
P r o j e c t n r . s 1 3 8 2 0 1 0 1 

G O L F B E L A B T I N G E N O P W A A R T S E 

W A T E R D R U K OP E E N C I L I N D E R 

MET G R O T E D I A M E T E R T „ O . V . 

DE L E N G T E V A N D E I N V A L L E N ­

DE G O L F , G E S I T U E E R D OP DE 

B L I G H B A N K 

i r . W. M e e r m a n s c . i . 

AFDELING DER CIVIELE TECHNIEK 

VAKGROEP HATERBOUHKUNDE 

Del f t , 3 augu5tu5 1982 



S Y M B O L E N L I J S T . . . . . . . . . . . 3 

I N L E I D I N G ^ 

P O T E N T I A A L T H E O R I E . 6 

O M G E V I N G S C O N D I T I E S VOOR B L I G H B A N K . . . . . 1 0 

B E R E K E N I N G V A N DE M A X I M A L E H O R I Z O N -
T A L E K R A C H T DOOR G O L F B E L A S T I N G . . . . . . . . . . . . . 1 1 

B E N A D E R I N G V A N D E O P W A A R T S E K R A C H T . . . . . . . . . 1 4 

B I J L A G E l ! S N E L H E I D S P O T E N T I A A L I N 

C I L I N D E R C O Ö R D I N A T E N 1 9 

B I J L A G E 2 : D R U K OP DE C I L I N D E R M A N T E L . . . . . . . 2 3 

B I J L A G E 3 ! B E R E K E N I N G H O R I Z O N T A L E 

K R A C H T . , . . . . . , . „ . . . . 2 6 

B I J L A G E 4 5 B E R E K E N I N G O P W A A R T S E 

K R A C H T 2 7 

B I J L A G E 5 ! PROGRAMMA I N B A S I C , G E ­

B R U I K T VOOR B I J L A G E 3 3 7 

B I J L A G E 6: PROGRAMMA I N B A S I C , G E ­
B R U I K T VOOR B I J L A G E 4 . . . . . . . . . . . . . . . . . . . . . . 4 0 

G E C I T E E R D E L I T E R A T U U R •, 4 8 

i-j:r-[ 



a = s t r a a l v a n d e c i r k e l c i 1 i n d e r . 

A ( k a ) = s q r ( J l ' i ( k a ) + Y l ' i ( k a ) ) , 

C d = w e e r s t a n d s c o e - f f i c i e n t ( ' d r a g " c o e f f i c i e n t ) . 

Cm = c o e f f i c i e n t v o o r d e h y d r o d y n a m i s c h e m a s s e . 

( m a s s a t r a a g h e i d s c o e f f i c i e n t ) . 

d = w a t e r d i e p t e o n d e r d e m i d d e n s t a i . n d . 

D = d i a m e t e r v a n d e c i r k e l c i 1 i n d e r . 

e = g r o n d t a l v a n d e n a t u u r l i j k e l o g a r i t h m e . 

F z = k r a c h t d i e o p d i e p t e - 2 i n d e s t r o m i n g s r i c h t i n g 

p e r l e n g t e e e n h e i d o p d e p a a l w o r d t u i t g e o e f e n d , 

g = v e r s n e l l i n g t . g . v . d e z w a a r t e k r a c h t . 

H = g o l f h o o g t e v a n d e o n g e s t o o r d e g o l f . 

H n ( l ' ) ( X ) = e e r s t e f u n c t i e v a n H a n k e l v a n d e n - d e 

o r d e v o o r h e t ( r e ë l e ) a r g u m e n t X . 

H n ( 1 ) M X ) == a f g e l e i d e n a a r X v a n H n ( 1 ) ( X ) . 

i = i m a g i n a i r e e e n h e i d ( s q r - C - l ! ) ) . 

J n ( X ) ••= B e s s e l f u n c t i e v a n d e e e r s t e s o o r t e n d e n - d e 

o r d e v o o r h e t ( r e ë l e ) a r g u m e n t X . 

J n M X ) = a f g e l e i d e n a a r X v a n J n ( X ) . 

k =•- g o l f g e t a l = 2 ) I < T T / L . 

L = g o l f l e n g t e v a n d e o n g e s t o o r d e i n v a l l e n d e g o l f . 

N = a a n t a l p a a l m o t e n . 

p = w a t e r d r u k . 

A p = d e d r u k f 1 u c t u a t i e . 

r = l e n g t e v a n ee?n r a d i u s v e c t o r i n e e n h o r i z o n ­

t a a l v l a k ( a f s t a n d i n p o o l c o ö r d i n a t e n ) . 

R e =•• R e y n o l d s g e t a l . 

P X Z ) = r e e l (3 d e e l v a n h e t i m a g i n a i r e g e t a l Z . 

t == t i J c j . 

T = p e r i o d e v a n d e i n v a l l e n d e g o l f . 

V == s n e l h e i d i n d e v o o r t p 1 a n t i n g s r i c h t i n g v a n d e 

i n v a l l e n d e g o l f . 

;•! = a b s c i s r i c h t i n g ( i n d e v o o r t p l a n t i n g s r i c h t i n g 

v a n d e i n v a l l e n d e g o l f ) , 

y == o r d i n a a t r i c h t i n g ( i n d e r i c h t i n g v a n d e g o l f -

k a m m e n v a n d e i n v a l l e n d e g o l f ) . 

Y n ( X ) = B e s s e l f u n c t i e v a n d e t w e e d e s o o r t e n d e n - d e 

o r d e v c i ' o r h e t ( r e ë l e ) a r g u m e n t X . 

Y n M X ) = a f g e l e i d e n a a r X v a n Y n v X ) . 

z = v e r t i k a l e a f s t a n d b o v e n d e m i d d e n s t a n d v a n d e 

i n v a l l e n d e g o l f . 

Z i = d i e p t e v a n h e t a a n g r i j p i n g s p u n t v a n F z o p d e 

i - d e p a a l m o c D t b o v e n d e b c D d e m . 

« n = f a s e v e r s c h u i v i n g = a r c t a n ( J n ' ( k a ) / Y n ' ' ( k a ) ) „ 

A = l e n g t e v a n e e n p a a l m o o t . 

€ = a f b r e e k f o u t . 

n = a m p l i t u d e ( h a l v e g o l f h o o g t e ) v a n d e i n v a l l e n ­

d e g o l f . 

e = h o e k v a n d e r a d i u s v e c t o r t . o . v . d e ; ; - a s ( h o e k 

i n p o o l c o ö r d i n a t e n ) . 

•-••/ = k i n e m a t i s c h e v i s c o s i t e i t . 

P = s o o r t e l i j k e m a s s a v a n h e t ( z e e ! ) w a t e r , 

f = s n e l h e i d s p o t e n t i a s i l . 

'» = r a d i a a l f r e q u e n t i e - 2 * ' I T / T . 
d v 

— = h o r i z o n t a l e v e r s n e l l i n g v a n h e t w a t e r t e r p l a a t -

d t s e v a n d e c i l i n d e r a s i n h e t o n g e s t o o r d e g o l f v e l d 

M¬
— = p a r t i e l e a f g e l e i d e v a n d e s n e l h e i d s p o t e n -

ht t i a a l n a a r d e t i j d . 

: ? n ( X ) = B e s s e l f u n c t i e v a n d e e e r s t e , d e t w e e d e o f d e d e r d e 3 

s o o r t e n d e n ~ d e o r d e voor h e t ( r e ë l e ? ) a r g u m e n t X . W i t 
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B i j h e t . o n t w e r p v a n o - f f - s h o r e c o n s t r u c t i e s d i e n t 

r e k e n i n g t e w o r d e n g e h o u d e n m e t g o l f b e l a s t i n g -

V o l g e n s h e t ' S h o r e P r o t e c t i o n M a n u a l ' 1^3 

h f d s t . 7 i s d e - f o r m u l e v a n M o r i s o n : 

T r * D i d v 1 

F 2 = Cm*, '= ' * * — + - C d ^ i - ^ ' ^ D ^ v / v / 

4 d t 2 

g e l d i g v o o r s l a n k e c i r k e l c i 1 i n d e r s m e t v e r t i k a l e 

a s e n t o e p a s b a a r v o o r D / L . < 0 . 0 5 . ( Z i e d e f i n i t i e -

s c h e t s , f i g . 1 . ) 

H i e r i n i s s 

Fz - k r a c h t d i e o p d i e p t e -z i n d e s t r o m i n g s r i c h t i n g 

p e r l e n g t e e e n h e i d o p d e p a a l w o r d t u i t g e o e f e n d . 

Cm = c o e f f i c i e n t v o o r d e h y d r o d y n a m i s c h e m a s s a 

( m a s s a t r a a g h e i d s c o e f f i c i e n t ) . 

C d = w e e r s t a n d s c o ë f f i c i e n t ( ' d r a g ' c o e f f i c i e n t ) . 

P = s o o r t e l i j k e m a s s a v a n ( s e e ! ) w a t e r . 

D == p a a 1 d i a m e t e r . 

V = h o r i z o n t a l e w a t e r s n e l h e i d t e r p l a a t s e v a n d e a s 

v a n d e c i l i n d e r i n h e t o n g e s t o o r d e g o l f v e l d ( b e -

r e k ( ~ ? n d a l s o f d e p a a l e r n i e t w a s ) . 

d v 

— = h o r i z o n t a l e v e r s n e l l i n g v a n h e t w a t e r t e r p l a a t 

d t s e v a n d e c i l i n d e r a s i n h e t o n g e s t o o r d e g o l f v e l d 

L = g o l f l e n g t e v a n d e o n g e s t o o r d e i n v a l l e n d e g o l f . 

D p e e n l i c h a a m ( h i e r s e e n v e r t i k a l e c i r k e i c i 1 i n d e r ) 

i n e e n s t r o m i n g w e r k e n i n d e r i c h t i n g v a n d i e s t r o ­

m i n g d r i e s o o r t e n k r a c h t e n s 

1 . D e w r i j v i n g s k r a c h t , v e r o o r z a a k t d o o r h e t l a n g s 

d e w a n d s t r o m e n d e w a t e r . B i j v e r w a a r l o z i n g v a n 

d e v i s c o s i t e i t v a n h e t w a t e r i s d e z e k r a c h t v e r -

w fil a r 1 O O s b a a r . 

2 . D e v o r m w e e s t a n d s k r a c h t ( ' d r a g f o r c e ' ) , v e r o o r ­

z a a k t d o o r z o g a a n d e b e n e d e n s t r o o m s e z i j d e v a n 

h e t l i c h a a m . D e ' d r a g f o r c e ' i s , b e h a l v e v a n d e 

v o r m , a f h a n k e l i j k v a n h e t R e y n o l d s g e t a l s 

v * D 
R e = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

H i e r i n i s : 

R e = g e t a l v a n R e y n o l d s 

Nl = k i n e m a t i s c h e v i s c o s i t e i t v a n h e t w a t e r 

3 . D e m a s s a t r a a g h e i d s k r a c h t . D e z e w o r d t v e r o o r ­

z a a k t d o o r h e t f e i t , d a t h e t l i c h a a m z i c h i n 

Ci j fers tussen vierkante haken verwijzen naar de bijgevoegde l i t e r a t u u r l i j s t 



e e n s t r o m i n g s v e l d b e v i n d t , m a a r s e l - f s t a r i s . Op 

h e t o o r s p r o n k e l i j k e s t r o m i n g s v e l d w o r d t h i e r ­

d o o r e e n v e l d g e s u p e r p o n e e r d , z o d a n i g , d a t d e 

s n e l h e d e n o p h e t b u i t e n m a n t e l o p p e r v l a k v a n h e t 

l i c h a a m n u l z i j n . Op g r o t e a - f s t a n d v a n h e t 

l i c h a a m <'•=•=• v e r ' ) b l i j - f t h e t o o r s p r o n k e ­

l i j k e v e l d a a n w e z i g . H e t g e s u p e r p o n e e r d e v e l d 

w o r d t h e t v e l d v a n d e d o o r h e t l i c h a a m g e d i f -

f - r a c t e e r d e g o l - f g e n o e m d . H e t k a n i n h e t o n t w e r p ­

s t a d i u m b e p a a l d w o r d e n s 

a . d o o r m e t i n g e n ( b i j v . i n e e n l a b o r a t o r i u m o p s t e l ­

l i n g ) . 

b . d o o r b e r e k e n i n g m . b . v . b r o n n e n e n p u t t e n m e t h o d e n 

( c o m p u t e r p r o g r a m m a ' s ) . Op h e t b u i t e n m a n t e l o p ­

p e r v l a k v a n h e t l i c h a a m w o r d e n b r o n n e n e n p u t ­

t e n g e d a c h t , d i e , a-f h a n k e l i j k v a n h e t s t r o m i n g s -

v e l d , d e b i e t e n a f g e v e n ( p u t t e n ) d a n w e l d e b i e ­

t e n ' a f z u i g e n ' ( b r o n n e n ) e n w e l z o , d a t s t e e d s 

d e s n e l h e d e n l o o d r e c h t o p h e t b u i t e n m a n t e l o p ­

p e r v l a k n u l z i j n . 

A l s d e m a s s a t r a a g h e i d s k r a c h t g r o o t i s ( d . i . a l s h e t 

v o l u m e v a n h e t l i c h a a m d a t m o e t w o r d e n ' s t i l g e z e t ' 

g r o o t i s , e n d a t i s h e t g e v a l a l s D / L > 0 . 0 5 ) , i s h e t 

w a a r s c h i j n l i j k , d a t d e v o r m w e e r s t a n d s k r a c h t , g e n o e m d 

o n d e r 2 . v e r w a a r l o o s b a a r i s t . o . v . d e t r a a g h e i d s ­

k r a c h t , g e n o e m d o n d e r 3 . 

V o o r d e b e r e k e n i n g v a n p a l e n , w a a r v a n d e d i a m e t e r 

n i e t v e r w a a r l o o s b a a r i s t e n o p z i c h t e v a n d e g o l f ­

l e n g t e , w o r d t v e e l i a l v e r w e z e n n a a r e e n p u b l i c a t i e 

v a n M a c C a m y e n F u c h s [ 3 3 . D e t h e o r e t i s c h e a c h t e r ­

g r o n d e n v a n d a t a r t i k e l z i j n e c h t e r r e e d s v e r m e l d 

d o o r L a m b C 2 I 1 . 

I n h e t n a v o l g e n d e w o r d e n d e f o r m u l e s , g e b r u i k t 

d o o r M a c C a m y e n F u c h s , g e m e m o r e e r d . D e r e s u l t a t e n 

z u l l e n w o r d e n t o e g e p a s t o p e e n o n t w e r p v o o r e e n c o n ­

s t r u c t i e v o o r e e n s t r a a l v e r b i n d i n g t u s s e n N e d e r ­

l a n d e n E n g e l a n d , g e s i t u e e r d o p d e B l i g h B a n k . 
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F " ± g » 1 . « De-f i n i t i e s c h e t s 

a b s c i s r i c h t i n g i n d e v o o r t p l a n t i n g s r i c h t i n g 

v a n d e i n v a l l e n d e g o l - f . 

o r d i n a a t r i c h t i n g i n d e r i c h t i n g v a n 

k a m m e n v a n d e i n v a l l e n d e g o l - f . 

a-f s t a n d b o v e n d e m i d d e n s t a n d v a n d e 

N . B . D e p o s i t i e v e 2 - a s i s v e r t i k a a l 

g e n o m e n e n h e e - f t s i j n n u l p u n t o p d e 

v a n d e g o l - f . 

l e n g t e v a n e e n r a d i u s v e c t o r i n e e n h o r i z o n ­

t a a l v l a k ( a - f s t a n d i n p o o l c o ö r d i n a t e n ) . 

a = 
D = 

= 

H = 

d = 

de? g o l - f -

i n v a 1 1 e n d e g o l - f 

n a £ i r b o v e n 

m i d d e n s t a n d 

d e ; - a s h o e k v a n d i e r a d i u s v e c t o r t . o . v , 

( h o e k i n p o o l c o ö r d i n a t e n ) , 

s t r a a l v a n d e c i r k e i c i 1 i n d e r . 

d i a m e t e r v a n d e c i r k e i c i 1 i n d e r . 

a m p l i t u d e ( h a l v e g o l f h o o g t e ) v a n d e o n g e s t o o r ­

d e g o l f . 

g o l f h o o g t e v a n d e o n g e s t o o r d e g o l f . 

w a t e r d i e p t e o n d e r d e m i d d e n s t a n d . 

U i t g a a n d e v a n d e v e r o n d e r s t e l l i n g e n ! 

1 . V o o r k o r t e g o l v e n g e l d t e e n p o t e n t i a a l s t r o o m . 

2 . H e t g o l f b e e l d v a n d e ( o n g e s t o o r d e ? ) i n v a l l e n d e 

g o l f i s o p t e v a t t e n a l s e e n z . g . n . e n k e l v o u d i ­

g e g o l f , d . i . e e n s e r i e e v e n w i j d i g e g l a d d e 

g o l f r u g g e n , a l l e e v e n h o o g , o p o n d e r l i n g g e l i j ­

k e a f s t a n d , m e t c o n s t a n t e v o r m v o o r t l o p e n d i n 

d e r i c h t i n g l o o d r e c h t o p d e k a m m e n . D e k a m m e n 

w o r d e n z o l a n g v e r o n d e r s t e l d d a t e e n t w e e d i m e n ­

s i o n a l e s t r o m i n g m a g w o r d e n a a n g e n o m e n . 

3 . D e g o l f v o r m v a n d e i n v a l l e n d e g o l f i s u i t t e 

d r u k k e n i n e e n e e n v o u d i g e h a r m o n i s c h e f u n c t i e 

( b i j v o o r b e e l d e e n s i n u s ) , e v e n a l s d e p o t e n t i a a l 

( w a a r v o o r d a n e e n c o s i n u s f u n c t i e r e s u l t e e r t ) . 

4 . H o g e r e - o r d e - t e r m e n z i j n v e r w a a r l o o s b a a r t . o . v . 

e e r s t e - o r d e - t e r m e n . ( L i n e a i r i s e r e n i s t o e g e ­

s t a a n . ) 

5 . D e g o l f a m p l i t u d e ( h a l v e g o l f h o o g t e ) i s k l e i n 

t . o . v . d e w a t e r d i e p t e . 

k c \ n v o o r de ; s n e l h e i d s p o t e n t i a a l -i- v a n d e s u p e r ­

p o s i t i e v a n d e s n e l h e i d s v e l d e n v a n e e n s i n u s v o r m i g e 

i n v a l l e n d e g o l f e n d e d o o r e e n c i r k e i c i 1 i n d e ^ r g e d i f -

f r a c t e e r d e g o l f w o r d e n a f g e l e i d ( z i e f i g . 1 e n b i j -

1 a g e 1 . ) s 
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f P..1. C e) * 

J o ' ( k a ) * H D ( 1 ) ( k r ) 

• [ a o ( k r ) - + 
H o ( l ) ' ( k a ) 

* I i 

m 
c o s m e * ( J m ( k r ) 

J m ' ( k a ) * H m ( l ) ( k r ) 
) } • , . ( 3 ) 

H m ( l ) ••' ( k a ) 

H i e r i n i s s 

•I- = s n e l h e i d s p e t e n t i a a l . 

P - ' i ( Z ) = r e ë l e d e e l v a n h e t c o m p l e x e g e t a l Z . 

g -- v e r s n e l l i n g t . g . v . d e z w a a r t e k r a c h t . 

'» = r a d i a a l - f r e q u e n t i e = 2 * T T . / T , w a a r i n T = p e r i o d e 

v a n d e g o l f . 

k = g o l f g e t a l = 2 * T r / L , w a a r i n L = g o l f l e n g t e , 

e - g r o n ( d t a l v a n d e n a t u u r l i j k e l o g a r i t h m e . 

i = i m a g i n a i r e e e n h e i d ( B q r - C ~ l > ) . 

t = t i j d . 

j n < X ) = B e s s e l f u n c t i e v a n d e e e r s t e s o o r t e n d e n - d e 

o r d e v o o r h e t ( r e ë l e ) a r g u m e n t X . 

J n M X ) = a f g e l e i d e n a a r X v a n J n ( X ) . 

H n ( l ) ( X ) = e e r s t e f u n c t i e v a n H a n k e l v a n d e n - d e 

o r d e v o o r h e t ( r e ë l e ) a r g u m e n t X . 

H n ( 1 ) M X ) = a f g e l e i d e n a a r X v a n H n ( 1 ) ( X ) . 

