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I n t r o d u c t i o n  

C o r r e l a t i o n  Summaries 

Mitsuyasu s p r e a d i n g  f u n c t i o n  80 = 0, 15 ,  30, 45, 60,  75, 90 

C O S ~ ( ~ - ~ O )  s p r e a d i n g  f u n c t i o n  80 = 0, 15 ,  30, 45, 60,  75, 90 

Cos0 (0-80) s p r e a d i n g  f u n c t i o n  80 = 0, 15 ,  30, 60, 90 

c0s4(8-80)  s p r e a d i n g  f u n c t i o n  8 0  = 0, 1 5 ,  30, 60,  90  



In t roduc t ion  

The p i c t u r e s  which fol low a r e  designed t o  g i v e  a  f i r s t  impression 

of  what i s  happening a t  p o i n t s  a long t h e  backbone o f  a  duck s t r i n g  i n  

a d i r e c t i o n a l l y  spread s e a ;  i n  p a r t i c u l a r ,  t o  look a t  t h e  c o r r e l a t i o n  

between wave-records and in s t an t aneous  power a t  p a i r s  of  p o i n t s  a t  

vary ing  d i s t a n c e s .  

The wave records  have been s imula ted  us ing  a  Pierson-Moskowitz 

spectrum (wi th  low frequency cu t -of f  a t  3 X T e ) ,  and d i r e c t i o n a l  

S 
spreading  of  both cos ( 0  - 0,) form (S  independent of  f requency)  and 

t h e  Mitsuyasu form 

S 
cos  W ($ ( 0  - 0,) ) where s = 15.85 f o r  W < wo 

W WO 

W 
O 2.5 f o r  W > w0 = 15.85 (-1 

W 

Wave r eco rds  and in s t an t aneous  power r eco rds  (with power 

measured s imply i n  terms o f  t h e  v e r t i c a l  water movement - t h i s  i s  n o t  

t h e  r i g h t  phase f o r  a  r e a l  duck) a r e  shown f o r  j u s t  a  p a r t  of t h e  

s imu la t i on  pe r iod  (100 < t /Te < 110 o u t  of  a  t o t a l  204.8 Te s i m u l a t i o n ) .  

The his tograms on t h e  r ight-hand page, showing t h e  d i s t r i b u t i o n  o f  

POW I N  i n  terms of ins tan taneous  power, were c a l c u l a t e d  over  t h e  whole 

s imu la t i on  pe r iod .  



Records a r e  shown a t  an o r i g i n  ( f i r s t  record ,  repea ted  a s  a  

d o t t e d  l i n e  on top  of each subsequent r e c o r d ) ,  and a t  d i s t a n c e s  

X = XL X h e  ( h e  = (g /2 r )Te2)  along a  backbone. The p r i n c i p a l  wave 

d i r e c t i o n  8, (TH@) i s  given r e l a t i v e  t o  t he  perpendicular  t o  t h e  

backbone, t hus  : 

backbone 

Uni t s :  time i s  i n  u n i t s  of  Te, he igh t  i n  u n i t s  of H and power rms ' 
i n  u n i t s  of average power (POW I N  which i s  a  %age of  t he  t o t a l  power POW 

depending on the  spreading  f u n c t i o n ) .  

Cor re l a t ion  c o e f f i c i e n t s  between records  a t  x and 0 a r e  given 

f o r  each X. Graphs of t h e s e  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  shown on page 3. 

Note: The s imula t ions  decrease  i n  r e l i a b i l i t y  a s  0 0  i n c r e a s e s ,  because 
t h e  number of  s p e c t r a l  components c o n t r i b u t i n g  t o  t h e  power 

0 
decreases .  Thus t h e  s imula t ions  with 0 0  g r e a t e r  than about  60 
should be taken wi th  a  pinch of s a l t  ( e s p e c i a l l y  t h e  Mitsuyasu 
and cos4@ which a r e  most d i r e c t i o n a l l y  concen t r a t ed ) .  



MITSUYASU 
Power In 

MITSUYASU 
Wave Record 

2 cos (8 - 90) i 

Wave Record Power I n  

4 
COS (8 - 80) 

Wave Record Power I n  

XL .4 .8 1.6 3.2 

o r d s  ( l e f t )  and  power i n  ( r i g h t )  
i f f e r e n t  s p r e a d i n 8  f u n c t i o n s ;  

0 c a s e  f o r  ( f rom t o p  to  bottom) 80 = 0 , 30°, 80 and  go0. 



