IFi - 0 0 . F k - 0 0 5 ) L><1^0 ) ,N Nl fU NRNT N I D I F , 

N 2 C I F FlLFFi FETFl DS DT Nt H I I L.. r j I I I I D 
COnHDN bLOCO- I L I G R I , R I F R S L 2 F f i E I J t 
CriMIION E L O C O l I L I G F2. F t F R ? I PflS J l L NFri<^ 

N i r r r o NacFro 
COtmOM EL DC o r I L I G N t i r N1FH<^ W1 f\<^ M M I C H N D V l 
( H i ! I N I r n 
Ul M rJM -t L 
Ul H I NI H-»l 
1 II I 

Tl I I I 

I L I I t l 
T I N I I 

I I l U n 

I L I G n 
NHrJT = 0 
N 1 D I F - L 1 
N2.DIF = 0 
10 I D f t 1 = 1 N C H l 
CT=TET f l FLOBT NDH> 
r T = [ T>»: i 4 i f c n - u 
r E~ FCE -FC I H • ^Fl LiRT 
RLFR FLOFIT I - D + CT 
{ - r c i F C H FILFR C I S T ' 
I F C ED 0 ) & 0 TO 5 0 
r i = L I _ 7 F C I N 
I 2 - F C E -C I S T - C 
N i - r r n a i ^ t < = ; + i 
F3-H f1 f i l li,lS> 
I F F l GE 0 
N,.= INT 
F i - H i m i r.; 
I F ' F GL Li 
N=fJ l 
I F I GL N I H D G O l u 
El T R - F I OHT'' I > • ! r 
C l - C U F f H t F l f l r I 
I f . T l CO 0 'G( i I I I 
D11=L l ' " I l - F i I N 
D 1 -FC f I T M 1 f 1 

0 1 ) N 1 = N 1 + t 

r < )̂ 
r u . N . =^N^ 1 1 

1 1 

N1 I I I 
1 1 1 Ml 
11 
• J I 

1 I 

ti f 1 1 
M l I 1 1 I 

I m i l 
I 1 

J I I I 1 1 
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I F ' R 2 1 GE 0 D1 '>N2P0S-=N2P0S+1 
N F 0 S = N 1 P 0 S + N £ P 0 £ 
N 1 D F P 0 = N 1 F 0 S - N 1 
I F < R 1 LT 0 e i > N l D F P O = N l D F P C i - i . 
N £ D F P 0 = N 2 P 0 £ - - N 2 
I F i R 2 LT 0 0 1 ) N £ D F F 0 = N 2 C ' F F 0 - 1 
GO TO fc-

7 N F 0 5 = N D V 1 
6 CONTINUE 

I F s I LE DGO TO 5 
N 1 9 I F = N i - N l P f l S 
I F f R l F f l S L T 0 0 1 ) N 1 D I F « N 1 D I F - 1 
N 2 D I F = N 2 - N 2 P f l S 
I F ' R 2 F f l S LT 0 0 1 > N 2 l > I F = N 2 D I F - l 

5 C O N T I N U E 
I F C = N 1 D I F + N 2 D I F 
CALL DO10 
CftLL DO20 
GO TO €0 

5 0 I C H = I C H + 1 
N D I F = 0 
N = N D V 1 
I F a C H NE 1 > G 0 TO 5 5 
N D I F = N D V 1 - *' N l P f l S " - ! ) - < N 2 P f i S - i ) 

5 5 CRLL DO10 
I F C = N D I F 

6 0 N f l N T = N f l N T + N + I P C 
I F C = 0 
NPflS=N 
N 1 P R S = N 1 
N2Pf lS=N2 
L2PFIS=L2 
L 2 P f l S = L 2 
R l P f l S = R l 
R 2 P f l S = R 2 

100 CONTINUE 
K K = 0 
J M f l X = J - l 
DO 7 0 1=1, jmx 
flUX=0 
IF<Ifl<I/2> LT 17)00 TO 8 0 
KK=KK+1 
flUX^D'C KK) 

8 0 N R I T E < 2 , 11>(IR<I, K>/K«l^ 7>, <B< 1/L>/L»l« 5>< flUX 
11 F0RMfiT<7I4, 6 F 1 2 5> 
7 0 C O N T I N U E 

STOF 
END 
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14 

i t " 

1£ 
1= 
1 -

1 0 2 

s ü E F o u T i N E r o i e 
COdMuN T L O C O l KCE^ R C I N F I N T DCC T E T A , N D H , NDV 
m f l f t U N E L 0 C 0 2 I f l s - O G ^ > E -"OO 5 ' D < i 2 0 > N N l , N 2 , NflNT N I D I F 

N l D i r A L F ñ H f f i f I T N D H l I L ^ , r i J L " ID 
CÜHMON EL0C03 I L I G fil F t (H<- L<.f H I J f 
L 1 = N R N T + 1 
L 2 = N B N T + N 1 + N 1 D I F 
L Z r i i L . - l 
CO 1 0 J - L l L 2 
I F I L I G EO 0>GO TO 1 » 
I T I F U - I S 
I L I G - 0 
Gd TO 1 " " 
I T I F 0 = 1 

I F I EO 1 ) I T I F 0 = 4 
I f l EO Nf H D I T I F O - ^ -
I F J EO L 1 ) I T I F 0 = 2 
I F J EO L l ANC I EO 
I F s J EO L l RNC I EO 
I F N I D I F GT 0>GO TO 
I F R l LT 0 0 1 > G 0 TO 

l U T I F O - t 
NDH3 H T I F O -
I t 
1 5 

lUE 
1 HE O 

I F ' - J EO L £ r i l - ) I T I F 0 = 1 0 
i r T E l ' L z r u AND 1 CO i M T i r u - i : 
GO TO 1 5 
CO l E I - 1 , N I D I F 
L 2 r i l = L 2 - K * 2 
I F I EC L 2 I 1 1 > I T I F 0 - 1 . -
I F J EO L 2 M 1 ANt \ FC L I T I F O - l f 
IF - - I ED L 2 r i l > I L I G t 
C ONTIUUE 
I F J EQ L2 ) I T I F O - J -
I R J 1 ) = J 
I f l - ' J 2 ) = IT IF- '0 
I R - - J : ) = J 
I F - ' I T I P O EO l ^ ^ G O 10 r i ü 
I F d T I P O EO l E >&0 7 0 . ' • O 
EfJ f ) = R C I N + F L 0 f i 7 
I R J 4 ; = J + i 
BfJ 1 > = C £ 
I F ' - J EO L 2 - 1 RNf F l 
I F T LE L D G O TO i n 
I H ' J b ) = J - l 

I F I LE l ; G O TO 1 0 . 
I ( J EO L 2 - 1 HNf F1Fñ<^ 
r o l e e P / R f f f - i atm 
IF I f l I , H l F l •• ti( 1 rif. I H P M F F I 

I H J ' P /h f I I 
un 7 0 K f ^ 
I i i N i uj i ír 
I H J " 1 I M 

r - i 1 )*L 

GF O U l fc I 1 ' - F i 

I 7 O LU 'GO TU l u € L i 

1 l 1 hO TO 3 0 P 
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109 I 4 »=I T 
102 IF J LT NCH1) IH<J 5»=J+N+N1DIF*N2D1F 