U i t d e v e r g e l i j k i n g v a n B e r n o u l l i v o o r n i e t - p e r m a -

n e n t e s t r o m i n g s 

p V ^ hi¬
- -+- g * z + — - — = O < 4 ) 

w a a r i n s 

p = w a t e r d r u k . 

'ö-i 

— = p a r t i e l e a f g e l e i d e v a n d e s n e l h e i d s p o t e n -

ht t i a a l n a a r d e t i j d . 

v o l g t n a 1 i n e a i r i s e r i n g e n b u i t e n b e s c h o u w i n g l a ­

t e n v a n d e h y d r o s t a t i s c h e d r u k s 

w a a r i n A p d e d r u k f 1 u c t u a t i e i s . 

D o o r d i f f e r e n t i ë r e n v a n d e p o t e n t i a a l n a a r d e t i j d 

e n s u b s t i t u t i e d a a r i n v a n r=a, w o r d t d e i n d e t i j d 

w i s s e l e n d e c o m p o n e n t v a n d e d r u k i n h e t g o l f v e l d 

o p d e c i l i n d e r m a n t e l g e v o n d e n ( z i e b i j l a g e ? 2 ) : 

p 

A p ,•=• * — 
bt 

un 



P * g * H * c o B h < k * ( d + z ) ) 

A p = * 
T T * k * a * c o s h ( k * d ) 

s i n ( o : i * t + o : 0 ) 
t; 

s q r ( J o ' i ( k a ) + Y o ' ( k a ) ) 

c o s ( » * t - o : l ) * c o s ( e ) 

+ 2 * 
s q r ( J l ' 2 ( k a ) + Y l ' i ( k a ) ) 

s i n ( Ö * t. + o :2 ) * c o s ( 2 * 9 ) 

s q r ( J 2 ' ( k a ) + Y 2 ' i ( k a ) ) 

c o s ( ' » * t — o :3 ) c o s ( 3 * 9 ) 

X -

s q r ( J 3 ' ( k a ) + Y 3 ' i ( k a ) ) 

s i n ( ö * t + o :4 ) c o s ( 4 * 9 ) 

>!• 

s q r ( J 4 ' ( k a ) + Y 4 ' i ( k a ) ) 

3 . , ( 6 ) 

w a a r i n s 

Y n ' ( X ) = a-f g e l e i d e n a a r X v a n d e B e s s e l - f u n c t i e v a n 

d e t w e e d e s o o r t e n d e n - d e o r d e v o o r h e t ( r e ë l e ) 

a r g u m e n t X . 
« n = -f a s e v e r s c h u i v i n g ( = a r c t a n - C J n ' (X ) / Y n ' ( X ) 3- ' ) -

D e d r u k o p e e n b e p a a l d e d i e p t e - 2 o n d e r h e t v r i j e 

o p p e r v l a k ( g e l i j k g e s t e l d a a n d e d r u k o n d e r d e 

m i d d e n s t a n d ) i s d u s e e n f u n c t i e v a n d e hoskB,. 

ü m d e r e s u l t e r e n d e k r a c h t i n d e v o o r t p l a n t i n g s r i c h ­

t i n g v a n d e g o l f p e r l e n g t e e e n h e i d o v e r d e d i e p t e 

t e v i n d e n , m o e t g e i n t e g r e e r d w o r d e n o v e r 6 . 

D e z e i n t e g r a t i e i s u i t g e v o e r d d o o r M a c C a m y e n F u c h s [ 3 : ] 

TT 

F 2 = 2 * ..f A p * : a * c o s ( TT - 6 ) d e ( 7 ) 

O 

( 9 ) 

i O - I n t e g r a t i e v a n d e 
d r u k o v e r d e o m t r e k 



V o o r e e n z u i v e r s i n u s v o r m i g e i n v a l l e n d e g o l - f e n 

d i - f f r a c t i e r o n d e e n c i r k e i c i 1 i n d r i s c h l i c h a a m i s 

h i e r m e e d e k r a c h t r e s p o n s f u n c t i e o p d i e p t e - z p e r 

l e n g t e e e n h e i d v a n d e c i l i n d e r i n - d e r i c h t i n g v a n 

d e c i l i n d e r a s g e g e v e n . M e t p e r m a n e n t e s t r o o m s n e l ­

h e i d i s i n d e a f l e i d i n g g e e n r e k e n i n g g e h o u d e n . 

D o o r i n t e g r a t i e o v e r d e h o o g t e w o r d t d e k r a c h t r e s -

p o n s f u n c t i e v e r k r e g e n . E e n g o e d e p r o c e d u r e i s d a n , 

d o o r i n v o e r i n g v a n h e t g o l f s p e c t r u m m i d d e l s h e t 

' r a n d o m p h a s e ' m o d e l d e e x t r e m e k r a c h t e n o p d e 

c i l i n d e r t e b e r e k e n e n . I n d e o n t w e r p p r a k t i j k w o r d t 

e c h t e r m e e s t a l g e r e k e n d m e t e e n ' o n t w e r p g o l f ' , 

w a a r b i j d e ' m a x i m a l e ' b e l a s t i n g i n r e k e n i n g w o r d t 

g e b r a c h t . D e o n r e g e l m a t i g h e i d v a n h e t g o l f b e e l d 

w o r d t d a n b u i t e n b e s c h o u w i n g g e l a t e n . 



OMCBEZV I. I^GSCOMO .T T I Eies V O O R 

E C L - I OH I 3 ^ = * r M K 

V o r e n g a a n d e t h e o r i e ? z a l t o e g e p a s t w o r d e n o p e e n o n t 

w e r p v o o r e e n c o n s t r u c t i e v o o r e e n s t r a a l v e r b i n d i n g 

t u s s e n N e d e r l a n d e n E n g e l a n d , g e s i t u e e r d o p d e 

B l i g h B a n k . 

D e o m g e v i n g s c o n d i t i e s z i j n a l s v o l g t : 

W A T E R D I E P T E E N T D P D L D B I E 

D e w a t e r d i e p t e o p d e B l i g h B a n k v a r i e e r t m o m e n t e e l 

t u s s e n d e 1 5 e n 2 5 m. Re- f e r e n t i e n i v e a u i s M e a n S e a 

L e v e l ( M S L ) . D e z e e b o d e m t e r p l a a t s e l i j k t s t a b i e l 

t e z i j n . Z e k e r h e i d d a a r o m t r e n t b e s t a a t o p d i t m o ­

m e n t n i e t . A l s o n t w e r p d i e p t e i s 2 5 m - M S L g e k o z e n , 

A S T R O N O M I S C H G E T I J E N O P W A A I I N G / A F W A A I I N G 

A l s m a x i m a l e w a t e r s t a n d d i e n t 3 . 5 m + M S L , a l s m i n i 

m a l e w a t e r s t a n d 1 . 5 m - M S L t e w o r d e n a a n g e h o u d e n . 

G O L V E N 

A l s o n t w e r p g o l - f h o o g t e i s o p g e g e v e n s H ~ 1 5 m . A l s 

b i j b e h o r e n d e p e r i o d e g e l d t : T - 1 2 s e c . 

S T R O O M S N E L H E I D 

A l s g e m i d d e l d e s t r o o m s n e l h e i d i s 1 . 5 m / s o p g e g e v e n . 

V o l g e n s h e t i n h e t v o r i g e h o o f d s t u k b e s p r o k e n e z a l 

d e z e e c h t e r n i e t i n r e k e n i n g w o r d e n g e b r a c h t . 

W I N D S N E L H E I D 

D e w i n d s n e l h e i d k a n w o r d e n g e k a r a k t e r i s e e r d m e t s 

4 4 m / s m e t e e n d u u r v a n 1 m i n u u t . 

6 1 m / s m e t e e n d u u r v a n 3 s e c o n d e n . 

I J S G A N G 

O p d i t d e e l v a n d e N o o r d z e e k o m t d r i j f i j s z e l d e n 

e n a l s n i e t - a a n e e n g e s l o t e n v e l d e n v o o r . 

G R 0 N D G E 6 E V E N S 

D e g e g e v e n s o v e r b o d e m e n o n d e r g r o n d z i j n s l e c h t s 

g l o b a a l b e k e n d . A a n g e n o m e n k a n w o r d e n , d a t z o w e l 

o p p a l e n a l s o p s t a a l g e f u n d e e r d k a n w o r d e n . 



HOR I Z OM-r«==i<l_E KFïPêCHT- OOOR 

GOL..F="BE:L_ii=%S-r I P4G 

V o l g e n s • f o r m u l e ( 8 ) i s d e k r a c h t , d i e d o o r e e n z u i v e r 
s i n u s v o r m i g e g o l f o p e e n c i r k e l c i 1 i n d r i s c h e p a a l 
i n d e g o l - f v o o r t p l a n t i n g s r i c h t i n g w o r d t u i t g e o e - f e n d 
t e b e r e k e n e n . ( Z i e v o o r n u m e r i e k e u i t w e r k i n g : b i j l a g e 

I n d i t p r o b l e e m z i j n d e g o l f h o o g t e H , d e g o l f p e r i o d e 

T e n d e w a t e r d i e p t e b e n e d e n d e m i d d e n s t a n d d g e g e v e n . 

Dm h e t g o l f g e t a l k t e k u n n e n b e p a l e n , m o e t e e r s t d e 

g o l f l e n g t e L u i t d e g e g e v e n s b e r e k e n d w o r d e n . V o l g e n s 

d e e e r s t e - o r d e t h e o r i e g e l d t s 

q!KTi :2) iC 'Ce!(p ( 2 * T T * d / L ) - e x p ( - 2 * T r * d / L ) ]• 
1_ =: - 1 . " ( 1 0 ) 

2 * T T * C e ! ; p ( 2 i f < T T * d / L ) + B > ! p ( - 2 * - n - * d / L ) > 

B i j g e g e v e n T e n d k a n L, b i j v o o r b e e l d m . b . v . d e 

m e t h o d e v a n N e w t o n - R a p h s o n o p g e l o s t w o r d e n . 

B e s s e l f u n c t i e s v a n h o g e r e o r d e k u n n e n v i a d e b e ­

t r e k k i n g : 
1 d m n n - m 

( - — ) CZ i ? n ( Z ) 3 = Z l ? n - m ( Z ) . . . . . . . . . . . ( 1 1 ) 

Z d Z 

g e s c h r e v e n w o r d e n a l s B e s s e l f u n c t i e s v a n l a g e r e 

o r d e . ( Z i e A b r a m o w i t z a n d S t e g u n C l 3 , f o r m u l e 9 . 1 . 3 0 . 

H i e r i n i s s 

n = o r d e v a n d e B e s s e l f u n c t i e . 

ï ? n ( Z ) = B e s s e l f u n c t i e v a n d e e e r s t e , d e t w e e ­

d e o f d e d e r d e s o o r t e n d e n - d e o r d e v o o r h e t 

a r g u m e n t Z , 

m = o r d e v a n d e a f g e l e i d e . 

V o o r e e n B e s s e l f u n c t i e v a n d e e e r s t e o r d e g e l d t s 

n = 1 z o d a t v o o r d e e e r s t e a f g e l e i d e (m 1 ) 

( 1 1 ) o v e r g a a t i n s 

1 ? 1 M Z ) = i 5 - 0 ( Z ) - i ? l ( Z ) / Z . . . . . . ( 1 2 ) 

V o o r J l M k a ) i n ( 9 ) v o l g t h i e r u i t : 

J l M k a ) = J O ( k a ) - J 1 ( k a ) / ( k Ü O ) . . . . . . . . . . . . . ( 1 3 ) 

e n v o o r Y l ' ( k a ) i n ( 9 ) s 

Y l M k a ) = Y O ( k a ) - Y l ( k a ) / ( k * a ) . . . . . . . . ( 1 4 ) 

J 0 ( > ! ) , J l ( ! • ! ) , Y 0 ( ) ! ) e n Y U k ) k u n n e n b e n a d e r d w o r ­

d e n d o o r p o l y n o m e n . ( Z i e f o r m u l e s 9 . 4 i n C 1 3 ) . 

F z u i t ( 8 ) w o r d t m i n i m a a l v o o r c o s ( i » * t - ö l ) = 1 , 

d . w . z . d a t d e r e s u l t e r e n d e k r a c h t r i c h t i n g t e g e n 

d e v o o r t p l a n t i n g s r i c h t i n g v a n d e i n v a l l e n d e g o l f 



: i n g e r i c h t i s . 

D p e l k e d i e p t e - 2 t r e e d t d i t m i m i mum o p h e t z e l f ­

d e m o m e n t o p , 2 o d a t d e t o t a l e m i n i m a l e k r a c h t o p 

d e p a a l g e v o n d e n w o r d t u i t s 

N 2 ) i ( , ' = ' * g * H * C D s h C k * ( d + 2 i ) 3 * A 

F m i n = - I 
i = l k Ü f c o B h ( k * d ) ÜfA ( k a ) 

( 1 5 ) 

e e n r e s u l t a a t d a t o o k d o o r M a c C a m y e n F u c h s C 3 3 g e ­

g e v e n i s . 

H i e r i n i s s 

N = h e t a a n t a l p a a l m o t e n w a a r i n d e d i e p t e o n d e r d e 

m i d d e n s t a n d t o t a a n d e b o d e m v e r d e e l d w o r d t . 

P e r m o o t w o r d t F z c o n s t a n t v e r o n d e r s t e l d , z o d a t d e 

b e n a d e r i n g ( i n p r i n c i p e ) n a u w k e u r i g e r w o r d t n a a r ­

m a t e h e t a a n t a l p a a l m o t e n g r o t e r g e n o m e n w o r d t . 

Z i - d i e p t e w a a r o p F z b e p a a l d w o r d t . ( M i d d e n v a n 

d e b e s c h o u w d e p a a l m o o t . ) B i j N p a a l m o t e n w o r d t 

Z i g e l i j k a a n : - ( 2 * 1 - 1 ) * d / ( 2 ) K N ) . 

A = l e n g t e v a n e e n p a a l m o o t . -

26+MSL 
21,2 

5±MSL 
+MSL. — 3 , 5 

MSLr:0 
A.83 

25-MSL 

22.5 
25,3A 

m i d d Q n . 

s t a n d 
'=0 

2b 21. 

2 8 , 5 -

V 35 3 5 . 

S c h e m a t i s e r i n g 
1 2 

wrt 



F s u i t ( B ) w o r d t m a x i m a a l v o o r c o s ( « * t - o : l ) = - 1 , 

d . w . z . d a t d e r e s u l t e r e n d e k r a c h t r i c h t i n g i n 

d e v o o r t p l a n t i n g s r i c h t i n g v a n d e i n v a l l e n d e g o l f 

g e r i c h t i s . 

D e c o n s t r u c t i e v a n d e t i t e l p a g i n a w o r d t g e s c h e ­
m a t i s e e r d t o t t w e e c i l i n d e r s . ( Z i e - f i g . 3 . ) 
D e g o l f b e l a s t i n g op d e o n d e r s t e c i l i n d e r k a n d a n 
b e r e k e n d w o r d e n m e t ( 1 5 ) . D o o r v e r m e n i g v u l d i g i n g 
m e t d - Z i p e r p a a l m o o t e n s o m m e r i n g o v e r a l l e p a a l ­
m o t e n w o r d t h e t m o m e n t t . o . v . d e b o d e m v e r k r e g e n . 
D e l i n g v a n d i t m o m e n t d o o r d e g e v o n d e n k r a c h t 
g e e - f t d e h e f b o o m s a r m t . o . v . d e b o d e m . 

V o o r d e k r a c h t o p d e b o v e n s t e c i l i n d e r d i e n t e e n 
a n d e r e v e r o n d e r s t e l l i n g t e w o r d e n g e d a a n . M a c C a m y 
e n F u c h s [ 3 ] s u g g e r e r e n v o o r h e t d e e l v a n d e c i l i n ­
d e r b o v e n d e m i d d e n s t a n d e e n c o n s t a n t e k r a c h t p e r 
l e n g t e e e n h e i d m e t d e w a a r d e o p z = O e n v e r m e n i g ­
v u l d i g d m e t d e a m p l i t u d e ( h a l v e g o l f h o o g t e ) . H i e r 
i s d i t g e i n t e r p r e t e e r d a l s s 

. • ^ ' ^ g ^ H i 1 
p = )« . . . . ( 1 6 ) * ) 

k s q r ( J l ' M k a ' ) + Y 1 ' ( k a ' ) ) 

m e t a' = s t r a a l v a n d e b o v e n s t e c i l i n d e r , t e r w i j l 

d e z e k r a c h t g e a c h t w o r d t a a n t e g r i j p e n o p d e h e l f t 

v a n d e a m p l i t u d e v a n d e i n v a l l e n d e g o l f b o v e n d e 

m i d d e n s t a n d . 

A l s t o t a l e k r a c h t o p d e g e s c h e m a t i s e e r d e c o n ­

s t r u c t i e w o r d t g e v o n d e n ( z i e b i j l a g e 3 ) 5 

F h o r i z o n t a a l 1 2 6 . 4 7 M N . 

A l s m o m e n t t . o . v . d e b o d e m w o r d t g e v o n d e n s 

M t . o . v . b o d e m 2 2 9 8 . 1 1 M N m . 

w a a r u i t e e n h e f b o o m s a r m v o l g t v a n s 

A r m t . o . v . b o d e m 1 8 . 1 7 m 

2* , ' - - '» ;g*H c D s h (kü< ( d + z ) ) 1 

* ) ( 8 ) : F z = — * * * c:n 

k c o 5 h ( k * d ) A ( k a ) 

M a x i m a a l v o o r c o s ( « * t - o : l ) d u s s 

2 * , ' : ' * g * H 1 

F = * p e r m ' p a a l l e n g t e 

z = 0 k A ( k ) i ( a ' ) 

(Tiax 
( 1 6 ) v o l g t d a n u i t s 

H 
F = F * -



I n d e v o o r g a a n d e b e r e k e n i n g e n i s - e r v a n u i t g e g a a n 

d a t d e b o d e m o n d o o r l a t e n d i s . V o o r d e b e r e k e n i n g 

v a n d e o p w a a r t s e k r a c h t i s h e t n o o d z a k e l i j k , t e 

v e r o n d e r s t e l l e n , d a t d e w a t e r d r u k z i c h o n d e r d e 

c o n s t r u c t i e k a n v o o r t p l a n t e n » D e z e v e r o n d e r s t e l ­

l i n g i s d u s n i e t c o n s i s t e n t m e t d i e v o o r d e 

d i f - f r a c t i e t h e o r i e . B i j h e t o n t w e r p d i e n t e c h t e r 

e e n e e r s t e s c h a t t i n g g e m a a k t t e w o r d e n v a n d e 

d r u k k e n d i e d e c o n s t r u c t i e o p d e o n d e r g r o n d u i t ­

o e f e n t . O p w a a r t s e k r a c h t e n m o e t e n d a n i n d e b e ­

s c h o u w i n g w o r d e n b e t r o k k e n . E e n c o m p l i c e r e n d e 

f a c t o r h i e r b i j i s , d a t d e b e l a s t i n g c y c l i s c h i s . 

H i e r d o o r z a l d e c a i s s o n h e t v e r s c h i j n s e l v a n 

' r o c k i n g ' ( h e e n e n w e e r k a n t e l e n ) k u n n e n g a a n 

v e r t o n e n , m e t t o e n e m e n d e w a t e r s p a n n i n g e n o n d e r 

d e c o n t r u c t i e a l s g e v o l g . D e i n v l o e d v a n c y c l i ­

s c h e b e l a s t i n g o p d e d r a a g k r a c h t v a n d e o n d e r g r o n d 

i s n o g o n v o l d o e n d e b e k e n d e n w o r d t i n h e t k a d e r 

v a n d e O o s t e r s c h e l d e k e r i n g o n d e r z o c h t . D i t o n d e r ­

z o e k h e e f t e c h t e r n o g n i e t t o t a l g e m e e n b r u i k b a r e 

r e s u 1 1 a t e n g e l e i d . 

