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App€ndix V FORTRAN IU computer proq.ams

Evaluat€s values of the various hydrodyna$ic shape functions

for trl.-axial ellipsoids fot a usEr specifiable value of

th6 axial ratios (a/b, b,/c )

Produces tables of these lunctions fot axial ratios betueen

1.t l  and 2.0 in steps of  0.1

Produceg a contour map of u in the (a/ur b,/c ) plane for

axial ratios betueen 1.0 and 3.0

Ploduceg plots of the various tri-axial functions in the

(a/t ,  A/c) plane cor lespondl^ng to the point  (1.5r 1.5).

Several plots allorrr for arbitrary errors in n€asurement

Non-11n6ar Least aquaa€s itecative method for resolving a 2-

term exponential bireftingence decay. This program (and the

follorrrl,ng tuo) producas Lts oun synthetic data

Program 1:

Program 2:

Program 3:

Program 4:

Progftrn 5:

Prog:rao 6: Fouller Tranaform solutlon of the Laplace Intagral Equation

mEthod

PlograI| ?: R-constrained non-linear least squares iterative method
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Computer Symbol

n/a

B/c

Nur 5

F

; a  h ^ ae'r ,  t  ^ f  uu

na aa /cn

ar, lrauv t  u. t f  uu

RHoA, RH0VRH00

RHOB, RHBBNHOO

RH0C, RH0CAH00

BETA

R

DELTAA, DELTA(A)

DELTAB, DELTA(B)

DELTAC, DELTA(C)

GAlIttAA, CAtrtnA(A)

GA|IrtAB, GAf'ltlA(B)

GArvrflAc, GAfitqA(c )

|l|uA, r'tu(A)

lruB, ltu( B)

t'tuc, ttru(c)

TAU, TAU^AU0

P 5 t

LAIIEDA

TPLS, THETA+, Z

TfiNS, THETA-, u



Function

6

Y-

. 2 , . o

- 3 ' ' o

. + o

5 '  o

0+

0

DtlNs, DELTA-, !'

GFLS, GAltlltlA+

GnNS, GAtrltrlA-

T1

f2

T3

T4

T5

THPLUS

THIINUS



Program 1

t t  +  a+  + t  t  ++  + : ;+  +  t  r  +  +  t++  r+ t  t t  t t r  r t+ f t++  + t+  ++f :+ ; t t l  + t+  ta  +  t+  + t t r

f  : ; . r  t r+ t  ++r } t+ l+ t  t : t+  + t+ t  I  I  : } : t  ++  + t  t  I t t  I  t t t t++ra+ta++r+  t r  i+ r  r f  t+
? B O C R A t {  l { A I N {  I N P U T ' 0 U T P U T T T A P E 2 : I N P U T T T A P E 3 = O U T p U T }
CO i l I {ON /P AR A'{  /A, G, NN
E X T E R N A L  F U N
O I H E N S I O N  A L P H A ( 1 0 '
REAL NU,  ,  0,  P

-  __EE 4 !  UU4r  l t uB  r lUCr  PS I  r  N1 rN2  r  RHo  A  rRH0ErRHOG
E t { T E 8 _ A S  q A T A  A T  T H E  F 0 O l  0 F  T H E  p R o c R A t r -  l a / 6 t  B l c l

R E A O ( 2 , + l  N l . ,  N 2
N N = 0
COI {PUTE THE ELL IPTTC INTEGRALS
D 0 4 5  K = 1 , 1 0
A: f.l1
B=  1 .  0
C = 1 . 0 / N 2
NN=NN+ 1
!_E I - l I r { IT5  Fqg  Nur , t  R IcAL  INTE6RATION (THESE L I r . t l TS
9ELoH HAvE EEEN pREvr0USLy TESTED FoR Cof r tER6ENeEt
A A = 0 . 0
8 8 = 1 0 0 0 0 0 0
I F  ( N N .  E Q .  1  0 ,  8 B = 5  0 0 0 0  0 0 0 0
Hl  XO fV= 50
EPS=1.  0E-0  E
ACC= 0 .  0
IFAIL= O
Q A I - ! . . ! . ( : _ : N 4 q -  L I B R A R Y  R O U T I N E  F O R  N U H E R I C A L  E V A L U A T I O Nq E  T H E  I N T E G R A L S  - A L P H A "  G I V E N  I N  T H €  S U B R O U T I N E  E E L 6 ' - 'q4L!,  -  q014c E( AA r  gB'  FUNr r{AxBI v '  EPs'  Acc ;  ANs, ennon,noFDN i  i  rn r  l tA L P H A  ( N N t = A N S

rl5 C0NTIf iUEg = 1 . 0
NOI { -COI , IPUTE THE IUNCI lON VALU€S USIN6  THE STORED TNT€GRAL VALUES
NU= (  1 .  0 /  {  A rB .C l  I  r  (  (  t + .  I  t 3 .5 .8  }  |  (  (  ALpHA (  Z  )  +  AL  pHA t  E }+  + A L P f A  ! 9 t  l /  ( A L P H A  |  8 l  T A L p H A  ( 9 f  + A L p H A  ( 9  t r A t p H A '

+  { 7 }  i A t , p g A  { 7 f  T A L p H A  ( 8 t  I  )  +  (  1 .  a t  5 . 8 1  |  (  (  t  A L p H A  ( 2 )
+  !  l l P H 4  l 3  l  r /  (  A L p H A  {  4 )  .  { B r B r A L p H A  a  2  }  + C T C . A L p H A  i  3 l+  ,  I  l t l  !N_LP t l 4  t 3 !+aLPuA  (1 )  t  /  (ALPHA(5 ) r  (C rC*ALpHA i 3 r+ !4 t l lA l .P i lA!  1  f  )  t  t  +  (  {aLPHA (  1  I  +aLPHA {2 t  t  /  iaLFHA( 6 i '+ ,  ( A T A ' A L P H A  ( T ) + g T B T A L P H A ( 2 )  }  I  )  ) }

f { :  ( 8 r B + c r c t /  t B r E r A L p H A  { 2 }  + 6 + 6 1 1 L p H A  ( 3 r  t
0 =  ( c r c + a r A t  /  (  c r c . a l p H A  ( 3 f  + 1 1 1 + g 1 p H A ( 1 )  |p : - t 4 1 4  t B r B )  /  (  A f A + A L p H A  { 1  t  + B r B + A L p H A  ( 2 '  }
T P L S :  (  ( A r B r C t  /  ( 1 2 . 0  '  l  |  (  {  (  (  1 . 0 / t ' t t +  {  1 . 0 /  0  )  +  1 L . ! /  p

+  I  l +  (  {  l t . 0  / k } + 2 , 0 ,  +  ( 1 .  0 / o f r 2 .  0  )  + (  1 .  0 / p r r 2 .  0 f  )  -+  (  ( 1 . 0 / { r { f  0 }  |  + ( 1 .  0 /  l o + p t  )  + ( 1 . 0 , / ( p + H
+  ) L I r | 0 . 5 | |

T I I N S :  t  ( A l g r c )  |  l L z . 0 l  I  + (  (  (  {  1 . 0 / t , r | +  (  1 . 0 / 0 1  + l L . B / p
+  t -  )  -  (  (  ( 1 .  0 / l , t r r 2 .  0  )  +  (  t .  0  / o r +  2 . 0 t  + t  1 .  0 / p r ; 2 .  0  l  r  -+  (  |  1 . 0  /  |  H r 0 ,  )  r  ( 1 .  0 /  (  0 r p ,  |  +  (  1 . 0  /  ( p r  H
+  t  t t f  r r 0 . 5  t  )

0PLS=6 .0 rT  PLSTNU
0Hti ts=6 .  0r T HNSTNU
F _ = 4 . 0  l (  (  ( A r B ! C t  r r  ( 1 . 0 / 3 .  0  )  )  f A L p H A  ( 1 0  )  t
R = 2 .  0 +  ( 1 .  0 + ( F f r s .  0  I  )  / N U
9 E I { =  t 1 r 9 1 1 0  q 0 9 0 0 .  g l !  !  (  ! 6 .  0  2 q 9 t r (  1 . 0 / 3 . 0  )  }  + (  1 0 . 0 + t ( 2 3 .  0 / 3 r  g+ t , \ t  / .  |  1 1 Q 2 0  0 r  c ! 3 . 1 4 1 5 9 e 6 5 { r 3 . 1 6 1 5 9 2 b 9 4 }  r r  (  1 .  g / 3 . 0  }  )  }  r  a  N 0 '+ r + ( 1 . 0 / 3 . 0 1 1 / F
C A =  (  2 . 0 /  (  3 . 9 I A | B + C )  |  + l , l
C 8 =  (  2 .  0 /  (  3 . 8  r A f B . C ,  I  + 0
C C =  ( 2 .  0 /  ( 3 . 0 r A a B + C l  I  r P
R H o A = ? . 0 /  |  l L . 0  / C 8 ,  +  (  1 . 0 / C C  t  t
R H O B = 2 . 0 /  (  { 1 . 0 / C C l  + (  1 . 0 / C A )  )
R H O C = z . 0 /  (  ( 1 '  0 / C A l  +  ( 1 . 0 / C B t  I
0ELA=NU/CA
O€ LB=l,l U/ C B
DELC=NU/CC
I 4 ! = t .  B t  I  t L . 0 f c A , ; t L . o f  c 8 t  +  ( 1 . 0 / c c '  I
P S I = F r  (  ( 1 . 0 . / I A U )  r r  ( 1 . 0 / 3 . 0 )  )
V=  U /TAU
ZZ= |  ! .  g l7 .  g l  +  (  F t r  3 .  0  |
6A l , l l , lAA=ZZ:  {  (  1 .  0 /CB)  +  {  1 .  0 /CCt  }
GA l . l l , lA B= ZZr (  I  1.  0/CC t  + (  1.  0/  CA, )
G A I I H A C = Z Z t  t  {  1 .  0 / C A ,  +  { 1 .  0 / C B  t  }

U A =  (  C A f +  (  1 . 0  1 3 . 0 1 |  l F
t4u8 -  { cB+r  I  L  I  t 3 ,  g  t  t  l F
l . ' f  UC= ( CCrr I  L.  gl3.  t ,  t  lF
G P L S = 6 . 0 r T P L S +  ( F r l 3 .  0 ,

cc
c

c

c

c
c

J l ! IS_pEo6g4!  GENERATES y4luES qF THE vARrOuS HyDRoDyNAf{ rc
st raP€ FuNcTtoNs FoR A usER SPECTFTABLE VALUE 0F-THE . l i t iA [
RAT IOS  A /B  (=N1 )  &  B /C  (=N2 ,
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R A T I O S T ' }

I I I { E  R A T I O S : * }

T I I { E  R A T I O : ' )

G H N S = 6 .  0 + T H N S '  ( F . r 3 .  0 )
X 1 = 0 r 5 +  (  { 1 . 0 / R H O B I  + (  1 .  0 / R H O C l -  ( 1 .  0 / R H 0 A l
X 2 = 0 . 5 +  (  (  1 . 0  / R H O C l  +  (  1 . 8 / R H 0 A l -  (  1 .  0  / R H 0 S )
X 3 = 0 .  5 r  (  { 1 . 0  / R H O A I  +  { 1 .  0 / R H o B t  -  (  1 .  0 , / R H o C ,
X b = ( X 1 + X 2 + X 3 l / 3 . 0
x 5 =  (  (  x l n r . j r ? . 0 1 +  l x ? 1 t 2 . 0  )  + { x 3 } + 2 . 0 l  -  ( x 1 * x ?

+ r +  0 . 5
T 1 = 1 . 0 / ( x 4 + X 1 l
f 2 = 1 . 0 1 ( X 4 + X Z l
r 3 = L . g / l x 4 + x 3 ,
T  4 = 3 . 0  /  (  (  5 . 0 r X t )  -  (  2 . 0 r X 5 l  l
T 5 = 3 . 0 /  (  l 5 . 0 f X 4 )  +  ( 2 . 0 . X 5 1  )
I t R I T E { 3 r 9 7 1
F O R H A T  (  '
t {RITE ( 3r 9I t  I
FORHAT (  '
I t R I T E ( 3 r 9 9 ) A r 1 / C
F O R H A I  a  5 X r "  A l B  - F 7 . 2 , -  B l C  * , F 7 . 2
!{  R TTE ( 3r 1t t  ( ] I  NU
F 0 R H A T  (  5 X , '  N U  ' , F 1 0 . 5 1
r {R ITE  (  3 ,  t 0  6 '  F
F O R H A T  |  5 X , -  F  - r F 1 0 . 5 )
I iR  ITE  (  3 r  1O 1 . I  TPLS
F o R I { A T  (  5 X r -  I H E T A +  " F 1 5 , 5 l
T i R I T E ( 3 , 1 8 2 )  r H H S
F O R H A T  (  5 X r '  T H E r A -  " F 1 5 . 5 t
HRITE (  3 ,10  3 I  DPLS
F O R U A T  |  5 X r '  O € L T A +  - r F 1 5 . 5 f
x R I T E  (  3 , 1 0  4 t  0 f { N S
F 0 R H A T  (  5 X , '  D E L T A -  " F 1 5 . 5 1
x R I T E  (  3 , 1 0 5 t  R
F o q i l a T !  5 x r "  R  - r F 1 5 . 5 )
h | R I T E ( 3 r 1 0 7 )  B E T A
F o R M A T (  5 X r -  B € T A  - r F 1 5 . 5 t
fR  ITE  |  3 t2021
F O R H A T (  5 X , " T H E  3  R O T A T I O N A L  F R T C T I O N A L
r { R I T E ( 3 . 1 0 8 t C A
F o R t t a T  {  5 X r '  C A  - r F 1 5 . 5 t
T I R I T E I 3 T l ( l 9 I  C B
F 0 R r . t A T  (  5 X , '  C 8  - , F 1 5 . 5 '
H R I T E (  3 r  1 1 0 t  C C
F Q E I A I (  5 ! r '  C C  " F 1 5 . 5 )
H R I T E I S T 2 O S )
FOR} IAT(  5X , ' 'HE  3  ROTATIOI {AL  RELAXATION
} I R I T E ( 3 , 1 1 1 } R H O A
F o R i { A T (  5 X r '  R H O A  - r F L 5 . 5 l
} IR ITE  (  3 ,112 )  RHOB
F O R I { A T  (  5 X , "  R H O B  - , F L 5 . 5 1
l { R I T E  (  3 , 1 1 3 t  R H o C
F 0 R t { a T  (  5 X , '  R H o C  - r F 1 5 . 5 )
IRITE ( 3 '  11lr l  0ELA
F q q u 4 T !  5 X r -  o E L T A A  " F 1 5 . 5 t
l r R I T E  |  3 , 1 1 5 t  o E L g
F q B [ A I !  5 X r '  D E L T A B  ' r F 1 5 . 5 1
r {  R  ITE  (  3 ,  115 t  08  LC
F O B I I A T !  5 X r '  D E L T A C  ' I F L 5 . 5 I
H R I T € I 3 . 2 O b I
FORI {AT I  5X , "THE HARTONTC i lEA i {  RELAXATION
I T R I T E  (  3 r  1 1 7 t  T A U
F O E I i A T  (  5 X , "  T A U  " F 1 5 . 5 1
L R I T E  (  3 r  1 1 8 '  P S r
F 0 E t t A T  !  5 X r "  P S I  - r F 1 5 . E )
l { R I T E { 3 , 1 1 9 t  V
F  O R H  A T  (  5 X , - L A I { B D A  ' , F L 5 . 5 1
IR ITE  (  3 ,  1201  GAHT.TAA
F O R H A T  I  5  X , " G A H I . I A A  ' , F 1 5 . 5 }
H R T T E ( 3 . 1 2 1 I G A I { I { A B
F O 8 X 4 T  (  5 X " G A H r { A B  - ! F 1 5 . 5 t
I I R I T E  (  3 , 1 2 2 1  6 A H H A C
F S B , I A I !  5 X r - G A H H A C  - r F 1 5 . 5 )
r {R ITE  (  3 ,1231  r , lUA
F 0 R r { a T  |  5 X r -  t t u A  - r F 1 5 , 5 }
T . R I T E  (  3 , 1 2 4 t  $ U B
F g 8 ! 4 T !  5 X r '  r { u 8  - r F 1 5 . 5 1
I tR ITE  (  3 ,125 t  f {UC
F o R M A T  {  5 X , '  H U C  - , F 1 5 . 5 )
x R I T E  {  3 , 1 2  6 )  S P L S
F q E E A T l  5 X r ' G A l f l { A +  " F 1 5 . 5 )
T i R I T E ( 3 r 1 2 7 ) G  N S
FoRl , lAT  (  5X '  -6Ar { l {A -  - rF15 .5 t
I R I T E ( 3 , 2 0 1 1

9 7

9 E

99

1 0 0

1 0 6

1 0 1

LB2

1 0 3

1 0 4
<  n t

Lg7

? 0 ?

1 0 E

1 0 9

1 1 0

2 0 3

tlL

LL?

1 1 3

1 1 4

1 1 5

1 1 6

2 0 \

LL7

1 1 6

1 1 9

120

L2L

t2?

t 2 3

L24

L25

L26

! 2 7



a o.,

R E L A X A T I O N  T I H F  R A T I O S : * )F O R ! 4 A T (  5 X i - F L U O R E S C E N C E  A N I S O T R O P V
I t R I T E  ( 3 ' 1 3 0 1 T 1
F O R I { A I  {  5 X t -  T l  " F 1 5 . 5 )
I T R I T E ( 3 , 1 3 1 1  T 2
F o R t ' t A T  (  5 X r "  l ?  " r F 1 5 . 5 1
H R I T E ( 3 ' 1 3 2 ) T 3
F O R i r  A T  ( ' 5 X , -  T 3  - , F 1 5 . 5 )
H R I T E ( 3 ' 1 3 3 I  T 4
F 0 R f { A T  (  5 X  r "  T 4  ' t F ! 5 . 5 1
H R r T E ( 3 . 1 3 4 1  r 5
F o R H A T (  5 X r -  t 5  - r F 1 5 . 5 )
STOP
E N D

2 0 1

1 3 0
t  ? l

t32

1 3 3

1 3 4

1 0

2 8

3 0
l l 0

5 8

6 0

7 0

E O

9 0

1 0 0

c
c

REAL FUNCTIOI {  FUN(X I
c0 f{ t {oN/PAR At{ /A r  ct  } lH
B = 1 .  g
6 O T 0  ( 1 0 r 2 0 r 3 0 r t 0 r 5 8 r 6 0 r 7 0 r E 0 r 9 0 r 1 0 0 )  r  N N
FU =1 /  (  (A IA+X t  r f 1  r5 r  I  B |B+X )  r r r0  o5+  (C+C+X,  | r0 .51
RETURN
F 0 N a 1 /  {  ( A r A + x } r r 0 . 5 r ( B I B + X '  | r 1 . 5 r  (  c r c + x l  r f  0 . 5 }
RETURN
FUN=1/  I  11 r  A+X )  | '  0 .5+  16 r$+ I  !  t r 8  . 5+  {  C rC+  X l  . . 1 .  5 l
RE TURN
Ft jN=1 /  |  (  A rA+X l  . I 0 .  5 r  {  B r8 }X  )  r r  1 .  5 r  16 rQ+X l  }+  f .  i l
RE TURN
F U  = 1 /  (  (  A r  A + X  I  r r 1 . 5 +  l  g r g  + X  )  r r 0  .  5 r  (  C r C  + X l  r + 1 . 5 1
RETURN
F U f { = 1 /  (  (  A r  A + X  I  r r 1 . 5 r  (  B r B + X  )  . + 1 . 5 1  1 6 r  Q +  X l  r *  0 . 5 )
RETURN
F U N = X /  I  1 1 r  1 + X  )  r r  0 . 5 r  (  8 + B + X  l  + r 1 . 5 +  1 t r $ +  X l  + r  1 . 5 1
R E  T U R N
F U N = X /  {  (  A r A +  X )  + r  1 .  5 r  (  8 t B + X  }  + + g  . 5 r  {  c + c + x  I  r +  1 r  5 t
RE TURN
F U N = X /  {  { A r A + X } : r l o 5 r  (  B | B + X }  } . 1 . 5 r  (  C + C + X }  f + 0 . 5 1
RE TURT{
F U N : 1 .  0 i ,  (  (  { A r A + X ,  r  (  8 + 8 + X l  r  {  G r G + X )  I  r + 0 .  5 )
REIURN
E N D
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Prooram 'l Results