E r , ) - t T 
IF N I M F EO 0>G0 TO 10 
1 0 l l f - ( - J Ml M F 
L^Ml L - N 1 D I F - ( + 1 > * t 

I f r HI I s:MI ,Gn TO l i e 
I N t 5 > - l M d 5 » - l +1 
IFi r 4 ' - J + a 
IF I t c i Nir iF»p r i ^ = R i 
IR J fc )= r - 2 
I F O EC 1 > I R < J t > = J - 1 
] H I - - ^ - l + i 
RU -FLORT L£ril-NflNT-K ) * D f + R C I N 

E J 4 '=RLFR- f lN& 'DCC fiUJ' F INT> 
11& CONTINUE 

GO TO 10 
300 CONTINUE 

I F M EO 1>G0 TO . : _ 
RU -RNüRLL . " ! RLFR I'CC RINT > 
VFH-FLtRLRi^EETR CCC RUs>~l?INT 
C U K = F L 0 f l T < L 2 - L l - N l t I F - 1 ) « 0 S + R C I N 
EUV-RNGHLL l l RUX DCC CUX> 
VFV=RLDftLfi<EUX CCC fiLIK>-RINT 
I C = I D + 1 
CsID>=RrilNl<VFV VFH) 
l V I t = J - l 
I F ' - N I D I F QT 0 > I V I Z = J - ¿ 
I F < V F V - V F H ) : 0 7 2&e 309 

707 IPirj 5J = I f l < l V I Z 5 ) 
I R < J 7 ; = I V I Z 
B J 2>=EETfi-BUX 
B<J 4 > = D T - B ' ; j 1) 
GO TO 10 

309 1R<J 4 ) = I H < 1 V I Z 5 > + l 
I f l k J fc.) = I R U V I Z 5 ) 
B<J 3>=FLDflLf l . 'RUK FCC B L T R ) - f l l 
B<J 1 )=C 'S-B<J 1 ) 
GO TO 10 

-0£ I f i s J 5 ) = I f l < I V I Z 5 ) 
I f l i - J r ) = I V I Z 
EfJ 4 )=DT 
DO TO 1 0 

3 . Ifl<J 5 ) = I H < J - 1 S) 
I R < J , r ) = J - l 
C<J 2 ;=DT 
I D = I D + 1 
D i - IDJ -R l 
I F < R 1 LT 0 0 1 I D > = D ? 
GO TO 10 

sZL< CONTINUE 
I J K - 1 J l * 1 
C U r t s F L O R T l ' J - D - L l - a j f - 1 ) > < D ' - + R C I N 
I F I J l EO N 1 D I F > I J I - e 
F f C RNG rcc MNr CUs» 
T H Fl CRI R RI FR OCf ñ i r > PINT 
t U ^ CU - 1 5 
I II =fiNORI L 1 RU DCL I U > 
> FLl Rl fl Ell t>r( H|l »-l I N I 
11 I I >i 
r I I H IDNI \ I I ^'Hn 
P ' - 3 
P ' l i Jfl IV ^ ' 
I f f 1 ' I H -•( „ c, 
1(1 t 1 1 1 
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I n - J, r ) - = i f l ' i v i r i r > 
E' J , £ ) = ñ L F R - b U , 
P' J . 4 ) - = D T - E ' J, ^ > 
GO TO 1 0 

1 5 9 I R l J , 4 ) = I V I ^ 
I R - J , 6 ) = I V I Z 1 
B^-J, 3 > = F L D R L R i R U J CCr fiLFRJ-CU^ 
E' J , 1 > = D 5 - E ' J , : • 
GO TO 1 0 

-5f I R - 5 > = I V I Z 1 
I R - ' J , 7 ) = I R k I V I Z l , 7 ) 
P' 4 ) = D T 

IFi CONTINUE 
RETURN 
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'^ i in^cuir lut I ( 1 u 
t r irniuN f i lm mi hct p r t N p i n t i>rc TETft uvu NCV 
Miiiiiiir< biuru in m 7> B ^eo -s» r i¿ t i > u Ui h¿ n u n í h i c i f 

» tUl I F flLFñ BETR C C1 Nf M l I I í 1 1 J I 1 i r 
rn i l l lOiJ F!|riCCi4 J l I ( j r,iPFlS L tFfl<i »M NFO«; 

» N i r r F O NiffFPO 
l Id»! 
I »-HHHT »N«f4¿r i r+ I J1 Í I F 
I 1(1 I ^^ 
I u t u J l < l 4 
I f J l I G k& 0>&t( TO ^4 
I ( IPCt=18 
IL IG 0 

GO TCi S-
¿4 iriF(i = l 

t F ' I E f 1> IT IFL I=4 
IF I E(3 UÍH1 > I T I P i i = 5 
IF N,. l ' IF GI O'GCi 10 2t 
IF P^ I f 0 01 'GU TO ¿«i 
IF J FC" I Ml i | T I P Ü = l l 
IF J F U l îMl ONO I EO l > n l F t t = J 4 
00 T(i 

i f 1(1 2f I - 1 N,-! IF 
IF I EO i M m - i î * l 
IF fx GT 1)1 M l = l -+j •<» 1 M . 
I F < J EC L M l ) ! ! 1 F 0 = 1 £ 
I F J EP L3M1 RNl I E(? 1> IUFC^•=1^ 
I F J FQ L_M1 ' I L I G - l 

20 CONTINUF 
25 IF< J E(J l D I T IFO=J?' 

I F s J ED l 4 ) I T 1 F 0 = < 
I F s J EP L4 flNI> I EO l)lTir0«S' 
I F J EP L4 RHD 1 EO NCHl ) IT IP(i=^e 

^7 I f l < J 1^<=J 
I f l J 2 > = I T I P 0 
I f l s J 3:)=J 
I F < I T 1 P 0 EQ 1 ? ) Q 0 TU 4 0 0 
I F d T I P O EP ie>GC TO 4 5 0 
E!<J 5)=FC IN4FLORT ( N D V - L 4 + J ) * l >-
I f l < J 6 > = J - 1 
&<J D^l'S 
I F < J EO L i - f l RND R2 Gt 0 u j »BsJ 3 >'-R¿ 
I F < J GE L4)G0 TO 20¿ 
I f l < J , 4 >=J+1 
B J , i)=r>s-

¿0e I F < I I E 1>G0 TO 2 0 . 
I F < J EO L3 + i «NI PtFR*:. I T 0 01)QO TO ¿©80 
DO ?0e IVRFPE« ! 900 
I F IRMVRRKE 5 ) l-IF J OR Ifl IVRFRE 2» ÛE 1^»GÜ TO 2 0 « 
IR J ? ) = IVRFI r 
GO TO 20O 

¿•08 CONTINUF 
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m u IFt t ) - i ( M 
I l ' i I t I I 
(1 If- ( t fJ^ LI ( id l u LM 

