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Some Detailed Consideration on Crest Profiles of Ship Waves*

Masahide TOMINAGA**

Résumé: Pour étudier 'onde de navire, on souvent se rencontre & l’intégrale de la forme
T
¢={, poerva,

ot £ est la dénivellation de la surface d’eau et le temps 7T est trés grand. Selon de la
méthode conventionnelle de KELVIN, on développe la fonction X(z) en série comme

71@) =% (to) + (t—1)*+ Ot —to)?,

”io(t(ﬁ
2!
ot X()=0 & Vexception du cas ot %(%) est aussi nulle. A I’étude présente, on ajoute le

terme de troisidme ordre X(0)(t—%)*/6! & la série ci-dessus.
Il résulte que la forme de la courbe de créte d’onde se déforme particuliérement quand

on considére 'onde en profondeur infinie. Généralement, on peut dire qu’il est suffisant de

tenir le terme de la série ci-dessus seulement jusqu’au X(zo)(z—20)%/2'.

1. Introduction

There have been abundant theoretical and
experimental works on ship wave problem since
KELVIN (1887) has given the first complete
theoretical discussion. Detailed explanation of
this problem appears in ‘“Water Waves”” by
STOKER (1957) in the case of deep water.

Essentially, the problem of ship waves can
be dealt with the so-called CAUCHY-POISSON
waves of which an impulse source travels on
the surface of water. If we assume the motion
is irrotational, the velocity potential of wave
motion due to a point source given on the
origin =0, y=0 is expressed by

&(r, z; )=e""'e™Jo(mr), (1.1)

where x and y are horizontal coordinates, r
=z%+9?%, and z is taken positive upward, ¢ is
the frequency, m the wave number along 7 axis
and # the time. Jo(mr) is the Bessel function
of zero order. Therefore, at a fixed point
P(x,v) on the water surface, the elevation due
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to a travelling impulse is given by
U, t):KSG(m)Jo(mr) sin [efim)]dm. (1.2)

However, resultant effect of the moving impulse
given by (1.2) during time T on the surface of
water is expressed by

= S:\P‘(t)em”dt. (1.3)

Generally, T is large, and it is conventional
to use Kelvin’s stationary method to evaluate
(1.3) asymptotically. In this case, the stationary
point #, is given from x(#)=0, then we use the
Taylor’s expansion

o=+ Lo+ Loy
+O— o)t (1.4)

where ¥, etc. denote (d%1/dt?)i=¢, etc. Generally,
we hold terms of the above series up to the
second on the assumption that |¥¢%/%¢%| is small
compared with 1 except near the point where
%o vanishes.

The crest profile (or in other words profile
of constant phase of the waves) of waves pro-
duced by a moving disturbance in a deep water

1)
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is well-known, especially when a disturbance
travels with uniform velccity along a straight
line. In the case of shallow water, a para-
meter denoted by 6=U/ /gh where U is velo-
city of a disturbance, & the depth of water and
g the acceleration of gravity, stipulates a form
of the crest profile. These profiles for any
value of & were given early by HAVELOCK
(LaMB, Hydrodynamics, p. 440, foot note).

The purpose of the present study is to eluci-
date how the crest profile deforms when the
term ¥o(t—20)°/3! in (1.4) is taken into consider-
ation.

2. Fundamental analysis

When an impulsive force I(x,y) is imposed
on the surface of water with uniform depth %,
the velocity potential ¢ due to CAUCHY-POIS-
SON wave motion is expressed by

¢z, Y, 2)
=% _wJo(mr) cos( v/gm tanh mh 1)
cosh mh

where m?=k*+[? and I(m) is the FOURIER
transformation of I(m) such as

f(m)zg g EET TN (e dady, (2.2)
and its inverse transformation is given by

Iz, y)Zﬁ jiodlj e 1wt I, Ddkedl

oo
-0

2m (e =
:_IAS S e—imrsin(m»d)l(m)mdmdﬁ
47% )o ) oo
:_LS“ Jolmr)I(m)Ymdm 2.3)
2T ) ~oo

where k=m cos 8, I=msin 6 and d=tan™! y/x.
Invoking the formula

( 2 _x
Jo(mr) ;\/nmrcos (mr y )
for large mr and {;=g¢,(z=0) we have
1 Ll tanh mh\ /2
T 2mp Vg Ssmml(m)( 2nr )

[
L

X sin

tf(m)+ %j dm (2.4)

from (2.1), where

f(m)=(gm tanh mh)*'*— -r—ntL (2.5)

When # is large, the Kelvin’s stationary
method is applied to (2.4) giving
(. Tl [ tanh moh ]"’2
2mp /g L re| £ (mo)]
x sin[tf(mo)—i—g-i—%sgn f”(mo)] (2.6)
where mq is a root of f/(m)=0 or introducing
t=moh which is a root of

tanh p4-psech®yy 7

= L e T )]
G 2 //ptanh p Voht @0

Moreover, we also have

fomy=o] 4 Viamna= ).

'y’/(:] ]Tt

d 1L N\ dG
f”(mo):hd—#[ vgh G(#)] :gl/2h3/27ﬂ-

1/27,3/2 1/2
= CEER () <,
where
acG 1 tanhy)“2 N
G w ) e
and ‘

(2.8)
J()=1+2p%+ 2y tanh p

2p ¢ )2
- 2
g tanh ) tanh ,u+ ( tanhp/ "’

Abbreviated form of (2.6) is therefore given by

C~ —n—jp Ty sin[t\/ %ng)], 2.9)

} (2.10)

If the above disturbance travels along the
z-axis from Q to O in Fig. 1 with the uniform
velocity U in time interval 7, the resultant
influences of moving disturbance is expressed

with
¢4 tanh!/4 o
Ti(= g3/4h7/4[rtJ(#)]”2

H(m)= vptanh p—rp/ Jght.

c2)
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e
x

Fig. 1. A point disturbance travels from Q to
O with uniform velocity U. P is on the
surface of water behind the disturbance.

by integrating (2.9) with respect to ¢ and mult-
plying ¢/U as

0T
C~ ~Im\ T expixdde,  (2.10)
Jo
where

1=/ 9 eH,

jgl/4ﬂ7/4 tanh!/4 7

__4g —
H= o = L O e Gy T

ToU

and g is time-varying.

Let again apply Kelvin’s stationary method
to (2.11) for large #. A stationary value of
2A(t) is given by y(¢)=0 or

1= \/ % I:H(y) +t—(% H(ﬂ)] =0.

Invoking the relation

0 Ft—r
———H = - B 7"""/“,
5 W=—p Jaht?
we get

W)= \/ g ({/prtanh p—dp cos 6)=0,* (2.12)

where 6=U/ +/gh. Then, from (2.7) we have

* To derive (2.12) we notice (2.7) and 7=U cos 4.

to=r/ VﬁG(‘u),

tanh ﬂ/#:52 cos? 6.** } (213)

Thus, if we retain the term (¢—#)%o/3! in
(1.4), the asymptotic evaluation of (2.11) is
given by

2 \1!/3 i Po 2
C~Im27r<-m> AF(m)Al[“ (21/3—7023) ]

(. %o?
X exp 1(104—3—5{? ), (2.14)

where
ref dcosf :]
Zo=Xty)) = —| ——————
Zo=2A(20) A [ €0 11,
to being the function of p satisfying (2.13). See

Appendix I. Ai(—w) is the Airy’s function
defined by

.. ——i 00 73 _ . .
Ai( w)—ngo cos( 3 ur)d., (2.15)

with
u!:(io/21/3 2’02/3)?'
The evaluations of §, and ¥, are cumbersome,

however, the results are summerized below
(see Appendix II):

, _ pl?
Xo= hr E(ﬂ); )
g e 216)
Xo= ";éjm D(‘U) N
E(¢)=sin%
4G(pycos b (. G )2
CaJ (1 5eosn) 1D

1/2
D(;o:12@2@)412+36<y>(1<;,z>( ta“f £ ) 4y

—16QGH )4 — 12G ()41 s

172
+<tanh#> J(1)ds, (2.18)
o
Ay=40 cos 0—G(p)
=0?% sin? g 0—2G*
4=0sin® 0+ 20G(m) cos 1-2Ge) |5 10

A3=0%sin 0 cos 6(2+cos 0)+ 30°G(p)
X sin?0+60G3(¢) cos 0 —6G3(p)

** In the case of deep water waves wihave tanh ¢
=1, p=~1/d0cosf and G(p}=1/24/¢ giving t=
2r/U cos 0,

¢35
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0= e 1312
~ J(z)tanh?p  2tanh!?p
d [ tanhp tanh ¢ dJ
x| J ——( >+ ‘—]. 2.20
[ ) dy ¢ 7 ( ,)

Therefore, w (positive) is given by

_< [jf'o|3 )2/3_( 58 C05204]2E37'/»5 2/3
W\ ) 2hD?

(2.21)

with

e=08cos?0J?E3 /3D, (2.22)

The elevation is now expressed by miodified
equation (2.14), namely

C~—< 16 \!/* Ip5/AG2 tanh®1?
+DJ'? o ULl

X Ai(—w)sin <Zo+%w3/"’sgnjfo) . (2.23)

The phase of sine in this equation is trans-
tormed to

2 7/ 0cos
(o4 qp8/2= L S 1—g). )
Zo+ Sw A < C 1 8) (2.24)

In the case of deep waves (¢ >1, tanh p#=1,
6—0) some of the above quantities reduce to

0 0
3 J~l: Al:ﬂ’v C;S ’

G~

0 cos 0
2

Ai(-W)
0.6

0.5
0.4 4

0.34

4 ~52<1_ cos?0 )
2 2 >

A3 ~0d® {sin f cos 0(2-+cos 0)+ %cos 02— cosz)} ,

1 Jcos @
Q~5COS(9 2 7

then,

02cos®d
D(p)~ 1

D(6)=cos0+4 sin 6(2+cos 0),

D), (6—0)

.
E~l—%coszﬁ , ) (2.25)

16 3 9 >3 !
~ 0 (10 0et). )
& 3D¥0) cos®d <l ZCOS
2 e
to ~mor(l—e),

g
U?cos? *

nio

In this case, the second equation of (2.16)
reduces to

9o/ /2 i) 9o/ hVE /2

fo= r2J(¢) tanh'/? p - r? )

6200520 _ m3/2 l]4 _
X~ D(0)= WD(‘?) .

(2.26)

D) or ¥, never vanishes for 0<0=z/2. In
general (shallow water), o also never vanishes,

0 05 1.0

15 20 NV

Fig. 2. Airy’s function. Broken line is the curve drawn by the asymptotic formula (3.2).

C4)
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therefore mathematically it is not reasonable to
neglect completely the term ¥o(z—20)°/3! in the
series (1.4).

3. Crest profiles
Let us consider the last two factors in the

right-hand side of (2.14) or (2.23):
Flw)=Ai(—w) Sin(%-l—%w"‘/z). 3.1

Airy’s function can be asymptotically evaluated
when actually w is larger than almost 1.7 (see
Fig. 2, error is only less than 1.68 %) by

. 1 . (2 T\ ®
Ai(— w>~«/mﬁl [SIH <~3~w3/2 + Z):EO( —1)

-2
X c2x<% wm) - cos(%w"‘/2 + %)

oo 2 —2—17k
X Z (_1)x625+1<_w3/2> :|
£=() 3 ’

where

_ @r+1D)2k+3)...65—1)
= 216!

or
. 1 622 172
Ai(—w)~ _:/F;Ja(blz + ;U-g)

(2 T o, b )
32—t 1__ 72 .
X sm( 3 w?/?+ 7 an b ) 3.2)

where
0. 4 0.29185
p=1- 20894 029185
w
b2=0. 10416(1— L 23295 + 8 42?3 — .. )

Therefore, from (2.14) we get

¢~2 w;(_?_)lfa 9 <b12+ ) >

ZO w1/4

5

X sin<Xo+ sng ZO.% w3/2)

: 2 32 -1 be )
Xsm(Sw —|—4 tan b ) (3.3)

* ABRAMOWITZ and STEGUN (1965): Handbook of
Mathematical Functions. Dover Edition, p. 448.

or using (2.21) and putting p=tan~'(6%/b11*/?),
the above expression can be transformed to

271: 1/2 b22 >1/’2
~| — b+ —
¢ (!ml) d)(ﬂ)( T
T d cos 0 . T
cosl: % < G l>+4 p]
re {0 cos @ 3z
C°S[7<T”1)+T+P]

a 50050_ B T
cosl: h( G 1 28>+4 p]

rufdcos@ 3T
cos T( G '—1—28>+T+P]:
(3.4

according as 7o>0 or <0(es0). Namely, when
w is large, waves consist of two systems.
The constant phases of four terms in (3.4)

can be defined as

L@(ﬁcosﬁ _1>iP: ga:

h G Uz’

and 5 osd (3.5)
4 cost/ _ gas*
7 <——G 1 2e)ip iR

where @;* and @* have dimension of length.
If we consider the crests, @’s are given by

ge BN ANl N=12,... 36)

The profiles of the crests are defined by

x=Uty—rcos b,
y=rsin 0

} 3.7

as shown in Fig. 1 where #, is given by (2.13)
as the function of ¢, and 7’s are solved from

(3.5) giving
aﬁ
J cos 0
2
20 p( G —l)

X{1+ V1F/15(0)},

r=

(3.8)

from the first equation, and
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[22%

0 f
252#( cos ~l—25>

r=

G
X{1+ V1 250}, (3.9

from the second equation, where the relation

by 2bsh

= o Bhlelr

is used and
8b: (0 cosl U? \2
()= .
0= () (gar)

8bs: [ dcosl Uz \2
()= gcosy 4
70 3b1/e] ( G 1 28)( gas* )

(3.10)

Upon substituting (3.8) or (3.9) in (3.7), the
profile of the first wave system in (3.4) is given
by

a*(0—Geost) 1+ VIFFE0)

r=
0%u(o 0—G ’
(0 cos 0—G) 2 31D
_ a*Gsind 1+ V1FA56)
Y= 5206 cos 6—G) 2 :

for #o=0(es0), that of the second wave system
in (3.4) is given by
_ a:*(0—G cos 0)
T 82p[0 cos 0—G(1+2¢)]
1+ V1F/£%(6)
T
2
_ a;*G sin 0
Y= 52005 cos 0— G(11 2]
1+ V1F/7(0)
X————Z 5

x

(3.12)

for %0=0. For the crest, we have ga,*/U?
=@BN—-Dz/4 and ga:/U?=@BN—-3)r/4 for
$0>0 and #,<0, respectively.

When w is not large, the Airy’s function
does not oscillate, therefore, the constant phase
of (2.23) is expressed by

7
ZOi%ww:ﬂ_ dcosf 1_8), ga

T G U
(3.13)

the crest phase being given by ga/U2=(4N—1)-

z/2, N=1,2,.... By means of the same pro-
cedure as we derived (3.12), the crest curve
when w is not large is given by

x:r(i—cos 0)7 a(6—G cos 6)
G T 028 cos 0—G(1+¢e)]°’
y=r sin 0= aG sin @ (3.14)

0%p[d cos 0—G(1+¢e)]

4. Examples of the crest curve
[11 Deep waves
Using p#~3 cos /2, we have

a® cos?l

— (w is not large, |g|<1)

from (3.13), therefore, (3.13) reduces to

a(2 cos 8 —cos®d)
- 1—¢ ’
_ alsin 0—sin3c‘?)~

- 1—¢

4.1

If we neglect the terms subsequent to the
second of the right-hand side of (4.1), equations
of (4.1) reduce to the classical formulae dropping
1—¢ from the denominator. However, this does
not mean that e=0 for any value of ¢ between
0° and 90°, because as we can seen from (2.21),
neglect of ¥, corresponds to e—oo which occurs

Table 1. Values of ¢ and w: ga*/U*=(4N—-1)-
7/2 for small value of w, ga*/U*=(8N—3)-
z/4 for large w. This table gives values for

N=1.
/o] = \¥5 157 5771>2/3
6° ¢ w_(4 il-a) w“( 8 |1—¢|
(w small) (w large)
0 —0.667 1.770
5 —0.151 0.950
10 —0. 056 0.520
20 —0. 0086 0.154
35. 26 0 0
45 0. 0025 0. 0068
60 0. 0656 0.574
70 0.322 1.985
75 0.749 6. 760
76. 55 1. 000
80 2.087 5.038
90 I ; 3. 262

6



Some Detailed Consideration on Crest Profiles of Ship Waves 99

Zgy/ gt

0.5

35.26°

0 04'5 0° 1.0

|.I5 2.0 0

2.r5 2gx / 3rg

Fig. 3. Crest curves of ship wave in deep water for the first and second crests. Note the
second branch of curves running near along the abscissa. Broken lines are classical crest
curves drawn by the formulae (4.1) from which ¢ is dropped. Numbers annexed to

curves are the value of 6 in degree.

only when 6=90°. The values of ¢ along the
crest of deep waves is given by the fourth ex-
pression of (2.25) which are tabulated in Table 1.

Fig. 3 gives the profiles of deep ship waves
for N=1 (the closest crest to the disturbance
source) and N=2: the value of a for Nth crest
is given by

_ (AN-DzU®

&
a 2g

(4.2)

then, the unit of the abscissa and ordinate in
Fig. 3 is a=a®=3zU%2¢, and a'®/a=7/3,
respectively. The distance of any two succes-
sive crests is then given by

2nU?
g

QD _ (M) =

along the zx-axis.
For the comparison, the classical curves
depicted from the formulae

x=a(2 cos 0 —cos®d) } 4.3)

y=a(sin 6 —sin®f)

which are derived on the assumption that the
terms smaller than (—2#)%0/3! in (1.4) are
omitted, are given in Fig. 3 with broken lines.
The deformation of the curve is somewhat
remarkable when @ is smaller than 20°. Position

of the cusps (0=35.26°, or ¥,=0) in the present
detailed computation is the same with that due
to the classical computation.

For about #>70°(4,>>0) w becomes large, then
the following equations can be got from (3.11)
and (3.12) applying for deep water case:

*(2 cos —cos®d) 1 +J/‘—l —/1(6)

r=a 2 3

y=a;*(sin 6 — sin‘”’ﬁ)li\/_l__fl@

\
1
PR J\(4.4)
86 4 2
SO= 3406 [(8N—3)n]’N=1>2’

for the main wave system and

as"(2 cos 0 —cos*d)
1-2¢ ’
A+ V1=fH0)
2 2
_ ax*(sin 0—sin®0)
- 1—2¢ )

X

\ (4.5)

o L+ «/1;—7@’
8b2(1—2e]) [ 4 }2
3bilel L BN—Dr ]’

N=1,2,...