T A +  . L 6 ? 6 L
TA. .LT6??
TA+ 2 .  E? I27
r a -  e . 0 1 6 4 5

L.47  887
A 2 ,L2334
I  R O T A T I O N A L  F R I C I I O I { A L  R A T I O S T
A .69762
B  1 . 3 9 6 0 0
C  1 . 4 7 0 t r 1
S.ROTATIOHAL RELAXATIOI {  T I I {E  RATIOST
0 A  1 . 4 3 3 2 9
oB t . tL474
0 c  1 . 0 9 3 2 7
LTAA 3 ,22152
L T A E  2 . 0 6 E 4 6
L T A C  1 . 9 6 6 6 0
HARI{Oi I IC  HEAI {  RELAXATION TI I {E  RATIO:
u  1 .1954E
I  . 9 8 3 7 1 1
0 r  2 . 4 1 8 E 6
lA .79411r
i8 l:8itli
a  . 9 2 3 8 9
B 1 .0709?
e  1 .  0  E 9 1 0
A +  1 .  1 1 0 5 1
A-  .79372
RESCEI{CE ATISOTROPY RELAXATION TIHE
1  1 . 0 2 5 3 6
?  L . 2 8 8 8 3
3  1 . 3 1 8 7 7
4 1, rr340 5
5 L.02497

A ' B
N U

F
T H E
rHE
OEL
DEL

R
BET

THE
c

THE
RH
R H
RH
O E
O E
O E

THE
T A
PS

LAIIB
GAHH
GAI{H
GA lfilr{u

r{u
H U

GAIIH
6A r{r{
FLUO

T
T
T
T
T

1 . 5 81 . 5 0  B l C
2.89170
1 .  0 4 4 1 0

R A T I O S :



t o o

Prooram 2

+ a * t + : ; t r  t l l t + + f  t  t + + f  + t a t t  t t + +  a + t t + : i l l + + I + r t +  + r : } + t +
U T E S  T A E L ' S  O F  T H E  V T S C g S I T Y  I N C R E T { E N T  N U i

F R I C T I S N A L  R A T I O  I F l F O ) ,  T H E  R O T A T I O N A L
(  C A / C I l ,  C B I C t } T  C C l C ( l  I r  T H E  R O T A T I O N A L
A I I 0 S { R H 0 A / R H 0 0 r  R H O B / R H 0 0 r  R H 0 C / R H 0 0 l r  T H E
A X A T I O N  T I I { E  R A T I O (  T A U / T A U O  ) T  I H E  R I D G E H A Y
6 E N C E  D i C A Y  C O N S T A N T S  (  T H E T A + I  T H E T A . I T  A N D
N G  S t { E L L I N G  -  I N D E P E N D E N I  F U N C T I O N S :
0ELTAB,  DEL IAC,  GAr ' f i . , t 4A ,  GAHi {A  B r  GAHHAC,
I r  0 E L T A + r  O E L T A - r  G A M M A +  A N D  G A M H A -
H E  A X I A L  R A T I O S  A l B I  B / C T  I N  T H E  R A N 6 E  1 ' { l  T C
. 1 ,  F O R  A  G E N E R A L  T R I A X I A L  E L L I P S O I D  P A R T I C L E
C R I P T ' l ] '  R E F E R S  T O  T H E  C O R R E S P O N O I N 6  C O E F F I C I E N T
QUAL VOLUI IE  I
+t r t+ t  I  r r  a l : r l+  I  r ; r  I  r+ l  ]+ r+  a  l la+  ++ +  r ' } r j l : r t+ t  t++ I I t  t I+  |

t + t  + + t l r r l t + + + t a t l
THIS  PROGRAI {  COMP
I H E  T R A N S L A T I O N A L
F R I C T I O N A L  R A T I O S
R E L A X A T I O N  T I I I E  R ,
HARi{OI. I IC HEAN REL
E L E C T R I C  B I R E F R I N
THEIR CORRESPONOI
R r  B E T A r  O E L T A A T
iua r  t {U8 r  f {uc ,  PS
AS FUNCTIONS OF T
2 . 8  I N  S T E P S  O F  O
I . IODEL.  (  THE SUBS
FOR A  SPHERE OF €

r t t f f t + t t T t r t + r a f +

PR06RA H l ' lA  IN  (  I  NPUT r  OUTPUTT f  APE2= I  NPUT T  TAPE 3=0U TPUT )
co t{t{oN/PA R At{ / A t G r NN
E X T E R N A L  F U N
D I I I E N S I 0 N  A L P H A  (  1 0 t  1 1 r 1 1 1  r N U  |  1 1 r 1 1  I  r F  t 1 1 r  1 1 t  r  R  { 1 1 r  1 1  I  r  H (  t l

+  1  B E T A  ( 1 1 r  1 1 1  r  C A  ( 1 1 r 1 1 1  r C B (  t 1 r  1 1 1  r C C  ( 1 1 r 1 1 )  r H (  1 1 r 1 1 1  r 0  { 1 1 r 1 1 }
+  r P l 1 1 r 1 1 )  r T P L S ( 1 1 r 1 1 1 r T { N S  ( 1 1 r 1 1  )  r  R  H  0  A  (  1  1  r  1  1  1  r  R  H  0  B  (  1  1  i  1  1  1
+  r  R H 0 G  l 1 1 r  1 1  )  r  T A U  (  1 1 r  t 1 )  r  P S I  ( 1 1 r 1 1  l  r  D E L A  t  1 1 r  1 1  |  r  0 E L B (  1 1 r 1 1 )
+ , D E L C ( 1 1 , 1 1  I r G A r { H A A ( 1 1 r 1 1 1 , G A t , t M A B ( 1 1 r 1 1 t , G A H r { A C ( 1 1 , 1 1  I , n U A ( 1 1 , 1 1 )
+  r l ' l u B (  1 1 r 1 1 )  r l { U C  ( 1 1 t 1 1 r  r 0 P L S  ( 1 1  1 1 1  I  r D r l N S  (  t 1 r  1 1  I  r  G P L S  ( 1 1  r  1 1 )
+  r G I { N S  ( 1 1 r  1 1 l  r Y l  t 1 l  r  Z  l t 1 )  r Z Z  ( 1 1 r 1 1 1

REAL N U r l'l r Ot P r f{U A r HU I r ltU C r P S I
C O I { P U T €  T H E  : L L I P T I C  I N T E 3 R A L S
Nt{= 0
O O 4 5  K -  1 r  1 0
A = 0 . 9
NN=NN+ 1
00 t00  I=1 r  11
A = A + 0 . 1
C = 1 . 0 / 0 . 9
0 0 3 0  N = t ' 1 1
C = C /  |  t . 0  + 0  . 1 + C  I
SET L I ! { ITS  FOR NUI {ERICAL  INTEGRATION {THESE L I I I ITS
SELO} I  HAVE EEEN PREVIOUSLY TESTEO FOR CONVER6ENCEI
a a = 0 . 0
B 8 = 1 0 0 0 0 0 0
I F  { N N .  E q .  1 0 1  B B = 5 0 0 0 0 0 0 0 0
HAxOIV=50
EPS=1 .  0€ -  0  E
A G C = 0 . 6
I F A I L = 0
C A L L  U . K .  ' N A G '  L I E R A R Y  R O U T I N E  F O R  N U M E R I C A L  E V A L U A T I O N
OF THE INTEgRALS 'ALPHA"  G IVEN IN  THE SUEROUTINE BELOI I
C A L L  O ( ! l A G F (  A A ,  B 3 , F U N ,  I { A X D I V , E P S ,  A C C  T  A  N S T  E R R O R  T  N O F U N T  I F A  I L  I
A L P H A ( N N r I r N ,  = A N S

3 O  C O N T T N U E
tr 0 C0NT INUE
45 COI{T INUE

B = 1 . 0
A : 0 . 9
0 0  8 0  J =  1 '  1 1
A : A + 0 . 1
Y  (  J )  = A
C = 1 . 0 / 0 . 9
8 0 7 0  N = 1 '  1 1
G = C /  ( 1 . 0 + 0 . 1 r C ,
Z lN� l  =trC
I {O} I  COI , IPUTE THE FUNCT ION VALUES USING THE STORED INTEGRAL UALUES
N U  ( J '  N l  =  ( 1 . 0  / ( A r B + C l  |  *  (  ( { + .  0  1 L 5 .  0 l  |  (  (  A L P H A  l T t J t  N l  + A L P H A  ( E r  J r  N )

+  + A L P H A  ( 9 r  J r  N )  ,  /  a A L P H A  ( 8 r J r N ) + A L P H A { 9 r J r N ) + A L P H A ( 9 r J r N l r A L P H A
+  ( 7 . J r N ,  + A L P {  A  ( 7 r J r N }  T A L P H A ( 6 r  J r N l  I  I  + ( L . 0 / 5 . 0 )  + (  (  ( A L P H A ( 2 t J r N l
+  + A L P H A  ( 3 '  J .  N  }  I  /  i A L P H A  ( 4 r  J r  N I  T  (  B T B T A L P H A  (  2 r  J r  N  I  + C + C T A L P H A  (  3 I  J r  N I
+  l l l + ( ( A L P H A ( 3 r J r N l + A L P H A l l r J r N l l / ( A L P H A ( 5 r J ' l l  ,  r  (  C  +  C  r  A  L  P  H  A  (  3  '  J  r  N  ,
+  + A + A T A L P H A ( l r J r N l  I  I  I  +  (  |  A L P H A  I  l r J r N l  +  A  L P H A  ( 2 r J r N l  |  /  ( A L P H A ( 6 r J r  N )
+  r  (  A . a + A L p H A  ( 1 r J r N )  + B r B + A L p H A { 2 r J r  N l  '  )  }  I  I

F  (  J ,  N l  = ? .  E  |  |  |  (  A + B i C )  + + t  1 .  0 / 3 .  0  )  ) r A L p i t a  ( 1 !  r  J r N l  )
R  ( J . N l  = 2 . 0 r ( 1 . 0 +  ( F  ( J , N ,  r + 3 . 0 ,  )  / N U  ( J , N )
B E T  A  ( J . N )  =  (  1  .  0  /  1  0  0  C  0  0  0  .  0  1  r  (  I  ( 5 . 0 ? 4 9 + r  l L . 0 / 3 . 0 ,  ) +  ( 1 0 . 0 f r  ( 2 3 . 0 / 3 . 0

+  |  |  |  I  t  t  1 6 2  g B .  0 + J .  1 t l 1 5 9 2 6 5 b r 3 .  1 4 1 5 9 2 6 5 4 ,  | +  a  L .  8 /  3 .  0  I  )  I  |  { N U  {  J r N l
+  + r  (  L  0 / 3 . 0 1  ,  / F  ( J '  N l

H  (  J r  N  I  =  (  B r  B + C t C t  /  {  B r B + A L P H A  ( 2 r  J r N  )  } C + C i A L P H A  ( 3 ,  J r N  I  )
0  (  J i  N l  =  l C r C +  A r A l  /  { C T C T A L P H A  ( 3  r  J r N  }  + A f  A T A L P H A  ( 1  r J r N )  I
p  I  J r  i { )  :  (  A r  A +  B + B l  /  |  A T A . A L p H A  (  1 r  J r N  I  r B + B + A L p H A  t 2  r J r  N  }  |
T p L S  (  J ,  N l  =  {  (  A * B + C )  |  |  L ? . 8 t  t r  (  (  {  (  1 . 0 / i l  (  J r N t  )  + (  1 .  0 / 0  ( J ? N l  I  +  ( 1 . 8 / p  ( J ,

+  N '  I  l  +  (  (  (  t , B / H  ( J r  N I  r * 2 . 0  )  r  (  1 . 0 / 0  ( J , N )  r r 2 . 0 l  + ( 1 . 0 / p  ( J ,  I r i 2 . 0  )  )  -
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+  t  (  1 . 0  /  ( l , l  {  J ,  t {  |  r 0  ( J r N l  )  )  +  (  1 .  0 /  (  0  ( J  t  N l  + P  ( J r  N  L  }  +  { 1 . 0 /  (  P  (  J r  N )  + H  (  J r
+  N l  )  |  I  I  f  r 0 . 5  r  l

T M N S  ( J t N r =  {  (  A r B f C ,  /  ( 1 2 . 0 1  t  r  (  (  |  ( 1 . 0 / H { J ' N ,  I  + (  1 1  0 / 0 ! J r N l  }  r  ( 1 . 8 / P  ( J r
+  N  )  )  l  -  (  (  ( 1 . { 1 / t ' t  ( J r N l  r + 2 . 0  |  +  (  1 . 0 / o (  J r N ) . r 2 . 8  |  +  (  1 . 0 / P  ( J ,  N l + r 2 . 0 1 |  -
+  (  { 1 r 0 l ( l . , t ( J r N } r 0  ( J , N )  )  I  + ( 1 . 0 / ( 0 ( J r N l  r P  ( J r N }  }  I  +  ( L . 0  t  ( P ( J , N )  + H ( J ,
+  N t t  l )  l r + 0 . 5 1 )

cA  (J  rN  )=  l 2 .g  I  13 .0 rA rB+C)  t  l l . . l  (  J ,  N )
G B  ( J , N ) =  ( 2 . 0 /  ( 3 . B r A * B r C l  )  T 0  {  J ,  N }
c c  ( J r N ) =  ( 2 . 0  / ( 3 .  0 r A r g + c )  I  r p  ( J ,  N t
R H O A  ( J ' N )  = 2 . 0 1 |  ( 1 . 0 / C 8 ( J r N l  )  +  (  1 . 0  /  C C  (  J r H l  )  )
R H O B  (  J r N ,  = 2 .  0 ,  l (  1 .  0 / C A  (  J r  N )  )  + (  1 . 0 / C C  ( J r N  I  |  )
R H 0 C  f J r N l  = 2 . 0 /  l ( 1 , . 8 / C A  ( J r N l  |  +  (  1 . 0 / C B  ( J ' N )  I  I
0 E L A  ( J r N l  =  N U  ( J r N )  / C A  ( J r N l
D E L B  I  J r  N l  = N U  (  J r N l  / C B (  J '  N l
D E L C  ( J r N l  = N U  (  J  r N f  / C C  (  J '  N )
T A U  ( J ' N )  = 3 . 0 /  (  ( 1 .  0 / C A  { J r N l  I  + ( 1 . 0 / C B ( J r  N l  I  + ( 1 . 0 / G C t J r N l  I  I
P S L  ( J ' N )  = F  ( J r N l  + (  ( 1 . 0 / T A U  ( J r N l  |  | +  |  1 . 0 / 3 . 0  )  I
Z Z  ( J r N ) = (  L . g  |  2 . 0 )  r  ( F (  J ,  N t  + + 3 . 0  )
G A H H A A  ( J ' H l : Z Z  ( J r N )  +  (  ( 1 .  0 / C B  ( J ' N )  I  + ( 1 .  0 / C C  t J t N  )  t  t
G A l { t t A B  (  J ' N  l = Z Z  ( J  r N l  |  (  (  1 . C / C A  ( J r N l  I  +  (  1 .  0 / C C  ( J r N  |  |  }
G AHII  AC t  J r  N l  = Z Z (  J,  N l  .  (  (  1 .  C /  C A (  J r  t ,D I  + (  1.  0 /  C B (  J r  N t  r  l
M U A (  J ' N ) =  ( C A  ( J ' N l  r r  1 1 . 0 / 3 . 0  )  ) / F  l J r N )
f ' l U B ( J r l { }  =  ( C B  { J r N  ) + +  1 1 .  0 / 3 .  0  } ,  / F  ( J  t N l
l lUC ( Jr  N |  = (  CC ( J r  N )  rr  (  1 .  0 /  3 .  0 I  I  /  F (  J r  N I
O P L S (  J r N I  = 5 .  l l + T P L S  ( J '  N ,  + N U  (  J ' N I
0 t l N S  ( J ' N l  = 5 .  0 T T H N S  ( J r N  |  + N U  (  J r N  )
G P L S  ( J . N l = 6 .  0 T T P L S (  J ' N l  r ( F (  J ' N l  s 3 . 0 1
G I I N S  ( J r N )  = 6 .  0 + T H N S  I  J r N )  +  ( F  (  J r l {  )  + r . 3 .  0 ,
CONT INUE
CONTINUE
TH€ PROGRA} ' !  NOI I  } IRTTES OUT THE COMPUTEO VALUES IN  TABLE FORIT
f i R r T E  {  3 , 6 0  8 1
FORHAT (  '  * }
P R I N T ( 3 , 6 0 }
FORI {AT  (  ' 1  A /8  B lC  } IU  F  lF  g  R  BETA" )
O O 7 1  J = 1 r  1 1
D 0 7 2  N  = 1 r  1 1
l l  R  I  T  E  (  3  r  7  3  t  Y  (  J  ,  r Z  ( N )  r  N U  ( J r N  I  t F  ( J r N )  r R  l J r N ,  r  B E T A  ( J r N l
F 0 R t r A T (  2 F 7 . 1 r 4 F 8 . 3 )
CO NT INUE
C O N T I N U E
I f R I T E { 3 ' 6 1 0 1
F O R H A T  T -  - I
P R I N I  ( 3 , 5 1 I
F o R H A T  (  ' 1  A t B  B t C  C A , / C 0  C 8 / C 0  C C l C 0 - l
0 0 7 f  J = 1 '  1 1
0 0 7 5  N =  1 r  1 1
I R I T E ( 3 , 7 5 r y  ( J  I  r Z ( N t  r C A  ( J r N )  r C 8 ( J , N t  r C C ( J r H )
F 0 R t ' , f  A T  |  ? F 7 . 1 r 3 F E . 3 )
C O N T I N U E
CONT INU€
I { R I T E ( 3 r 6 2 0 1
F0Rf {aT  (  '  - )
P R I N T  (  3 t  6 2 I
FORI {AT  (  -1  A fB  B /C  RHOA/RHO{ I  RHOB/RHOO RHOC/RHOI I ' '
0 0 8 1  J = 1 r  1 1
0 0 8 2  N = t '  1 1
l { R I T E  (  3 r  8 3  I  Y  (  J l  r  Z  ( N l  r  R t I O A  (  J r N l  r R H O B (  J r  N l  r  R H O C  (  J r N l
FoRr {aT  (  2F7 .  t  r 3F9 .3  }
CONTII{UE
CONTINUE
H R r r E  ( 3 , 6 3 0 t
FoRi{AT ( " -)
P R I N T  (  3 , 5 3  )
F O R H A T (  - 1  A I B  g l C  D E L T A ( A )  D E L T A ( B I  D E L T A ( C ) - )
0064  J=1 '  11
0 0 0 5  N = 1 '  1 1
I IR IT€  (3 r  65  |  V  ( J  )  r  Z  (  N l  r  0ELA (  J  r  N l  r  DELB(  J t  N )  t  DELC {  J r  N )
F o R H A T  I  2 F ? . 1 . 3 F 8 . 3 1
C O N T I N U E
CONT INUE
t { R I T E ( 3 ' 6 . r 0 1
FORHAT (  '  ' )
P R I N T  (  3 , 5 4 I
FoRHAT (  -1  A fS  l t c  6AHMA (A )  GAr . f i {A {8 )  GAf r r . rA  (C l - }
0 0 9 1  J = 1 '  1 1
0 0 9 2  N = 1 '  1 1
IIRITE |  3t  93 |  Y (  J l  r  Z (  N I  r  GAHtIAA ( Jr  N I  r  G At ' l l lAB( Jt  Nl  rG Al l l tAC { J r  N}
F 0  R I { A T  (  2 F 7 .  1 , 3 F 8 . 3 t
CONTINUE
CO NT I  NUE

7 0
E O

5 0 0

5 0

6 1 0

6 1

628

6 2

6 3 0

6 3

7 3
7 2
7 t

7 6
75
74

E3
6 2
8 1

E 6
6 5
E 4

6 4 0

54

93
9 2
9 1
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a/c m u r a r r{u ( Bt r , ru (c | - l

r H U A ( J r N l t f ' ' l U 8 ( J r N l  r M U C  ( J r N  I

g l C  T H E T A +  T H E T A .  T A U / T A U O  P S I ' '

T P L S  (  J r N l  r T l { N S  {  J t N )  r  T A U (  J t l ' l )  r  P S I  ( J t N l

Ats B I E D E L T A +  D E L T A - ' }

r  0PLS (  J r t {  |  r 0 l ' lNS  (  J rN l

A lB Bfc GAr{r., tA+GAHI' IA. ' }

6 P L S ( J r N ) r G ! l N S l J r N l

I t R I T E { 3 , 5 5 0 t
F  ORM AT (  '  ' I
P R I N T  (  3 '  6 5 I
FORHAT (  ' 1
0 0 9 4  J : 1 r  1 t
0095  N=1r  11
L R r T E { 3 , 9 6 | V
FORI {AT  T  2F7 .
CONT INUE
C O  N T  I N U E
x R I T E { 3 r 6 6 0 1
FoRf {aT(  '  - )
P R I N T ( 3 ' 5 5 )
FORMAT (  ' 1
00101  J=  1 r  11
0 0 1 0 2  N = 1 r  1 1
h R I T €  ( 3 ' 1 0 3 )
FORTIAT  I  ?F7 .
C O N I  I N U E
CONT INUE
t d R I T E t 3 r 6 7 0 l
F  o R | A T  ( ' -  ' )
P R I N T  (  3 I 6 7 )
FORMAI  {  ' 1
0 0 1 0 4  J = 1  r  1 1
00105  N=1 '  11
r { R I T E  1 3 , 1 0  6 l
F O R H A T  I  2 F 7 .
COI{TI} IUE
CO NT INUE
H R T T E I 3 ' 6 E O '
FORHAI  I  '  - I
P R I N T ( 3 ' 6 E I
F  O  R I {AT  (  ' 1
00111  J= t  r  11
00  11?  N=1r  11
f T R I T E { 3 r 1 1 3 1
FORHAT I  2F7 .
C O N T I N U E
GO NT INUE
t { R t T E  (  3 , 6 9 0 1
F 0 R i l A T  l ' '  - l
00114  J=1 r  11
00115  N=1r  11
CONTINUE
CONT INUE
S T O P
ENO

6 5 $

65

(

Y
1

Y
t

96
9 5
94

6 6 0

o o

1 0 3
1 0 2
1 0 1

670

6 7 .

