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Automatic Recorder of the Feeding Activity of Fishes

Tadashi NAGATA and Yutaka UNO

Abstract:
over a long period, and to analyse the rhythm of feeding behavior and the variations in the
quantity of feed taken by fishes.

For the purpose of studying the problems described above, the authors made an automatic
feeding apparatus, the principle of which is as follows. In an experimental tank, a dish is
fixed with a miniature bulb and a photo-electric cell each enclosed in a water-proof case
mounted opposite each other. When a fish comes to the dish to feed, the beam between the
minature bulb and the photo-electric cell is broken. This triggers the electric circuit control-
ling the automatic feeding apparatus, and a measured ration of feed drops into the dish
where the fish is waiting to be fed. A time mark is also recorded on a recording paper.
By examining the series marks recorded in this way, it is possible to know how often the

It is very difficult to accurately observe and record the feeding activity of fishes

fish has fed.
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Fig. 1. A cylinder used for feeding.
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Fig. 2. Diagram showing the method for feeding

with the rotating motion of the cylinder AB.
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Fig. 3.
ating the automatic feeding system.

Block diagram of the circuit for oper-
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Fig. 4. Arangement of switches necessary for
controlling the rotation of the feeding cylinder.
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activity of one fish when each ration of food dropped into tank by automatic feeder is
two fish, 25 mg rations, D: one fish, 25 mg rations.

10 mg, B: two fish, 10 mg rations, C:
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Drift Currents on a Rotating Globe*

Koji HIDAKA®*

Abstract: Theory of wind-produced ocean currents on a rotating globe was first discussed
by GOLDSBROUGH in 1935 wken the sea water is of uniform density. His theory was extended

to the case of the wind system similar to that actually observed over the ocean on a rotating
globe. It was concluded that, in absence of horizental friction, 7* (0.000001 c.g.s.), the deviation
angle of a drift current from downwind directions follow the Ekman’s rule and flows in a
direction deviated 45" cum sole, provided the effects of the continents or islands are disregarded.

1. Introduction

In his epoch-making paper on the influence
of the Earth’s rotation on ocean currents, V. W.
EKMAN discussed the motion of water in an
ocean on a rotating disc, that is to say, when
the rotational motion of water is independent
of the distance from a fixed axis around which
the disc is rotating (EkMAN, 1905). The dif-
ficulties arising from this assumption have been
afterward removed to some measure by using
a so-called $-plane approximation. This implies
that the angular velocity of the rotation varies

with the latitude. In this case, the quantity

é%(Za) sin @) where ¢ is the latitude and y the
coordinate axis taken northward positive, was
represented by 3. Tlowever, in most cases, j
is assumed to be a constant instead of actually
being cos ¢. This assumption will not be un-
reasonable where § is approximately constant
as it actually is near the equator, but become
smaller at higher latitudes, so that, it will not
be reasonable to assume 5 as constant through
all latitudes {rom the equator to the poles.
The stationary motion of water in an ocean
on a rotating globe was first solved by G. R.
GOLDSBROUGH (GOLDSBROUGH. 1935), when
the water is of uniform density. He treated
the water circulation generated by a wind system
whose stream lines are represented by a surface

* Received February 6, 1978
** Ocean Research Institute, University of Tokyo,
Minamidai, Nakano-ku, Tokyo, 164 Japan

spherical harmonic. He also treated the circu-
lation generated by evaporation and precipitation
(GOLDSBROUGH, 1933). However, no physical
oceanographer has ever tried to follow GOLDs-
BROUGH in determining the ocean currents on a
rotating globe, although this is a very important
problem in dynamical oceanography. In the
present paper, the author intends to solve the
problem of steady ocean currents on a rotatir}%
globe. '

Employ the spherical polar coordinates used
in tidal theory, or the co-latitude 0, longitude 2
and vertical coordinate z. The co-latitude is an
angle increasing from ¢=0 at the north pole
2long the meridian positive southward to the
south pole where 0=%. The longitude A is
identical with the geographic longitude. The
vertical coordinate z is counted vertically down-
ward from a particular level surface or an
equipotential surface.

The distribution of wind stress will be given
by the stress components 74(f,2) and 7,0, A),
the former being directed southward positive,
while the latter is understood positive when
directed eastward. The density of the sea water
is given by p(d, 2, 2) and can be determined
from observations. Tt varies as a function of
8, 2 and =. The velocity components of the
motion of water are u, v and w, which are
counted positive in the direction in which 4, A
and z increase respectively. Thus « is counted
positive southward because :the co-latitude @
increases southward.

(5
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The form of the surface of the sea is given by

z=—{ 1)

where { is counted positive upward from the
level surface =0 (equipotential surface), so that
z is counted positive downward.

If V represents a quantity which varies in a
three-dimensional space, and df, dA and dz the
directions in which co-latitude, longitude and
vertical line elements the horizontal
diffusion of the quantity V will be represented
by the expression:

increase,

-7V (2)

where y? is a positive constant called ““friction
constant’’
In such cases the mixing terms may be simply
given by
r? 0%V
Vtu—-

sin? ¢ 0z

(32

As to the friction constant 7%, several values
have been tested, the average of the most proba-
ble values being 7°=10"%c.g.s. (GULDBERG and
MoHN, 1877; STOMMEL, 1948; MUNK, 1950;
YOSHIDA, MAO and HORRER, 1953; WYRTKI,
1956; HiDAKA, 1963). For this reason the value

72=10"%c.g.s. 4)

will be adopted in this work exclusively.
Further suppose that ® the angular velocity
of the earth (0.00007292 sec.”!), g the gravity,
000, A, 2)=p the density of sea water, and R the
mean radius of the Earth (R=6.3712x10% cm).
The terms of vertical mixing are given by

1 0 ( 90 )_i( (7u>
72sinf or pr sin or ) oz ﬂaz ’

o 3 (05 ) =5 (652
r2sin 0 pr? sin or ) " 0% M@z

where g is the coefficient of vertical mixing.
The equations of the pressure will be given by

(5)

dp=gpdz. (6>

By integrating this equation with respect to =
and differentiating it with respect to # and A,
it will follow

C

16, N° 2 (1978)

ap go o

" Rsin0oA  Rsind oA

z ] 0 R
hzg D00, 3, 2
(7>

where p means that the surface density of sea
water does not differ much from the average
density of the water column from the surface
layer comparable in height to Ekman’s depth
[_):\/ A (EKMAN, 1905).
ow cos 0
Substituting (7) in the equations of motion

together with the terms of Coriolis forces, there
as follows

1930

comes out the equations of motion
(cf. Horace LaMB, Hydrodynamics 5th Ed.,
§§213, 366b; 6th Ed., 1963 §8213, 366¢)

— V;— — 200 cos fep
bluﬁl (/Lm)wL @p cos v
go ?j;_ g j 1 4

" Rsind 02 R osinf oA

X o(f, A, 2)d=z=0,

72 0 ov 9 9
— ———v+ L — wp cos Meu
sin? 0= "5 !

(8)

. A
o -R»Jogﬁpw,z,z)dz:n
II. Computation of Drift Currents on a

Rotating Globe; Case of Currents Generated

by a Zonal Wind System.

In discussing the drift currents theoretically
it is customary to assume the case in which the
motion of water takes place only by the stresses
of winds sweeping the surface of the sea, so
that, to disregard the terms of the pressure
gradient and other forces.
motion are thus given by

The equations of

7-2

—— U ’{’
sin? 4

2

sin® 7

assuming that g is a constant.

conditions to

)

(9)

02
+ p—=—- 7 ZZ —2wp cos fu=0
The boundary
be satisfied by « and v are
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e
Z==E W &J"'hl(ﬁyz>a
ou
TR =14(0, A) (@)

on the surface of the sea, and
z=h: u=0; v=0, an

at the ocean floor, the depth to the bottom
being supposed constant.

Multiply the two equations of (9) by —7 and 1
respectively and add together; then the equation
to be solved is

12)

while the boundary conditions are from (10)

0z
z=h: v—iu=0. (14

z=0: —u

(v—iu)=7,—1ity (13)

General solution of the equation (12) is

where Cy and C, are constants.
Applying the boundary conditions (13) and
(14), it follows

A

4 . .
—pt== (v —iu)
oz

2 =0

— 7 1/2
:—x/ﬂ( 1?0+12a>pcos(7> +Cy

172

(‘]—L;*hg
(165

- 2
+ V',u(mr'-“nLZZw,ogoaﬁ

and

2 1/2 }
OZCO'EXP{_<gm2/j +12a),ocosé’) \/lﬂ}

. 7,2 12 p
,|—(:1'exp{<‘s”{;l7zj +7:2pr05 ﬁ) \/‘u} N
an

From the equation (17) comes out the relation

e , 1z oy,
ex}i{1<m+12wpco>ﬁ> \/ﬂ}

Ci=—— 7 INEAA +Ch.
. , ;z . N2 e ) exp {<M.____ 47200 cos ﬂ) }
v—iu=Cyrexpy— "“:"’T“—‘TIZQ)IOCOSH 4 v
ol Ve (18)
F 2 1/2 N
+Chrex { e 2000 ¢ :/,/> 5 ) ) )
e EXPL( sinty  FOCT) } (15) Substituting the relation (18) in (16)
— ity
v . . o " o
o P{ ( - -1 2wp cos /f) A }
L2 Lo o 12 €xXpy— YRR
- <~j.-'*;~”~ +i2wp cos 0) — <~~/~2~5 +i2awp cos 0) . ; sz v \/hy
" exp < = +72wp cos
sin? v
(19
Ti— 1Ty
(,‘1 =

- 72
exp{ ( T +z 2wp cos (1> v’hu }

7 iz
e e o 12 exp{ < » 5 Hi2wp cos ”)
—<~-£»*~+z9a)0 cos 0) — +i2wpcosl) o sm? b v @
sin? 4 ntf

Substituting the expressions for Cy and C; in (15) and after rearranging, it follows

= T TN
Vol e i st
Jz ( ey i 200 cos >

- 7,2 o B 1/2 h—‘,‘Z ( 7,2 2 0 1/2 }l—‘”
exp{(;;]ﬂﬂ + 7 2w cos ) v }*exp{ _NZ_E_H wp cos ) \/Jz}

(o

2 oy
o)) el

TNYE Ry e 20
) v

C79
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Now the expression (20) can be reduced to a
simpler but non the less accurate form except
within a small distance less than about 100 m
above the ocean floor, that is to say

ViU =" "

72 T NyEe
v (:irﬁ 7 +172wp cos 0)

I TZ 12 5 .
Xexp14< '—+z'2(o‘0(:050> \/,M}' 2D

sin® 0
Assuming
2

2 1
(*Sm%‘a;ﬁ"iprcoslo =A+iB, (22

and separating real part from the imaginary,
it follows

‘iz T 7,4 TONT2
| A2 2.0
A= '§Ln2 7 +< sntl 4w picos )

V 2 o

| 72 7 ) izl
- Aot cost 1
B= sin? ¢ +( sint f Fw’p® cos ) i
\/ i} _
2

i
t

(@23

an‘d

L4 12

A BE= <—~.Lf +4e?0? cos? Fl) (2
sin* ¢

Let the components of wind stress in the

directions of # and A be 75 and 7,; then it follows

‘v:f AsmB\/#%—BcosB‘/ﬂ
L o v (A4 B?)
AcosB , —BsinB

vu vou

T Ve

Xexp(——A N >, |

v i
L (25
AcosB\/ﬂ~551nB\/ﬂ

U=

e V 1 (A2 + B?)

A51nB\/ﬂ+BcosB\/ﬂ

VU (A4 B?)

X exp(—A \/zﬂ) .

+7;

The expressions (25) will not be valid exactly
for a sea shallower than the Ekman’s depth

D:n\/ " (EKMAN, 1905), or in the
oo cos 0

region of deep ocean where the depth is less
than I above the ocean floor.