A l s e e r s t e b e n a d e r i n g v o o r d e o p w a a r t s e k r a c h t 

k a n v e r o n d e r s t e l d w o r d e n , d a t d e d r u k o n d e r d e 

c a i s s o n v o l d o e t a a n d e v e r g e l i j k i n g v a n L a p l a c e ; 

ï i ^ A p h'^ Ap 
+ = O ( 2 0 ) 

m e t a l s r a n d v o o r w a a r d e d e d r u k k e n , b e r e k e n d a a n 

d e b o d e m e n o p d e c i 1 i n d e r o m t r e k , v o l g e n s d e d i f ¬

f r a c t i e t h e o r i e . U i t ( 6 ) v o l g t v o o r d e d r u k k e n o p 

d e b o d e m s 

,{i,p = * 

i T ) t : k * a ! t : c D s h ( k * d ) 

s i n (f^tt + o:0) 
l 

s q r ( J o ' i ( k a ) + Y o ' ^ ( k a ) ) 

c o s ( ü * t - o : l ) * c o s ( 9 ) 

+. 2 * 

s q r ( J l ' i ( k a ) + Y l ' ( k a ) ) 

s i n ('••••'tt + o:2) * c o s ( 2 * 8 ) 
- 2 * 

s q r ( J 2 ' i ( k a ) + Y 2 ' i ( k a ) ) 

c o s ( » * t + o ;3 ) * c o s ( 3 * 9 ) 

_ 2 * 
s q r ( J 3 ' i ( k a ) + Y 3 ' i ( k a ) ) 

s i n ( « * t + 0:4) * C D s ( 4 *9 ) 

+ 2 * + . . . 3 " ( 2 1 ) 
s q r ( J 4 ' i ( k a ) + Y 4 ' i ( k a ) ) 

1 4 



O p e l k p u n t v a n d e o m t r e k v a n d e c i l i n d e r a a n d e 

b o d e m i s h i e r m e e d e d r u k t e b e r e k e n e n . 

2 T r a 6 , 2 8 3 1 8 5 3 * 1 7 . 5 

V o o r !•! = k a = 0 . 6 3 2 0 4 m o e -

L. 1 7 3 . 9 7 0 5 6 1 1 

t e n J M k a ) e n Y M k a ) b e r e k e n d w o r d e n v o o r n = O , 1, 2 , e t c , 

n n 

2 n 

c n 9 . 1 . 2 7 - 1 : i? ()•!) = — i? <!•!) - 1? <>!) 

n - 1 )•!• n n + 1 

n 

[ 1 ] 9 , 1 . 2 7 - 3 s i ? M ! ! ) = i-r ()•!) - — ( H ) 

n n - 1 i! n 

c n 9 , 1 , 2 8 ! J M ) ! ) = - J (;•!) e n Y M x ) = - Y < « ) 

O 1 O 1 

c n 9 . 1 2 , v o o r b e e l d 1 . B e r e k e n i n g J < 0 . 6 3 2 0 4 ) , J M O . 6 3 2 0 4 ) . 

n n 

c n T A B E L . 9 , 2 s J ( 0 . 6 3 2 0 4 ) l . E - 1 0 e n J ( 0 . 6 3 2 0 4 ) l . E - 8 . 

9 8 

n s c h a t t i n g J ( 0 . 6 3 2 0 4 ) J M O . 6 3 2 0 4 ) 

n n 

9 .1 

8 1. O O 

u i t schatt ing en ui t [11 9.1.28 en 

ui t [1] 9.1.27-1 nor ia l i za t i e fac to r [13 9.1.27-3 

7 2 5 3 0 . 4 9 

6 5 5 9 5 1 . 5 1 

5 1 0 5 9 7 7 2 . 6 3 0 . 0 0 0 0 2 6 0 . 0 0 0 2 0 1 

4 1 6 7 1 1 5 4 2 . 3 0 O . 0 0 0 4 0 7 O . 0 0 2 5 5 4 

3 2 1 0 4 6 5 3 4 9 . 8 O . 0 0 5 1 3 0 O . 0 2 3 9 4 3 

2 1 9 8 1 2 5 0 7 6 9 0 . 0 4 8 2 9 3 0 . 1 4 7 6 8 4 

1 1 2 3 2 8 3 0 2 8 9 0 0 , 3 0 0 5 0 0 0 . 4 2 7 1 5 2 

O 3 7 0 2 9 8 9 6 9 1 0 0 . 9 0 2 5 9 7 - 0 . 3 0 0 5 0 0 

c n 9 . 1 . 4 6 s 1 = J (z)+J ( 2 ) + J ( z ) + J ( z ) + , , . , w a a r u i t ! 

O 2 4 6 

n o r m a l i z a t i e - f a c t o r ! 2 . 4 3 7 4 S 2 6 1 5 E ~ 1 1 , g e b r u i k t v o o r J . 
n 

c n 9 , 1 2 , v o o r b e e l d 2 . B e r e k e n i n g Y ( 0 . 6 3 2 0 4 ) , Y M O . 6 3 2 0 4 ) . 

n n 

C13 9 , 4 . 2 e n C n 9 . 4 . 5 ! 

Voor 0<x<=3: 

YO(x) - (2 / tT )nn(x /2 ) IJ0(x)+0 .36746 691+0.60559 366t(x/3)"2-0,74350 384<(x/3)''4+0.25300 117»(x./3)'^6 

-0.04261 214>!x/3)''8+0.00427 916»(x/3)' '10-0.00024 846»(x /3 )^12+€ 

§et € <1.4>l.E-8 

Yl(x)»x ^ (2 /T i )»x» ln lx /2 )»J l (x ) -0 .63661 98+0.22120 91»(x/3)^2+2.16827 09»(x/3)"-4-l .31648 27»(x/3)-^6 

+0.31239 51»(x/3rB-0.04009 76»(x/3)^10+0.00278 73»(x /3) ' '12+€ 

i e t € < l . l » l . E - 7 

1 5 
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n Y < 0 . 6 3 2 0 4 ) Y ' ( 0 . 6 3 2 0 4 ) 

n n 

u i t [1] 9.4.2 u i t [1] 9.1.28 

9.4,5 en 9.1.27-3 

en 9.1.27-1 

0 - 0 . 2 6 9 0 1 9 1 . 2 0 5 4 9 

1 - 1 . 2 0 5 4 9 0 1 . 6 3 8 2 8 

X . - 3 . 5 4 5 5 8 1 1 0 . 0 1 3 9 9 

3 - 2 1 . 2 3 3 4 7 7 9 7 . 2 3 9 8 6 

4 - 1 9 8 . 0 2 5 3 0 4 1 2 3 2 . 0 1 1 9 1 

5 - 2 4 8 5 . 2 5 7 3 0 5 1 9 4 6 2 . 5 7 6 1 3 

6 - 3 9 1 2 3 . 1 7 7 5 5 0 3 6 8 9 1 3 . 8 0 8 0 0 

U i t d e b e r e k e n d e w a a r d e n v a n J ' e n Y ' 
n n 

v D l g t ( 2 i e b i j l a g e 2 , • f o r m u l e ( 2 - 8 ) )5 

c: - 0 . 2 4 4 3 0 r a d . o: ~ 0 . 2 5 5 0 5 r a d . 0 . 0 1 4 7 5 r a d . 

O 1 2 

o: ~ 0 . 0 0 0 1 6 r a d . o: , o: , o: e t c . ~ O r a d . 

3 4 5 6 

O p h e t m o m e n t d a t F z m a x i m a a l w o r d t , g e l d t ; 

c o s ( ö t - o : ) = - 1 

1 
o^f ö t - o: = TT. M e t o: ~ 0 . 2 5 5 0 5 r a d . v o l g t s 

1 1 

« t ~ 3 . 3 9 6 6 5 r a d . 

N u m e r i e k e w a a r d e n i n g e v u l d i n ( 2 1 ) g e e ^ f t , i n d i e n 

d e h y d r o s t a t i s c h e d r u k t . o . v . d e m i d d e n s t a n d 

e v e n e e n s i n b e s c h o u w i n g w o r d t g e n o m e n s 

P 

C e • 2 8 6 3 5 3 . 4 0 8 0 - 4 1 6 . 4 2 2 0 8 - 5 6 8 1 3 . 5 3 0 6 0 c o s 9 

b o d e m F"z m a x 

•+- 2 5 5 9 . 9 9 4 7 9 c o s ( 2 9 ) + 9 5 7 , 2 4 5 6 7 c o s ( 3 9 ) 

- 1 9 . 6 9 8 1 6 c o s ( 4 9 ) - 4 . 7 8 2 3 3 c o s ( 5 9 ) 

•+• 0 . 0 6 5 7 8 c o s ( 6 9 ) •+• . . . . . . . . . . . . . . . ( 2 2 ) 

Op h e t m o m e n t d a t F z m i n i m a a l w o r d t , g e l d t : 

c o s ( ö t - o : ) == + 1 

1 

M e t o: ~ 0 , 2 5 5 0 5 r a d . v o l g t s 

1 

w t 0 . 2 5 5 0 5 r a d , V a n a - f d e t w e e d e t e r m i n ( 2 2 ) 

m o e t e n d a n d e t e k e n s w o r d e n o m g e k e e r d . 

V o o r h e t b e r e k e n e n v a n d e d r u k k e n o n d e r d e c i l i n d e r 

i s g e b r u i k g e m a a k t v a n e e n e i n d i g e e l e m e n t e n p r o g r a m m a , 

g e g e v e n d o o r V e r r u i j t C 5 3 . 

H e t r o o s t e r ( ' m e s h ' ) i n d e k n o o p p u n t e n w a a r v a n d e 

d r u k k e n b e r e k e n d w o r d e n , i s w e e r g e g e v e n i n d e b o v e n ­

s t e h e l • f t v a n f i g . 4 . I n d e o n d e r s t e h e l f t v a n f i g . 4 

z i j n d e o p p e r v l a k k e n , d i e k e n m e r k e n d g e a c h t z i j n 

v o o r d i v e r s e k n o o p p u n t e n , w e e r g e g e v e n . D e m . b . v . 

( 2 0 ) b e r e k e n d e d r u k k e n i n e l k k n o o p p u n t , v e r m e n i g ­

v u l d i g d m e t h e t b i j b e h o r e n d e k e n m e r k e n d e o p p e r v l a k 

1-Jlt 



g e e - f t d e o p w a a r t s e k r a c h t o p d a t o p p e r v l a k . S o m -

n i e r i n g o v e r d e c i l i n d e r b o d e m ( a l l e k e n m e r k e n d e o p ­

p e r v l a k k e ; n ) g e e - f t d e t o t a l e o p w a a r t s e k r a c h t , I n 

b i j l a g e 4 i s d e z e b e r e k e n i n g u i t g e v o e r d . T e v e n s i s 

d e h e f b o o m s a r m t , o , v . d e c i l i n d e r a s b e r e k e n d . 

D e h e f b o o m s a r m i s n e g a t i e f g e r e k e n d a l s d e o p w a a r t ­

s e k r a c h t a a n g r i j p t a a n d e z i j d e v a n d e i n v a l l e n ­

d e g o l f t , o , v . d e c i l i n d e r a s . 

^ 1J-

F=" I C3 », - M e s h e n k e n m e r k e n d e o p p e r v l a k k e n i n 6 . 2 5 m 

A l s o p w a a r t s e k r a c h t o p h e t m o m e n t v a n m a x i m a l e h o ­

r i z o n t a l e k r a c h t i n d e r i c h t i n g v a n d e i n v a l l e n d e 

g o l f w o r d t g e v o n d e n : 

F 2 8 0 , 8 3 M N . 

o p w . 

D e h e f b o o m s a r m i s d a n : 

H e f b o o m s a r m ~ - 0 . 8 7 m . 

Op h e t m o m e n t d a t d e m a x i m a ^ l e k r a c h t op dc? c i l i n -
1 7 
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d e r t e g e n d e r i c h t i n g v a n d e i n v a l l e n d e g o l - f i n 

g e r i c h t , i s , i s d e o p w a a r t s e k r a c h t e v e n g r o o t , t e r ­

w i j l d e h e f b o o m s a r m d a n - + - 0 . 8 7 m , i s . 

Het n i e t - a a n g r i j p e n v a n d e o p w a a r t s e k r a c h t i n 

d e c i l i n d e r a s h e e f t t o t g e v o l g , d a t h e t m o m e n t 

t . g . v . d e h o r i z o n t a l e b e l a s t i n g d o o r g o l v e n w o r d t 

v e r g r o o t , e n w e l m e t 0 . 8 7 * 2 8 0 , 8 3 2 4 3 . 4 3 M N m . 

T e r v e r g e l i j k i n g d i e n e d e ' o p d r i j v i n g ' v o l g e n s d e 

w e t v a n A r c h i m e d e s , t o e g e p a s t o p h e t c o n s t r u c t i e ­

v o l u m e o n d e r d e i r i i d d e n s t a n d 5 

I n h o u d c i l i n d e r : 

T T ^ r i J K h = T r * 1 7 . 5 i * 2 5 2 4 0 5 2 . 8 2 N 
I n h o u d a f g e k n o t t e k e g e l : 
l / 3 ) K T T * r i ' * h ' - l / 3 * T T ) i < r ' : : - * - h ' ' = 
1 / 3 * 1 1 * 1 7 , 5 ^ * 1 2 . 6 8 1 - 1 / 3 * TT* 1 2 . 6 7 ^ * 9 . 1 8 1 

2 5 2 3 , 5 0 N 

T o t a l e o p d r i j v i n g : , ^ ' * g * 2 4 0 5 2 . 8 2 / 1 0 0 0 0 0 0 ^ 2 6 7 MN 

D e i n r e k e n i n g g e b r a c h t e v o l u m i n a v o l g e n e e n v o u d i g 

u i t d e g e o m e t r i e v a n d e c o n s t r u c t i e . < Z i e f i g . 3 . ) 

D i t i s s l e c h t s 1 3 MN k l e i n e r d a n d e o p w a a r t s e k r a c h t , 

d i e v o l g d e u i t d e d r u k k e n o n d e r d e c i l i n d e r v o l g e n s 

d e L a p l a c e v e r g e l i j k i n g . H e t e x t r a m o m e n t v a n 2 4 0 MN 

w o r d t d a n e c h t e r b u i t e n b e s c h o u w i n g g e l a t e n ! 

1 8 
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C I L . I t M O E F i C O O I R D I t M s = » - r E l N j 

H 

G o l - f v c j r m s n = - * s i n <k>i - '»t.) ( 1 - 1 ) 

S n e l h e i d s p o t e n t i a a l i n C a r t h e s i a a n s a s s e n s t e l s e l 

( Z i e L a m b C 3 3 . ) s 

g * H c o s h • C k ( d + z ) > 
| , = >jc t c o s (k!-! - >'>t) ( 1 - 2 ) 

2 * ' » c o s h ( k * d ) 

B e r n o u l l i v o o r n i e t - p e r m a n e n t e s t r o m i n g : 

p V 2 hi 

- + g * 2 + — - — = O . ( 1 - 3 ) 
2 ht 

V i' h§ 
L i n e a i r e t h e o r i e : — < < < — . . . . . . . . . . . . . ( 1 - 4 ) 

ht 

d u s w o r d t ( 1 - 3 ) 

p hl 

- + g * 2 = O . . . . . . . . . . . ( 1 - 5 ) 
f' ht 

O f s 

hi 
p = -f>^Q*z + P^— . . . . . . . . . . . . . ( 1 - 6 ) 

ht 

V r i j o p p e r v l a k : z = p = O . D a n v o l g t u i t ( 1 - 6 ) : 

hi 

pi^gtn = P*— » . - ( 1 - 7 ) 
ht 

L i n e a i r e t h e o r i e , d u s ' l k l e i n . U i t ( 1 - 7 ) v o l g t s 

1 i . f 

•••i. — 1 . . . . , , , . „ . . . . . . . ( 1 ~ S ) 
g ;;.t z=o 

i e 
E u l e r : e = c o s ö + i s i n e , , . . . . , , ( 1 - 9 ) 

U i t ( 1 - 2 ) v o l g t d a n : 

giKH c o s h • C k ( d + z ) ï i ( k > ! - « t ) 
.|. = i • _ _ )K * e D . . ( 1 - 1 0 ) 

2 * ' » c o s h k d 

o f s 

1 9 



g * H - i i » t c o s h { 1 ^ ( 0 + 2 ) > i k x 
f = L — * e * * e 3 . . ( 1 - 1 1 ) 

2 * ' » c o s h k d 

i k x 
e o m z e t t e n i n p o o l c o ö r d i n a t e n ( z i e - f i g . l , p a g . 6 ) : 

i k x i k r c o s ö 
X == r c o s d u s e = e . , , . . ( 1 - 1 2 ) 

i k r c o s e ^ 
E u l e r s e = c o s ( k r c o s e ) + i s i n ( k r c o s e ) . , ( 1 - 1 3 ) 

[ 1 3 : 9 . 1 . 4 4 s 
k 

CDE(Z c o s e ) = J ( z ) + 2 I ( - 1 ) J ( z ) c o s ( 2 k e ) . . ( 1 - 1 4 ) 

0 k = l 2 k 

E 1 3 ! 9 . 1 . 4 5 5 
•:o k 

s i n ( z c o s e ) = 2 1 ( - 1 ) J ( z ) c o s C ( 2 k + 1 ) eD- , , , ( 1 - 1 5 ) 

k = 0 2 k + l 

M e t ( 1 - 1 3 ) , ( 1 - 1 4 ) e n ( 1 - 1 5 ) g a a t ( 1 - 1 2 ) o v e r i n : 

i k!-! m 
e = J ( k r ) + 2 Ï i J ( k r ) c o s m e . . . , , . . . . - . ( 1 - 1 6 ) 

0 m= 1 m 

( 1 - 1 1 ) k a n d a n g e s c h r e v e n w o r d e n a l s s 

g * H - i ' X ' t c o s h • C k ( d + z ) > 

•i-i = R. t C '— * e * * 
2* ' : ' : ' c o s h k d 

m 
•CJ ( k r ) •+- 2 2 i J ( k r ) c o s m e > 3 . . . ( 1 - 1 7 ) 

0 m = l m 

v o o r d e i n v a l l e n d e ( o n g e s t o o r d e ) g o l f . 

V o o r d e g e r e f l e c t e e r d e g o l f w o r d t e e n d e r g e l i j k e 

r e e k s o n t w i k k e l i n g v e r o n d e r s t e l d s 

o:. - i ' » t 

f r - f : :> C I A c o s m e { J ( k r ) + i Y ( k r ) J * e 3 , . ( 1 - 1 8 ) 

m=C) m m m 

V o o r k r z e e r g r o o t g e l d t ( z i e [ 1 3 : 9 . 1 . 3 ) : 

miT TT 

i ( z ) 
2 4 2 

J ( z ) •+• i Y ( z ) e * B g r ( — ) ( 1 - 1 9 ) 

m m 

w a a r m e e ( 1 - 1 8 ) o v e r g a a t i n s 

•:o 2m-+-l 

f r = 1 A c o s m e s q r ( 2 / ( T r k r ) ) C D s ( k r - « t - i r ) 

m = 0 m 4 
. . . . . . . . . ( 1 - 2 0 ) 

2 0 
1-ll't 



V o o r nr, d . i . d e g o l - f v o r m v a n d e g e r e f l e c t e e r d e 

g o l f , g e l d t d a n , ( z i e ( 1 - B ) ) s 

1 h§r 
= - * E — 1 = 

g ht 

A ö 
co m 2 m + l 

2 c o s m e 5 q r ( 2 / T r k r ) ) s i n ( k r - » t - TT) ( 1 - 2 1 ) 

m = 0 g ^ 

O m d a t k r e e n p o s i t i e f t e k e n h e e f t , k r e n « t 

v e r s c h i l l e n d t e k e n h e b b e n e n v o o r h e t s o m m a t i e t e k e n 

e e n p o s i t i e f t e k e n ( + ) s t a a t , s t e l t ( 1 - 2 1 ) e e n r a d i ­

a a l u i t g a a n d e g o l f v o o r . D e g o l f d e m p t i n d e r - r i c h ­

t i n g u i t m e t s q r ( l / r ) . 