1 0 5
1 0 5
1 0 4

6 8 0

6 8

, .13
L L Z
111

6 9 0

L L 9
114

R E A L  F U N C T I O N  F U N ( X )
qOr{HON/PAR AII  /A ,  C, NN
B = 1 . 0
G 0 T 0  ( 1 . 0 r 2 0 r 3 0 r 4 8 r 5 0 r 6 0 r 7 0  r  8 0 r 9 0 r 1 0 0 1  r N N

1 8  F U $ = 1 /  (  (  A I A + X l  + r 1 .  5 +  (  B . B + X  l  f r o . 5 +  l C + C + X I
RETURN

2 0  F  U N =  1 /  (  l A r A + X )  + + 0 . 5 i  1 6 + $ + X )  r . 1  . 5 r  (  C t C + X )
RETURN

30  FUN= 1 . /  (  {  A+A+X I  r f 0  .  5 r  (  B r8+X l  : r0 .5+  (  C+C+X l
RETURN

t 0  F u  : 1 /  |  ( A i A + x )  r + 9 . 5 t t  g + g + x l  + + 1 . 5 +  ( c r c + x )
RETURN

5 0  F U t { : 1 /  (  ( A + A + X r : + 1 . 5 + ( B . B + X }  r r 0 . 5 f  t C + C + X )
RETURN

6 0  F U  = 1 /  ( l A + A + X 1 . . 1 . 5 r { g + g + x l  r r 1 . 5 r  ( c r c + x }
RE TURN

70  FUN=X/  (  (  A r  A rX  )  f ro .5 r  (  B :B+x '  + r1 .5 r  (  c r c+x l
RETURN

6 0  FUt {=X /  (  (A rA+X}  + r1 .  5+  (  B rB+Xt  *+0 .51  16+ f ,+X)
RETURN

9 0  F U N = X /  {  (  A f A +  X '  r r 1 . 5 :  (  B | B + X  I  r . 1 . 5 1  1 6 + Q +  X l
RETURN

1 0 0  F U N = 1 . 0 /  {  (  ( A f A + X l r ( B t B + X ) }  ( C r C + X )  l r r 0 . 5 l
RETURN
E N D

A f B

J l  , z  ( N )
, 3 F 8 . 3  )

A t B

( J ) r Z ( N ) r
, f F 8 . 3 t

{ J l  r Z ( N l
, 2 F 8 . 3 '

Y ( J l r Z ( N l r
1 r  2 F 8 . 3 )

c
c

+ r 0 . 5 1

r + 0 . 5 1

+ + 1 . 5 1

r r 1 . 5 l

r r 1 . 5 ,

r r  0 . 5 1
+ r 1 . 5 1

r r 1 . 5 )

f r 0 . 5 l



A I A  B I C  N U  F  l F A  R  B € T A
1 . 0  1 . 0  2 . 5 0 0  1 . 0 0 0  1 . 6 0 0  ? . L L z
a . o  L . L  ? . 5 9 7  1 . o o l  1 . 5 9 8  ? . t t z
1 . 8  L . 2  2 . 5 2 4  1 . 0 0 5  L . 5 9 ?  1 . 1 L 1
I : B  I ; 3  2 . 5 5 9  1 . 0 0 5  1 . 5 8 3  2 . r r 3
1 . 0  1 . 4  2 . 5 8 3  1 .  C 1 8  L . 5 7 2  ? . L ! 4
r . 0  7 . 5  2 . 6 ? 9  1 . 0 1 4  1 . t 6 0  ? , t t ?
1 ; 0  1 . . 6  2 . 6 6 1  1 . 0 1 9  1 . 5 4 8  2 . L L 5
t . 0  L . 7  2 . 7 9 6  t . 0 2 5  L . 5 3 4  2 . L 1 6
1 . 0  1 . E  2 . 7 5 3  1 . 9 3 8  L . s Z !  2 , ! t 7
1 . 0  1 , 9  2 . 8 0 3  1 . 0 3 6  t . 5 0 7  z . L L E
1 . 0  ? . 0  2 . 8 5 4  L . 0 4 2  1 .  r r 9 3  2 . I L A
1 ; i  1 . 0  2 . 5 s 7  1 . 0 0 1  1 . 5 9 q  z . L L z
1 . 1  1 . 1  2 . 5 2 0  r . 0 0 2  1 . 5 9 3  ? . t t ?
1 . 1  L . 2  ? . 5 4 4  1 .  0 0 5  r , t 8 5  2 .  1 1 3
1 . 1  1 .  3  2 . 5 7 6  1 .  0  0 9  r . r 7 \  ? ,  L L 4
I : 1 -  I ;  4  2 . 6 t 4  1 .  o  1 4  L . 5 6 2  2 ,  L L 5
1 . 1  L . '  2 . 6 5 5  1 . 0 1 9  1 , 5 4 9  ? , L L 5
L . t  1 . 6  2 , 7 0 2  1 . 0 2 4  L . 5 3 5  2 . t r 6
1 . 1  L . 7  ? . 7 5 !  1 . 0 3 9  1 . 5 2 L  ? . t r 7
1 . 1  1 . 8  2 . 8 0 3  1 . 0 3 6  7 . 5 9 7  ? , L 1 6
1 . 1  1 . 9  2 . 6 5 7  1 . 0 4 ?  L . \ 9 2  ? . L L g
L . L  2 . 0  2 . 9 1 3  1 . 0 4 9  1 . $ 7 8  2 . ! 2 9
t . z  1 . 0  2 . r ? 5  1 . 0 0 3  L , 5 9 L  2 . 1 1 3
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1 .  I  1 . 9  1 . 9 6 6  1 . 2 8 3  1 .  2 8 5
1 r 8  4 . 0  2 . 0 6 0  L . 3 2 !  L . 3 2 7
1 . 9  1 .  0  1 . 4 3 6  1 . 0  4 1  1 .  0 4 1
1 r 9  1 . 1  1 . 5 0 2  1 . 0 5 5  t , 8 5 2
1 . 9  t . 2  L . 5 7 2  t . 8 7 4  1 .  1 7 1
1 . 9  1 . 3  1 . 5 4 4  1 . 0 9 8  1 . 0 9 5
1 . 9  1 . 4  1 . 7 1 8  7 , 1 2 9  1 .  1 2 3
1 . 9  7 . 5  1 . 7 9 3  L . L 5 5  1 .  1 5 4
1 r 9  1 . 6  1 . 8 7 0  L . L 8 7  1 .  1 8 8
1 . 9  L . 7  1 . 9 4 8  L . ? 2 1  1 , . ? 2 5
1 . 9  1 . 8  2 . 9 2 6  L . 2 5 7  1 . 2 5 3
1 . 9  1 . 9  2 . L 8 5  r . 2 9 5  1 . 3 0 3
1 . 9  2 . 9  Z . L E 5  1 . 3 3 4  1 . 3 4 5
e . 0  1 . 0  1 . 5 0 5  1 . 0 5 0  1 . 0 5 0
? , 9  1 . 1  L . 5 7 7  1 . 0 5 4  1 . 0 5 3
e . 0  1 . 2  1 . 6 5 3  1 , 0 6 4  t .  0 8 2
e . 0  1 . 3  1 . 7 3 1  1 . 1 0 7  t . ! 8 7
? . 8  1 . t i  1 . E 1 2  1 . 1 3 5  1 . 1 3 5
? . 0  t . 5  1 . 8 9 3  I . ! 6 5  1 . 1 6 8
2 . 0  1 . 5  L , 9 7 6  1 . 1 9 8  1 . 2 0 3
2 . 0  L . 7  2 . 0 5 9  1 . ? 3 3  1 . 2 4 0
? . 0  1 . 8  2 . L 4 4  1 . ? 6 9  7 . ? 7 9
2 . 0  1 . 9  ? . ? 2 5  1 . J 0 7  1 . 3 2 0
2 . 8  2 . 0  2 . 3 L 4  1 . 3 4 6  L . 3 6 2
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A  ( C )A / B  S f C  D E L T A ( A }  O E L I A  ( B '  D E L T

1 . 0  1 . 0  2 . 5 8 0  2 . 5 0 0  2 , 5 0 s
1 . 0  L . I  ? . 5 4 L  2 . 5 4 L  2 . 4 1 0
1 .  q  L . ?  ? . 5 5 8  2 . 5 6 8  2 . 3  3 6
1 . 0  1 . 3  2 . 5 8 2  ? . 5 8 2  2 ; 2 7 4
1 . 0  1 . 4  2 . 5 8 8  2 . 5 8 8  2 . 2 ? ?
1 . !  1 . 5  2 . 5 8 6  2 . 5 8 6  ? , L 7 8
1 . 0  1 . 6  2 . 5 7 9  2 . 5 7 9  2 , I 3 9
1 . 0  L . 7  2 , 5 6 8  2 . 5 6 8  2 . 1 8 5
1 . 0  1 . 8  2 . 5 5 5  2 , 5 5 5  ? . 0 7 5
1 . 9  1 0 9  2 . 5 3 9  2 . 5 3 9  2 . 0 4 8
1 . 0  2 . 8  2 , 5 2 2  2 . 5 2 2  2 . 8 2 4
1 . 1  1 . 0  2 . 6 0 t  ? . 4 4 6  2 . 4 \ 6
1 . 1  1 . 1  2 . 6 4 8  2 . 4 7 0  2 , 3 6 ?
1 . 1  L . 2  ? . 6 7 9  2 , 4 8 1  2 . 2 9 2
1 . 1  1 . 3  2 . 6 9 7  2 . 4 8 2  2 . 2 3 , r
1 0 1  L . 4  2 , 7 8 6  2 , 4 7 5  ? . 1 8 5
1 . 1  L . 5  2 . 7 9 7  ? . 4 6 4  2 . 1 4 3
1 . 1  1 . 6  2 . 7 0 2  2 . 4 4 9  2 . 1 a 5
1 . 1  t . 7  2 . 5 9 4  2 . 4 3 1  2 . 9 7 4
1 . 1  1 . 8  ? , 6 8 2  ? . 4 L 2  2 . 0 4 6
1 . 1  1 . 9  2 . 6 6 7  ? . 3 9 2  2 . 9 2 0
1 . 1  ? . 8  2 . 6 5 t  ? . 3 7 L  1 . 9 9 E
L . Z  1 . 0  2 . 7 9 t  ? . 3 A 7  2 . 3 8 7
L . 2  1 . 1  2 . 7 5 7  2 , 3 9 7  2 . 3  0 E
L . ?  L . 2  2 . 7 9 3  ? . 3 9 5  ? . ? 4 2
t . 2  1 . 3  ? . 8 1 5  2 . 3 0 5  2 . 1 8 8
L . ?  1 . 4  2 . 6 2 7  e . 3 7 0  2 . L 4 t
r . ?  t . 5  e . 6 3 1  2 . 3 5 1  2 . L 0 ?
L . ?  1 . 6  2 . 8 2 9  2 . 3 3 0  2 . 0 6 7
L . ?  L . 7  2 . 8 ? 2  2 .  J 0 8  e . 0  3 7
+ . ?  l . q  ? , Q L ?  2 , 2 8 5  2 . 0 1 0
L . Z  1 . 9  2 . 7 9 9  2 . 2 6 L  1 ; 9 8 7
L . ?  2 . 0  2 . 7 E 4  2 . 2 3 8  L . 9 6 6
1 . 5  1 . 0  2 . 6 0 9  2 . 3 2 6  2 . 3 2 6
1 . I  1 . 1  a . 0 6 E  2 , 3 2 3  2 , 2 5 L
1 , 3  r . 2  2 . 9 0 9  2 . 3 1 1  2 ; I 9 0 -
1 . 3  1 . 3  2 . 9 3 6  2 , 2 9 3  2 . L 3 9
1 . 4  1 . 4  2 . 9 5 L  2 . ? 7 ?  2 . 9 9 5
1 . q  L . 5  2 . 9 5 8  ? , 2 4 8  2 . 0 5 8
1 . !  1 . 6  2 . 9 5 9  Z . ? z s  2 . 0 ? 5
1 . 3  L . 7  2 . 9 5 4  2 , L 9 7  1 . 9 9 7
1 . 3  1 . 8  ? . 9 4 5  2 . t 7 2  L . 9 7 ?
1 . t  1 . 9  ? . 9 3 4  2 . t 4 7  1 . 9 5 0
1 . 3  2 . 0  2 . 9 2 8  2 . ! ? ?  i . 9 3 d
1 . r *  1 r 0  2 , 9 ! 6  2 . ? 6 4  2 . ? 6 4
1 .  r l  1  .  1  ? .981  2 .252  2 .  L94
1 . 4  L . 2  3 . 0 2 8  2 . 2 3 2  ? . L 3 6
1 . b  1 . 3  3 . 0 5 9  ? . 2 0 8  2 . 0 8 8
1 . r +  1 ' 4  3 . 0 7 8  Z , L E L  ? , 0 1 + 7
1 r 4  1 . 5  3 , 0 8 6  2 . 1 5 4  2 . 8 L 2
1 . t  1 . 6  3 . ! 9 1  2 , 7 2 5  1 . 9 6 ?
1 . 4  L . 7  3 .  0  8 9  2 .  0  9 9  ! . 9 5 5
1 . 4  1 . 6  3 . 0 6 2  2 . 8 7 2  1 . 9 3 2
1 . 4  1 . 9  3 . 0 7 2  2 , 9 4 6  1 . 9 1 1
1 . {  ? . 8  3 . 0  6 0  2 . 0 2 : -  1 . 8  9 2
l . t  1 . 0  3 . 0 2 6  ? . 2 N 3  2 . ? 9 3
t . 5  1 . 1  3 . 0 9 7  2 . 1 8 3  ? . I 3 7
1 . 5  L . 2  3 . 1 t + 9  2 . i 5 7  2 . 9 8 3
1 . t  1 . 3  3 . 1 6 5  2 , L 2 8  2 . r 3 8
L o 5  1 . 4  3 . 2 0 8  2 . 0 9 8  2 . 0 0 0
1 . 5  L . 5  3 . 2 2 2  ? . 0 6 8  I . 9 6 7
1 . 5  1 . 6  3 . 2 2 7  2 . 0 3 9  1 . 9 3 8
1 . 5  1 . 7  3 . 2 ? 7  2 . 0 1 i j  1 . 9 1 3
1 . 5  1 . 8  3 . 2 2 ?  1 . 9 8 3  1 . 8 9 1
1 . 5  1 . 9  3 , 2 1 4  L . 9 5 6  1 . 8 7 1
t . ,  e . 0  3 . Z 0 t r  1 . 9 3 1  1 . 8 5 4
1 . 6  1 . 0  3 . 1 3 7  2 . L 4 4  2 . L 4 4
1 . 6  1 . 1  3 . 2 ! 5  2 . L 1 , 7  ? . 0 6 2
1 . 5  I . 2  3 . 2 7 J  ? . 8 8 7  2 . 0 3 1
1 . 6  1 . 3  3 . 3 1 3  ? . 0 5 5  1 . 9 8 9
1 . 6  1 . 4  3 . 3 t { l  2 , 0 2 3  1 . 9 5 3
1 . 6  L . 5  3 . 3 5 8  1 . 9 9 1  L . 9 2 2
1 . 5  1 . 5  3 , 3 5 6  1 . 9 6 0  1 . . 8 9 5
1 . 6  L . 7  3 . 3 5 9  1 . 9 3 1  L . g 7 L
1 . 6  1 . E  3 . 3 5 5  1 . 9 0 3  1 . 8 5 1
1 . 5  1  . 9  3 , 3 6 0  7 .  E 7 7  1 . 8  3 2
1 . 5  2 . 0  3 . 3 5 1  t , E 5 Z  1 . 8 1 6
L . 7  1 0  0  3 . 2 5 L  2 , 0 8 7  2 . 8 8 7
t . 7  1 . 1  3 . 3 3 6  ? . 0 5 5  ? . 0 2 9
L . 7  t . ?  3 . 3 9 9  2 . 0 2 !  1 . 9 6 1
L . 7  1 . 3  3 . 4 4 5  L . 9 8 7  1 . 9 4 i
L . 7  1 . 4  3 . 1 1 7 6  1 . 9 5 3  L . 9 0 7
L . 7  L . 5  3 .  b 9 7  L . 9 2 C  L , 6 7 6
L . 7  1 . 5  3 . 5 0  9  1 .  I 8 9  1 .  6 5 3
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i : i  l :6 3:?l !  i :83! i :8i l
! . 1  1 . 9  3 . 5 0 e  1 .  s 0 6  L . t a i
\ . 7 _  ? . 0  3 . 5 0 1  i . 7 s 1  l . r l s
1 . q  1 . 0  9 . 3 5 6  2 . 0 3 3  2 . 0 : s1 . q  1 . 1  3 . 4 5 e  L . 9 e 7  1 . 9 7 41 . Q  L . 2  3 . 5 2 8  1 . 9 6 0  t . 9 S S1 . q  ! . . 3  ! . t 7 9  t . e z r +  i . s s i
1 . q  1 . 4  3 . 5 1 5  1 . 6 8 9  1 . 8 6 i J
1 . q  1 . 5  3 . 6 J 9  1 . 6 5 5  i . s j s
1 . !  1 r 5  1 . 5 5 4  1 . 8 ? 5  I . A 1 2
1:8 1:l 3:88i !:iZE i:711
1 . q  L . e  ! . 6 5 1  r . 7 4 2  l . t s l1 .  Q  2 . 9  s . 6 5 5  L . 7  t 6  i a i , 1 3
i : i  1: i  i : i8f 1:3i1 1:386
1 . 9  7 . 2  3 . 6 5 s  1 . 9 0 4  1 . 5 6 t1 . !  1 . 3  3 . 7 L 6  1 . 8 5 7  1 . S 5 : .
1 . t  1 . !  t . l , l  1 . 8 3 1  4 . 6 2 1
1 . 9  1 . 5  3 . 7 0 5  1 . 7 9 4  I a ? 4 6
1 . 9  1 . 5  3 . 8 0 3  4 . 7 6 7  l a 7 r t
1 . 9  L . /  q . 6 1 3  1 . 7 3 s  L t s l
i : i  r ' :8 3:81f l : t t9 t: i l i
1 . ?  z . o  9 . 8 1 J  L . 6 6 2  ' 1 ; z o s
1 . 9  1 . 0  3 . 6 3 . +  L . 9 3 2  1 . 9 J 2' , :8 l :1 3: l l t  i :831 1:88i
^ 2 . 9  1 , I  1 . 8 5 5  1 . 8 1 4  : . . S r 0
? . 9  1 . !  3 . e 0 1  L . t 7 8  t ; t s i

iil i:i i'iii i,iiE i:ii6
1 , )  1 . 8  3 . 9 7 5  1 . 6 5 s  1 4 7 0 2
? . 5  1 . 9  1 . 9 7 7  1 . 5 J 4  i . r a a2 . 0  2 . 0  3 . 9 7 5  1 . 6 i 1  L . 6 r a