Suppose that there is no continent on the
earth and the stresses of prevailing winds are
exerted in the eastwest direction only; then
the wind stresses will be

’{0:0 5

so that the expressions (25) will become

N

zZ 5 - z
AcosB\/ﬂ)bsmB\/ﬂ
’V/IU<A2+BQ)

Xexp(—A Zﬂ) s
\/

+BcosB -
v U

V=T,

. (26)
Asin B 7
%

/

V(A B

Xexp(—A Z > .
Vi
The components v and « were computed from
the expressions (26).
If the meridional distribution of wind stress
components are given by

uU=717;

p=0; ;= {— ffIPg(cos )+ Pi(cos 0)},X4 ,

Table I

- j X1 Polcosth)
+ X1 Py(cos n*

0°(North pole)  90°N 0. 2500X

co-latitude latitude ¢

10° 80°N —0.1371~»
20° 70°N 0.1434
30° 60° N 0.4453 »
40° 50°N 0.6042 »
50° 40°N 0.5174 »
60° 30°N 0.1953 »
70° 20°N —0.2396 »
80° 10°N —0.6070 7
90° (Equator) 0° —0. 7500 »
100° 10° S —0.6070 »
110° 20°S (). 2396 »

* These figures are expressed in an arbitrary unit X,.
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Table II. Downward Attenuation of Drift Currents when y*=0 (Ekman Spirals).

co-lati- lati- ~ . . R z N N . N N .
tud tud == Z=0.1 =-=0.2 £=0.3 ==0.4 ==0.5 <=0.6 ==0.7 ==0.8 ==0.9 ==1.0

B D opTel e T8 b h o)) p- %D
20°  70°N Y 0.856 0.401 0.101 —0.074 —0.156 —0.178 —0.164 —0.133 —0.097 —0.064 —0.037
u 0.856 0.787 0.638 0.466 0.307 0.178 0.083 0.021 —0.015 —0.032 —0.037
30° 60°N ¢ 2.767 1.298 0.372 —0.239 —0.506 ~-0.575 —0.529 —0.429 —0.313 —0.206 —0.120
u 2.767 2.547 2.062 1.506 0.992 0.575 0.270 0.068 —0.050 —0.105 —0.120
40° 50°N Y 3.992 1.872 0.471 —0.344 —0.730 —0.830 —0.764 —0.618 —0.452 —0.298 —0.173
u 3.992  3.674 2.975 2,173 1.432 0.830 0.389 0.098 —0.072 —0.152 —0.173
50°  40°N Y 3.732  1.750  0.440 —0.322 —0.682 —0.776 —0.714 —0.578 —0.422 —0.278 —0.161
u 3.732  3.435 2.781 2.031 1.339  0.776  0.364 0.092 —0.067 —0.142 —0.161
60° 30°N Y 1.597 0.749 0.189 —0,138 —0.292 —0.332 —0.306 —0.247 —0.181 —0.119 —0.069
h u 1.597 1.470 1.190 0.869 0.573 0.332 0.156 0.039 —0.029 —0.061 —0.069
70° 20°N Y —2.369 —1.111 —0.280 0.204 0.433 0.493 0.453 0.367 0.268 0.177 0.102
u —2.369 —2.181 —1.766 —1.290 —0.850 ~—0.493 —0.231 —0.058 0.042 0.090 0.102
80° 10°N ? —8.424 —3.951 —0.994 0.726 1.539 1,751 1.612 1.305 0.953 0.628 0.364
’ —8.424 —7.753 —6.278 —4.585 —3.021 --1.751 —0.821 —0.207 0.151 0.320 0.364

Table III. Downward Attenuation of Drift Currents when 7°=10 °c.g.s. (Ekman Spirals).
co-lati- lati- . N . o . - . - > . >
) 20 Fo01 £=0.2 2203 T=04 2=0.5 =06 2=0.7 2=0.8 =09 Z=1.

e tude D D D D D =06 =0T p=0E 509 =0
20° 70°N Y 0.880 0.428 0.130 —0.045 —0.130 —0.156 —0.147 —0.121 —0.090 —0.061 —0.037
u 0.828 0.763 0.619 0.455 0.304 0.182 0.092 0.031 —0.005 —0.023 —0.029
30°  60°N Y 2. 809 1.342  0.374 —0.191 —0.462 —0.539 —0.502 —0.410 —0.303 —0.203 —0.121
u 2,724 2.507 2,033 1.490 0.990 0.583 0.284 0.086 —0.031 —0.089 —0.106
40° £°N 4. 034 1.916  0.519 —0.297 —0.686 —0.794 —0.737 —0.601 —0.442 —0.294 --0.174
e u 3.950  3.636  2.946 2,168 1.429 0.838 0.404 0.116 —0.053 —0.135 —0.159
50°  40°N Y 3.765 1.785  0.478 —0.284 —0.648 —0.747 —0.693 —0.564 -0.415 —0.276 —0.162
u 3.699° 3.405 2,789 2,019 1.337 0.782 0.376 0.106 —0.053 —0.129 —0.151
60° 30°N Y 1.611  0.764 0.205 —0.122 —0.277 —0.320 —0.296 —0.241 —0.177 —0.118 —0.070
u 1.583 1.457 1.181 0.864 0.57¢ 0.335 0.161 0.045 —0.022 —0.055 —0.065
70°  20°N ¢ 2.395 —1.139 —0.309 0.175 0.406 0.470 0.436 0.356 0.262 0.175 0.103
u 2.343 ~2.157 —1.748 —1.280 —0.848 —0.497 —0.240 —0.069 0.031 0.080 0.094
80° 10°N ¢ —8.587 —4.123 —1.180 0.539 1.368 1.608 1.504 1.233 0.914 0.614 0.368
w —8.252 —7.597 —6.162 —4.522 ~3.009 —1.780 —0.877 —0.276 0.080 0.257 0.313

where Xy may be determined [rom observations
and Py(cos ) and Pi(cos #/) are zonal harmonics
of the second and forth orders respectively, the
meridional variation of 7, against co-latitude #
is computed and compiled as shown in Table 1.
The wind stress is supposed to be symmetrically
distributed on both sides of the equator.

The most important item are the numerical
values of the components v and «. They were
calculated for two cases (1) y*=0, ¢=100c.g.s.
(2) ¥*=10"%c.g.s., #=1GJc.g.s. in Table IT and
JI1. These velocity components were calculated

for the depths %:(,), 0.1, 0.2, 0.3, 0.4, 0.5, .
etc., where D is the Ekman’s depth. The

downward attenuation of velocity or velocity
components is more pronounced when the verti-
cal eddy viscosity g is larger, being proportional
to + ¢ approximately.

Very small differences are seen between the
values of components v and u for y*=10"%.g.s.
and those of 72=0.
represent the differences in the two cases, so
that only the case for y*=0 is shown in the
diagrams.

Practically it is useless to

ITi. Deviation of Surface Drift Currents from
the Downwind Direction.

At the beginning of this century, V. W.

€9
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Fig. 1.

EKMAN (1905) discussed that the deviation angle
of the current vectors on the sea surface from
45" cum sole.
Despite the difference in assumptions for the
surface forms of the ocean in two cases, similar
results can be obtained for the deviation angle
on the surface provided y*=0, or in absence of

the downwind direction remains

lateral friction.

In order to derive the surface deviation from
the components v (eastward positive) and u
(southward positive), assuming an ocean over
which the
only and the meridional components vanishes,
or t9=0, this deviation angle 0 can be derived
as follows,

If the wind blows from west to east (¢,;>0),
the deviation angle ¢ will be

wind blows in east-west direction

. U
tan 0 =—
v

] @n

0

iz

or from (26),

e e I NG
i |
AN . /i :

The Deviation of Drift Currents from the Downwind Direction (y

La mer, Tome 16, N 2 (1978)

WIND

2

N
VN,

N

10°N
=),
tan 0
Asin B + Bcos B © |
N Ny Vﬂex (—A z )
7 vwans) AT
AcosB - —BsinB !
7 v v ex (—A N >
V(A2 BY) LAV
B
A
= 7 1/2
\‘ 55 T ( 5 T 4a*0? cos? '7)
| sin sint 0
- 3 1 178" (28)
[——— k( T 1 4a?0? cos? H)v‘/
Vo Gnze T\ g Tef

If there were no horizontal friction, it follows

tan 0

:1 3
so that
0=45° cum sole .
with Ekman’s since
EKMAN did not assume the horizontal friction.

This result is identical

(105
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This result is valid when the wind blows in an

. ﬁ*ﬁc‘qpi‘
opposite direction, or from the east to west

A
AT

T >
t ! !
(=:<0). | ;
When 7?0, § will deviate from 45°. Tt can & 9 / ! o
be shown that ¢ will be T\i% /P i 3 ‘: !
N ! i
tan 6>1 :j? j :
. | F e N
so that 0 is larger than 45°. P | o
When the wind blows from an arbitrary g N I Fig. 2

direction, let the wind stress be divided into
the components 73 and 7,. Then the surface
velocities of drift currents generated by these
components will be given by ¢ and i, substitut-

In particular, if we put 72=0 or there is no
horizontal friction, it follows

ing 2=0 in (25) 220: b= —To+7T;
i=—1q , B N 4 VaHdep cos 0 (32)
v (A% + B?) v (A4 B2 dotin= | T‘0+ﬁ
) A » B v 2u2wp cos 0
! Tﬁ v (AP + B%) . v (A BY) ><99> This is nothing but a version of EKMAN theory

transferred on a rotating globe. The angle of
where A, B, A%--B? are given by (23) and (24), deviation d is the difference obtained by sub-

The contributions in ¢ and # from 74 and 7, are tracting «, the angle between the latitude circle
B A and the downwind direction, from S, the angle
Vg=—1y V(AP B 0i=7, V(AR B between the direction of current vector, or
i A B B 0=~«
p= Ty , ; oo ULTTE N O D
"V (A BY) V (A2 BY) —cosmt T (3
(30) V(@o+ 00"+ g+ i)
and thereflore the total velocity components in 5 = cos-! —Tp+7Ts —u (34)
the positive direction of ¢ contributed from the N2zttt
wind stress components 7, are or
o 2 SR N 1 [(—zp+712
Vg+0; ]_ r Y 202 o sz(/) ! 5:cos”lI , <——>}~a. (35)
_ ! sin%0 ! sin® 0 Aot cos J o V2 T
—rp J L AERT an
\/ 2/L(‘:ié;i'f}'+4wzp2 cos® (’) In a similar manner,
| (o) S G CEEN -
| = 2 cos? 0=sIn" ol ) o
o | sin? ¢ (sin“(] T oS > Vv2\ T j
+7, t_ e e s
vV 2‘u<—~.-/;~—+4w2102 cos? H) 0 o
sin® ) ! because — =sina and —=cosa.
o — por RN . : )
ag+ii; \ _ ‘/2 +< _14 4020 cos? ﬁ> In. ‘Fhe cases when thellre are b(?th .zonfxl and
=z, ]SO 0 sin § ) meridional components in the distribution of
\/ 2#( 1 4ot cos? ”> prevailing winds, the expressions (25) must be
sin* ¢ employed. As to the introduction of boundary
22 % o L N7 conditions to be satisfied at the boundaries
Y] T( snid 4o cos H) further devices will be necessary.
+ 7 A o g The technic to neglect the meridional com-
2ul — +4a0°0? cos? ¢ : . . .
sint 0 ; ponents of wind stresses is sometimes very
(€))) convenient for simplifying the solution of the

1)



62 La mer, Tome 16, N° 2 (1978)

problem. This was often used by several western
authors (STOMMEL, H., 1947; Munk, W. H.,
1950).

IV. Summary and Conclusion

The problems of wind-produced ocean currents
was solved on a rotating globe instead of on a
rotating disc. The sea water is supposed to
be of a uniform density. The wind distribution
is zonal supposed to be approximately of a
similar type as the prevailing wind system over
the oceans, consisting of (1) east wind at high
latitudes around the poles, (2) west winds in the
intermediate latitudes, and (3) the trade windas
over the tropical waters and on both sides of
the equator. The meridional variation of the
wind-stresses components or 74(A) is disregarded
because they are not large. This technique of
simplifying the distribution of wind stress com-
ponents have been used by STOMMEL, MUNK
and others with a contribution for solving the
problem.

The equations were solved and applied to
compute the currents in a zonal ocean without
continents.
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Study of the Catching Mechanism of Shrimp Trap
in an Experimental Tank - II.

Escape Behaviour of Shrimps (Palaemon paucidens and
Pandalus borealis) from Trap

Makoto INOUE, Michio OGURA and Takafumi ARIMOTO

Abstract: This paper describes the results of the experiments for two different species of
shrimps (Palaemon paucidens and Pandalus borealis) on the escape behaviour from mesh and
entrance of the trap.

First, the behaviour of the fresh-water shrimp Palaemon paucidens (43.7 mm=7.5 in body
length) were observed towards the plain nettings and the model traps, of which mesh sizes
were 10, 15 and 20 mm, respectively. For the plain nettings, the proportional relationships
were obtained between the mesh size and the body length of the shrimp which passed through
the mesh, while for the model traps such relationship was not observed clearly.

Secondly, the escape behaviour of the pink shrimp Pandalus borealis (6.5~10.6cm in B.
L.), which were commercially fished in deeper water, from the model and commercial traps
were odserved. Their action to escape from the trap is chiefly caused by their spacing be-
haviour which is similar to the territoriality of the freshwater shrimp observed in the previous
report, and it is interesting when they escaped from the mesh they thrusted the telson into

the mesh until the abdomen and jumped out from the trap instantaneously.