H e t t o t a l e s n e l h e i d s v e l d w o r d t g e v o n d e n d o o r s u p e r ­

p o s i t i e v a n d e v e l d e n v a n d e i n v a l l e n d e e n d e g e r e ­

f l e c t e e r d e g o l v e n ( 1 - 1 7 ) e n ( 1 - 1 8 ) s 

f = - i- i + f r = 
g * H - i ' » t c o s h C k ( d + z ) > 

C " — * e * * 
2 c o s h k d 

m 

{J ( k r ) + 2 S i J ( k r ) c o s mBy + 

O m = l m 

Z A c o s m e CJ ( k r ) + i Y ( k r ) J > 3 . . ( 1 - 2 2 ) 

m = 0 m m m 

D e c o ë f f i c i ë n t e n A w o r d e n g e v o n d e n u i t d e e i s , d a t 

m 

d e s n e l h e d e n l o o d r e c h t o p d e c i l i n d e r m a n t e l O ( n u l ) 

m o e t e n z i j n s 

hi-
L — 1 = O ( 1 - 2 3 ) 

r = a 

w a a r u i t , i n d i e n m e t ' d i f f e r e n t i ë r e n n a a r r w o r d t 

a a n g e g e v e n e n n a s u b s t i t u t i e v a n r = a , v o l g t : 

m 
J M k a ) + 2 I i J M k a ) c o s m e + A C J M k a ) + i Y M k a ) } + 

O m - 1 m O 0 O 

I A c o s m e - C J M k a ) + i Y M k a ) } = O . . . ( 1 - 2 4 ) 

m = l m m m 

H i e r a a n w o r d t v o l d a a n d o o r : 

J ' ( k a ) 

O 
A = ( 1 - 2 5 ) 

O J ' ( k a ) -+- i Y ' ( k a ) 

O O 

2 1 
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e n ! 
m 

A C J M k a ) + i Y ' ( k a ) > = - 2 i J M k a ) < l - 2 6 ) 

m m m m 

o f ! 
m 

2 i J ' ( k a ) 
m 

A = ( 1 - 2 7 ) 

m J ' ( k a ) + i Y ' ( k a ) 
m (Tl 

M e t ( 1 - 2 5 ) e n ( 1 - 2 7 ) g a a t ( 1 - 2 2 ) o v e r i n : 

g * ; H - i t c o s h { k ( d + 2 ) 3 -

f = P.> C — * e * * 
2 * ' » c o s h k d 

J ' ( k a ) CJ ( k r ) + i Y ( k r ) 3¬

0 0 0 

C J ( k r ) 
0 J M k a ) + i Y ' ( k a ) 

0 0 

J - - ( k a ) -CJ ( k r ) + i Y ( k r ) 3-
•:o m m m m 

2 Z i c o s me-CJ ( k r ) > 3 3 ( 1 - 2 8 ) 
m = l m J' ( k a ) + i Y ' ( k a ) 

(Tl m 

o f , ( s i e C i : : 9 . 1 . 3 , d e f i n i t i e v a n H a n k e l f u n c t i e v a n 

d e m - d e o r d e e n d e e e r s t e s o o r t : 
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.EMENT N O D E S T R A N S N I S S I V I T Y 

1 1 6 1 
''? 1 2 6 1 

2 6 7 1 

4 2 3 7 1 

5 3 7 8 1 

6 3 4 8 1 

7 4 8 9 1 

8 5 1 1 1 2 1 

9 5 6 1 2 1 

1 0 6 1 2 1 3 1 

1 1 6 7 1 3 1 

1 2 7 1 3 1 4 1 

1 3 7 8 1 4 1 

1 4 8 1 4 1 5 1 

1 5 8 9 1 5 1 

1 6 9 1 5 1 6 1 

1 7 9 1 0 1 6 1 

1 8 1 0 1 6 1 7 1 

1 9 1 1 1 9 2 0 1 

2 0 1 1 1 2 2 0 1 

2 1 1 2 2 0 2 1 1 

2 2 1 2 1 3 2 1 1 

2 3 1 3 2 1 2 2 1 

2 4 1 3 1 4 2 2 1 

2 5 1 4 2 2 2 3 1 

2 6 1 4 1 5 2 3 1 

2 7 1 5 2 3 2 4 1 

2 8 1 5 1 6 2 4 1 

2 9 1 6 2 4 2 5 1 

3 0 1 6 1 7 2 5 1 

3 1 1 7 2 5 2 6 1 

3 2 1 7 I S 2 6 1 

3 3 1 8 2 6 2 7 1 

3 4 1 9 2 9 3 0 1 

3 5 1 9 2 0 3 0 1 

3 6 2 0 3 0 3 1 1 

3 7 2 0 2 1 3 1 1 

3 8 2 1 3 1 3 2 1 

3 9 2 1 2 2 3 2 1 

4 0 2 2 3 2 3 3 1 

4 1 2 2 2 3 3 3 1 

4 2 2 3 3 3 3 4 1 

4 3 2 3 2 4 3 4 1 

4 4 2 4 3 4 3 5 1 

4 5 2 4 2 5 3 5 1 

4 6 2 5 3 5 3 6 1 

4 7 2 5 2 6 3 6 1 

4 8 2 6 3 6 3 7 1 

4 9 2 6 2 7 3 7 1 

5 0 2 7 3 7 3 8 1 

5 1 2 7 2 8 3 8 1 

5 2 2 8 3 8 3 9 1 

5 3 2 9 4 0 4 1 1 

5 4 2 9 3 0 4 1 1 

5 5 3 0 4 1 4 2 1 

5 6 3 0 3 1 4 2 1 

5 7 3 1 4 2 4 3 1 



5 8 3 1 3 2 4 3 

5 9 3 2 4 3 4 4 

ÓO 3 2 3 3 4 4 

6 1 3 3 4 4 4 5 

6 2 3 3 3 4 4 5 

6 3 3 4 4 5 4 6 

6 4 3 4 3 5 4 6 

6 5 3 5 4 6 4 7 

6 6 3 5 3 6 4 7 

6 7 3 6 4 7 4 8 

6 8 3 6 3 7 4 8 

6 9 3 7 4 8 4 9 

7 0 3 7 3 8 4 9 

7 1 3 8 4 9 5 0 

7 2 3 8 3 9 5 0 

7 3 4 0 5 1 5 2 

7 4 4 0 4 1 5 2 

7 5 4 1 5 2 5 3 

7 6 4 1 4 2 5 3 

7 7 4 2 5 3 5 4 

7 8 4 2 4 3 5 4 

7 9 4 3 5 4 5 5 

8 0 4 3 4 4 5 5 

8 1 4 4 5 5 5 6 

8 2 4 4 4 5 5 6 

8 3 4 5 5 6 5 7 

8 4 4 5 4 6 5 7 

8 5 4 6 5 7 5 8 

8 6 4 6 4 7 5 8 

8 7 4 7 5 8 5 9 

8 8 4 7 4 8 5 9 

8 9 4 8 5 9 6 0 

9 0 4 8 4 9 6 0 

9 1 4 9 6 0 6 1 

9 2 4 9 5 0 6 1 

9 3 5 1 6 2 6 3 

9 4 5 1 5 2 6 3 

9 5 5 2 6 3 6 4 

9 6 5 2 5 3 6 4 

9 7 5 3 6 4 6 5 

9 8 5 3 5 4 6 5 

9 9 5 4 6 5 6 6 

1 0 0 5 4 5 5 6 6 

1 0 1 5 5 6 6 6 7 

1 0 2 5 5 5 6 6 7 

1 0 3 5 6 6 7 6 8 

1 0 4 5 6 5 7 6 8 

1 0 5 5 7 6 8 6 9 

1 0 6 5 7 5 8 6 9 

1 0 7 5 8 6 9 7 0 

1 0 8 5 8 5 9 7 0 

1 0 9 5 9 7 0 7 1 

1 1 0 5 9 6 0 7 1 

1 1 1 6 0 7 1 7 2 

1 1 2 6 0 6 1 7 2 

1 1 3 6 2 7 3 7 4 

1 1 4 6 2 6 3 7 4 

1 1 5 6 3 7 4 7 5 

1 1 6 6 3 6 4 7 5 

1 1 7 6 4 7 5 7 6 

1 1 8 6 4 6 5 7 6 

1 1 9 6 5 7 6 7 7 



1 2 0 6 5 6 6 7 7 

1 2 1 6 6 7 7 7 8 

I 6 6 6 7 7 8 

1 2 3 6 7 7 8 7 9 

1 2 4 6 7 6 8 7 9 

1 2 5 6 8 7 9 8 0 

1 2 6 6 8 6 9 8 0 

1 2 7 6 9 8 0 8 1 

1 2 8 6 9 7 0 8 1 

1 2 9 7 0 8 1 8 2 

1 3 0 7 0 7 1 8 2 

1 3 1 7 1 8 2 8 3 

1 3 2 7 1 7 2 8 3 

1 3 3 7 3 8 4 8 5 

1 3 4 7 3 7 4 8 5 

1 3 5 7 4 8 5 8 6 

1 3 6 7 4 7 5 8 6 

1 3 7 7 5 8 6 8 7 

1 3 8 7 5 7 6 8 7 

1 3 9 7 6 8 7 8 8 

1 4 0 7 6 7 7 8 8 

1 4 1 7 7 8 8 8 9 

1 4 2 7 7 7 8 8 9 

1 4 3 7 8 8 9 9 0 

1 4 4 7 8 7 9 9 0 

1 4 5 7 9 9 0 9 1 

1 4 6 7 9 8 0 9 1 

1 4 7 8 0 9 1 9 2 

1 4 8 8 0 8 1 9 2 

1 4 9 B l 9 2 9 3 

1 5 0 8 1 8 2 9 3 

1 5 1 8 2 9 3 9 4 

1 5 2 8 2 8 3 9 4 

1 5 3 8 4 9 5 9 6 

1 5 4 8 4 8 5 9 6 

1 5 5 8 5 9 6 9 7 

1 5 6 8 5 8 6 9 7 

1 5 7 8 6 9 7 9 8 

1 5 8 8 6 8 7 9 8 

1 5 9 8 7 9 8 9 9 

1 6 0 8 7 8 8 9 9 

1 6 1 8 8 9 9 1 0 0 

1 6 2 8 8 8 9 1 0 0 

1 6 3 8 9 1 0 0 1 0 1 

1 6 4 8 9 9 0 1 0 1 

1 6 5 9 0 1 0 1 1 0 2 

1 6 6 9 0 9 1 1 0 2 

1 6 7 9 1 1 0 2 1 0 3 

1 6 8 9 1 9 2 1 0 3 

1 6 9 9 2 1 0 3 1 0 4 

1 7 0 9 2 9 3 1 0 4 

1 7 1 9 3 1 0 4 1 0 5 

1 7 2 9 3 9 4 1 0 5 

1 7 3 9 5 1 0 6 1 0 7 

1 7 4 9 5 9 6 1 0 7 

1 7 5 9 6 1 0 7 1 0 8 

1 7 6 9 6 9 7 1 0 8 

1 7 7 9 7 1 0 8 1 0 9 

1 7 8 9 7 9 8 1 0 9 

1 7 9 9 8 1 0 9 n o 
1 8 0 9 8 9 9 n o 
1 8 1 9 9 n o 1 1 1 



182 99 100 111 
183 100 111 112 
184 100 101 112 
185 101 112 113 
186 101 102 113 
187 102 113 114 
188 102 103 114 
189 103 114 115 
190 103 104 115 
191 104 115 105 
192 106 116 117 
193 106 107 117 
194 107 117 118 
195 107 108 118 
196 108 118 119 
197 108 109 119 
198 109 119 120 
199 109 n o 120 
200 110 120 121 
201 110 111 121 
202 111 121 122 
203 111 112 122 
204 112 122 123 
205 112 113 123 
206 113 123 114 
207 116 124 125 
208 116 117 125 
209 117 125 126 
210 117 118 126 
211 118 126 127 
212 118 119 127 
213 119 127 128 
214 119 120 128 
215 120 128 129 
216 120 121 129 
217 121 129 122 
218 124 130 131 
219 124 125 131 
220 125 131 132 
221 125 126 132 
222 126 132 133 
223 126 127 133 
224 127 133 128 



D A Y S = O T I M E = 5 5 9 6 7 . 5 5 

JGDE A R E A P R E S S U R E L E V E R • F O R C E F I R S T 

JMBER 
2 * 6 . 2 5 

ARM i n N . MOMENT i n Nm. 

1 . 2 5 0 3 4 4 3 3 8 . 4 2 - 1 6 . 8 7 5 0 1 0 7 6 0 5 7 . 5 5 - 1 8 1 5 8 4 7 1 . 1 3 

. 5 0 0 3 4 3 7 4 0 . 3 2 - 1 6 , 8 7 5 0 2 1 4 8 3 7 6 , 9 9 - 3 6 2 5 3 8 6 1 . 6 4 

•-•» . 2 5 0 3 4 1 8 9 9 . 1 6 - 1 6 . 5 6 2 5 1 0 6 8 4 3 4 , 8 7 - 1 7 6 9 5 9 5 2 , 4 6 

4 0 . 0 0 0 3 3 8 6 5 9 . 5 9 C). C)C>OC) 0 , C)0 0.00 

5 . 5 0 0 3 3 6 3 7 7 . 1 8 - 1 5 , CiOOC) 2 1 0 2 3 5 7 . 3 7 - 3 1 5 3 5 3 6 0 . 6 2 

6 1 . 0 0 0 3 3 6 3 4 8 . 4 6 - 1 5 , 0 0 0 0 4 2 0 4 3 5 5 . 7 9 - 6 3 0 6 5 3 3 6 . 8 7 

7 1 . 0 0 0 3 3 6 2 4 9 . 5 7 - 1 5 . OC>OC) 4 2 0 3 1 1 9 . 6 5 - 6 3 0 4 6 7 9 4 , 6 9 

e . 7 5 0 3 3 6 0 6 3 . 0 7 - 1 4 . 6 8 7 5 3 1 5 0 5 9 1 . 2 5 - 4 6 2 7 4 3 0 8 , 9 4 

9 (I>. 0 0 0 3 3 5 8 9 2 . 7 8 0 . OC)C)C) 0 . C)C) 0 , 0 0 

1 0 . 2 5 0 - 1 4 . 0 6 2 5 1 0 4 2 8 1 2 . 1 7 - 1 4 6 6 4 5 4 6 . 1 0 

1 1 . 5 0 0 3 2 8 4 7 8 . 3 0 - 1 2 . 50C)0 2 0 5 2 9 8 9 . 3 5 - 2 5 6 6 2 3 6 6 . 8 4 

1 2 1 . 0 0 0 3 2 8 4 5 0 . 1 5 - 1 2 . 5 0 0 0 4 1 0 5 6 2 6 . 8 4 - 5 1 3 2 0 3 3 5 . 5 6 

1 3 1 . 0 0 0 3 2 8 3 4 4 . 8 3 - 1 2 . 5 0 0 0 4 1 0 4 3 1 0 , 3 9 - 5 1 3 0 3 8 7 9 . 9 3 

1 4 1 . 0 0 0 3 2 8 1 3 6 . 1 1 - 1 2 , 5C)00 4 1 0 1 7 0 1 . - 5 1 2 7 1 2 6 6 . 6 0 

1 5 0 . ooc> 3 2 7 9 3 5 . 2 5 0 . C)C)C)C> 0 , C)C) 0 . 0 0 

1 6 1 . 0 0 0 3 2 7 7 6 5 . 8 9 - 1 2 . 5 0 0 0 4 0 9 7 0 7 3 . 6 8 - 5 1 2 1 3 4 2 0 , 9 6 

1 7 . 5 0 0 3 2 7 2 4 2 . 2 9 - 1 2 . 5C)C)C) 2 0 4 5 2 6 4 . - 2 5 5 6 5 8 0 3 . 9 8 

I B 0 . 0 0 0 3 2 6 3 5 9 . 6 9 C). C)C)OC) C). 0 0 0 . C)C) 

1 9 . 5 0 0 3 2 0 6 3 9 . 2 2 - 1 0 . OC)C)0 2 0 0 3 9 9 5 . 1 4 - 2 0 0 3 9 9 5 1 „ 3 7 

2 0 1 . 0 0 0 3 2 0 6 2 1 . 3 7 - 1 0 . C)C)C)0 4 0 0 7 7 6 7 . 1 6 - 4 0 0 7 7 6 7 1 . 6 4 

2 1 1 . 0 0 0 3 2 0 5 4 0 . 1 4 — 1 0 . C)C)C)C) 4 0 0 6 7 5 1 „ 7 1 - 4 0 0 6 7 5 1 7 . 0 7 

2 2 1 . 0 0 0 3 2 0 3 6 0 . 5 1 — 1 0 . C)C)C)C) 4 0 0 4 5 0 6 . 4 1 - 4 0 0 4 5 0 6 4 . 1 1 

0 . 0 0 0 3 2 0 1 6 5 . 1 5 0 . C)C)00 0 . C)C) 0 . C)0 

2 4 1 . 0 0 0 3 1 9 9 8 6 . 2 5 - 1 0 , C)C>C)0 3 9 9 9 8 2 8 . 1 8 - 3 9 9 9 8 2 8 1 . 8 4 

2 5 0 . 0 0 0 3 1 9 3 8 8 . 0 1 C), C)C)OC) 0 , 0 0 0 . 0 0 

2 6 1 . 0 0 0 3 1 9 3 0 0 . 1 5 - 1 C ) . OC)OC) 3 9 9 1 2 5 1 „ 8 4 - 3 9 9 1 2 5 1 8 . 4 4 

2 7 . 3 7 5 3 1 8 4 5 5 . 7 4 - 1 0 . OC>OC) 1 4 9 2 7 6 1 , 2 8 - 1 4 9 2 7 6 1 2 . 7 5 

2 8 0 . 0 0 0 3 1 4 9 6 7 . 8 3 C). CiOCiO 0 , C)C) 0 „ C)0 

2 9 . 5 0 0 3 1 2 8 3 9 . 1 6 - 7 . 5 0 0 0 1 9 5 5 2 4 4 , 7 4 - 1 4 6 6 4 3 3 5 . 5 7 

3 0 1 . 0 0 0 3 1 2 8 4 3 . 7 5 - 7 . 5C)0C) 3 9 1 0 5 4 6 , 9 2 - 2 9 3 2 9 1 0 1 . 8 7 

3 1 1 . OOCt 3 1 2 8 2 7 . 7 7 - 7 . 5C)00 3 9 1 0 3 4 7 , 1 3 - 2 9 3 2 7 6 0 3 , 5 0 

3 2 1 . 0 0 0 3 1 2 7 5 8 . 9 0 - 7 . 5 0 0 0 3 9 0 9 4 8 6 . 2 6 - 2 9 3 2 1 1 4 6 . 9 5 

3 3 0 . 0 0 0 3 1 2 6 4 3 . 2 5 0 . 0 0 0 0 0 , OC) 0 . 0 0 

3 4 1 . 0 0 0 3 1 2 5 1 1 . 7 3 - 7 . 5 0 0 C ) 3 9 0 6 3 9 6 . 6 1 - 2 9 2 9 7 9 7 4 . 5 5 

3 5 0 . 0 0 0 3 1 1 9 7 3 . 5 2 0 . 0C)00 0 , C)C> 0 . 0 0 

3 6 1 . 0 0 0 3 1 1 8 8 1 . 0 1 - 7 . 5C)C)C> 3 8 9 8 5 1 2 . 6 4 - 2 9 2 3 8 8 4 4 . 7 6 

3 7 0 . 0 0 0 3 1 0 8 5 2 . 4 0 C>. OC)OC) 0 , C)C) 0 . 0 0 

3 8 . 7 5 0 3 1 0 3 7 9 . 6 2 - 7 . 5OOC) 2 9 0 9 8 0 8 , 9 6 - 2 1 8 2 3 5 6 7 , 1 6 

3 9 0 . 0 0 0 3 0 9 6 0 3 . 2 0 C). 0 0 0 0 0 , C)0 0 . OC.) 