. r 4n

( c )A l i  A l C  6 A } , I H A ( A I  G A H H A ( 8 )  G A H H A
1 . 0  1 . 0  1 . 0 0 0  1 . 8 0 8  1 . 0 0 8
1 . 8  1 0 1  . 9 9 0  . 9 9 0  1 . 8 1 5
1 r 0  L . 2  . 9 8 0  . 9 8 0  1 . 0 2 6
1 . 0  1 . 3  . 9 7 0  . 9 7 0  1 . 0 3 1
1 . 0  1 . 4  . 9 5 9  . 9 5 9  1 . 8 3 2
1 . 0  L . 5  . 9 . + 9  . 9 4 9  1 . 0 3 1
1 . 0  1 . 6  . 9 3 9  . 9 3 9  1 , 0 2 7
1 . 0  L . 7  . 9 2 9  . 9 2 9  t . g z t
1 . 0  1 . 8  . 9 1 9  . 9 1 9  1 . 8 1 5
1 . 0  1 . 9  . 9 1 0  . 9 1 0  1 . C 0 8
1 . 0  2 . 8  . 9 0 1  . 9 0 1  f . i l  0 0
1 r 1  1 r 0  t 9 7 8  1 . 0 0 9  1 . 9 0 9
1 . 1  1 . 1  . 9 5 5  1 . 0 0 1 .  1 . 8 2 3
1 . 1  L . 2  . 9 5 3  . 9 9 3  1 . 0 3 0
1 . 1  1 . 3  . 9 4 1  . 9 8 . r  1 . 0 3 3
1 r  1  1 . 4  . 9 2 9  , 9 7 4  1 . 0  3 2
1 . 1  1 . 5  . 9 L 7  . 9 6 5  r . 0 2 9
1 . 1  1 . 6  . 9 0 5  . 9 5 5  1 . 0 2 t 1
1 . 1  L . 7  . 6 9 4  . 9 4 7  t , 0 L 7
1 . 1  1 . 6  . 6 8 4  . 9 3 7  1 . 0 1 0
1 , 1  1 . 9  . 8 7 4  . 9 ? 9  1 .  0  0 2
1 . 1  ? . 8  . 6 6 4  . 9 Z E  . 9 9 4
t . z  1 . 0  . 9 5 4  1 . 0 1 7  1 . 0 1 7
/ . ?  1 . 1  . 9 3 9  1 .  0 1 1  4 . 4  2 9
L . ?  | t ?  . 9 2 5  1 . 0 0 . .  1 , 9 3 4
t . 2  1 , 3  . 9 1 1  . 9 9 6  1 . 0 3 5
1 . 2  1 . 4  . 6 9 7  . 9 8 8  1 . 8 3 t +
L . 2  r . 5  . 8 8 5  , 9 8 0  1 , 0 2 9
L . 2  1 . 5  . 8 7 2  . 9 7 1  1 . 0 2 3
t . 2  L . 7  . 6 6 1  . 9 5 3  1 .  g  1 6
L . 2  1 . 8  . E 5 0  . 9 5 4  1 . 0 0 8
t . 2  1 . 9  . 0 t f 0  , 9 4 6  i . 0 0 0
L . ?  2 . 8  .  E  3 0  . 9 3 8  .  9 9 1
1 . 3  1 . 0  . 9 2 E  t . g ? s  I . 0 2 5
1 . !  1 . 1  , 9 L 2  1 . 0 ? 0  1 . 0 3 5
1 . J  L . 2  . E 9 6  1 . 0 1 5  1 . 0 3 9
1 . 5  1 . 3  . 6 6 1  1 . 0 0 8  1 . 0 3 9
1 . 3  1 . l r  . 8 6 7  1 . 0 0 1  1 . 0 3 6
1 . I  L . 5  . 6 5 3  . 9 9 4  1 . 0 3 r
1 . {  1 . q  o 6 b 0  o 9 8 6  ! , 8 2 5
1 . 5  7 . 7  . 8 2 9  . 9 7 8  1 . 0 1 8
1 . 3  1 . 8  . E L 7  . 9 7 0  1 . 0 0 9
1 . I  1 . 9  . 6  0  7  . 9 6 2  1 .  0  0 1
1 . 3  2 . 0  . 7 9 7  . 9 5 4  . 9 9 2
1 r 4  1 . 0  , 9 0 ?  1 . 0  3 2  1 , 0  3 2
1 . q  1 . 1  . 6 8 . 1  L . 0 2 9  1 . 0 4 1
1 . 4  L . 2  . 8 6 7  L . 0 2 5  1 . 0 4 4
1 . f r  1 . 3  . 8 t 1  L . 0 ? L  1 . 0 4 4
1 . . +  1 . 4  . 6 3 7  1 .  C 1 t +  1 . 0 I + 1
1 . 4  1 . 5  . 8 2 3  1 . 0 0 7  1 . 0 3 5
1 . T  1 . 6  . E ! 0  1 . 0 0 0  L . 8 2 9
1 . 4  L . 7  . 7 9 8  . 9 9 3  l a A z l
1 . 4  1 . 6  . 7 E t  . 9 6 6  1 . 0 1 J
1 o  4  1 . 9  . 7 7 7  . 9 7 8  1 .  0  0 5
t .  t  2 .  t  . 7 6 7  . 9 7 L  . 9 9 6
L , 1  1 . 0  . 8 7 6  1 . 0 3 9  1 . 0 3 9
L . 5  1 . 1  . 8 5 7  1 . 0 J 6  f . 0 r + Z
L . '  L . 2  . 8 3 9  1 . 0 3 5  1 . 0 5 0
I . 2  1 . 3  . 8 2 3  1 . 0 3 2  1 . 0 5 0
L . 2  1 . I l  . 8 0 8  7 . 9 2 7  1 . 0 + b
1 . 5  1 . 5  . 7 9 4  L . g ? I  i . 0 4 i
1 . 5  1 . 5  . 7 8 L  ! . 0 L 5  1 . 0 3 9
L . 5  1 . 7  . 7 6 9  1 .  0  0 8  L . A 2 7
L . 1  1 . 8  . 7 5 6  1 . 0 0 1  1 . 0 1 9
L , ,  1 . 9  . 7 1 1 8  . 9 9 4  1 .  0  i 11 . 5  2 . 0  . 7 3 9  .  e 6 7  4 . 0  0 e
1 . 0  1 . 0  . 8 5 0  1 . 0 q 7  1 . 0 4 7
1 . q  1 . 1  . 8 3 1  1 . 0 4 8  1 , . 0 5 5
1 . 6  1 . 2  . 8 1 3  1 .  0  4 7  1 .  0  5 8
1 . 6  1 . 3  . 7 9 6  1 . 0 4 4  1 . 0 5 7
L . Q  1 . 9  . ? 8 1  1 . 0 4 r 1  1 . 0 5 4
1 . 6  L . 5  . 7 6 7  1 . 0 3 5  1 . 0 r r E
1 . 5  1 . 5  . 7 5 t +  1 . 0 2 9  1 . 0 4 2
1 . 5  L . 7  . 7 4 2  1 . 0 2 3  1 . 0 3 5
1 . 5  l . E  . 7 3 1  1 . 0 1 7  L , 0 2 7
1 . q  1 . 9  . 7 2 1  1 . 0 1 i 1  1 . 0 1 9
l . q  2 . 0  . 7 1 2  1 . 0 0 3  1 . 0 1 0
L . l  1 . 0  . 8 2 5  1 . 0 5 5  L . 8 5 5
t . /  1 . 1  . 8 0 5  1 . 0 5 8  1 . 0 5 3
) . 1 ,  L . ?  . 7 8 7  1 . 0 5 8  1 . 0 6 5
t . !  1 . J  . 7 7 9  1 . 0 5 6  1 . 0 6 5
L . /  1 . 4  . 7 5 5  1 . 0 5 3  1 . 0 5 2
{ , 7  1 . 5  . 7 t + t  1 . 0 q 9  1 . d 5 7
L . 7  1 . 5  . 7  2 9  1 .  0  r l 4  1 .  0  5 1



t . 7  . 7 1 7  1 . 0 3 8  1 . 0 4 . +
1 . 8  . 7 0 6  1 . 0 3 2  1 . 0 3 6
1 , 9  t 6 9 7  1 . 0 2 6  1 . 0 2 9
? . 8  . 6 8 6  1 . 0 2 0  1 . 0 2 0
1 . 0  .  E 0 1  1 .  0  6 4  1 . 0  5 4
1 . 1  1 7 8 1  1 . 0 5 8  L . 0 7 2
L . 2  . 7 6 3  1 . 8 7 0  t . 9 7 5
1 , 3  . 7 t 5  1 . 0 5 9  1 . 8 7 5
1 . 4  . 7 3 1  1 . 0 5 7  1 . 0 7 2
L . 5  . 7  L 7  1 .  0 6 4  1 , 0  5 8
1 . 5  . 7 8 5  1 , 0 5 9  1 . 0 5 2
1 . 7  . 5 9 3  1 . 0 5 4  L . 0 5 5
1 . 8  . 6 8 3  1 . 0 4 9  1 . 0 4 8
1 . 9  . 6 7 4  1 . 0 4 3  1 .  g t + 0
? . 9  . 6 6 5  1 . 0 3 7  1 , 0 3 2
1 . 0  . 7 7 8  1 . 0 7 3  1 . 0 7 5
t . 1  . 7 5 8  1 .  9 7 9  1 . 0  8 1
1 . 2  . 7  3 9  1 . 0  8 ?  1 .  0  6 5
1 . 3  . 7 2 3  1 . 0 E 2  1 . 0  6 5
L . 4  . 7 0 6  1 . 0 8 1  1 . 0 6 3
L . 5  . 6 9 5  1 . 0 7 9  1 . 0 7 9
1 , 6  . 6 8 2  1 "  0  7 5  t . t 7 \
! . 7  . 6 7 L  1 . 0 7 0  1 . 0 6 7
1 . E  . 6 5 1  1 . 8 6 5  1 . 0 5 0
1 , 9  . 6 5 2  1 . 8 5 0  1 . 0 5 3
4 . 0  . 6 4 3  1 . 0 5 4  1 . 0  4 5
1 . 0  . 7 5 6  1 . 9 6 3  1 . 8 8 3
1 . 1  . 7 3 6  1 . 0 9 9  ! . 9 9 2
! . 2  . 7 L 7  1 . 0 9 5  1 . 0 9 6
1 . 3  . 7 S L  1 . 0 9 5  7 . 0 9 7
1 .  t l  . 6 8 7  1 . 0  9 6  1 . 0  9 5
L . 5  . 5 7 3  1 . 0  9 q  1 . 8  9 2
1 . 6  . 6 5 1  1 . 0 9 1  1 . 0 E 7
L . 7  . 6 5 1  1 . 8 6 7  1 . 0 8 1
1 . 8  . 6 q 1  1 . 0 6 3  L . 8 7 4
1 . 9  . 6 3 2  1 . 0 7 8  1 . 0 6 7
2 . 4  . 6 2 4  1 . 4 7 2  1 . 0 6 0
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r { u ( 8 1  M u t c t
1 . 0 0 0  1 . 0 0 0

. 9 9 5  1 . 0 1 2

. 9 9 1  1 . { t 2 3

. 9 9 8  1 . 0 3 3

. 9 8 9  1 . 0 r + 1

. 9 9 9  1 . d . r 8

. 9 9 1  L . 0 5 5

.  9 9 3  1 . 0  6 1

. 9 9 5  t , 0 6 7

. 9 9 8  1 . 0 7 2
1 .  g 0 s  L . 9 7 6
1 . 0 6 7  1 . 0 0 7
1 . 0 8 4  1 . 0 1 9
1 . 0 0 3  1 , 0 3 0
l . g g J  1 . 0 3 9
1 .  0 0 5  1 . 0  4 7
1 . 0 0 7  1 . 0 5 5
1 . 0 0 9  1 . 9 6 1 .
L . 8  L 2  1 . 0  5 7
1 .  8 1 5  ! . 0 7 2
1 . 0 1 8  r . 9 7 7
L "  g 2 ?  1 .  0  8 1
1 . 0 1 6  1 . 0 1 6
1 . 0 1 5  1 . 0 2 6
1 . 0 1 5  1 . 0 3 8
1 . 0 1 7  1 . 0 4 7
1 . 0 2 8  1 . 0 5 5
1 . 0 2 3  1 . 0 6 2
L .  927  1 .  3  58
1 . 0 3 6  t . 0 7 4
1 . 0 3 4  L . 0 7 9
1 .  0  3 E  1 . 0  8 4
L . 0 4 2  1 . 0  E 8
7 . 8 2 5  r , 9 2 5
L . 4 2 6  1 .  0  3 7
1 . 0 2 8  1 . 0 4 7
1 . 0 3 1  1 . 0 5 5
1 . 0 3 5  1 . 0 5 3
1 . 0 3 9  1 . 0 7 0
1 .  0 4 4  L . 0 7 7
1 . 0 4 8  1 . 0 8 2
1 . 0 5 3  f . i 8 7
1 . , 0 5 7  1 . 3 9 2
1 . 0 6 ?  1 . 0 9 6
1 . 0 3 5  1 . 0 3 5
1 .  0  3 7  1 . 0 4 5
1 . 0 4 1 .  1 . 8 5 6
1 . 0 4 5  1 . 0 6 5
1 . 0 5 0  1 . 8 7 3
L . 8 5 5  1 .  0  8 0
1 . 0 6 9  1 . C 8 6
1 .  0 5 5  1 . 0  9 1
! . 0 7 1  1 r  0  9 5
1 . 8 7 6  1 . 1 0 1
1 .  0  8 1  1 . 1  0 5
1. g.+5 1. 0 {r5
1 ,  0  4 9  1 . 0  5 6
1 . 0 5 4  1 . 0 6 6
1 . 0 5 9  L . 9 7 5
1 . { t 6 5  t . B 6 2
L . g 7 !  1 . 0  8 9
I . 0 7 7  1 .  U 9 5
1 . 0 8 2  1 . 1 0 1
1 . 0 E 8  1 . 1 0 5
1 . 0 9 4  1 . 1 1 0
1 .  0  99  1 .  111+
1 . 0 5 6  1 . 0 5 6
1 . 0 6 1  7 . 0  6 7
1 . 0  5 7  L . 5 7 6
1 . 0 7 3  1 . A 6 5
1 1 0 E A  1 . 0 9 e
1 . 0 8 6  1 . 0 9 9
1 .  9 9 ?  1 . 1 8 5
1 . 0 9 9  1 . 1 1 . 0
1 .  1 0 5  1 .  1  1 5
1 .  1 1 1  1 . 1 1 9
1 . 1 1 5  L . L 2 3
1 . 0 5 6  1 . 0 6 5
1 . 0 7 3  t . 9 7 7
1 .  0  8 0  1 . 0  8 7
1 . 0 0 7  1 . 0 9 5
1 . 0 9 4  1 . 1 0 3
1 .  1 0 1  1 . 1 0 9
1 . 1 0 E  1 . 1 1 5

AIB  B lC  r ' tU (A
1 . 0  1 . 0  1 . 0 0 0
1 . 0  1 . 1  . 9 9 5
1 .  0  L . 2  . 9 9 1
1 . 0  1 . 3  . 9 9 0
1 . 0  1 . 4  . 9 S 9
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1 . 3  1 . 6  1 .  0  6 3  . 8 3 8
1 . 3  L . 7  t . 0 5 7  . 8 2 6
1 . 3  1 . 8  1 . 0 4 9  . 8 1 5
1 . 3  1 . 9  ! . 0 4 2  .  E  0 5
1 . 3  a . 0  1 . 0 3 1 +  . 7 9 5
1 . t +  1 . 0  L . 0 7 5  , 9 B ?
1 . 4  1 . 1  1 . 0 8 5  . E 0 4
1 . 4  L . Z  1 . 0 9 1  . 6 6 7
1 . o 4  1 . 3  1 . 0 9 3  . 8 5 1
t o 4  1 . 4  1 . 0 9 e  . 8 3 6
1 . f r  1 . 5  1 . 0 8 9  . 8 2 2
1 . 4  1 . 6  1 , 0 8 4  . 8 0 9
1 . 4  t . 7  1 . 0 7 8  . 7 9 7
1 . 4  1 . 8  1 . 0 7 1 .  . 7 A 6
1 . 4  1 . 9  1 . 0 6 4  . 7 7 6
1 . 4  2 . 0  1 . 0 5 6  . 7 6 6
t . 5  1 . 8  1 . 0 9 9  , 8 7 6
L . 5  1 . 1  1 . 1 0 5  . 8 5 7
L . 5  1 . 2  1 . 1 1 1  . 8  3 9
1 . 5  1 . 3  1 . 1 1 4  . 6 2 3
L . 5  1 . . r  1 . 1 1 3  . 8 9 8
1 . 5  1 . 5  1 . 1 1 1  . 7 9 4
1 . 5  1 . 6  1 . 1 0 6  . 7 8 1
1 , 5  ! . 7  1 . 1 0 1  . 7 5 9
! . 5  1 . 6  1 . 0 9 r r  . 7 5 8
1 . 5  1 . 9  1 . 0 E 7  . 7 4 8
L . 5  ? . 9  1 . 8 8 0  . 7 3 8
1 , 6  1 . 0  1 . 1 1 3  . E 5 0
t . 6  1 . 1  ! . 1 2 5  . 8 3 1 .
1 . 5  L . 2  L . L 3 2  .  E 1 2
1 . 6  1 . J  ! . t 3 5  . 7 9 6
1 . 6  1 . I r  1 . 1 3 6  . 7 E 1
1 . 6  1 . 5  1 , 1 3 3  . 7 6 7
1 . 6  L . 6  1 , 1 3 0  . 7 5 4
1 . 6  L . 7  1 , . 7 2 5  . 7 4 2
1 . 5  1 . 8  1 . 1 1 9  . 7 3 L
1 . 6  1 . 9  L . L L ?  . 7 2 L
1 . 5  2 . t  L , L s 5  . 7 ! 2
L . 7  1 . 0  t . L 3 2  . 8 2 5
L . 7  1 . 1  1 . 1 4 5  . E 0 5
t r 7  L . 2  1 . 1 5 4  . 7 8 7
7 . 7  1 . 3  1 . 1 5 8  . 7 7 8
t . 7  1 . 4  1 . 1 5 9  . 7 5 5
t . 7  L . 5  L . L 5 7  . 7 4 !
L . 7  1 . 6  1 . 1 5 4  , 7  2 9
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c

PE0GRA l {  l t {  A  IN (  I  NPU T '  QUTPUT,  T  APE 2 : I  NPUT,  T  AP:  J=QUTp U T  }co r. f l . toN/PA RAH /A, c. NN
E X T € R N A L  F U N
O I I E N S I 0 N  A L P H A {  1 0 , 2 ! '  2 ! l  r N U ( 2 1 r ? 1 } ,  h (  1 0  }R E  A L  N U
N N = i
q q H q u T E  T H E  E L L I p T T C  I N T : G R A L S
D O ! + 5  K = 1 ' 1 0
A = 0 . 9
NN:NN +  1
D O 4 C  f = 1 r Z 1
A = A + 0 . 1
C : 1 . 0 / 0 . 9
0 0 3 0  N = 1 . 2 1
C = C /  l t . 0 +  C  . 1 r C  )
t E I _ l 1 f i l T s  F Q g  N U i l e R I C A L  I N T E G R A T I 0 N  ( T H E S E  L I i l I T SpELQH_ kAVE BeEN prEvrousr_i  rEsi io-Fr jn 

'couuEnsir . ie 
i rA A = U . 0

B B =  1 0  0  0 0 0 3
I F  ( N N .  E q .  1 6 t  B B = 5 d 0 0 C  0 C 0 0
H A x D I V = 5 0
E P S : 1 .  0 E - 0 I
A C C = 0 .  A
I F A T L = O
Q A L ! .  ! . ( r _ : ! 4 q -  L I B R I R Y _ - R ? U T I N E  F 0 R  N U T . I E R r C A L  E V A L U A T I 0 N
QE- IH_E- I {TEGIALS  -ALpHA. :  E I !EN  !N  iH r - s I i ao i j i r n i  dE lo i - 'q  A !L  .  o  c  1a E F (  a  a ,  BB,  FUN, u n xo I  v  i t  p  S,  I  cC,  I  NS i  E i  qo a,  n-c  F U;v-  i  i  r l  r  r_  IA L P H A  ( N N , I  I N I  =  A N S
C O N T I N U E
CONTINUE
C O N T  I N U €
B = 1 . 0
A : g  '  9
0 0 8 1  J = 1 , 2 1
A = A + 0 . 1
C = 1 . 9 / 0 . 9
D O 7 0  N = 1 '  2 1
C = C / ( 1 . 0 + 0 . 1 + C l
N O I I  . C O H P U T E .  T H E  F U N C T I g N  v I L U E S  U S I N G  T H E  - ! T o c E O  I N T E G I ? A L  V A L U E SN U ( J ' N I  = | L . 0 / 1 a + B r c r  |  .  (  (  + .  l l t s . ; i  z 7  ( r r - p r i q  r 7 , J , i l i + i i - p F i  i 3 i r i r ' , i i -  

