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On the Solitary and Cnoidal Wave Equation*

Motoyasu MIYATA**

Abstract: A method of approximation for non-linear shallow water wave theory is discussed.
An expansion scheme which is different from the conventional Friedrich’s method is intro-
duced and it is shown that the equation for the solitary and cnoidal waves to second-order
approximation can be expressed as a single differential equation of the water surface elevation
H(X, T) as follows:

Hrr=gD(H+— 3 i+ D Hox s Lo 2D e 4D gy +2%HXXXX>XX
where X is the horizontal coordinate, 7T is the time variable, ¢ is the acceleration of gravity,
and D is a constant representing the depth of the water under consideration. The propagation
velocity, the pressure variations and the velocity components of the motion are also obtained
as functions of H(X, T). It is shown that some of the results are different from those of
previous work. Profiles of the horizontal velocity component based on several solitary wave
theories and experimental data are compared in order to examine the validity of the obtained

results. Some comments are made on ‘‘the moment of instability’’.

1. Introduction

Since the report on the existence of the
solitary wave (ScoTT RUSSELL, 1845), an ex-
tensive literature has been published on finite
amplitude (non-linear) shallow water waves.
The first theoretical study of the solitary wave
was made by BOUSSINESQ (1872). McCOWAN
(1891) obtained the solitary wave by using a
different method. KORTEWEG and de VRIES
(1895) discovered the cnoidal wave which was
derived from the same equation as the solitary
wave. Several attempts have been made in the
past decade to obtain higher-order solutions for
the equation of the solitary-cnoidal type (LAI-
TONE, 1960; WEHAUSEN and LAITONE, 1960;
CHAPPELEAR, 1962; SAEKI and Izumi, 1969).
However, these investigations were based on
Friedrich’s method (FRIEDRICH, 1945), in which
all the variables were expanded in terms of a
“stretching parameter’’. No discussion has
been made on the relationship between this
stretching parameter and Ursell’s parameter
which plays an important role in the shallow-
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** Geophysical Institute, University of Tokyo,
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water wave theory (URSELL, 1953). The
primary concern of the present paper is to
obtain explicitly the equation for the solitary
and cnoidal waves to second order by using
Ursell’s expansion scheme and to clarify the
meaning of the order of approximation in terms
of Ursell’'s parameter.

2. Formulation of the problem

The expansion method to be employed is
based on the arguments by URSELL (1953) who
formulated the problem in the Lagrangian co-
ordinate system. The present author is going
to use the Eulerian scheme which has the
advantage that the equations can be solved
explicitly.

The motion is assumed to be two-dimensional
and irrotational. The bottom is assumed rigid
and horizontal, and its equation is taken to be
Z=-—D=const. Then the equations governing
the wave motion are expressed in terms of
Euler variables:

Oxx+Dzz=0 1
where @ is the velocity potential defined by
U: @X, W:sz

The kinematic and dynamic boundary conditions

15
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at the free surface Z=H on which the pressure
is assumed to be zero are written as follows
(e.g. see STOKER, 1957):

0H oH a0 30 o
STV aX ox ez o atZ=H (2)

o0 1 a0 \? a0 \?
oit+ 37+ (5 ) +(52) 10
at Z=H (3>
Since the bottom is the solid boundary,
Oy,=0 at Z=-—D (4)

If we use the non-dimensional variables (e.g.
see BOURODIMOS, 1963),

x:—;—f— (L: wave length)
z:% (D: depth)
H .
1= (A: wave amplitude) (5)
_VygD
t= 7 T
and
_1 /D
P=atNg ”

then the equations (1), (2), (3) and (4) can
be rewritten as:

1
¢zz+5_12¢zz—0 (6)
1
77L+527}x¢x—5—12¢z=0 at z=2dw D)
02 oz 1
N+ +—¢ 2+ —-—¢,2=0 at 2=0dwy
2 2 02
(8)
¢,=0 at z2z=-1 (9
where

51:% (relative depth)

and ¢h))

52:% (relative amplitude)

¢2)

. 1 \/D‘
The scaling factor AN g for @ was de-

termined after the solution of the linear theory
(Lams, 1932, §228). The choice of this factor

is more reasonable than which was

L
D* gD
used by some authors (e.g. BENNEY and LUKE,
1964), since the dependence of @ on A is clear,
although both give the same results in this
particular problem. It should be noted that
three scaling parameters A, L and D are used
here. In Friedrich’s expansion, only two
reference lengths were considered in the basic
formulation, one for the vertical variable, the
other for the horizontal variable (His ‘‘stretch-
ing parameter’’ corresponds to d; in this case).
In the present expansion scheme the two ver-
tical variables Z and H are non-dimensionalized
by two different reference lengths D and A
respectively.

We consider the case when both §; and d:
are small quantities. These two parameters are
independent of each other and the type of the
solution to be obtained depends on the ratio
of 01 to ds. The dependence of the non-linear
shallow-water wave equation on this funda-
mental ratio was systematically analysed by
URSELL (1953) so that it is sometimes called
Ursell’s parameter, although STOKEs (1880,
§11) was the first to call attention to this
critical ratio in explaining what Ursell later
referred to as ‘“‘long-wave paradox’’.

Here we restrict the solution to the solitary-
cnoidal type, that is,

02=02=¢ an
¢ being small compared with unity.