SA0)=

for the second wave system.

c7)
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From (3.6) we have

»_ @N=3zU? »_ BN—-DzU?
@M= 2V TIRY . an S AN TR
4q ’ 4q
(4.6)

where + signs are dropped and ;™ and @™
mean amplitude of Nth crest of the first and
the second wave system, respectively. Ratios
of ™ and @) to a are given by

Y 8N-3 a®™ B8N-1
a 6 a 6

4.7

The second crests for N=1 and 2 are drawn
in Fig. 3 running along the z-axis.

[2] Shallow waves

According as d=U/ +/gh approaches to 1, the
crest curves extend widely, namely, angle of
the sector within which the curves exist increases
from 2x19.47° (deep, 0=0) to, for example,
2x46.09° (6=0.95).

For the case where 6 is larger than 1, a crest
curve has no cusp, extending from the point of
source to infinity as shown in Fig. 5 for §=1.2.
The shape of the curve is almost the same with

Zgy/fiij2
10 —

the classical one, except when 37°<0<40° where
two curves separate slightly. The values of w
are small in this interval (for example w<0.254
for 0<36.88°), therefore, there are no two
systems of waves represented by (3.11) and
(3.12).

2gy[3ng?

304 12.02°
o ]O.
20

20 4 o

30°
10
50
.y

o

0 10 20 0 /3

Fig. 4. Crest curve of shallow ship wave (0
:U/\/g7=0. 95) for nineth crest (N=9).
The curve is almost the same with the clas-
sical one.

2gx[ 3=

I
10

Fig. 5. Crest curve of shallow ship wave for =1.2. Broken line indicates the slightly

shifted part of classical curve.

C8)
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5. Conclusions

Ship waves generating in the rear of a moving
ship (a pressure impulse with infinite small
horizontal scale) are represented by (1.3) in
version of linear theory. The expansion of the
function 2(¢) included in the integrand of (1.3)
around the stationary value z=# is given by
(1.4).

Conventionally, the terms of (1.4) are taken
to jo(t—20)2/2! except when %,=0, but in the
present discussion the term ¥o(z—20)%/3! is also
considered. After cumbersome calculations, the
elevation due to waves are represented by (2.23),
only when 6=U/ +/gh<1. The latter (3.12) dis-
appears if we neglect ¥o.

The shape of the crest profiles somewhat
differs from the classical one when 6=0 or the
water is deep, but slightly differs when the
water is shallow (6<C1). For 4>1, the shape
substantially does not change.

Appendix I. Proof of (1.2)
Upon substituting (1.4) in (1.3) and putting
B=%0, 7=%¥0 we have for T—oo

{=¢() exp i(Xo-I- —3/;; >

N G
X5~to+ﬁ/re pl(ﬁé ZrS)dE’ (1

where &=t—t,+p/y. If the main contribution
of the integral of (1) concentrates near # (large),
or £€=f/r, the lower limit of the integral can
be substituted by —oo with small error, so that

[ o £
el
(2 ()}

Substitution of (2) in (1) gives (2.14).

Appendix II. Derivations of §, and ¥,
Comparing %(z) on the exponential function of
(1.3) and the argument of sine in (2.9), we have
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w=1/ ¢ HGo), (3)

where p¢ is a root of (2.7) and H(y) is given by
(2.10). Then, we get

1=y THGD HeI] (1)

and differentiating H(p¢) with respect to ¢ we
have

° r . rt—r
H@=[Cw—— e [
Ft—r
= (5)

where (2.7) is taken into consideration. Further
differentiation of (5) with respect to ¢ gives

Hw== [(5-%)

2
¢ (7 2F 2r
Q;/gfz(_t__?+?> (6)

Differentiating (2.7) with respect to ¢ we have

= ng,le/@,(g_%) C

G'(¢) being given by (2.8). From (4) we have

5= \/;%[2H(#>+lﬁ(#)] (8

Substituting (5) and (7) into (8), putting £=te
=r/ v/gh G(¢) and using #=U cos 8, #=U?sin?
8/r and tanh p/p=20%cos?d, (8) reduces to

#Uz[- o9 ACG cosl
ok

==, 5J (e
G 2 pU?
X(l-50050>]:_ hr E. (9)

Next, differentiating (7) with respect to ¢ we
have

Z:\/%(SH—I—tﬁ), (10)

where

9



102 La mer, Tome 18, N° 3 (1980)

H(p)=—

1 |: r >
/gh dt
1 4 2r
ghdt[< L ) (1D
/1 is derived from (7) giving
e el
T oWk del\ T T\ 2 ]
_ 4 [{ 1
Vah H TUR] T TR
TJ 7 r
(a5 F)
I
+T1/2J<t t2+ tz)]’

where T=tanh ¢/p¢ and using (7) we have

.
(gh>1/2 TI/ZJ

C4Q (7 r\: # 27 2r
. <gh>w(7“?> ‘—+”‘—} =

t 1 Pl

ji=

where

1 wTI+ThH

L=y~ greap

For t=t#,, we can calculate following formulae:

tanh g
Y2

T:

=d%cos? 0,

T=(=T— T,

G (L T—=oT%),
aG T
de — 4p

J=4p*T—(1—T— g2 T2(T-'—T-2—3p2),
J=4p(1+T — 32T+ 2p(1 — T — p2T?)

1 1
— 3y [ ———
X (l 3p*T + (2T ﬂ2T3> :

From (11)* we get for t=t,

. T LA
+ gleijZ PP (gh‘;/2 P (13
where
p=24, P2:~(—gfl§2(—;dz
Poe — (gh’G 4,
73

4y, 45 and 43 being given by (2.18). Finally
we have

o (9N nrs

7‘°:<Z> (3Ho+t0Ho)

~(5) T e
E%D(ﬂ),

where Q is given by (2.20).
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The Wind Induced Seiche Motion and Wind Set-up
in a Small Closed Channel*

Nobuo MORITANI** and Tomosaburo ABE***

Abstract: The wind induced seiche motion and the wind set-up were experimentally studied
in a small closed channel. It is seen that the period of the co-oscillated seiche motion caused
by the periodically changing wind speed is slightly elongated by the effects of the viscosity
of water. Wind stress and drag coefficient are estimated by the co-oscillated seiche’s
amplitude and the wind set-up based on the one dimensional linear model, neglecting the
atmospheric pressure gradients and assuming the wind stress is given by zosinoz - sinzz/L
for the seiche motion and by tesinwz/L for the wind set-up, where ¢ coincides with the
frequency of the mono-nodal seiche motion, L is length of the closed channel and 7, means
the constant shear stress. It is seen that the effects of the air pressure cannot be neglected
for the wind speed smaller than about 2m/sec. The value of the drag coefficient 7%, esti-
mated by the seiche’s amplitude, is in the region of 0.004~0.012 for the mean wind speed
greater than about 3m/sec, and it becomes larger for increased wind speed owing to the
effects of the form resistance of the waves as seen in the case of wind set-up. These esti-
mated values of the drag coeflicient are about two or three times larger than that measured

by the wind set-up or the wind profiles in the wind channel.

1. Introduction

Seiche motions in lakes, bays or harbours
are induced by the variously changing external
forces, such as atmospheric pressures, wind
stresses, seismic disturbances of land crusts and
HipAKA (1935) studied on the seiche
motion induced by the periodically changing

SO on.

wind shear stress zosin o;sin 7x/L in the rec-
tangular basin where 7, is constant shear stress,
o frequency of the stress and L length of the
basin. However, itis hard to apply this theo-
retical study to the seiche motion in the practi-
cal fields, because of its complicated shapes and
the irregularly changing external forces. The
present authors observed the water level in the
Ushigomebori, one of the defense moat of the
ancient Edo Castle, which is a roughly rec-
tangular basin with the dimension of approxi-
mately 612x60x1.0m. Previously, they made
a brief quantitative discussion on the observed

* Received January 10, 1980
** Tokyo Center, Japan Weather Association,
Chiyoda-ku, Tokyo, 101 Japan
*#* Faculty of Science, Science University of Tokyo,
Shinjuku-ku, Tokyo, 162 Japan

seiche motion generated by the wind stress in
the moat (MORITANI and ABE 1973). The
estimated drag coefficient 7%, using the ampli-
tude of seiche motion is given by 2.3%x107% on
the average, on the assumption that the seiches
are generated by the co-oscillation with the
wind stress 7, sin ¢, sin 7z/L (¢ is frequency of
the mono-nodal seiche, L length of the moat)
and that they are subject to the uniform internal
friction which is assumed to be —20ea (p is
density of water, & frictional coefficient and @
the average horizontal velocity of water).

The present paper studies on the experimental
investigations relating to the co-oscillated seiche
motion induced by the periodically changing
wind speed and wind set-up by a constant
wind speed in a small closed channel, which is
2.8cm deep, 15cm wide and 175cm long.

2. Theoretical Prediction
Wind stress and drag coefficient are calculated
by the following three kinds of methods.
(1) Method of measuring the wind prfiles
The vertical wind profile on the water surface
has very complicated properties (MITSUYASU
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1964). In our case, we use the formula of
RossBy (1936) as follows,
125.751nz+_z°’ (1)

Uy 20

where uy; friction velocity

zo; roughness length

z ; height from water surface.
Then, the shear stress ts working on the water

surface is given by
Ts = 0atty’, (2>

where p, is density of air.
The surface stress may be correlated with the
wind speed as follows.

Ts= pap* V* (3

In the equation (3), 7* means the drag coef-
ficient. From the equations (2) and (3), drag
coefficient 7% is given by friction velocity and
wind speed as follows,

rEuty/ VR (4)

(2) Method of measuring wind set-up

Wind set-up or wind tide is induced by the
constant wind over the water surface in the
closed basin. As shown in Fig. 1, we take
the x-axis along the mean water surface in the
direction of the wind, with the z-axis upwards.
We consider the rectangular basin and, assum-
ing that the water is homogeneous, neglect the
Coriolis force and the horizontal pressure gradi-
ent.

Ts

230 ’—E’/’/ T
7= 5(x,t)

x=0 x=zL

Fig. 1. A cross section of the rectangular
basin. S, the wind set-up induced by the
surface shear stress ts.

In this case, the equation of horizontal motion
becomes
3C Ts+7Ty

95-= oh (5)

where 5, 7, are horizontal stress at surface and
bottom respectively, and ¢ the acceleration of
gravity, i the water depth, p the water density
and { (x, t) elevation. Integrating the equation
(5) with respect to z from 0 to L, wind set-up
S may be given by

S nrs

T " ogh (6)
where S is difference in elevation between two
ends of the basin, n is defined as n = 1 +7,/7s
and

- 1 "a, - lemd 7
Tp—=— , Ts=—| —dx. 7
: Ljo * L)y o

Next, we state wind stress as

. T
fs:rosm% (8)

Then, the mean wind stress ts becomes

sin—dx=-7p . (9)
T

To SL Tx 2
0 L

Upon substituting the equation (9) into (6),
the wind set-up is given by
2ntoL
S="" (10
Togh
After the Keulegan’s experiments (1951) in a
laboratory channel, wind set-up is given by
the following equations,

S=81+38: an
Vv <v—vc>2<g>“2
Si=A—p, S=B——= (1) a2

V' ; wind speed,

V.; formula velocity (V.=3.9m/s),
A=3.30x10"2, B=2.08x10"'.

In the equation (12), S; means set up induced
by a tangential friction drag and S; by a form
drag. The second effect is related to the sur-
face waves. Now, we state surface stress as

where

(135
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Ty=pa*V?, 13

where

VeisLVde. (1)
Lo

In this case, drag coefficient 72 becomes

o 9hS -
TR O 1%

On the other hand, from the Keulegan’s
-equations (11) and (12),

, TAp wBp Ve N2/ R\'2

Pt o () (£) T @®
If a computation is made of the basis of pure
laminar motion, the value of n will become 1.5
(KEULEGAN 1951). On the other hand, from
the observation in the model yacht pond, VAN
DORN (1953) estimated as #=1.0. Temporarily,
let us follow the latter.
(3) Method of measuring seiche’s amplitude

With the same conditions stated as in the

former section (2), the motion of the water
mass in the rectangular basin is given by

0t a¢

Ts+ 7Ty
—tg—=—L 17
at gé‘x oh an
Now, we assume that bottom stress 7, is pro-
portional to the mean horizontal

a(z, t), giving

velocity

2= 2ca(x, 1), (18)
oh
where ¢ is frictional coefficient.
Let us assume that the surface stress can be
given by
. . X

Ts=Tosinft » sin—==, a9
where L is the length of the basin and f is the
The period of the
mono-nodal seiche motion is given by the
Merian’s formula,

frequency of wind stress.

2L
T=-""-, 2

Then, its frequency becomes

_ T A/gh
[

g

2D

In this case, the equation of motion and the
equation of continuity are given by

ot GC To . . Tx

—_— —_— i — —— . — 22

22 +gax +2¢i phsmft sin i3 (22)
0i £

LA (23)
ox ot

The forced seiche motion is given by the equa-
tions (22) and (23) giving resonant condition
when the frequency f tends to o. In this case,
the elevation {(x, #) becomes

Uz, )=Lo(1—e ") sin (o2 +¢) cos (24)

Tx

L 3
where

To

20eal.’

== Lo=

T
5)
In the steady state, elevation {(x, ) becomes

X

i3 (25

{(a, t)="C sin (6t +¢) cos

HipAKA (1935) discussed on the seiche motion
with the equation of motion

2 i
__:_li . ﬁ a -{—lsinftvsin
P

922 9%z " oh (26)

T.
I’

where k is the coefficient of kinematical viscosity,
and the boundary conditions are

(—k(z—u> =75, (U)=1=0,
z=0
(#)z=0,2=0. 20

Considering the wind stress of the equation
(19), the elevation in the steady state is

LM, £)=Lo* X
sin{ot— (27:—tan

where

» s%n hq+s.inq >}-cos-7[—x-,
sin hg—sin g L

(28

(14)
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frm V270 \/@Sh q—cosq_
= po®L coshg+cosqg ’ @9
P
=+ (30)

Hence, wind stress 7 is measured by the seiche’s
amplitude {, (x, #) or {o* (z, ©).

Now, we assume the wind stress 7, is given
by the wind speed with the following equation,

To=pPay’ Vs® 3D

where p. denotes the air density, 7,% the drag
coefficient and V,? the Fourier constituency of
the frequency o of the squared wind speed (V2).
So that, from the equation (31), drag coefficient
7> becomes

To

(32)

Tl =——3
5
0aVy

3. Experimental Procedure and Instrumenta-
tion
The apparatus are shown in Fig 2. The
upstream blower in the entrance assemblage
was driven by a speed motor. Rotation of the
motor is controlled by a couple of the variable
resistances V; and V.

The former supplies

Fig. 2. Photograph of experimental apparatus.

mean voltage and the latter supplies fluctuating
voltage on the motor, and hence we can obtain
the mean wind speed and the fluctuating wind
speed. The experimental channel is a closed
conduit of uniform rectangular cross section
15cm deep, 10cm wide and 175cm long.

The wind speed measurement: Wind speed in
the experimental channel is measured by the
hot-wire anemometer as shown in Fig. 3. Its
sensor is made of the platinum wire-resistance
of 10 pm diameter and 3mm long, with a fast
response to the turbulent wind.

Water level measurements: Seiche’s amplitude
and wind set-up are measured by the capacity-
type wave gauge at the both ends of the ex-
perimental channel. It measures the variation
of the capacity of the air-layer between sensor
plate and the water surface. As the sensor
has the dimension of 5cm X 6cm, capillary
waves may be smoothed up by it (cf. Fig. 3).
Moreover, it is not affected by the effects of
meniscus, since the sensor does not touch on
the water surface. Therefore, it can detect
waves less than 1/100cm high.

An example of the records of the wind speed
and the water level is shown in Fig. 4. It is

seen that the regular oscillatory motion is

M, the blower; Vi and V3, the voltage re-

gulators for the periodically changing or constant wind speed, respectively; L: and L,
the sensors of the water level meter located at the both edges of the channel; and W,

the sensor of the anemometer.
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Sensor of the Water-Level Meter

La mer, Tome 18, N° 3 (1980)

Sensor of the Anemometer

induced by the changing wind speed and the
mean water level is shifting according to the
increase of the mean wind speed. The former
oscillatory motion shows the mono-nodal seiche
motion induced by the co-oscillation with the
periodically changing wind speed and the latter
shifting of the water level means the wind set-
up induced by the averaged wind speed.

4. Observed Results and Discussions
In our experiments of the wind channel, the
mono-nodal seiche motion was induced by the
periodically changing wind around a constant
wind speed, and the wind set-up was generated
by a constant wind speed. Now, we discuss
on the co-oscillated seiche motion and the wind
set-up based on the one dimensional linear
model.
(1) Vertical and horizontal wind profiles
Vertical wind profiles in the experimental
wind channel are shown in Fig. 5. In the figure,

segments of horizontal lines mean the breadth

Fig. 3. Sensors of the water level meter of tl'ie fluctuations of wind at the. fetch length
and the hot-wire type anemometer. of 15, 50, 100 and 170 cm, respectively. At the
: i o ‘ . . Elevation. .. - ...
A ;\ danahh
U
f\ \ TR
A \/\/\N\/\MN\ ‘;E f\j‘)i\u\fl
VRVt MR T
ARRRRRD
- C . . Wind. Speed .
‘7n:ils ) . ' } x \ A \Jﬁ
- L ) i A \‘:’
IR ot AV
ik WA
- A AMAMAAY -
se o WWWRAE
-
3
2
Fig. 4. Examples of the records of wind speed and water level. Upper; the deviation of

water level observed at the station L: which is up-stream side of the channel.
the wind speed observed by hot-wire type anemometer at the station W.
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Fig. 5. Vertical wind profiles.

Each solid circles show the averaged wind speed, and each

horizontal segments the fluctuation of the wind speed around the averaged values.
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and the maximum wind speed in each cross section.
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Horizontal distributions of the wind speed and the friction velocity. Upper; the mean

Lower; the friction velocity wus.
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Table 1. The experimental constants in the channel.