CORRELN. 
COEFF . 

p-- - - - - - - 

- 4 -  

-- -- - - --- 

Th0 NL If? 
0 6 1342 

XL(  1 -NL) L 7 
0.0 0.1 0.2 0.4 0.8 1 .6  3 . 2  

MITSUYASU SPREADTNG FUNCTION 
TE = 9.998 
HRNS= ' 1 ,000 
POW I N  = 61,271 7E3.4 w OF POW) 

- 





X L I  1-NL) 7 
0.0 0.1 8.2 0 . 4  d . 8  1 . 6  3 , 2  

MITSUYAYU SPREADING FUNCTION 
TE = 9.978 
HRflS'= 1.00@ 
POW I N  = 59.19( 75.8 w OF POW) 

CORRELN. 



CORRELN. 
COEF-F. 



- - -  _---  - 

TH0 NL IR 
38 6 185U 

X L (  1 -NLI L 7 
8.0 0.1 0.2 8.1 8.8 1 . 6  3.2 

NlTSUYASU SPREADING FUNCTION 
TE = 9.990 
t-1RM.S; 1.080 
POW I N  51.7EH 70. 1 % OF POW) 
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Th0 NL IR 
15 6 1812 

X L (  1 - NL) - 7 
8.0 0. 1 8.2 8.4 e . 3  1 . A  3 2 

MITSUYASU SPREADING fUNCTION 

POW I N  = 4@.73( 52.2 E OF- P W )  



CORRELN. 
COEF-F . 

. U23 
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T h 0  NL- IR 
30 6 1351 

X L (  1 - NL) 7 
7 0.0 0.1 0.2 0,4 O . d  1 . 6  2 . L  

MSTSUYASU SPREADING FUNCTION 
TE '7.999 
hRNS- '1.000 
POW IN = 16.0EH 20.6 z O F  FCllij 



CORRELN. 
COEFF . 



Th8 INL IR 
0 6 1234 

X L (  'l - NL) L ? 
0.0 0 - 1  0.2 8.4 8.3 1.6 3 ; Z  
COS S ! Th) .5FfICTRL'M, S - 2.8 
TE 3.993 
HRMS=- 1 .  080 
POW IN 67. 08( 85.3 X Of POW) 





I COS 5 ( T h )  SPECTRUU, 5 2 .  @ 
TFI 7.?39 
hRMS- '1.000 
POW IN = 62, (17( 38.2 n OF POW) 









I COS 5 ( T h l  SPECTRUM, S = 2.8 

POW IN = 51.43! 66.2 n r 3 f  POW) 
p- - 





POW IN = 33.87( 113. 4 O F  POW) 



CORRELN 
CQEFF . 



?h@ NL IF? 

hRMS- 1 ,008 
POW IN 28.83( 36.9 X O f  POW) 





T h 0  NL IR 
90 6 Id37 

XL(  1 - NL) 1 - - 0.0 0.1 0.2 0,4 0.2 1 . 6  3.2 
COS S ( T h l  SPFliTRUrl, S 2.8 
TE 9.990 
hRNS- "r @0@ 
POW IN = 19.21( 24.6 F OF POW) 









_-___I.-___- --- - --- - 

Th0 rdL IR 
6 130'7 

XL(  1 - N I - )  = ? 
0.0 0. 1 0,2 8.4 @.S 1 . 6  3.2 

COS S i' Th) WECTRUM, 5 = 0.0 
TE 9.998 
HRMS- l . @ @ @  
POW IN = 42.881 51.9 x Gf POW) 









0 . 8  @ . l  0.2 0.4 @.U l . h  3 , s  
COS S T h j  SPECTEUPI, S 1 8.0 
TE 9.993 
hRMS- l .  000 
POW I N  - 24. 7 3  2 i . 7 z OF 





- 

h NL If? 
0 6 1342 

XL(  1 -NL) - ? 
0.13 0.1 s .2  0.4 d . 9  1.6  3.2 

COS $ I' Th)  5PEC:TRUM, S L 4 . 0  
TFT = 9.993 
hRMS- l . @ @ @  
POW IN : 78.37( '78. 1 n GP POM) 





-rho NL I R  
30 6 '1 l 78  

XL(  1 -NL) - ? 
0.0 0.1 0.2 0.4 8.3 1 . 6  3.2 

COS S ( T h l  SPECTRUM, 5 = 4. O 
TE = 3.  '773 
hRMS- 1,000 
POW I N  = 61 .97( 79.3 X OF POW) 





Th0 NL IR 
68 6 1256 

X L (  l -Ni) = ? 
0 .0  8.1 0.2 8 .4  8.9 1.6 2.2 
COS S ! T h j  S'PECTRUN, 9 4 . 0  
TE 9.398 
hRMS- 'l .G300 
POW I N  = 39.61( 50 .7  OF POW) 





Th0 NL IF! 
90 6 1437 

X L (  1-NL) L ? 
0.0 0.1 0.2 0 . 4  8 . 3  

COS S ( Th) SPECTRUM, 
TE = 3.933 
hRRS=- 1,000 
POW I N  1 2 . 3 3  15.8 