Now we expand ¢ at the bottom of the water
z=—1 (Fig. .

bottom Z=-|

Fig. 1. Schematic wave profile with non-
dimensional variables.
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b= ”§O¢n<z+ D 12)
where ga are functions of  and z. Then from
Eq. (9,

¢z:n§0¢n(z+1)n—l 0 @
- $1=0
From Eq’s (6), (11) and (12),
>:j° n(n—Dgn(z+ 124 z ¢" " (2+1)n=0
o
nZ {(n+1)(n+2)¢n+z+s T }(z+l)"—
Therefore,
- : P g

(n+1) (n+2) o0x?

By putting go=¢ and using Eq’s (12), (13)
and (14), we obtain:

_ =S} ( 1)nﬁn a SD n

b= L " @oT a GHLT U9
and
¢z: oi‘ (Hl)n+1€n+1 a2(n+1) (z+1)2n+1. (16)

ox2(n+d

=0 (@n+1)!

Substitution of (15) and (16) into (7) and (8)
gives the governing equations in the following
expanded form:

i+ E <<2 i, {me(1+sp)2"+1 aa;:gf
Gl o
R =
ro S T )
B

as

3. First-order equation
The term ‘‘order” refers to the power of

the parameter ¢ throughout the present paper.
Now Eq’s (17) and (18) are approximated by

their leading powers ¢® and &l
1
.zfyjspa:x”“ Eg‘ozm:x +E<52>
a9

1 1
V+¢z:5<§¢xrb“5¢z2>+E<€2) 20)

7]£+§0zx:5<*7]a¢(f7

where E( ) denotes the lowest order of the
terms omitted.

Differentiating (19) with respect to ¢, differen-
tiating (20) with respect to x twice, and then
subtracting the latter from the former, we
obtain

Nt — Nazxa—¢€ < —N2tPr—NaePrt— Nt Prz—NPrut

1
*TS)‘Sszrrf‘Sozzw"l“erx)‘f“E(az) . (21}
The right-hand side of this equation can be
simplified by using the following relationship

between the two differential operatorsa and

0

ox '

d ]
i ——&——+E(s) . 22)
The proof of this formula is given by KEULE-

GAN and PATTERSON (1940, § 3) for the dimen-
a
aT —/gl 8X> Note that

we are restricting ourselves to waves propagat-
ing in the positive z-direction only. Applying
(22) to (20) gives the relationship between the
two variables % and ¢.

n=—¢,+E()=9,+E(C) . (23)
Now Eq. (21) becomes:

sional variables

1
Net— Nwa = e{gﬁxzxx + 3777711: +377x2 +E(5)} +E(52)
13 .
=e( 7= + 5772 +E(e?) . @6

This is the non-dimensionalized form of the
well-known equation for the solitary and cnoidal
waves. If in particular, we assume that the
wave advances without change of form, then
the solitary wave solution is found to be:

¢3)
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n:sechzyéi(x—ct)-i-ﬁ'(e) (25)
where ¢ is the non-dimensionalized expression
for the propagation velocity C:

_c
" WgD

The velocity of propagation can be defined in
general (BOUSSINESQ, 1872) by:

7+ (c)z=0 . (26)

Differentiating (26) with respect to ¢ and sub-
stituting in (24) gives

1 3
(7]());‘ ‘|‘7]xx+5<‘3‘7]xz +E772> +E(€2> =0
which is integrated with respect to x, subject
to the condition that 7 and its derivatives vanish
for x=oc0:

1
Suppose we put
c=1+a (28)

where a is of the order ¢,

then by using (22) and (26)

=7+ (an): _
=(—=9)z— (an) s+ E(ac)
=—{(1+2a0)7}:+E() . (29)

Substituting (29) in (27) and performing the
integration with respect to x, we obtain:

_3(3 .1 2
a= 2<27;+ 5 77;0z>+E(8 )

or
c—1+a(§ +r >+E(e2) (30)
From Eq. (19),
_ 2. 1 2
Pez=(—70)z+el —7 +'67]x1: + E(e%)

which, upon integrating and replacing ¢ by (30)
gives:

1 1
Sﬁz:ﬁ+e(~~7]2+,—rjm>+[€(e2) @n

4 3
and
1 1 .

Now the horizontal velocity ¢, can be ob-
tained to first order and the vertical velocity
@2 to second order.

Pr=0x ‘%SDIM (z+ 12+ EE

_ R SN SR 3 2}
—7/+e{ 17 + 37 erm(z+l)
+ECED , 33

2
fr= —ePaa(z+ 1) + %go,,«m@ju D%+ E(e?)
1 1
=—en(2+1) +62{ e g aes
1

It should be noted that in order for the original
equation representing the wave motion (Eq.
(6)) and the boundary condition (Eq. (7)) to be
valid to first order, ¢, must be evaluated to
second order. Also noteworthy is the fact that
the lowest order of ¢, is &' rather than &
This is the fundamental characteristic of the
shallow water wave, and it was actually implied
in the assumption that d2=e.

It can be easily verified that the obtained
results (Eq’s (83) and (34)), after transformed
back in dimensional forms, agree with those of
BouUssINESQ (1872) and KEULEGAN & PAT-
TERSON (1940). However, they are different
from the results of McCowaN (1891) and
LAITONE’s first-order approximation (1960).

The function ¢, can be obtained in a similar
From (20) and (23),

manner.