I Tt Ay = v Palaemon paucidens 7 F\-
T LU CAEOEBEIC > T, AR
Ao to= EOBITEZ M 5700, RKEAY
=B L UEPER v 1 7 7 h =¥ Pandalus borealis
ORI ERY -7, ek, ka7 77h
= EOW TR ARRTEIC DV TH L 7o,

I P TEckBKIEERER
1. Eg=©

* 19784E3 H 4 K%
Z DIFFED E D —E RG24 B B AR
FEM L - &
ORRUKPE NI B, BORAEXMER 4-5-7.
Laboratory of Fishig Methodology, Tokyo Uuiv.
Fish., Minato-ku, Tokyo, 108 Japan.
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Fig. 1. Model trap for Palaemon paucidens.
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Fig. 2. Rectangular trough divided by the plain
nets of three different meshes.
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Table 1. Remained number of Palaemon paucidens and their body length in each
section (see Fig. 2).
Section A C D
Mesh size 10 mm 15 mm 20 mm
Remained ) Remained . Remained _ . Remained L
| Number  ™** " Number ™ Number ™ Number "™F
Exp. 1 4 38.7+3.2 16 42.2:46.1 25 46.3%7.4 5 54.546.6
Exp. 2 3 39.7+2.1 8 46.5+5. 1 26 44.1+£7.2 13 44,.5£6.5
Exp. 3 6 38.2+4.3 13 41.0%+5.0 14 48.44+7.9 17 45.8+9.2
Exp. 4 4 35.3+4.3 8 38.4+2.6 20 42.2+9.5 18 43,447, 4
Mean value 4.25 38.73.7 11.25 41.94+5.5 21.25 44.9+8.1 13. 25 45,3%£8.1
Max. body length 42.0 52.0 60.0 61.0
Min. body length 31.0 32.0 31.0 32.0
m; Mean value of body length (mm)
s; Standard deviation
ENHEE I N,
FEEaFEHRA Table 1 & Fig. 3 @iL2, D .
. _ . e o~ " - * *
IRCERY L -tk & 20mm HA#7@E#HL T C 50
RIBUCTRE U iR o E B 201 i <, 20 o
mm H & - OEERAERTEC & - CTHBE & ix7e b 7 s0t )
TR BB BB Lot —F, Co 5 j e
B« A D&RIRCEE L 2 kD EMRIC O Twb o o
THEEEETE R 2 1 44.9 mm, 41,9 mm, ®
38.7Tmm &35 LR E AR < Hicon T 3 20 H N T i
Section A B C b

~4dmm DELHET/NEL e, TwBb, LnL, &
X om/MAEORERL 205 & Zix7e <, #EH®D
HBA TN BTN D RED DT H LT L
b EH AT, OO0 KRN THIC
EHEEEL, b TEBEYTbiihofol &
Db, £ THEORKMEY A DD, I
LD RE IR L OMMA BT & 72 b & W
5, kD FRAET OLEAY 17725 & 20
mm B4 CTHFE 6l mm (HigHE 18.8mm), 15
mm H4T52mm (15. 1mm), 10mm HA4 T 42
mm (1. Imm) CHEHED Smm /NS /b LmE
W H AV = EDRREEEN 10mm 5o, I
RET dmm SoE < Tk 2L 5 PRI
iz,

iz 10mm, 15mm, 20mm @ £H&D BER
B (Fig. D) %/, 3H0 k& SOKHT = ¢
ORFECEL TERAITIc - 7o, BT 5 RBEE
AMOKE KU L T EHOERRD LN,

Fig. 3. Body length of shrimps in each section
of the rectangular trough (see Fig. 2).
OExp.1 X Exp.2 . Exp.3 /A Exp. 4
©—© Mean value for four experiments

%  Maximum body length
¥¢  Minimum body length

# B AN ORI 5 B & DKl
TERL Th 70T, IFDERCONTSH
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F Ltk Fig. 4 Ch b,
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HAEEL 20mm AT — 70V b B2 ) 2
S TRAIO 5 R AESA L, 30 arcixlb
mm HAEET 15 2, 20 mm HAEECLORMHH L
o, A O FER T 20 mm B A3 EE O R E L i
febig\C kA RN, BB TY 1 BA&AL,
ATHBEP RS L7, Fhucxl, 10mm 5
GFETIL S — 7P 5200 T BRI RGBT i th 4
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Fig. 4. Cumulated number of escaped shrimps
from the trap with time elapsed. (Initial
number in the trap; 20)
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A—/\ 15 mm mesh trap
X—X 10 mm mesh trap
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Maml, SHICEHEO TR, HE-&EAM
BEE DR RER IR AN, ZOEL D =
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Hw R e o Co b i@ fiibLic < < e o
Tkh, Fig. 4 cabnsb ksl ﬁﬁﬁ%ﬂ_ AL
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dem Eu 5 O ERBRAR = 0 /L CEIR M
BhoTWhWinWEE25,
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Fig. 5. Compositions of the body length of the

escaped shrimps (Ed) and the remained
() for three kinds of traps having the
different mesh size. Dotted lines indicate
the maximum body length of individual
which passed through each mesh size in
the rectangular trough.
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15 mm H&5E» B L ik Dk ES % &
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1. EERp=vr
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EEFRT) 1%, 19784E 2 A2 i Hig BRI AR K
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BLobDThD, BBLIETI=ED 5 b
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Ry 2~ WAL o, iR Er Y £~
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VOAEY=F U T =R AN, EER
K, BRULALEEL 72, HEt2 H15A,5
BHGEL, 2 3190 % T 5 AT » 7. & KIE,
RER AR DWE KL 6.5~7.7°C Th - 12, FH,
EEMm OB TCREITBDD 1~2H15~6 B,
HOWEET0 i, FHLIH2BEE T -
7o

BB T 5= ik 1 dng Ja FE R 2 5
H, LELFI~Z2EN KEY BVlHs HETH
D, AEEERLERMFELED, FRKETH
HENPOMEBCBH T 200 BE I, Ly
U, ®HE9ME, EPET2RENCESL T8
FHLRY T, 7ThH= ORI EIE IS

nd, HROBEIE L RETRG L5 Th -1

T h = EiAE 6.5~10.6cm, @gHET16.9
~27.2mm O THY, AEIcm PIFo/NE
DEEAZ D o 1oy MEHEDE AL 1:4 THED
Z <, fi@EES 0B Rbon,

2. EERFH:

AREBR T T 51 =D AR & RETEIC >
WTEISE R ITI 5T, AW KR RO 5 b v
AHEROCHEFEIm, BE 1lm o v 54 kT,
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foo M, EYHoKkEE, i Fig 6 o
L5 Thb,

Fig. 6. Commercial and model traps for pink

shrimp Pandalus borealis.
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ANBJC 7 h =% A, fHE@ONBHET
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HHDLFRHELIY, 7TH=ETH AEEDOL {4
MR ET 5 AN H D E D EHEARD
feic, Fig. 6 OBRENC X ) iy Anicia s
AR WB AT OV CABERH & H#i U 7z (Table
2), KD = EOTFEERNK 160 B, Auv7ofF
BT SO 50g Thoh,

BHEFCEIEM» D BHI T TIBNR AT
73, JEEHERIC L WK LR A ST Th S,
Lithe T, 7H=ETE AV = &R ) lRN
T IEEECABL C L Frhl i s Bbnd, =
DI EITBEZLEH L CWDEN, BELLT A
= EIIAEROCERMES s b e LB b,

7 h = EDFEAND AD Fit KRy Bk L T
MO EE@D D O TR <, KWERZ @MYL
e bR A B > TROK BETH 008 TT
botee AV =Y TIRKELENEKL L2 HE
EROCr] s o bbb,

K, 7h=cxREMEELERE DT
i, 7Hh =gl TR AE L, FREAL
THZERHEL THE2 5L MO ED XS Ifa A
L0 BB AL &5, KEBRTILIDD
Table 2.

the model trap with bait (frozen mackerel
50 g) and without bait.

Number of entered pink shrimp into

o Tr

- — ap . ‘ . -
Date and Time . With bait Without bait

A Bl H25 (1978); HILWHEELE

EERWEND LT, =L LR AR
B & U iogEon ABERE A M~/ (Table 3),

FOWRIC L BHE, TH=EAEEL BRI
BAREE LTI ZDIABELTED, 7Th
=€ HOEE &L TREORERT E b0 LT
b, O EEERD 7 H =D NTHEED
i >b o L Bbh s,

2)  PigEf Ey

BiRIEE (BH 1417, MOEEIcm) 1T /AUD
7 =€ 16 A A B AN, BEX b5 v K
AN T=EDRHiTEI MR, ISEEZANRTD
i, AU = EIR L AKMER HEEL ERER
DRFINAE R ARG S B cHh D, 7=, fE 14
B RomEHllceo b BETHD,
M= I L TR B A L B b s,

THEEDA BT ARERETHD
TP BEETLREEME» LRI L . Y
HBEL CDLBECHY 507 5 § To R
Table 4 DL 5 Thh, GEI2ENBIEL T
%,

ORI XY BHS S e 2 ik, D EEN
DT H = MR E O PR B L0 R
EEDRINEFERT AL, FOK, A=
KM= C DR A BT S LS e BRI B E BN
bhH Ik, DEOE NIRRT T B = DR HITEIN
AUt b, ) MAEBEOMORREIDESN

2/15 15:00~ — 18:00 0 0 i, BOMLIML T L, 9 #ME
18:00~  21:00 3 1 N ) -
21:00~2/16 09:00 6 0 4R E 6~9cem O/NBID 7 H =T & - CTH
09:00~ 12:00 0 0 MIZR G HE LB TR i ETh o7,

Total 9 1 KICFEDO A 2 TR Do, BTEE,
x 6. 400 FE (fn bR E 1487, FOEE Y em) &7 H
X —test X2(0.05) =3. 841 = v % 30T > ANBHITE & Bl%E, Rl .
Table 3. Number of entered pink shrimp in the trap with bait of dead pink shrimp,
comparing with the fish meat.
Experiments were conducted from 16:00 to 08:30 of the next morning.
. Date A :
Bait e ———- - Total 1 1*—test
] 2/16~17 2/17—18 2/18—19 o -
Pink shrimp (25¢) 3 5 3 S
Mackerel (50 g) 2 - — 3.260  17(0.1)=2.760
Fish meat Anchovy (50g) — 2 — 4

Sea Bream (50g) - o




Table 4
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Behaviour of pink shrimp escaping from the model trap.
(Initial number in the trap; 15)

Date and Time

Number of

escaped shrimps Remarks

2/16 14:00 (s;art)

14:00~ 14:30
14:30~ 17:00
l/ O()~2/1/ ()9 00

Tota]

Escaped from the mesh during setting the trap on

1
the bottom.
2 Escaped from the entrance funnel by the repulsive
92 interference among individuals.
7 Not observed.
12

Table 5. Number of escaped pink shrimp {from the commercial traps of 6cm and 12 cm
diameter of the entrance size. (Initial number in the trap; 30)

Diameter of the entrance

Date and Time e

12 cm 6 cm
- 2/18 11:00 - S;L - Start
11:00~ 11:20 0 2 (from mesh)
11:30~ 15:00 ) éé;‘i‘:‘m’f;m 0
15:00~ 17:00 1 (from mesh) 0
17:00~ 18:00 1 (entrance) 0
18: (J()~2/19 08:30 1 (not observed) 1 (not observed)
- Totdl : 6 n - 3 7
BEMERL 7T AKHE (2004545 em) i, ¥ Fig. 7 @ W RTREIC FE 5 It i B D REB L 2 I
BRE S b KIS RER L 72, ~ il & U ORL end,  BEREEO Bl REuX =Y
i REL < EV, CHERBEEORE, Fc
R EEPENSELSTVC &, KO 30E
® L5 T A = COBNELE RN BERSEONA &Y
“ Bz Tuetd L Bbhs, —F, 2R CHES
5 DY TREDTYRETET = €D FHAFHE R =
s o COMATHE ERFHETEIRNC LN
§ . tha;it,&E,% BEL L 15~ 18K 1
i LU TR RS > TR D, A& RO
i e o Wi REDRE E L TER bk, KR
§ EOTE e I HC IR - TP 2 TR, BT
N b, Py
S o ° BSC, WoEAET, WOOKE6cm, 12
T T T - " ours cm O 2 {F OB O BliTE A T 57

Fig. 7. Cumulated number of escaped pin‘k

&, FEH VI PABCHREL ., Biibb

shrimps from the commercial and model L DHREDOT h=vHd A, fMELIEEE
traps, with time elapsed. (Initial number UIc e, 0.67 cm kX WHATH B0, 1ok,

in the the trap; 30)

® Model trap

BVEZEL b7 h =it & - THEA LTS

O Commercial trap P /e 7e X s B,

€ 19)
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WKEEAY =L Ry 22 T h=Ex AV
AR I\ CABETTEY & REEIT BN O B A 77
st MEFEHATHHLDIET I=EThHN,
AFNRETCERECMATES Av=Ex T
HER AT sloZ LI LD, TH=EddHK
THE AT TH 2 EDTE T,

SETENC O\ T A Y = EL ERECKT T S
HADH D Z ENRDBR TN 9, Th=E
TS B - T & HUE— DL ERICH
W T h = E OB O SICRFT 55, R
CRWTHEE IR 77 =D X5 Ki5EES
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Crest Configuration and Elevation of Interfacial Waves in
the Sea, induced by a Steady Travelling Disturbance

II. Improved Analysis*

Masahide TOMINAGA®*

Résumé: Nous avons amélioré ’analyse mathématique utilisée dans le document précédent
(TOMINAGA, 1978a) ol les développements de série suivante les puissances de mhi (mh <1,
m désigne le nombre d’onde et A, [’épaisseur de couche supérieure) ou e /1 (dans ce cas
mhi>>1) sont inexacts pour la valeur moyenne de mh;. La formule (3.7) y apparue est
s’amélioré a la formule (2.19) ici, d’ott l’on peut décider numériquement la forme de créte
pour une gamme de la valeur de mi;=pg. La forme et 'ampleur relative d’un créte dépendent
au paramétre 0°= U"/[gd0hihs/O0(hi-h)] ot U est la vitesse uniforme d’une source de pres-
sion qui se déplace sur la surface d’océan de deux couches dont les épaisseurs sont A; (supé-

rieure) et hs (inférieure).