Exp. Const. 14 POa

h L L' cos rx/L

Value

1.00 gr/em® 1.21X107%gr/cm® 4.41X107%sec™ 2.85cm 175cm

165cm  0.996(x=5 cm)

fetch of 15cm, fairly complicated wind profiles
and relatively large fluctuations of wind speed
are seen. Except for this case, it is seen that
the gradient of the vertical wind profile becomes
larger according to the increase of wind speed
and the fetch length. In Fig. 6, the distribution
of the wind speed and that of the friction velocity
are shown. In the figure, mean and maximum
wind speed are shown with the sign-and @,
respectively.  Friction velocity x4 is calculated
from the equation (1), using the data on the
wind speed which is observed at the level lower
than z=5cm. The value of #4 is much larger
in the both sides of area in the channel, and
the mean wind speed is little larger in the middle
part of the channel. However, it is estimated
that the wind stress acting on the water sur-
face is much smaller than the calculated value
from the equation (2) at the both ends because
of the effects of the both side walls of the
channel.

It is considered that the wind stress acts on
the whole water surface nearly at the same time
for the wind speed greater than about 3m/sec,
since the length of the channel is 175cm and
the period of induced seiche motion is about 7
sec. Hence, we may assume that the effects
of the pressure acting on the water surface can
be neglected and the wind stress is given by
the equation (8) for the wind set-up and by
the equation (19) for the seiche motion, when
the wind speed is greater than about 3m/sec.
(2) Wind set-up

We observed the wind set-up induced by the
constant or variable wind speed. Obtained re-
sults are discussed using the equation (10). In
Table 1, our experimental constants are listed.
In our case, L becomes 165cm since elevation
has been observed at the points x=5cm and
2=170cm. And A£=2.85cm, p=1.00gr/cm?,
g=980 cm/sec? and n states 1.00 as mentioned
above. Substituting these constants into the
equation (10), wind set-up becomes

S$=0.0376 7o (cm) . (33

3 T T T T T T T T
E 2} -
E
a - 4
3
1
o 1 , N
o
£ o
2 L . §
.
0 t la e | | ! | 1 L 1
0 10 20 30 40 50 60
2 2 2
VO . m /sec

Fig. 7. Relation between the wind set-up and
the wind speed Vo?. Solid and open circles
show the wind set-up S induced by the constant
wind speed and the periodically changing wind
speed around its mean value, respectively.
The Keulegan’s equation (34) is shown by the
solid line.

If 7o is proportional to the horizontal average
of the square of the wind speed V2, S is also
proportional to V2. In Fig. 7, the observed
values of the wind set-up S are plotted against
Vo?, where V, means the wind speed at the
fetch 50cm and the observed level 2=6cm.
Solid line shows the Keulegan’s equation of
(11), with the values of L=165cm and 2=2.85
cm. It is given by

S=1.98x107* V¢?
+1.62x107%(Vo—3.9)* (cm). (34

In the figure, the solid circles correspond to
the data for the constant wind and the open
circles for the changing wind around mean
wind speed. For the region of the small value
of V¢?, it is nearly proportional to the set-up
S. For the greater value of V@2, S is rapidly
grown up. This fact owes to the effects of the
form resistance of the waves.

(18)
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Fig. 8. Relations between the drag coefficient 7*
and the wind speed Vi. Solid and open circles
indicate the drag coefficient given by the wind
set-up, and cross marks indicate those estimated
by the wind profiles. Solid line shows the
Keulegan’s equation (36).

Substituting our experimental constants into
the equation (15), the drag coefficient 7? is given
by

P=1.40 S/ V. (35)

‘On the other hand, Keulegan’s equation (16)
becomes

72=2.18x107%4+1.81x10"%(1—3.9/V,)2. (36)

In Fig. 8, the calculated drag coefficient 72 from
the equation (35) is plotted against wind speed
Vo with the solid circles and the Keulegan’s
equation (36) is also shown by the solid line.
As shown in the figure, the obtained value of
7% is smaller than the Keulegan’s value. This
is mainly caused by the difference of the edge
conditions of the both experimental channels,
since the channel used by Keulegan is about
‘ten times larger than ours. In the figure, the
drag coefficient given by the wind profiles with
the equation (1) is also shown with the sign X .
(3) Wind induced seiche motion

By changing the wind speed periodically
around a constant wind speed, the mono-nodal
seiche motion is generated in the experimental
channel, as shown in Fig. 4. We studied on the
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< | o ez, fzemm) 5
. g
o L i o
2 . o
o L =4 ..
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@ 3
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o £
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= ©
v >
c =
v o
b o
o [
- @

1.0 2.0
Relative Period , TITO
Fig. 9. Intensity of resonance. 7, means the
period given by the Merian’s formula (20).
Solid circles, the observed relative amplitude
a/amaz; solid line, the theoretical curve of the
intensity of resonance given by the linear model.

relations between the stress and the induced
seiche motion.

(i) Intensity of resonance

The changing wind speed is given by the
following formula

V(&)=Vo+ Vi sin 2z2/ T, @37

where V, means constant wind speed, Va
amplitude of the changing wind speed and T
period of it.

In our experiments, we estimate Vy=4.5m/s,
Vn=0.45m/s and T=5.0~9. 5sec. With these
conditions the obtained results are shown in
Fig. 9. The period of the mono-nodal seiche
motion in the rectangular basin may be esti-
mated by the Merian’s formula (20). In our
case, the theoretical period of T becomes 6.61
sec. As seen in Fig. 9, the strongest intensity
of resonance occurs at the relative period of
T/Ty=1.03. Its elongation of the period may
be caused by the effects of =~ the viscosity.
The theoretical value of the elongation of the
period becomes 5.29;, by taking into account
the effects of viscosity after the paper of
Hipaka (1935).

(ii) Seiche’s amplitude and wind stress
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Assuming that the horizontal distribution of
the wind stress is given by the equation (19)
and neglecting the effects of the air pressure,
the elevation of the resonated seiche motion is
given by the equations (25) and (28). The effects
of the pressure gradient will be discussed later.
Using the experimental constants (see Table 1)
in the equation (29), the following equation is
obtained,

. coshg—cos g
Co =0.0281 To(]\/cosh g+ cos g (cm) .

The damping coefficient of the seiche motion
in the experimental closed channel is £=0.441
sec™!, so that the parameter g (denoted by the
equation (30)) and the coefficient of kinematical
viscosity k are given by

¢=5.0 and £=0.15 c.g. s. - unit.
In this case, from the above equation, the
elevation {;* becomes

{o*=0.1417¢ (cm). (38)

On the other hand, substituting the experimental
constants into the equation (25), the elevation
{ at x=5cm becomes

£(5,6)=0.996 Zosin (0.147 t+¢) (cm), (39)
where
Co=mte/20e0L=0.22079 (cm).

Comparing the equation (39) with (38), it is
seen that the estimated elevation &, is larger
than &o* by about 1.5 times. The amplitude
A becomes

A=0.996,=0.219 7 (cm) or
70=4.56 A (gr «cm ?Zsec™?). (40)
In the equation (31), V,? is given by Fourier
transformation of V? of the equation (37), with
multiplying cos 27¢/6.8 on both sides and inte-

grating 0 to 6.8sec. Obtained results are as
follows,

Vii=82 VoVu+8 Vi2/3n)/3w . (41)

Observed amplitude A is plotted against the

value of V,2. From the equations (31) and
(40), amplitude becomes

A=0.219 pa742Vy? (cm). (42)

Therefore, A is proportional to V,? so long as
7x? keeps a constant value. As shown in Fig.
10, A is approximately proportional to V2. In
Table 2, the conditions of the wind speed in
each run number are shown. For the greater
value of V,? (V,2>3m?/sec?), growth rates of
the seiche’s amplitude become larger. This is
due to the effects of the formation of the sur-
face waves for the greater wind speed, as seen
in the case of wind set-up. We must ncte that
relatively large amplitude occurs for the value
of V2 smaller than about 1.0 m?/sec?.

From the equation (29), drag coefficient 7,2
can be decided from the seiche’s amplitude A
and V,? as follows,

P=3.7Tx10"1 A/ V2. (43)

The value of 7,? is plotted against the mean
wind speed V, in Fig. 11. The value falls in
the region of 0.004~0.012 for the mean wind
speed greater than about 3m/sec, and it
gradually grows up according as the wind speed
increases by the effects of the form drag as
seen in the wind set-up. On the other hand, for
the smaller wind speed less than about 2m/sec,

3 T T T T T T T T T T T
. x 4
x
E 2 x -
£ .
w
©
3
E. X
E a
S
1
@ - ° -
sign run no.
.& - o ¢« 1 ~3
S « x DN
@ ro. ° ° 8 ~12 B
N . ae 2413 ~18
. ° X 17 ~23
. ce
0 L2 { 1 | L | t { | 1 1
0 1 2 3 4 5 6
2, 2 2
Vi . misec

Fig. 10. Relation between the amplitude of seiche
and V42 The condition of wind speed in each
run number is shown in Table 2.
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Table 2. The conditions of the wind speed.

Run no. 1 2 3 4 5 6 7 8 9 10 11 12
Volm/s) 0.71 0.71 0.68 2.90 2.90 2.90 2.90 4.30 4.30 4.30 4.30 4.30
Vin(m/s) 0.25 0.19 0.13 0.10 0.20 0.32 0.55 0.75 0.50 0.35 0.25 0.10
Run no. 3 14 15 16 17 18 19 2 21 22 23
Vo(m/s) 5.45 5.45 545 5.45 1.65 3.15 4.25 5.02 552 6.00 6.60
Vinlm/s) 0.15 0.30 0.50 0.80 0.30 0.45 0.50 0.60 0.70 0.65 0.70

V()= Vo+ Vi sin 272/6.8 (m/s)

x10
60 T T T T T T T T T T T T T
o % r -~
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L40F 4
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O
C _
©
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g’ZO - —
o
[m) L -
H 7
. 4 |
from the Keulegar's eqn.(36) ——
0 1l L 1 1 1 P L i L | L
0 1 2 3 4 5 6 7
Wind Speed | ml/sec
Fig. 11. Relation between the drag coeflicient

7+2 and the wind speed. Solid circles, the
estimated drag coefficient by seiche’s ampli-
tude; solid line, the Keulegan’s equation (36).

74% rapidly grows up according as the wind
speed decreases. Its maximum value reaches
about ten times larger than that given by the
Keulegan’s equation (36). The reason for this
may be caused by neglecting the effects of the
pressure gradient in the derivation of the equa-
tion (22).

(iii) The effects of the air pressure gradients

Now, we take into consideration the effects
Instead of the
equation (22), the equation of motion becomes

of the air pressure gradient.

o . 0L _Ts | 0p
—Z;?+g£+2874eph+—éz. (44)

In the equation, dp/0x means the air pressure
As the
experimental channel has a constant cross section
Bernoulli’s theorem states

gradients in the experimental channel.

Pz, )+ We(x, )/2=CQ@),

where W(z, ¢) means wind speed and C(2) is
a function of time (2).

Upon differentiating on the both sides of the
above equation with respect to x, we obtain

paid) | pa AWAx,0) _

ox 20 ox

0.

Now, we devide W?2/2 into following two parts
by using Fourier analysis,

Wz, 1)/2=Wo*/2

+ W2 sin o¢ cos tz/L, (45)

where W, means a constant part and Wi is
Fourier constituency of the frequency ¢ and the
wave number 7/L. In this case, the pressure

gradients becomes

Oz, 0) _ moa Wy
dxr 2oL

(46)

. fosi Tx
sin g¢-sin — .
L

From the equations (19) and (31), surface stress
7y is given by

3= 0% Vs sin ot - sin”Li. %
Substituting the equations (46) and (47) into (44),
we have
_ag +Qgi + 2ea
ot ox
(01" Vs’ 4 Toa Wi
B oh 20L

ot sin ™
>sm gt + sSIn 2
Then, the co-oscillated seiche induced by the

surface stress and variational pressure gradient
is given by
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Lo =(Co—Cp)
. Tx
X(1—e¢) sin (at—go)-cos—f s (48)
where
gy LT VAL g 0a0 Wy
> 2n0egh P77 4peg

In the equation (48), {; means the elevation

induced by the surface wind stress 75 and &,

that induced by the pressure gradient dp/0x.
Now, the ratio of {; to {, is given by,

_L_  mh Wy
Re=%-=gr s (49)

In our experimental channel taking L=175cm,

h=2.85cm and the drag coefficient 7,2=

0.00218 by (36), the ratio R: becomes
” Wik

=11, :
Re=1L7%

(50

Therefore, it can be seen that {, is about ten
times larger than {, in our channel when W,
nearly equals to V. Generally, W, may be
much smaller than V in our experiments, so
that we can assume that seiche motion is mainly
induced by the surface wind stress and the
effects of the pressure gradients may be neg-
lected. However, it is necessary to consider
the effects of the pressure gradients for the
small wind speed.

As mentioned above, the period of the co-
oscillated seiche motion is about 7 sec and
the length of the channel is 175cm. For the
smaller wind speed less than about 1m/sec,
Wy may be estimated as Wy~V,. In this
case, seiche motion is mainly induced by the
effects of the pressure gradient. Hence, the
estimated value of the drag coeflicient using the
amplitude of the seiche motion is effective only
for the wind speed greater than about 3m/sec.

5. Concluding Remarks

The amplitude of the co-oscillated seiche
motion, which is induced by the periodically
changing wind speed, becomes greater according
to the increment of wind stress 75, and its
growth rate grows up with the increasing wind
speed. The value of the drag coefficient 7,2,

estimated by the seiche’s amplitude, falls in the
region of 0.004~0.012 for the mean wind speed
greater than about 3m/sec.
values of the drag coefficient are about two or
three times larger than that measured by the
wind set-up or the wind profiles in the channel.
It is seen that the effects of the air pressure
gradient cannot be neglected for the wind speed

These estimated

smaller than about 2m/sec in our channel.
We shall leave the discussion of the effects of
the pressure gradient in future.

Acknowledgement

The authors wish to express sincere thanks
to the member of the Basic Research on Wind
Waves (Haro Kenkyu-Kai in Japanese) for their
valuable advice. Thanks are due to Mr. A.
Yanai of Mejiro Gakuen Women’s Junior
College, Mr. A. Arai, Mr. H. Takayama and
other members of Abe Laboratory in Science
University of Tokyo for many significant sug-
gestions and to the all graduated students in
the laboratory for their help in the observations.

References

DEFANT, A. (1961): Physical Oceanography (II).
Pergamon Press, London, p. 154-160.

HipAKA, K. (1935): Forced standing oscillation of
lake induced by periodic wind force (I), (II).
Umi To Sora, 15, 79-83; 15, 113-119. (in Japanese)

KEULEGAN, G.H. (1951): Wind tides in small closed
channels. Jour. Res. nat. Bur. Stand., 46, 358-
381.

MITSUYASU, H. (1964): On the shear stress and
surface roughness of wind acting on the water
surface. Coast. Engineer. Jap., 11, 42-48. (in
Japanese)

MORITANI, N. and T. ABE (1972): A geophysical
consideration of water in the Ushigomebori Moat
(On the seiche of the moat). Prep. 2nd Intern.
Ocean Devel. Conf., 1, 270-281.

MORITANI, N. and T. ABE (1973): A geophysical
consideration of the water in the Ushigomebori
Moat (On the seiche motion of the moat (II)).
La mer, 11, 196-204.

MORITANI, N. and T. ABE (1978): A geophysical
consideration of the water in the Ushigomebori
Moat (On the transversal seiche motion induced
by the Nemuro-Hanto-Oki Earthquake on June
17, 1973). La mer, 16, 188-197,

VAN DoRN, W.G. (1953): Wind stress on an arti-
ficial pond. Jour. Mar. Res., 12, 249-276,

C22)



Wind Induced Seiche Motion and Wind Set-up in a Small Closed Channel

NEUEIRK R IC 317 2 BT X - TEHER I hic#iz L set-up

Y

N7 A< SR B S

#*

I

EE: RICk - THREINTEHRE set-up KDWT, MEKMICL 2 RBET- oo —FEEED X
b EFRABRCERTIEACL - T, KIRNCHER I EHROEHIZ, KOMMEOREC L - T
HINRCHEEINTNDE T ERED B,

BDIG /& drag coefficient %, HIRFEHROWIE I L X wind set-up 2 b—KILHEL € T Vi X
> THEE L, COEFNVE, ASEOEHEEZEAL, BOKE L TR () BREHOHAT
13 7osin ot » sinza/L (ii) set-up DHBEHICIE rosinza/L, LEAFRELTWAD, T, o ILBE
BEHORBE, LRAEOES, rlZBROEH (—F) Th5, KREOEEE, ZoXKMERICL
HERICEWTL, BEBH 2m/sec UL TFOGHAE I EERT DI LBTER Y,

IR DIRIE S HHEE XNz drag coefficient DA (742 1%, JFAMEL 3m/sec Y ED & & 0.004~
0.012 O#EHILH » T, FOMEIIEEIEART ICHE> TAREL - TED, Z i wind set-up
OBLELED BN S, KAROHBREMOIIRTESLLEZLND, Thbd r’ OHEEM
1%, wind set-up W LIZAEDHEL 0 SEEI N drag coefficient DAL D Ky 2~3F A&
DOEERL TN D,

(23)

115



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

Tome 18, N° 3, pp. 116 a 124, Aofit 1980

Measurements of Photosynthesis and Productivity of
the Cultivated Monostroma Population®

Miyuki MAEGAWA**

Abstract: Photosynthesis and productivity of the cultivated Monostroma latissimum population
were studied by using a newly devised assimilation chamber which continuously monitors the
oxygen concentration in water. Daily gross production (Pg), net production (Pn), respiration,
Pg/Pn ratio and the energy efficiency of Pg and Pn were compared under different solar
radiation on fine, cloudy-fine, cloudy and rainy days.

1. Introduction

Photosynthesis of seaweeds, major primary
producers in shallow coastal areas, is the
important basis of the primary production in
the coastal ecosystem. Thus, a considerable
amount of knowledge on photosynthesis and
respiration of seaweeds has been accumulated
from an ecological point of view (DoTy 1971,
YOKOHAMA 1973, MAEGAWA and ARUGA 1974,
KING and ScHrRAMM 1976, BUESA 1977). The
estimation of primary production of seaweeds
has generally been based on measurments of
photosynthetic and respiratory rates. Population
photosynthetic activity is especially important
for estimating and/or analyzing production of
a seaweed population. However, in many
studies photosynthetic activity of seaweeds was
measured by using a single frond or only parts
of a frond, so that causal appreciation of the
primary productivity in coastal areas in relation
to their environmental factors seems impossible
without appropriate information on the photo-
synthetic characteristics of seaweed population.
In natural conditions the solar radiation seems
to be one of the most important factors in
determining population photosynthesis. There
are, however, relatively few studies of the
population photosynthesis of aquatic plants in
relation to the intensity of solar radiation from
an ecological point of view (ODUM 1956,
EDWARDS and OWENS 1962, IKUSIMA 1966,

* Received March 2, 1980
** Risheries Research Laboratory, Mie University,
Shima, Mie Pref., 517-07 Japan

1967).