( d l * - I i r i i I I • Kl l l K l I > u 1 
Lill I I I I I 

<:(i I Jtl I MfJI I I - i r JK F ( i m K I I 1 m 
l l f I I I 

l( K i l l I | i (I l i i l f L' 1 
I U . 1 L I 1 IJ ( [ ( 
I _I1Í. I • I i > 
If- I III- I "111 »(iC" K-i I t 
K I T I (H F + s N r 11- 1 4 1 • 
i r i r I r + 
IH 1 • - ( 
I f I Id I 'GO TP Hi-
I l l I I 1 1 
I T 1 I 

He IH T )= T + t 
(III F 1 ( iRI Ht ' M l 111 H i l l ( M > I • ! ^ «I I IH 
I I RU 
L ( » =1(1 F ñ - ñ H d ni HU (Hf 

U f (KIT IHME 
I I I F c I 111 • (H I f ' 1 
lid 1(1 (' 

400 r í t J T i r J i i i 
I ^ 1 1 1 1 )&0 TO 4 14 
( I I I -mHGhI L flLTM r e t I I N I > 

t 11 Fl tFlLR b F I R t e c RU » F I N I 
FLOIHli-Nr«. <L4 -L N ^ I I F l ) > * l ' - M i l N 

Í U HNGftl L í RU DfC ( U 1 
^ ( FLCHLR EU"- rCC RU ' f 1 N l 
i r U + 1 
r i r >=R i i iN i " : vFv vf h • 
1 1<. = T-H 
I f r i Nb 0>G0 TO 4 0 1 
I W : : i = I V i r ^ N F O S + sNFO!: N l 1 » <Ni l ) > 4 N . . t ^ I F 
( i l l TO 4 0 1 

401 1'/ i r i = I > / ir+NF'Ci& + NJl>FPO + N^DFFO*N<.r ' I f 
40 IF- - i /FV-* r H M G " " 40»- 4li>^ 
40 I H T 5 > - I V I Z l 

i H T i v i ; : 
f 1 fcETH-E-U 
L r 4")=tT-E' '^J ^ 
GO TO 2 0 

40? IR r 4 < = 1 V I Z 1 
I R d 6-> = I V 1 2 1 - 2 
I F N 2 D F P 0 L E 0 RNO C l 0 1 0 ) I R J b = I V 1 ¿ 1 - 1 
E J l ) = C U X - R L D f l L ñ < R U X OCC ECTH> 
E s J 2>=^i>5-h< T l ^ 
GO TO 2 0 

4 0 e I R - ' J 5 ) = i v i r i 
IRCJ ? ) * I V 1 Z 
B<J 4>=C-T 
GO TO 2 0 

444 I V I Z = J + 1 
I R d 5 ) = I V I Z + N F 0 S ^ NF-OS-sNl 1 »-«>N¿~l ) »+H¿DIF 
1 F < C 1 NE O U H T 5 ) - í « ' i : i + N r n ç ^ » m ^ r P 0 4 N 2 r T P 0 + N C t I F 
I R - ' J . 7)=J + i 
B J 2>=0T 
I I = I D + 1 
D I D J = R I 
I F C R 2 LT n n( i j r >=L 
GO TO 2 0 

4Sfei CONTINUE 
Tl t J l L - H 

( I ri HUT NM 14 J - D - v N n i F - s J l L 1 1 ) > ) * D f + R C Í N 



6 0 

I F ( J H to u oit- > r» t - M 

ñU -nr4Ci c>n hitn n i • 
V h H - h L f ' H L f i ' f l L F H OCC nUX) PINT 
CII<'-CLfX+D<-
E(l = f lN&f i lL<< ftUX rcc CHJ- . 
VFV=RLtfiLR<E'U!<' Tt f n u > U N I 

r < , ID)=RI1 IN l<VrV VFH> 
I V I 2 = J 1 
l F c » , r v - V F H ) 4 ' ; 458 459 

4*=ir I f l l J 5> = I V l í . + 2 
pn 4 5 6 iVRPRF=i eee 
I F v I f l < I V f l P F E 5> NF I V I Z * ? OP IR<IVf lKRI- ^> GE 1 7 ) 0 0 TO 4"^^ 
lfí<J 7 )= lV f tPRE 
GO TO 455 

456 CONTINUE 
455 B<J 2>=f lLFf l -eUX 

B<J 4 ) = D T - B < J 2 ) 
GO TO 20 

4 5 9 I R < J , 4 > = I V I Z + 2 
i n < J fc>«=IVlZ 
B < J . l>«CUX-RLDflLHCRUX DC< RIFH' 
E < J . 3:>=P5-B<J 1> 
QO TO 2 0 

45B I ñ - ' J , 5> = l V l Z + 2 
lfí<J 7 ) = l f i < I V l Z + * 7> 
B<J 4>»PT 

20 CONTINUE 
RETURN 
END 
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III l u l l I t NI I I I H 

iiiMlliiN M M l r u hit Fl IN r IKT CLC TFTN Nl H m V 
t MMlIuN l l u r o IH 11(1 ( F ' (111 ) D U t i l N N l N NHNI N i l IF 

t N L I F RLFFI E t m [ •= D I NFHJ I I i I I 1 . I l 
I i iMl irni rUfK 0*^ ( 1 1 0 NDIF NIFRS N¿rr-I<^ Kl M 1 ( H Nl 1 
I fJHNI +1 
( I NllNI »fjr V L 
IF I T H Ft" 1 »L* - -L t+N l IF 
1 0 O I L L( 
I F I L I G FO r i ,& ( i i n I 
I T I F O = i ( : 
I I l ( j = 0 
on TO S"' 

I 1 T I F i i 1 
I F ^ I FO 1 > I T i r 0 4 
IF I EP NCHl n i r u " 
I F J EO I ' I T i r o - i 
I F J EQ L r FlNf I FO N r H l i l T J I d 
I F J EO L t . U T I P O = _ 
I F J EQ Lfc RNO I EO N r H l > i n r ( i F 
IF ICH HE l ^GO TO "^7 
rn I HC I F 
L - - - " ! f + ( a F R ? - l ' ' + ^ - » « 
I F Í FO L - > I r i P O - 1 2 
I F J EO L I G = 1 

•̂ F CONTINUE 
IH J X>=J 
I H s J L > = I T I P O 
I R ' J 2>=J 
I F I T I F O EO 18>G0 TO 5 0 0 
B J 5 > - F C I N + F L 0 R T < J - L 5 ; * D ! : 
I F < J ÙE Lb)GO TO i : ^ 
10 J 4 ) = J + 1 

1 I F s I GE NDH1>G0 TO 1 5 ^ 
I H J 5 i = J + N 
I F Í 1 C H GT D G O TO 1 5 1 
I F < J GE L 5 RND t i F 1 t NtFH'- < IR^. J >- I+N+Ni IF 

151 B<J 2 > = D T 
1 5 . I F < J LE L 5 ; Q 0 T O 154 

1R<J , 6 > = J - 1 

I f 4 DO roe i v f i F P E = i «-íot» 
I F Jf i i r iVRRRE r> NE J OK: (H l y H f " - ! ¿ ) Gt l r ; G ( J TO 508 
I f l < J r;>=IVflFPE 
GO 10 «¡09 

see CONTINUE 
ruS" B i J 4)=C'T 

IF^H IU« EQ U)Gl i TO tí 
CO e i e k = l NDTF 
L - ' L r + N 1 P R « ' - 1 » * ( *c: -
IF f J NE L7>G0 TO «^If 
l u I 4x^1+5. 
IH< J ' »- IR-' I S > i n 
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K I ()7 t ' ÍR J t >= r-
IH I - r > l 
H(I FLDFTR-'i ^ T+INN<^^RCIN 
T I -HU 
F I I i=RI f-H-RNCnrCl RUS RINT) 