1. Introduction

In the previous paper (TOMINAGA, 1978a),
the author treated the socalled dead water
problem or internal ship waves produced by a
travelling disturbance on the surface of the sea
composed of two layers of slightly different
densities. The mathematical procedure used
there is the same explained by LAMB (1932) and
STOKER (1957).
used there by small parameter mh, (m is wave
number, A; is depth of the interface) or e ™"
when mh, is large, are not always exact for
moderate mh;. Therefore, in this paper the
author developed an improved analytical method

However, series expansions

without using series expansion. As the results,
the equation of the curve of constant phase
(3.7) in the previous paper was improved and
the inexact portions of the curve depicted in
Fig. 4 and 5 in the previous paper were cor-
rected.

The same problem has been treated by many
authors, especially the analyses by HubDiMAac
(1961) and CRAPPER (1967) are straightforward.
The former treated the interfacial wave pro-
duced by a submerged point pressure source

* Received February 27, 1978

** Department of Marine Civil Engineering, Faculty
of Engineering, Kagoshima University, 1-21-40
Koorimoto, Kagoshima, 890 Japan.

in the sea composed of two layers (depth of
the lower layer is infinitely deep). His analysis
The latter treated
the completely same problem. Horizontal x, ¥
coordinates were changed by Fourier transform
to «, B coordinates and he depicted two singu-
larities lines (residues of the integrand with
respect to « and S8 were computed from these
singularities), one corresponded to the surface
waves and another to the interfacial waves.
However, he described about neither actual
shape of the crest curve nor amplitude of the
crest.

1s somewhat cumbersome.

The present paper deals with the same prob-
lem in the case of two layers with both finite
thickness and the effect of disturbance source
with finite horizontal magnitude.

2. Revised analysis
When a concentrated impulse represented by
(2.2) in the previous paper, namely

Iz, y)=10(x)d(y) 2.1

is applied on the surface of the sea composed
of two layers of which depths and densities are
hi, o1 for the upper and ks, p» for the lower
layer respectively.

The elevation { of the boundary due to waves

(22)
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of the Cauchy-Poisson type is expressed by the
formula (2.27) in the previous paper:

. I A(m)

{~ e e

T v’ga Ha”(m)imz‘r“/?

g 3w .
Xexpi| ot—mr+-—+—sgno’ | (2.2)
L

12

where a=(0:—p1)/02=4dp/02, m is the wave
number along the radial and the
frequency o(m) of the wave and the function
A(m) are expressed by

vector r,

~ . 12
o(m):L gam ] 2.3)

coth mh, +coth mps
A(m)=m??(coth mh,+ coth mhy)!/?
v’ga m?>

- a(m) @4

If this impulsive pressure source travels with
uniform velocity U along the straight line (x
axis) QO in Fig. 2 of the previous paper, the

elevation is expressed by

£~_wf{i‘ (g)"\ - A(m)
75,01( 0 [\O (m)‘mfr]l 2

3 =«
X e "’—Uf— nr+ ——+-—snga” |dt (2.5
Xpr] ormmrT T,y ne J 25

where Ut = Q0.
ary method,

According to Kelvin’s station-
the stationary point of m is the

root of
d
a;;[(g-f m) =0 2
or =0
a'(m)= vgah Gw):%:
where u=mh; and
o 1
N (GENGATTE
C2+nCy* — (1 + p)ps?

2AC+ Co)37? , (2.7

with Ci=pucoth u, Co=pgcothnpu and p=hs/h1.
Then we can easily obtain

o (m)=hy vgah, G'(1) (2.8)

where

]
== e oy

Cil247Co? — (L4 )2
2u(Cy+ Co)*?
Ak@vls + 772(:23 —ﬂZ(Cll + 772(';2)
U(Ci+ Cy)??
BLC2+nC =+ P
4p(Ci+ Cy)3/?

2.9

To evaluate the integral in (2.5), we again
use the Kelvin’s method whose stationary point
to is obtained from

%[4}”(7/1)] :f(m)Jrl;%f(m):O , (2.10)

where f{m) is defined by

Sim)=0o(m)— %m

_ bg-qﬁ 1/2 <‘77” /U .
—< I ) [ coth y+coth nu >¥‘U'F (t>] ’

2.1
with
(1)
F<t> - (qah )TEL

Therefore, (2.5) becomes asymptotically,

X exp l'[tof(m>+‘;f‘ + g sng ¢’
+Larg <L fom) ] 2.12)
2 18 { s Jend? :
where
3 M Pl
dt0) = -m*? sinh mh; (coth mh, +co‘Eh mha)!/

Clo”(m)lmer 7
here m or u is understood as a function of ¢.
Then, using

dfm) _ " g EZE
dt '\/ hy ;
_ ga d r
\/ *ar v gahy t

(2.13)

_ /1(1" r
m\et )7

* We can prove thl\ easily by dlfferentlatmg j(m
=0g(m)—rm/t with respect to z and using ¢’(m)
=r/t.

(23)
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(2.10) now is transformed to

[u(coth ptcoth pu)]=H/2=(Ci+ Co) 1/?

~cosl=d;cosl, (2.14)

- v'gah,
where #=Ucos 0,8, = U/ vgah, and 0 is the
angle PQO in Fig. 2 of the previous paper.
Then, g is decided from (2.14) if we give 0,
and 0. Consequently, the stationary point fo is
given from (2.6) as a function of u:

r

= ] . 2.15
to Vgah G(u) ( )

Combining (2.15) with (2.11) we get
. rH() .
=- 2.16
Lo f(m) ROk (2.16)

where
. G . @I
HW);( coth ,u+7cbt'h 77/1) —HG) . 2

To obtain a profile of a constant phase, say
crest, we introduce a quantity @ having the
dimension of length by

. aa
o fomw) =225

then from (2.16) we obtain

G _ Gl
H(w) 0:°H(p)

gahia
o

(2.18)

In considering of (2.14), the curve of constant
phase above-mentioned is therefore given with
parameter # or ¢ by

0
x=Ut,—r cos 0:r<—(}(,1u) —cos f/)

a .
4?512—1—1(—u) [0:—G(w) cos 0]

- a . Gl ]

= SEHD [51 <C1+C2)1/2_41 ., (2.19)
: G(w)

y=rsin 52H<ﬂ>s 0

_ a6 s, 1 J/Z
e H L T Cr G (2.20)

These are more practicable form than (3.7)

in the previous paper. In (2.14), if y tends to
Zero

1 7777 7 h1h2 172 1
5 0 = — - = ———— J=—
COSTETN 14y (g“ h1+hz> ,/L 5
2.21)
giving Op=cos {(1/0) when 0=1. In this case
we have

-

A
107
05
!
\ o x
o] 05 1.0 15 20 25 ¢
Fig. 1. Upper half of the crest curve.
6*=0.4(0,"=0.3), n=he/h:1=3,
0=30.37°, x*¥=2.257a, 2*=0.853a,
B=tan" ! (¥*/x*)=20.70°.
y .
a (567
25+

151

10

100 (07

x /a

Fig. 2. Upper half of the crest curve.
5230,735 (512:0.98), 7}:}12///11:3,
0*=5.67°, x*=10.35a, y*=25.68a,
B=tan™" (y*/2*)=68.05°.

Annexed figures indicate relative amplitude
against that at #=0°. In the case of the
disturbance of finite horizontal scale, see

Table 1.
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Upper half of the crest curve.

02=2(8,*=1.5), p=hs/h=3. At infinity the
normal of the curve makes !
(1/8)=45° with the x axis. Ajmexed ﬁgures

multiplied by the factor 4/2/x 18/ doUnat
represent amplitude.

l ~1/2
lim G(u)= (1 + _)
#—0 7

angle cos

and
lim H(p)=
70
then, z and % tend to become infinity. This

means the curve of constant phase extends to
become infinity when 60—, as shown in Fig. 3.
But when <1, the curve generally consists of
two branches, intersecting each other and
forming a cusp as shown in Fig. 1 and 2. 9
is an important parameter to decide the shape
of the curve. We understand another para-
meter 0 as the angle which the normal of the
curve makes with the course of the travelling
The curves in Figs. 1, 2 and 3

represent only upper half of them. They are

disturbance.
symmetric with respect to z-axis.

3. Elevation of the boundary
From (2.13) we have
=2 L 4 AL

. oo
:fwz NG
y ( ﬂ+ﬂ[>< i L‘2)

_ﬂf(i_ﬁi+?_t)
hi\ ¢ #? Iad

For t=ty, the root of (2.10),

G.D

we can derive

from (3 1))
ga(;(ﬂ)
L Teftm]=— 2 )
— fﬁgaH Qfl‘]&@ (3.2)
a ’ '

using 7= Ucos 8, #=U?sin%0/r and (2.15), where

J)= 2#[51 cos 0~G(w)]

by [0 cos 0- G
+W[512 sin® 0 —20,G(w) cos 0+ 2G* ()]
. Hw v [so o
=2H =G
W+—== (G (1 ) GQ@ [51 G
H? 4G *
. M(QM) N (ﬂil_!(ﬂ) (3.3)

G'(1) being given by (2.9) and relation between
6 and u is given by (2.14).

Using (2.8), ¢(z0) including in (2.12) is trans-
formed to

)
(}1 1 sinh u(coth g+ coth 77#)”251(/“)

ah PLGWIG (W 17

therefore, substituting (3.2) and (3.4) into (2.12),
the elevation of the crest is finally given by

**C""’ 1//’2/731051 [ H(ﬂ) —]1 /2
doUh 7 a(;(/x)!(;’(m/(ﬂ){

x w sinh g(coth p+ coth pu)t/?

(expi (9%&3); T <0,

- (B4

X veoA
(3.9
expi <(}él:l+ ir—): J()>0.

For the crest we have
( IN L . %
gaa AN+ 1 T, A<M
T2
U <2N+ —‘3—)7: Cou>pt
where J(u*)

If we apply the disturbance of finite horizontal
scale on the surface, namely

=0 and N is a positive integer.

I: ]() e (x2+y2) /L2

(3.6)

instead of applying (2.1), the Fourier transform

* Usmg (2. 14) and (2 17) we get 01 cos ()—H+G
and 0,%sin®0=0,* —( + G

y 4o
*ok 0,a=0, AO‘;A"'AP.

(25)
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Table 1.

Effect of horizontal scale of the source pressure.

Values of /&) for 6°=0.4 and 7=3.

*At the singular point, amplitude ratios are proportional to (@/h)*/¢=0d,"*[(2N—1/3)z]"¢, N

is positive integer.

v° 9.66° 25.31° 30.37°¢ 35.38° 49. 83° 55°
(&) (1.65) (2.0) (2. 21)* (2.5) (4.0) (5.06)
L=0 1.127 3.756 2. 803(&2/}1\"/“ 9.614 46.9 175.0
Lik=1 1.081 2.618 1.564(a/hy)'/® 3.816 1.642 0. 550
ro2 0.952 0. 885 0.273(a/h)"/° 0.239 6.8x107° ——
n 5 0.393 4.47% 107" — — —

of I is given by
I(m)=IomL? e~ 22/ 3.7

and then (3.5) must be multiplied by the factor
exp(— L2 /AR:2).