- -
+aLpHa  {9 ,  J r  N  )  I  /  (  ALpHA !8 I  J I  N  )  +  ! 1_p , . r n  r  g  i . J ,  \  r  +ALp  n i  r  C ,  u ,  r r  i ; i  I Fnaf  Z . , J , N r . t A L p H A ( 7 , J , N t . : 4 L p r . ! 4 . ! s r J ; N l l i i i i . o t _ s . e t ; r i i 4 I F , i q r i i ; , r r
l l L p H 4 t J ! J ? { , t . / a A L p H A _ ( 4 , J , N f 1 ( g i E i A l p l - i A ! ? ; J ; i r l i i ! C ; i l F ; I i j , . 1 , u rr  I  r - t J  !A l p r iA  ( J , J ,N r  + l !B l l . ( 1_ r { r  n r  r  z  r a t pHA  i i ; i ;  t ' l  i +  l 6 i 6 ; [ 1_p f r i i i ;  i ,  N )+ A T A T A L p H A  !  l  r J r  N  l  |  , l  l ! J A L ? H A  i  l , J ,  N l  a q L p i i A  i Z  i  J , x  i  i u  i a r - F r i l d , . 1 ,  r r

- : L_q :A :4LpHA {  1 r  J r  N t  +B rB f  4LpHa  t  2  i J i n r t  t  i  I  r  r
C O N T I N U E
CO NT I  NUE

r  f , . 0 r  1 . 0  r  3 . 0  |

N U 1 1  1 2 1 r  2 1 r  L  t Z t t  2 i r H r  1  r  1 3  )

CALL  PAPE '?  {  1
H  (  1 ,  = 2 . 5
H ( 2 ) = 3 . 0
H l 3 l = 3 . 5
H { 4 ) = 4 . 0
H ( 5 ) = 4 . 5
H  (  6 l  : 5  . 0
H ( 7 ) = 5 . 5
H  (  8 l  = 6 . 0
H ( 9 r : 6 . 5
H ( 1 g l = 7 . 0
C A L L  } 1 A P { 1 . t s
C A L L  S C { L E S
C A L L  B O R D E R
CALL  COI . ITRL  (
C A L L  G R E N O
s T 0 p
E N O
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R E A L  F U N C T I O T {  F U N ( X )

9 9 l H 8 N / P A R A H / A , c , N N
I I I 0 I 1 !  r ^ | !  2  3 0 I  ! a  '  5  B  , 6 0  r  7 I  r  8  C  r  9  0  r  I 0 , . 1  L  N N
F H T 0 A (  I  ( A r  A + x t  r + 1 . 5 .  (  B i B ; x )  i i 0  : 6 r  i  a ; i ; i )  ' ,  c . l r

F g T ; A {  
(  ( A r A + x )  r + 0 . 5 +  l s r g + x  r  r r 1 . 5 }  ( c r c f x )  r + 8 . 5 '

I g T T T T T ; * (  
{  ( A } A + x )  + r 8 . 5 +  (  8 r B + x t  { { 0 . 5 i  1 6 + 6 + x t  a + L . 5 r

[ g f f i A (  
(  t A r A + x t  f . 8 .  5 ?  ( B r B + x ,  ] ] ! .  5 ]  (  c ' c + x f  + r 1 . 5 r

[HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH$A( 
| (ArA+X)r+1.5r (B+B+x) rr0.5r (crcrxr a+!,51

F H f f i * (  
(  ( A + A + X )  f . ; 1 . 5 : { B ' B + X }  + r 1  . 5 :  ( C r C + x t r r 0 . 5 t

[ g i ; I (  
(  ( a r A + x )  r . 0 .  5 r  I  B r B + x  |  + . r 1 .  5 f  ( C + o + x t  + + 1 .  5 r

F H T ; I (  
{  {  a : A +  X }  r r 1 . 5 f  (  B r B + x  }  + + 0  . 5 +  (  C i C }  x r  ' +  1 . 5  )

F H T ; { (  
(  ( A r A + x  I  r + 1 . 5 '  (  B i B + x  ,  + r 1 . 5 +  (  C r C +  x f  r r 0 .  i  )

I H T U A l 0 ,  t  (  ( A r A ] x l  + ( B + B + x t  * ( c a c  ] x ]  r ' r 0 .  5 r
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Procram 4

r + r + t + a * + +  I  t + +  + l r + t  r + r i l + + + +  +  l + + +  +  l l  I  l r + + : i + r  r  l r + l  + + f t  t ] t  + + l l  I
THIS  PROGRA} I  G IVES PLOTS OF THE L INE SOLUTIONS OF THE
V A R I O U S  T R I A X I A L  S H A P E  F U N C T l O N S  {  A S  T A B U L A T E D  I N  T B €
P R E V I O U S  P R O G R A M )  F O R  A X I A L  R A T I O S  A / 8  =  8 / C  =  1 r 5 r  f N
OROER TO OETERI . I INE  THE BEST COHSINATION FOR PROOUCING
A  U N I O U E  S O L U T I O N .

+ t t  ++ l++ r+ f+ f  l l . r + l  f  + f  l l  + ; t +  +  I  l +++ l t f  t ++ l  t ++ r f  + ] l l t r  + l+  l ++ : i  |  + t r

c

c

PROGRAH HA IN  (  I  NPUT '  OUTPUT r  T  APE 2= I  NPUT '  TAPE 3=OUTPUT I
CO l ' tH0N/PARAH /  A  r  C t  NN
EXTERI {AL  FUN
0 I t { E N S I 0 N  A L P H A ( 1 0 r 2 1 . r 2 1 1 r N U ( 2 1 r 2 L l  r F  l 2 ! t  2 1 1  r R  ( 2 1 r 2 1 1 t  H ( 1 }

+  ;  B E T A l 2 1 .  Z i  I ' C A  Q  l ' 2 ! ,  r C B  (  2 1 r  2 1 t ' C C  l ? L r  ? L l  r H  (  2 1 r  2 t l  r 0  1 2 1 , t  2 L ,
+ ; P l 2 L l � ? L t  ' T p L S  l 2 1 r  2 1 l  r  T  l ' l N S  l 2 L r Z L t  t R H 0 A l  Z L t Z L ,  r R H 0 8 (  ? L 1 2 L l
+  ;  R H o c  a z l ,  z L t  r  T A U  ( 2 1 i  2 1 t , P S r  l ? L , 2 L r  r D E L A  ( 2 1 r 2 1  ) , 0 E L B  ( 2 1 ,  z 1  I
+ ; D E L C I 2 L ; ? L l ; 6 A H H A A l 2 7 r ? L l ' G A M l , , l A 8 ( 2 t t Z L r r G A H t { A C l ? L r Z L l r l ' l U A ( 2 1 ' 2 1 1
+  r l { U B  l 2 ! t Z t l  r  t { U C  (  2 1 r  2 1 1  r  D P L  S  1 2  L r Z  L ,  i  0 M N S  l 2 t  |  2 L ,  r  G P L S  t 2 1 r  Z l )
+  r G H N S  l ? t r z L l  r Y  ( 2 t t ? L l
+  ;  X 1  ( 2 1 r 2 1  l .  X Z  ( e 1  r 2 1 )  r  X 3  ( ? ! t ? t t ' X 4  ( 2 1 '  2 1 l '  X 5  1 ? t t  2 L ,
+  ; r  L  t ? L a  ? L t  t  f  ? t ? L t 2 1 , l  r  T 3  (  2 1 r  2 1 )  1 T 4  ( 2 1 r  Z L l  t  f 5 1 2  L , ? L l

RE AL NU r H r  0r P r  l i lUA r HUB r l ' l  UC r PSI
COI4PUTE THE ELL IPT ]C  I i ITE6RALS
f,lN:0
0 0 4 5  K  = 1 r  1 0
A = 0 . 9 5
NN=NN + 1
9O40  I  =1 r  21
A = A + 0 .  0 5
C = 1 . 0 / 0 . 9 5
DO30  t {=1 r  21
C = C / ( 1 . 0 + 0 . 8 5 r c l
SET L I I . I ITS  FOR NUI {ERICAL  INTEGRATION (T i IESE L I I { ITS
EELOH HAVE BEEI {  PREVIOUSLY TESTED FOR CONVER6ENCE}
A A = 0 o 0
8 B = 1 0 0 0 0 0 0
IF  {N l , l .  EQ.10 )  BB=5 t }  00  0  0  0c  0

A  XOIV=50
E P S : 1 , 0 E - 0  8
AGC=0.  0

E[t l t63* .  -NA6-  LTBRARv R0urrNE F0R N'HERTcAL EvALUATToN
OF THE INT€GRALS 'ALPHA-  G IVEN I I {  THE SUAROUTINE SELOH
CALL  0  g1AGF (  AA  rBBrFU l { r l lAX0 f  V rEPSt  ACCtA l lS t  E  RROR r  N0FUI ' | r  f  FA IL )
A L P H A ( N N ' I r H l = A t { S

3O CONTINUE
ro0  CONTINUE
4 5  C O N T I N U E

8=1 .  0
A = 0 . 9 5
0 0 6 0  J = 1 '  2 1
A = A + 0 . 0 5
G = 1 . 0 / 0 ' 9 5
0 0 7 0  N =  1 '  2 1
C = C / ( 1 . 0 + 0 . 0 5 r C 1
NOI I  COHPUTE THE FUNCTION VALU€S USING TH€ STOREO INTEGRAL YALUES
N U  t J . N ) =  t 1 . 0 /  ( A + B r c )  l  r  (  (  { + .  0 / 1 5 . a |  r  (  (  A L P H  A  (  7 ,  J ,  N l  +  A L P H  A  |  8 r  J r  N l

+  + A L P H A  ( 9 r  J r  N  I  I /  (  A L P H A  (  8 '  J '  N )  + A L P H A (  9 I  J '  N I  + A L P  H  A  I 9  ' J ' N I  I A L P H A
+  (  7  r J r  N t  + A  L P H  A  (  7  r J  r 1 1  r q g P H A  (  8 r  J  r N  t  ) ,  +  |  1 . 0 1 5 . 0  )  r  {  !  t 4 L P H 4  t ?  r  J r N )
+  + A L P H A  ( 3  r  J r  { l  } /  ( A L P H A  ( 4 r  J r  N l +  l 8 + B f  A L P H A  ( 4 ,  J t  N  )  + C ! C ! A L P H A  (  3 r J '  N }
+  I  |  )  +  l  ( A L p H A (  3 ,  J ,  N )  + A L P H  A (  1  r  J r  N l  )  /  ( A L P H A  ( 5  r J r N  ) r  ( C + C T A L P H A  ( 3 r  J  r  N )
+  + A + A + A L P H A  |  1  r  J r N l  )  I  |  + (  ( A L P H A  (  1 r J  r  N l  + A L P H A  ( 2 r J  r N  I  l /  (  A L P H A  (  5 r  J r  N l
+  r ( A T A T A L p H A ( l r J r N l + B . B T A L p H A ( 2 r J r N l  I  )  I  I  )

F  (  J r  N l  . 2 .  I  /  l {  ( A f  B + C )  f  +  (  1 .  0 / 3 .  I  |  ) T A L P H A  ( 1 C  r  J r  N )  I
R  (  J .  N l  = 2 . 0  |  (  1 . 0 +  ( F  ( J r  N  l  r + 3 . 0 1  )  / l , t U  (  J r  N )
B E T A  ( J r N l  =  ( 1 . 0 / 1 0 0 0 0 0 0 . 0 1 + (  {  ( 6 . t ? $ 9 r +  (  1 . 1 / J . 6 1  ) r  ( 1 0 . 0 r + (  2 3 . 0 / 3 . 0

+  l l l  |  (  i  1 6 2  0 0 . 0  1 3 . 1 4 1 5 9 2 6 5 4 +  3 .  1 4 1 5  9 ? 6 5 4 1 ' +  ( 1 . 6 / 3 .  C 1 )  l  + { N U ( J t N l
+  r r ( 1 .  c / 3 . 0 1 I  / F ( J r N )

t l  (  J '  N )  =  ( B r B + C + C )  /  (  B T B T A L P H  A  ( 2 r  J r N  I  i C t C + A L P H A  ( 3  r J r  N l  )
0  (  J '  N )  =  (  C r  C +  A . A )  /  (  C + C T A L P H A  ( 3 r  J r N  )  + A !  A r A L  P  H A  {  l  r J r  N }  }
p  (  J , N l  =  (  A r A + B r B l  /  I  A + A T A L p H A  ( 1 r  J r N l  + B r B + A L p H A  ( Z  r J r N t  )
T p L S  ( J , N t =  |  |  A r B + C l l  t 1 Z .  0 ,  I  +  (  (  (  { 1 .  0 /  

 

{ J r N )  I  + (  t .  0 / 0  ( J r N l  ) +  {  1 .  0 / P  ( J ,
+  N r  l ,  +  (  (  (  1 . 0  / M  ( J r N t  + f 2 . 0 )  +  {  1 . 0 / 0 (  J , N )  + + ? , a ,  } (  1 !  0 / P  (  J r  N l  + r ? .  !  r  t  -
+  (  ( 1 . 0 / ( M ( J ; N l  + 0 ( J r N l  )  )  +  ( 1 . 0 /  ( 0  ( J r  N l  + P  ( J r N )  I  I  +  { 1 . 0 /  ( P  ( J r N )  r H  (  J '
+  N ) ' l  I  l + + 0 . 5 1 )

T H N S  ( J , N t =  (  ( A r g r c t /  {  1 2 .  8 |  }  r  {  (  (  ( 1 .  0 /  (  J , N }  t  + ( 1 .  0 / 0  ( J ,  N t  |  }  ( 1 .  0 / p  ( J r
+  N )  I  ) -  {  (  {  1 . 0  / U  { J ,   )  + + 2 . 0  )  + (  1 . 0 / 0 (  J , N I  I 1 2 , 0  |  + ( 1 .  E / P  ( J , N )  r r 2 . 0 I  I  -
+  {  ( 1 . 0 / { f i  ( J t N )  + O  { J r N l  )  '  +  ( 1 . 0 / ( 0  ( J r N l  r P  ( J ,  N l  )  )  +  ( 1 . 0 /  ( P (  J t  N t  r H (  J t
+  H )  l f  )  l r + 0 , 5 1 )

C A  { J r N ) = { 2 . 0 /  ( 3 . i r A r B r C l  t  f H  { J '  N }
G B  t J r  ) = ( 2 . 0 /  ( 3 . g + A r B r C t ,  + g 1 . . 1 1 N l

c

cc



z z J .

I S C O S I T Y  I N C R E H E N T
T H E  R  F U N C T I O N ,  A L L

( J r  N )
l + ( 1 . o / c c ( J r N l t t
l + ( 1 . 0 / C C ( J r N l l l
)  + { 1 ' 8 l C B  ( J r N l  I  I

c c  ( J .  N  l = 1 2 . 0 1 (  3 . 0  + A + B + C  l  |  + P
R H 0 A  (  J '  N )  = 2 . 0 f  |  ( 1 . 0 / C B  ( J '  N l
R H 0 B  ( J r N l  = 2 . A l l  ( 1 . 0 / C A  t J r N l
R H O C  ( J ' N l  = 2 .  0 /  |  ( 1 . 0 / C A  { J r N l
0ELA ( J r  N I  = NU ( J '  N )  /  CA ( J '  l ' l  )
O E L B ( J r  N )  = N U (  J r N l  / C 3 (  J r N l
0 E L C  ( J r  N l  = N U  (  J r N l  / C C  I  J r N l
T A U  (  J r  N )  = 3 . 8 /  (  (  1 . 0 / C A  ( J  r  N )  )
P S I  l J '  N ) = F  ( J r N ) +  (  ( 1 . 0 / T A U  ( J
V  (  J r  N ) = N U  (  J r N )  / T A U (  J r  N l
X 1 ( J r t l l : C . 5 + (  ( 1 .  B / R H O B  ( J '  N )
X 2 ( J r N l = 8 .  5 l  (  ( 1 .  0 / R H O C ( J r N )
X 3  l J r N ) = 0 . 5 r  (  ( 1 .  0 / R H 0 A ( J ' N )
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C A L L  C O N T R L (  R  r 1 r  2 1 r  2 1 r  L t ? L t Z L  r H l ' 1  r  L l
H ( 1 ' = 1 . 1 1 6 4 ? 1
C A L L  C 0 N T R L  (  R  r  1 r  2 1 r  2 1 r  1  r ? ! t ? L t  H r  1 r  1 l
H { 1 1 = 3 . 2 6 1 1 9
CALL  CONTRL (  OELA r  1 r  21 r  2  t t  L r  2L t2L tH  rL l � L l
H { 1 t = 3 . 1 5 6 0 6 0 2
C A L L  C O N T R L  t  D € L A  r  1 r  Z l t ? L t l - r ? t t  ? 1 r  H  r  1 1  1 l
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C A L L  R € D P E N
C A L L  C O N T R L I D E L B r l t 2 l r Z L t L t 2 L t  2 1 r  H r l r  1 l
H l  L l = ? . 8 7  2
CALL  C0NTRL {  OELB r  1 r  21 r  ? ) , r  L t  2 ! t  21 r  H  r  1 r  1 )
H ( 1 1 = 2 . 0 0 6
C A L L  6 R N P E N
C A L L  C O N T R L I  D E L C r  1 r  2 1 r  2  t t L t  2 t r  2 1 r  H  r  1 1  1 )
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CALL FRAI. IE
CALL  BLKPEN
CALL  BORO€R
c A L L  C S P A C E (  0 .  0 r 1 . 0 r  8 . 0 r 1 . 0 1
c a L L  s c t l s I ( 0 . 1 r 0 . 1 1
C A L L  C S P A C E (  0 .  0 r  0 . 0 0 0 1 r  0 .  0 r  0 . 0 8 0 1 1
H ( 1 1 = 1 . t 1 7 9
C A L L  C O N T R L  {  R r  1 r  2 1 r  2 1 r  1 r  2 1 r  2 1 r  H  r  1 r  1 }
H ( 1 1 = 0 . 7 9 5
CALL  C  ONTRL (  GAH! ' lA  A  t  1 r  2  t t  2L  t  L t2 ! r?  1  rH r  1 r1 l
H l  l l  = 1 . 0 2 2
CALL  REOP€N
C A L L  C  O N T R L  (  G A H H A B  r  1 r  2  L t  ? L t  L t 2 t r 2 1 r  H  r  1 r  1 l
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CALL  FRAXE
CALL  BLKPEN
CALL  EORDER
0 A L L  C S P A C E (  0 .  0 r t .  0 r 0 .  8 r 1 .  0  I
c A L L  S C A L S I (  0 . 1 r  0 . 1 )
c a L L  c s P A c E (  0 .  0 r 0 . 0 0 0 1 ,  0 . 0 r  0 . 0 c 0 1 1
H  (  1 )  = 1 . 4 9 3 7 9
C A L L  C 0 N T R L ( R r 1 r 2 1 r 2 1 r  I t  ? ! t  2 t t  H  t l  t  L l
H  {  1 }  = 1 . 4 5 $ 2 1
C A L L  C O N T R L { R r 1 r 2 1 r ? 1  t L t ? L t  2 l r H r l r  1 )
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C A L L  R E D P E N
CALL  C  OI ' ITRL  I  G  A l { l {A  B r  1 r  2 !  tZL t  L  t2  L  t21 r  H  r  1 r  1 l
H  (  1 l  = 1 . 0 0 1 5 6
CALL C0HTRL ( 6Af ' l l ' tABr 1 r  2L t  2t  t  1r 21r 21 r  Hr 1 r  1l
CALL  GRNPEN
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CALL  C  ONTR L  (  gA l |HAC r  1 r  2  L t  21 t  L t  2 t t21 r  H  r  1 r  1 )
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CALL  GRNPEN
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REDUC€O THETA+ ANO REDUCEO

)

0 . 0 8 0 1 )

2 1 r H r t r 1 l

T P L S  r  1 r  2 1 r  ? ! r  L r  ? L t  2 1 r  H r  1 r  1 l

L t 2 ! r Z L t  L t 2 L  2 1 r  H  r  1 r  1 )

( X I ) P L O T  O F  T H E  R '
TH€TA -  FUNCTIONS

c

G
c

0 . 0 r 1 . 0 r 0 . 0 r 1 . 0
0  .  1 r  0 . 1 )
0 . 0 r  0 . 0 0 0 1 r  0 , 0 r

R t ! t 2 L r 2 t t  L t Z L t

L r  Z L r 2 L t

L t 2 L t 2 1 . t

L r ? t r 2 L H r 1 r 1 )

1 r 2 1 r 2 1 r H r 1 r 1 l

T  t { N S  r  1 r  ? t t  2 !  t L t  2 L t  2 ! t H  t L r  I l

f M N S  r  1 r  2 L r ? t t  L t  Z L t  2 1 , t  H  r  1 r  1 I

{ X I I I } P L O T  O F  T H E  R T  D E L T A +  A N D  O E L T A .  F U } I C T I O N S



22?.