1 1
@t:”“7]+5(_”2“772_?77M>+E(52>, (35)

€

5 Paz(z+1)2+ E(e®)

hr=0—

1 1 1
- — 2 _ ) 2
77+6{ 57 27]xx+27]x£(z+1) }

+E(?) . (36)

(4)
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Since the motion is irrotational, the same
Bernoulli equation can be applied to the entire
field. Thus we can obtain the pressure distri-
bution:

P=—pgZ—p0r— 5 (Bt B°7)

or
1 1
R G VR

The right-hand side of this equation is non-
dimensionalized so that it may be compatible
with Eq. (8) which is a special case of Eq.
(37). Another way of non-dimensionalizing,

say, multiplying % by (37), would make the

order of the equation higher in e. Now we
can define the non-dimensional pressure p by
(37) and substitute (33), (34) and (36) in the
right-hand side.

p= *%2—1-7}—57]3;:5(%22—{—2)—&-15(52) . (3®
It is significant to note that there exist non-
hydrostatic pressure variations, contrary to
Laitone’s result (1961). To clarify this dis-
crepancy, we reexpress (38) in dimensional
variables.

b D (L))
ogA A D \'D D
+E() . (39)

By changing the definition of the non-dimen-

. P
sional pressure from to oD’ we could

o
pg
call the non-hydrostatic term second order, as
Laitone did. However it does not mean that
this term can be neglected in the first-order
approximation. It is obvious that in order for
Eq. (37) to be valid to first order, this term
must be retained. The order of the equation
should not be confused with that of the vari-
ables. The fact that we are dealing with a
first-order equation does not necessarily mean
that each variable in the equation is of the same
order. In fact it has been shown in this section
that the order of ¢, is different from that of
¢2. Laitone’s result of the hydrostatic distri-
bution is the direct outcome of the zeroeth-

order equation (linear theory) rather than the
first-order equation. This point was overlooked,
probably due to the use of Friedrich’s expansion
method in which the meaning of the order of
approximation relative to the wave motion was
ambiguous. For the same reason, the velocity
components obtained by Laitone differ from
the present results. Velocity distributions based
on several solitary wave theories will be com-
pared in Section 6.

4. Second-order equation

Eq’s (17) and (18) are approximated by their
leading powers &%, ¢! and &2

1
Net Paa=¢| — N2Pr—NPrz+ E Prrrz

1 1 1
+ E(e®) 40y

+ — <_l 2+£
NTP=¢ 29% 2$0xxc

of 1 1
+e ﬂ?xxg“’ézﬁﬂx:cmm‘i‘?@z@xzz

1 3
—5902”) +E() (4D

Cross differentiating the above two equations
results in the following equation which cor-

responds to (21),
N —Naw=cF1+Fy+ E(®) (42)

where
Fy= — 00102 = 02020~ DiPrz— 1Pz

1
_§¢xzz$5+@2rm+(Pr§0111+E(€2) (43>

and

1 1 1
F :Eﬂu@mpz + “Z—Ux@zzu +‘é‘7ﬂ¢xzzz

1 1 _
9 NPzxrras 30 Przzazzt— NazPazs

1 1
'_277:09011,'”+-2‘@2zrz_—2“90r(/9xxxmz+E<5>
4D
Using (23), F» can be reduced to:

1
F2:Wz77:czz+vzz_ %szxzzz-f'E(E) (45)

(5)
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Now each term in the right-hand side of (42)
is to be evaluated to first order. From Eqg’s
(26) and (30), 7, can be rewritten as:

3 1
Ne=— (7/6‘)00 =—7Nst 8(“ 577773—37]3519:0)
+E(?) (46)

+5( IR >
Nat= —Nazzx 2 9 Nzx 6 Nzzzx
+E(?) “n

Other higher derivatives (@szz, @Por, Pzze and
¢zzzzs) can be obtained by differentiating (32)
and (35). These results, together with (31),
(32) and (35), are substituted into (43):

1

3 5 4
+—2“772771'x + 3‘77243@ + Bﬂzﬁxtr + gvﬁxxzz

If we put (45) and (48) into (42) and rear-
range the terms, the wave motion under con-
sideration now reduces to a single differential
equation for the free surface 7.

3 1
Nit— Naz = 5<—2‘ 7]2 + §7}xx)zx

1 2 4
+ E2<‘2- 7/3 + 57]22 + ‘,377]7715:6

2 3

The corresponding equation in dimensional
variables is given in the Abstract and in
Section 8.

The propagation velocity can be obtained in
the same way as for the first-order equation:

_ 3 1 77,173:) 2( 1 13 7.*
C—l+e<477+6 " + 877+48 ”
5 19 Nayzzz

= ) EC) (50)

The equation corresponding to (31) becomes:

1 1 1 3
— 2 = 2{ 3 _— n 2
Pz 77+£< 477+37}m>+e<8v+167;m

1 1
; o )

so that the horizontal and vertical velocities
are now written as:

=0 24 4
+ E(%)

1 1
:7]4'5{*27/2’}'3%:3:

1 1 3
[ — 2 2/ .3 52

l L1 1 n 1 n 1

2 Sz 10 Nzzzx 7739 1 —NNzx

1 1
—— > 2 4

+EE, 62)

&3

120
=—ena(z+1)

Prozzea(z+1)°+ E(54)

1 1 1

1

3 7 1
+53{ g e g lalan g Pwna— (g avees

1 1 1 .

1

The equation corresponding to (36) is:

2
By = 01— —Gap(2 4+ 1)+ Oy aan(z+ 1)+ E(e)

2 24

- L, 1 L 2
= 77+a{ 277 27]zz+27]11(2‘|‘1)}

2
24 Nrxzrxrr

1 4
2) ~ .8 ., 2 = _
1/, 1
+§ Nzt + ) ax+ é“ﬂmzxr)(%‘i‘ 1)2
1
- -2—IrzmmCz+ 1)4}+E(e3) . (54)

Then the pressure distribution is given by:

(6)
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v p=— %z%—r)—er}m(%z?—(—z) +e2{7}x2+m]m

5 1
+ o5 szmx‘—zﬁxxzz(z“i‘ 1)?