The ratio of the elevation { along a crest for
arbitrary 0 to that for #=0 (¢=po) can be com-
puted from (3.5) yielding

g [ﬂH(ﬂ)G(ﬂo)iG'(.Léo)J(ﬂo)l }1/2
Gl L uoH(po)GIG () J(w)
y sinh g < coth p1+coth 7y )
sinh o \ coth po+ coth nue

X exp[

These results are represented by the annexed
figures to the curves in Fig. 2 and 3 (p=hs/M
=3) in the case of a point source (L=0). The
annexed figures along the curve in Fig. 3 (the
case of d>1) are multiplied by the constant
factor /2/mled,/doUh372,

The influences of the factor exp [ —L*(u*—
to?)/4h®] are summarized in Table 1 in the
case of 02=0.4, =3 for L/hy=1.2 and 5 re-
spectively. The figures in the second row in
the Table correspond to [{/{s| in the case of
L=0; unrealistic large values when ¢ is near
90° can be avoided by considering the finite
value of L, however, if the horizontal scale of
disturbance is large compared with thickness

2
— te? 3.8
o ﬂnj (3.8)

of the upper layer A, (for example, in the case
of a meteorological disturbance) the elevation

(] is very small except very near the point
for 6=0°,

4. Singular point
As easily seen from (3.5), the absolute value
of { becomes infinite when J(x) vanishes for

u=w*. Clearly, G(x) and G’(¢) never vanish
except when g—oco. This, in turn, means

%[tf(m)]:(), t=to .1

therefore, (2.5) must be evaluated asymptotically
by other formula as follows.
For u=pu* (2.5) is evaluated asymptotically

.~\/ .2 p(i)
7*(71(’ 3 3,
- G 1/3

x [6 /‘—Jﬁ—tf(m) ;

] (uF)eitaal U2 x/3) (4.2)

where

75N
——tf(m
5 ( )#*

{ ----- At ﬂmﬂ
4.3)

Differentiating (3.1) with respect to ¢ we obtain
fﬁf(m)___l,[ 2 <i~r>
drt T L vgah G\ ¢ 2

¥oo2F 2r G" ()

X( FTET z*) Jgah [G' (W T’

X(L_L) + (L_.?L+?_C>
t 2 A PR R E
T3 2(3 2

+ﬂ{7 i *?é('? “7)” > (4D

where 7 =U? sin%0 cosl/r2.

Now, we obtain
[L_gi 2 - (qa/L1)3 2(7(,&*)
to Lo Zfo3 ;:* 2

p
[ Go)— HWO @%@H@q
“ o
ZA@M&Hmmwwﬁ{ ,wa}
e G (")
(4.5)
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using J(u*)=0 or

GH )~ [ H(p*) 7 4G HW")
ws 1
_ ﬁ(ﬂ*)H(Mf){ H(p) }*
o G ()

Other terms includinghirgg(/imi) can be transformed
to, with t=to=r/ v gah:G(i*)

[7_-"_ 3]
to  to° _].“*
- U gahl(z(,u*)smz 0*[ 0 cos 0% —3G(1*) ]

_Ugah GO

rd L

X [g%f:) - 2(5‘(#*)] ,

2073 *
[2 <§_r»~ 27:)] _ 2(ga/n)3(z ) 5,9
©w* r

{H(ﬂf)+.u*%1}2j

0.2 u*?

to\ to 1o

and

. 1 <L~_f_>
“= x/'gah]G(,a*) t 10 )
Vo G H(u*)
- rur G (%) )

Therefore, we can obtain from (4.4) and (2.18)

roa _ 6lgah) 20, HP(u*)B(w)

MG )
(4.6)
where
GAG" 51 (GH\?
B = HG ’(ﬂ( ) + ( - )
H 5.2 .
; A\ H-2uG
X(”z(;’;ﬁ) g (H—2u0)

H+pG\? s 2
(Y ) 2 0

Using (3.4) and the relation

o _
(¢ coth g+ ¢ coth pu)'/ Hoo+ 1C)

* VVhen 0% is very small deep upper layer) p>1,
then 2+ H{(p)/G'(p)p*=0.
w6 M) will be given in Appendix.

~]
=~

(4.2) is finally transformed to

prm 2 ,,<1) LI
3% ToUa i
[ H'Ppsinhp ]
L{H(MH 1GOOY GG [ AL BT L

gaa T« .
- (4.8
Xexpi( 0 - 3> (4.8)

The singular point ¢* correspondstoacusp of the
curve of constant phase, namely, the conditions

dx ay —O

do do
Ratio of the elevation at the
cusp to that at =0 is therefore

12 ()8 )
1Col T 02 hy H'2(10)
(o). ](/Lo) 12

( GG (1)

« H(po)+ oG (o)

CHH@) + G B2 ()

><< ﬂ*: >s * sinh u* (4.9)
T\ sinh s o

give the cusp.

These values for 82=(1+72)0,%/p=0.4, and n=3
are tabulated in Table 1 for L/h=1, 2 and 5,
respectively. Quantity of the a must be large
compared with A; for better accuracy of the
method,
better as we consider the wave motion at far
behind the disturbance source

stationary namely the accuracy is

An angle A which makes a straight line
(caustics) connecting the disturbance source and
the singular point (cusp) of the curve with -
Wave
system is trapped inside the wedge made from
two such straight lines which lie above and
below the x-axis. For example, when 0,2=0.98
(62=0.735) we obtain #*=5.67° (u*=0.176) and
2% /a=10.35, y*/a=125.68, therefore f=tan™! y*
/x*=68.05°: the more 0% approaches to 1, the
wider becomes the wedge.

axis increases as 0° approaches to 1.

So far we use the formula (3.5), the profile
of the curve near the cusp is represented as
shown in the enlarged curve at right-below of
Fig. 2. But near the singular point, the accuracy

of (3.5) is poor and the correction (the procedure

¢27)
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may be cumbersome) will be needed. How-
ever, two systems of the curve, one transversal,
another diverging waves intersect each other
somewhat separated from the position of the
cusp. HUDIMAC (1961) gives the similar profile
but no cusp inside the wedge line, and insists
inexactitude of the shape near the singular
point.

5. Summary

This paper deals with the problem of so-called
internal ship waves produced by a moving point
source of disturbance on the surface of the sea.
However, extension to a moving source of
horizontally finite size also is considered. In
the latter case, unrealistic infinite amplitude
computed near the source is avoided. Geo-
physical problem such as internal waves excited
by an atmospheric disturbance of a size smaller
than mesoscale also can be analysed in the same
manner. But waves produced by an atmospheric
disturbance larger than mesoscale must have
long wave length to which the effect of Coriolis
acceleration should be considered. In that case,
the wind stress exerted on the surface is more
important than the pressure fluctuations.

The shape of the curve of constant phase (say,
wave crest) depends on the parameter 62. From
the relative amplitude along the curve, we can
see the tendency that the distribution of wave
energy diffuses evenly according as 0? becomes
large.

Appendix
Symbols and functions frequently used.
g: acceleration of gravity, 9.8 m/s?,
01, p2z: densities of the upper and lower layer.
hi, he: thicknesses of the upper and lower layer.

1 impulse applied on the surface of the sea.

m: wave number in the direction of radial
vector, r{z,y).

n=mhy

g: angular frequency of the waves.

U: velocity of the travelling disturbance
source along the x axis.

= U2 /gah

1+
52 = U2 /Lgathihs/Ghy+ ho)] = ——5;?
n=ha/h

0%(m)=gam/(coth mh;-+coth mhs)

Fm)=o(m)~—=
Cy=pcoth g, Ca=pcothpu
L o(m) 1
CU= van ™ XTGP
n ClP 479G — 1+
AC,+ Co)P2
1 o
HO= o i cothg) O
, H(w | g
J(=2HWw+ —="~ +—=—
“ ) w6 (w G
\ .
x[512—G2(,u)— H gm _AGWH () ]
2 2
. 1 C2+nC2— L+
G/ S S /)

 Ap(Ci+ G 2u(Ci+ Coy' 2

P PCP — G+ 7 Cy)
#(Cr4-Cy)/?

3LCE+7Ce— A+ ur]?

4u(Ci+ Cy)3/2
AuG" ()= —4G"(w+ ,a(l_ﬂ'g <‘% +4Ea‘—4E4>
1 < s N o 15K E;
+ -;(*5( — B\ Es+-2E+4F Fg) — 'tm‘

C=(C,+C)'/?

Ei=Ci+Cot CP2+nCo?+ 1+

Ey=C2+nC? =1+’

Ey= X (Ci+7°Co)+ C2+9C* — CP — PGP
—(I+nut

Ey= — (24 mpA(Cr 4 72Co)+ 313 Cr2 47 Co?)
+3(CP+72C*) = 3(Ct+ 7P Cat)
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Moriyoshi OKAZAKI

I FA2 M
HHBIRIO S b, RERCLHAAS T~ &4
ORI BT, Bl 7 — v 7 7 e 2

IHEHENTHB L5 ThsH (Fig. 1), fHEk
R, K« 59« RE TR TE 2 AA
FERCEFTEHTtHY, BRTELEMEED
NTb, TabEl, 7—vF IREE A
L#&to@mvﬁﬁf%fﬁo 7=V FIH
HETOHE 2 v — 0 BIE DT, X DR

* 19784 | }%dmﬂ 4?“
ORI, B TRIERDEITSR
The Institute of Physical and Chemical Re-
search, Hirosawa, Wako-shi Saitama, 351 Japan
T T =V FIHERIET A N~ ¥ — 57 54 (Ivar
Aanderaa, NORWAY) X - T 1966 44 ¥
Sj’u‘huﬁcum(%éo L—OJ{JILJ)f\rTi 1A, &!LEVC Jn
Z, Kig, BEXRIEERE (iﬁﬁﬁ) LBEEDSEZOU
EBRTETH - T, HREER, 70275 —uh 2
«floﬁftﬁﬂé fLah, Mx\.‘r—-jliﬁfzﬁzlxﬂéo
OB R BN 5 BEA 1#1E LT, #910,0004T
da%o
HIFERGE &5 AE—F e« o —ZDo0nTik
BB #EIH 1.5~250 cm/sec DAHR RINTW S,
A= PR, B INE IR O BREE A v
— FOETHENINL LD THE DD b, BHOEL
KXh7vr2—id, KE tlcem/sec XidAE— F
D 2% LRNEHRENTNWS, W<~ &
TTAF oy AR AR LY FOREIR £5° UL
W, K&y —idv— 3 A2 =%,
—0.3~32.4°C, Z ORI EEEHT +0.15°C,
HREEE -2 BHAERD 2/ LT, D
HWEFHE 0~60 mmho/cm OAPRINT W 5
N TIREBL O, BEE (&ﬁ)ﬁ/ﬁ
=7 F BT, SROWETEMHObDRHD,
R TV AT —LD 1% Thb,

WM, ZhE CIRERIN Z OFRSEOEIE
EEROWLD 5 %, SCHMIDTD (3 A —~ K« &£V
Y, AV A Ky —, EJjevY—0
R A A, (ISR BRI L T B Bk,
TR L WANT, RGO FE TR
Twbh, 27 2V HENwEERAGR Y £ — (N,
O.1.C) &Yk, 7—-vFIkkzto s
DRER Y - DOWTEHEERA L, 2FKCR

WEERARL Thb, L LB RIC S 5 &
ST, A RL Tt v =255 = b,
AE = Fk v —OHER i EER R S h s
CEFELHD, HEERTLEED, 7T
F EEE OWE v vV — D T o Tk ed T
EEREZIT- D THRET S, BRILHEEL AL —
Foeevid -t BREE VY — e o ToX
BOAETHY, ZnbIEAL TEmey 3+ —,

Kl v —EDFRED\ < O R, ()
L7 —~ v F S HEHOBE X TIERY, A
— Y k2v¥— 5 AR 1141, 1142, 1152 &
1163 o 445, WiA&%EH 7 A bt 1141, = v
SRR T A M 1162 2 11563, K b R LEE
Vv~ 7 A M 11562, 1153, 1886, 1887,

2222 L 2223 D6 TH D
0 £B A ZE
D A¥—F
AL — KN oAz ¥ — biﬂﬁfa’ﬂﬁﬁ) Savonius-like

rotor Thbh, ZODr — X —D[lzRIL v — Bk
ri@‘ﬁiﬁg§ﬂf$7‘/‘/7}"%~ A~ ez b

(30



T~ 77 A O R SRR 81

Ato
Rotor H rope system

Temperature

Gimbals

Sensor
onductivity
Sensor

|
‘%Lﬂu

Fastening
band

FTrim fin
Vane

o

—3 B

n
EEE
)

<«<——Rod

Pressure
case

(Encorder
Battery
Recording

“ to
unit) rope system

Fig. 1

M, Ble=va—f—aRCREr Y v P g
BENAE, ALY — FOEHL —@EREN =0
—t) Or—%—OEE H v+ (AN=N—
Ni, Ny, No 3%, BEZle, to ¥ TOREH Y
VINED hBEBAY - FERHETE AR ThH
B BT, AR B o v B AN OB/NGE
ZEADBE +1 T L HAY— FEA~D J K& 38
B, F OO ALY~V UN/4t iz E)D) o
+ 1 GEECM L A0, AN=100 275 X5
KERR (BREHRRHD #&AE - FEICED
7= (Table 1), 7ok, r—22—0FEEKE =V
A~ =L NENRDLEEA Y v P OB Fn
IF 1Ll h X5 F v — kiR A 1/1200

Table 1 Schedule of Speed Calibration

Speed Counts  Interval Distance Number
AN of Runs
(em/sec) (=Nez=Ni) (min.) (m)
10 100 8 48 6
15 112.5 6 54 6
20 100 4 48 6
30 112.5 3 54 6
40 100 2 48 6
50 125 2 60 6
60 150 2 72 5
80 100 1 48 5
100 125 1 60 5
120 150 1 72 5
150 187.5 1 90 5

Counter balance weight

Schematic view of Aanderaa current-meter
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Table 2 Comparison between real speed and
current speed from Aanderaa current-
meter