1 )

1 r 1 l

{ 0 c 0 r 1 . 0 r 0 . 0 r 1 . 0 )
{ 0 . 1 , 0 . 1 )
(  0 . 0 r  0 . 0 8 0 1 r t . 0  r  0 . 0 0 0

( R r 1 r 2 1 r 2 1 r 1 , 2 I  t 2 !  : H ,

CALL  FRAI IE
CALL  BLKPEN
CALL  BOROER
CALL  CSPACE
CALL  SCALSI
CALL  CSPACE
H ( 1 ) = 1 . 4 7 9
CALL  CONTRL

CALL  REDPEN
H ( 1 ) = 2 . 8 2 1
CALL  CONTRL

CALL  GRNPEN
H ( 1 1 = 2 . 0 1 6

C A L L  C O N T R L (

0 . 0 r 1 . 0
0 r 1 r 0 . 1
0 . 0 r 0 . 0

Q r 1 r 2 1 r

R r 1 r 2 1 r

6PLS r  1 r

G P L S  , 1 ,

6 l {NSr l r

N
R
E (
I (
E (
79
L (
2L
L {
N
ta.
L (
78
L (
N
6
L T
2

cE(
s I (
cE(
3 7 9
R L (
42L
R L {
E N
3?2
R L (
8 7 8
R L (
E N
8 6
R L {
L 2

FRAI{
BLKP
BORD
C S P A
SCAt
CSPA
1 .  4 9
CONT
1 . 4 5
CONT
R€DP
1 . 1 3
C ONT
1 . 0 8
C ONT
6 RNP
. 8 0 9
C ONT
. 7 7 I

AI{E
KPE
RDE
P A C
ALS
P A C
493
NTR
454
NTR
DPE
1 3 3
NTR
0 8 8
N T R
NPE
0 9 8
NTR
7 8 L

CALL
CALL
C A L L
C A L L
CALL
CALL
H ( 1 ) =
CALL
H ( 1 ) =
C A L L
CALL
H  (  1 ) :
C  A L L
H  (  1 )  =
C A L L
C A L L
H ( 1 ) =
CA LL
H ( 1 ) =

{ D P L S r 1 r 2 1 r  2 1 r 1  r 2 1  t Z L  r H t I t  L l

D l { N S  r  1 r  ? L r ? t t  L t  Z L t  2 ! r H  r L t  ! l

t x l v ) P L o T  o F  R  ( i t - r ' a ) ,  0 E L T A +  l + / - Z x , t  A N 0  D E L r A -  l + / - 2 ' � t 1

IXV)PLOT OF THE R ,  GAIT  AT  AND 6A} I I IA .  FUNCTIONS

( X V I ) P L O T  O F  R ( + . / - 1 Z l  r  G A I { H A +  l + / - 2 7 ,  A N D  G A l t t t A -  l + / - Z Z ,

C A L L  F R A H E
CALL  SLKPEN
CALL  BOROER
c a L L  c s P A c E (  0 . 0 , 1 .  0 r  0 . 0 r  1 .  0 )
G A L L  S C A L S I ( 0 . 1 , 0 . 1 r
c A L L  C S P A C E  t 0 . 0 ' 0 . 0 0 0 1 r 0 ,  i r  B .  0 0 0 1 )
H  (  1 l  =  1 . 4 9 3 7  9
C A L L  C O N T R L  ( R r 1 1  2 1 r  2 1 r  1  r  2 7 r 2 t t { t  1  t t l
H  ( 1 ) = 1 . 4 5 4 2 1
C A L L  C 0 N T R L  ( R r 1 r  2 1 r 2 l r  1 r  2 l r 2 1 r H r  1 r  1 l

C A L L  R E D P E  N
H  l L r = 2 . 8 f  7 4 ?
C A L L  C O N T  R L  {  D P L S r  1 r  2 1 r  2  L  t  L t ? t t ? I  r l l r l r  1 l
H  (  1 )  = 2 . 7 5 4 5 6
C A L L  C O N T  R L  (  O P L S r  1 r  2 L  r ? t t  !  t Z L  r  2 1  r H r 1 r 1 )

CALL  GRNPEN
H ( 1 ) = 2 . 0 5 5 3 2
Q{ ! !  q0 ! IB !  (O I {HSr  1 r  21 r  2 t  t  L  t  2 t  t 2 t r  H r  1 r  1 )
H  (  1 1 =  1 . 9 7 9 6 8
C A L L  C O N T R L  I  B H N S r  1 r  2 1 r  2 1 r  1 r  2 1 r  2 1 r  H r  1 r  1 )

CALL  FRAIE
CALL  BLKP€N
CALL  BOROER
c a L L  c s P A c E (  0 . 0 ,  1 .  0 r  0 , 0 r 1 .  0 t
c a L L  s c A L s I ( 0 . 1 , 0 . 1 )
c a L L  c s P A c E (  0 . 0 r 0 .  0 0 0 1 r 0 . 0 r 8 .  0 0 0 1 )
H { 1 ) - 1 . 4 7 9
C A L L  C O N T  R L  (  R  r  1 r  2 1 r  2 t  r  1 r ? t t 2 L  r H r  L  r  L l

CALL REDP€N
H ( 1 1 = 1 . 1 1 1
C A L L  C O N T R L  {  G P L S r  1 r  2 1 r  2 t t L r  Z L t  2 l r  H  r  1 r  1 )
CALL GRNPEN
c A L L  C o N T R L ( 6 ! l N S ,  l t 2 L t ? L r L t 2 t r 2 7 t  H r l r  1 l

r 0 . 0 r 1 . 0 1
l
0 0 1 r 0 . 0 r 0 . 0 8 0 1 t

2 1 r 1 r 2 1 r 2 1 r H r 1 r 1 )

2 I  t  7 t  2 ! r  2 2 , t  h  r 1 r  1 l

? L t 2 L r L t 2 L t  Z L r  H r  1 r  1 l

? ! t  2 t r  L t  2 I t  2 t t H  t  L t  L l

c

c
c
c
c

c

Z L r 2 ! t  I t  2 1 r  2 1 r  H  r 1 r  1 l



t . u .

CALL  CONTRL(  G l ' lNS  r1  r  21 r  2  L  r  L  t  2L t  2L  tH  ;  L  t  1 ' l

P L O T  O F  T H E  5  F L U O R E S C E N C E  A N I S O T R O P Y  , R E L A X A T I O N  T I H E(  xv r l  t
R A T I O S

CALL  F
C A L L  B
CALL  B
C A L L  C
C A L L  S
C A L L  C
H ( 1 | : 1
C A L L  C
H { 1 f = 1
CALL  R
C A L L  C
C A L L  6
H ( 1 1  = 1
CALL  C
CALL  B
H ( 1 r = 1
C A L L  C
CJ ILL  B
H ( 1 t = 1
C A L L  C
STOP
E N O

c
RAME
LKPE
OROE
S P A C
CALS
S P A C
. 0 2 5
O N T R
. 2 E 8
EDPE
ONTR
RNPE
. 3 1 8
ONTR
RO(E
r434
OIITR
LKPE
. 0 2 4
ONTR

N
R
E ( 0 ' 0 r 1
[ { 0 . 1 r 0
E ( 0 . 0 r 0
36
L ( r 1 r 1 ,
83
N
L ( T ? r 1 r
t{
77
L ( f 3 r l r
N ( 4 r 8 r 8
8 '
L t T 4 r l r
N
97
L ( T 5 r 1 r

. 0 r 0 . 0 r 1 . 0 1

. 1 i

. 0 0 0 1 r 0 . 0 r 0

2 L t ? t r L t 2 ! t

2 L t 2 ! t L r ? L t

2 L t Z L t L t 2 !  r
r 8 l

2 t r  2 t t ! t 2 !  r

. 0 9 0 1 )

2 1  r H r  1 r 1 )

? 1  r H r  1 r 1 )

2 1  r H r l r l  l

2 1 r H r  1 r 1 l

2 L t Z I t l t ? ! r  2 1  r H r  1 r  1 )

c
c
c

1 0

2 0

3 0

s 0
5 0

6 0

7 0

E O

9 8

1 0 0

REAL FUNCTION FU ' { (X }
c0 t{ t toN./  PA RAH/ A r  C r  NN
8 = 1 . 0
G 0 T O  (  1 0  r  2  0  r 3  0  r  4 0  r  5 0  r  6 0  r  7 0  r  6 0  r  9 0  r  1 0  0  )  r  N l {
F U N = 1 /  (  ( A +  A + X )  + r  1 . 5 r  (  g r B + X  I  f r o  . 5 1  1  6 r f , +  X l  ' r  0 .  5 l
R€TURN
F U N = 1 /  {  (  A f A + X  |  . + 0 . 5 +  (  B r B +  X  |  + + 1  . 5 1  1 g + g + X l  + r  0 . 5 1
R E T U R N -
F U N = 1 /  1  1 1 r  [ +  X l  r +  0 . 5 r  (  B f B +  X  I  + f 0  . 5 +  (  C * C + X  I  t ]  1 .  5 )
RETURN
F U N -  1 /  (  (  A +  A +  X  l  r r 0 . 5 +  1 6 1 9 + X )  r + 1 . 5 +  1 6 + t +  X l  .  + 1 . 5 1
RETURN
F U N = 1 /  (  ( A f  A + X  I  r + 1 . 5  r  (  8 + B + X )  + +  0  .  9 r  I  C r C + X )  + r 1 .  5 l
RETURI{
F U N = 1 /  {  ( A + A + X '  + r 1 . 5 +  (  8 + g + X l  } l L . 5 r  (  C r C + X '  r r i l .  5 l
RETURN
F U I { : X /  ( ( A + A + X l f + 1 1 . 5 * { B r B + X l  r +  1 . 5 1  1 5 r t + X )  f r 1 . 5 l
RE TURN
F U N = X /  (  ( A f A + X l  r f 1 . 5 +  g  g + g + X l  r + 0 . 5 +  l g r e + X l  * 1 1 . 5 1
RETURN
F U  = X /  (  ( A + A + X )  + + 1 .  5 r  (  B r B + X l  r r 1 . 5 r  ( C r C + X )  r r C . 5 )
RE TURI{
F U N = 1 . 0 /  (  (  ( A  r A + X t  +  (  B r g + X l  r {  C r C + X t  I  r r 0 . 5 }
RETURN
E N O



229.

PDoqram 5

E uon-urmaR LEAST seuARES t ' lETHoD usrNc AN ALGoRTTHH oF 6rLL  AND
c IURRAY 119761

6 c luu l  =  BTREFRTNGEN0E {qAg! )  '  F  =  SUH 0F SQUARES 0F THE RESTDUALS
e DPLS =  DELTA+r  Dt tNS =  0ELTA-
E  i I T I  =  C U R R E N I  I N I T I A L  G U q S S  F Q R  T H E T A +
e  x ( 2 1  =  '
e  x ( 3 1  =  a  "  A ' +
c  x a 4 i  =  '  *  l ' -
C X I .  =  CURRENT ESTT} IATE FOR THETA+
e x 2 =
C  X 3  =  "  A t +
e  x 4  =  -  A ' -
F  * a * a a * . "  a r f f r r r +  +  r f  t + f f  + r r +  r + t
d  l t x t l n  r r l r E  T N G R E A S E T  l o o P T S .
C  . O O 1  D E G R € E S  S . E .
c
G RAI ' IOOII  NUI4BER RUN 50

I  r+rr : r * f r+t , : r tar , r r f l++*: t : t  r++ +f t  |  }a+rra l*+a
C PROTETN 3
c
a  I  l t f t + t l l  I  t t  t + l . l t ++ t l t l * t t l ++ l l , } l t  l  a l +  l ' r l ++  l l-  pRoGRAr{  } rArN( rNpur r0urPUTrTAPEP=TNPUTTTAPE3=0urPur }

cout toN/PARAt{ /GAr{ r , rA  {  10  I  I '  T  (  1  01}  r  R  (  l ,  01  |
R E A L  B L ( 4 1  r 8 U ( 4 1 . X { 4 }  r F r H ( 5 4 1
R E A L  Q 1 r Q Z r Q 3 r Q 4 r Q 5
INTEGER IB0UND r  IFA IL  r  J r  L I  l l r  L l { r  N
I N T E G E R  I I {  ( 5 I
P = - 1 . 0
0 O 2 1  I : 1 r  1 0 1
P = P + 1 . 0
R { I ) = P
T l I l = R ( I l r 1 . 0 E - 0 9

21  C0NTINUE
H R r T E  (  3 , 3 2  )

3 2  F o R r { A T {  '  T r H E ( N S }  € A l { i { A - )
G  GO'88F-REIT i IT IAL IZES THE STREA} , I  OF  THE RANOOH NUI . , IBERS

C A L L  G O 5 B B F
C CALCULATE iHE UNPERTURBEO OECAY CURVE

0 0 5 0  I = 1 r 1 0 1
GaHl , rA  (  r t : 0  . 0  7+Exp  ( -T  (  t  )  r 6 .  0 r5 .  167  243E 051  +

+ 0 .  0 5 * E  x P  ( - T  (  r  I  1 6 .  0  r 4 .  1 6  7 4 8 6 E 0  5  )
C  I {O f l  FE i fUN i i  E IC IT -OT- i iE  i _50  DATA-POINTS USING A  NORI IAL  PSEUDO-RANOOI '1
C  NU} IBER 6€NERATOR GO5ADF

G A M r , r A  ( I l = G A l . l r . l A ( I )  + (  (  0 . 1 1 1 . 7 4 5 5 5 € - 0 4 1  r G 0 5 A 0 F ( Y '  t
H R I I E ( 3 , 3 3 1 R  I  r )  , G A t { t { A  (  I l

3 3  F 0 R r . l A T  (  F 1 0 . 5 r F 8 . 5 1
5O CONTI i lUE

N=4
I  BOUNO=O
Q t : 1 . 0

C  O O  T R E  I I i I T T U T Z I T T O N  F O R  3 0  I N I T I A L  G U E S S E S  T O  A T I E H P T  T O  A V O I O
c suEsI0IARY l l r r , l r r {a

0 0 1 0  I = 1 r J 0
c  CALL-REETTU6OIAN PSEUDO RANDOI i  NUHEER ROUTINE 605AAF

Z = G 0 5 A A F  ( x  )
x { 1 t = 4 . 0 + z . 0 r z
X l 2 l = 3 . 0 + 2 . 0 r 2
N t 3 ) = 5 . 0 + 2 . 0 r 2
X ( t r l = 4 . 0 + 2 . 0 r 2
g L { 1 1 = 4 . 8
B L  l 2 l  = 3 .  0
B L ( 3 ) = 6 . 0
B L  ( 4  )  = 4 . 0
9 U { 1 1 = 6 . 0
B u { 2 1 = 5 . 0
8 U ( 3 1 = 8 . 0
B U  ( 4 t = 5 . 0
L I  H=5
L l l=54
fFA IL=1
c l  L ! -e  04u l r  (  N  r  rBouND r  BL  r  8u  r  X rF  r  I l {  r  L r  l { r  f a t  L l { '  rFA  rL l
I F ( I F A I L . N E .  i l  I  H R I T E  { 3 '  1 ( l ! '  I F A I L
I F I I F A I L . E Q .  l I G O T O  2 O

1 O O  F b R f r A T i ; E R R o i , -  E i I i  T i P E " ' I 3 ' " S E E  R O U T I N E  I { A N U A L . )
l lR ITE  (  3 r  110  !  F
t I R I T €  ( 3 r 1 2 0 ,  ( X ( J l  r J = 1 r 4 )

1 1 0  F O R I , I A " . "  F U i l C T I O N  V A L U E  O N  E X I T  I S ' ' F 1 5 . 1 2 I



4 J U .

RESIOUALS FOR THE

T H E T A + - ' F 1 0 . 7 r '  T H E T A - " r F 1 0 . 7 r " A  " 1 F 7 . 4 t

) G 0 T 0  3 0

SQUARES VALU€

=  - 1 F 1 0 . 7 )

=  -  1 F 1 0 . 7 1
. +  =  " 1 F 7 . 4 )

r -  =  - 1 F 7 . 4 1

:  " 1  F 1 0  r  I )
=  - r  F 1 0  . 7 1

= ' r F 1 5 . 1 Z l

UI. I  OF SQUARES OF THE
BLE PARAIT€TERS

1 ,  r R (  1 8 1 )

0E  86+  X  1+T
u

{ I l  I  + 9 . 9 1 r 1 4

0 f

0 t

95303rQz
95 3 0 srQ3
1 '

2l

3 )

5 t

0 l  Q1
BEST LEAST
0,  Qe

THET A+
O }  Q J

T H E T  A .
0f Qrl

A
0 r  q5

A
0 |  oPLs

O E L T A +
0 t 0t{Ns

BELIA.

" t F 7
L E r F

)
,
t
I
UE
3 r  1 3

3 r  1 4

UE
. 5 0 9
. 5 0 9
3 r 1 4

3 r  1 4

i ' *u
3r1 t r

i ' : t
3r  16

i ' l t
3 r  1 E

3 , 1 9

3 r  2 0

3 tZL

F ORI' AT+ "  a -
I F  { q 1 .
Q1=F
Qz=X (  1
Q J  = X  ( 2
84=X {  3
Q5=X l t r
CONTIN
I {R I IE  (
FORt.IAT
HRITE (
FOR}IAT
C O N T I H
0  PLS= 0
ottNs= 0
} IR ITE  {
FORI{AT
I{RITE (
F ORI{A T
}IRlTE (
F0Rr{t l
I {RITE (
FORI{AT
X R I T E  (
FORIfAT
XRITE I
F ORI{ AT
h'R ITE (
FOR}|AT
IR ITE  (
FORH AT
} IR ITE  (
FORI{AT
I{RITE (
FORI.IAT
H R I T E  I
FORI{AT
STOP
END

OR CALCULATING IHE S
HATES OF THE AOJUSTA
N E  F U N C T 1 ( N T X C T F C )
AR Ar {  /G  A i lHA  (  10  1  )  ,  T  (  10

FUN

N
N )
x z r x S r x 4

r  1 0 1
(  I  )  -  (  0  .  01 .  r x3  +ExP (  -6  .
. 0 € 0 6 + x 2 f T ( I ) t r t r I 2 .