4 0 . 5 0 0 3 0 5 0 3 2 . 7 1 - 5 . OC>OC) 1 9 0 6 4 5 4 . 4 5 - 9 5 3 2 2 7 2 , 2 3 

4 1 1 . 0 0 0 3 0 5 0 6 9 . 9 7 - 5 . C)C)C)0 3 8 1 3 3 7 4 . 6 2 - 1 9 0 6 6 8 7 3 . 1 2 

4 2 1 . 0 0 0 3 0 5 1 5 9 . 7 9 — 5 . C)C)C)C) 3 8 1 4 4 9 7 . 3 7 - 1 9 0 7 2 4 8 6 , 8 4 

4 3 1 . 0 0 0 3 0 5 3 0 3 . 1 9 - 5 . 0C)00 3 8 1 6 2 8 9 . 8 3 - 1 9 0 8 1 4 4 9 . 1 3 

44 0 . OOC) 3 0 5 3 8 6 . 5 9 0 . C)C)00 0 , C)C) 0 , C)C) 

4 5 1 . 0 0 0 3 0 5 4 0 9 . 9 0 - 5 . 0C)00 3 8 1 7 6 2 3 . 7 8 - 1 9 0 8 8 1 1 8 . 9 1 

4 6 C). C)OC) 3 0 5 2 6 0 . 2 9 0 , OOOC) 0 . 0 0 0 . 0 0 

4 7 1 . c>oc> 3 0 5 1 9 8 . 4 9 - 5 . OC>C)C) 3 8 1 4 9 8 1 „ 1 5 - 1 9 0 7 4 9 0 5 . 7 6 

4 8 C>. C)OC) 3 0 4 2 0 4 . 3 0 C), OC)OC) 0 , 0 0 0 . C)C) 

4 9 1 . OOC) 3 0 3 5 7 9 , 5 2 - 5 , 0C>00 3 7 9 4 7 4 4 , 0 2 - 1 8 9 7 3 7 2 0 , 0 8 

5 0 . 2 5 0 3 0 0 7 5 5 . 4 5 - 5 , C)OC)C) 9 3 9 8 6 0 , 7 8 - 4 6 9 9 3 0 3 . 9 2 

5 1 . 5 0 0 2 9 7 1 5 3 . 7 0 - 2 . 5C)0C> 1 8 5 7 2 1 0 , 6 1 - 4 6 4 3 0 2 6 , 5 3 

5 2 1 . OOC) 2 9 7 2 2 2 . 7 4 - 2 . 5C)00 3 7 1 5 2 8 4 , 2 8 - 9 2 8 8 2 1 0 . 6 9 

5 3 1 . 0 0 0 2 9 7 4 2 7 . 4 0 — 2 . 5C)C)C> 3 7 1 7 8 4 2 . 4 5 - 9 2 9 4 6 0 6 . 1 2 



5 4 1 . 0 0 0 2 9 7 8 4 6 , 2 0 - 2 , 5C>C)C> 3 7 2 3 0 7 7 . 4 8 - 9 3 0 7 6 9 3 . 6 9 

5 5 0 . OOC) 2 9 8 2 6 1 . 7 8 0 , OC)C)C> 0 . C)C) 0 . 0 0 

5 6 1 . 0 0 0 2 9 8 6 0 4 . 1 7 - 2 . 500C> 3 7 3 2 5 5 2 . 0 9 - 9 3 3 1 3 8 0 , 2 2 

5 7 0 . C>0C) 2 9 9 5 4 3 , 9 6 0 . OC)C)C> 0 . C>0 0 , C)C) 

5 8 1 . C>00 2 9 9 6 3 4 , 8 0 - 2 . 5C)C)C> 3 7 4 5 4 3 5 , 0 6 - 9 3 6 3 5 8 7 . 6 4 

5 9 0 . C»OC) 2 9 9 8 0 8 , 3 1 C), OC)C>0 0 , C)C) 0 . C)0 

6 0 1 . OOC) 2 9 9 1 2 7 . 3 4 - 2 , 5C)0C) 3 7 3 9 0 9 1 . 7 0 - 9 3 4 7 7 2 9 , 2 6 

6 1 . 5 0 0 2 9 1 9 8 3 . 3 4 - 2 , 5 0 0 0 1 - 8 2 4 8 9 5 , 8 5 - 4 5 6 2 2 3 9 . 6 1 

6 2 . 5 0 0 2 8 9 1 3 7 . 3 7 C). OOOC) 1 8 0 7 1 0 8 . 5 3 0 . OC) 

6 3 1 . C)C)C) 2 8 9 2 1 5 . 6 4 C). C)OOC) 3 6 1 5 1 9 5 . 5 0 0 . C)C) 

6 4 1 . OC)C) 2 8 9 4 6 8 . 0 3 C). C)C)C)0 3 6 1 8 3 5 0 . 3 8 C). C)C) 

6 5 1 . 0C)0 2 9 0 0 4 5 . 7 0 0 . OC)C)C) 3 6 2 5 5 7 1 . 2 5 0 , 0 0 

6 6 0 . c»oc> 2 9 0 7 4 3 . 3 3 C). OOOC) 0 . 0 0 0 , 0 0 

6 7 1 . OOC) 2 9 1 4 5 8 . 0 0 0 , OC)C)C> 3 6 4 3 2 2 5 . 0 4 0 . 0 0 

6 8 0 . 0 0 0 2 9 4 2 6 3 . 3 2 0 , C)C>C)C) C). 0 0 0 , OC) 

6 9 1 . ooc> 2 9 4 8 3 2 . 8 0 0 , C)C)C)C) 3 6 8 5 4 1 0 , 0 1 0 , C)C) 

7 0 0 . 0C)0 3 0 1 2 5 2 , 3 7 0 . 00C)0 0 . 0 0 0 . C)0 

7 1 1 . C)OC) 3 0 5 8 9 3 , 9 1 0 . C)C)C)C) 3 8 2 3 6 7 3 . 8 5 0 , C)C) 

7 2 . 5 0 0 3 4 4 3 3 8 . 4 2 C). OOOC) 2 1 5 2 1 1 5 . 1 0 0 . 0 0 

7 3 . 5 0 0 2 8 0 9 5 1 , 5 3 2 , 50C)0 1 7 5 5 9 4 7 , 0 4 4 3 8 9 8 6 7 . 6 0 

7 4 1 . ooc> 2 8 0 9 9 5 . 6 3 2 . 5C)0C) 3 5 1 2 4 4 5 , 3 4 8 7 8 1 1 1 3 , 3 5 

7 5 1 . c»oo 2 8 1 1 5 6 . 7 4 2 , 5C)00 3 5 1 4 4 5 9 . 2 8 8 7 8 6 1 4 8 , 2 0 

7 6 1 . OOC) 2 8 1 5 1 1 , 8 0 2 , 500C) 3 5 1 8 8 9 7 . 5 1 8 7 9 7 2 4 3 . 7 7 

7 7 0 . C)C)C> 2 8 1 8 8 3 , 7 5 0 . C )000 0 , 0 0 C), C>C) 

7 8 1 . C>C)0 2 8 2 1 8 7 . 6 6 2 . 50C>C) 3 5 2 7 3 4 5 , 6 9 8 8 1 8 3 6 4 , 2 3 

7 9 0 . C)00 0 , OC)OC) 0 . C>C) 0 . 0 0 

8 0 1 . ClOO 2 8 3 1 7 4 , 4 6 2 , 500C> 3 5 3 9 6 8 0 , 7 3 8 8 4 9 2 0 1 . 8 3 

8 1 C). OOC) 2 8 3 4 5 6 . 0 9 0 . OC)C)0 0 , C)C) 0 . C)C) 

8 2 1 . 0 0 0 2 8 2 8 8 0 . 3 4 2 . 5 0 0 0 3 5 3 6 0 0 4 , 2 0 8 8 4 0 0 1 0 , 5 1 

8 3 . 5 0 0 2 7 4 9 4 6 , 4 4 2 . 5C)00 1 7 1 8 4 1 5 . 2 8 4 2 9 6 0 3 8 . 2 0 

8 4 . 5 0 0 2 7 2 6 5 0 , 2 6 5 . C )000 1 7 0 4 0 6 4 . 1 0 8 5 2 0 3 2 0 . 4 8 

8 5 1 . 0 0 0 2 7 2 6 4 4 , 7 0 5 . OOOC) 3 4 0 8 0 5 8 . 7 5 1 7 0 4 0 2 9 3 . 7 4 

8 6 1 . 0 0 0 2 7 2 6 4 1 . 3 6 5 , CiOOO 3 4 0 8 0 1 7 , C)5 1 7 0 4 0 0 8 5 . 2 7 

8 7 1 . OOC) 2 7 2 6 3 8 , 1 3 5 . OC)C)C) 3 4 0 7 9 7 6 . 6 4 1 7 0 3 9 8 8 3 , 1 9 

8 8 0 . C)OC) 2 7 2 6 0 6 , 4 2 C). C)C)OC) 0 . C»C) 0 , C)C) 

8 9 1 , OOC) 2 7 2 5 3 2 . 6 2 5 , C)C)OC) 3 4 0 6 6 5 7 , 7 0 1 7 0 3 3 2 8 8 . 4 8 

9 0 0 . 0 0 0 2 7 2 1 8 4 , 8 8 C), C)C)C)C) 0 , 0 0 C), C)C) 

9 1 1 . C)OC) 2 7 2 0 5 4 . 8 5 5 . 0 0 0 0 3 4 0 0 6 8 5 , 6 1 1 7 0 0 3 4 2 8 . 0 7 

9 2 0 . C>OC) 2 7 0 7 7 9 . 2 5 C), C)C)OC) C), C)C) C). C)0 

9 3 1 . OOC) 27C)C)02 . 7 4 5 . C)C)00 3 3 7 5 0 3 4 . 2 0 1 6 8 7 5 1 7 0 . 9 8 

9 4 . 2 5 0 2 6 6 8 1 8 . 7 0 5 . C>C)C)C) B 3 3 B 0 8 . 4 4 4 1 6 9 0 4 2 . 2 1 

9 5 . 5 0 0 2 6 4 3 3 3 . 5 6 7 . 5 0 0 0 1 6 5 2 0 8 4 . 7 7 1 2 3 9 0 6 3 5 . 7 9 

9 6 1 . 0 0 0 2 6 4 2 7 8 . 6 9 7 . 5C)0C) 3 3 0 3 4 8 3 . 6 3 2 4 7 7 6 1 2 7 . 2 1 

9 7 1 n 000 2 6 4 1 1 6 . 4 8 7 . 5OOC) 3 3 0 1 4 5 5 . 9 4 2 4 7 6 0 9 1 9 . 5 6 

9 8 1 . C>OCi 2 6 3 8 0 9 . 9 9 7 . 5C)00 3 2 9 7 6 2 4 . 9 3 2 4 7 3 2 1 8 6 . 9 5 

9 9 C). C)C)0 2 6 3 5 0 2 . 6 5 C). C)C)C)C> 0 . C)0 0 . 0 0 

1 0 0 1 . 0 0 0 2 (b 3 2 1 <b B •!*' 2 7 . 5 0 0 0 3 2 9 C ) 2 0 3 . 9 8 2 4 6 7 6 5 2 9 . 8 8 

1 0 1 0 . ClOO 2 6 2 3 0 3 . 7 1 0 . 0 0 0 0 C). C)C) 0 , C)0 

1 0 2 1 . C)OC) 2 6 2 1 3 2 . 7 8 7 .50C)C) 3 2 7 6 6 5 9 . 7 2 2 4 5 7 4 9 4 7 , 9 3 

1 0 3 0 . c>oc> 2 6 0 6 4 3 , 6 3 C). C)OC)C) 0 . 0 0 C), 0 0 

1 0 4 . 7 5 0 2 5 9 9 8 6 , 8 5 7 . 5 0 0 0 2 4 3 7 3 7 6 . 7 1 1 8 2 8 0 3 2 5 . 3 5 

1 0 5 C). 0 0 0 2 5 9 0 3 9 , 5 7 0 , OC>C)C) C). C)C) C). C)C) 

1 0 6 . 5 0 0 2 5 6 1 0 2 . 4 3 1C), 0 0 0 0 1 6 0 0 6 4 0 . 2 0 1 6 0 0 6 4 0 2 , 0 1 

1 0 7 1 . 0 0 0 2 5 6 0 0 9 , 0 5 1 0 , C)C>OC) 3 2 0 0 1 1 3 , 1 8 3 2 0 0 1 1 3 1 . 7 8 

1 0 8 1 , 0 0 0 2 5 5 7 2 7 , 9 6 IC ) . C)C)00 3 1 9 6 5 9 9 . 4 9 3 1 9 6 5 9 9 4 , 9 4 

1 0 9 1 . OC)C) 2 5 5 2 1 9 . 3 0 1 0 . C)C)C)C) 3 1 9 0 2 4 1 , 3 0 3 1 9 0 2 4 1 3 , 0 1 

1 1 0 0 . 0 0 0 2 5 4 7 5 7 . 9 9 0 . 0 0 0 0 0 . 0 0 0 , C)0 

1 1 1 1 . 0 0 0 2 5 4 3 7 1 . 8 2 IC ) . C>OC)C) 3 1 7 9 6 4 7 . 7 0 3 1 7 9 6 4 7 7 , 0 5 

1 1 2 0 . C>C)C) 2 5 3 2 4 3 . 3 1 0 . OC)C)C) 0 . C)C) 0 , OC) 

1 1 3 1 . C)C)0 2 5 3 0 7 5 . 1 8 IC ) . O0C)0 3 1 6 3 4 3 9 . 8 1 3 1 6 3 4 3 9 8 , 0 9 

1 1 4 . 3 7 5 2 5 1 6 7 1 , 9 4 IC ) . OOOC) 1 1 7 9 7 1 2 . 2 1 1 1 7 9 7 1 2 2 . 0 7 

1 1 5 0 . 0 0 0 2 5 4 5 2 5 , 0 5 0 , C)C)C)C) 0 . C>0 0 . OC) 



1 1 6 . 5 0 0 2 4 8 0 3 7 . 7 6 1 2 . 5 0 0 0 1 5 5 0 2 3 6 . 0 2 1 9 3 7 7 9 5 0 . 2 6 

1 1 7 1 . 0 0 0 2 4 7 9 1 8 . 7 4 1 2 . 5 0 0 0 3 0 9 8 9 8 4 . 2 9 3 8 7 3 7 3 0 3 . 6 6 

1 1 8 1 . 0 0 0 2 4 7 5 6 1 . 2 1 1 2 . 5 0 0 0 3 0 9 4 5 1 5 . 0 9 3 8 6 8 1 4 3 8 . 6 3 

1 1 9 1 . 0 0 0 2 4 6 9 3 4 . 6 2 1 2 . 5 0 0 0 3 0 8 6 6 8 2 . 7 0 3 8 5 8 3 5 3 3 . 7 0 

1 2 0 0 . 0 0 0 2 4 6 3 9 4 . 6 4 0 . 0 0 0 0 0 . 0 0 0 . 0 0 

1 2 1 1 . 0 0 0 2 4 5 9 7 0 . 8 5 1 2 . 5 0 0 0 3 0 7 4 6 3 5 . 6 7 3 8 4 3 2 9 4 5 . 8 8 

. 5 0 0 2 4 4 7 7 5 . 5 3 1 2 . 5 0 0 0 1 5 2 9 8 4 7 . 0 4 1 9 1 2 3 0 8 7 . 9 7 

1 2 3 0 . 0 0 0 2 4 5 4 4 9 . 1 7 0 . 0 0 0 0 0 . 0 0 0. 0 0 

1 2 4 . 5 0 0 2 4 0 1 9 5 . 7 6 1 5 . 0 0 0 0 1 5 0 1 2 2 3 , 2 2 5 1 8 3 5 2 . 8 4 

1 2 5 1 . 0 0 0 2 4 0 0 6 1 . 4 8 1 5 . 0 0 0 0 3 0 0 0 7 6 8 . 4 7 4 5 0 1 1 5 2 7 . 0 0 

1 2 6 1 . 0 0 0 2 3 9 6 6 0 . 4 8 1 5 . 0 0 0 0 2 9 9 5 7 5 6 . 0 6 4 4 9 3 6 3 4 0 . 8 7 

1 2 7 . 7 5 0 2 3 8 9 7 5 . 3 2 1 4 . 6 8 7 5 2 2 4 0 3 9 3 . 6 2 3 2 9 0 5 7 8 1 . 3 5 

1 2 8 0 . 0 0 0 2 3 8 4 0 6 . 3 6 0 . 0C)00 0 . 0 0 0 . oc> 

1 2 9 . 2 5 0 2 3 9 9 8 0 . 2 0 1 4 . 0 6 2 5 7 4 9 9 3 8 . 1 2 1 0 5 4 6 0 0 4 . 8 2 

1 3 0 . 2 5 0 2 3 2 6 1 6 . 2 8 1 6 . 8 7 5 0 7 2 6 9 2 5 . 8 8 1 2 2 6 6 8 7 4 . 2 0 

1 3 1 . 5 0 0 2 3 3 0 1 1 . 6 5 1 6 . 8 7 5 0 1 4 5 6 3 2 2 . 8 4 2 4 5 7 5 4 4 7 . 9 7 

1 3 2 . 2 5 0 2 3 4 2 4 3 . 1 0 1 6 . 5 6 2 5 7 3 2 0 0 9 . 6 8 1 2 1 2 3 9 1 0 . 3 1 

1 3 3 0 . 0 0 0 2 3 6 4 6 1 . 3 0 0 . 0C)00 0 . 0 0 0. 0 0 

2 8 0 8 2 9 1 6 1 . 8 1 - 2 4 3 4 3 4 8 9 0 . 5 2 

L E V E R ARM". - . 8 7 

36 
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1 0 COM M $ C 1 8 3 
2 0 ! M a c C a m y S< F u c h s McCS<Fu b i j l . 3 
3 0 P R I N T E R I S 7 0 1 , 8 0 S P R I N T C H R * ( 2 7 ) S<"C"?<CHR$ ( 0 ) ?<CHR* ( 1 2 ) 
4 0 FOR 1 = 1 TO 2 a P R I N T 3 N E X T I 
5 0 P R I N T C H R * ( 2 7 ) S < " N " S < C H R $ ( 4 ) 
60 D I M A 0 ( 6 ) , A l ( 6 ) , A 2 ( ó ) , A 3 ( 6 ) , A 4 ( 6 ) , A 5 ( 6 ) , A é . ( 6 ) , A 7 ( 6 ) , F ( 5 0 0 ) 
7 0 ! I n v o e r g e g e v e n s 
8 0 D I S P " S o o r t e l i j k e m a s s a v l o e i s t o f " 
9 0 D I S P " i n k g / m 3 ? " :5) READ R 
1 0 0 D I S P " O n t w e r p g o l - f h o o g t e i n m ? " S> READ H 
1 1 0 D I S P " G o l - f p e r i o d e i n s e c o n d e n ? " 3 R E A D T 
1 2 0 D I S P " W a t e r d i e p t e t . o . v . " 

" m i d d e n s t a n d i n m ? " S> R E A D D 
" S t r a a l v a n d e o n d e r s t e c i l i n d e r " 
" i n m ? " 3 R E A D A 
" s t r a a l v a n d e b o v e n s t e c i l i n d e r " 
" i n m ? " a R E A D A 7 

1 8 0 8 = 9 . 8 1 2 » D I S P " A a n t a l 
1 9 0 D I S P " s t a n d ? " S READ N 
2 0 0 D I S P " P r e n t j e g e w e n s t ? 
n " ® R E A D A 9 

2 1 0 ! B e r e k e n i n g g o l f l e n g t e 
2 2 0 C = S Q R ( G * D ) 3 L O = C * T 
2 3 0 F = G * T * T * ( E X P ( 2 * P I * D / L . O ) - E X P ( - 2 * P I * D / L 0 ) ) 
2 4 0 F = F / ( 2 * P I * ( E X P ( 2 * P I * D / L 0 ) + E X P ( - 2 ! ( ! P I * D / L 0 ) ) ) 
2 5 0 F = L O - F 
2 6 0 F 1 = 1 + 4 * G * T * T * D / ( L O * L 0 * ( E X P ( 2 ) K P I * D / L O ) + E X P ( - 2 * P I * D , / L O ) ) •-•2) 
2 7 0 L = L 0 - F / F 1 5) I F A B S ( L - L O X . 0 0 0 0 0 0 0 1 T H E N GOTO 2 9 0 
2 8 0 L O = L 3 GOTO 2 3 0 

! U i t v o e r b a s i s g e g e v e n s 
P R I N T s T A B d O ) ; " 1 3 I J r i — J ^ C S E E 3 - " 

1 3 0 D I S P 
1 4 0 D I S P 
1 5 0 D I S P 
1 6 0 D I S P 
1 7 0 D I S P 

p a a l m o t e n o n d e r m i d d e n - " 

I n d i e n ' j a ' d a n 1 i n t y p e n . i n d i e n ' ' n e e ' d a n O i n t y p t 

2 9 0 
3 0 0 
3 1 0 
3 2 0 
3 3 0 
3 4 0 
3 5 0 
3 6 0 
3 7 0 

P R I N T 
P R I N T 
P R I N T 
P R I N T 
P R I N T 
P R I N T 
P R I N T 

3 8 0 P R I N T 
3 9 0 P R I N T 
4 0 0 P R I N T 
4 1 0 P R I N T 
l i 

4 2 0 P R I N T 
s " 
4 3 0 P R I N T 

" " 5 T A B ( 1 5 ) ; " B e r e k e n i n g h o r i z o n t a l e k r a c h t o p c i l i n d r i s c h e p a a l " 
" " ; T A B ( 2 5 ) 5 " e n m o m e n t d a a r v a n t . o . v . b o d e m " 
" " ; T A B ( 1 6 ) ; " v o l g e n s e e r s t e - o r d e t h e o r i e v a n M a c C a m y ï< F u c h s " 
•i) P R I N T " " ! T A B ( 3 3 ) 5 " B a s i s g e q e v e n s " 3 P R I N T 
" " s T A B d O ) ! " S o o r t e l i j k e m a s s a v l o e i s t o f " ; T A B ( 4 9 ) ; R ; T A B ( 6 5 ) ; " k g / m 3 " 
" " ; T A B ( 1 0 ) 5 " G o l f h o o g t e " ; T A B ( 4 9 ) 5 H ; T A B ( 6 5 ) ; " m e t e r s " 
" " j T A B d O ) ; " G o l f p e r i o d e " 5 T A B ( 4 9 ) ; T ; T A B ( 6 5 ) ; " s e c o n d e n " 
S T A B d O ) ; " W a t e r d i e p t e " ! T A B ( 4 9 ) ; D ; T A B ( 6 5 ) ; " m e t e r s " 
" " ; T A B ( 1 0 ) 5 " H i e r b i j b e r e k e n d e g o l f 1 e n g t e " ; T A B ( 4 9 ) ; L ; T A B ( 6 5 ) ; " m e t e r s " 

" S t r a a l v a n d e o n d e r s t e c i ï i n d e r " 5 T A B ( 4 9 ) 5 A;; T A B ( 6 5 ) ; " m e t e r T A B ( 1 0 ) 

T A B ( 1 0 ) 

T A B ( 1 0 ) 

" S t r a a l v a n d e b o v e n s t e c i 1 i n d e r " ; T A B ( 4 9 ) ? A l 

" A a n t a l p a a l m o t e n o n d e r m i d e n s t a n d " ; T A B ( 4 9 ) ! 