No. 1152

Speed Ve

(em/sec) 10 20 30 50 80

120 150

Difference
AV=Vais—Ver
(cm/sec)

—11 =04 +0.1 +1.1 +2.6 +4.6 +6.1

Percentage of 11
[AV/ Vi) (%)

No. 1153

Speed Vz
(cm/sec)

10 20 50 100 120 150
’ Difference
AV=Vais—Ve —0.5 +0.1 +1.9 +4.9 +6.1 +7.9

(cm/sce)

Percentage of

av/veltzy L4

(921
[
()]

S22 5, R SCHMIDT (Z 50~300cm/sec D
AT 1.6%P WL, X N.O. 1. C. 1z 0 ~100cm/
sec DHIH TEADN~0.5~+1. 5cm/sec & #H4=1
Tb, ZhbhbELDHE, »—2—DFEl
CHEPARZTONHC LML AL~ F .«
V= DE R RN X5 Th B,
BRI KT HEE (accuracy) % Table 3 I©
R, BF Vit e 2= —DEORA (B 39
DI, AV FPEHEL DS WBERHE LD
T, ThCHIGT D2MFELX L7, ULirLigksHEHo
SEAICIIAHIE & uinv 7%, Table 3wk k
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Table 3 Accuracy of speed sensors

Current Speed Number Mean  Standard
meter of Runs  Speed Deviation
(cm/sec) (em/sec) (cm/sec)

10 6 8.92 0.32

20 6 19.52 0. 45

30 6 30. 38 0.54

No. 1152 40 6 40.79 0.48

50 6 50. 43 1.50

60 5 61.93 0. 46

80 5 82.35 1.70

10 6 9.12 0.20

20 6 20. 04 0.42

30 6 30. 88 0.79

40 6 41. 20 0.92

No. 1153 50 6 51. 66 0.96

60 5 61.77 2.11

80 5 83.99 0.93

100 5 104. 82 0. 82

120 5 125. 32 2.09

150 5 156. 97 0.93

Table 4 Inertia of rotation of speed sensors

Current Speed Number Mean Time Standard
meter of Runs of Inertial Deviation
rotation
(cm/sec) (sec) (sec)
10 5 10.6 2.2
No. 1152 30 5 17.2 3.9
50 5 22.4 5.7
100 4 34.5 4.0
10 5 12. 6 2.2
30 5 12. 4 3.0
No. 1153
0. 1o 50 3 21.0 7.3
100 4 23.0 6.6
EEERE D RT3 O H A, RO FEFK

LhdnEEbhb, 2kEL UIKEITREF L
EERYR

Pk, »—x-0OBFECBEL TF Lo,
A TIRBEENH HANE Y —IC TE T
%, - ORECIHEIC L - T & A SRIE L
WThAS,

2) v —X—DEE

Table 4 It tdi-fFRICIS L, HH ALY
— F7 10cm/sec DEpiHHE/ZEIEL Thb e
— &~k 5 ¥ CUBAE, S0cm/sec DL 21
BB ThbH, Savonius Blrw — x —DFERY (&

A HB16% H28 (1978); BHILMEAERAL

H AL ~ N 10cm/sec T% 17.5cm/sec THI3FE
FL < 20~408 L HES T D) EE~TIRED
FF, v = —DRIROELC L HFHETHS
5
Ficph_7-%t8 (Table 4) 0T, F—AE
— FIZ R\ C 2 DDA T 5 ReE 23 7
D, MRSV X OO K XA L DT
bh, ZOEEBROE, w—x—~rpgafsiklc
B, Bk > TELBNIOKFDE NS R ~ X —IT
LT ALLLBELSDH D r — & —DJH
fEA MRS 5600 b » 7o, MBS B w i
M, m—x—DMEENREDE L KROT DR
BT THIEMANE B OV, T T &) ML
BaLTE I,
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£ A5 PITFTEERITPIFE s L T D—-
A EL T, 10° < b ui#sTubEDhdho
71,

4) RO BIEE
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Fig. 3 Compass calibration
(No. 1152, 1153)
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Table 5 Response time and response distance constant of direction follower (Vane)

Initial angle 45°

Speed  Mean Time of Standard Devi-
(cm/sec) Response (sec) ation (sec)

427

10 42.7 1.3

20 26.7 1.2 534
30 22.0 2.2 660
50 15.7 0.9 784
100 6.7 0.5 670

Resp. Dist.
Const. (cm)

Mean Time of Standard Devi-
Response (sec) ation (sec)

Resp. Dist.
Const. (cm)

5’71 0 3.6 570

33.7 1.7 674
24.7 0.5 741
13.7 0.5 685

DENTARDL L, NSAE~ P T 45° o4
23 90° DFF X D IR Th B8, AE— F A 30
cm/secH T L MFIC S0 e B, F 72 Table 5
T AY — FHRE {70s BERE TEEL T
L, WEEEECAS E R L F 6002160 cm LF
ZH, FMARCRMOFRBRAAZ £10° L4
SRIE, HEFEEET 150~200cm & E 2 B 1A
5. 7ok N.OI.C. 1, A — FEPESBRE
NTWge s PIHIAE 180° O EE O R, BE
FEE600 cm LHEL Cuvh, o o filic f/
(vane alignment) IZ >\ T, N.O. 1. C. 4z AL~
FA 50 em/sec D 09, 25cm/sec T +1°, 15
cm/sec T +2°, 10cm/sec T +4°, Scm/sec T
+8", 3cm/sec T +12° LIMEL T b,

5) UGt &RE

Fig. l @hb i, ~—viEtoKkEH
(trim-fin) @ LEDRC LD, T DO AL~ F
250 cm/sec F COEPHDEL TLL, REITKTIZ

{RIEMEL 7oh 572, 703, SCHMIDT % /K3
B KRR OO FEND D EREL T
W5 EREIE, DFOBEPEHL WL —I
bbb, BREREFCHHEGS ETRERDESIT
ZAKEHD DI, RN, MATET S
CERBHLDOTEBRYET L L,

6) Bz G

7 =Y T I RER O v — 2 bARb RS
M(San) %, A — b7 HEHFNC L DH A (SR
L TEGERo—5% Fig. 4 WRd.,
SO 10~34% S Th b, Fig. 4 €hbd X
SWEARENR VDT,

Sp=A'XS44+B' 3
ERGEL, FREROHEC O, AREHET
LB A B kb, WRO—EART &,
FRLORRIC s 5

Sr=1.000S44—0.217 ( 6~ 80(?) } No. 1152 “4-D
Sr=0.9991S44—0.116 (26~28°C) (4-2)
SLousao0s  (ooare J N U o
Sompsiiomn (e | N2 o
Svgmsnon  mewo | Y gy
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NEERCE VB ThA, 7~ VT IHMET
IR R, AR 60 B A TRl

Tk, ChICRRTAEENEbNS Z EE L
bhd, Lal, SROBNERD XS CER &

H 5 BNAHEKIC R VT ok Bl ORRIgREN
EC S8, Z2C NI ETHLNBETDH
Do A= BT TARBRIESN RS, &

(35)



86 5 & H16%k H25 (1978); BILEEE4E

£ b noas2
f:( r O x/
N B i‘f ./" ~N
3t 78
& %0 v E
g 22 ;/d\@
< - \\} o /
<t & x/vv
I B Q{;\ / 'C)
2 F +(0 P
Z20r t«"/«p’
= 3
i L &«
3L
'IO_/II P T N T WA SR TR A S S 1

REAL SALINITY SR(%s)

S F  No2222
<< -
%) L /
<t - 2 *
<X,
E b B
Y] Q¥ ¥ &
030+ AN
z ¥
T T SIE RN
< | o ‘;b
§ + oF
2 2 SN
= I COQ" NG o_;%%
7
> 20| oD
= <« (OQ*’
E - x ®
EIJ - ;A/x
1% I
/X.
%
10 'xl [ RS IR WA S S S S
10 20 30

REAL SALINITY  SR(%o)

Q\g r NO.1153
x r N
= e %
H ot . O

: & 5
< QQJ "\,‘b
&30 [N} ’\C;/
a8 r o
Z . ~ O
T [ A

. NS X
£ P& , / .%V
] r _,_O) FaNy
= A9
g 20 S
: - -/.( QC/JQ
Z L o
- o
(</(7 I~ i

10 /|| PSS TR VY SO ST TR SN N SR N

10 20 30
REAL SALINITY  SR(%0)

NO. 2223

(9%
o

SALINITY from AANDERAA SAA(%%o)
N
o

o

o
N
(=]

30
REAL SALINITY SR(%0)

Fig. 4 Salinity calibration

MBCENENBRERLRL TH BN, EHHOH
SHMEZ VEE T B4 ABEBRETAHN IV E
Bbnsd,

KT OWTix, YUTOBEBTR W & H# L
72 BRAEEE 0~60 mmho/cm D (4 0~
33% ) R LHEE L E e h v v P 0~1023
BRIGL T 50T, BCEZIUE, H v b
BELEIED T +0.03% S e, —F %
BoOBOSHEOMEN v VEIXIE & A L — B
L, TDAZvFEIUTTHo7DT, BET
BiFrE#Z27, 7ok, N.O.IC. 11 11°C e\~
TERIIEEE 0~67 mmho/cm O#IFIT, #E¥1:
—0.79~40.07 mmho/cm &L T\ 5,

T KEE DR

Fig. 5 & 7 —vF 7 izl v v ¥ — 10X HK
M (Tas) EIMKE (Tr: BIREERD 0%
UT) DEENHRT, BEAD Y —OF:
CENEABENR NS, 2% ) IKE, &Ek
AT DFFN +, — DT RNTHFE B EED
VY —&, e ERT - K, SERTIE
+ W ENMET A ERED v —ERELbNRb, L
MU, AT OBFEH & v 7 15F- £0.2°C L&
ZTCIWiEr 5, HKEOMNEN0.1°C HgD o
RIRBEE 72 D¢, ML VERIZTERV, 71k,
N.O.LI.C. 1 0~21°C & FE CTHEEL, HsHE
fil (error range) DK A 0.17°C L HET T
%

o

(36



T~rTT
(1) e
So}- 0F
NO.1152 NO.1153
sk 40f
30| 30F
20 20t )
10 10}
0.0 0.1 02" +o 0.0 +0.1 +0.2
) AT (°C) aT ()
%) 1e)
501 50}
NO.1886 NO.1887
40} NO CATA IN 40k NO DATA IN
HIGH TEMPERATURE HIGH TEMPERATURL
30k 30
20} 20f
10h 10}

"0.0 »o1+02+03+o.1.ﬁ ool w2 s
AT (°C) aT (°C)

(%) (o)

50 50
NO.2222 NO.2223
sof- 40
30
0}
0 E a
: =] bdy
-0.3°-02'-0.1 0.0 0.1 +0.2 0201 00 %01 0.2 +03
AT (°C) AT ( c)

Fig. 5 Temperature calibration
hatch: low temperature
no hatch: high temperature

m % & &

AE—F ey =L BERGE v Il
H A B W IIEER, b Ehic iS5

OMDEBREITVIRORER A1,

i) AE¥— ¥+ &vH¥ — (Savonius-like rotor) o
A — FELCHR T2 EMMEE R T Th -
too [H—A Y — PR HIEEOKE L, 12
ERIFTH -7,

) AE—F«wvd—0 @gEFoEE Savo-

’ﬁNEVISﬁ&7

iil) BEUREE L VY — 1O T D ERRER T R
&, T—V7T 7uw1_a1‘75>f>) Y Y Wk s e
Mo LA EN EDIC DLERS S X

5 Chb, PO P BRUSBHEEFHIcD
Wik, RBEARURL CW WA BEREL T
b, WHORHER LB LT B4, BIE
LCHRL TR SAVRVWEE bR,

iv) N—voRaLElesTanEL, AE—F

nius rotor

HET O T g 87

50 cm/sec "Cix, WA 45° DIBLH16F, 90°
T UMW TH- T, YA X LA DX
RSV, N— VORI~ DIGEERE (A —
FXISERRED 11 450~750 cm 72755, ~N—v oD
R AL, £10° DN cdsoh
EISEIERE L 150~200cm LB B1EA S,

V) REEEFOLRET Y hoRIch 5 Th
TaKEFEESND,
Vl) ]K;J.LE]LL’h‘/ﬁ~ (e QP < ﬁ %l‘r;t‘/ﬁ‘mu&)oﬂ

s IR E I VWEER O L) Th A
Mi‘z:, b0 EBER LBl 7
75 PR O HBESR H OER A LS, il
ﬁ@ﬁk@ﬁﬁﬂkj*yﬁﬁéﬁ%%ﬂ#ﬁ%

AFRTHD C DOREFOREE L M b E
B kb, ;Lf}'ﬁ?ﬁh.?&k b NN I S
LB RS bR S A DI fe D, 72
L 2 PRSI TR T A L, FDBRO
LT E ORISR Te D, il R

T A, BT - ES B4 Asgd 55
R4 50, MOErOEBNEENRD
E

KA KB 'CF"%L é‘» <D ﬁﬂl Lo\ & R A I
TSR FERT « JI] EERRTY I & HE O 4
i <F@&‘;§J'L~fcb T, B EELDHHITED,
i TEC o BB TR R M e S - TR
Rt EEFBEELY 20 0L TrERICHE

CREEhANT-L F9,

b [y

1) ScHMIDT, D. R. (1974):
test, evaluation and modification, Proceeding
‘National needs and sea solution’, pp. 677-694,
Marine Technology Soc.