AL
A L
= X
= X
=X
= X
= 0
75
I G
EX
=F
ilT
TU
D

N E
EST
OUT
oN/
RNA

Q r
6ER
xc
x 1

c ( 1
c t 2
c ( 3
c l 4
. 0

f =
A IlH
P ( -
c+q
I N U

UTTNE
I{T ES
UBROU
0HHON
XTERN
E A L  Q
NTE6E
E A L  X
EAL X
1=xC (
z=xc I
3=XC (
.r= XC I
C = 0 . 0
o75 t
= l G A t l
+EXP (
C=FC+
OIIT IN
ETURN

L20

3 0

1 3 0

1l l0
1 0

1 4 1

L42

1 4 3

L45

150

1 6 0

L78

1 6 0

1 9 0

2 0 0

210
? o

F
T I
T I
, P
A L
r F
R
c (
1 r
1 )
2 l
3 t
4 )
= 1
HA
-6
q
UE

BROU
RREI{

S U
c0
E X
RE
I N
RE
RE
x1
x2
X 3
Xlr
F C
DO

+ +
FC

5 C 0
RE
E N

J =
lr=

o7
= l
+ E

orl
ET
ND

c s uc c u

75



, " 4 1

Prooram 6

c
C  F O U R I E R  T R A N S F O R H  S O L U T I O N  O F  T H E  L A P L A C E  I N T E G R A L  E A U A T I O N  } I E T H O D  O F
C  G A R D N E R ,  G A R D N E R T  L A U S H  A N D  i { E I N K E  ( 1 9 5 9 )
c
C  S  =  B I R E F R I N G E N C E  ( R A 0 S I r  G M  =  I N T E G R A N D  0 F  E Q U A T I o N  r  G  =  6 ( E X P ( - Y ) )
C  T  =  T I H €  { s E C l '  R  =  I I M E  ( N S l '  E C  A N o  E S  A R E  I H E  E R R O R  E S T I T 1 A T E S  I N  F C
C  A N D  F S  R E S P E C T I V E L Y  O U E  T O  T H E  N U H E R I C A L  I N T E 6 R A I I O N  I N  E Q N .  1 2 5
C AND ER IS  THE ERROR ESTI f lATE OUE TO THE NUHERICAL INTEGRATIO i l  IN
G  E Q N o  1 2 8

| +r r | l  r  + r+.++l++ +* + r+++ f+t  +f  r  +r r  +++r i i r t  +r+
C  L O G A R I T H H I C  T I I { E  I N C R E A S E ,  1 4 0  D A T A  P T S .

B 
.001  DEGREES s .E .

C RANOOI.I  NUHSER RUN 2
c
c  + t l t  r t r }aaa+r t t t f t r t r+++t+at+
C PROTEI}I  2
c
c t+lI+t t l l  +f+ + r i l+rr+t:t  r  tr t  r  t+

PR0G RA t{  f {A IN (  f  NPUT' 0UT PU f  r  T APEz=IN PU T'  T APE 3=OU TPUT I
EXTERT{AL FUNXI{
R E A L  r H U  ( 6 6 )  r  K C t 5 6 l  r  K S  ( 6 6 1  r  F C t  6 6 t  r  F S  (  6 5 1  r  6 H t 6 6 ) ,  r { U
R E A L  Y Y Y , G  ( 6 9 0 r  r Y ( 6 9 0 t  r E C  t 6 6 t ,  E S ( 5 6 f
I N T E G E R  N T  I T  I F A I L
INTEGER L
R E A L  X  ( 1 4 1  )  r  S  ( 1 4 1 !  r R  ( 1 4 1 )  r T  ( 1 r + 1 ) '  Y C (  1 4 1 | '  Y S  ( 1 4 1 )
COIIPLEX Z r  Cr K r  C6At, I t , IA
P . - 7 . L
0 0 2 1  I  = 1 r  1 { 1
P = P + . 1
t R r T E ( 3 , 5 0 0 1

5 0 0  F o R l t a r (  "  - l
X { I ) = P
T  I  I  )  =  I  t . 0 E - 0  9 )  + E X P  (  x  (  I  )  )
R ( I I = T ( L 1 1 . 0 E 0 9

21  CONTINUE
x R I T E {  3 , 3 2  )

3 2  F O R I { A T  (  '  T I H E I N S )  X  S ( T }  =  S ( E X P ( - X }  l - )
t {R ITE  (  3 ,501 )

5 0 1  F o R i l A T (  '  ' )
HRITE |  3 r  50  2 l

502 FoRMAT ( - .  r r  r rrr+r+rar:rr+r+f+r l" f r  +lr f r  r rr  r r . r+i  )
I T R I T E { 3 i 5 0 3 1

5 0 3  F O R H A T {  -  - }
C  GO5B8F REIN IT IAL IZES.THE STREAIT  OF THE RANOOI {  NUMBERS

C A L L  G O 5 B B F
0 0 5 0  I : 1 '  1 4 1

C CALCULATE THE UNP€RTURBED DECAY CURVE
S I  I )  =8 .  07 :EXP l - f  ( I )  r 4 .  6596?7  6E67 ,  +

+ 0 .  0 5 f E ) ( P  ( - T t  I  )  1 3 .  1 3 7 4 0 7 E S 7 t
C  NOX PERTURB EACH OF THE 140  OATA PTS USING A  NORI . IAL  PSEUDO-RANDOI {
G NUHSER GENERATOR

S  {  I l  = S  ( I )  +  {  (  0 r  1 + 1 . 7 4 5 5 5 E - 0 4 1 r G 0 5 A 0 F  ( Y  I  I
x R I T E ( 3 r 3 3 ) R ( r )  r  X ( I )  r S  t I )

3 3  F o R t f A T  I  F 1 0 . 5  r F 6 . Z r F E . 5 '
5 O  C O N T I N U E

OO.+7  L  =1 t  20
l {R  ITE  t  3 r  504 )

5 0 4  F o R i l A T {  - ' )
l r7 CONT IN UE

C THE NEXT PART OF THE PROGRAT{  EVALUATES THE FOURIER TRANSFOR! . I  OF  THE OATA
ftu=-.  1
H R I T E (  3 , 9 9 '

99  FORHAT (  '  t {U  KC KS- I
l { R I T E { 3 r 5 0 5 t

5 0 5  F o R i 4 A T  (  - ' l
r {R ITE  (  3 ,50  6 l

505 FoRl lATl . .  ta+rr+faf  l . f  +++ l t r l r+""t}  r+r++r+r+ f++r +a rr  ra +r r : r : !  r r ] i i  )
r { R I T E ( 3 , 5 0 7 )

5 0 7  F o R H A T (  -  " t
0 O  1 0  J = l , 6 6
H U : H U + . 1
H I , U { J ) : H U
0 0 5 1  I : 1 ,  1 4 1
Y C  ( I  l =  { E x P  ( X  ( l )  l  t + S  { f  ) i C 0 S ( l , l U + X  ( L  }
Y S  ( I l =  ( E X P  ( X  (  I )  ) ,  + S ( I )  r S I N ( l , l u + x ( I  l ,

_  Y ( I l - C M P L X { Y C I I )  ' Y S ( I )  )
51  CONTIN 'UE

N= 141
IFAI L= L



1 J Z .

N T E G R A T I O N  R O U T I N E  F R O i l  T H E  U K  N A 6  L I B R A R Y  ( M K  6 I
x r v c r N r A N s r E R r I F A I L )
(  2 . 0 +  3 .  1 f 1 5  9 3  )  )  r . 0  . 5 t  +  A H S
{  2 . 0 r 3 . 1 r + 1 5 9 3  I  )  + r 0  . 5 1  + E R
Xr  YSr  Nr  ANS r  ER r  I  FA I  L l
(  2 . 0  + 3 . 1 r r 1 5  9 3  I  )  r r 0  . 5 )  +  A N S
l 2 , 0 + 3 .  1 4 1 5  9 3 1  )  + f 0 . 5 t  r E R
P L E X  6 A I { H A  F U N C T I O N  F O R  T H E  C U R R E N T  V A L U €  O F  H U  U S I N 6
E L O Xrlu )
LER INTEGRAL OF IHE COHPLEX 6A I { I {4  FUNCTION {EQN.  123  I
r 3 . 1 4 1 5 9 3 )  |  r r 0 . 5 ) r C
t
K I

I { U r X
F  8  ; 2  . 2 E  L 5  . 7 1

I,IU FC ( ERR I FS

l r+ l t r t t+ t t++  +a f f t t r l+  I  + t  |  + t t  l  t+ t++ + t . }a t r t t+ ra  t r  I

l { U ( J t  r F C ( J r  r E C ( J )  r F S t J )  r E S  ( J )
F 8 . 2 " l E 1 t r . 7 )

Y  G ( E X P ( . Y I  I  E R R O R ' '

+ t+ t t  ++ l t  + : t  I  r ! t  t + , r : r t +  |  l r  +a+ t ] '  +  t ++ : l  t l  + f  r f  : l  l t * r+ *  r r  r  I

E R  T R A N S F O R H  O F  T H E  O A T A  B Y  T H E  E U L E R  T N T E G R A L  F O R  T H E
N C T I O N
( J ) r K C  ( J ) ,  + I F S  (  J '  r K S (  J l  )  |  r c o s  ( Y Y Y T M  U ( J l  |  )  / (  ( K C  ( J l

l  )  )  f  +  (  (  (  ( F S  ( J ) l K C ( J t  ! -  ( F C  ( J t  * K S  ( J l  I  )  r S r N  (  Y Y Y + l . l l ' t U  (  J )  )  ) /
|  )  + ( ( s t  J )  r K S ( J '  |  ) )

S  A  FUNCTION OF Y  IS  FOUND FROI {  TH€  INVERSE FOURIER
THE SA} IE  NUI . IERICAL  INTE6RATION ROUTINE
I.I t{U r 6I,I r NN r A NS r E R r I F AI L I
l t +  15  93  t  +ANS
1 5  9 3  '  f E R
Y Y Y ' G  I I { }  ' E R
t  2 6 L t  ? 4 L

7 . 2 t  4 \ q 1 E 1 5 .  7  r 4 X r  1 E I s .  7 l
L E S S  T H A N  4  P O I N T S  S U P P L I E O I

G ( E X P ( - Y } I  A G A I N S T  Y  I S  O S T A I N E O
)
r 8 . 0 r 0 . 0 r 0 . 0 )
Y r G r 1 r 5 9 0 )

CALL  NUI , IERICAL  I
C A L L  O t l 1 6 A F (
F C ( J l = 1 1 L . 0 /
E C { J } =  l { L . 0 /
C A L L  O B 1 G A F (
F S  ( J ) =  |  l t . 8 /
E S { J ) = { ( 1 . 0 /

EVALUATE THE COH
THE SUBROUTINE B

Z = C t { P L X ( 1 . 0 r
C=CGAI{| 'A (  Zf

O€TERHINE THE EU
R =  |  |  L . o l  l 2  . o
K C ( J l = R E A L ( K
K S ( J ) : A I l ' l A 6 (
C = C G A H I i A ( Z I
i lR ITE  t  3 ,  10  1 )

1 0 1  F o R H A T  (  T X r L
10  CONTINUE

0049  L :1 r  2 I
I R I T E ( 3 , 5 0 9 t

5 0 9  F o R I { A T (  '  ' t
49  CONTINUE

I R I T E  (  3 ,  9 0  1
90  FORI IAT  (  -

+  (  ERRI  - l
f l R I T E ( 3 r 5 1 0 t

5 1 0  F o R ! { A T (  -  - r
l r R l T E  (  3 . 5 1 : , t

5 1 1  F o R H  A T  (  - r f +
+ r r raT r r r . . l

x R I T E ( 3 r 5 1 2 )
5 1 2  F O R H A T (  -  - )

O O 3 8  J = 1 ; 6 6
r{RITE |  3 '  91 I  r l

91  FoR l tA  T  (  1X ,1
38  CONTINUE

0 0 5 2  L = 1 , 2  0
! T R I T E  (  3 , 5 1 3 t

5 1 3  F O R H A T (  "  ' '
52  CONTINUE

l {R  ITE  (  3 i93  )
93 FoRr. rAT(  -

H R I T E  (  3 ,  5 1 4 1
5 1 4  F o R I { A T ( ' - )

HR ITE  t  3 ,  515 t
515 FORI{ AT (  "  r r

l , {R  ITE  (  3 '  5161
516  FoRt {A r (  -  - )

Y Y Y = - . 0 1
0 0 3 1  H = 1 t  5  9 0
Y Y Y =  Y Y Y  + .  0 1
Y  (  H I  =YYY
0 0 2 9  J = 1 , 5 5

OIV IDE THE FOURI
COI{PLEX GAI. IHA FU

G t t ( J ) = ( { ( ( F c
++KC (  J l  )
+ + ( K S ( J l + K S  { J
+ ( t K c t J l + ( c ( J

29  CONTTNUE
NN=56

N O r {  6 ( E X P ( - Y t  I  A
TRAI. ISFORI4 USING

C A L L  O O 1 6 A F (
G ( H r = ( 1 . 0 / 3 .
E R =  (  t .  0 / 3 .  1 4
I tR  IT  E  (  3 ,29  01
I F  ( I F A  I L }  2 4 1

2 4 1  H R I T E  ( 3 r 2 8 9 )
251  CONTINUE
290  FORi lAT  I  I 3X  IF
2 E 9  F O R H A T  ( / 2 8 H

3 1  C O N T T N U €
HENCE A  PLOT OF

C A L L  P A P E R { 1
C A L L  I { A P { { l . O
CALL  CURVEO{
C A L L  S C A L E S
CALL  BORDER
C A L L  G R A P H F (

c

c
c

FUI{XN }
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GRENDCALL
S T O P
ENO

F UNC TI ON
F U  x N =  0 .  0
RETURN
E N D

G
FUNXN (  X )

FOR6 suenour txE FoR GAL0uLATTNG THE cot lpLEx cAHMA FUNcr loN c = cGAHt ' tA(z !
'  iHE  GURRENT VALU€ OF I tU .  THIS  SUSROUTINE IS  THAT GIVEN BY LUCAS AND
C TERRILL  17970 '

COI {PLEX FUNCTIOT{  CGAHi lA  (  Z I
COI ' IPLEX Z  r  ZH  r  T r  TT  rSUt l  T  TERI IT  DENrP I  r  A
D I M E N S I O N  C ( 1 2 }
LOGICAL REFLEX

C SET IOUT FOR PROPER OUTPUT CHANNEL OF COI . IPUTER SYSTEH FOR
C ERROR IIESSAGES

I0UT=3
P f = ( 3 . 1 4 1 5 9 3 r 0 . 0 1
X = R E A L  ( Z )
Y = I T H A G ( Z }

C  TOL .  L1HTT OF PRECIS ION OF COI4PUTER SYSTEM IN  S INGLE PRECIS IOH
T o L = 1 . 0 E - 0  7
R E F L E x = .  T R U E .

C OEIERI I INE IHETHER Z  IS  TOO CLOSE TO A  POLE
C CHECK I {HETHER TOO CLOSE IO  ORIGIN

I F T X . G E . T O L I  G O  T O  2 O
C F I } ID  THE NEARESI  POLE AND COI {PUTE D ISTANC€ TO I I

x 0 I S l = x - I N T  {  x - ' 5  )
Z  = C r P L x  ( X D I S T , Y )
I F ( C A B S ( Z l l t . G E . T O L f  G 0 T 0  1 0

C IF  Z  IS  TOO CLOSE TO A  POLET PRINT ERROR i lESSAGE ANO RETURN
C  L I T H  C G A H T { A : ( r . . E 7 r 0 . F 0 l

f l R I T E  ( I O U T '  9 O O ) Z
CGAl{ i lA- {  1.  E7'  0.Ei l  I
RE TURN

C FOR REAL(Z}  NEGATIVE E I , IPLOY THE REFLECTION FORI ' IULA
C GAHI {A  (Z )=P I  (S INPITZ}  rGAf l l {A  (1 -Z l  I
C  A N O  C O H P U T E  G A I { H A I L - Z ' .  N O T E  R E F L E X  I S  A  T A 6  T O  I N D I C A T E  T H A T
C THIS  RELATION I {UST 8E  USED LATER.

1 0  r F t x . G E . 0 . 0 r  G o T o  2 0
R E F L E X = . F A L S E .
Z =  ( 1 '  0 r 0 . 0 1 - Z
X = 1 . 0 - X
Y: -Y

C  I F  Z  I S  N O T  T 0 O  C L 0 S E  T O  A  P O L E I  H A K E  R E A L I Z ) > 1 0  A N D  A R G { Z ) < P I l r f
20 l {= 0
4 0  I F { X . 6 E . 1 0 . } G O T O  5 0

X : X +  1 .  0
H= l{+1
G 0 T O  4 0

5 ( l  I F ( A B S ( Y I  . L T . X I G O T O  6 O
X =  X + 1 .  g
l'l= l{ + 1
G 0 T 0  5 0

6 0  T : C  P L X ( X r  Y )
T T : T ' T
DEN=T
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TO

C COEFFIC IENTS IN  ST IRL INC '  S  APPROXI I .TAT ION FOR LN (GAt {HA {T I  )Ei2i=ti113;0.
C t 3 t - 1 . / 1 2 6 0 .
c ( t + t = - 1 . / 1 6 6 0 .

8lZ!=t61"1'93a0.0.
C t T t = L . / ! 5 6 .
c ( 8 t - - 3 5 1 7 0 / L 2 2 4 0 0 .
q  (  9 )  = r l 3  EbZ .  /  Zb i l . LS i :

t lil i:r+633*e#Eluoo -
j ! ! =  t r - t . s  r 0  o  0 f  )  r c L o G  ( T r  - T r c H p L X ( .  S T A L O G (  2 . r J .  1 4 1 5 9 r ,  0 . 0  t

E dSl]FEii: i i l}1!F!"I!aRy.pARr:-0t..!! !q4!!A!2, TsEpARATELy FoRC COI {VERGENCE.  I frF r r?E r:il ti!iii;ifu I:TtinlirbH!F$iy:iii+:FF^EAIEk.
s0  { [ , 88 ; , l l r i lAG(TERMt rArHAGrsuH)  r  . L r . roL )  Goro  100

J :J+1

c'es'?FUioEUilEnn-*c,
d5fd.5g.12rc0T0 e0

g ; Io tg ! f ; Inr  sERr€s or0 Nor  0oNVERGE. pRrNr ERRoR r {ESSAGE ANo
^  - g q  I R I T E ( I o u T , 9 t 0 ) zc RECURSToN. . lF !4 i Ig !_usE0 To oBTATN LN( GAHr" lA (Zt  )E, o 0,,,n. ,.;:;il::i?;t$ r 8tililt I i* I rlrlJiiiii! ri i: 3ll:,.'i | }.n-,,
. #e,i;fi:5!!id[iaiiue.,,

120 Ig.(.REFr=E11Gof5F1L58rr0N 
FoRt'ruLA sHouLD BE usEo

;gHghgF (RI /gsrN iFrrz) ,  -suH
130 cqi*f i i :EElirsun

RETURN
t o0 . t8 *FBI I l x ' 2F14 '7 r10x '4gHARcuHENT oF  GAr {HA FuNcr roN rs  r0o  cL ' sE
tto.58lHI l64H ERR.R -  srrRLrNG's sERTES HAS Nor coNVER6E0/1 4x '4Hl

E N O
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Proqram 7

R.CONSTRAINED NOI , I . L INEAR LEAST SQUARES I , IETHOD (HARDTNG)

6A l { f {A  =  B IREFRINGENCE lRADSl r  FC =  SUn  0F  SQUARES 0F  THE RESIBUALS
X ( 1 1  =  C U R R E N T  I N I T I A T  G U E S S  F o R  A / 8
X l 2 )  =  A +
X { 3 )  =  A -
O N  E X I T '  I ( 1 } I  X ( 2 I '  X ( 3 )  C O N T A I } I  T H E  B E S I  E S I I I . I A T E S  F O R  T H E S E  P A R A H E T E R S
XC(1 )  =  A  =  CURRENT ESTI I ' ' iATE FOR A /B
D =  t t c  =  VALUE OF B lC  CoR ESPoNoING T0  THIS  ESTI i4ATE

$  =  V ISC0SITY I | ICREH€NT
V  =  O E L T A +
f  :  O E L T A .

T H P L U S  :  -  -  T H E T A +
T H N U S =  -  '  T H E T A -

TC 12 }  =  CURREi lT  €ST I I {ATE FOR A+
X C ( 3 1  =
A A I r A A ? I . . r o A A 5  A R E  T H E  A / B  C O O R I I I N A T E S  F O R  5  P T S  O N  T H €  R - C U R V E
4 0 1 1 4 0 2 r . . . . A 0 6  \ f C
TEE VALUE FOR B /C  CORRESPOI IO ING TO TH€  CURRENT ESTI } IATE FOR A /B  CAN THEN
BE FOUND.  USIN6_A QUBTC POLYNOI4 IA I .  INTERPOLAI ION PROCEOURE BEI ITEEN THE
S I X  G T V € N  P O I N T S . T H T S  I S  O O N E  U S I N 6  A  L I B R A R Y  R O U T I N E  E g i L F I
t t f t t : l l l + t

PROTETN 1
t + t l l t +a+ f+ l

L INEAR T IME I I {CREASE,  l l lOPTS.
C U T  O F F  T I H E :  l t l O N S
STREAI{ OF RANOOI{ NU}IBERSI 3
0 . 1  O € G  S T A N D A R O  E R R O R  O N  E A C H  O A T A  P T .