The obtained results for velocity components
and pressure variations do not agree with those
of Laitone’s second-order approximation.

It must be emphasized that the solutions
expressed as equations (50), (52), (63) and
(65) are in very general forms in the sense
that permanency of the wave form has not
been assumed. Once the shape of the water
surface % is known, these equations enable us
to evaluate the propagation velocity, velocity
components and pressure variations (See
Section 8 for the corresponding equations in
dimensional variables). The problem of finding
a functional form which satisfies the differential
equation (49) will be discussed in the following
section,

5. Solitary wave solution

By solving Eq. (49) for 7 we can find the
two types of waves which advance without
change of form. Here we present the non-
periodic solution, that is, the solitary wave.
For such a permanent type wave, the propa-
gation velocity ¢ must be constant, so that by
introducing a new variable,

E=x—ct,
Eq. (49) can be rewritten as:
3 1 1 2
2 Vprrm el D2 s of L3, 2 2
(@=Dze s(zv + 3775‘)% <2n T3
4 2 \

+ommset5eneees ) +HECE . (56)

3 15 ce

Integrating (56) with respect to & subject to
the condition that » and its derivatives vanish
at infinity, multiplying by 7 and integrating
again, we obtain,

1 1,.4
(@=D7 =e(ﬁ3+ gnsz> +52<Z7]4+"3‘W€2

4 2
+E77577555—§7]265)+E(83) . G1p)

To solve this equation, we put 7 in the follow-
ing form.

7=7P+en® +E() (58)

where n(l):sechzl/éié (Eq. (25)). The func-

tional form of %® is to be determined. At
the crest of the wave (6=0),

e =0 and =145+ E(?)

where 7, is the value of 7® at the crest.
Taking this condition into account and sub-
stituting (68) into (57), we find:

c2—1:s{1+s<770<2)42~10>}+E(53). (59)

Now (57) becomes a differential equation for
@,

(2)<2 3 sech2v E) +2V 3 7@ sech? \/23 3

« tanh. 35— 3 hel/,,,_s 2 sechtY.3 35

5
+<Z~ /o<2)>sech“’x/2"3 §+EC). (60)
The solution of (60) can be found, together

with 7,®, by letting 7® be expressed as a

power series of sechﬁé.

2
V3.1 3 V3
@) — qarh? 212 anheV 9o R
v/ sech’ 5 E<2+4aech 5 S)-}-E(a),
5
7]0(2):2'

Therefore,

n= sechf—/fzﬁfﬁ— ¢ sechzi/—zi ¢

X <—12~ + g—sech2 V23 5) +E( (6D

and
6
E=1+¢e+ 552+E(53) . (62)
Attention should be paid to the fact that ¢ in

(61) and (62) is the ratio of the amplitude of
7P to the water depth. If we modify the

79
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amplitude by using (61) and write the new
amplitude as A7,

44’:A<77max'*7]mix) :Aﬁgzo .
Now & should be replaced by ¢ which is the
ratio A’/D. From (61), A’:A<l+%e>, and
we have:
5

s’:e(l—{—Zs)—%—E(sf”)
or

' 5

s:s’(l—za’>+E(s/3) . (63)

The modification of A to A’ and & to ¢
requires a change of L through the relationship

()4~
L = D—S.

dimensionalized by the wave length L, &(=x
—ct) is also affected. The modified wave
length L’ is given by:

L _ <i/>%:(1*—g—s>+E(s)2 6D

Since both x and ¢ are non-

L e

Replacing ¢ in (61) and (62) by the right-hand
side of (63), and dropping primes, we rewrite
the wave form:

'3 3 «/7‘34.< V3 )
_ P 2V 9. —sech2™. ¢
n=sech 5 & 4ssech 5 &l 1—sech 5
+E(e?) (65)
where & is now modified as:
5:(1!%5)@—61)
and the propagation velocity:
02:1—(—5—-i52+E(53) . (66)

20

The above results for the solitary wave form
and its propagation velocity are in agreement
with those obtained by LaiToNE (1960). In
particular, the propagation velocity agrees also
with the results of HUNT (1955) and LONG
(1956) which were based on Weinstein’s ex-
pansion method (1926). It is interesting to
note that starting with the second-order equa-

tions (40) and (41), we have obtained 7% only
to the order of ¢!. This should be no surprise
if we consider the fact that the original equation
(66) can be divided by (¢2—1) whose lowest
order is el

Eq. (49) also provides the solution for a
periodic wave of permanent type, that is, the
cnoidal wave. The difference from the solitary
wave is only in the integration of this single
equation. The expressions for velocity compo-
nents and pressure variations obtained in the
foregoing section are valid for the cnoidal wave
as well as for the solitary wave.

6. Discussion

It may be worthwhile to compare the ob-
tained results with those of previous work.
The horizontal component of the particle velo-
city induced by the solitary wave is selected to
represent one of the most important character-
istics of the solutions. The horizontal velocities
directly beneath the crest (x=0) are evaluated
by using several theories and are compared.
The results are plotted in Figures 2 and 3.
Fig. 2 shows the case for ¢=0.389 (D=0.596 ft,
A=0.232ft), and Fig. 3 for ¢=0.522 (D=0.619
ft, A=0.323ft).

In both cases the first-order velocity profile,
which is calculated from Eq. (32) together with
Eq. (25), is identical with those by Boussl-
NESQ (1872) and KEULEGAN & PATTERSON
(1940). It also coinsides with Laitone’s second-
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Fig. 2. Horizontal velocity beneath wave crest
(x=0) induced by the solitary wave. D=0.596
ft, A=0.232ft. Experimental data (dotted
line) are from Le MEHAUTE et al. (1968) for
the non-breaking wave of period 3.06 sec.

