
停留位相法による船の波の計算 

堀   勉 
 

Calculation of Ship Waves 
by means of Stationary Phase Method 

Tsutomu HORI 



Lord Kelvin

Kelvin (1)

 3

 3
 

Point Source
Kelvin

 

o-xyz U
M Point Source

f (0,0, )f

( , , ) ( , , )x y z U x M G x y z (1) 

G

22 2

1

1

1( , , ) ( , , )

x y z f

G x y z G x y z
r

r

(2)

G 1

( )

0
1

1 1Re
2

cos sin

k z f ikd e d
r

x y

(3)

Bessel 2
G

1 Point Source

Calculation of Ship Waves 
by means of Stationary Phase Method

Tsutomu HORI
 

190号 □□□□□□□□□□□□□□□□□□□□□□□□□□□□ 5555 NAVIGATION（研究・調査） 平成26年10月



2 2 2

2 2 2 ( , , ) 0G x y z
x y z

(4)

0
z

G
z

(5)

Fourie

0
( , , ) Re ( , ) kz ikG x y z d F k e d  (6)

(2) G
Rayleigh

0K

2

02

0 2

0 0)on
G G GK

x z x
gK

U

(7)

( , )F k
1,

2
F k

2
0
2

0

2 sec1
sec sec

k fK e
k K i

(8) 

 (6) G

0

2

2

20
0

22 2
2

1( , , ) Re

sec
sec sec

k f
kz i k

KG x y z d
r

e e dk
k K i

r x y z f

 (9) 

G

20

1 2

1 1( , , ) Re secKG x y z d
r r

( )

20
0 sec sec

k z f ike dk
k K i

(10) 

M Point Source
Bernoulli

00 z

M G
K U z

(11) 

 

Re Mi d
U

20
0

sec
sec sec

k f ikk e dk
k K i

 (12) 

0

2

2

20
0

2Re sec

sec sec

k f i k

Mi d
U

k e dk
k K i

3

2 2

1tan

cos

r x y

y
x

r

(14)

( , )x y

k
w k i m 1

0
k

m
0 sec 0

2
0

2
20

02

( ) 32
0

2

sec

2 Re sec
sec

2 secK f i

m im fM md dm
U m i K

K e d

e

1 m

2

2

2 secReM i
U f i

2

0

2
0 ( )3

0
sec ( ) secsec K f i K f iK e Ei d

(13)

(15)

56 NAVIGATION 平成26年10月190号 NAVIGATION 56



2
0 ( ) 30 2

2

sec4 Re secK f iMK e d
U

f (16)

Ei
1

2 f

1 Ei

2

0 2
0 ( )sec

( ) sec
w

K f i
K f i

eEi dw
w

2

0 ( ) secloge K f i

2

0

1

( ) sec

!

n

n

K f i

n n
(17) 

Taylor

2

0 ( ) secK f iEi

1
log cos

!

n

e
n

n
n n

1

sin
!

n

n
i n

n n

C SE i E (18)

2 2 2
0

1

( )

sec

tan

0.57721 Euler

K f

f
(19) 

CE SE
0

Ei

2
0

2
0

30 sec 15 Taylor 

30 sec 15
30

K
K (20) 

(18)

f Ei

(16)

Source

2
03

02 2
sec2

2

2 sec
sec K f

f
M

K e
U f

2 2
0 0sin sec cos secC SE K E K d

2
0 2 30 2

0
2

sec4 cos sec secK fMK e K d
U

(21)

(21) 2 f

2
0

2

2

0

2

0

sec 3

2

4

sec

( ) cos ( )

( ) sec

( ) cos( )sec

f

K fMK
U

r

K r d

e (22)

( ) 0

2

190号 停留位相法による船の波の計算 57



2 tan tan( ) 0 (23) 

2

1
2

1 1 8 tan
tan

4 tan
(24)

2

1 2 1

2

( 1,2)j j (24)

( )

1tan
8

19 28 Kelvin

(25)