T A B ( 1 0 ) 5 " A a n t a l p a a l m o t e n b o v e n m i d e n s t a n d " ; T A B ( 4 9 ) 5 4 4 0 P R I N T 
; " s t u k s " 
4 5 0 P R I N T 
4 6 0 ! C o n s t a n t e n v a n p o l y n o m e n v o o r b e n a d e r i n g B e s s e l f u n c t i e s 
4 7 0 A 0 ( 0 ) = l 5) A O d ) = - 2 . 2 4 9 9 9 9 7 ;5) AO ( 2 ) = 1 . 2 6 5 6 2 0 8 3 AO ( 3 ) = - . 3 1 6 3 8 6 6 
4 8 0 AO ( 4 ) = . 0 4 4 4 4 7 9 9 AO ( 5 ) = - . 0 0 3 9 4 4 4 5) AO ( 6 ) = . 0 0 0 2 1 
4 9 0 A l ( O ) = . 5 5) A l ( 1 ) = - . 5 6 2 4 9 9 8 5 3 A l ( 2 ) = . 2 1 0 9 3 5 7 3 3 A l ( 3 ) = 
5 0 0 A l ( 4 ) = . 0 0 4 4 3 3 1 9 :D A l ( 5 ) 0 0 0 3 1 7 6 1 3 A l ( 6 ) = . 0 0 0 0 1 1 0 9 
5 1 0 A 2 ( O ) = . 3 6 7 4 6 6 9 1 3 A 2 ( 1 ) = . 6 0 5 5 9 3 6 6 S A 2 ( 2 ) = - . 7 4 3 5 0 3 8 4 3 
5 2 0 A 2 ( 4 ) = - . 0 4 2 6 1 2 1 4 3 A 2 ( 5 ) = . 0 0 4 2 7 9 1 6 3 A 2 ( 6 ) 0 0 0 2 4 8 4 6 

; T A B ( 6 5 ) ; " m e t e 

N ; T A B ( 6 5 ) ; " s t u 

H / 2 * N / D ! T A B ( 6 F 

. 0 3 9 5 4 2 8 9 

A 2 ( 3 ) = . 2 5 3 0 0 1 1 7 

O A 3 ( O ) = - . 6 3 6 6 1 9 8 © A 3 ( 1 ) = . 2 2 1 2 0 9 1 3 A 3 ( 2 ) = 2 . 1 6 8 2 7 0 9 3 A 3 ( 3 ) = - 1 . 3 1 6 4 8 2 7 

i-crt 



5 3 0 
5 4 0 
5 5 0 
5 6 0 
5 7 0 
5 8 0 
5 9 0 
6 0 0 
6 1 0 
6 2 0 
6 3 0 
6 4 0 
6 5 0 
6 6 0 
6 7 0 
6 8 0 
6 9 0 
7 0 0 
7 1 0 
7 2 0 
7 3 0 
7 4 0 
7 5 0 
7 6 0 
7 7 0 
7 8 0 
7 9 0 
BOO 
8 1 0 
8 2 0 
8 3 0 
8 4 0 
8 5 0 
8 6 0 
8 7 0 
8 8 0 
8 9 0 
9 0 0 

A 3 ( O ) = - . 6 3 6 6 1 9 8 S A 3 < 1 ) = . 2 2 1 2 0 9 1 3 
A 3 ( 4 ) = . 3 1 2 3 9 5 1 S A 3 ( 5 ) = - . 0 4 0 0 9 7 6 S 
A 4 ( O > = . 7 9 7 8 8 4 5 6 3 A 4 ( 1 ) = - . 0 0 0 0 0 0 7 7 
A 4 ( 4 ) = . 0 0 1 3 7 2 3 7 3 A 4 ( 5 ) = - . 0 0 0 7 2 8 0 5 

A 3 ( 2 ) = 2 . 1 6 8 2 7 0 9 3 A 3 ( 3 ) = - 1 . 3 1 6 4 8 2 7 

A 3 ( 6 ) = . 0 0 2 7 8 7 3 

5) A 4 ( 2 ) = - . 0 0 5 5 2 7 4 © A 4 ( 3 ) = - . 0 0 0 0 9 5 1 2 

:ï> A 4 < 6 ) = . 0 0 0 1 4 4 7 6 

A 5 ( O ) = - . 7 8 5 3 9 8 1 6 3 A 5 ( 1 ) = - . 0 4 1 6 6 3 9 7 
A 5 ( 4 ) = - . 0 0 0 5 4 1 2 5 S) A 5 ( 5 ) = - . 0 0 0 2 9 3 3 3 
A 6 < 0 ) = . 7 9 7 8 8 4 5 6 3 A 6 < 1 ) = . 0 0 0 0 0 1 5 6 3 
A 6 ( 4 ) = - . 0 0 2 4 9 5 1 1 Si A 6 ( 5 ) = . 0 0 1 1 3 6 5 3 a' 
A 7 ( O ) = - 2 , 3 5 6 1 9 4 4 9 3 A 7 ( 1 ) = . 1 2 4 9 9 6 1 

5) A 5 < 2 ) = - . 0 0 0 0 3 9 5 4 5) A 5 ( 3 ) = . 0 0 2 6 2 5 7 3 

;5) A 5 ( 6 ) = . 0 0 0 1 3 5 5 8 
A 6 ( 2 ) = . 0 1 6 5 9 6 6 7 9 A 6 ( 3 ) = . 0 0 0 1 7 1 0 5 

;S A 6 < 6 ) = - . 0 0 0 2 0 0 3 3 
:5 A 7 < 2 ) = . 0 0 0 0 5 6 5 3 A 7 ( 3 ) = - . 0 0 6 3 7 8 7 9 

5) A 7 ( 5 ) = . 0 0 0 7 9 8 2 4 3 A 7 ( 6 ) = - . 0 0 0 2 9 1 6 6 

X < = 3 T H E N GOSUB 1 3 4 0 E L S E GOSUB 1 4 1 0 

A 7 ( 4 ) = . 0 0 0 7 4 3 4 8 
! A r g u m e n t k a = X 
X = 2 * P I * A / L 3 I F 
! A ( k a ) = A 8 

A 8 = 1 / S Q R ( < J O - J 1 ) ••••2+ ( Y O - Y 1 ) •••2) 
! F z = F ( I ) ; ~ ( F z * a r m ) = M l 5 F ( 2 = D ) = F ( 0 ) ; B = c D s h 

F ( 0 ) = 2 * R * G * H * A 8 * ; A / X 3 K = X / A 

M O = F < 0 ) * ( 2 - E X P < K * D ) - E X P ( - K * D ) + K * D * ( E X P ( K * D > - E X P ( - K * D ) 

M 0 = M 0 / ( K * K * ( E X P ( K * D ) + E X P ( - K * D ) ) ) 

N 1 = 0 0 F 1 = 0 S FOR 1 = 1 TO N 
B = K * D * ( 1 - ( 2 * 1 - 1 ) / ( 2 ) K N ) ) 3 B = E X P ( B ) + E X P ( - B ) 
B = B / ( E X P ( K * D ) + E X P ( - K * D ) ) 3 F ( I ) = F ( O ) * B * D / N 
M 1 = M 1 + F ( I > * D * ( 1 - ( 2 * I - 1 ) / ( 2 * N ) ) 3 F 1 = F 1 + F ( I ) 
N E X T I 
! N i e u w a r g u m e n t k a = X 
X = 2 * P I * A 7 / L 9 I F X < = 3 T H E N GOSUB 1 3 4 0 E L S E 
! N i e u w e A ( k a ) = A 8 

A S = 1 / S Q R ( ( J O - J 1 ) ••••2+ ( Y O - Y l ) •••2) 
! K r a c h t / m ' o p w a t e r l i j n B O V E N S T E c i l i n d e r 

F ( 0 ) = 2 * R * G * H * A 8 * A 7 / X :i) M 2 = M 1 3 F 2 = F 1 
B = K * D * ( 1 - 1 / ( 2 * N ) ) 3 B = E X P ( B ) + E X P ( - B ) 
B = B / ( E X P ( K * D ) + E X P ( - K * D ) ) 3 F ( O ) = F ( O ) * B * D / N 
FOR 1 = 1 TO H * N / ( 2 * D ) 
F ( N + I ) = F ( 0 ) 

F 2 = F 2 + F ( N + I ) 3 M 2 = M 2 + F ( N + I ) * ( D + ( 2 * I - 1 ) * D / ( 

! U i t v o e r M a c C a m y S< F u c h s 

P R I N T 
o p o n d e r s t e c i l i n d e r v o l g e n s M a c C a m y 

k ( d + z ) / c o s h k d ; ' ' " F ( I ) = F l 

) ) 

GOSUB 1 4 1 0 

! * N ) ) S N E X T I 

?< F u c h s 

MOMENT 

V O L G E N S 

S O M M A T I E S O M M A T I E M a c C a m v S< F u c h s * 

P R I N T " 

P R I N T " K R A C H T MOMENT MOMENT-

D T A A L " 

9 1 0 P R I N T " U I T U I T ARM 

D M E N T " 

9 2 0 P R I N T " 

U I T " 

9 3 0 P R I N T " I N MN I N MNm I N m I N MNm 

M M A T I E " 

9 4 0 P R I N T " 

N M N m " 

950 p r i = I NT ( F 1 * . 0 0 0 1 + . 5 ) / 1 0 0 3 P 1 = I NT ( M 1 * . 0 0 0 1 + . 5 ) / 1 0 0 

P 2 = I NT ( 1 0 0 * M1 / F 1 + . 5 ) / 1 0 0 5) P 3 = I NT (MO * . 0 0 0 1 + . 5 ) / 1 0 0 

P 4 = I N T ( F 2 * . 0 0 0 1 + . 5 ) / 1 0 0 3 P 5 = I N T ( M 2 * . 0 0 0 1 + . 5 ) / 1 0 0 

P R I N T 5) P R I N T U S I N G 9 9 0 5 P O , P l , P 2 , P 3 , P 4 , P 5 

I M A G E 5 X , S 3 D . 2 D , 3 X , S 4 D . 2 D , 2 X , S 2 D . 2 D , 5 X , S 4 D . 2 D , 8 X , S 4 D . 

P R I N T " ' 

*' 
* T O T A L E 

K R A C H T 

U I T 

* S O M M A T I E 

I N MN 

9 6 0 
9 7 0 
9 8 0 
9 9 0 
1 0 0 0 
EMü " 
1 0 1 0 
/ F 2 + . 
1 0 2 0 
1 0 3 0 
1 0 4 0 
1 0 5 0 

Ï D , 5 X S 4 D . 2 D 
ARM 

P R I N T " 
5 ) / l O O ; 
P R I N T 
P R I N T " 
P R I N T " 
P R I N T " 

T . O . V . BQ 

I N T ( 1 0 0 * N 

m 

1 T A B ( 1 0 ) 
I T A B ( 1 0 ) 
I T A B ( 1 0 ) 

" F w a t e r 1 i 
" F b o d e m 
" F w a t e r l i 

j n ' " ; F ( 1 ) ; " N / p a a l m o o t " 
- " ; F ( N ) ! " N / p a a l m o o t " 
B O V E N S T E C I L I N D E R " 5 F ( N + 1 ) ; " N / p a a l m o o t ' 

3 8 



1 0 5 0 
1 0 6 0 
1 0 7 0 
1 0 8 0 
1 0 9 0 
1 1 0 0 
1 1 1 0 
1 1 2 0 
1 1 3 0 
1 1 4 0 
1 1 5 0 
1 1 6 0 
1 1 7 0 
1 1 8 0 
1 1 9 0 
1 2 0 0 
1 2 1 0 
1 2 2 0 
1 2 3 0 
1 2 4 0 
1 2 5 0 
1 2 6 0 
1 2 7 0 
1 2 8 0 
1 2 9 0 
1 3 0 0 
1 3 1 0 
1 3 2 0 
1 3 3 0 
1 3 4 0 
1 3 5 0 
1 3 6 0 
1 3 7 0 
1 3 8 0 
1 3 9 0 
1 4 0 0 
1 4 1 0 
1 4 2 0 
1 4 3 0 
1 4 4 0 
1 4 5 0 
1 4 6 0 
1 4 7 0 
1 4 8 0 
1 4 9 0 
1 5 0 0 
1 5 1 0 

PRINT " " 5 T A B ( 1 0 ) ; " F w a t e r l i j n 
I F A9=0 THEN BOTO 1330 
GCLEAR 5) FRAME :5) LOCATE 30, 133, 
SCALE -(H/2+4) ,D ,-50000,600000 
LA X ES 1,50000,0,0,5,2,4 
AXES 1,50000,-(H/2+4),-500000,5,2,4 
LOCATE' OK 133,0,100 
PEN -1 ;5) FOR i=H/: 
PEN 1 0 FRAME 

B O V E N S T E C I L I N D E R " 5 F ( N + 1 > ; " N / p a a l m o o t 

100 ;5) FRAME 

+ 4 + . 3 TO 2 2 S T E P . 1 ® Y A X I S - I ® N E X T I 

1 , - 1 5 5 0 0 0 3 L D I R 0 3 L A B E L " D I E P T E I N m" 
- 1 7 , 5 0 0 0 0 3 L D I R 9 0 5) L A B E L " K R A C H T OP P A A L " 
- 1 5 , 2 0 0 0 0 0 3 L D I R 9 0 3 L A B E L " I N M N " 

- ( H / 2 + 6 . 5 ) , - 2 0 0 0 0 3 L D I R 0 
- ( H / 2 + 7 . 5 ) , 8 0 0 0 0 3 L A B E L " . 
- ( H / 2 + 7 . 5 ) , 1 8 0 0 0 0 ;5) L A B E L ' 
- ( H / 2 + 7 . 5 ) , 2 8 0 0 0 0 3 L A B E L ' 
- ( H / 2 + 7 . 5 ) , 3 8 0 0 0 0 3 L A B E L ' 
- ( H / 2 + 7 . 5 ) , 4 8 0 0 0 0 3 L A B E L ' 

L A B E L '0' 

, 4 " 

3 N E X T I 

MOVE 
MOVE 
MOVE 
MOVE 
MOVE 
MOVE 
MOVE 
MOVE 
MOVE 

L O C A T E 3 0 , 1 3 3 , 2 0 , 1 0 0 
S C A L E - ( H / 2 + 4 ) , D , - 5 0 0 0 0 , 6 0 0 0 0 0 
MOVE 0 , 0 3 DRAW 0 , F ( 1 ) 

FOR 1 = 1 TO N 3 DRAW ( 2 * 1 - 1 ) * D / ( 2 * N ) , F ( I ) 3 N E X T I 

MOVE 0 , 0 3 DRAW 0 , F ( 0 ) 

FOR 1 = 1 TO H * N / ( 2 * D ) 3 DRAW - ( I * 2 - 1 ) * D / ( 2 * N ) , F ( N + I ) 

DRAW - H / 2 , 0 3 MOVE 0 , - 5 0 0 0 0 
FOR I = - 1 0 TO 1 0 0 3 Y = 1 0 0 0 0 * I 3 X = H / 2 * S I N ( P I * I / 1 0 ) 
DRAW X , Y 3 N E X T I 
P R I N T 3 P R I N T 3 C H A I N " r c o p y " 

E N D 
! B e r e k e n i n g A ( k a ) a l s k a < = 3 
J 0 = O 3 FOR ï = 0 TO 6 3 J O = J O + A O ( I ) * ( X / 3 ) ••• ( 2 * I ) 3 N E X T I 

J 1 = 0 3 FOR 1 = 0 T O 6 3 J 1 = J 1 + A 1 ( I ) * ( X / 3 ) ( 2 * 1 ) 3 N E X T I 

Y 0 = 2 * L 0 B ( X / 2 ) * J O / P I 3 FOR 1 = 0 TO 6 3 Y 0 = Y 0 + A 2 ( I ) * ( X / 3 ) ( 2 * I ) 

Y l = 2 * X - - 2 * L 0 B ( X / 2 ) * J 1 / P I 3 FOR 1 = 0 TO 6 3 Y 1 = Y 1 + A 3 ( I ) * ( X / 3 ) - C 

Y l = Y l / X - - 2 

R E T U R N 
! B e r e k e n i n g A ( k a ) a l s k a > 3 

P = 0 3 FOR 1 = 0 TO 6 3 P = P + A 4 ( I ) * ( 3 / X ) -•I 
P = P / S Q R ( X ) 
Q=X 3 FOR 1 = 0 
J O = P * C O S ( Q ) 3 
P = 0 3 FOR 1 = 0 
P = P / S Q R ( X ) 
Q=X 3 FOR 1 = 0 
J 1 = P * C 0 S ( Q ) / X 
R E T U R N 
D A T A 1 0 2 4 , 1 5 , 1 2 , 2 8 . 5 , 1 7 . 5 , 1 2 . 6 7 , 2 8 5 , 1 

3 N E X T I 
' * ! ) 3 N E X T I 

3 N E X T I 

TO 6 3 Q = 0 . + A 5 ( I ) * ( 3 / X ) - I 3 N E X T I 

Y O = P * S I N ( Q ) 

TO 6 3 P = P + A 6 ( I ) * C ( 3 / X ) •••••I 3 N E X T I 

TO 6 3 Q = Q + A 7 ( I ) * ( 3 / X ) 

3 Y 1 = P * S I N ( Q ) / X 

• I 3 N E X T I 

3 9 



1 0 ! PROGRAMMA " u p p r e s " 
2 0 P R I N T E R I S 7 0 1 , 8 0 5) P R I N T C H R * ( 2 7 ) 8<"'C"2<CHR$ ( 0 ) S<CHR* < 1 2 ) 

3 0 P R I N T C H R * ( 2 7 ) Ï - : " N " S < C H R * ( 1 0 ) 

4 0 P R I N T ; T A B ( 1 0 ) 5 "E« I a i _ * = * O E ^ - " 

5 0 P R I N T . . 
6 0 P R I N T ; T A B ( 1 0 ) ! " E I M I - r E ELEMEZrvlTS FOR "• ^ . r ^ c z c-. 
7 0 P R I N T § T A B ( 5 ) 5 'UF W^̂ RD P RESSURE U r M D E R CVr_ I MOEF<-

9 0 R E A D " ^ N , M , Z , R 3 N = N - 1 3 M = M - 1 3 D I M X ( 1 3 2 ) , Y ( 1 3 2 ) , F ( 1 3 2 ) , Q < 1 3 2 ) , T ( 2 2 3 ) 

1 0 0 D I M 0 9 ( 1 3 2 ) , A 9 ( 1 3 2 ) 

1 1 0 I N T E G E R T l ( 1 3 2 ) , A l ( 2 2 3 ) , B 1 ( 2 2 3 ) , C 1 ( 2 2 3 ) 

1 2 0 B E T T I M E 0 , 0 
1 3 0 P R I N T 5 T A B ( 1 0 ) 5 " I MRUT "• 

1 5 0 P R I N T " NODE A B S C I S S A O R D I N A T E NODE P R E S S U R E S U P P L Y AREA L E ' 

E R " 
1 6 0 P R I N T " NUMBER T Y P E * 
M " 

1 7 0 P R I N T " 