In the present paper the diurnal changes in
population photosynthesis and productivity of
cultivated Monostroma population, especially
the relationship between various weather types
and photosynthetic activity, will be described.

2. Material and Methods

The material used in this study was the green
alga Monostroma latissimum (KUTZING) WITT-
ROCK, which is mostly cultivated in Japan with
a method similar to that in the cultivation of
the red algae Porphyra.

Cultivation nets for the present study were
seeded artificially on September 11, 1978, and
reared in the cultivation ground (34°16’N,
136°48’E) in Ago Bay, Mie Pref., where the
seawater is affected somewhat by the inflow of
river water but has recently been eutrophicated
by sewage.

The net for Monostroma cultivation was made
of synthetic fibers (cremona), and was about
18m long and 1.2m wide. At the middle of
the cultivation season on January 10, 1979,
the cultivation net was cut into a size of about
77cm by 60cm, and was spread in frames for
measuring population photosynthesis and stand-
ing stock.

For measuring population photosynthesis, an
assimilation chamber was constructed (Figs. 1
and 2). This chamber measured 100X75x25
cm and contained about 1507 seawater. The
water surface of the assimilation chamber was
open to the air. Fresh seawater pumped up
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was poured into the assimilation chamber at a
constant rate of 5//min. Seawater in the
assimilation chamber was stirred by using two
underwater pumps at a rate of 40//min, and
was mixed quickly with fresh seawater pumped
up in order to make the dissolved oxygen
concentration as uniform as possible. Thus,
most of the seawater in the assimilation chamber
was circulated by the two underwater pumps
and the rest of the seawater, equivalent to the
volume of seawater pumped up, was allowed
to flow out. Water temperature in the assimi-
lation chamber was about 1°C higher than that
pumped up from cultivation ground because of
the heat from the two underwater pumps.
‘When the frame with Monostroma was immersed
in seawater in the assimilation chamber, it was
observed that Monostroma population was shaken
constantly by flowing seawater during a measur-
ing period. After seawater was circulated for
two hours, measurement was started. The
measurement was continued for 25hr from
06:00 a.m. to 07:00 a. m. next day.

Dissolved oxygen concentration of inflowing
and outflowing seawater was measured continu-
ously by two O electrodes (Marteck Model
DOA) connected to a recorder (TOA EPR 200A).
Calibration 'for¥ dissolved oxygen was carried
out each hour by the Winkler titration technique
during a period of photosynthesis measurement.
Water temperature was measured by a ther-
mister thermometer (Marteck Model TMS).
Photosynthetic oxygen production and respi-

a e
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D — «—
i
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|
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|
o —— “—
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0 10 20cm
[

Fig. 1. Diagrams showing principal components of
the apparatus (above) and assimilation chamber
(below) for measuring population photosynthesis
of Monostroma. a, Oz electrode; b, thermister
thermometer; c, analyzer unit; d, recorder; e,
water pump for drawing; f, water pump for
stirring; g, Monostroma population.

Fig. 2. Photographs of the assimilation chamber with Monostroma population.
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ratory oxygen consumption were calculated from
the record of dissolved oxygen changes. Mea-
surements were carried out on fine (February
1-2), cloudy-fine (February 2-3), cloudy (Febru-
ary 18-19) and rainy (February 9-10) days.

For the measurement of standing stock,
Monostroma fronds attached to the cultivation
net were rinsed quickly with freshwater and
dried overnight at 80°C, then picked out from
the net and weighed.

Solar radiation was measured with a Robitch
type actinometer (Tokyo Keiki Co.) set up close
to the assimilation chamber, which responded
to the irradiance of whole spectrum.

Dissolved Oxygen Concentration (mgQ,/1)

Time
Fig. 3. Dijurnal changes of dissolved oxygen
concentrations in inflow and outflow sea-
water of the assimilation chamber on fine
day (Feb. 1-2, 1979).

Dissolved Oxygen Concentration (mg0,/1)

PR S T R S R

3 6 9 12 15 18
Time

FUR T WA S T

8
18 21 24

Fig. 5. Diurnal changes of dissolved oxygen
concentrations in inflow and outflow sea-
water of the assimilation chamber on cloudy
day (Feb. 18-19, 1979).

3. Results

Figs. 3-6 show the obtained diurnal changes
in dissolved oxygen concentration of inflow and
outflow seawater on four typical weather days;
fine, cloudy-fine, cloudy and rainy. The oxygen
concentration of outflow seawater was lower
than that of inflow seawater at night because
of respiration, while it was higher during the
daytime because of photosynthesis.

When dissolved oxygen concentration in water
is in excess of 1009 saturation due to photo-
synthetic Oy production of the Monostroma
population, dissolved oxygen diffuses from water
to the air through the water surface. For

Dissolved Oxygen Concentration (mgO0,/()

8+

B S SIS AN S S T ST N S TS BT L
18 21 24 3 6 9 12 15 18
Time

Fig. 4. Diurnal changes of dissolved oxygen
concentrations in inflow and outflow sea-
water of the assimilation chamber on cloudy-
fine day (Feb. 2-3, 1979).

Dissolved Oxygen Concentration (mg0,/1)

L T R S B SR
18 21 24 3 6 9 12 15 18

Time

Fig. 6. Diurnal changes of dissolved oxygen
concentrations in inflow and outflow sea-
water of the assimilation chamber on rainy
day (Feb. 9-10, 1979).
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estimating the diffusion rate, a transparent
acrylic board was tightly set on the water sur-
face and O, production by Monostroma popula-
tion was measured. Under the same conditions
of light and water temperature, but without a
transparent acrylic board, O: production was
also measured. The results are shown in Fig.
7a and b respectively. From these data the
diffusion rate of dissolved oxygen was calculated

—
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F Inflow 4 . i
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Fig. 7. Changes of dissolved oxygen concen-
trations in inflow and outflow seawater of
the assimilation chamber with a transparent
acrylic board on the water surface (a) and
without it (b), and the culculated diffusion
rates (c).
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Fig. 8. Diurnal changes of oxygen production,
solar radiation and water temperature on fine
day (Feb. 1-2, 1979).

as shown in Fig. 7c. Approximately 0.6% of
dissolved oxygen was diffused at 1109, satura-
tion level, and approximately 3% at 135%
saturation level.

The photosynthetic and respiratory rates
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Fig. 9. Diurnal changes of oxygen production,
solar radiation and water temperature on cloudy-
fine day (Feb. 2-3, 1979).
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Fig. 10. Diurnal changes of oxygen production,
solar radiation and water temperature on cloudy
day (Feb. 18-19, 1979).
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Fig. 11. Diurnal changes of oxygen production,
solar radiation and water temperature on rainy
day (Feb. 9-10, 1979).
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(mgOs/g(d. w.)/hr) were calculated from the
difference in oxygen concentration between in-
flow and outflow seawater (Figs. 3-6), the dif-
fusion rate from water surface (Fig. 7¢) and
the volume of inflow seawater. The obtained
diurnal changes are illustrated in Figs. 8-11
together with the diurnal changes in solar
radiation (cal/cm2/hr) and water temperature
(°C). Respiratory rate in the night was kept
almost constant at a level of ca. 1.0mgQ:/g
(d.w.)/hr. After sunrise the photosynthetic
oxygen production increased with increase in
solar radiation. However, the record of the
oxygen ccncentration seems to be delayed 15-
20 min as compared with the actual change in

2.51

2.0F ®

—
[$4)
T
o
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Gross Production
(g 0,/m¥hr)
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(8] o
Ol T
(=}
o]

solar radiation possibly due to a partial exchange
of seawater in the assimilation chamber. On
fine day a maximum net photosynthetic activity
of 12.1mg0,/g(d. w.)/hr was reached at 55
cal/cm?/hr at noon (Fig. 8). Water temperature
was high at noon and low early in the morning,
but the difference was not so large, normally
less than 2°C.

Fig. 12 shows a relationship between the solar
radiation and the photosynthetic rate, and the
efficiency of gross production for four types of
weather. The data on fine and cloudy-fine days
and those on cloudy and rainy days were plotted
respectively in the same figures. However, six
points corresponding to the six peaks of solar

o
1

Gross Production
(mg0,/gdw./hr)
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Gross Production (%)

Etficiency of
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0 200
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Solar Radiation (kcal/m2/hr)
Fig. 12. Relationships between solar radiation and gross production (a,b), and the
efficiency of gross production (c) on fine (O) and cloudy-fine (@) days (solid
line), and on cloudy (©) and rainy (®) days (broken line).
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Table 1. Comparisons of the daily gross production (Pg), net production (Pp), respiration (R),
Pn/Pg ratio and energy efficiency of the Monostroma population under different solar radiation.

Standing Solar Efficiency
Stock Radiation Py Pn R Pn/Pg %
gld.w.)/m? kcal/m?/day gOs* g*t* g0s* g** g0.* gk Pe Pa
Fine 180 3490 16.0 13.4 11.7 9.8 4.3 3.6 0.73 1.6 1.2
Cloudy-fine 185 2630 13.4 11.3 9.0 7.6 4.4 3.7 0.67 1.8 1.2
Cloudy 192 1230 12.0 10.1 7.4 6.2 4.6 3.9 0.61 3.4 2.1
Rainy 190 660 8.5 7.1 3.9 3.3 4.6 3.9 0.46 4.5 2.1

g0;*=g0s/m”’ g =g(d.w.)/m?

radiation higher than 200 kcal/m2/hr on cloudy
day (Fig. 10) can be included in the figures for
fine and cloudy-fine days because the direct
solar radiation at those points was as high as
on fine or cloudy-fine day. When the solar
radiation was lower than 200 kcal/m?/hr, the
photosynthetic rates were apparently higher on
cloudy and rainy days than on fine and cloudy-
fine days (Fig. 12). The energy efficiency of
gross production was calculated as the percent
of the solar radiation received, assuming that
the photosynthetic O production of lg is
equivalent to 3.5 kcal (RYTHER 1959). As can
be seen in Fig. 12c, the efficiency was apprecia-
bly high at lower solar radiation and it decreased
sharply and then gradually to a constant level
of 1.59 as the solar radiation increased up to
300-600 kcal/m?/hr.

Table 1 shows the summary of the present
Standing stock of the
Monostroma population used was almost at the
same level, 180-192 g(d. w.)/m?. Daily solar
radiation ranged from 660 kcal/m? on rainy day
to 3490 kcal/m? on fine day. Gross and net
production and respiration expressed in gOs
were converted to those in dry weight as 1 gO,
is equivalent to 0.84 g dry matter. The daily
gross production and net production were low,
7.1 and 3.3 g(d. w.)/m? respectively, on rainy
day. They reached 13.4 and 9.8 g(d. w.)/m?
respectively on fine day. Daily respiration was
almost the same, 3.6-3.9g(d.w.)/m?, irre-
spective of weather conditions. The ratio of
net to gross production (Pn/Pg) was low, 0. 46,
on rainy day, and it increased to 0.73 on fine
day. The energy efficiency of gross production
was low, 1.6%, on fine day and high, 4.59%,
on rainy day. The efficiency of net production

productivity study.

was 1.29%, on fine and cloudy-fine days and
2.1% on cloudy and rainy days.

4. Discussion

Estimations of the primary productivity of
aquatic algal populations have generally been
based on measurements of the changes in dis-
solved oxygen concentration in ambient water,
which were caused by the algal photosynthesis
and respiration under the stationary condition
(IKUSIMA 18965, SATOMI et al. 1967). IKUSIMA
(1967, 1970) developed the mathematical formula-
tion to calculate the amount of daily photo-
synthesis in submerged plants at various depths
under different weather conditions on the basis
of photosynthesis-light curve. ODUM (1956) and
EDWARDS and OWENS (1962) employed the
twin oxygen curve technigue, which was based
on the diurnal changes in the dissolved oxygen
concentration in water between an upstream
station and a downstream station. In the present
study the method employed for continuously
measuring the population photosynthesis of
Monostroma was similar in principle to the twin
oxygen curve technique.

YOKOHAMA (1973) and MAEGAWA and ARUGA.
(1974) obtained the light-saturated rate of photo-
28-30 mgOs/g(d. w.)/hr, by using
In the present
study no light-saturation was observed in the
photosynthesis-light curves of a Monostroma
population up to the highest solar radiation of
55 cal/cm?/hr or 600 kcal/m?/hr (cf. Fig. 12),
and the highest gross photosynthesis obtained
was 12.1mg0O,y/g(d. w.)/hr or 2.3g0:/m2(net
area)/hr, which was about a half the corres-
ponding rate for single fronds. photosynthetic
rate of Porphyra population measured by

synthesis,
single fronds of Monostroma.
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SATOMI et al. (1967) and that of Vallisneria
population measured by IKUSIMA (1966) were
3.0g0;/m?/hr and 12-18 mg/g(d.w.)/hr, re-
spectively. These values compare well with
those obtained for Monostroma population in
the present study.

Photosynthetic rate of Monostroma population
on cloudy and rainy days, when diffuse light
occupied a greater part of solar radiation, was
higher than that on fine and cloudy-fine days,
within the range lower than 200 kcal/m?/hr.
The same trend was recognized more clearly
in terrestrial plants (KUMURA 1968); i.e. the
population photosynthetic rate was consistently
higher when the proportion of diffuse light was
higher even under the same total light intensity.
It was mainly based on more favorable light
distribution within a population.

It was reported that the maximum standing
stock of cultivated Monostroma population could
reach 450-600 g/m? (MAEDA and OHNO 1972,
MAEGAWA and ARUGA 1974). In cultivation
grounds the harvest is carried out before the
standing stock reaches a maximum. So, such
a high standing stock as mentioned above is
not observed generally in cultivation grounds.
In the present study, the standing stock of
Monostroma used for estimation was 180-192
g/m? just before harvest.

Daily net production, 9.8g (d.w.)/m?/day,
of Monostroma population obtained on fine day
in the present study was well equivalent to
that of Porphyra population, 12.0 g(d. w.)/m?
/day, reported by SATOMI et al. (1967), and
that of the most terrestrial plant communities
(RYTHER 1959). However, it was higher than
that of submerged plant communities, 6 g(d. w.)
/m?/day, obtained by IKUSIMA (1966).

From Fig. 12 it is noted that efficiency of
gross production of Monostroma population was
slightly higher than that mentioned by EDWARDS
and OWENS (1962). In Table 1 the efficiency
of daily net production, particularly on fine and
cloudy-fine days, was equivalent to the maximum
values found in most terrestrial plant com-
munities, although the efficiency of gross pro-
duction was at the level of average values.

The net production and its energy efficiency
of Monostroma population are comparatively

high to those of terrestrial plant communities
even at low temperature in the winter cultiva-
tion season. This is so even though the photo-
synthetic rate is similar to that of submerged
plant population in which it is 50-100% of the
rate of land plants. Probably, this is mainly
due to the fact that Monostroma population has
not such non-photosynthetic tissues as roots
and stems which are major components of
terrestrial plants but is composed almost entirely
of photosynthetic tissues. Thus, the 24 hr respi-
ratory loss is small, so that the ratio of the
net production to the gross production, Pn/Pyg,
shows a high value of 0.73 on fine day (Table
1), which has not been observed in terrestrial
plant communities.

The net production and its energy efficiency
in Monostroma population, therefore, attain
such high values as mentioned above in spite
of low temperature in the cultivation season.
The daily net production ranged from 3.3 to
9.8g(d. w.)/m?/day and its energy efliciency
varied from 2.1 to 1.29% according to weather
conditions. It is concluded that the maximum
rate of daily net production and its efficiency
of Monostroma population in cultivation ground
are almost at the same level as the maximum
values found in most terrestrial plant communi-
ties mainly because of the low respiratory loss.

5. Summary

Diurnal changes in the population photo-
synthesis of cultivated Monostroma were investi-
gated in relation to various weather conditions.
The gross and net production and their energy
efficiency were estimated.

(1) For measuring the population photo-
synthesis a large assimilation chamber was de-
vised. Seawater was circulated in the chamber.
Continuous measurements of photosynthesis,
respiration and solar radiation were carried out
for 25hr on fine, cloudy-fine, cloudy and rainy
days.

(2) Changes in photosynthetic rate showed
a trend similar to that in solar radiation. The
maximum photosynthetic rate of 12.1mgOs/g
(d. w.)/hr was reached under a solar radiation
of 55cal/cm?/hr at noon on fine day. Respi-
ratory rate in the night was kept at a constant
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level of ca. 1.0 mgQ,y/g(d. w.)/hr.

(3) The daily gross production and net pro-
duction were 13.4-7.1 and 9.8-3.3g(d. w.)/
m?/day, respectively. They varied according to
the weather conditions.

(4) In spite of the low temperature condition
of the cultivation season, maximum daily net
production and its energy efficiency of Mono-
stroma population were almost at the level
equivalent to the maximum values observed in
terrestrial plant communities. This high pro-
ductivity was mainly attributed to a high Pn/Pg
ratio, that is, the low respiratory loss.
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Some Modifications of the Grain Density Autoradiography
in the Study of Phytoplankton Production®

Yoshio OGAWA** and Shun-ei ICHIMURA**

Abstract: Sources of inherent errors in the grain density autoradiography for measuring
photosynthetic activity of individual species of phytoplankton community were checked using
three different species of cultures. The development time of 6-12 min was suitable for ob-
taining steady grain count. The effect of chemography was reduced by no application of any
fixative with gentle suction. Latent image erasure was completely excluded by shortening
exposure time less than 7 days. Geometrical effect can be cancelled by counting all grains
in a large distance of 40 #m from the cell surface. A good correlation was found between
radioactivity/cell and grain counts/cell (Y=587.06X+0.78). The conversion of grain counts to
absolute disintegration rate would be possible from the above regression correlation. If these
careful processes are made, the grain density autoradiography can be employed as a useful
measure of photosynthetic activity of phytoplankton species.