Kelvin

2 2 j

( 0)

( 0)j

 
 

22 j

0

2 1 0
2 

2 2 1 1

2 2 12
f

0
1

2 ( ) cos ( )K r d (26) 
 

0 1K r 1, 3, 5

2,

4

( ) 0j

( )  
21( ) ( ) ( )

2j j j (27) 

 f

 

2

0

1
( )

2
cos ( )j jjK r d (28) 

 

( ) 0j ( ) 0j

(34), 35 1( ) 0

2( ) 0 (24)

         

(28)  

0

1
( )

2 j jK r (29) 

 
 

0

2

1 1
( )

2

( )

j

j
f

j K r

 

0

0

1 ( )
22

01 ( )
2

cos ( )
j

j

K r

j
K r

K r d (30) 

0

1
( )

2 jK r  

( 1 )  
 

0

0

2

1 1
( )

2

( )
( )

cos

j

j
j

f
j K r

K r                

0
2 2( )cos sin cosjK rd d (31) 

Fresnel

 
 

0

2

1 ( )
( )

j

f j
j K r

0 0( ) ( )cos sinj jK r K r (32) 
 

1, 2j 2

 

2

2

1
( )j

j
f j

j

1j 2j

58 NAVIGATION 平成26年10月190号 NAVIGATION 58



0 1

0 11
2

4( )
( )( ) cosf

K r
K r  

0 2

0 22
2

4( )
( )( ) cos

K r
K r

   1 2 (33) 

Kelvin  

 

( ), ( ), ( )j j j

 
3

2 2

3

2 2

0 2

2 2

2 2

2 4 2 2

3 2 2

1 4 1 8
8

1 4 1 8

16 2
( )

1 4 1 8
( )

4 2 1 2 1 8

1 6 16 1 2 1 8
( )

4 2 1 2 1 8

tan

j

j

j

K f
e

(34) 

0 , 0

0
20 4

1 2 3

1 2

1 2 3

1( ) , ( ) 0
8

1( ) 1, ( )
4

1( ) 1, ( )
8

K f
K fe e

(35) 

 

3

 j

( , )r

Kelvin  

f

(33)

0

1 3

2 2

4

0, 1, , ,

( ) 2

, 2

j

n

K r n
(36)

( )j 34

r f

2 21
2

2 2
0

12 4 2 1 2 1 84
1 4 1 8

r n

f K f
(37)

1, 2j 0K f

0 2

1
n

n

K f
F

UF
g f

(38) 

0 1K f

1 2,r r 1 2

3

f

5

33 f 34) ( )j

( )j 0K

x
f

y
f

190号 停留位相法による船の波の計算 59



( , )x y r tan

1 2

f

4

5 Kelvin

4 3 0 1K f

M
U f

 

 

Kelvin 5

 

6, 7, 8

6 7 8

Kelvin  

Kelvin

Kelvin

( ) 0j  (27)

(33)

Hogner

 

 

6

7

f

M
U f

M
U f

60 NAVIGATION 平成26年10月190号 NAVIGATION 60



8 Kelvin

2 (21)

2 f

 
 

32
0

2

4 secf

M

U f

K f

2
0 2

0
sec cos secK fe K f d

f
(39) 

 
Fillon

(A-3 , ,R
 

3
0

2
0

2
0

2
0

4 sec

sec

sec

cos sin sec

R K f

K f

K f
f

x yK f
f f

(40) 

(A-7) ( )
C

nI

0 1K f
9   

9  5

Kelvin

(25) Kelvin 19 28

7 Kelvin

1.5

9

Kelvin
Kelvin

Gsharp ( Ver 2.0 )

(1) J.J.Stoker Water Waves, Chap.8 Waves 
Caused by a Moving Pressure Point. Kelvin’s 

x
f

x
f

M
U f

190号 停留位相法による船の波の計算 61



Theory of the Wave Pattern created by a 
Moving Ship, Pure and Applied Mathematics 
Vol. , pp.219-243, 1957 
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