1 8 0 P R I N T 
1 9 0 FOR 1 = 0 TO N 3 F ( I ) = 3 0 0 0 0 0 

2 0 0 R E A D X ( I ) , Y ( I ) , T 1 ( I ) , Q ( I ) , 0 9 ( I ) , A 9 ( I ) : 5 ) X ( I ) =X ( I ) - 1 7 . 5 

2 1 0 N E X T I 

2 3 0 I F ^ I = ö ' ' 0 R ° i = l OR 1 = 2 OR 1 = 3 OR 1 = 8 OR 1 = 9 OR 1 = 1 6 OR 1 = 1 7 T H E N GOSUB 6 4 0 

2 4 0 I F 1 = 2 6 OP 1 = 2 7 DR 1 = 3 8 OR 1 = 4 9 OR 1 = 6 0 OR 1 = 7 1 T H E N GOSUB 6 4 0 

S s o F 1 = 8 2 OR 1 = 9 3 OR 1 = 1 0 4 OR 1 = 1 1 4 OR 1 = 1 1 3 OR 1 = 1 2 2 OR 1 = 1 2 1 T H E N GOSUB 6 4 0 

2 6 0 I F 1 = 1 2 8 OR 1 = 1 2 7 OR 1 = 1 3 2 OR 1 = 1 3 1 OR 1 = 1 3 0 DR 1 = 1 2 9 T H E N G O S U B 6 4 0 

2 8 0 F O p ' ^ l i o TO N 3 P R I N T U S I N G 2 9 0 ; I + l , X ( I ) , Y ( I ) , T l ( I ) , F ( I ) , Q ( D , 0 9 ( I ) , A 9 ( I ) 

2 9 0 ^ I M A G E 5 X , 3 D , 2 X , M 2 D . 8 D , 2 X , 2 D . 8 D , 2 X , D , X , 7 D . 3 D , 3 X , D , 2X , D . 3 D , X , M 2 D . 4 D 

3 0 0 I M A G E 1 2 X , 3 D , 7 X , 3 D , X , 3 D , X , 3 D , 1 0 X , D 

3 1 0 P R I N T " n p a g " _^ c r . r - . - r ^.«-r-
3 2 0 P R I N T 3 P R I N T ! T A B ( 1 0 ) ; "MESH * = : * R R * = t r - 4 G E M E i M - r F-R X r^4 T 

3 3 0 P R I N T , T A B ( 1 0 ) 5 " E L E M E N T N O D E S T R A N S N I S S I V I T Y " , , . . _ p , 

3 4 0 FDR A = 0 TO M 3 R E A D A l ( A ) , B l ( A ) , C l ( A ) , T ( A ) 3 I = A 1 ( A ) - 1 3 J = B 1 ( A ) - 1 3 K - C l ( A ) 

1 

3 5 0 P R I N T U S I N G 3 0 0 ; A + 1 , A l ( A ) , B l ( A ) , C l ( A ) , T ( A ) . s * w ^ v n 

T . 6 0 U = Y ( J ) - Y ( h O 3 V = Y ( K ) - Y ( I ) 5) W = Y ( I ) - Y ( J ) 3 D = 2 * A B S (X ( I ) * U + X ( J ) * V + X ( K ) * W ) 

y.yo T ( A ) = T ( A ) / D 3 A 1 ( A ) = I 3 B 1 ( A ) = J 3 C 1 ( A ) = K S N E X T A 3 D I S F 

3 8 0 F D R L = l T O Z 5) D I S P " I T E R A T I O N " ; L S FOR C = 0 TO N 3 B = 0 3 I - C 

4 0 0 ^ = - 0 ( 1 ^ 3 ^ 5 = 0 ^ 3 FOR A = 0 TO M 3 I F A 1 ( A ) = I T H E N J = B 1 ( A ) 3 K = C 1 ( A ) 3 GOTO 4 4 C 

4 1 0 I F B 1 ( A ) = I T H E N J = C 1 ( A ) 3 K = A 1 ( A ) 3 GOTO 4 4 0 

4 2 0 I F C 1 ( A ) = I T H E N J = A 1 ( A ) 3 K = B 1 ( A ) 3 GOTO 4 4 0 

t^O S = Y ' ? J ? - ? ( K ) 3 V = X ( K ) - X ( J ) 3 G = Y ( K ) - Y ( I ) 3 H = X ( I ) - X ( K ) 3 D = T ( A ) * ( U * G + V * H ) 3 

4 5 ö V w + D * F ( J ) 3 G = Y ( I ) - Y ( J ) 3 H = X ( J ) - X ( I ) 3 D = T ( A ) * ( U * G + V * H ) 3 S = S - D 3 W = W H - D * F 

K ) 

4 6 0 N E X T A 3 W = W + S * F ( I ) 3 F ( I ) = F ( I ) - R * W / S 

4 7 0 I F B = 0 T H E N I = N - C 3 B = l 3 GOTO 3 9 0 

4 8 0 N E X T C 3 N E X T L 

4 9 0 P R I N T " n p a g " 

4 0 

W i t 



5 0 0 
5 1 0 
5 2 0 
5 3 0 
5 4 0 

FORCE 
i n N . 

F I R S T " 
MOMENT i n Nm. 

5 5 0 P R I N T 5 T A B < 1 2 ) ; " 2 * 6 . 2 5 " 

5 6 0 S 8 = 0 » K B = 0 

5 7 0 F O R 1 = 0 TO N S 0 8 = 0 9 ( I ) * 2 * 6 . 2 5 3 K 7 = 0 8 * F < I ) 3 K 8 = K 8 + K 7 3 A 7 = A 9 ( I ) * K 7 3 S 8 = S ' 

+ A 7 

5 8 0 P R I N T U S I N G 5 9 0 5 I + l , 0 9 ( I ) , F ( I ) , A 9 ( I ) , K 7 , A 7 3 N E X T I 
5 9 0 I M A G E 5 X , 3 D , 3 X , D . 3 D , 2 X , 6 D . 2 D , 2 X , M 2 D . 4 D , 2 X , 7 D . 2 D , 3 X , M 8 D . 2 D 
6 0 0 P R I N T 3 P R I N T U S I N G 6 1 0 ; K 8 , S 8 
6 1 0 I M A G E 3 7 X , 9 D . 2 D , X , M 1 0 D . 2 D 

6 2 0 P R I N T U S I N G " 4 0 X , l O A , 2 X , M D D , D D " ; " L E V E R A R M : " ! S 8 / K 8 

6 3 0 E N D 

6 4 0 I F X < I ) = 0 T H E N T 9 = P I 3 GOTO 6 7 0 
6 5 0 T 9 = A T N < Y ( I ) / X ( I ) ) 
6 6 0 I F X d X O T H E N T 9 = T 9 + P I 
6 7 0 F < I ) = 2 8 6 3 5 3 . 4 0 8 - 4 1 6 . 4 2 2 0 8 - 5 6 8 1 3 . 5 3 0 6 * C 0 S ( T 9 ) 
6 8 0 F ( I ) = F ( I ) + 2 5 5 9 . 9 9 4 7 9 * 0 0 8 ( 2 * T 9 ) + 9 5 7 . 2 4 5 6 7 * 0 0 8 ( 3 * T 9 ) 
6 9 0 F ( I ) = F < I ) - 1 9 . 6 9 8 1 6 * C 0 S < 4 * T 9 ) - 4 . 7 8 2 3 3 * C 0 S ( 5 * T 9 ) + . 0 6 5 7 8 * C 0 S < 6 * T 9 ) 
7 0 0 R E T U R N 
7 1 0 D A T A 1 3 3 , 2 2 4 , 5 0 , 1 . 3 
7 2 0 D A T A 0 , 0 , 2 , 0 , . 2 5 , - 1 6 . 8 7 5 
7 3 0 D A T A . 1 7 9 4 9 1 9 2 , 2 . 5 , 2 , 0 , . 5 , - 1 6 . 8 7 5 
7 4 0 D A T A . 7 2 9 4 9 0 1 7 , 5 , 2 , 0 , . 2 5 , - 1 6 . 5 6 2 5 

7 5 0 D A T A 1 . 6 8 8 6 1 1 7 , 7 . 5 , 2 , 0 , 0 , 0 

7 6 0 D A T A 2 . 5 , 0 , 0 , 0 , . 5 , - 1 5 
7 7 0 D A T A 2 . 5 , 2 . 5 , 0 , 0 , 1 , - 1 5 
7 8 0 D A T A 2 . 5 , 5 , 0 , 0 , 1 , - 1 5 
7 9 0 D A T A 2 . 5 , 7 . 5 , 0 , 0 , . 7 5 , - 1 4 . 6 8 7 5 
8 0 0 D A T A 2 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 2 , 0 , 0 , 0 
8 1 0 D A T A 3 . 1 3 8 5 9 3 3 8 , 1 0 , 2 , 0 , . 2 5 , - 1 4 . 0 6 2 5 

8 2 0 D A T A 5 , 0 , 0 , 0 , - 5 , - 1 2 . 5 
8 3 0 D A T A 5 , 2 . 5 , 0 , 0 , 1 , - 1 2 . 5 

8 4 0 D A T A 5 , 5 , 0 , 0 , 1 , - 1 2 . 5 
8 5 0 D A T A 5 , 7 . 5 , 0 , 0 , 1 , - 1 2 . 5 
8 6 0 D A T A 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 
8 7 0 D A T A 5 , 1 0 , 0 , 0 , 1 , - 1 2 . 5 
8 8 0 D A T A 5 , 1 2 . 2 4 7 4 4 8 7 1 , 2 , 0 , . 5 , - 1 2 . 5 

8 9 0 D A T A 5 . 2 5 2 5 5 1 2 9 , 1 2 . 5 , 2 , 0 , 0 , 0 

9 0 0 D A T A 7 . 5 , 0 , 0 , 0 , . 5 , - 1 0 
9 1 0 D A T A 7 . 5 , 2 . 5 , 0 , 0 , 1 , - 1 0 
9 2 0 D A T A 7 . 5 , 5 , 0 , 0 , 1 , - 1 0 
9 3 0 D A T A 7 . 5 , 7 . 5 , 0 , 0 , 1 , - 1 0 
9 4 0 D A T A 7 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 

9 5 0 D A T A 7 . 5 , 1 0 , 0 , 0 , 1 , - 1 0 
9 6 0 D A T A 7 . 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
9 7 0 D A T A 7 . 5 , 1 2 . 5 , 0 , 0 , 1 , - 1 0 
9 8 0 D A T A 7 . 5 , 1 4 . 3 6 1 4 0 6 6 2 , 2 , 0 , . 3 7 5 , - 1 0 
9 9 0 D A T A 8 . 4 8 6 1 2 1 8 1 , 1 5 , 2 , 0 , 0 , 0 

1 0 0 0 D A T A 1 0 , 0 , 0 , 0 , . 5 , - 7 . 5 
1 0 1 0 D A T A 1 0 , 2 . 5 , 0 , 0 , 1 , - 7 . 5 

1 0 2 0 D A T A 1 0 , 5 , 0 , 0 , 1 , - 7 . 5 
1 0 3 0 D A T A 1 0 , 7 , 5 , 0 , 0 , 1 , - 7 . 5 
1 0 4 0 D A T A 1 0 , 9 , 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 
1 0 5 0 D A T A 1 0 , 1 0 , 0 , 0 , 1 , - 7 . 5 
1 0 6 0 D A T A 1 0 , 1 2 , 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 0 7 0 D A T A 1 0 , 1 2 . 5 , 0 , 0 , 1 , - 7 , 5 

4 1 
un 



1OSO D A T A 1 0 , 1 4 . 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 
1 0 9 0 D A T A 1 0 , 1 5 , 0 , 0 , - 7 5 , - 7 . 5 
1 1 0 0 D A T A 1 0 , 1 5 . 8 1 1 3 3 9 3 , 2 , 0 , 0 , 0 
1 1 1 0 D A T A 1 2 - 5 , 0 , 0 , 0 , . 5 , - 5 
1 1 2 0 D A T A 1 2 . 5 , 2 . 5 , 0 , 0 , 1 , - 5 
1 1 3 0 D A T A 1 2 . 5 , 5 , 0 , 0 , 1 , - 5 
1 1 4 0 D A T A 1 2 . 5 , 7 . 5 , 0 , 0 , 1 , - 5 
1 1 5 0 D A T A 1 2 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 

1 1 6 0 D A T A 1 2 . 5 , 1 0 , 0 , 0 , 1 , - 5 
1 1 7 0 D A T A 1 2 . 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 

1 1 8 0 D A T A 1 2 . 5 , 1 2 . 5 , 0 , 0 , 1 , - 5 

1 1 9 0 D A T A 1 2 . 5 , 1 4 . 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 

1 2 0 0 D A T A 1 2 . 5 , 1 5 , 0 , 0 , 1 , - 5 

1 2 1 0 D A T A 1 2 . 5 , 1 6 . 7 7 0 5 0 9 8 3 , 2 , 0 , . 2 5 , - 5 

1 2 2 0 D A T A 1 5 , 0 , 0 , 0 , . 5 , - 2 . 5 

1 2 3 0 D A T A 1 5 , 2 . 5 , 0 , 0 , 1 , - 2 . 5 

1 2 4 0 D A T A 1 5 , 5 , 0 , 0 , 1 , - 2 - 5 

1 2 5 0 D A T A 1 5 , 7 . 5 , 0 , 0 , 1 , - 2 . 5 
1 2 6 0 D A T A 1 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 

1 2 7 0 D A T A 1 5 , 1 0 , 0 , 0 , 1 , - 2 . 5 
1 2 8 0 D A T A 1 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 2 9 0 D A T A 1 5 , 1 2 . 5 , 0 , 0 , 1 , - 2 . 5 

1 3 0 0 D A T A 1 5 , 1 4 . 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 
1 3 1 0 D A T A 1 5 , 1 5 „ 0 , 0 , 1 , - 2 . 5 
1 3 2 0 D A T A 1 5 , 1 7 . 3 2 0 5 0 8 0 8 , 2 , 0 , - 5 , - 2 . 5 

1 3 3 0 D A T A 1 7 - 5 , 0 , 0 , 0 , - 5 , 0 
1 3 4 0 D A T A 1 7 . 5 , 2 . 5 , 0 , 0 , 1 , 0 
1 3 5 0 D A T A 1 7 . 5 , 5 , 0 , 0 , 1 , 0 
1 3 6 0 D A T A 1 7 . 5 , 7 . 5 , 0 , 0 , 1 , 0 
1 3 7 0 D A T A 1 7 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 

1 3 8 0 D A T A 1 7 . 5 , 1 0 , 0 , 0 , 1 , 0 
1 3 9 0 D A T A 1 7 . 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 4 0 0 D A T A 1 7 . 5 , 1 2 . 5 , 0 , 0 , 1 , 0 
1 4 1 0 D A T A 1 7 . 5 , 1 4 . 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 
1 4 2 0 D A T A 1 7 . 5 , 1 5 , 0 , 0 , 1 , 0 
1 4 3 0 D A T A 1 7 . 5 , 1 7 . 5 , 2 , 0 , . 5 , 0 

1 4 4 0 D A T A 2 0 , 0 , 0 , 0 , . 5 , 2 . 5 
1 4 5 0 D A T A 2 0 , 2 . 5 , 0 , 0 , 1 , 2 . 5 
1 4 6 0 D A T A 2 0 , 5 , 0 , 0 , 1 , 2 . 5 
1 4 7 0 D A T A 2 0 , 7 . 5 , 0 , 0 , 1 , 2 . 5 
1 4 8 0 D A T A 2 0 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 

1 4 9 0 D A T A 2 0 , 1 0 , 0 , 0 , 1 , 2 . 5 

1 5 0 0 D A T A 2 0 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 5 1 0 D A T A 2 0 , 1 2 . 5 , 0 , 0 , 1 , 2 . 5 
1 5 2 0 D A T A 2 0 , 1 4 . 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 
1 5 3 0 D A T A 2 0 , 1 5 , 0 , 0 , 1 , 2 . 5 
1 5 4 0 D A T A 2 0 , 1 7 . 3 2 0 5 0 8 0 8 , 2 , 0 , . 5 , 2 . 5 
1 5 5 0 D A T A 2 2 . 5 , 0 , 0 , 0 , - 5 , 5 
1 5 6 0 D A T A 2 2 . 5 , 2 . 5 , 0 , 0 , 1 , 5 
1 5 7 0 D A T A 2 2 . 5 , 5 , 0 , 0 , 1 , 5 
1 5 8 0 D A T A 2 2 . 5 , 7 . 5 , 0 , 0 , 1 , 5 
1 5 9 0 D A T A 2 2 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 
1 6 0 0 D A T A 2 2 . 5 , 1 0 , 0 , 0 , 1 , 5 
1 6 1 0 D A T A 2 2 . 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 6 2 0 D A T A 2 2 . 5 , 1 2 . 5 , 0 , 0 , 1 , 5 
1 6 3 0 D A T A 2 2 . 5 , 1 4 . 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 
1 6 4 0 D A T A 2 2 . 5 , 1 5 , 0 , 0 , 1 , 5 
1 6 5 0 D A T A 2 2 . 5 , 1 6 . 7 7 0 5 0 9 8 3 , 2 , 0 , - 2 5 , 5 

1 6 6 0 D A T A 2 5 , 0 , 0 , 0 , - 5 , 7 . 5 
1 6 7 0 D A T A 2 5 , 2 . 5 , 0 , 0 , 1 , 7 . 5 



1 6 0 0 D A T A 2 5 , 5 , 0 , 0 , 1 , 7 . 5 
1 6 9 0 D A T A 2 5 , 7 . 5 , 0 , 0 , 1 , 7 . 5 
1 7 0 0 D A T A 2 5 , 9 , 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 
1 7 1 0 D A T A 2 5 , 1 0 , 0 , 0 , 1 , 7 , 5 
1 7 2 0 D A T A 2 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 7 3 0 D A T A 2 5 , 1 2 . 5 , 0 , 0 , 1 , 7 . 5 
1 7 4 0 D A T A 2 5 , 1 4 , 3 6 1 4 0 6 6 2 , 0 , 0 , 0 , 0 
1 7 5 0 D A T A 2 5 , 1 5 , 0 , 0 , . 7 5 , 7 , 5 
1 7 6 0 D A T A 2 5 , 1 5 . 8 1 1 3 8 8 3 , 2 , 0 , 0 , 0 
1 7 7 0 D A T A 2 7 . 5 , 0 , 0 , 0 , . 5 , 1 0 
1 7 8 0 D A T A 2 7 . 5 , 2 . 5 , 0 , 0 , 1 , 1 0 
1 7 9 0 D A T A 2 7 . 5 , 5 , 0 , 0 , 1 , 1 0 
1 8 0 0 D A T A 2 7 . 5 , 7 . 5 , 0 , 0 , 1 , 1 0 
1 8 1 0 D A T A 2 7 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 
1 8 2 0 D A T A 2 7 , 5 , 1 0 , 0 , 0 , 1 , 1 0 
1 8 3 0 D A T A 2 7 . 5 , 1 2 . 2 4 7 4 4 8 7 1 , 0 , 0 , 0 , 0 
1 8 4 0 D A T A 2 7 . 5 , 1 2 . 5 , 0 , 0 , 1 , 1 0 
1 8 5 0 D A T A 2 7 . 5 , 1 4 . 3 6 1 4 0 6 6 2 , 2 , 0 , . 3 7 5 , 1 0 
1 8 6 0 D A T A 2 6 . 5 1 3 8 7 8 1 9 , 1 5 , 2 , 0 , 0 , 0 
1 8 7 0 D A T A 3 0 , 0 , 0 , 0 , - 5 , 1 2 . 5 
1 8 8 0 D A T A 3 0 , 2 . 5 , 0 , 0 , 1 , 1 2 . 5 
1 8 9 0 D A T A 3 0 , 5 , 0 , 0 , 1 , 1 2 . 5 
1 9 0 0 D A T A 3 0 , 7 . 5 , 0 , 0 , 1 , 1 2 . 5 
1 9 1 0 D A T A 3 0 , 9 , 0 1 3 8 7 8 1 8 9 , 0 , 0 , 0 , 0 
1 9 2 0 D A T A 3 0 , 1 0 , 0 , 0 , 1 , 1 2 . 5 
1 9 3 0 D A T A 3 0 , 1 2 . 2 4 7 4 4 8 7 1 , 2 , 0 , . 5 , 1 2 . 5 
1 9 4 0 D A T A 2 9 1 7 4 7 4 4 8 7 1 , 1 2 . 5 , 2 , 0 , 0 , 0 
1 9 5 0 D A T A 3 2 . 5 , 0 , 0 , 0 , . 5 , 1 5 
1 9 6 0 D A T A 3 2 . 5 , 2 . 5 , 0 , 0 , 1 , 1 5 
1 9 7 0 D A T A 3 2 . 5 , 5 , 0 , 0 , 1 , 1 5 
1 9 8 0 D A T A 3 2 . 5 , 7 . 5 , 0 , 0 , . 7 5 , 1 4 . 6 8 7 5 
1 9 9 0 D A T A 3 2 . 5 , 9 . 0 1 3 8 7 8 1 8 9 , 2 , 0 , 0 , 0 
2 0 0 0 D A T A 3 1 . 8 6 1 4 0 6 6 2 , 1 0 , 2 , 0 , . 2 5 , 1 4 - 0 6 2 5 
2 0 1 0 D A T A 3 5 , 0 , 2 , 0 , - 2 5 , 1 6 - 8 7 5 
2 0 2 0 D A T A 3 4 - 8 2 0 5 0 8 0 8 , 2 . 5 , 2 , 0 , - 5 , 1 6 - 8 7 5 