1. Introduction

As a useful tool for the determination of
photosynthetic activity of individual species in
phytoplankton assemblages, the grain density
autoradiography has been employed by several
investigators (WATT 1971, STULL et al. 1973,
GUTELMACHER 1975), although BROCK and
Brock (1968) argued that this technique was
not suitable for the quantitative study. KNOE-
cHEL and KALFF (1976a,b) emphasized the
serious errors arised from each step in the
processes of grain density autoradiography and
recommended an alternative technique, track
autoradiography, for the quantification of indi-
vidual species productivity. They pursued the
population dynamics of freshwater phytoplankton
diatom species by the track autoradiography
(KNOECHEL and KALFF 1978). PAERL and
STULL (1979) found a higher degree of corre-
lation between the techniques of grain density
and track autoradiography in study of natural
phytoplankton community and claimed the
validity of the grain density autoradiography.

As has been criticized by KNOECHEL and
KALFF (1976a), the grain density autoradio-

* Received April 17, 1980
** Tnstitute of Biological Sciences, The University
of Tsukuba, Sakura-mura, Ibaraki, 305 Japan

graphy is easy technique but as yet its certainty
has not been proved sufficiently. The purpose
of the present paper is to check potential sources
of error cited by KNOECHEL and KALFF (1976a)
in the grain density autoradiography and scruti-
nize the utility of this technique for the study
of species dynamics of phytoplankton community.

2. Materials and Methods

Unialgal cultures of Cyclotella, Scenedesmus
and Selenastrum were used for the present
study. FEach 100m/ of algal suspension was
taken in a 200 m/ Erlenmeyer flask and injected
with 0.3 m/ NaH!CQ; solution having activity
of 10 pCi/ml. Flasks were then incubated in
a water bath under illumination of 30 Klux by
white light fluorescent lamps at 20°C. Dark
flasks were also prepared as controls. A series
of samples were removed from flasks with
pipettes at various time periods over 4 hrs. Each
5ml of samples was filtered through a 24-mm
HA Millipore filter with gentle suction and then
the filter was washed with small volume of
distilled water and fumed in HCI vapor. Total
radioactivity of 'C incorporated in algal cells
was measured by a liquid scintillation counter
(Beckman LS 8100). Cell numbers counted with
Thoma’s haemacytometer before and after the
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incubation were averaged and the mean cell
number was used. Mean radioactivity per cell
was calculated from dividing total radioactivity
by cell number in the sample. For grain density
autoradiographs each 2 m/ of remaining samples
was immediately filtered through 24-mm HA
Millipore filter with gentle suction. In the
present experiment no fixative was applied to
avoid possible chemography and possible de-
struction of cells was also prevented. Each
filter paper was attached to a microscope slide
with 19 gelatin solution. The slide was then
dried at 35°C for 24 hrs in an oven and cleared
SAKURA NR-M2 nuclear
emulsion melted at 37°C in a water bath in the
dark was poured into a small container for slide
dipping. Under the safety light, each slide was
dipped in the emulsion for a few seconds and
then withdrawn and dried in vertical setting
for one hour under a small fan. After drying
the slides were placed in a black plastic slide
box containing dried silica gel.

with acetone vapor.

The boxes were
stored at 4°C in a refrigerator during exposure
of 2-10 days. Exposed slides were developed in
developer (Konidol X Super) in staining vessel
with standard vertical holder made of stainless
steel. Development time varied from 3 to 24
minutes. Following development the slides were
transferred to acetic acid stop bath for one
minute and then fixed in acid hardening fixer
(Konifix) for 10 min, washed gently in running
tap water for 30 min. All the procedures were
made in a water bath incubator at 20°C. Auto-
radiographs prepared in this way were photo-
graphed at 780 magnification using a microscope
(Nikon Optiphoto) and grains on the photographs
were counted. Background counts were esti-
mated from slides prepared for dark bottle
samples.

3. Results and Discussion

KNOECHEL and KALFF (1976a) argued that
the number of produced grains and their spatial
distribution are remarkably affected by the cell
size and shape, despite the absolute radioactivity
is identical. They proposed to count all grains
within a certain distance from the cell including
the half-distance, in which more than a half of
produced sliver grains was located (SALPETER

et al. 1969) and distance of 10 #m recommended
for getting enough counts.

At the first step of this study, therefore, the
distribution of grain around the cell was ex-
amined to delineate the area to be counted.
Slides used for this experiment were exposed
for 2 days and developed for 6 min. Radio-
activity incorporated in the cells was 9.23x 1072
dpm/cell in Cyclotella sample and 8.05x 1072
dpm/cell in Scenedesmus sample. Grain counting
was made on the microscopic photography
along the band-area of every 10 #m width from
the cell margin to 40 pm distance. As shown
in Fig. 1, grains counted were mostly distri-
buted in the area from the cell margin to 10 #m
distance with the value of 82.3 in Cyclotella
ample and 68.3 in Scenedesmus sample. The
grain density, in which grains counted were
ormalized by a unit area and expressed as

100 F

Ag grains/ counting area
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Fig. 1 The distribution of grains over the cell
and surrounding area in Cyclotella (left) and
Scenedesmus (right). Solid line, grain counts
in each band area; dashed line, grain density/
100 zm?. Shaded place represents background
(background grain counts/100 #m?®). Vertical
line indicates 95% confidence limits.
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Fig. 2. Relationship between development time (min) and grain counts per cell in Cyclotella;
19.8% 107 dpm/cell (O), 32.7x107*dpm/cell (®). Shaded area represents background
counts. Vertical line indicates 95% confidence limits.

counts/100 gm?, was the highest over the cell
and decreased with increase of distance from
the cell. The grains were reduced to background
level of 1.0 grain/100 #gm? in the area between
30-40 yum in Cyclotella and 1.5 grains/100 pgm?
in the area between 10-20 gm in Scenedesmus.
This distribution pattern was also the same in
the other samples exposed for longer time than
2 days.

It is generally noticed that the maximum
path-length of a beta particle originated from a
point source in nuclear emulsion is about 100 gm
for *C. However, the grains in the outside of
40 pm from the cell were so small as negligible
in the present counting. Therefore, a stable
efficient counting will be made to a distance of
40 ym from the cell margin. In the following
experiments, we counted all grains lying over
the cell and outside of 40 gm from the cell.

It required a long exposure time to develop
all latent images, but excess background count
due to the prolonged development has led to
the difficulty of counting the grains. Fig. 2
shows the relationship between development
time (min) and grain count per cell for two
samples of Cyclotella. The radioactivity was
19.8x1072dpm/cell in one sample and 32.7x
1072 dpm/cell in the other sample. Grain counts

were increased with development time in both
samples and reached the plateau after 6 min.
Grain counts at the plateau were 383.8 grains/
cell for high radioactive sample and 264.3 grains/
cell for low radioactive sample. After 12 min,
grain counts increased and reached the high
level of 693.2 grains/cell for the former sample
and 477.4 grains/cell for the latter sample. Back-
ground count remained at very low level (6.4
count/cell) during the first 6 min, thereafter it
increased rapidly. From these results, it is
inferred that the development time should not
exceed 12min. We adopted 6 min as develop-
ment time because of the following reasons;
grain count reaches plateau by this time and
background count is negligible in contrast to
grain counts.

In micro-autoradiography, silver grain had
been expected to increase linearly with exposure
time. However, prolonged exposure has resulted
in the underestimation of grains due to possible
latent image erasure of interference of excessively
produced grains (ROGERS 1967). Fig. 3 shows
the relationship between exposure time and
grain counts in Cyclotella sample with radio-
activity of 9.23x10"2dpm/cell. Grain count
proportionally increased with exposure time
during the first 7 days, and subsequently it
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decreased gradually. Thus, it was revealed that
exposure time was desirable to be limited at
least within 7 days. Furthermore, grain counts
per cell were desirable to be less than 450 counts
for the exclusion of errors caused by the inter-
ference of the grains.

Photosynthetic activity of individual cells in
the grain density autoradiography has been
calculated from the apportionment of the total
radioactivity to grains produced by each cell
(WATT 1971, STULL ez al. 1973, GUTELMACHER
1975). When phytoplankton assemblages con-

600

400r Y-64.08X /

t P

Ag grains/cell

4 5 8 7 8 9 10

0 1 2 3

days exposure
Fig. 3. Relationship between the length of
exposure (days) and grain counts per cell in
Cyclotella (9.23X1072dpm/cell).  Vertical
line indicates 95% confidence limits.

sist of delicate species and nanoplankton and
they are missed during the processes, this
approach leads to an overestimation of the re-
maining species (KNOECHEL and KALFF 1976a).
Thus, it is necessary to convert grain counts
directly to absolute disintegration rate (dpm).
KNOECHEL and KALFF (1976a) stated that it
would be desirable to convert grain count into
an absolute disintegration rate through an
internal standardization procedure. This is
made by the addition of specimens with known
activity to the sample. However, another alter-
native method was examined in the present
study because we had no suitable such reference
sources. Fig. 4 shows the interrelationship be-
tween radioactivity/cell and grain counts/cell.
A good correlation was found between the both
parameters (Y =587.06X +0.78, r=0.95), thereby
the produced grains will be strictly corresponded
to radioactivity incorporated in the cell. It
would be possible to convert the grain counts
to absolute disintegration rate from the above
regression equation.

KNOECHEL and KALFF (1976a, 1979) criticized
the grain density autoradiography and empha-
sized inherent sources of error in this method.
However, most of sources of error may be
cancelled by suitable processes. Careful prepa-

200r

150+

100

Ag grains /cell

50

Y -587.06X+0.78
(r=0.95)

20 25 3Ox162

dpm /cell

Fig. 4. Relationship between diel radioactivity (dpm)/cell and diel grain counts/cell inthree
different algal species; Cyclotella (O), Scenedesmus (@) and Selenastrum ((B). Vertical

line indicates 95% confidence limits.
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ration of samples and proper selection of fixa-
tives are necessary in the grain density auto-
radiography as well as track autoradiography.
Latent image erasure is also serious problem
as cited by KNOECHEL and KALFF (1976a).
Considerable attention must be payed on the
chemography caused by fixatives and the effect
of cell size and shape. Chemography was
simply corrected by using dark bottle control
and the intensive interference of the grain count
by chemography is reduced by the present
procedure. If the samples are carefully treated,
the effect of chemography is probably eliminated.
This is evident from a low level of background
counts in Fig. 1. The effect of cell size and
shape can be cancelled by counting all grains
in a large distance of 40 ym from the cell.

It is difficult to convert the grain counts to
absolute radioactivity. We calculated the abso-
lute radioactivity from the linear relationship
between radioactivity incorporated in the cell
and produced grains. ROGERS (1967) has shown
that this approach is suitable only for approxi-
mate estimation of absolute radioactivity. In
this case, the inacuracy may be arised from the
cross-fire effect of sources packed closely in
tissue section. Since an algal cell is considered
to be a single source, the cross-fire effect may
be excluded in phytoplankton samples. A re-
gression equation presented in the present study
would be useful for the conversion of grain
counts to absolute radioactivity of a cell. The
grain density autoradiography can be employed
as a useful means for measuring photosynthetic
activity of individual phytoplankton species if
the careful processes are made.
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Diffusion of Manganese from Bottom Sediments in Beppu Bay*
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Terumi TANIMOTO** and Osamu TAKIMURA**

Abstract: A simultaneous measurement of the concentration of particulate manganese and
beam attenuation coefficient was obtained in Beppu Bay. The measured beam attenuation
coefficient was then converted to the concentration of particulate manganese using a laboratory
calibration curve in the hope that the former can be used as a possible indicator of the latter.
The mean flux of manganese across the sediment-water interface from July to October in

this bay was estimated to be 12.6 #g cm ™2 day ..

The vertical eddy diffusivity in the bottom

water layer was estimated from temporal variation of the vertical distribution of manganese.

1. Introduction

It is often observed that dissolved oxygen
content in bottom layer of coastal waters de-
creases during summer and, as a result, some
elements diffuse out of bottom sediments into
seawater. Diffusion of manganese from reducing
sediments is a well-known phenomenon. The
very high concentration of dissolved manganese
in pore water of nearshore sediments has been
well decumented (CALVERT and PRICE 1972,
DUCHART et al. 1973). Diffusion of manganese
from bottom sediments may be important in the
coastal balance of that element. GRAHAM et al.
(1976) measured the flux of manganese across
the sediment-water interface in Narragansett
Bay and discussed the effect of that on the
coastal manganese balance. KREMLING and
PETERSEN (1978) showed that the high concen-
tration of manganese in bottom waters of the
Black Sea was caused by diffusion out of bottom
sediments. Dissolved manganese diffused into
bottom water may be oxidized as it comes into
contact with more oxidized water and precipitate
as particulate form. YEATS ez al. (1979) report-
ed that maximum concentration of dissolved
manganese in the Gulf of St. Lawrence was ob-
served close to sea bottom whereas the highest
concentration of particulate manganese occurred

* Received January 10, 1980

** Government Industrial Research Institute of
Chugoku, Hiromachi 15000, Kure City, Hiro-
shima, 737-01 Japan

30-100 meters above the bottom. The elevated
concentrations were attributed to diffusion of
dissolved manganese from bottom sediments and
its subsequent precipitation in the water column.

Beppu Bay is located at the western part of
the Seto Inland Sea of Japan and is 60 to 70
meters deep, whereas at its mouth it is only
In early summer a strong
thermocline is formed at a depth around 50 to
60 meters and inhibits mixing between top and
bottom layers, resulting in depletion of dissolved
oxygen content from the bottom layer. SHIO-
ZAWA et al. (1977), in their study of this bay,
reported an observation of a coincident occur-
rence of manganese diffusion and depletion of

40 meters deep.

oxygen content. They concluded that dissolved
manganese was oxidized slowly as it came into
contact with more oxidized water and precipi-
tated as particulate manganese which was
sharply concentrated around the thermocline.
We report herein measurements of the beam
attenuation coefficient of seawater in this bay
which exhibits a sharp peak value at the same
depth of the peak concentration of particulate
manganese and an investigation of the exact
relation between the concentration of particulate
manganese and the beam attenuation coefficient;
the latter as a possible indicator of the former.
We will estimate the flux of manganese across
the sediment-water interface in this bay and the
vertical eddy diffusivity in the bottom water
layer from temporal variation of the vertical
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Fig. 1. Sampling station.

distribution of manganese.

2. Method

Water samples were collected with a 6-liter
Van-Dorn sampler and immediately filtered
through 0.45-gm Millipore filters. The filtrate
was analyzed for dissolved manganese. Each
filtrate was acidified with concentrated hydro-
chloric acid to a pH of approximately 2.0.
Concentration of dissolved manganese was de-
termined within a month of sampling in the
laboratory by the atomic absorption procedure,
using DDTC-MIBK extraction. Very high
concentrations of dissolved manganese were
obtained by a colorimetric procedure, using
formaldoxime. Samples collected on the filters
were used to determine concentration of particu-
late manganese. To each sample was added
5m/ of concentrated nitric acid and the solution
was dried up. To this sample was added 2 m!
of concentrated hydrochloric acid and the solu-
tion was dried up again. Finally to each sample
was added 0.1 m/ of concentrated hydrochloric
acid and the solution was diluted with distilled
water to 10m/. Samples thus treated were
analyzed by the atomic absorption procedure.
Concentration of total manganese was obtained
as the sum of dissolved and particulate manga-
nese.

The beam attenuation coefficient of seawater

Temperature (°C }
5°C 10 15 20 25

0 L L

Depth (m)
IS
o

Aug

/| /

Fig. 2. Vertical distributions of water tempera-
ture in August and November 1976 and
March 1977 in Beppu Bay.

was measured by an in situ beam transmittance
meter. The general outline of this apparatus
is the same as the one described by JERLOV
(1976). In our meter the light path is 50 cm.

3. Results and discussion

Sampling station was taken at the center of
the deep in Beppu Bay (Fig. 1). Water samples
were collected on July 4, August 4, October 7,
November 20, 1976 and March 20, 1977. Fig. 2
shows vertical distributions of water temperature
obtained on August 4, November 20 and March
20. A strong thermocline is observed at a depth
around 50 to 60 m from August to November.
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Fig. 3. Vertical distributions of dissolved and particulate manganese on July 4, August 4,
October 7 and November 20, 1976 and March 29, 1977 in Beppu Bay.
This thermocline inhibits mixing between top Beam attenuation coefficient per meter
. .. 0 0 0 10 20
and bottom waters and results in a coincident L ‘ L L T T

occurrence of oxygen depletion in the bottom
water and manganese diffusion from bottom
sediments.

Fig. 3 shows vertical distributions of manga-
nese concentration in dissolved and particulate
phases. Fig. 3 shows that manganese diffuses
out of sediments and the concentration in dis-
solved phase increases from July to November,
due to the persistent thermocline during this
Part of dissolved manganese is oxidized
slowly in seawater and precipitates as particulate

season.
manganese. The particulate manganese then is
transported downward by the gravity and dis-
solves again as it makes contact with deoxidized
Therefore, the vertical distribution of
particulate manganese is determined by that of
dissolved oxygen content.

(1) Beam attenuation coefficient and particulate

water.

manganese

Vertical distributions of beam attenuation
coefficient of seawater are given in Fig. 4
which shows, except for surface layer, uniform
values down to a depth of about 55m, below
which sharp peaks are observed. These peaks
coincides with the peak concentrations of par-
manganese. HOSHIKA et al. (1978)
observed that the precipitate of iron was concen-
trated also around the thermocline, although
its concentration was lower than particulate
manganese. We therefore examined the relation

between the concentration of particulate manga-

ticulate

Aug & Nov. 20

Depth { )

50— —

60 =

o - ;

Fig. 4. Vertical distributions of beam attenua-
tion coefficient on August 4 and November
20, 1976.

nese and the beam attenuation coefficient in
the laboratory.

Particulate manganese in seawater most prob-
ably consists of MnQs. Particulate manganese
was prepared as MnOQO; in the laboratory by the
method due to WEIDEN (1976), i.e. 0.1 mole
manganese chloride and 0.065 mole potassium
permanganate were allowed to react in 400 m!
of 1 mole acetic acid at 60°C. The diameter of
particulate manganese thus formed was measured
by a Coulter counter and was in the range of 3 #pm
to 10 pum. The beam transmittance meter was
submerged in distilled water and the laboratory-
formed particulate manganese was added to it.
The water was then filtered through a 0.45-pm
Millipore HA filter. Concentration of the par-
ticulate manganese was determined by the same
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Fig. 5. Relation between concentration of par-
ticulate manganese and beam attenuation
coefliicient.

procedure as was employed for the Beppu Bay
sample.

The relation between the concentration of
particulate manganese and the beam attenuation
coeflicient, which is shown in Fig. 5, follows a
straight line within the experimental range. We
wish to estimate concentration of particulate
manganese from beam attenuation coefficient
measured iz situ, say Fig. 4, using an experi-
mental result of Fig. 5. The excess beam at-
tenuation coefficient of peak values which appears
below a depth of 55m over uniform values
above this depth is converted to concentration
of particulate manganese.