(8)



On the Solitary and Cnoidal Wave Equation 155

0.4 ¢ T Ty T - “*T
| ‘
I
0.2 i / R
| LE MEHAUTE et al— 7 !
| /
0 - /
\ /
| / BOUSSINESQ
z -02 H | )KEULEGAN and PATTERSON -
2=+ | ! LA(TONE (2nd)
/ :
—04 | ; First -Order Approx. |
| H |
! |
-0:6 L ! T LAITONE (Ist) |
McCOWAN —1—— "
! |
-08 i {—Second-Order Approx. J
! |
!
I . . . ; e

o 04 08 12 L6 20 24 28 32 36 40 a4
Horizontal Velocity U (ft/sec)

Fig. 3. Horizontal velocity beneath wave crest
(x=0) induced by the solitary wave. D=0.619
ft, A=0.323ft. Experimental data (dotted
line) are from Le MEHAUTE et al. (1968) for
the near-breaking wave of period 2.2 sec.

order approximation (but not with the first),
as would be expected from the discussion at
the end of Section 3. His first-order theory
gives the constant velocity profile as shown in the
figure. The second-order velocity is evaluated
from Eq. (52) (or the equivalent formula in
Section 8), after % being replaced by Eq. (65).
The profile agrees with none of the other
theories. McCowan’s velocity is determined by
using tables and figures of MUNK (1949) which
are based on McCowan’s solitary wave theory
(1891). Experimental data by Le MEHAUTE ez
al. (1968) are reproduced in dotted line. Although
their experiments were performed only on the
periodic waves (period 3.06sec for Fig. 2 and 2.2
sec for Fig. 3), they might be described by the
solitary wave theory in the vicinity of the crests,
since the generated waves were observed to
have short high crests and long flat troughs.

Inspection of Figures 2 and 3 indicates that
the obtained second-order approximation may
give a better agreement with the experiments,
although for the smaller ¢ McCowan’s theory
appears to serve as well. It might be thought
unacceptable to apply the present results to the
waves of such large relative amplitudes (¢) be-
cause of the original assumption of e being
small compared with unity. In fact, comparison
of the two figures implies that the larger the
relative amplitude becomes, the less applicable
is the theory for practical use. However, as
is indicated by Fig. 2, the second-order approxi-

mation seems to be valid even for the wave
with ¢ as big as 0.4. The precise applicability
of the results remains to be investigated.

7. Comment on the moment of instability

BoussiNEsQ  (1872) tried to explain the
frequent occurrence of the solitary wave by
introducing a time-invariant integral ‘‘moment
of instability”. He proved that the solitary
wave was the only wave for which the moment
of instability was a minimum. This explanation
seems to have been supported by some authors
(KEULEGAN & PATTERSON, 1940; HoNMA,
1957). The present author is trying to show
that this moment of stability has no particular
significance. BOUSSINESQ proposed the in-
tegral,

oo 3H3
MS:jXﬂ[HXL o ]dx

and claimed that this integral was independent
of time. In his proof, however, he subtracted
the energy E of the wave from Mg as:

6 * 3H® 6H?
My~ E:LO[Hzx———Ds T ]dx
and knowing that Ci,—lfzo, he showed that %

was negligible. This procedure was not proper
since the subtraction was performed between
two different orders. In our non-dimensional

variables the integrand can be written:
S (7P — 37%) — 6e2n?

where the last term represents the energy. It
is obvious that subtracting any combination of
the third-order terms from the second-order
term (or vice versa) does not affect the total
value to second order. Therefore his proof
shows nothing more than that the energy itself
is invariant in time,

8. Summary and conclusions

The second-order equation for the solitary
and cnoidal waves is obtained as a single
differential equation of the surface elevation H.

C9)



156 La mer, Tome 9, N°* 3 (1971)

1 . 3., D 1 .
gHTT,<DH+ P4 Hyt 55 H
2D? 42 205
+ 3 X2+THHXX‘FFI{XXXX>XX
(Eq. (49).

The propagation velocity is expressed as:

HZ

o ol 8 o D*He 1
C-VgD<1+-~4DH+ I R

13D Hy* 5D 19D Hyxxx
g 't ety )

(Eq. (B0)).

If, in particular, we assume that C is constant,
we find the solitary wave:

H=A sech20<l - %tanh%?),

4D

_V38(. 5 [D\ v_

"‘7[( - 8\/f><x CT) (Eq. (65),
A 3A?2

These results for the solitary wave shape and
its propagation velocity agree with previous
work. (LAITONE, 1960, HUNT, 1955; LONG,
1956). However, the pressure distribution and
velocity components are different from those
obtained by LAITONE. They can be written
in general forms as:

P= pg{H~Z— Hyx(Z2+2DZ) + DHy

+DHHXX+2—%HXXXX(Z4 +4DZ¥—-8D*7) }

(Eq. (65)),
U= \/ 9l L Yy srienz
o\ %
1
2 20472 2
D) HR(UZ2 4+ 8DZ+ D)

+ %‘HHxx(zz +2DZ+3D?)

1 . g
+ WHXXXX@A“—I-ZODZ“

+10D2Z2— 2037 — D“)} (Eq. (52)),

Jolg L
W~\/D{ Hi+ 5 ~HHy

1

+ EHXXX(ZZ-FZDZ——D?)

3 Joe 1 . i
— gbg Hy— EHXHXX@Z +4DZ

1

+9D?) BT} HHyxxx(Z24+2DZ+7D?)