516 CCiNlINIlL 
IF J F l ' L ' + ^ ) I R J b J - J - i -
I F ' I GT I HNf I Lfc L F ) I T 'S ) =kC JN^ I I HHl r l S NNIL ) + r < : 
CO TO : o 

500 CONTINUF 
( LM:̂ » LM+1 
CU>'=ri ORT J - 1 ) - L 5 - < K L M - 1 ) ) * D « ^ + R-CIN 
RU =ÑNG RCL RINT CUM 
EU =FL[RI H RUÎs OCC Rl FFL> 
l O - I F + l 

t i r =FLDRLR(f lLFR OCC RH^ > M N T 

IF EU - e u i - ^ r o 51-0 'î<='0 
•s-e i R J 4 > = I M R 

IR - ' J t 1RS I M 2 t .) 
£<. T 1>=CU^-BUS 
E-'J : »=0<i-E ' 'J 1 ) 
I F T J : ) GF 0 >G0 TO 5700 
I R ^ J 4 ) = 0 
IR- ' J fc )=0 
F ' J 1 ) = 0 
E J :<>=e 
I > / I Z = J - 1 
1 V I ^ 1 = I R I M Z b ) 
I R s J 5 ) = I V i r i 
IR - ' J 7 ) = I R < I * I Z l 7) 
CU<.=CU -OS 
EUX=RNGRLL 1 RU"- CCC CU ) 
C": iD)=RLCflLR EUV CCC RUX) -R INT 
E ( J î ) = flLFR-EU;' 
RU =RNG''DCC RINT OUX> 
EU^=f lNGRLL<l flU> DCC DU"« > 
E<J 4)=EUV-EUV 
I F . ' E I J 2>+B<J 4 ) GE DT+ 0O1)E.<J 4 > - t T F r ^ , 

5 00 GO TO 20 
I R Í J i> = lH<rV12 t ) 
IR J E ) = I V I Z 
E'-J t}=iü<-CU 
B-'J 1)=DS - E ' ' J 
IF - 'E - ' J 1 ) GE 0 '60 10 •••OO 
IRCJ / 4 ) - 0 
IRC T, 6 ) = 0 
B- 'J , 1 ) = 0 
BCJ 3>=0 
I V I Z = J - 1 
IRCJ S ^ - I V I Z + d. 
DO 545fc. l ' /RRPE=l FOO 
IFCIR< IVRRFF 5> NE I V I Z + p Ol IR IVRFFE ¿ > GE l ^ ' Q O TO 54'S»^ 
I f lCJ 7 )= IVRPFE 
QO TO 5455 

"54'-fc CONTINUE 
I R < J ' ) = I R J 
DUX-CU'+DS 
EUc=flNGRLLC2 RU DCC DO 
D C I O - R L D R L R FU> TRC RO - F I N T 
ß c j 2>=f lLFR-FU 
RU>-=RNGctCC RINT CU > 
BU/=RNGRLL <i RO CLL DO > 
ECJ 4>=EU -EU 
GO TO _0 

^ji"" I U-'-CU +[ <̂  
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( I' nr^iiHLl ^ m< DCC, DUJ< > 
H -Í -L[ HLH'CUÍ^, DCC, flUJ ̂ -Mr^T 

F' J, 4 •=DT-E'. J, 2 y 
'̂111 bO TO : Ü 

r £ ü Ifl-J, 4 ) = IVIZ 
IR' J, fc-) = IRilVlZ, fc-) 

F' J, r )=DS 
_ci c o r ^ i N u c 

N E T U F N 
END 
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i i i c r n t i T IME EMTSft 
L C i G i r R L * í tC -"Zf 
COIIMON FLOCOl F r f - KCIH F INT r>CC TETH NDH NDV PS DT RLFR 
CHI L EFRSF 
WFITFCfc 1 ) 
FOf-fIRT 1\ INTFE FRIOS t RS CIFTUNF tONCENIRICRS 

* I X E TEFNfl INTEhNH E DH NRO CONCENT 
t RCF RCIN PINT ) •> ) 

CRLI EELL 
RERD fc 2)CC 
FORMRT<r?RlJ 
P=0 
CRLL RERLFFIF CC 71 FCI> > 
CRLL FERLFFCF CC KCIN> 
CRLL RERLFFsF CC TZ F I N T ^ 
WFITE<E 2) 
FORURT-- IX ENTRE fl DI '^TRNCIR DO CENTRO DRS CIRC CONr RO / 

1 IV 'CENTRO DR CIRC NHO CONC E O RNGULO EM ÜRRLK 
t CDCC TETH) •> / > 

CRLL EELL 
RERD<fa 2^CC 
P=0 
CRLL RERLFFsP CC 72 D C O 
CRLL RERLFF<F CC "'2 TETR) 
WPITECe 4 ) 
FORMRT ' IV ENTRE O NUMERO C t 11VISOES Nfi HORIZONTAL E 

t !!< ONUMEPO DE DIVISÕES NR VEFTICRL <NDH NDV) > , / > 
CRLL BELL 
PERD<6 2JCC 
P=0 
CRLL INTFF<P CC ^2 NDH) 
CRLL INTFF P CC 72 NCV-» 
FETUPN 
END 

C CHRLST FTN 
C 

DIMENSION IRC?) B t ) 
DRTR DISTMP ÊRDISTIIF ' 
WRITE<5 3) 

3 FORMRT<20X GRID CONFIGURRTlUN^ > 
WRITE<5 4 ) 

4 F0RMflT<7X C l 2 ^ C2 2X C2 2.X C4 2*^ C5 2 a 
* C6 , 3 X C - fV. Ce S\ CS" S i C10 4< C l l 4X 0 1 2 

N = l 
QO TO 1 0 0 

1 0 1 N = l 
WR1TE<5. 5 ) 

5 FORMflT< 1 / / / ^ / 7X C l . £ < C¿ 2X C3 2X C4 2 X ' C 5 ' * 
• 2X C6 2X C C6 5V C9 SJ- C10 4X C l l ' 4 X . ' C 1 2 , / > 