Fig. 6 shows comparison of vertical distribution
of particulate manganese thus converted and
those measured. In November 20 data, the
converted concentration of particulate manganese
is higher than the measured. The peak beam
attenuation coefficient measured on November
20 was found at a depth of 61.5m and a thick-
ness of the concentrated layer was only in the
range of 1m. Water sample we collected at
this depth, on the other hand, had a concen-
tration of particulate manganese considerably
smaller than the peak value because water was
sampled through a layer of about 1 m. Exclusive

Concentration of particulate manganese (pg/l)
500 1(]]0 2([)0 190 2?0 3?0 490 5?0 690

Aug. 4

@
o

Depth (m)

70

Fig. 6. Comparison of vertical distributions of
particulate manganese converted from the
beam attenuation coefficient and these mea-
sured. Filled marks indicate meaured values.

to this depth, the converted concentration agrees
qualitatively with the measured. We therefore
conclude that, using the beam transmittance
meter, concentration of particulate manganese
in Beppu Bay can be estimated easily and con-
tinuously in depth, whereas such is not the case
with water sampling method.

SPENCER et al. (1971, 1972) found existence
of particulate manganese just above the oxygen
zero boundary in the Black Sea, which was the
world’s largest anoxic basin. There, the oxygen
zero boundary was dome shaped, being at 110m
depth in the center of the basin and at about
275 m toward the shelves. On the other hand,
according to the vertical distribution of beam
attenuation coefficient in the central region of
the Black Sea reported by NEUYMIN (1970), a
thin layer of large beam attenuation coeflicient
was observed at depth of 120 to 170 m. This
layer lay directly under the region of unstable
temperature gradient which formed the lower
boundary of the intermediate cold water. As
this layer appears to coincide with the layer of
manganese precipitating, we believe that the
Black Sea is possibly another example where
particulate manganese distribution can be inferred
from beam attenuation coefficient.

(2) The flux of manganese across the sediment-
water interface

The flux of manganese across the sediment-
water interface is estimated as the following.
Manganese transported upward across the:
thermocline may be oxidized and precipitate as
particulate manganese, because of the oxygenated
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Fig. 7. The amount of total manganese in bot-
tom water column per unit area below the
thermocline.
top water. The precipitate may be transported

again in the bottom water by its gravity. The
amount of manganese in top water column
above the thermocline is relatively small com-
There-
fore, we assume herein that upward flux of
manganese across the thermocline is of negligible

pard to that in bottom water column.

order. The flux of manganese across the sedi-
ment-water interface is an increasing rate of
total manganese in bottom water column per
unit area below the thermocline. The amounts
of total manganese in bottom water column per
unit area in each month are given in Fig. 7.
Fig. 7 shows that the amount of total manganese
in bottom water column increases from July to
The mean flux of
manganese across the sediment-water interface
during this season can be determined by least
square method, which yields 12.6 pgcm=2day~!.
This flux is a few times as large as the result
of GRAHAM et al. (1976) in Narragansett Bay.
It is also recognized from Fig. 3 that diffusion
of manganese from bottom sediments sets in at
the end of June.

From October to November, the amount of
total manganese in bottom water column is
almost unchanged. It is confirmed by our
observed result in 1977 that the amount of
manganese after November remains at the same

October at a constant rate.

level. It may be considered that diffusion from
bottom sediments is completed before November.

We will analyze herein temporal variation of
the vertical distribution of total manganese from
July to November. We consider now the
bottom water layer below the thermocline, in
which manganese enters at a constant rate Fy
over unit area of sea bottom and there is no
diffusion across the thermocline. We take an
origin at the top of the thermocline and the, =z
axis in the downward direction. The distance
from the origin to sea bottom is taken to_ be I
!/ in this paper is determined to be 15m which
is the average value obtained from the vertical
distributions of temperature in July, August and
November. A part of dissolved manganese
diffused into bottom water is oxidized and pre-
We assume
that the effect of settling velocity of particulate

cipitated as particulate manganese.

manganese on the transport of total manganese
can be neglected. Assuming also that the hori-
zontal gradient of concentration and the vertical
water movement are of negligible order, the
diffusion equation of total manganese in the
bottom water is given as follows:

oS 025
E = (1

where S is total manganese concentration, z is
distance from the origin, ¢ is time and K is the
vertical eddy diffusivity. The boundary con-
ditions may be written as follows:

aS

—=F, =z=I =0 (2)
0z

=0 z=0 t=0 (3)

If the initial concentration is zero throughout
the bottom water and K is a constant value,
we obtain the following solution.

Fol ( Kt 3222 2
S<z’t):T{ Iz 62 =~

oo — 1y N 22
Z( i) \,xp(—Knﬂt>cosmm} (1)

n=1 N A l

Diffusion of manganese from sea bottom may
be completed before November as mentioned
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Fig. 8. Comparisons of temporal variation of vertical distribution of measured manganese

and theoretical result.

In case of no diffusion from bottom
sediment, the boundary condition at z=I[ may
be written as follows:

above.

S

= 0 2=l

(5)

When diffusion of manganese from sea bottom
is completed, the vertical distribution in bottom
water is taken as f(z).
after the time ¢ from the completion may be
-obtained as follows:

The vertical distribution

l oo Kn2r2 ’
SCe, ty=p | S+ 3 exp( - 5
l)g ! n=1 2
o (1 ’
X cosn—ll% S A" cos nnlz dz’' (6)
0

Assuming from the result of Fig. 7 that
diffusion of manganese from bottom sediment
sets in on June 29 and is completed on October
10, we calculate the vertical distribution of total
manganese at July 4, August 4 and October 7
from (4) and November 20 from (6). Com-
parisons of calculated results for K=0.05, 0.1
and 0.2 cm?sec™! and measured values are shown
in Fig. 8. Fig. 8 shows that the temporal
variation of vertical distribution of measured
values agrees qualitatively with the theoretical

prediction. The theoretical concentration in
November is lower than the measured value.
This difference may be caused by the following
reason. The distance [ between the top of the
thermocline and sea bottom varies with time,
whereas in the theoretical result, Fig. 8, [ is
assumed constant. The practical distance in
Therefore,
the theoretical result may be lower than the
measured value. The vertical eddy diffusivity
in the bottom water layer is estimats! to be
0.1-0.2cm?sec™'. ROETHER et al. (1970) and
ROOTH and OSLAND (1972) estimated the eddy
diffusivities, which ranged from 0.2 to 0.75cm?
sec™!, in the thermocline from the tritium distri-
bution. EPPLEY ez al. (1979) calculated the eddy
diffusivities in the thermocline of coastal water
off southern California ranging 0.05 to 0.6 cm?
sec™! KING and DEvoOL
(1978) calculated also a similar range of values
(0.05-1.1 cm? sec™!) in the eastern tropical Pa-
cific. The eddy diffusivity in the bottom water
layer is of the same order as the recent calcu-
lated results in the thermocline.

November is less than that constant.

from nitrate data.
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Consideration of Problems in Transparency Measurements*®

Masaaki FUKUDA** and Ryohei TSUDA***

Abstract: The theory and practice of transparency measurements are discussed. The Secchi
disk is a popular instrument for measuring transparency because of its simple structure and
the universal results it gives on the optical characteristics of seawater.

It is proven, in theory, that the disappearance depth of the Secchi disk, i.e. the trans-
parency, is little influenced by the personal threshold of visibility or the reflectance of the
disk. Using a black disk together with a Secchi disk, the threshold, the same value as used
in meteorology, and the back scattering function were evaluated. The decrease of trans-
parency from reflected sky light and the transparency in the case of an inclined rope are

discussed theoretically.

In order to examine the size effect of Secchi disks, some experiments were carried out,
and it was found that the size of the disks had very little influence on the measurements (of

the transparency).

Using factors obtained before, the fading and the contrast of the Secchi

disk were calculated. The results agree closely with the results of the measurements.
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Fig. 1. Schematic diagram of transparency
measurement.
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Fig. 2. Relationship between transparency and beam-extinction coefficient,
and diffused-light extinction coefficient.
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Fig. 4. Transparency measurement in case of
inclined rope from vertical.
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Fig. 5. Variation of transparency with size of

Secchi disks.
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Fig. 7. Volume scattering function obtained by
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Fig. 9. Measured light intensity of the Secchi disk faded by the scattering, at the Kii-
Uragami Bay on (a) Dec. 20, 1977 and (b) May 24, 1978. Depth and width in cm.

WEE T,
4.2 H W

KT O BTN B\ C BIABRE K 2
S CHEEMBIREL, TO7 44 s EOREE
ZHE LIz, FOfEF% Fig. 9(a) & (b) IR,

stEsERc, REUMEBRED Y bgESIEE

XEB EAMMOREY HE Y ELTHESIRINEL
LTWwb, Lnl, SR, B s

NTHHOEDPARE TS S ZOFKEEL
THEZbRADIE, ZOFHETE, EI0HER
BRKRE L ho CHBARERRLTHE LT
otz EHOW CRESELRBE N D 50D,
B A TR DN B IR D dp 5 AR 7o 5 T
LI EThhb,
SeDPEEENEE, ATEERE & BERER Y B
XA, oz kit, ToORREETVEHG

575



150 5 A H18% 35 (1980); HILMmREXAE

HZkE, ZOHECHW: 52— ZDENL
CEHEEZRDLLTSLEELZLRS,

Fig. 8 (a)~(d) & Fig. 8 (e)~(h) oz,
HDRHN ALK E D -7 D LDENRD
%o HIEILY % — 77D Kullenberg #E. T,
BEINRE D > e BILOBOSHTH D, Tk
b, FAUEERE TH-TL, NHELODHN
A% 2R E (REO/NSWEREYIE E)EED
BOLDELNHKEHRT GEr 0K 5,

COREER,D, (D Koy (2v FFATL)
KD T3 & Fig. 10, Fig. 11 0 X 5 2is
Do To7EL, T OHTIIRZZN S ONOWEHE TO
FEbE& % h b, Fig. 10 11 Kullenberg #
#l, Fig. 11 2 AkOEIL Dy — A Th Do 1 B

CONTRAST

0901 O.P! 03]
T

(W) Hid30

Fig. 10. Variation of calculated contrast value
of Secchi disk (Kullenberg’s scattering

function).
CONTRAST
0001
ot oo Y
o
‘ 5
.
/ =
i T
N4 =
&7 3
q:b/’/ / Sctt 3 dio”
s A=10"
Y4
7 ,,\/ B/ la+x)=10°
// 0/ ”
/ / |
/ ]

Fig. 11. Variation of calculated contrast value
of Secchi disk (roundish scattering func-
tion).

0.02 o RAE, a O 0.8m™! Ta LEX
Tw O 8.5 L7, adff 2.3m™! it 12.0
Eleh, TRODEENEY BHIT S TWA,
HlEkER (Fig. 2) Tk, a & Tw O 5.0 2
b 20.0 b Bt T %, MEOMICIT X
(R SN oY (W

I bR, Bl BHHERO R
BITE D X< —HL T3,

5. ¥ & H

WL VWb T 5 BHE O JlES
BERECIENT L, oM L REAC B LR
T T2,

780 B g T e R R X, BRI TR
SR, R TR - HEL SR e LRI EE TS
Yk, BB THEILENTRCIETHOMA
205 b, HAERLEOFENLELELONE
BB B < BIDER BN BIOETEH -
T (=2 v b5 A1) BRAROER (threshold) X
DINE S Teo BRI BHERN il fed &%
ZDITW5D, ZODERCHEWT, TICHEIT
STEOETH BRI, Rl E OXOLRIBEAE T
BETHEL, Kb CHaE O SR EmWHE
BREOME Ok —E LREL TREE- T
Zhnb, LG BEHERPRECHHEEO0EA
iy, BUOBSHABEROBAKER > BB HE S
LZEWTE, F—E20bLTOfE L 0.02 Lizs
oo THIRERTHEShIMEL X T 5,

FWWBIHER ORI I\ T BRAE LR &
DR RO REY 52 Teh &, BT
BHEELBREAHET L LN TE D, ABEN
ERO RS EEERAEC XS L 8.0:100° Tho
fe DT, HBIFHELRENT 9.5-107° 2157,

FHENEIHR E»DERFEZOL DT, &5
LT hmE TR L REXENBIRAD T,
BONT T F BT ERE RS & G
LRz BCANTEA LT, EOMBEHE
DECECNTEIZIHEL TR, AREHE
WC 8m DFHEE DU T 30 % RERZHIC
AN FRRA L, BEGIHE CRLOMEN 74%
BT 5, EREOETCORE TR, ABEHER

(885



BUAZHEICEES 2 FEHEDOZE 151

T10~20 % WA LI fEx B,

EEBRCSVWIBHEYHIET 50K, &
EERAFER e — 7IERR O FE RN LELED
Bo T DREBEAEOBHBCRIETEELYHEEL
foo BEBEBHEROES, v~ 7260° HA L
LT, r—7DOOVHLEESE B L
THRE 7o » 12O NEW5~10% I LFD
B L, ABEWAEROEHAE, L OE
T LA EEMTV, Tiobb, rR—7DLD
HLEESZZAE L ThERWZ LI, L
ML, ' —7HME < RRdEE ORI BT
DT, FOMOKERE L HEENETLEY
EBTHLEND D,

FIRENKE 725 LBWAERIVNE SR,
F DD HBHEOMEIC EEAY 52 50 b Hhi
Wi 5 R A BB S i, BEE 5, 10,20,30
cm OO BHAER CTHEL T -7, MABROE
BEAVNE T B BT (10% finE <) SRR
BT AEAENSHH, B L Th Lvdo
LEZDLND X5 IR EE,

AR B2 /e /bDik=v 5 A b
B LU Tho CThich, BAarNERBRTLZL
Ty DEEL I NI D T B DYE OB N D
F, RETHBIN 5 HELHB, 0
BRCHERT AT o 7o BIEHARE, AEELER
¥, BUHERORSR, BHELEH, vvAD
KREE, BHEROREEFEL T A—-KELTE
BT ote 2.3, 2.4, 2.5 OKZLIFTCRD LN
2T 2= 2 OfERBAGCICEHERER, SHERY
FEIE > TEONX0onH %2 WE LR E X<
Got, UL, HIELLHERBCR W CERE
WOUE DI DT K o T2 D L T2 DIAE
Wi D B AR B OCTE (R TRBH)C D
TV, FEETCHFAAELEI LDV, IO
BEREL TR, ROBIEAEIIES NS
FEEL O DR H T DHELC 7t T HM 5
EHEEIN D,

CORETFHEAYHAVTL, =V FF AR 0.02
fHEDEN, BHEOES L —HL, mioHER:
BHBLIIAS

VI EOERSEZREL T, BHERHREICHT

LB Z ENTE, HMLBLTF -2 EZELR T
LEFERARAFTA—-ZThh, LOBETEEENRD
D, WO THAH-> CHHELES, DI,
BOFEHERLZBAVWLHZ LR LD, 0 EKDNk
ZHE O e BIT T M TEDH IO
%o BHEREKADENLORIWARICEWT B
WiBENC e % LE L BRD, LH L, BHERIX
HIAE OB X & COWKOFEN HEMEE AR
HBLTWBELDTHLND, Thlldloto (F]
BRI 5 T 58D O ) ERTS
LT ER Y, REBECRVWTREGRED
PAERITOIBEI ML LELZLRE, BUHE
BT A—ZTHDHDOT RKCEHRAT S Z
LETTHE, TLT, TOTF— 2R EILIYHE
AL EYRECRT Y D5 LT LD, W
HFREOBINCRy 2L D EET 5,

E

CDMXEELLY s CHBERT VI WTE
WRFHRINERE L, ZRAFEEF LE—
B orboREOBRERT 5, EEERIE)
HE IR ZOFEHRTE, FEfckuy
TEIE TZ - T e fE Wi B E TR 5
FWHEG, BES1HENMI——OmRCHESY
FT D, TOWELEDLE Y THHEL W
RGBSR MEE, ERCEmRCHE
HRT D,

X [

1) meEE (1952): EFHRBIR S EICBIE S 53
R B3 o009, ks, 4, 268-321

2) NANNITI, T. (1954): A theory on the trans-
parency of sea water. Papers Meteorol. Geophys.,
3, 195-201.

3) TYLER, J.E, (1968): The Secchi disc. Lim-
nol. Oceanogr., 13, 1-6.

4) T[EFER) (1970): WHEHRS. B RBEF 2.
427 pp.

5) TAKENOUCHI, Y. (1950): On the transparency
of sea water. Oceanogr. Mag., 2, 129-135.

6) MIDDLETON, W.E. K., (1935): Visibility in Me-
teorology. Univ. Toronto Press. 69 pp.

7) BHTEH, PR R (1957): WEFAERERRE
B (JLRAKEFE) B 15, p.188-190

(59)



152 5 & B18% 35 (1980): HILMWIEFLHE

8) IEAR Ju (1968): SMENE. XKFHF ANV FT 10) KULLENBERG, G. (1968): Scattering of light by
7 (ZARHEIEE»E), BAENE, p.1109-1123. Sargasso Sea water. Deep-Sea Res., 15, 423-432,

9) HoLMES, R. W., (1970): The Secchi disk in 11) SAsaki, T., N. OKAMI and S. MATSUMURA
turbid coastal waters. Limnol. Oceanogr., 15, (1968): Scattering function for deep sea water
688-694. of the Kuroshio. La mer, 6, 165-176.