1
— %-HXXXXX(BDZ4 +12DZ3—2D?7?
—28D37Z4-19D%) } (Z+D) (Eq. (53).

It should be noted that the pressure is not
hydrostatic even in the first-order approxi-
The employed method of successive
approximation in terms of Ursell’s parameter
has the advantage that the order of approxi-
mation has definite meaning in relation to the
wave motion. Comparison of several theories
and experimental data indicates that the obtained
results may be applicable for practical use. It
has also been shown that the moment of in-
stability by BOUSSINESQ (1872) has no par-
ticular significance.

mation.
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A Preliminary Review of Our Knowledge on the Early Life Histories

of Clupeiformes from Indian Waters with Provisional
Keys for Identifying the Eggs and Early Larvae*

P. BENSAM**

Abstract: A brief preliminary review of the literature available on the eggs and early

larvae of the Clupeiform fishes dealt with so far from the Indian coastal waters is given
with general notes on the characteristic features of the eggs and larvae. The chief methods of
identifying the eggs and larvae are mentioned, with provisional keys for their identification.

1. Introduction

Our present knowledge relating to the eggs
and larvae of Clupeiformes occurring in the
seas around India is rather meagre and scanty,
although almost all of the species are econo-
mically important, including even some which
constitute valuable fisheries such as sardines
and anchovies. Inspite of more attention being
paid to this group in this respect than in the
past, adequate information on the distinguishing
characteristics of the eggs and larvae of the
various species, not to mention about those of
closely allied ones, are still wanting. This has
obviously been causing difficulties in assessing
the localities and periods of occurrence of the
eggs and larvae of different species, their vertical
and horizontal distribution and allied aspects,
which are of basic importance in understanding
the lifehistories of the concerned species and
their rational exploitation.

With work on the Clupeiform eggs and larvae
increasing in recent years and in the absence
of a collected account so far, it has been thought
desirable to make an attempt to pool together
all the available information on the eggs and
larvae of the Clupeiformes from Indian waters
with notes on their characteristics and pro-
visional keys for their identification. This

* Received August 10, 1971

** Central Marine Fisheries Research Substation,
Tuticorin, Madras, India. (Present Address:
Laboratory of Fishery Biology, Tokyo Univer-
sity of Fisheries, Minato-ku, Tokyo 108)
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paper is based on the published work of various
authors; and it is hoped that this review would
serve to assess the present state of our knowl-
edge on this subject and to focus our attention
in filling up the existing lacunae and on the
future lines of work to be carried out.

It may be noted in this connection that in a
review of this nature only the papers dealing
with characteristic features, identification, etc.,
and those which undoubtedly assign the eggs
and larvae to the respective species are taken
into consideration. Many a paper reporting
mere occurrence of eggs and larvae for the
first time without explaining how they are
identified; those without giving adequate de-
scriptions and figures; those containing passing
references as well as those dealing with un-
identified eggs and larvae have not been included
for the present purpose because of their limited
value. For all available literature so far on
Clupeiform eggs and larvae reference may be
made to the bibliography by JONES and BENSAM
(1968). One of the earliest reports dealing
with work on the eggs and larvae of species
occurring in the seas around India must date
back to the twenties, by Dr. H. C. DELSMAN
from the Java coast; and his pioneer work
appears to have served as a fillip in awakening
interest of workers towards this subject, as
may be seen from contributions emanating
since then.

2. Review of literature
Family Elopidae:
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This family is represented by a single species
in Indian waters, namely Elops saurus Linnaeus
(E. indicus Swainson). Postlarvae were de-
scribed by GOPINATH (1946), NAIR (1946,
1952b), KUTHALINGAM (1958) and metamor-
phosis was dealt with by ALIKUNHI and RAO
(1951). Adequate information on the eggs and
larvae are still wanting.

Family Megalopidae:

Descriptions of the postlarvae of the only
species, Megalops cyprinoides (Broussonet),
were given by WEBER and DE BEAUFORT
(1913), DELSMAN (1926¢), GOPINATH (1946),
KUTHALINGAM (1958) and metamorphosis was
worked out by ALIKUNHI and RaAo (1951).
Nothing is known on the characteristics of the
eggs and larvae.

Family Albulidae:

This family is also represented by a single
species, Albula wvulpes (Linnaeus). Larvae
were described by WEBER and DE BEAUFORT
(1913), DEeLSMAN (1926c) and GOPINATH
(1946).

Family Dussumieridae:

Some controversy is existing as to the sepa-
rate identity of the two species occurring in
Indian waters, Dussumieria acuta (Cuvier and
Valenciennes) and D. hasselti Bleeker, since
the similarities between the two are reported
to be close.

Notes on the eggs and larvae of D. acuta
were given by DELSMAN and HARDENBERG
(1934) and KUTHALINGHAM (1961); and those
of D. hasselti were given by DELSMAN (1925),
DEVANESAN and CHACKO (1944) and MAHA-
DEVAN and CHACKO (1962). The features to
distinguish their eggs and larvae, if any, have
not been clearly brought out.

Family Chanidae:

DELSMAN (1926¢, 1929b) gave descriptions
of the eggs and larvae of Chanos chanos
(Forskal), the only species under this family.
Since then some contributions have emanated
on the occurrence of the eggs and larvae along
Indian coast also.

Family Dorosomidae:

Of the two species represented in Indian
waters, the eggs and larvae of Anodontosioma
chacunda (Hamilton) were described by DELs-

MAN (1926b, 1933), DEVANESAN and CHIDAM-
BARAM (1941) and BAPAT (1955); but details
of the larval history are not published so far.*
The eggs and larvae of the other species Nema-
talosa nasus (Bloch) have not yet been identi-
fied.