100 RERD''? 1 ENC=20U> IR 1) 1=1 7 ) <BiJ) J= l 6^ 
1 FORMRT •'14 t l tc " 
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e- 2 ) = i & C i tB^Í?, J 141fc 
E' 4 - )= lÊCi ' » F ' , 4 ) , ' ' : 141fc' 
U F I T E ' 5 , a u l f l ' I 1 ^ 1 , 2 ) , • I f l - 1 = 4 , D , iP-'J), J = l , e> 
FOFMRT'5,-^. e i 4 , f F ? : ) 
I F - N EQ 4 5 ) G 0 TO 1 8 1 
fj=rj+i 
GO TO 1 0 0 

cOri CRLL RESUME' D l STMF ) 
CRLL E I r 
END 
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crmuriM EICKÜI rcE"- p r i N SO4T r c c TtTf=i NCH MPV 

i r a t i ar uiui T.O r o i n 

r I=^T-DCC*rCO<= HLFH»-rCiMH ^ 
GO r o l o t f 

10 CORCR o 
I IST=F:CE s 

100 kETURM 
END 

FUNCTION FING !> V ^ 
S=c •'+V+Z/ 
R=î:OFT< -SU 

RNG-FITFlN F 
RETURN 
I ND 

FUNCnUN RNf^iHLL«. l í O L fiNGUl O fil Fl 
C l ' v f t c « - ' ! + c-j^j RNûULO^t J CUb fiNGUl.O-'¿: ) > * * 2 > > / 

R i * s h I N HNGULO' i / / C O S >. RNGULO-"a >»> 
R U M = CF + S 0 P T ' r F ' » * a - 4 J > / £ 
hU - I ». SORT f 4 )> -'S 
I F * 1 S 0 L EO l > f t U ' R M R ^ l RUJ-l flU^2J 
I F IS l i l F l" ¿ ) f lUy= ¡ N l c f l U X l RU í> 
i JliHi I J 4 1 t - R N L *RTRN HM 

I rm l 

> PLLHLF Pf 1 Hl ( I RNG.Í > 
I (• (."»<") R ÍN ^ 1 4 1 t - R H 1-RNL. 

f '> 
Ul 
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l U F h D U T I N E FTFILTF- I F , C, 1 Tfi , F 
L O G l L n L - H C' L i n 
F - n 
I fl-n 1 
I IF 

=11 

1 (1 I - I + l 
f t b r i i n ' I J I I r n ; n 

î f ' C' I ' f I ' C l b U R N , N 

I F - c - I ) LT ' f c ö o r I T > h i , ' ' H 1 

( F - I O tF-t . (. I ) - " fc ( i ' 
J S = r s + 1 
I - I + l 
i r I Gf L i r i > b f i TD - M 
I F ' R n C U ""-fc ' F I O i t j ^ H 

ir- C ' n Gr ( TI H N R I • I ) LF •, \ ' . N R U «I 

bU TO ¿ 0 

F U I - I + l 

I F - I G Í L i n G F I 1 0 I R I 

I f C • I ' t Î T U Lf ( I b f " " D u j î i Tif N 
r - f . f - r n * ' C I i o • 

F Ñ - F H + O 1 

bO TO T L 

ij Tl - rc- - L 
i r - J C LE O ' T L N I , 1 . 

I F ' C ' J L ' E-U ' T 

pi I f = 1 

I L r u f N 
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51 IF 

MOTOCT 

Nt T 

OIT 

DONr 

í I M F 
rt( Hl I 

TTFCn 
Gluts Fit UN*<- lirSEí̂ x 

NOV 
Milt 
FIIT 
CLF 
( Mf 
I ii( 
t t in 1 

!•< F . 
( k'^> 

f 0 F 1 
I 
I ( 1 ce 
I UNI 

I 1 > 

FO 
F l 

F^ ) 

F_ 
CMIL F_ IteCi 
El 1 NO rue T 
LMM f . »"̂ O 
ELT l ie r 
c í i r r F0)4 F i ) 4 
FF _F IF 
f riF E ^ FO + <-f;i ) + 
( Mf F O PF F"-
E.Gf l UNF 
MUVF F H F 
CMFE hZ »fcO 
BI T t ONF 
CMFE F- « t -
FGT DONE 
fiSL PZ 
fíSL hZ 
Fl^L F I 
r i c # 1 ' ^ - ' O F 
E I S r " F£ 
EF NF T 
MOV r o 
I1ii> 
FT"^ FC 

r» F'= > 
I iHCh*^ ) 

INTFF MO» F O 
MOV fF5) I 1 
CLR Rj. 
CLR F4 
RDI FÖ F l 
CLPE NEGñ 

rr CMF F O Cfc Rf> 
EQE F2 
CMPB • ' F D «5r 
EEO MENO-̂  
CMFr F l »»cL̂  
ELT I r i 
CMFfc F i , » n 
ELE NUMEFu 

' ( i CMFE «-^0»+ F l + 
ER Fr 

M' m JNCE NEGñ 
U 1 t MFE! <R0>+ <F1 , I-

CMF FO rot- p ^ ) 
rijF F IT 
CMFr F l ) «eo 
11 r Í 17 

MM F I » 1 



69 

fcOT K I ( 
NUflEFO n n v r i, r 

Lf lF f4 
f G E r<^T 
C L C 

f U L F 2 

F O L Rl 
RI r- F 4 . F Z 

F O L F £ 

no^T - F l ) F : 

F i c « i r r ^ C ü , r_ 
R('D r : f . 
E M I N ; T 

MOV F Z . r 4 
EF NÎ<T 

f Í I r TETE NEGfl 
BEQ EC 
NEG F 4 

L 2 MOV F O , n • F S ) 

M O W F 4 , e i O - F b ) 
PTE P C 

NCGR EVFE 0 
EVEN 

fcfLL RLUNá-S #fc", # " T T , # 0 
G'lOifE » 1 0 RTT , »fc-
Q I O Í E ttIO WLE, #fc-, # ; 
WTEEíTE # 2 
QIOÍ -S # 1 0 DET, # 6 
RTE PC 

Mi:G R E C I I < 7 
EVEN 

.#M?G # 1 

f I fl L RLUN:ÍE »C # " T T , # 0 
0 1 0 Í E # 1 0 R T T , # 6 
GIOJTS # 1 0 N L E , # E , # 2 , , < # M 5 G 1 , #fc", > 
NTEEiTE # 2 
C ' l o j r r # 1 0 c^ET, ttE 
F T £ FC 

i R E C I I ' ' 3 5 <17'^<s7-><Z7^<:27-^<27 y 

FND 
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r mUTH FTN 
1 MfiUNlS 7HF MFtTMX OF COEFFICIENT*. M<.INO THE OUTPUT OF CHñfHH 
r 

DIMFN<^ION I H ^ 7 ^ f t ^ f 5« i r S 
COMMON P C - O O ) 
DHTH DlhTMF.'fc.FDISTMF,' 
FFOr t 2 - Í )FL 

222 F 0 F M H T ' ' 4 F l t 'í> 
DO ¿0 1=1 ' 0 0 
RL I ) = R L R M ^ I ) 

20 CONTINUE 
RERD<4 2?4)HC HH HO TC TH TO 

224 F0FMRT<eF12 5 ) 
900 RERi 8 1 END=1000>< I f l ' - I > I - l 7 ) <b<J> J = l t) 

0 1 F U R M R T Í ^ M t F l t 5> 
DO 50 1=1 5 
C« , I )=0 
I C ' ' I ) = 0 

50 V&=0 
QO T0<1 2 2 4 5 6 7 e 9 1 0 1 1 1 2 1 . ' 14 15 I b 17 i e > I R < 2 > 

1 I C < 1 ) = I R < 7 > 
rC ' '2> = I R c t » 
I C C 2 > = I R < j ) 
1 C < 4 ) = I R 4 ) 
I C i . 5 i = I R ' ' 5 7 
D5=B<1> 
DT=B<2) 
C<l> = <RL< I f l ' ' 2> >+RL<. IR>. - '> ) ) / ^2 • & ' 5 > * D T * * 2 > 
C<2> = < B < 5 ) * 2 - D S > * ' ' R L < I R ^ t ^ > + R L ( I R ^ 2 ) ) ^ / < 4 * D S * * 2 ^ 
ftUX=<<B<5>*£ • D S > * ' ' R L < I f t < 2 > > + R L < I f i « ' 4 ) > >• 