2 0 3 0 D A T A 3 4 . 2 7 0 5 0 9 8 3 , 5 , 2 , 0 , . 2 5 , 1 6 . 5 6 2 5 
2 0 4 0 D A T A 3 3 . 3 1 1 3 8 8 3 , 7 , 5 , 2 , 0 , 0 , 0 

2 0 5 0 D A T A 1 , 5 , 6 , 1 
2 0 6 0 D A T A 1 , 2 , 6 , 1 
2 0 7 0 D A T A 2 , 6 , 7 , 1 

2 0 8 0 D A T A 2 , 3 , 7 , 1 
2 0 9 0 D A T A 3 , 7 , 8 , 1 
2 1 0 0 D A T A 3 , 4 , 8 , 1 
2 1 1 0 D A T A 4 , 8 , 9 , 1 
2 1 2 0 D A T A 5 , 1 1 , 1 2 , 1 
2 1 3 0 D A T A 5 , 6 , 1 2 , 1 
2 1 4 0 D A T A 6 , 1 2 , 1 3 , 1 
2 1 5 0 D A T A 6 , 7 , 1 3 , 1 
2 1 6 0 D A T A 7 , 1 3 , 1 4 , 1 
2 1 7 0 D A T A 7 , 8 , 1 4 , 1 
2 1 8 0 D A T A 8 , 1 4 , 1 5 , 1 
2 1 9 0 D A T A 8 , 9 , 1 5 , 1 
2 2 0 0 D A T A 9 , 1 5 , 1 6 , 1 
2 2 1 0 D A T A 9 , 1 0 , 1 6 , 1 
2 2 2 0 D A T A 1 0 , 1 6 , 1 7 , 1 
2 2 3 0 D A T A 1 1 , 1 9 , 2 0 , 1 
2 2 4 0 D A T A 1 1 , 1 2 , 2 0 , 1 
2 2 5 0 D A T A 1 2 , 2 0 , 2 1 , 1 
2 2 6 0 D A T A 1 2 , 1 3 , 2 1 , 1 
2 2 7 0 D A T A 1 3 , 2 1 , 2 2 , 1 

4 3 



2 2 8 0 D A T A 
2 2 9 0 D A T A 
2 3 0 0 D A T A 
2 3 1 0 D A T A 
2 3 2 0 D A T A 
2 3 3 0 D A T A 
2 3 4 0 D A T A 
2 3 5 0 D A T A 
2 3 6 0 D A T A 
2 3 7 0 D A T A 
2 3 8 0 D A T A 
2 3 9 0 D A T A 
2 4 0 0 D A T A 
2 4 1 0 D A T A 
2 4 2 0 D A T A 
2 4 3 0 D A T A 
2 4 4 0 D A T A 
2 4 5 0 D A T A 
2 4 6 0 D A T A 
2 4 7 0 D A T A 
2 4 8 0 D A T A 
2 4 9 0 D A T A 
2 5 0 0 D A T A 
2 5 1 0 D A T A 
2 5 2 0 D A T A 
2 5 3 0 D A T A 
2 5 4 0 D A T A 
2 5 5 0 D A T A 
2 5 6 0 D A T A 
2 5 7 0 D A T A 
2 5 8 0 D A T A 
2 5 9 0 D A T A 
2 6 0 0 D A T A 
2 6 1 0 D A T A 
2 6 2 0 D A T A 
2 6 3 0 D A T A 
2 6 4 0 D A T A 
2 6 5 0 D A T A 
2 6 6 0 D A T A 
2 6 7 0 D A T A 
2 6 8 0 D A T A 
2 6 9 0 D A T A 
2 7 0 0 D A T A 
2 7 1 0 D A T A 
2 7 2 0 D A T A 
2 7 3 0 D A T A 
2 7 4 0 D A T A 
2 7 5 0 D A T A 
2 7 6 0 D A T A 
2 7 7 0 D A T A 
2 7 8 0 D A T A 
2 7 9 0 D A T A 
2 8 0 0 D A T A 
2 8 1 0 D A T A 
2 8 2 0 D A T A 
2 8 3 0 D A T A 
2 8 4 0 D A T A 
2 8 5 0 D A T A 
2 8 6 0 D A T A 
2 8 7 0 D A T A 

1 3 , 1 4 , 2 2 , 1 
1 4 , 2 2 , 2 3 , 1 
1 4 , 1 5 , 2 3 , 1 
1 5 , 2 3 , 2 4 , 1 
1 5 , 1 6 , 2 4 , 1 
1 6 , 2 4 , 2 5 , 1 
1 6 , 1 7 , 2 5 , 1 
1 7 , 2 5 , 2 6 , 1 
1 7 , 1 8 , 2 6 , 1 
1 8 , 2 6 , 2 7 , 1 
1 9 , 2 9 , 3 0 , 1 
1 9 , 2 0 , 3 0 , 1 
2 0 , 3 0 , 3 1 , 1 
2 0 , 2 1 , 3 1 , 1 
2 1 , 3 1 , 3 2 , 1 
2 1 , 2 2 , 3 2 , 1 
2 2 , 3 2 , 3 3 , 1 
2 2 , 2 3 , 3 3 , 1 
2 3 , 3 3 , 3 4 , 1 
2 3 , 2 4 , 3 4 , 1 
2 4 , 3 4 , 3 5 , 1 
2 4 , 2 5 , 3 5 , 1 
2 5 , 3 5 , 3 6 , 1 
2 5 . 2 6 . 3 6 , 1 

2 6 . 3 6 . 3 7 , 1 
2 6 . 2 7 . 3 7 , 1 
2 7 . 3 7 . 3 8 , 1 
2 7 , 2 8 , 3 8 , 1 
2 8 . 3 8 . 3 9 , 1 
2 9 . 4 0 . 4 1 , 1 
2 9 , 3 0 , 4 1 , 1 
3 0 , 4 1 , 4 2 , 1 

3 0 . 3 1 . 4 2 , 1 
3 1 , 4 2 , 4 3 , 1 
3 1 . 3 2 . 4 3 , 1 
3 2 , 4 3 . 4 4 , 1 
3 2 , 3 3 , 4 4 , 1 
3 3 , 4 4 , 4 5 , 1 
3 3 , 3 4 , 4 5 , 1 
3 4 , 4 5 , 4 6 , 1 
3 4 , 3 5 , 4 6 , 1 
3 5 , 4 6 , 4 7 , 1 

3 5 . 3 6 . 4 7 , 1 
3 6 , 4 7 , 4 8 , 1 
3 6 . 3 7 . 4 8 , 1 
3 7 , 4 8 , 4 9 , 1 
3 7 , 3 8 , 4 9 , 1 
3 8 , 4 9 , 5 0 , 1 
3 8 , 3 9 , 5 0 , 1 
4 0 , 5 1 , 5 2 , 1 
4 0 , 4 1 , 5 2 , 1 
4 1 , 5 2 , 5 3 , 1 
4 1 , 4 2 , 5 3 , 1 
4 2 , 5 3 , 5 4 , 1 
4 2 , 4 3 , 5 4 , 1 
4 3 , 5 4 , 5 5 , 1 
4 3 , 4 4 , 5 5 , 1 
4 4 , 5 5 , 5 6 , 1 
4 4 , 4 5 , 5 6 , 1 
4 5 , 5 6 , 5 7 , 1 



2 8 8 0 D A T A 
2 8 9 0 D A T A 
2 9 0 0 D A T A 
2 9 1 0 D A T A 
2 9 2 0 D A T A 
2 9 3 0 D A T A 
2 9 4 0 D A T A 
2 9 5 0 D A T A 
2 9 6 0 D A T A 
2 9 7 0 D A T A 
2 9 8 0 D A T A 
2 9 9 0 D A T A 
3 0 0 0 D A T A 
3 0 1 0 D A T A 
3 0 2 0 D A T A 
3 0 3 0 D A T A 
3 0 4 0 D A T A 
3 0 5 0 D A T A 
3 0 6 0 D A T A 
3 0 7 0 D A T A 
3 0 8 0 D A T A 
3 0 9 0 D A T A 
3 1 0 0 D A T A 
3 1 1 0 D A T A 
3 1 2 0 D A T A 
3 1 3 0 D A T A 
3 1 4 0 D A T A 
3 1 5 0 D A T A 
3 1 6 0 D A T A 
3 1 7 0 D A T A 
3 1 8 0 D A T A 
3 1 9 0 D A T A 
3 2 0 0 D A T A 
3 2 1 0 D A T A 
3 2 2 0 D A T A 
3 2 3 0 D A T A 
3 2 4 0 D A T A 
3 2 5 0 D A T A 
3 2 6 0 D A T A 
3 2 7 0 D A T A 
3 2 8 0 D A T A 
3 2 9 0 D A T A 
3 3 0 0 D A T A 
3 3 1 0 D A T A 
3 3 2 0 D A T A 
3 3 3 0 D A T A 
3 3 4 0 D A T A 
3 3 5 0 D A T A 
3 3 6 0 D A T A 
3 3 7 0 D A T A 
3 3 8 0 D A T A 
3 3 9 0 D A T A 
3 4 0 0 D A T A 
3 4 1 0 D A T A 
3 4 2 0 D A T A 
3 4 3 0 D A T A 
3 4 4 0 D A T A 
3 4 5 0 D A T A 
3 4 6 0 D A T A 
3 4 7 0 D A T A 

4 5 . 4 6 . 5 7 , 1 
4 6 . 5 7 . 5 8 , 1 
4 6 . 4 7 . 5 8 , 1 
4 7 . 5 8 . 5 9 , 1 
4 7 , 4 8 , 5 9 , 1 
4 8 , 5 9 , 6 0 , 1 
4 8 , 4 9 , 6 0 , 1 
4 9 , 6 0 , 6 1 , 1 
4 9 , 5 0 , 6 1 , 1 
5 1 , 6 2 , 6 3 , 1 
5 1 , 5 2 , 6 3 , 1 
5 2 , 6 3 , 6 4 , 1 
5 2 , 5 3 , 6 4 , 1 
5 3 , 6 4 , 6 5 , 1 
5 3 , 5 4 , 6 5 , 1 
5 4 , 6 5 , 6 6 , 1 
5 4 , 5 5 , 6 6 , 1 
5 5 , 6 6 , 6 7 , 1 
5 5 , 5 6 , 6 7 , 1 
5 6 , 6 7 , 6 8 , 1 
5 6 , 5 7 , 6 8 , 1 
5 7 , 6 8 , 6 9 , 1 
5 7 , 5 8 , 6 9 , 1 
5 8 , 6 9 , 7 0 , 1 
5 8 , 5 9 , 7 0 , 1 
5 9 , 7 0 , 7 1 , 1 

5 9 . 6 0 . 7 1 , 1 
6 0 . 7 1 . 7 2 , 1 
6 0 , 6 1 , 7 2 , 1 
6 2 , 7 3 , 7 4 , 1 
6 2 . 6 3 . 7 4 , 1 
6 3 . 7 4 . 7 5 , 1 
6 3 . 6 4 . 7 5 , 1 
6 4 . 7 5 . 7 6 , 1 
6 4 . 6 5 . 7 6 , 1 
6 5 . 7 6 . 7 7 , 1 

6 5 . 6 6 . 7 7 , 1 
6 6 . 7 7 . 7 8 , 1 
6 6 . 6 7 . 7 8 , 1 
6 7 . 7 8 . 7 9 , 1 
6 7 , 6 8 , 7 9 , 1 

6 8 . 7 9 . 8 0 , 1 
6 8 , 6 9 , 8 0 , 1 
6 9 , 8 0 , 8 1 , 1 
6 9 , 7 0 , 8 1 , 1 
7 0 , 8 1 , 8 2 , 1 
7 0 . 7 1 . 8 2 , 1 
7 1 , 8 2 , 8 3 , 1 

7 1 . 7 2 . 8 3 , 1 
7 3 , 8 4 , 8 5 , 1 
7 3 , 7 4 , 8 5 , 1 
7 4 , 8 5 , 8 6 , 1 
7 4 , 7 5 , 8 6 , 1 
7 5 , 8 6 , 8 7 , 1 
7 5 , 7 6 , 8 7 , 1 
7 6 , 8 7 , 8 8 , 1 
7 6 , 7 7 , 8 8 , 1 
7 7 , 8 8 , 8 9 , 1 
7 7 , 7 8 , 8 9 , 1 
7 8 , 8 9 , 9 0 , 1 



3 4 8 0 D A T A 7 8 , 7 9 , 9 0 , 1 
3 4 9 0 D A T A 7 9 , 9 0 , 9 1 , 1 
3 5 0 0 D A T A 7 9 , 8 0 , 9 1 , 1 
3 5 1 0 D A T A 8 0 , 9 1 , 9 2 , 1 
3 5 2 0 D A T A 8 0 , 8 1 , 9 2 , 1 
3 5 3 0 D A T A 8 1 , 9 2 , 9 3 , 1 
3 5 4 0 D A T A 8 1 , 8 2 , 9 3 , 1 
3 5 5 0 D A T A 8 2 , 9 3 , 9 4 , 1 
3 5 6 0 D A T A 8 2 , 8 3 , 9 4 , 1 
3 5 7 0 D A T A 8 4 , 9 5 , 9 6 , 1 
3 5 8 0 D A T A 8 4 , 8 5 , 9 6 , 1 
3 5 9 0 D A T A 8 5 , 9 6 , 9 7 , 1 
3 6 0 0 D A T A 8 5 , 8 6 , 9 7 , 1 
3 6 1 0 D A T A 8 6 , 9 7 , 9 8 , 1 
3 6 2 0 D A T A 8 6 , 8 7 , 9 8 , 1 
3 6 3 0 D A T A 8 7 , 9 8 , 9 9 , 1 
3 6 4 0 D A T A 8 7 , 8 8 , 9 9 , 1 
3 6 5 0 D A T A 8 8 , 9 9 , 1 0 0 , 1 
3 6 6 0 D A T A 8 8 , 8 9 , 1 0 0 , 1 
3 6 7 0 D A T A 8 9 , 1 0 0 , 1 0 1 , 1 
3 6 8 0 D A T A 8 9 , 9 0 , 1 0 1 , 1 
3 6 9 0 D A T A 9 0 , 1 0 1 , 1 0 2 , 1 
3 7 0 0 D A T A 9 0 , 9 1 , 1 0 2 , 1 
3 7 1 0 D A T A 9 1 , 1 0 2 , 1 0 3 , 1 
3 7 2 0 D A T A 9 1 , 9 2 , 1 0 3 , 1 
3 7 3 0 D A T A 9 2 , 1 0 3 , 1 0 4 , 1 
3 7 4 0 D A T A 9 2 , 9 3 , 1 0 4 , 1 
3 7 5 0 D A T A 9 3 , 1 0 4 , 1 0 5 , 1 
3 7 6 0 D A T A 9 3 , 9 4 , 1 0 5 , 1 
3 7 7 0 D A T A 9 5 , 1 0 6 , 1 0 7 , 1 
3 7 8 0 D A T A 9 5 , 9 6 , 1 0 7 , 1 
3 7 9 0 D A T A 9 6 , 1 0 7 , 1 0 8 , 1 
3 8 0 0 D A T A 9 6 , 9 7 , 1 0 8 , 1 
3 8 1 0 D A T A 9 7 , 1 0 8 , 1 0 9 , 1 
3 8 2 0 D A T A 9 7 , 9 8 , 1 0 9 , 1 
3 8 3 0 D A T A 9 8 , 1 0 9 , 1 1 0 , 1 
3 8 4 0 D A T A 9 8 , 9 9 , 1 1 0 , 1 
3 8 5 0 D A T A 9 9 , 1 1 0 , 1 1 1 , 1 
3 8 6 0 D A T A 9 9 , 1 0 0 , 1 1 1 , 1 
3 8 7 0 D A T A 1 0 0 , 1 1 1 , 1 1 2 , 1 
3 8 8 0 D A T A 1 0 0 
3 8 9 0 D A T A 1 0 1 
3 9 0 0 D A T A 1 0 1 
3 9 1 0 D A T A 1 0 2 
3 9 2 0 D A T A 1 0 2 
3 9 3 0 D A T A 1 0 3 
3 9 4 0 D A T A 1 0 3 
3 9 5 0 D A T A 1 0 4 
3 9 6 0 D A T A 1 0 6 
3 9 7 0 D A T A 1 0 6 
3 9 8 0 D A T A 1 0 7 
3 9 9 0 D A T A 1 0 7 
4 0 0 0 D A T A 1 0 8 
4 0 1 0 D A T A 1 0 8 
4 0 2 0 D A T A 1 0 9 
4 0 3 0 D A T A 1 0 9 
4 0 4 0 D A T A 1 1 0 
4 0 5 0 D A T A U O 
4 0 6 0 D A T A 1 1 1 
4 0 7 0 D A T A 1 1 1 

1 0 1 , 1 1 2 , 1 
1 1 2 , 1 1 3 , 1 
1 0 2 , 1 1 3 , 1 
1 1 3 , 1 1 4 , 1 
1 0 3 . 1 1 4 , 1 
1 1 4 . 1 1 5 , 1 
1 0 4 , 1 1 5 , 1 
1 1 5 , 1 0 5 , 1 
1 1 6 , 1 1 7 , 1 

1 0 7 . 1 1 7 , 1 
1 1 7 . 1 1 8 , 1 
1 0 8 . 1 1 8 , 1 
1 1 8 . 1 1 9 , 1 

1 0 9 . 1 1 9 , 1 
1 1 9 . 1 2 0 , 1 
1 1 0 . 1 2 0 , 1 
1 2 0 . 1 2 1 , 1 
1 1 1 , 1 2 1 , 1 
1 2 1 . 1 2 2 , 1 
1 1 2 , 1 2 2 , 1 



4 OBO D A T A 1 1 2 , 1 2 2 , 1 2 3 , 1 

4 0 9 0 D A T A 1 1 2 , 1 1 3 , 1 2 3 , 1 

4 1 0 0 D A T A 1 1 3 , 1 2 3 , 1 1 4 , 1 

4 1 1 0 D A T A 1 1 6 , 1 2 4 , 1 2 5 , 1 

4 1 2 0 D A T A 1 1 6 , 1 1 7 , 1 2 5 , 1 

4 1 3 0 D A T A 1 1 7 , 1 2 5 , 1 2 6 , 1 

4 1 4 0 D A T A 1 1 7 , 1 1 8 , 1 2 6 , 1 

4 1 5 0 D A T A 1 1 8 , 1 2 6 , 1 2 7 , 1 

4 1 6 0 D A T A 1 1 8 , 1 1 9 , 1 2 7 , 1 

4 1 7 0 D A T A 1 1 9 , 1 2 7 , 1 2 8 , 1 

4 1 BO D A T A 1 1 9 , 1 2 0 , 1 2 8 , 1 

4 1 9 0 D A T A 1 2 0 , 1 2 8 , 1 2 9 , 1 

4 2 0 0 D A T A 1 2 0 , 1 2 1 , 1 2 9 , 1 

4 2 1 0 D A T A 1 2 1 , 1 2 9 , 1 2 2 , 1 

4 2 2 0 D A T A 1 2 4 , 1 3 0 , 1 3 1 , 1 

4 2 3 0 D A T A 1 2 4 , 1 2 5 , 1 3 1 , 1 

4 2 4 0 D A T A 1 2 5 , 1 3 1 , 1 3 2 , 1 

4 2 5 0 D A T A 1 2 5 , 1 2 6 , 1 3 2 , 1 

4 2 6 0 D A T A 1 2 6 , 1 3 2 , 1 3 3 , 1 

4 2 7 0 D A T A 1 2 6 , 1 2 7 , 1 3 3 , 1 

4 2 8 0 D A T A 1 2 7 , 1 3 3 , 1 2 8 , 1 

4 7 
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