PROGRA t {  l tA  IN  (  INPUTT 0UT PU T r  TAPE 2= [  NPUT '  TAPE3:OUTPUT I
c o t { t { o  / p a R A H / G A H l . t A  ( 1 0  1  )  |  T  ( 1 0 1  ) ,  A ,  C  r  0 r  N N r  A A  { 6  I ,  A D  ( 6  }
R E A L  R  ( 1 0 1 I
R E A L  A A 1 ,  A  A 2 r  A A 3 r  A A 4  r  A A  5 ,  A A  S r  A  D 1 ,  A B 2 ,  A O 3 ,  A  0 4 ,  A D S  r  A O 6
R E A L  B L ( 3 t  r B U  { 3 } , X ( 3 }  r F ,  r , r  ( 3 9 '
I I.ITEGER I BOU N D ' I F A I L r J r L I il r L l{ r N
I N T E G E R  I I { ( 5 }
R E A L  Q 1 r Q 2 r Q 3 r Q 4
N R I T E ( 3 ' 3 7 )

3 7  F O R i { A T (  '  P R O T E I N  1 ,  0 . 1  O E G .  S T A N O A R D  E R R O R ' I
H R I T E t 3 , 3 6 l

3E  FORI {AT  (  -
+  10  0  Ns ,  10  { ,PTs*  )

H R I T E ( 3 r 3 9 t
39  FOR| {AT{  -

)sTREAlt  3-)
P = - 1 . 1
0 0 2 1  I : 1 r  1 0 1
P = P + 1 . 1
R ( I ) = P
T ( f l = R ( I l r 1 , 0 E - 0 9
R {  f f  = T  (  I }  + 1 .  0 € 0 9

21  CONTINUE
GO5BAF(O.X)  SPECIF IES THE XTH STREAH OF THE RANOOH NUI . IBERS

C A L L  G O 5 B A F I C . 3 I
0 0 5 0  I = 1 1 1 0 1

CALCULATE THE U I {P€RTURBEB OECAY CURVE
6 A  t l A  {  I )  = 0 . 0 7 r E X P  ( - T  ( I  )  + 6 .  0 r 5 .  8 1 5 3 8 3 E 0 6 t  +

+ 0 .  0 5 * E X P  ( - T  {  t  l f 5 .  0 + r 0 .  1 5 6 4 6 1 2 E 0  5  t
NOI I  PERTURE EAC| I  OF  THE 1 ( l t l  DATA POTNTS USING A  NORI {AL  PSEUDO RANDOH
NUIISER GENERATOR GO5AOF

GAt t  a  (  r )  =GAr . i l . rA  ( I  )  +  (  (  1 .  74555E-0  3 l  +G05  A0F{  y '  I
'O  CONTI I IUE

REID I I {  THE VALUES FOR THE LO} IER L I f lT IS  FOR THE IN IT IAL  GU€SSES OF TH€
4 Ig ]  A+ '  A .  (X18 t l I  r  THE LOI IER,  ANO UPPER L . I I { ITS  FOR TH€ COI {PUTER ESI I ! ' !ATES
I H E  C O O R O T N A T E S  O F  T H E  A / B  V A L U E S  A N O  T H E N  T H E  C O O R S I N A T € S  O F  T H E  B / C
FOR TH€ R .CURVE TO I {H ICH THESE ESTIHATES ARE CONSTRAINEO

R E A 0  {  2 ,  I  I  X  X l ,  X X 2 ,  X X 3 ,  g B L 1 ,  g B L 2  r  B B L  3  r  B B U I  r  g B U z  I  g g u 3  r
+ A A 1 r  A A 2 '  A A 3 '  A A l r r A A 5 '  A A 5 r  A 0 1 ' A 0 2 ' A 0 3 '  A 0 4 r  A 0 5 '  A D 5

A A ( 1 1 = A A 1
A A  ( 2 1 = A A 2
A A ( 3 ) = A A 3
A A  ( 4 )  = A A 4
A A ( 5 r = A A 5
A A  ( 6 1 = A A 5
A O { 1 1 = A D 1
A 0  ( 2 1 = A D 2
A O ( 3 ) = A O 5
A0 (q ,  =  ADI r
A D ( 5 1 : A O 5

c

c

c

c

c

c

I
c
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BU r Xr F r  I l {  r  LI t {r  l l r  L l{  r  IFA ILf
O ' I F A I L

r IS r -SEE ROUTINE I {ANUAL ' }

( 3 )  |
0 N  E X I I  I S " r F 1 5 . 1 2 l
l+=*  s f l 5  t  L2 t

IBOUHO , BL,
H R I T E ( 3 r 1 0
6010  20
E X I T  T Y P E '

( 1 f r X ( 2 l r X
T ION VALUE- r F E . 5 r -
t
0 3 0

A D ( 6 1 = A 0 6
N = 3
f  BOUN0=0
Q 1 = 1 . 0
D 0 1 0  I : 1 r 3
Z = G 0 5 A A F ( X )
X  (  1 )  = X X 1 + 0 . 2 r 2
X  12 ,  =XX2+2 .g rZ
X ( 3 ) = X X 3 + 2 . B r Z
8 L ( 1 r = s B L 1
B L  I 2 I  = B B L z
8 L ( 3 1 € B B L 3
8 U { 1 1 = B B U I
8 u l 2 ' = 8 8 u 2
B u  ( 3  t = B B U 3
LfH=9
L n=39
IFAIL=1
CALL E0{+JAF(N '
I F ( I F A I L . N E .  O '
I F  ( 1 F A  I L .  E A .  1 }
FOR}IAT ("ERROR
X  (  2 l  = X  (  2 l  + . 0  t
x ( 3 ) : x l 3 ) r . 0 1
T i R I T E ( 3 r 1 1 0 '  F
H R r T E ( 3 , 1 2 0 t  t X
FORI.IAT T '  FUNC
FORIIAT( - A/B=

+{  A-= ' tF t5 .  L2
I F I O l . L E . F } G O T
Q1:F
Qz=x  |  1 )
Q 3 = x  l 2 )
8 t = X ( 3 t
CONTINUE
I R I T E  l 3 , 1 3  0 l
FORHAT{  '  ' I
H R I T E  ( 3 , 1 4 0 )
FoR| {AT l  -  ' t
CONTINUE
H R I T E  ( 3 r 1 5 0 )  Q l
FOR} IAT  (  '  SEST
H R r T E  (  3 , 1 6 g l  q 2
FORI{AT I  '
l { R I T E ( 3 , 1 7 0 t Q 3
FORI.IAT (  -
H R I T E  (  3 , 1 8  0 t  Q 3
FORIIAT ( "
| T R I T E ( 3 r  1 9 0 t  A 4
FORI {AT  (  '
STOP
Eil0

1 0 0

' r F t 5 . ! 2 1

" r F 8 . 5 )

- r F 8 r 5 )

" F 7 .  q )
'  , F 7  . 4 '

LEAST SQUARES VALU€

A I B

s / c

1 1 0
L2g

3 0

1 3 0

1 4 0
1 0

1 5 0

1 5 0

1 7 0

1 8 0
190

2 8

A +  .

A -  =
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O F  T H E  R E S I D U A L S  F O R

At] (  6 l

TO THE R .CURVE POINTS

, t { o F U N , I F A I L t

SUBROU'TNE FOR CALCULATING THE SUH OF THE SQUARES
CURRENT ESTTHATES OF A /g '  A+  ANO A .
Kg  =  B0LTZHANNS C0NSTANTT NA :  AV0GA0ROS NUHBER

S U E R O U T T N E  F U N C T l  ( N T  X C  T F C I
C0i lHOil /PARAt{/GAHt'rA {  101 )  r  T (  1 0 1) r  Ar C r  Or NNr AA ( 5 )  r
EXTERNAL FUN
R E A L  q ' F C
INTEGER N
D I H € N S I O N  A L P H A ( 9 )
R E A L  X C ( N '
R E A L  X 2 , X 3
REAL I  HPLUST THHNUST TEMP r  E fA  r  H r  0  rP  r  KBr  NAT,YH
l{N= g
A = X C ( 1 1
Nll =5
IEx IT=  0

CALL  L IBRARY ROUTINE FOR THE CUBIC POLYNOIT IAL  FTT
A L IST ING OF THIS  IS  6 IVEN BELOI {

C A L L  E 8 1 L F 1 (  N t { t A A r A 0 r  A r 0 r  I E X I T  I
G = 1 . 0 / 0
8 = 1 .  0
D045  K= l r  9
A Z = 0 . 0
B Z = 1 0 0 0 0 0 0
NN=NN+ 1

AX0 IV=50
E P S = : . . 0 E - 0 6
A C C =  0 . 0
IFA IL=  0
CALL  0  01AGF {  AZ  rBZ  r  FUNr  } tAX0 f  U t  EPSr  ACCt  ANSt  €  RROR
ALPHA ( I . IN) :  AN S

tr5 C0NT IN UE
s =  ( 1 .  0 /  ( A r B r c )  ) r  (  ( 4 .  0 / 1 5 .  0 ,  |  (  (  A L p H A (  7 I  + A L p f l A ( 6

+  + A L P H A  (  9 I ,  /  ( A L P H A  {  6 I  * A L P H A  ( 9 I  + A L P H A  (  9 )  + A L P T I A
+  { 7 1 + A L P H A  l 7 l  T A L P H A  ( E )  '  )  + ( 1 . 0 / 5 . 8 '  r ( ( ( A L P H A ( 2 1
+  +ALpHA (3  t  t  /  (ALPHA (  4 l  r  (  g iB+aLpHA I  2  I  +CTCTALpHA {
+  }  I  I  +  (  ( A L P H A  {  3 I  + A L P H A  ( 1 '  )  /  {  A L P H A (  5  )  I {  C I C T A L P H A
+  + A T A T A L p H A ( 1 )  I l  | + {  I  A L p H A  (  1 l  + A L P H A  (  2  r  ' / ( A L P H A {
+  |  {  A + A . A L P H A  { 1 )  + E T B T A L P H A  ( 2 1 '  )  )  |  I

l t =  t  B rg+CrC l /  {  BTBTILPHA ( l l  +616+  g lPH A  (3  )  t
0 =  { C r C + A r A  l /  ( C r C } A L P H A  ( 3  }  + A T A T A L P H A ( 1 }  )
p =  |  A + A  + B f B ,  /  (  A T A I A L P H A  (  1 l  + B r B r A L p i l A ( Z D
z :  (  (  a + B f c )  l t L 2 . 0 l  f r {  (  (  t 1 . 0 / H ,  +  ( 1 , 0 / 0 )  + ( 1 . 0 / p

+  I  l -  (  |  1 L .  8  r t 1 + + 2 . 0 )  +  ( 1 .  0 r r 0 r . 2 . 0  l + (  1 .  0 / P + + 2 .  0 )  l  -
+  {  ( 1 . 0 /  ( H + 0 )  I  } ( 1 . 0 /  ( O r P l  )  + ( 1 . 0 / ( P + l {
+  )  ) ) ) + r 0 r 5 l l

U =  (  { A + B i C )  l  a L ? . D t  I  r  (  (  (  ( 1 .  0 / l ' ' l )  +  ( 1 .  0  l o l  +  l t  .  0  l P
+  ) ,  +  (  (  ( 1 .  0 /  a r 2 .  0 f  +  ( 1 . 8 / O r + 2 . 0  l + (  1 . 0 / P r r 2 .  0 )  ) -
+  (  { 1 . 0 /  (  r 0 , ) + ( 1 . 0 / ( 0 ' P l I + { 1 . 0 / ( P r
+  r  r r  ' + t 0 . 5 ) )

V = 6 .  0 r U r S
n = 6 . 0 + Z + S
E N T E R  I N T R I N S I C  V I S C O S I T Y
E f  A = ? . 7  4 6
ENTER TEHPERATURE
T E i l P : 2 9 3 . 0
ENTER I4OLECULAR I {E IGHT
t{ l l=7 17 44. 0
K B - 1 . 3  6 8 4 6 € -  1 6
N A = 6 .  0  2 4 8 E  2 3
T  H P L U S :  (  N A + K  B r 1 0  0 , 0 / 5 . 0  )  r  ( T E M P /  ( E T A + H H l  I  r V
T H i { N U S =  ( N l r K B * 1 0  0 .  0 / 5 ,  0  )  t  ( T E l . t P l  ( E  T A r H H  I  I  r {
x z = X C ( 2 )
X3=xC (  3  )
F C = 0 . 0
0 0 7 5  I = 1 , 1 0 1
a =  ( 6 A t , $ 4 A  (  I  t  -  (  0 .  0 1 r x 2 r E X P (  - 6 .  0 T T H P L U S + T  {  I  I  I  + 0 ,  0

+  t - 6 . 0 . T H i { N U S | T ( I l  }  )  I  + 1 2 . 0
F C = F C + Q

75 C0NTIT, IUE
R€ TURN
E N D

c

c

)

3 )
{ 3 }
5 )

l r x 3 f E X P



234.

C U B I C

l - t x ( N - 2 1

LEICESTER UNIVERSTTY CCI {PUTER L IBRARY SUBROUTINE FOR A
POLYI {O I I IAL  F IT  TO A  SET OF POINTS (K .  EROOLIE)

S U B R 0 U T I N E  E 0 1 L F 1 ( N  r  A X r  A Y r  X r  Y r  I E X I T  )
O I I { E N S I O N  A X  ( N I  r  A Y ( N I

CHECK DATA POINTS ARE I .TONOTONICALLY INCREASlNG
IE xf  T=1
D 0  5  I = 2 ' N
I F  ' A X ( I I ; L E . I X ( I . 1 I  t  R E T U R N

5 CONTINUE
CHECK THAT X  IS  A  VAL ID  POINT

I E X I T = 2
r F  ( t A x  ( 1 ) - x t  |  ( A x  ( N ,  - x t  . G T . 0  |  R E T U R N

LOCATE INTERVAL IN  I {H ICH X  L IES .
A X  (  J - 1 ) . L T .  X . L E . A X (  J )

IE  x I  T=0
Y =  A Y  ( 1 1
IF  (X .  EQ.  AX  T  1  I  I  RE  TURN
DO 10 f :2r l r l
J = I
I F  { X . L E . A X ( I }  I G O T O  2 g

10  CONTINUE
20 coNrtNuE

Y-  AY l J l
I F  { X . € q . A X { J '  } R E T U R N

ESTI I {ATE SLOPE AT  AX(J .1 }
C A L L  E 0 1 t A  ( i l r  A X  r  A Y r  J - 1 r  G  1 )

E S T I H A T E  S L O P E  A T  A X I J )
G A  L L  E l l 1 1 A  l N r  A X r  A Y T J T G Z I

C o N S T R U C T  I N T E R P 0 L A T I I I G ' C U B I C  P o L Y N 0 I { I A L  I N  I N T E R V A L
O = A V ( J - l l
C= G1
H = A X l J l - A X ( J - 1 1
S=  (AY (  J l  -AY  (  J -1 t  l  /H
B=  (3 .  0 rS -2 .  0 rc l -G2)  /H
A=  {61+62-2 .0  rS }  /  H /H

EVALUATE POLY}.IOI{ IAL AT POINT
H = X - A X ( J - l 1
Y=  (  |  A+H+ B '  rH+C l  rH+O
RE TURN
ENO
S U  B R O U T I N E  E  0 1 1 A  I  N r  A X r  A Y  r  J r  G  I
O I I { E N S I O N  A X  ( N )  '  A Y ( N I

CALCULATE SLOPES ON E ITHER S IDE OF OATA POINT
JH 1= J.1
JP t= J+1
I F  t J . N E . 1 t 6 0  T 0  2 0

ENO.POINT IS  D IFFEREHT
H 1 : A X  {  a l  - A I  (  1 }
S  1 = 2 .  8 t  (  l Y  ( 2 1 - A Y  ( 1 ) ,  / H 1 -  ( I Y  ( 3 !  - A  Y  ( 2 ,  l  /  (  A X (  3  )  - A X  (  2 t  )
6 0  T 0  3 0

2O CONTINUE
H1=A X  {J l  -AX  (  J -1 )
S1={  AY  I  J l -AY  (J l , l 1  }  )  /H1

30  COMTINUE
I F { J . N E . N } G O  T O  4 0

ENO.POINT IS  O IFFEREI {T
H2=AX lN l  -A  X  {  t { -1  t
S 2 = 2 .  8 r  ( A Y  ( N  l  - A Y  { N - 1  |  |  / H 2 -  (  A Y (  N - 1 1  - A Y  (  N - 2 )  I  /  (  A X {  N - 1
G O  T 0  5 0

40  CONTINUE
H 2 = A X { J P 1 l  - A X  ( J }
S 2 = (  A Y  ( J P 1 l - A Y  ( J )  ) / H U

5 O  C O N T I N U E
S12=S1rSz

IF  DAIA  IS  NOT I {ONOTONIC SET SLOPE TO ZERO
I F  { S 1 ? . G T . 0 . 0 ) G 0  T 0  1 0
6 = 0 . 0
RETURN

10  CONTINUE
l lHEt {  0ATA IS  I {ONOToI I IC  USE l lE lGHTE0 AVERAGE 0F  NoRHAL

T 1 :2 .  orH l+Hz
f 2 ; H 1 + 2 . 8 f H 2
T :  ( T  1 r S 2  + T  2 f S 1 t  /  ( 3 . 0 r ( H 1 + H ? )  ,
G= 51? ll
RE TURN
E N D

c
c

c

c

c
c

c
c
c

c

c

c

SLOP€ S
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R E A L  F U N C T I O N  F U N { Y I
co { t {0N /PARAr . t /GA r {A  (  10  1  I ,  T  (  1
B =  1 . 0
G 0 T 0  ( 1 0 r 2 0  r 3 0 r 4 0 r  5 0 r  6 0  r 7 8  r  8

1 0  F U N =  1 . 0 /  (  {  A f  A  + Y )  + + 1 . 5 r  (  B r B +
RETURN

2 0  F U N = 1 . 0 /  (  a A + A + Y )  r f g . 5 + { B + B +
RE TURN

3 0  F U t { =  1 . 0 /  |  ( A r a + Y r r + 0 . 5 + ( 8 r 8 +
RETURN

b 0  F U N = 1 . 0 /  (  (  A r a  + Y )  r : 0  .  5 r  (  B r B +
RE TURN

9 0  F U N = 1 . 0 / (  l A r A + Y l f * 1 . 5 f  l B . r B +
RE TURN

60  FUN=1 ,  0 /  (  {  a rA  +Y)  r f 1 .  5 }  (  B fB+
RETURN

7 0  F U N = Y /  (  ( A + A + V l  s 0 . 5 r  { B t 8 + Y )
RETURN

E0 FU i l=Y /  (  (A+A+  Y t  r+1 .5+ l  B+g+Y I
RETURN

9 0  F U t { = y /  (  { A r A + y )  | t 1 . 5 +  ( B r g + y )
RETURN
END

239.

ELLIPTlC INTE6RALS USED FOR DETERI I ININ6
ESS FOR A/B

0 1 1  r A r c r D r t { N ,  a a  ( 5 ) ,  A D ( 6 )

0 r 9 0 l r N Ny )  r + 0 r  5 r  { C r C + y  } + + 0 .  5 }

Y r + 1 1 . 5 + ( c r c + Y )  + i  g .  5 )

Y )  + a 0 . 5 *  (  c + c f Y  I  r r 1 .  5 l

Y )  r r 1 .  5 f  ( c + c + Y  I  + +  1 .  5 )
y )  + f  0 .  5 r  l g r e r y  I  r + 1 .  5 )

Y t  + + 1 .  5 r t c r c + Y )  f . 0 .  5 )
f f 1 . 5 . r I g r Q + y ) r r 1 . 5 )

r + B  .  5 f  l  g r e + y )  + r 1 . 5 1

r l1  .5 r  {  C rC+  y )  r r  0  .  5 )

11 { lNSr  l t }OPTS
ST REAI{ 3

Regul ts :

PROTEIN 1 ,  O.T  OEG.  ABSOLUTE ERROR

FUI{CTroN VALUE ON EXIT rS  .000399962996
Ar8= 1 .48309 A+:  .A70456728499 A-=  .0 r r8831535504

FUNCTIOI {  VALUE ON EXIT  IS  .000399962998
A/B=  

-1 .40309  
A+=  .979458041275  A- :  . 0488315340  73

FUNCTION UALUE ON EXIT  IS  .00399962998
A t 6 =  1 . 4 6 3 6 9  A + =  . 0 7 0 4 5 6 8 6 1 2 3 7  A - =  ' 0 4 8 8 3 1 5 3 4 0 8 1

BEST LEAST SQUARES VALUE
A t a

A +
A .

.  0  00  399952996
1 . 4 8 3 0 9
. 0 7 0 7
. 0 4 6 6