€ 60 )



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

Tome 18, N° 3, pp. 153 4 155, Aofit 1980

BILBXFRSERALIKER
IBPREE TR 9 2 — ORI

)

V& KK
=5

Une Série des Recherches sur ’Optique Oceancographique*

Noboru OKAMI**

O, MBS E Y ZESETHEE,
JERCEH T EL LI DBHBL TR 29, 2
BOWRE - 7o TP B 5 —EOP 5]
R N TR o eI Tlie <, AELOSE
D2 KEZEFELTLELT, EOEEED
b LW REET /RS, R — M LWL T
75 o 72 20BUEIC B A B9 & 4 2 ARk L REE,
AN B RNk, S HLE
B E RIS & Ul OH AL & LI
O L EEITE, M, BRESHEN LN
LCiFls» iR Th v 4, Lic-T, AH

U, HAaREERZTD FHHL Tl Wi il
L BRERLUTCEARETCIIVET, T,
Ve x REENER A EDNICHE, LEOPRRED
FELEbI FHARTEECER BRI ORY
KL EBWET, SERREDEHET OB
ST B E R L SR, WO EEE LB
EE A TEE E L, LOBEILEHR L BT =
Fo TiE, FLOEENFCET 5 —EOPIEL L
DY ERE > TE Iy BRI THEE X
ER
FLO YR IEF A~ OB FEL IR 24 4 /K 1 DB RO
Ve ORHHROMEN DIRED £ L, Z Ok
* 19804F 5 A30H, H{L&HEGRE)ICTHH
Résumé de la conférence faite le 30 Mai 1980
aprés la remise du Prix de la Sociéte franco-
japonaise d’océanographie
*k TE/Y S EEZSAET Institut de Recherche Physique et
Chimique

R Lo RIERE, FLOAAFTT 5 ANCL « REAEE
AR EE L7 REE L Aok R E B TL
7o, BERE L MEDR WA ZERCHM TE DL,
FOBAKFNIHBES A HRECEEL I L
ETY, FRBIDEEFHEE LAV, LH
DR FEICIIREERBEL T A -V H T A%
BT & Lice BRI BRLOREL TR,
M BWEERAEEXI LT, REHOR
Lol rad i b nhsi et & B ET & IREET
DENEEET L ERHRE Lic, 43—
FALER L 5 0®mT7 4 v F — O EEIER
L, MBS - e TEREBT T, BOECH
DA IR G E. o HEUMEREER THIEL
ThbWwELR, TWHHLLWEE DD DL
oo Ld Ao Ly BoEo—o kit
TED ET, 5B AKREE REE 2 v
TR 2828 b 5 O L Bt i C& B Dot =
FE DG OREL TV E LI, £L T #l
ERRABETH LI L - ClEDE D OREE,
VETEAE S OB ORI ¥ X OB DTN &
BLE LT, BR27TEND 0 Fitbic» THAE
DEFEEE “EAEIER A LBE T L 5H 5
HEOFEICBINKL T Lic, & ORAETHILE
hoBs S0 EhOXOBEBENDDOET
BET L Emer BT L, BEEOEHTRED
Xopfra h T ADKOR, ZOLETY
VA — AT BRI KRB oEDBREY I &K
HTEE LA BERL S TIENE 2 LT
XFHA, LT, = DEEOHER TDEARENRD

(615



154 5 & WI18% 3% (1980): HILEHY¥RHE

WMEDOFENRND Lic oD TT, FFEITZD L
ALEE” o ClhEEOARNRORER
okt L PERME TIT R E Lic, £LC, Zofl
EX, FOBBENDOHEIBREC Lo TEED
BEEOWENTHAIETHZ LDTE S MR OB
RIFFA~ERELT L, ZOofllmrHWcllE
R, FEEHBLTCOWAIEDEDY E— bty
VIO S I BRI TRY T, %
1o, BEESHOHEBAEY TR, KHIME L HE
LTHRIFLE LR, 2D& X, Schuster D H %
FAEBEA L CEW R O HER,
FEDHEDED Ay A OBBIECLFEHL
TEIE T,

FEEE 7 OB AT E O B C KT X 2 BELDE
DHESHOBEPVECT D F LI, £20, =
OEAFRET Ao EEDEEH Z BEL L
oo FRUCEERAWCCHERELE 7 © & K
13, EAREENRT7ZVAEEDAFAH -7
BFL THREEICERK I B, 3000m B
IR LI DT LI, ExRkEEnrbEz
BhicT —<ILEEXDE D ORIET L, FAX
Z O T BRE R T O EELC Mie o BELE
WAL CEHE L AL AES M EFERL -
HENMTHBETAZ L LT, BEYORE
LRETREHEEL E Ui, O ASe&E, » W
BHRERCHECLC, BFREITS XEREHFC L -
CEBEYOREORE T i1 E, JEILOW
YETYIE L TH Wi o ARCHEBLE L
P 2 CEHEREREOE D Ol E
THDRRERITH E LT,

PR 38ERBHENAFR L TLE A THh O it
FENLTE 2« DR O K ONFHIEH ORIE T,
BELARE, WIRE, HEREEZET L0
WHELASTENE T AR LA
WE L, BHXHdE, BAH, SEER =5
CHE LRI E bR T E T2, AlER
CBEIEE, AKEoHBIHEI AV, HREOEE
BT OBOEDBOMFENLERBHEL T L,

OB OFMIS IR L B MR RE DK K
HEBPLETT, +2C, YbrEf—0KEE
Tl ol LB RKFKEZR O BITHEF ot s

Aok adeimit e Y LT, ZoBEET
SRR, BN, =S CEB OIS IRE
DREZfTic\, dwhXofmikeas C.ILE %
BRTRDEFE LI,

K EGERE RSB RCEOE T, KEofl
FBLIE LS D 74—V vy —voKEFHH
WhHhNTWEST, #2C, 74—ty —LvD
KemEgomsy C.LE ZBETRD, chi
B CHIE L IS RE HRD 1K L %
gL ELic, TofR, 71— Vv KEST
DEFHIBOSIEHEN D RDIAKBEN D B
—=%T5H, v—-vkAaitoFRERSoEE
RCEODENREL, BEBEOASTHDT VT
NERDEBOMEBER FEELWEZORWL
ZOOKBESOBERN R—DECRELSZ L
B F L, T, v—UOEEROIES I
LB OO L ITINTh OERD-T, =
DI EPKBEC L HKEE HBEOSHAE,D
RDIKOPELFERDO—DIE 7B L bbb D
F L7

WEIEE. o b R O Bk ms b O SUR IR
Lo ThIEVEEIN/WEEZD L, ERCA
UK LD O, wHoBER T K
BT L > THFCELINTHIERTLR >
THidx, YOX5h ARz P AT
WHENC Lo THDOBIEENET, E % &
B3 5IEIKDF, HUEPLT TV 7 v EED
DT E OBREN T, WKFOEEYE ORI
EHALC I TRELET, LT, 2hth
DYHOH L BIC X » THFILD AR PR
I FSFREMLTCHEOBEEZL TWAH I EN
ExbhET, 2T, BEVSLHEEYHEDONLE
ik L EEOBRE T AL T, SEE»OWHE
KOYNZEHIMWEEDEFARIED, ZDETARLD
WTHDORD AN P OBGHEE R IT >, &
BYCHEEYEOBEC L > THEOBOEEREMN
EDXICENTEEASNE L, EOBOE
BRIEM T IV 7 v vObDrrr7 4 VO

CEVEREYE LT T AEEYE O BE

T&, BERIVECRERMCE > TiTE %
T DT END, AEOBWENDIREDGD

(62)



WERFICET 52 —EHOPRE 155
WCENELDLDR B 75 v 2 v RBEEYN BMEYOBELZRD LS LT AMEN AR
WindT 5700 ThHhbHI LIXHELNTT, Zrr7 WUERC T bl CWES, B L EREE R
1 VDEEN S0mg/md H\WIKe b EEEHRND DWDBDARY b L& 7anw T 4 VOBEEYH
TG T B o2 NETE S BT BTN E < DREOEARIL, BAENSTIEORD Y €

57, wOBORERRICHER RSO — vy Vv IS ORBERELCERTAZ &N
BELMEATHEN TERL DT bbb & T& 9, HFIEx DOERCREY, BEYUHE
Lo DN N, oDy T~ v v S
FE, MEBEPANTHEC L AEDOBDY € — DORIBEC HHATRSECHEYED T F T,

Pevy v ZiZEoT, BHEOZrRT 4 LVER

& g3 ) t

AEENFEMEO~B Lo TOWBAHESA TR OBVEITNETOTCRALEL T,

BCEM R RS

H B RS54 I10 H308 (KD 13EBEEE, 13820 HBES
B B REESE UEFs—-v GEESTRERKTED
% 7 B ¥ WO
W B B OE F-W &
F e
7B® (13:20~13:40)
O O H (B £ B
FEE LA MRMBE L os A (13:40~14:40)
% OB O — (EEEEE
2 F #& & (14:40~15:40)

DFOREG LIS F IR,

E B = B GEEHER
i (16:00~17:00)

% B M 4 (EEREE)

AR &

HF

B AR OME OB

Eigse T3BL & ER ML R RZ-1
BAic o &R
Tel. 0484-62-1111 Py 2362

(63)



1.

2 5 i =
MBAI654E 5 A28H, HRAEAFLCREVWTREERER PRS44I L T B
L0BSR, BISEE 3 BORELIT- o WA
MEFI554FE 5 A28H, HEAKERFLCENTFHHRER $ - e () J—
HE AR, ; "
D aB®sE, BERESTbhk, il 47 B 4% 8 4 15,990
2) FARISAERE O E B as X O IRFISSEE O T EE & z 1, 370, 800
NEHZINTT, % B a & 535, 000
3) FLEUTZTHEMHEL L CHABRA(HEESh, £ ¥ &g T b 139, 220
HEL L THIEINEARZRE I N, = % E 189, 900
4) ZEHIORERBOBHSTDOII, -
5) WSS FARTHENEEEERISEY TE il 2, 250,910
DEHEH L /oo fa H
MK, BEER, BF W HE £ FF
w, BR %, =ETEh, SEE—, EFET, £ = R PRI () " =
HER, WIFR=, BABA, BE IH AUTES, E—— 1, 969, 400 ‘
HERR %R GEE B 183, 370
6) LIS 4RI ES HRaE LCRILERTGIH o % 4,000
HELER0 B LARESN, HNRREZTAR W B B 19,700
L3 LRERI N, % o & 10, 000
7 AEAAIVORETAFELTICLEL, FHE s m o=@ 63, 890
ﬁ%ﬁ%éﬁ%%?%ﬁ?@élkﬁﬁ%iﬂ#o YR AE B I 1R 4 550
8) ¥AED1HTHL D OHRIHIEA— Y 5E10-
— VB BRDHT L, BRT1BHLD ORIl it 2,250,910
BIRELE 3 EMD1, 2000 &5 ERREI N,
THAIS54E 5 A30H, HILAHABEC B\ TH2IME PERISH RN ST 5
BavBEs, KOWE N FICERSTbh, oA
D RASAEE O LB CIC R RENM TN, 78 5 1 S (M) % =
%, NEQWERENARS NI, - e
) FEZEEWIE)HD, FAEBITEDOFERR Al 47 JE A% 8k 550
R TN, 17 % 13— VB 231 =— v = = 1,755, 000
T, FONTULEER s (RI13, E10), & 28 & % 700, 000
1A DeEmlE SH1E 8818 0 Famt b 140, 000
M AR YT B, Eo& R 480, 000
3) FAUSTEELLUCHRBESRECE @8 s 3, 075, 550
W TN,
4) WRSEETERICOVWTEROEE, IERDB X M
DEAREIN, TREBEELT, ABELEFCON —
TEHOER, FLBABELIEE 4,500, s i A THEREE w =
Ba®a 1 D48 10,000 HE+ 50 EAERIN FAEEIRE 2, 070, 000
7o ArRHEEER 200, 000
5) WEFIS5, S6EEOIHBEM I, " O£ = 20, 000

(645



72 B % 500, 000
X @B B 40, 000
& B =B 60, 000
¥ W B 185, 550
7t 3,075, 550
e, HERE, HHEBRE, RERSE, %5, zx
MEBEIN, (WTFNREERF 159 —VOBREL
#wr2R)

6) MEZERBLIVREEZEVEAINE,
REEOREZELLH L L)
T BN20FEELFEREAREERLCRELK
DEY EKFINT,
ZER: XRkH
ZR: A=, FE#E 6% # L %
ERFEAN, HTRE, FH B, MY, MR
B, MERE—, JIFH #, BFEd, HEEAE
B O, BARRE, BFE=, BE OE, maE
wl, T HEEE, BABEE, HENT, MOBLE, B
W OR W TR, MERE, B4 B, SRS
SOMEEE, AIEES, MU=, (LB
8) HB& THIEEHIBERS] OBTIOWT
WENRD - 72,
4. REBETHR, IIREIFLHOBINTPIE,
WMBSEEELEZHE: MA BRI ERIER)
ZEE: WS 5 —HOME (5 THE
EHE 2, 2R OFRRICHR, A F sl
HeBZE3h, BV CZRTLAEFETbhk,
WER TR, BEABHEINESTH -
MR 55465 A 30 H, HIALRrAEEIC s\ TR
554 B AL F & ENITRR R DX DR Y Bk
2o

(&3

o o

7 a 75 A

TFRI D
1. WAKOWEFEE—FDRBEELIT DN T—
----------------- FIESA=EBE, Of #i (A - m)

2, Water Table Icfd4 5 —&%

- FIEAZE, (LWARFET, OFIE—CHREA - 8)
3. b EFBEOEE (2)

----------------- WA =8B, OWLARFTCERA - )
4, Slick &R0 —#EE—BIC & 3 EHEE D 25 ER

cesenersnnnn B[R SR, OB LM GEBE A - 1)
5. [EERE EORN D4

------------------ P =S, Ok (R A - 3)

o = 157

6. VRSO M AR BT 5 BRI
—EERY Y- VDBA
........................... ﬂﬂ%i_‘: O+E %(ﬁyj(j()
7. WK OBEBRSE ONEN L 0
FUALOBI TR, BB, A B
8. BHOMALATDOEY & OBERFR
........................... O%zi,{:_’ */2\\/‘4:
FiLOH
9. IR TR DR -++ JERE T CRYERX KB
10. JLiEOMAACEE T 2098 1. EMRE
------ R. LeBrasseur, HR&HK,
OB UR(BBA-ERR), EHBEREGEPKAR)
11, WO MALMEICBET 278 2. IR MAREOEE
...... B UL, EREER, OR. LeBrasseur
CGRER-EFR), EHERE CRIEKER)
12. dulOMEBCBET 2H 3. WABEREOAYF
..................... O%Eﬁi, ﬁﬁ]gﬁ%[ﬁﬁ, 5@[}%—,
B SUR(EBK - ARR)
18, 24/ ) OfRAT & FANKATRADRET
SRR OV OFBRE, =ZHRHEGIKR)
4. 29 ¥/ ) OBEFERKC L 5 BERD

A GEAR)

HEE DS oo ernene O=mmglE, EENECEKR
15. BT 351 % FUETE A MBAS
@ﬁfﬁkj‘ﬁﬁﬂ .................. ié*ﬂg(z%;ﬁ . 7J(E>

16. EAETHEE YY) 4 O ERAIR & RiRIEL
EHRO BHAEEEICONT

.................................... BRI R (T - FERERE)
17. KFERBLCA v FEOEIBTHREI N
BEBERO—FE--OF0 JHEELEK - B,

FHRERIEBEEKR)
18. PEHALK PRI 3510 DIl E RS O oA
QT A ) TR GEKR), g BEHBER,
FEFIERE (BIAK)
F21lmlkhsx
IR

FAUEHTARR

WBLE VR 5 — DG eeeeeee MR 2
. FALE (E&ER)

K & Fr =4 &
JRES = AR IR JLHE TR
4 W Bp R B=
COGNIE, Daniel 'CNEXO FE E
upllEFES ZEKRFKERBRIT BEER

(65)



158 5 & H18% FE3E (1980); BiLMEME¥L:E

NP S
BaE
E2B: BFE 3L, WEEE I B HEHEKK
(BZEE)
2XBOEA - IBOERE

FAWAFEEHRER A R

R & FHEN LR

A T305 KRR S AR H AT £k L-1
SRR R
FiM # T062 ALRTTE FXAKBEAT3-5-18%FE L
ALY —F
HKEET F031 AFW#HHREN A RRI-228
Bl IE T300-12 KIREFREERLE Z T4k X 3464-4
ZAHRNERE T113 HREATHRREAHT-3-1
HRAETFHEFIFER BeMEEN
MR B T271 METHMT3-113
WF 2 —7 705
FREBHE  T798-01 BHBEFMET k5516
FIBEOKERER S
EHITE T305 FIRMEAEIA HBEEEL-1
KRB R L 2R FE
10, TP OFBXNE

1 BASEFSRE #6255

2) M B ¥ 63, 64 B
3) MRERILRE Vol. 29 No. 3,4
4) fEhEE % 334, 335 &
5) HHEEEX= .2 5 6A%5

6) JKEEZEJH Vol. 2 No. 3
7) VR ®17T B

8) WEFMW Vol. 1 No. 1
9) MR 1978. 1

10) BEIARRBRGHE 19, 20%
1) EERKERRIEGHERE HEAMI534 2

X
T

BILBEZLARERBERSEHE
% MR B (BERE
% BER¥ T 5 - HOME

RN FRERIZ 1953 ELUREBE LI ET A5

12)

2z £ EiA- v

13) IEEHILBAR

14) Bulletin of the National Science
Museum, Series A (Zoology)

15) Bulletin D’Information

16) Science et Péche

17) La gazette

18) Revue des Travaux de ’Institut

des Péches maritimes Tome 17 Fasc. 1, 2

Vol. 11 No. 3, 4
No. 76

Vol. 6 No. 1

N° 131

N°297, 298, 299
N° 34

19) Annexe alaRevue des Travaux Tome 42 N°1, 2

20) Triennial Report

76-78

L T DRI LB RENEHAROBMREMEL —&
UTIT WBHE R ERY LiF e, X EHCZO—H
HE L BN EER30MERIC DI 5,

A REARLNCE » CHDRBERFEOTRIZ, &
FTUWHEIEAROBRS D IED b, KhEE,
KB EE, KABER & g s E R et T
REFHEELHEBL CETRBEZETERRCEAL
oo THBEAWTHED BNIKPRE - 6V
F—07, WESH, WBPRCZEADIFEHEER
REDHRIL, WTFRIEERRETHY, SEER
CHLIZLIRFIAINTWS, BciEhEEY O Xk
HARKCH L CMieoMBR*HEAL, HWBHOREITE
ERBETHEES B RIZ, BERFEOMIIC S\ TR
BHL D THYELFHMEI LT 5,

Bl RBE RSP EHERICEEL T, BOA
RERE - HOBVCOWTOMELED, REx L
FTnws, BCREL CHERBEOBORIL S ) €
—r eV SHMOERMLOERE LT, OB s
BEYECPRTYEOBREOHGROBHCHES L
TRD, ELRFLETHEERZBEI TN D,

DX D CMRABRIBREDEH LW HHENOBEH
FICERNICE D A, Bo*r OERIMERY - KE
il 5, THRDTHEETHY, KFEELIINIEHL
THEYAEOZHEL L CHETIRETH S,

¥LETHRRETEEZES
FEE B & &
FERN - EE

B %
1955: F/ O KFEE & KROFRESHBILCOWT.