* <B<5>*2 - D S ) ' » v R L < I R < b - ) > + R L < I R ' ' l ) ) i > / < 4 * D S * *2 ) 
B U X = < R L < I f i < 5 ) ) + R L < I f l < 2 ) ) * 2 + R L < 1 R < 7 i ) ) / < 2 * B < 5 ) * D T * t 2 ) 
C<3 - )=- l •<ñUX*EUX> 
C<4) = <<B<5>*2 +DE-> + < R L < I R < 2 ) ) + F L < I R v 4 ) ) ) > - • < 4 *DS«*2) 
C<5> = <RL<IR<5» >+RL''IR^.<.)> ) <¿. < E <, ) • D T t * 2 > 
VB=0 
GO TO 6 0 0 

2 CONTINUE 
6 CONTINUE 
? 1 C < 1 Î = I R < 2 ) 

l C ' ' 2 ) = I R v 4 ; 
DE-E - ' i ) 
C<1»=-HH RL I H - > es 
C<2)=RL<' IR"' > > D«: 
VP^-HH*TH 
GO TO 6 00 

3 CURNINUF 
8 (ONTINUF 
9 IC 1 > - lM ) 

ÍC , - l R ) 
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r F C . , > 

(. 1 ) - F L ' ' I R < 3 > > DS 
C ' —Hf l RLv l f i < < » > 'D= 

(ill m U l i 

4 K l ' - Í H É > 
K ^ ) = I H - > 
I C C 7 ) = I f i M > 
U 4 ) - I R < 5 ) 
[^^-E 1 ) 

( l ) = c i /DS* '» -2>*<B<5) -D5- -£ »» < < F L ' I R < 6 J >+RL< IH<3> J > / 2 > 
C - ) = 1 / D S * * 2 ) * < B < 5 ) + D S / . i > * c < p u < I f l ' ' 4 ) ) * R L < l R < 3 > ) ) / 2 ) 
C 4 > = R L < IR«: 2 ) >+RL< I R< 5> •) > E ( 5 )-rDT* *¿ ^ 
RLI'- = < ' 'E<5 )+DS/2 ) * < < R L < I R < 4 - ) ) + R L < I R ' - ) > ) / 2 ) • 

« <B 5 > - D S / 2 >* (<RI < I R ' ' t ) ) + P L < I f l 3 ) > > ^ 2 > ) * < - ! / D S f + i " ) 
E!U =C' ,4) 

^ )=flUX-ELIX 
SC 0 
(jO Tu Eun 

5 I f 1)=IR 
I C S ) = IR- '6> 
ÏC ^J = I R ' ' . 0 
IC 4 « = I H < 4 ; 
L--fc 1 ' 
rT=E 4) 
C 1>= R L ' ' I R < 7 ) ) + R L < I f l < 3 ) ) ) / < B < 5 > * D T * * 2 ) 
C 1 c ' D £ * * 2 ) ' » u B < 5 ) - D S ' ' 2 ) • < <RL< I f l<b'>>+RL< I R < 3 ) ) V 2 ) 
HL(< <fB 5 ) + D S / 2 ) * < < R L < I R < 4 > ' > + R L < I B < : > > ) / 2 ) + 

t - .Ev5 ) -DS / ' 2 > * < < R L < I R < 6 ) ) + R I < I R < : > > ) ' 2 > ) * < - ! /DS*fZ) 
B L I S - C l ) 
c>;2;=flu>s-BUX 
C''4> = ( 1 / D £ ' » ' ( 2 i + r ' • i + D ^ - ' i . " K c p t < i f t C 4 ) ^ + P L < I R < 3 ) ) ) / ' 2 ^ 
VE=0 
GO TO eee 

10 CONTINUE 
11 CONTINUE 
12 CONTINUE 
15 rONTINUE 
16 1C' '1J = I R < 7 ) 

I C ^ 2 ) = IR"v6) 
1 C < : » = I f l O 1 
1 C ' ' 4 ; = IR 4> 
I C 5 ^ = l f l 5 ) 
DS1=B<2> 
D£2=B<1) 
DT1=B<4> 
DT2=B<?> 
C<1> = < 1 / < D T l * B < 5 > * < D T l + D T 2 > ' > ) * < . v R L Î i > •»+RL< I fi< 7 > > > / ' 2 > 
C' '2 ) = <1 / < < D S l + D « = ^ 2 ) * D S l ) ) * ' ' B < 5 > - D S i 2 ' * 

t " : ( R L < l R < . 2 ) ) + R L < I H ' ' t > > ) / 2 > 
C<4> = <1 /<<CS1+D?2) *DS2) )>»« .B<5 ) + D S 2 / ? ) * 

i ( < R L ' ' I R ' ' 2 ) ) + R L < I f l 4 > > > / 2 ) 
C<5) = <1 / < D T 2 * B ' ' T > * ' ' D T l + D T 2 í í > 4 - - : k P I < IR<2> > + R L < l R < 5 ' > > ) / 2 > 
C « - 2 ) = - C < 4 j - C 2 ; - C 5) -C " ,1- ) 
VB=e 
QO TO 6 0 0 

1 - I C < l J = I f l ' ' e ) 
I C ' ' 2 i = IR ' ' i > 
IC 2 ) = I R 4^ 
I C ' 4 ) = I f l D 
DS = F - 'T 1 

D T - F ' 2 » 
C F - C l ) 
t 1 ,= 1 c r^^H^F >>»LS) )x ' • p L < I H < . f c > ) + R L < I f l < 3 ) > ) / 2 ) * v B v 5 ) - D S 2 ) 
C ) - 1 / l ' - t l F n r ) ) * « - RL-^IR 4 ) ) + r L ( I R Z)))/P M B f5>+DP 2 ) 
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R(( - '-f?L<IR''_<>)-ff;L I R M O ) / ? ) f < P t 5 ) * f ' P ^ 2 ) / D P ) + 

r i ' I »> 
r >- - t / ' ' r ' > + c > p > » • » R U J ' - r i K 
v r H 
Gii TO £00 

1 4 I I j » - 1 H <- ) 
IC > IN ' 
K ) IH-, t ' 
I l » - I H » 
I '^-1 1 > 
t ( r ^ 
i r - i ) 
C M - l r <̂  + l>F ) * C P > >*< R L < l R < 3 : ) ) + R L < I R ' : b ) > ) / 2 )*<B<5>-L>F 
C I ' I + r ' F ) + C ? ) > * < R L < 1 H < 3 ) 1 + RL< I f l < 4 ) ) ) / 2 > * < B < 5 ) + D < ^ ^ 
r t H I H - ) > + F L IR ^>J>>^2 >/<B<5)*l>T**2) 
RU - FL I f l > )+FL«. I f l M > > ) ' » < E < 5 > + D S ' ' 2 ) / D S > + 