2) N.O.I.C. (1974): Instrument fact sheet, IFS-
75002, National Oceanographic Instrumentation
Center, Washington D. C., July, pp. 1-13.

3) PERKIN, R.G., E.R. WAIKER (1972): Salinity
calculations from In situ measurements, Journal
of Geophys. Research, 77-33, pp. 6618-6621.

4) EEE=, MaleFl (1973): HEX o ki B
*7“&‘—7% o—2—0OE —FERBR—, A
WSS 11-4, pp. 211-212.

Aanderaa current-meter

C37)



La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 16, N° 2, pp. 88 a 94, Mai 1978

Reminiscence on Wind-driven Circulation in an Enclosed Sea*

Takashi ICHIYE**

Abstract:

Development of a theory on wind-driven currents in an enclosed sea under guid-

ance of Prof. K. HIDAKA at University of Tokyo during early forties was described. One
result of my involvement in the study was published in Bulletin of Kobe Marine Observatory

in 1946.

In this note, it was shown that the Ekman type equations of motion with an verti-

cally integrated continuity equation lead to the Poisson equation for the sea surface elevation
with a forcing function dependent on the curl and divergence of the wind stress vector.
Also the note pointed out that the boundary condition postulating vanishment of the velocity
normal to the vertical coast makes the Ekman type equations analytically unsolvable. In the
subsequent note, Prof. HIDAKA thus repudiated his previous paper published in 1942 in *‘Umi
to Sora’” (Sea and Sky). These two notes are here translated into English.

Introduction

The theory of the wind-driven current de-
veloped by EKMAN (1905) has been one of the
most fascinating topics in dynamic oceanngraphy
and continues to provide basis for recent de-
velopments in ocean circulation modeling. (See
NEUMANN (1968) for historical developments
up to 1965). Before introduction of the concept
of the planetary vorticity or the beta-effect by
STOMMEL (1948), the original Ekman theory
was extensively elaborated in three directions:
(1) non-stationary problems with time-varying
wind stresses, (2) cases for non-uniform vertical
eddy viscosity and (3) effects, of vertical lateral
boundaries, in different ‘parts of the world as
documented by NEUMANN (1968).

Prof. HIDAKA was working on the first two
problems since early thirties (for example
HipaKA, 1933) while he was at the Imperial
Marine Observatory in Kobe. During early
forties when he was appointed the professor of
Geophysical [nstitute,
Tokyo Imperial University, he started extensive
works on wind-driven circulation models in an
enclosed ocean. One of his works was published
in 1944 (HIDAKA) and was based on the Fourier
expansion of the currents and sea surface ele-

oceanography at the

vation for the steady uniform wind stress over

* Received April 1; 1978
** Dept. of Oceanography; Texas A&M University,
College Station, TX 77843 USA

a rectangular sea of the constant density and

depth.

Circumstances of my involvement in dynamic
oceanography

I was admitted to Geophysical Institute of
Tokyo Imperial University in April, 1942,
Actually Geophysical Institute was and still is
equivalent to a department in the United States,
since its main functions were teaching and
degree-granting. Physical oceanography in Japan
has been taught as a discipline of geophysics.
In the days before the higher education in
Japan introduced the American system after
the World War II, the formal courses were
offered only during three years of the university
curriculum. Students in the Science Faculty
with passing grades for required courses with
thesis completion were awarded Rigakushi
which is translated as a Batchelor of Sciences
but almost is equivalent to M.S. since the
thesis was required in many disciplines.

In Geophysical Institute, the first year courses
were common with Physics Institute and As-
tronomy Institute, the second year courses
included more geophysical topics such as
meteorology, seismology, gravity, geomagnetism
and oceanography and the third year was
devoted to special topics in each geophysical
discipline which each student had to choose for
completing his thesis work.
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When [ entered the University, Japan was
in the middle of the WWII and thus the first
year courses were crammed into a half year
without summer holidays. Further, we had to
work on some projects like computation for
navigation tables, hydrographic measurements
for under-water acoustics or weather chart plot-
ting at various governmental labs or offices
supposedly part time but actually almost full
time in certain months, under the student
mobilization act after April, 1943.

Fortunately for us, Geophysical Institute was
small at that time with only four chairs in
professorship and the total students were less
than thirty, since the institute was formally
started about in 1940. (Before it was split into
the Seismological Institute and the Physics
Institute).
discipline in the middle of the second year,
actually one year alter entering the University,
instead of at the end of the second year at the

We had to choose our geophysical

peace time. However only four students in my
class chose physical oceanography and thus
Prof. HIDAKA could give us two courses of
oceanography in 1943 and 1944, one introductory
course in oceanography which was a required
course for all geophysics students and the other
dynamic oceanography for physical oceanograpy
majors, in spite of the student mobilization.

One of the reasons 1 chose physical ocea-
nography was that 1 was very much intrigued
by Prof. HiDAKA,
one of the series of applied mathematics mono-
graphs in Japanese (HipDAKA, 1943). In this
book he explained usefulness of the integral
equation for solving non-stationary wind-driven
current problems posed initially by EKMAN
(1905) by including the result of numerical
I thought
that I could learn more about applied mathe-
matics than physical oceanography by becoming
a student of Prof. HIDAKA, though he was
well-known as having devoted himself to ocea-
nographical observations at [mperial Marine
Observatory more than ten years.

As thesis topics, Prof. HIDAKA suggested me
to work on a non-stationary problem of a wind-

with “Integral Equation™

integration from his own research.

driven circulation in a rectangular sea when
the uniform wind stress is suddenly applied. I

obtained a formal solution in the Fourier series
of the x- and y-coordinates with time-varying
amplitudes. However, numerical computation
seemed to be too complicated and besides the
series seemed to me to be divergent. Thus I
returned to the steady state problem and tried
to understand basic features of the Poisson type
equation for the elevation of the sea surface
which was obtained by eliminating the velocity
components. This was all during our mobili-
zation works which brought us three students
for several months to Field Stations of Japanese
Naval Hydrographic Office in Suruga Bay and
in the Seto Inland Sea in 1943 and 1944.

Because of wartime situation, a written thesis
for graduation was waived for students who
were to go to military services and only verbal
presentation in the form of institutional seminar
was required in Geophysical Institute in 1944,
1 volunteered for the Navy and thus was
inducted to an officer candidate training camp
five days before the graduation at the University
in September, 1944. After four months’ basic
training, I was commissioned Lt. j.g. and
assigned to Japanese Naval Academy at Etajima
Is. of the Seto Island Sea as an instructor.

I taught meteorology and oceanography to
cadets of the first and second year and enjoyed
leisure time to my surprise except occasional
watch duties. Also, I did not see any combat
action, though T wanted some, except occasion-
al air raids on Kure, the nearby navy base and
on warships moored around the island because
of lack of fuel. (After one such air-raid, I was
in a detail party to retrieve meteorological and
navigational instruments from one battle cruiser
which was scuttled, becoming a benefactor to
junior officers by distributing pure alcohol to
be used in the compass card.) During my tour
of duty at Naval Academy, I wrote two or
three letters to Prof. HIDAKA who was relocated
from Tokyo to Nagano Prefecture to avoid air-
raids about my progress on continuing the
thesis work.

After demobilization in August, 1945, 1
worked as an assistant to Prof. HIDAKA for a
few months at the relocation place. Late Pro-
fessor Kozo YOSHIDA was also an assistant at

that time. We lived at the same house and
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spent time in reading and translating ““Dyna-
mische Ozeanographie’”” by DEFANT (1929).

In January 1946, I was hired as an associate
at Kobe Marine Observatory, part of Central
Meteorological Observatory of Japan. Dr.
Yukimasa SAITO, at that time a chief of
Oceanographical Section and himself student of
Prof. HIDAKA urged me to publish my thesis
in “Umi to Sora’ (‘“Sea and Sky’’), the journal
of Oceancgraphy and Maritime Meteology
Society, of which he was the editor. Therefore
I wrote up my thesis and submitted to him.
Unfortunately, a printing company which
handled all publications of Kobe Marine Observa-
tory including ““Sea and Sky’’ was badly dam-
aged by an air raid and did not have typesets
for mathematical symbols. Therefore Dr. Sal-
TO, consulting with Dr. Yasuo MATSUDAIRA,
the director of the Observatory, decided that
the paper be published in Bulietin of Kobe
Marine Observatory which was an official publi-
cation of the Observatory at that time but in
mimeograph format. At the same time Dr.
SAITO sent my manuscripts to Prof. HIDAKA
for his comments. The latter sent us his com-
ments which were favorable for my paper to
the effect of repudiating his paper published in
“Sea and Sky’’. Therefore the comments were
also published in a later issue of the Bulletin.

Looking back from the present, the situation
seems to be quite interesting, since a fresh
graduate challenged the authority of the most
distinguished professor and the professor not
only blessed the student’s work but also re-
scinded his own work. Further, some problems
posed by Prof. HIDAKA and myself in 1945 are
not completely understood yet; for instance,
the slope of the sea surface and the three
dimensional circulation in the region near the
coast with a variable when the wind blows
over a period more than a few inertia periods.
My original paper and Prof. HIDAKA’s reply
are translated in English in order to show the
general mood of research on dynamical ocea-
nography in the mid-forties in Japan and also to
indicate some problems posed in the exchange
of opinions are still not completely understood.

On Wind-driven Currents in an Enclosed Sea.
Bulletin of Kobe Marine Observatory, No. 6
(1946)

By Takashi ICHIYE

1. Introduction

A few problems are discussed about wind-
driven currents in an enclosed sea in relation
to a paper in “Umi to Sora’”’, March, 1944,
by Dr. HIDAKA.

2. Differential
conditions
The equations of motion for the wind-driven

currents are in a steady strate given since the

time of Ekman as

equations and boundary

o ¢
0%v aC
lu=v22 |
u=y=——g 7y (1)

where [ = 2wsing;,, « is the angular velocity
of rotation of the earth, ¢; is the latitude, the
z-axis 1s positive downwards with the origin of
the coordinates at the sea surface, # and v are
the velocity components in the z- and y-direction,
respectively, v is the eddy viscosity, ¢ is the
gravity constant, and { is the elevation of the
sea surface from the equilibrium. In equation
(1), the vertical velocity and the horizontal
gradients of # and v are the second order of
magnitude and neglected.

Continuity condition is expressed in the in-
tegrated from by

S Ou/0x+0v/0y)dz=0 (2)
0

Here the depth 4 is assumed to be uniform.
The boundary conditions at the sea surface
and at the bottom are

u/oz=—"Ty, 0v/dz=—T,
u=0, ©v=0

at z=0 (3)
at z=h (4)

respectively. The wind stress components in
the 2- and y-direction are T, and T, respec-
tively. It is assumed that there is no current
at the bottom,

(40)
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3. Solution of the equations of motion

The velocity components are expressed in
terms of 7, and 7, and by solving equations
(1) under the conditions (3) and (4). The
unknown function { can be solved by substi-
tuting # and v into (2) with the boundary
conditions at the coast.

Introducing the notations W and @ defined
by

W=u+iv, ©=—g(l/ox+i0l/oy)
we can change equation (1) into

W =va®W /0224 @ (5)

Equation (5) can be solved for W by use of
(3) and (4) as

W =—0"%sinh 0(z2—h) sech oh(T3+iTy)
+17Y(cosh oz sech gh+ 1)@ (6)
where

o=l/2v)' 21+ (7

4. Differential equation about

Substitution of (6) into (2) leads to the
differential equation about {. Notations ¥ and
S are defined by

T=Ty+iTy, S=—0o¥/ox+io¥ /oy (8)
The left hand side of (2) is the real part of

(e oV
S <8W '%-)dz:o“l sech Gh{o‘lS(l—

cosh oh) +il~'gdl(oh cosh oh—sinh ah)} (9)

0

where the right hand side of equation (9) can
be obtained by substitution of (6).