Family Clupeidae:

This family comprises the majority of the
pelagic shoaling species supporting some of the
important fisheries. Some work has been done
on the eggs and larvae of the following:

Hilsa ilisha (Hamilton): Found mostly in
rivers, lakes and backwaters, this species some-
times occurs in the coastal waters also. . Con-
tributions on its eggs and larvae were made by
KULKARNI (1950), JONES and MENON (1950,
1951) and HORA and NAIR (1940). The eggs
and larvae from the marine environment have
not so far been recorded. With the information
already available it would be possible to identify
the eggs and larvae from the sea also.

Hilsa kanagurta (Bleeker): DELSMAN (19
26a) described certain eggs and larvae and
pointed out the possibility that they belonged
to this species. No further work has been done
so far.

Ilisha elongata (Bennet): The eggs and a
few early larvae were described by DELSMAN
(19302) from the Java coast. Postlarvae remain
unknown.

Kowala coval (Cuvier): DELSMAN (1933)
assigned certain eggs to this species. Further
work on the eggs ond early larvae from Indian
waters was done by NAIR (1952a) and BAPAT
(1955). Three post larvae have been identified
by the present writer.

Opisthopterus tardoore (Cuvier): BENSAM
(1968) described the eggs and a few early
larvae. Information relating to postlarval devel-
opment, however, remains to be worked out.

Pellona ditchela Valenciennes: DELSMAN
(1930) assigned some eggs and larvae to this
species. Positive identification and postlarval
history are not yet dealt with.

Sardinella albella (Valenciennes): Certain
eggs and their larvae were stated by DELSMAN
(1926a) to probably belong to this species.
CHACKO and MATHEW (1955) described the
f*_Sg‘Pgtscript, below (p.“21).
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eggs and larvae of S. albella but their account
does not give reasons for identifying them to
this species. The differences found in the two
contributions make fresh study of the eggs and
larvae desirable.

Sardinella fimbriata (Valenciennes): The
eggs and early larvae from Java coast were
described by DELSMAN (1926a), giving cogent
reasons for the identification. BAPAT (1955)
gave brief notes on the eggs from Indian coast.
Details of the postlarval history remain un-
known.

Sardinella  jussiew (Lacépéde): CHACKO
(1946, 1950) gave brief notes on the eggs and
early larvae of this species. But, NAIR (1959)
is of the view that the eggs described by
CHACKO (L. ¢.) were not sardine eggs. Salient
features of the eggs larvae and juveniles identi-
fied as of this species have been described in a
recent paper (BENSAM, in press).

Sardinella longiceps Valenciennes: DEVA-
NESAN (1943) collected the eggs of this fish
NaIrR (1960) gave an
account of the eggs and early larvae. Informa-
tion relating to postlarval history remains un-
known.

Sardinella perforata (Cantor): The only
account available so far is that of DELSMAN
(1933) on the eggs and early larvae.

Sardinella sirm (Walbaum): DELSMAN
(1926a) referred certain eggs as probably be-
longing to this species. Similar eggs were
collected by JoHN (1951) from Indian waters
also. Nothing is known on larval history.

from Indian waters.

Family Engraulidae:
Commercially the
among Clupeiformes,

second in importance
nothing substantial is
known on the eggs and larvae of the various
species. The few species that have received
attention are listed below.

Anchoviella commersonii (Lacépéde): DELS-
MAN (1931) referred to the characteristic fea-
tures of the eggs and GOPINATH (1946) dealt
with postlarval stage. Early larval development
remains unknown.

Anchoviella heterolobus (Ruppel): Certain
eggs and larvae were assigned by DELSMAN
(1931) to belong to this species. DEVANESAN
and VARADARAJAN (1942) also dealt with

them.

Anchoviella indica (Van Hasselt): Apart
from the description by DELSMAN (1931) on
the eggs and early larvae, nothing substantial
is published subsequently.

Anchoviella tri (Bleeker): DELsSMAN (1931)
described certain varieties of eggs referrable to
subspecies or species closely related to this fish,
such as A. baganensis, A. b. var. megalops or
A. tri proper. JOHN (1951) described the eggs
and early larvae of A. tri from Madras coast.
Any comprehensive account of the early life
history is still lacking.

Coilia dussumieri Cuvier and Valenciennes:
DELSMAN (1932b) described the eggs and early
larvae, probably referrable to this species.
JONES and MENON (1952) gave an account
of the larval development.

Setipinna breviceps (Cantor): DELSMAN
(1932a) described the eggs and early larvae,
identified as of this species. Nothing is known
on postlarvae.

Setipinna taty (Valenciennes): The eggs
and a few larvae were described by DELSMAN
(1932a). Postlarvae have not been recorded
so far.

Thrissocles grayi (Bleeker): DELSMAN (19
29a) assigned certain eggs and their larvae to
this species, followed by VIJAYARAGHAVAN
(1957). However nothing substantial is known
on the post larvae.

Thrissocles mystax (Schneider): Apart from
the work of DELSMAN (1929a) on the eggs
and early larvae, nothing definite is known on
the early development of this species.