* FL I H : » ^ + FL I R ' - t ) ) ) / 2 > * < P < 5 ) - D P ' 2 ) / D P ' « 
r u L n 
L ' - 1 rS+CF) '> ' » f lU E U \ 
VE-U 
üO TN ti-io 

1 ? c u r a i N u r 
16 IF IR 4 ) t p O RNr IR-'fc» EO O >Q0 TO 1 7 8 

I C ^ 1 ^ HINO U u „ ) IR 41 I R C b ) ) 
IC". =MR OMR : > IR< n I R < e > ) 
r n u I = fc 
i r I FO 5 ) & u r n 70 
I F I f l I ) t u I C " - ! ) OR I R < k ) EQ I C < 3 ) ) Q 0 t o 70 
i C ' ' < i ) = i f l ' ; i •) 

70 C O N T I N U E 
D £ 1 = P ' - : ) 
OS-.^^F-'l"» 
RUX= D S a ^ R L í I R í S ) ) V' .E'- fc ) * a l + r < - t f i ) 
EU'' = i 0 5 1 ' < R L « : i f l < 3 > ) ) / < E ( t < 0 i : 1 + D S 2 ) ^ 
C U V = - i * < F L < I R ' ; 3 > V E . < 6 ) + H C > 
i F a c v i > EQ i R ' : : o ) c < i > = c u v 
I F ' . I C í l í EO I R < e O C < : i ) = R U " < 
I F « : i C < 2 ) EQ I R ' - : ) ) C < 2 > = C U X 
I F < I C < 2 ) EQ I R < 4 ) - > C < 2 ) = E U X 
I F ^ I C < 2 > EO I R c f J ^ C ^ ^ - R U X 
I F ' ' I C < 3 ) EQ I R < : < J > C < : ' ' ' = C U X 
IF< lC<:<- '> EQ I R < 4 > ) C ' ' : )=EU 
GO TO 1 7 9 

17E. I C ' ' l J = M I N e < I R < : < ) I f l < 5 i I R < . 7 ) > 
I C < : ) = M f i X 0 < I R < J > I R < 5 ) I R < : 7 > ) 
CO e 0 »;=-<• 7 2 
I F < I R < I > EQ I C < 1 > OR I f l < K ) EQ I C < - O ) Q 0 TO fc.0 
I C < 2 > = I f l«>K) 

te C O N T I N U E 
D T l ^ B M ) 

D T 2 = B < 2 ) 
RU < : = < D T ^ • R L < I R < 3 ) ) ) / < B < 6 1 ' F ^ C ' T 1 + C « T 2 ) • > 
EU'< = < 0 T l ' « R L < I R < . 2 ) ) ) / < B < b ) * 4 D T l + D T 2 > > 
C U X = - i • » - < R L ' ' l R < . 3 ' ) ) / B < b ) + H O 
1 F < I C < 1 ) EQ I f l < 2 ) ^ C < l ) = C U X 
IF<:IC<1> EQ l R < 7 ) ) C ' ' l y = R U < 
1F<IC<2) EQ I R < 2 ) U < 2 ) = C U X 
1F<IC<2> EO I R < f > > C C 2 ) = E U X 
I F < I C < : 2 ) EQ I R < 7 ) > C C 2 ) = R U X 
1 F < I C < 3 ) EQ I R Zy-iCZ) e u x 
i r I C S ) EO I R ^ 5 ) > C < _ J -FLIX 
t /F—-HC*TC 

mil ICt iNT=-0 

0 0 P0 K=l t> 
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[ r ' I f ' F > f M 1 ( (a l l i l '! 1 

ir O N T - l L U r H + i 

'•̂ n u r J ÍL 1 I I ' l l 'L n i , ; - i p nrn 
EZ FÜFflRÍ ' t f 1- . L J ) • 

GO ru ^nri 
U1C1C1 rriLL n _iirif i T itif- ' 

r m i f J7 
f-Nl 

FIIWCTIUI^ HLHII' 1 
COflMDM F L ' "-UU ' 

L 
C FUNCfiO F , ) fif \ + b 
C 

R=o o : 
F = _ n 
RLun H>+f i [ +1 
FF n i f • 
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C FINR FTH 
C CRLLS <"FHriRT RNI> PRINTS THE SOLUTION VCLTOR 
C 

COHMON H".14n c5> IC 140 ^ S ) I N u ' 1 4 0 ) B < 1 4 0 > / X < 1 4 0 ) 
DRff i D1«-TMF t h L ICIMP--
1 = 1 

10 FCHO 1 1 ENC- 0> R I J; J 1 r<. 1 > ( I C C I K) K = l 5 ) 1NZ<1) 
1 EOF MOT t F l - < H t) 

I - I + l 
GO TO 10 

20 N = I - 1 
DO -'0 1=1 N 
>'<n = I 

30 CONTINUF 
CRLL SPRMRT^N) 
HRITE<2 3)>s 

2 F0FMfiT<4F12 S) 
WRITE<5 4> 

4 F0RMRT<20X TLMFFRRTUFt F 1 T F I ( U l ( ' iM 1 
DO 40 1 = 1 , N 4 
K = I + 3 
IF^K GT N)f =rj 
WRITE<5 2)f'L X C D ; I =1 H > 

2 FORMRT'' 9^ 4 ' ' T^ I •"<. J - F t 1 3 X ) ) 
40 CONTINUE 

CRLL RESUME DI<^ THf ) 
CALL EXIT 
END 
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C (̂ tlHHT ( TU 
C < r̂ii r ' Il itJti MnF<^F r i f iTF i ' " T E C H i N i u u r s n ^S<^TEII OF 
t I iurni t n i i R i i o N S &v GRU-^s ELIMINRTION METHOD 
c 

<-U( (-ri l lTINF tFHMRT N> 
(.ntlIiriN n 140 ¿ > I C ( 1 4 0 2.b) INZ<140 ' ) B<140) X<140^ 
T 01 ( 0 
H M -1 
m 10 I t N 1 
N<- - I u I ) 
RM H I L) 
I - 1 
t̂ O I 1=^2 UZ 
IF RF'^ RCI ( ! • ) » - R E S « : R M)^1C 15 lfc. 

U HM-H I t 1 > 
t c=t 1 

15 CONTINUE 
I F IC I I 2 ) EQ n ß O TO ¿ 1 
CRLL M U C C O L M N F t ) 

1 H l - R I t<¿) 
IF HC" R 1 ^ - T O L J 1 0 1 1 0 1 22 

101 WFITE f 1 0 2 ^ 1 R l 
10,. FOFMRT 10X NR L l N H f l I ? ? <" VRLOR MRX » EEî 4 ) 
2tf. CRLL TFRNE-CKZ n 

B--! )=B I ) / R l 
DO 2 : ( = 1 N2 

2: R i t >=f i ' ' i J 
DO 4 0 11=1+1 N 
I F INZ I I ) GT N2M)N,.M=INZ llJ 
N Z ^ I N Z M l J 
DO 4 1 F = l NZ 
I F i I C I l K) EQ D G O TO 4? 