The constants A, B, C and D are introduced
as real and imaginary parts of the following
relations

0~2 sech oh(1—cosh gh) = A+ Bi,
(loi)tsech oh(oh cosh ch—sinh 6h) =C+ Di

Then these constants are expressed

A=—-20/Dsinh &sin& - M
B=/)(—2cosh&cos &« M+1)

C=M - N(sinh 26 —sin 28)
D=DM « N(sinh 2&+sin 26) — (A/1) (10a)

E=(/2V)'/?h (10b)
M= (cosh 2&+4cos 28)71;
N=(4)~1(1/20)/? (10¢)
Taking the real part of (9), we have
gCAL=—A@T/0x+38T,/0y)
—B@OT,/0y—0T,/0x) ayn

5. DBoundary conditions at the coast

It is assumed that the coast is vertical and
that the velocity component normal to the coast
vanishes at every point on the vertical boundary
(example treated by Dr. HIDAKA).
Equation (6) is rewritten as

W=(P+O)(Tp+T,)+(R+SHO (12)

Then P, O, R and S are functions of z and
independent with each other. The velocity

components u and v are given by

u=PT,—QT,—gRA/0x+ ¢Sl /oy
v=Q T+ PTy—gS0{/0x—gR/0y (13)

The velocity component normal to the coast
un can be expressed by

un=udy/ds—vdzx/ds
=PTn—QT.—gR0/on+gSal/os

where dx/ds and dy/ds are directional cosines
of the tangent to the coastal boundary, re-
spectively, T and T are wind stress normal
and tangent to the coast, respectively and
0C/on and 0{/0s are differentiation normal
and tangent to the coast, respectively. Since
P, O, R and S are independent with each
other, the following conditions should be satis-

fied

T»=0; Ts=0 (14a)
00/on=0; 0(/9s=0 (14b)

at the coast, in order that u, may vanish at
the coast at every depth.

Further, in order that the equation (11) may
have a solution under the boundary conditions
expressed by (14b), we should have
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=0 (15a)

A(aﬂn N 31y>+B<0‘}1 __a_{;z):o (15b)

over the whole area of the sea from the general
Therefore for
arbitrary wind-stresses there is no solution of
equation (11) which satisfies the boundary con-
ditions (14b).

Now, are there 7%, and T, which satisfy the
condition (15a) and boundary condition (14a) ?
An arbitrary vector can be expressed in the

theory of Poisson’s equation.

form
Z:V(p—l—curlg

— -
where ¢ is a scalar and A or B is a vector.
Since 1, and 7T, are components of a two-
dimensional vector, these can be expressed by

Tr=0¢/0x+0dp/oy; Ty,=o0p/oy—aip/ox
Substitution of these into (15b) leads to
4(Ap+ B) =0 (16)
The boundary conditions (14a) stipulate that

op/on—0op/os=0
0p/ds—0p/on=0 ("

at the coast. For a case of a circle of radius
r=1, functions ¢ and ¢ which are normal and
satisfy (16) inside the circle and (17) at the

boundary can be given by

p=2¢ne " sin nb,

=2 " (Ccos ! —BA 'sin ) —BA™'¢

Thus the problem becomes determining the wind
stress which satisfies the boundary condition
that postulates the velocity component normal
to the coast at every depth. As indicated by
(15a), there is no slope even if such wind
stress distribution is found. However, Dr.
HIDAKA assumed that

Ty=Tsin(wy/a); T,=0

which does not satisfy 75=0 at =0 and z=a.
Therefore there is no solution which satisfies
the condition that the
normal to the coast vanishes at every depth.

velocity component

Equation (11) has no solution for arbitrary
T: and Ty under the condition of vanishment
of the normal velocity at every depth at the
This indicates that the vertical velocity
is always generated near the coast. The equa-

coast.

tions of motion (1) are not valid near the
coast because of neglect of the vertical current.
On the other hand, equations (1) are wvalid
inside in an enclosed sea. Therefore more real-
istic boundary conditions may be to take a

vertical boundary near the coast and postulate
n
g undz=0
Jo

at this boundary instead of u, = 0 at the real
coast. Further, it is assumed that the vertical
circulation is generated in the zone between
the actual coast and the artificial boundary.
Then equations (1), though simple, may re-
present the real situation. This is schematically
shown in Figure 1, where ba’ is the real coastal
topography and aa’ is the artificial vertical

b

TN Hl‘ o

)

/
7//////////

nef
=

Fig. 1. Realistic boundery conditions
near the coast.

Then the boundary condition that
the flux normal to the boundary vanishes leads

boundary.

to

BT~ AT,—gCol/on+gDo(/ds=0 (18)

6. A case of uniform 7, and T,
In this case equation (11) leads to

AL=0 (19)

Since Tn and 7T in the boundary condition
(18) are constant for any curve within the
boundary, we can take such curve as parallel

(429
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to the x- or y-axis. Then we have

n h
S udz=0 , g vdz= 20)
0 0
at every point in the sea.

For simplification, when we take

T,=0, T,=T

the solution of (19) becomes

(=g (C*+ D) T{(BC—AD)x
—(ACH+ BD)y}+const @D

This indicates that the slope of the sea surlace
is uniform for an arbitrary coastal boundary.
This is the solution obtained by Drs. NOMITSU
and TAKEGAMI (Memoirs of Science Faculty,
Kyoto Univ. 17, 1934), though they derived
the solution by assuming that the slope of the
sea surface is uniform and that it satisfies the
conditions (20). Here it is proved that the
solution can be derived rigorously as the solu-
tion of equations (1) and (2) under the boundary
condition (2).

7. Conclusion

When 7T and 7T, are not uniform, the solution
becomes complicated since the boundary con-
dition (18) includes both 6{/dn and al/0s.
However, analytical solutions were obtained for
rectangular or circular sea. For the nonstation-
ary case, at least analytical solution may be
obtained by replacing 6/0¢ with the operator p.

Repudiation of My Theory on Wind-driven
Currents in an Enclosed Sea. Bulietin of Kobe
Marine Observatory No. 8, 1946

By Koji HiDAKA

Mr. Takashi ICHIYE proved that the differ-
ential equations for the wind-driven currents
generated by the wind-stress applied to the
surface of an enclosed sea

—lv=v0°u/0z*—gol/ox
lu=v0%v/02%—gal/oy (1)
(following his notations) cannot be solved under

the condition that the velocity component nor-
mal to the coast vanish. (ICHIYE, Bulletin of

Kobe Marine Observatory, No. 6, 1946). There-
fore my paper ‘“Wind-driven Currents in an
Enclosed Sea and the Earth’s Rotation’ in Sea
and Sky, March 1946, should be repudiated.

Mr. ICHIYE thought about the content of
his paper while he was a student and he also
sent me a paper on this problem while he was
an instructor at Naval Academy. However
the printing condition was so poor at that time,
the paper was not published. This is also partly
due to my negligence.

The ocean current theory becomes very clear
now because of his paper. This problem postu-
lates that there is no motion parallel or normal
to the coast. Nevertheless, I assumed that the
motion parallel to the coast is permissible though
the one normal to the coast should vanish.
This is because I thought that the zone within
a certain distance (usually about a half of the
water depth) may be influenced by the boundary
but this distance is too small compared to the
dimension of the whole ocean. However, I
forgot that within the ocean outside of this
boundary zone, the condition of vanishment of
the motion normal to the boundary is not valid
and that only the conditions

12
j udz=0 ; Shmzz;o (2)
Q 0

are valid insides as Mr. ICHIYE discussed.

The problem becomes clear when the con-
ditions within the sea are considered, though
Mr. ICHIYE treated the problem based on the
property of Poisson’s equation.

I would like to point out that the proper
boundary condition is to postulate there is no
motion parallel and normal to the boundary in
order to treat the problem as a viscous fluid.
However, it is very difficult to obtain the
solution by considering earth’s rotation. Also
if we neglect the zone close to the boundary
(within a distance of about hall a depth), the
assumption (for vanishing velocity) may be
practically unnecessary. Therefore, we may
assume that the water surface is plane under
Then it seems that
there is no real progress in the wind-driven
currents in an enclosed sea since Dr. Ekman’s
work in 1905. When the earth’s rotation is

the uniform wind stress.
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neglected, the theory becomes much simpler as
discussed by Dr. TAKEGAMI, Dr. NOMITSU
and myself. In future it will be useful to study
how the effects of earth’s rotation are mani-

fested as the dimension of the sea changes.
(May 21, 1946).
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#2 su~ru (1-Vighh) OEEK - kR - FERBRICOVWTORED T~ 2 ~K
£ o -H & (m)

Age . .
~ Auteurs ) 1 ) ] [ i o W
SELLA (1929) Médit. (Italie) 64.0 81.5 97.5 118.0
ScACCINT (1965) Médit. (Italie) 60.0/70.0 80.0/90.0 95.0/105.0  110.0/125.0
RODRIGUEZ RODA (1964) Atlant. (Espagne) 55.61 81.44 105. 07 126. 66
FARRUGIO (1977, ICCAT) Mé&dit. (France) 64.0 82.76 100. 71 117. 89
BARD, REY, CoORT (1977, ICCAT) Atlant. (Est) 53.9 81.2 105.6 127.6
WESTMAN et GILBERT (1942) Atlant. (USA) 65.0 85.0 105.2 117.6
AIRAWA et KATO (1938) (Japon) 43.0 69.0 93.0 118.0
MATHER et JONG (MS) in SAKAGAWA et 46.0/66. 0 67.0/85.0 86.0/104.0  105.0/122.0

COAN (1973) Atlant. (USA)

BERRY et LEE (1977) Atlant. (USA) 43.0/70.0 65.0/93.0 88.0/115.0 111.0/136.0
HARADA (1978) Aquaculture (Japon) 80.0/90.0 100.0/125.0 100.0/135.0  130.0/160.0
£ —  E (ke)

Age
~ Auteurs ) ) 7] o rﬁ Ul 3 N
SELLA (1929) 4.4 9.5 16.0 25.0
SCACCINT (1965) 3.0/5.0 6.0/10.0 12.0/17.0 20.0/30.0
RODRIGUEZ RoDA (1964) 3.3 10. 4 34.0/35.5 44.5/44. 3
FARRUGIO (1977) 4.67 10.01 17.92 28. 67
BARD, REY, CORT (1977) 3.3 10.7 22.9 39.7
WESTMAN et GILBERT (1942) no data
AIKAWA et KATO (1938) no data
MATHER et JONES (MS) 2.1/6.2 6.3/12.9 13.0/23.2 23.3/36.8
BERRY et LEE (1977) 2.7/7.7 6.6/18. 1 13.3/36.3 24.9/59.0
HARADA (1978) 10.0/15.0 20.0/30.0 25.0/45.0 40.0/80.0
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Thunnus albacares  off Aogashima
off Owase

Thunnus obesus middle Pacific

Katsurwonus pelamis ol Shimoda

Awuxis rocher coast ol Japan
Auwuzis thazard coast of Japan
Sarda orientalis coast ol Japan
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New data on the possihilities of controlling reproduction on teleost
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TCCAT, 1966~19760
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104 5 A W16k 25 (1978); HLEHEESHE

fH# 2. D. EHilER (0T0&)

£ 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
CHI. TAIW 31 36 161 135 109 119 84 172 136 32 56
CUBA 500 2400 1400 500 200 0 0 0 0 0 0
DENMARK + + + + + H# H + + + 3
DOMIN. R. 0 + + H + #+ + 100 106 43 30
FRANCE" 2800 2200 1900 1800 1700 2600 1900 1021 3050 2275 3353
GERMANFR + 0 + + + 0 0 0 0 0 84
GREECE 500 600 500 +H ok 0 0 0 0 0 0
GRENADA + + + + 100 100 100 100 51 56 0
ITALY 1700 4000 2800 3100 1177 1246 3467 3017 7500 7483 9672
JAPAN 2850 794 285 116 87 1532 674 1387 5295 5673 5843
KOREA'“/ 0 0 0 0 0 3039 30 66 56 23 10
LIBYA 700 800 1000 2000 500 600 300 400 500 0 0
MALTA 100 100 100 + + ++ H+ + 21 37 25
MAROC 3557 3406 1292 737 692 172 690 514 606 2664 332
NORWAY 1000 1900 900 900 400 600 100 100 800 900 413
PANAMA 0 0 0 0 0 0 0 5 0 0 0
POLAND 0 0 0 0 0 +# 0 0 0 0 3
PORTUGAL  200%  200°/  300°7  500% 0 1 I 21 1 321 628
S. AFRICA 0 0 0 0 + + 0 0 0 0 0
ESPANA 8700 10400*/  8700°7 7100 5500 6164 2750 3910 3368 1849 1347
SWEDEN + 1+ 1t 0 +# 0 0 0 0 0 3
TUNISIE 600 700 900 600 266 496 400 277 245 0 0
TURKEY 100 1448 310 393 133 22 23 + 0 0 0
USA 1238 2320 807 1226 3327 3169 2138 1294 1857 2823 1867
YUGOSLAV 246 331 150 301 90 326 200 224 317 155 562

WBRIES: E AT, HEAMN,; W.AT, JESAPEE; MEDI, #irhiE, UNCL, Zof,

fHEIES . LL, ZE#; BB, Baitboat/live bait; PS, Jigfd; TROL, H#; TRAP, K##i; SURF, ZEEZD
f; SPOR, #if; UNCL, Db,

2/, LEOF N NEEREL; U/, PEOTLVY —ZhEly;, 9/, PEOER~ S ok, 16/, SAEIRK L B K
BT kg, ¥, BRI L, B Lok s

C54)
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