W&, 31, 25

1955:

1955:

1955:

1957:

(66 )

Measurement of the angular distribution of sub-
marine daylight. Jour. Sci. Res. Inst., 49, 103.
Optical properties of the water in the Kuro-
shio Current. Rec. Oceanogr. Works Japan, 2, 1.
On the vertical distribution of the intensity of
illumination in the water and water temperature
of Lake Ashinoko. Rec. Oceanogr. Works
Japan, 2, 57.

Measurements of the angular distribution of

daylight in the sea. Rec. Oceanogr. Works



1957:

1958:

¥ o2

Japan, Special No. 1, 42.

Optical properties of the water in the Kuro-
shio Current (IT).
3, 92.

Spectral energy distribution of submarine day-

Rec. Oceanogr. Works Japan,

light off Kii Peninsula. Rec. Oceanogr. Works
Japan, Special No. 2, 120.

1958:

1959:

1960:

1962:

1968:

1968:

1970:

Angular distribution of daylight intensity in
Jour. Sci. Inst., 52, 71.
Measurements of submarine light polarization.
Rec. Oceanogr. Works Japan, 5(1), 91.
Angular distribution of scattered light in deep
Rec. Oceanogr. Works Japan, 5(2) 1.
Studies on suspended particles in deep sea water.
Sci. Pap. Inst. Phys. Chem. Res., 37, 77.
Scattering function for deep sea water of the
La mer, 6, 165.

Optical properties of the water in adjacent

horizontal plane.

sea water.

Kuroshio.

regions of the Kuroshio.
Japan, 24, 45.

Examination of inorganic suspended matter in

Jour. Oceanogr. Soc.

sea water by means of X-ray diffraction. La

mer, 8, 1.

: The distribution of suspended matter in sea

water off the coast of Tokai-mura. La mer, 9, 18.

: Optical properties of the water in adjacent

regions of the Kuroshio (II). La mer, 10, 89.

D7 x— L — LKBEBERBKEORLBOEICD

WC. HILMEFEELE, 13, 172.

 BOBDARY P VDN T. NIRRT ) —

k, 15, 56.

D RPOERBRAEONEGRE L Lo

feowts (. BILEEFLFE. 17, 117

7 K

1978:

1978:

Measurements of spectral irradiance in the seas
around the Japanese Islands. Tech. Rep. Phys.
Oceanogr. Lab. IPCR, No. 2, 1.
EBRDIHE R ET 285 (£ 2) —#h
BOEETE LT 1) 5 MATEE O 23 B3 55
g3,

PSR W EREE BV E—ber v
7)) BROUR. HEREE BERMTTE
RERFEARR 21.

= 159
% &
1972: WHFHBEEIVSEENTE. BERAEHRS,
p. 107.
B{LE¥PE%E
R M 2= 7uouvz Yy FLHab

Z2EAE
& B
B sk

BERE

RBRE
RERE
B =

C67)

Vevpleax~ TULIVA FFUF7
—) NF—=eT 5T
H— 2
PRI A =

AR ER

BABE, HAFHH
FIERA=RS, FEMER, ERECEE B4 B,

NDZEW R 2

a_—J e )V L—

=R
aX(=p ke
FEFIEH
A% OB HE K, SH O, ATRE,
FE O, JIEH %, HEB, EhE—,
ETE, AR, EeREE, B,
AT, BRR=, BF £, dTHE%E,
FEH, WASA, RRES, HEER=,
ARHEEZ%, 2B (E+EIR)

ABRE B BHHA

FiLERE, FAFH, Kl %, s,
FIEBAK =B, FIBE, AEERE % %,
AEER, WRE%E, FEk £ SN H,
NILERE, HRFA, 5FHE, SHES,
FTHER, FF% E, KNEX NEES,
KRAFRE, FEMEES, A 2, REk S,
IUERE—, IOk O, AR, NI EAAE,
JiFEER, JIRE #%, HEE, PhE—,
ETEM, #  # BISHE,ARA B
BOAREEE, MNREE, M B, MOER,
PSR, MEER—, ZEITE, LAfE,
WATKRES, HakBa®k, IE4RER,
ERE T, BT, TAEUE, R AR,
SR B UL SEER, BRI,
wEFRE=, GEEHE 5B E 80 8,
HAEE, BN R, TEHX, THEEZE,
FARE, BRBRY, BREE, BE#H,
RHETRE, hEEALKE OE,kH &,
WP, FELE, BER B BERA,
B IE, $RER, RAEA, HO¥4E,
EHANE, RS 5 EEET, BRSO,



160 5 & H18% W35 (1980); HiLmREZLE

B’ X, BRAR W FE,
BYRGEARS, MERR, RE B,
=g, ZEFE, NEFER,
ARNER, REBRR, RELHE,

BE@EY, i —, HHSERX, EIE—
ARE=, (E+EER
JTH X, TRV T2 TTIR, Ve TUIT
7 IE, 4y, BYx e Y A

MI=88, (hBg B, g2 Bh, 1 —Eg,

i e R T % % R & #
BREGNEEBERE NEE
BRE&HE A—vyv e z—Vik
BREHE K K #
BREH £ & T/ — b
b R BB B R &
BRXed £ v ¥y v
BREE BEHEMRwY 2~
HEBEA B EEHES
%R &R T % %R S
%O OW T % R &
AN I AL T8 RS R
A i 5 =
ZEBRMESEKRS
=K BB MRS
v a4 F —HEEEE R
WoR O % B R & B
CHEBARSBEKRKILHE
BREHE B R B B
WO BB T EKRSH
BAREH®E K R OA K
R EE e RS
HRek K B BB
i JIl B BT %2 KRS
BAT7 /775 v I BREH
BHAF b8y FHRREH
EE®EA B OAf#XiHS
BEATVAav 7l — MERet
BHY V- HRSH

3 H pEd
B H &

75 v AEKRX &
HwOFE R B KX &
[ S S
=ZEHEBEHREBREKRKR
= ok

H K O & #® fF
HRXen B 6
BREE EHHERER

B P T P P P S

¥ 8 2« R

HEHETRAXERET 1-1-2 =FHev
HEBTRERAERIL 1-2-1 #BF e
REHTRERMHETNRET 11-2 #1HEEeV
HEABTRERWHEE 2-3
HEHTREXERAT 1-4-3 kR e

NI RPET 3-4-3

HRE SRR A 5-5-16

FAEHERRIK 1-9-1

HEEMERETE 3-1-10 ApEen
HEABMTRERWHEART 1-21 LhEew
HEAMEERHEH 4-24-1
HEHILF)IRRE 1-342

HEMIXAR KA 6-15-10 ERIEIRL
HEAHTREXMHH 1-16-8
HAMEBREE 5-23-7 =Xe v
HAMEXETHL 2-2-8 DF v

ERTTEFRAT 1079

KA HEHESXE 3-14-5

FRUL TS RLX 48 RET 1506

HERHTREXMNERN 5
HREPRXAARE 3-1-15 AXcw
HESh AR HABERIT 2-6 ILFew
HEBMEEREM 1-8-9
FAMTRERHHBAT 2-2-2 #REEHe v
M) NEEARTTRAK 2229-4

HEREXSE 2-1-13 FE=SLter B
HEEBRZAR 3-1-22 e v

HEHTRR HABAGTT 1-4
HRMTABERKEHEE 1-9-1 KEH L8k
HEAHFEXUA 3-9 dHEer #HRLAHcFAToE~r gV
KRR BB ATER 850 HRALt D& TH
HRESTRERSEE/DIET 3-20-2 e v
RSP RRAEMN 4-5 e

HRE R H AR EERT 2-1-1

W TRERE S 3-2-5 #ErBvr3002 82
EREPRR M EE 3-3-5 hbEIen @& A
HEEIERAE R 1-14
HEESTREXR M HBEET 1-10-4
REHIOER M 1-7-17

(68)



Fasc. 1

Fasc. 2

Fasc.
hors-série

Fasc. 3

Fasc.
hors-série

Fasc. 4

Fasc. 5

Fasc. 6

OCEANIS
Volume 5, 1979-80

: Biologie des Crustacés (C. Razouls, B. Casanova); Morphologie des siphons

chez les Lamellibranches (J.-M. AMOUIOUK) «++++esseserserserereaeseiiuiiseriereanees 35F
(Biology of Crustacea. A study of the siphons of some bivalve molluscs)

: Nutrition des animaux marins envisagée du point de vue de la mariculture:

Vertébrés (3) (G. Peres, S. Kaushik, J. Koenig, G. Zwingelstein) ----oeeeereeee 3BF

(Nutrition of marine animals from the point of view of mariculture)

: Les indicateurs de niveaux marins (Groupe Nivmer):«:.c--seeereermmiminminiin. 60 F

(Indicators of sea levels)

: Comptes rendus des Journées Aquariologiques de I’Institut Océanographique

(15-16 décembre 1978) (J. Arnoult, D. Terver, M. Hignette, J. Voss, M.
Tassigny, R. Pourriot, J. Auffret) «-roeoeerrmreorm 35F
(Workshop on aquariology)

: ATP Océanographie chimique, Actes du Colloque (7-8 décembre 1978) -+----... 60 F

(Acts of the Symposium on chemical oceanography)

: Les courants profonds (G. Grau, J.-R. Vanney, L. Dangeard, J.-P. Barusseau)---35 F

(Deep currents)

: Osmorégulation chez les animaux euryhalins (G. Charmantier, P. Thuet, P.

Payan & M. Bornancin). Ecophysiologie des milieux lagunaires (H. Bou-
tiere, M. Amanieu, J. Ferraris & O. Guelorget) «---eoeereeeemrumierereariiaenas 40F
(Osmoregulation in euryhaline animals. Ecophysiology in lagoons)

: Le volcanisme sous-marin (G. Bellaiche & J.-L. Cheminee, F. Pineau, A.

Lecaille, M. Selo & D. Storzer, C. Mevel, J.-N. Valette) «-e-eeereveeremriiniinnins 40F
(Submarine volcanism)

Volumes 1, 2, 3, 4 (1975-1978)
Fascicules disponibles. Demander la liste compléte &
OCEANIS
Institut Océanographique
195, rue Saint-Jacques
75005 PARIS



Exploiting the Ocean by... T s K
- | | ]

OCEANOGRAPHIC
INSTRUMENTS

REPRESENTATIVE GROUPS OF INSTRUMENTS AND SYSTEMS |

Offf 2= #& & & B /k iR 51 | 2 (AX BT)
IDVATFLIEEEEYETD XBT v 27 2k sk L 50000 72 %
DT, BERITH O, LREAKRE 10 B, FiE 2 H 500 m K PZE
T COKRBENE OB, THe s/ eF VL2 VOME TRENE DR,
o Losd ERET BT Bl Ale & 4212000 Ta < ART O E K IE R
TREL 7o 9,

(B BRI 3O MR L Z LML £ L)

Keflz H— 2 5 o2
T.S.K-X-BT & X5 L5 VT v
BB | ~Va7x— | B ok |
AX B.T HX B.T ‘ X.B.T SS X.B.T

mte BBOR K K

2-20, 2-chome, Tsurumi-chuo, Tsurumi-ku, Yokchama, Japan T230 TEL; 045-521-5252
CABLE ADDRESS; TSURUMISEIKI Yokohama, TELEX; 3823750 TSKJPN J

OVERSEAS FACTORY ; Seoul KOREA
IWAMIYA INSTRUMENTATION LABORATORY




INDUCTIVE SALINOMER MODEL 601 MK IV

R OENTEDOBUER & LT, BHCEFED
54—+« 57601 MK Il OHREET, /,
B-EE - ERALoEEEESETTT. BB
KEW BT BEC, vV BRHERIC XD BER
VT LB E - 2~ LR EBRICOBRL DR E
Fo WEE A~ 2~ X VBTSN ET

HEEE  0~51%S

B B 0.0004%S

B B £0.003%S

FrEKE  #955cc

% ¥ AC 100V 50~60Hz

HEEN ‘R BDW

S 52(88) x43. 5(F) X 21 (BT em

2 % & B
EEERES - KEE - BB -
BAKHE - RES - EDE
KehEEat - WS - STE -
WIS - KEATERBES

B =
# TEERET A B EAT
HEBXERMBW E1oT7T017
TEL (811) 0044 (R%E) & 113

VBRI
VI HI T MU A

OKERE - S F IEEEY
RE - By - HEHGE - JKIR-IRBL-
HIRFORAE (MR- TR)

QORBEFEXAF-IaL—a>

@ FEA - #h'E - HE - HEEDERE
EF - KFERE - BRIRIEANE

B B EERE

) SKEEMEM RS

ES M M E B X HES —23— 7(ZHE) ™ 03(432)2971~ 5
X BR X &% jkiibz‘h?‘r!# XFEFHT 3 —6 — 2 (kL) T®06(353)0858-7020
MBI AT HLJuNT Y R ROHEET 3 —32( kS ERITE L) 23093(321)8 8 2 4
fill & AR LS AT —HET 2 — 8 —1S(CRMEMMA E L) 220222(27)93 55
FLOOR B AT AL R KRGER2-8-5 (7L 7 L) 22011(251)3 7 4 7

won & ZHNERRBI




Ny
1
| ]

e o onp

i1 Eeﬂ‘% Fl 4= Ph
_ T AFIHERAEAKN2 ~13—1
WO W AR RK -GN

@Mbﬁﬁﬁ%&%ﬁ
mﬁis‘at&m%@m%ﬁ

- %ﬁ?ﬁﬂﬁﬂ’lﬁ%ﬁ ;

= - Sfﬁﬂﬁeﬁi‘g
@ﬁ‘?ﬁfﬁ%ﬁ /.7(7"1_\ k




AFUEEHIERICERE L. AE L2
SO £ FIRRICEEER T 5 '
RS BEIOFEE G20 H M 0 ETER 2 HX
SHEIHR F T, B UFEI205E 12
© 3 R EGFHE & SURENR205 T
o o—E, s TRICESELE T
SERENAIEH I 20 M E S -
S TED £,

(4+3%)

TARZEA,B, CEH—HEA>TEY

A GEFRH ) e Im/seC) o \rioram
B AR ) -2 m/ se0 f; ﬁ)"f)‘?;*ﬁm
C &R+ +-3m/ se0 °

PRANT— L&D REEE (IH4cm/secTT,

7 — 2R R ATRE

—t‘ A.* HEHBEREE4THUR R &
%*ﬂ ﬁI**I oy i TEL (952) 1376/t% T171

.




8 BROTS U~

aqua-lung- w

Italy.

At - BEEAL D 44
KAt - WP A
AL B S
[
%EEE%?RZ
KR E ¥
o [E R AT

Australia.

BER7ZO75> 7**_tzx*i

FNBEAMIRK2229-4 T243 TEL.(0462)47-3222
#FFﬁé@ED&iWHTEIS 6 T652 TEL.(078)681-3201¢%
BETPRREE3THT-5 T8I0 TEL.(092)741-8907 - 751-0715

CHOET X BERS-129 T232 TEL.(045)231-3021

EEBHERELFAT-14 T461 TEL.(052)951-501 64t
KERMAER A& T E5-3 T550 TEL.(06)582-56044%)
BT EMATAT B36-9 (FHRTEA) T760 TEL.(0878)51-8853

2T
#Z32 Taqua-lung

BN

PORBABRCEVCTRIEHALIFACHELERALTWS Iﬁ”fi’]&?#'("?‘a
BEi2ES $54948775 BHIF

B8R TOTSLS, BRES $4948785




554 8 H 258 HE
BE8 ABwE RE 5 &

Bl Rl &
Bl Rl B

REBTRERHEBEL2

£

=
27

W

EE ¥ 1,200
E Fi3 2
B = K B
B L B B ¥
ME®EAN BlLof

St o

w

#E &% 5:1 01
B :03(291)1141

BREEZEBS:FK96503

Nl BO=
X A OH R #®

RBIRRXAEA 6-15-10
B F 5:1 1 3
3% : 03(941)6500

wks
dingk




B18E H3F

Z] R
FE £
ﬁéﬁﬂﬁ@ﬂ‘ﬁﬁmﬁ?b—‘%% (%j{) ........................................................................... Eﬁ( Ej%
ABRRAKECESZ R > TERINAIRE set-up KDOWT () e HAWE, FHKZER
EReo~/ b TS EERORARE WEEEDRE (FEID) orrrrecrremerrienninnn. il s
W75 ) YEERRORDORTFEES~ 5 V475 7RO0®R (EID) -~ MIEXR, THEE
BT ST 2BEERD L DO~V H Y OFE (FEI) -eeeerernereneees N&E—8, HiREZ, B #,
BAEHEC, BN &
F W
B REICE T BRI DI IR creererrterre ettt sttt EEFE, EEBE
BILBERSRZEICSHNE
YE VBT BE T 2 — D ZE v vrrerersserssnniiiiiiteiiii et s s iz =
$%§E$ ....................................................................................................................................

Tome 18 N°3

SOMMAIRE

Notes originales
Some Detailed Consideration on Crest Profiles of Ship Waves:«teteteeeearaerennn Masahide TOMINAGA

The Wind Induced Seiche Motion and Wind Set-up in a Small Closed Channel
................................................... sessessneess Nobuo MORITANI and Tomosaburo ABE

Measurements of Photosynthesis and Productivity of the Cultivated Monostroma
Population--+-+ R L T L T P P TP P P U T SO PTTE P PRSP PPISY ereees M iyuki MAEGAWA

Some Modifications of the Grain Density Autoradiography in the Study of
Phytoplankton Production:es«sesseereerenesecrrmnnnnicieninns +«Yoshio OGAWA and Shun-ei ICHIMURA

Diffusion of Manganese from Bottom Sediments in Beppu Bay creeeceeessecesee Kichiichiro KAWANA,
Takayuki SHIOZAWA, Akira HOSHIKA, Terumi TANIMOTO and Osamu TAKIMURA

Miscellanées
Consideration of Problems in Transparency Measurements (jn Japanese)::ss:+ss:: Masaaki FUKUDA
and Ryohei TsuDA
Conférence commémorative
Une Série des Recherches sur ’Optique Océanographique (en japonais) s:eeseseeeeeees Noboru OKAMI

ProOCes-VEIDRUX rovcrorereeecrreritoratinttontisiteratiteotestsetensecrsisstesssersestesssestessssstssessssasesnessssssssssssssssonsass

93
104
116

125

131

138

153

156

93

104

116

125

131

138

153