41 CONTINUE 
GO TO 40 

4 2 R2=R U K> 
CRLL TPRNSiK U ) 
NZ = I N Z I ) 
N Z 1 = I N Z < I 1 ) 
DO 5 0 K l = l N Z l 
DO 60 f = 1 NZ 
I F C I C I l ( ! • ) EQ i r < I ( ' i G O TO 

t.0 CONTINUE 
GO TO 50 

t R ' . I l H ) = f l < I l K D - R i ' t R I t 
- . L l CONTINUE 

NZ1=INZ<I1) 
DO 70 k = l NZ 
DO 00 K l = l N Z l 
I F ' ' I C < I i ) EQ 0)GO TO kl 
I F ' . I C < I 1 K l ) EO I C M y GO TO n 

i 0 CONTINUE 
DO 71 i 1=1 N Z l 
I F C I C I I 1 3 ) EU O'GO TO 7 2 

3 CONTINUE 
iN<_ i i > í>izni'>+í 
I 1 - N c i + l 
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7 2 Fi< II, K l ^ = - f l 2 ' » f l ' 1, i •) 
I C - 11, f 1 ) = I C ' ' I , K ) 

7 0 CONTirJLIE 
fc-- 1 1 )=E I I ) - f l " . + E • I > 

4 0 C O N T I N U E 
1 0 CONTINUE 

E' N J = E ' N ) , R- fJ 1 ) 
DO 9 0 J = l , N - 1 
I E = N - J 
I f l = r j 
N Z = I N Z ' C I E ) 
DO 9 0 M = l , J 
DO 9 1 K = l , rjz 
IF> I C - ' I E , } •) EO IR-^GO TO 92 

9 1 CONTINUE 
GO TO 9S 

9 2 E<. IE i - f l ' I E f ) >f F I H > 
93 I R = I R - 1 
9 0 CONTINUE 

DO 9 4 N 
L = I F I X ' ' J < I > ) 
^ - - I ) = E ' ' L ) 

9 4 CONTINUE 
F F T U F N 
FJU' 
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« ^ U t f - n t l T I N F M U C C ( i L < I N K d > 

C u n r i r i H fl^i4(i 2"» I L < . 1 4 a ^S't I N 7 < r i 4 0 > B < 1 4 P ) ><,iA<3i 
t -( ^ 
I f l - l t I F t 

i N r i ) 

l > D n I I = 1 N Z 

I I 1 1 l 1 ! > E f i l ) Û 0 T i l jí 
"»11 r n i n ¡ N i i r 

r , i i M l 

: i i r i 1 1 - U l 

3^ K I I - 1 

t o 1 1 1 ^ - 1 N 

I F < I O F Q F L C i F I T I t l ^ T O i 

G O T O 1 < 

G O T O 1 1 

1 - I F ' • • ' t > F Q F L O R T D ^ X ! ' - í f l 

1 1 C O N I I N I I F 

t ? 0 1 0 1 1 = 1 N 

I F I I L O f ) G O T O i O 

f J J ^ I N ^ ' - I l í 

C O 2 0 K=l N Z 

I F I C a i Kf F O I > G O T O 

I F ( I C < I 1 K > E Q I C l U C M l K - ) I 

G O T O £ 0 

1 I C I I F > = I t l 

0 C O N T I N U E 

Ml C O N T I N U F 

F F T U F N 

E U P K O U T I N E T F R N - ^ i F I ) 

C O M M O N R < 1 4 0 t f ) I C < 1 4 0 I N r < 1 1 0 > F 1 4 0 » X < 1 4 0 ) 

f i Z = I N Z < n 

K l = f + 1 

I F k f 1 G T N Z » G O T O 

D O 1 0 K t = l 1 N - -

I C < I Ki = lC I I £ ) 

R < I f v ) = R < I f t ) 

I = K + 1 

1 0 C O N T I f i l U E 

I C ^ I f . 2 > = 0 

R < I l 2 ) - 0 

G O T O r e 
?0 I C I f >-0 

R ^ I I ) ^ t i 

0 I N - ' - ' n ^ I N 1 ' 

I F I t r I ) ! H I M M i 
F F i u r u 

< > ( 
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C 
C 
C 

92 

94 
4 

b 

D i ' ^ i r i f U N 
mm i-t-nüi ut i WICH Cuf4l(-ril RLL THE OTHER PROGRRMS 

LOGICRI * 1 (. C > 
D i n t N M O N O 00» '12"=*) 
DRTR CHHCHH tl-CHRCHR CHRL"^ f / t P C H R L S T / RONTR/'^RMONTR, 

F i r jR 4KFÍNR' ' 
CRLL EFR<-t 
WF17 C h í > 
FOFMRT t < l̂<^TEt1R FRPH CALCULO DE D l S T R I B U K H i ' 

LF TtMFERRTUFH / ) 
WFJTE fc t ) 
FUFMf lT< l^ >>>> FflSSO 1 » > - > 

1 - NE'^TE FRSÇO <^EFR MONTRDR UMA TRbELR 
OUt DEFINE CRCR FONTO / ''X SEUS VIZINHOS 

F R_ FtSFCCTI»/f lS DISTRNCIRS ESTR TRBELR ESTRRO 
<. EM CISCO SOE O NOME DE F0R0D2 DRT / 

OS DRCOS SERRO R SEGUIR ENTRRDO"^ PELO TERMINHL 
ÍVOCE ESTfl PRONTO PRRH BRTER OS DRDOS (S^-N) > ' 

CRl L FELL 
RERDCb . )C 
FORMRTC-^aRl ) 
I F C ^ l í HL 12_ )Oli 1(1 '^c 
CRlL r e o l i e - ^ c c h r l h r , 
WRITE fc 4 ) 
FOFMRT ÍQUER LISTAGEM CR TRBELR "> <S /N) ^ > 
CRLL BELL 
RFRD fc : ) C 
I F C < l í EO l l fc . )GO TO 5 1 
IF<C ' '1> HE 122>G0 TO 94 
CRLL 
CRLL 

l l fc . )GO TO 
122>G0 TO 

REPUES(.CHRLST> 
5USFND 

WRITE '6 5> 
FOPMRT' ' / / I X 
WRITE' 'b b ) 
FORMRT< ÍPRTR 
CRLL BELL 
RERD<b 2 ) C 
I F ' ' C < 1 ) NE 
CRLL ERASE 
WRITE<6 1> 
WRITE 6 ?•> 
FORMAT<IX 

I X 

* * * FASSO 1 COMFLETfdU ' 

C PARA CONTINUAR > ) 

102)GO TO 

fc'^TR ÇENCO CHUTHDR UMR SOLUCRO 
' i> <^ISTFMR ESSR SOLUCRO SERR 

RERD^e 
P*0 
CRLL 
CALL 
CALL 
CRLL 
CRLL 
f Hl I 
ll( I ÍF 

>•> •> PRSSO £ 
- NESTE FRS<^ii 

I N I C I R L PRRR O 
DO TIFO f 

12X X ü < l ) = ''TH+TC FRFR 1=1 2 N 
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