3. Characteristic features of Clupeiform eggs

The Clupeiform eggs found in the seas
around India are pelagic and transparent. The
vast majority of them are spherical (Figs. 1-7),
but the eggs of Anchoviella spp. are elliptical
(Figs. 8-9). Generally the egg has a single
protective membrane, the egg capsule.
ever in the eggs of Ilisha and Pellona spp. an
outer gelatinous coat is also reported to be
present (Fig. 7). In a few cases like certain
Anchoviella a knob is present at the animal
pole (Fig. 9). A micropyle is reported to be
present in certain Pellona spp. Inside the egg

How-
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capsule is the generally spherical yolk mass on
which the embryo develops. The perivitelline
space lying in between the yolk and egg capsule
is quite wide in the eggs of Sardinella spp.
(Fig. 1), narrow in the eggs of Thrissocles
spp. (Fig. 3) or almost unrecognizable in the
eggs of Opisthopterus tardoore (Fig. 4). The
yolk is highly vacuolated and generally trans-
parent but in the eggs of Chanos chanosthe yolk
has a yellow tinge. An oilglobule is present in
the eggs of most Sardinella spp. but absent in
the eggs of Thrissocles and some Anchoviella
spp. The oilglobule may be one in number as in
the eggs of sardines (Figs. 1, 7) or numerous
as in Kowala (Fig. 2) or Anodontostomasp. The

diameter of the oilglobules also differs ranging
from narrow sizes as in the above two (Fig. 2)
to a wide range as in Cotlia and Setipinna spp.
(Figs. 5, 6), where one or two oilglobules may
be considerably larger than the rest.

In the Clupeiform eggs described so far from
Indian waters only the embryonic region shows
pigmentation. This is chiefly confined to sardi-
nes and is in the form of black pigment spots
distributed on the dorsal surface of the embryo
in advanced stages of development.

4. Characteristics of Clupeiform larvae

The newly hatched larvae are pelagic, trans-
parent and elongated in shape and do not have

Figs. 1-9. Chief egg types of Clupeiformes: of Sardinella (Fig. 1); of Kowala

coval (Fig. 2); of Thrissocles (Fig. 3);

of Opisthopterus tardoore (Fig. 4); of

Setipinna sp. (Fig. 5); of Setipinna melanochir (Fig. 6); of Pellona (Fig. 7); of

Anchoviella (Figs. 8 and 9).
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mouth. The anus is situated behind the middle
region of the body. The eyes are generally
unpigmented. Pigment spots are present on
the dorsal side of the body in the newly hatched
larvae of sardines, such as Sardinella spp.
(Fig. 10). The yolk sac is prominent and
generally occupies the anterior third or half of
the length.
with a rounded off hinder margin in the newly
hatched larvae of Sardinella, Kowala, etc., but
pyriform in shape with a gradually tapering
hinder margin in the case of Anchoviella, Thris-
socles, Coilia, Setipinna, Opisthopterus, etc.
(Figs. 11,12). The larval finfold is transparent
and mostly unpigmented, but in the newly
hatched larvae of Chanos chanos many fine
branching pigment cells are reported to be
present on the finfold. The myotomes have
an angular appearance and the muscle fibres
show a which is
characteristic of Clupeiform larvae. The numbers
of preanal, postanal and total myotomes of the

It is somewhat globular in shape

crossed arrangement,

newly hatched larvae do not tally with the
adult vertebral number, because the total number
in this stage is more than the latter; and the
position of the anus is more posterior than in the
adult. The anus makes a forward movement
in the course of development, thus reducing the
preanal number, increasing the postanal number,
and bringing their disposition similar to the
adult condition. By this time the total myo-
tome number also corresponds to the adult
condition.

The prolarval period lasts for about a couple
of days, at the end of which the eyes get pig-
mented, yolk is fully utilized, mouth is formed,
pectoral fin bud has developed, caudal raylets
are formed and the pigments present on the
dorsal side have migrated to the ventral aspect
All these features
mark that the larvae have passed on to the
postlarval phase of its development. Nothing
adequate is known on the changes undergone
by the larva during its postlarval history. How-

of the alimentary canal.

{((((((fggggqg(«(@(«‘a

12

Figs. 10-12. Three prolarval types of Clupeiformes: of Sardinella
(Fig. 10); of Thrissocles-Opisthopterus-Anchoviella type (Fig. 11);

of Setipinna (Fig. 12).
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ever, based on the description of the post-
larvae of some species given by some authors,
it appears that the larva during this phase
increases in length and height, becomes more
massive and less transparent and develops
the dorsal fin, anal fin and ventral fin in suc-
cession, besides the growth of pectoral and
caudal fins. The disposition of the dorsal fin
in relation to the ventral fin undergoes changes
in conformity with the adult conditions. There
is a slight increase in pigmentation during the
early postlarval phase, especially in the anterior
half of the ventral aspect of the tail. In the
late postlarval condition the pigmentation in-
creases, particularly in the caudal fin followed
by appearance of blackish brown branching
chromatophores on the sides. The scales and
scutes are recognizable in the late postlarval
phase accompanied by orientation of the jaws
to form a terminal mouth in the case of clupeids
and inferior mouth in engraulids. The anus
occupies the adult position in the late postlarval
stage.

5. Methods of identifying the eggs and larvae

Workers from the seas around India have
followed chiefly two ways of identifying the
eggs and larvae which they have come across.
These are based on indirect and direct evidences.
1. Method of indirect evidence

In this, the eggs and larvae occurring in a
certain area are assigned to a particular species
based on the relative abundance of the spawners
there and on their neritic pelagic distribution.
Although identification by this method may
prove valid in cases where only one species or
more with distinctive chracteristics between
them are involved, in circumstances where
many species with closely allied features and
overlapping spawning seasons and localities are
involved, this may not be quite reliable. This
particularly is so in the case of tropical fishes
where the number of closely allied species are
considerably more than in the case of temperate
fishes. This is obviously due to the fact that in
the tropics speciation takes place more rapidly
than in the temperate regions. Thus in the
place of a single cold water species a large
number of closely related species are present

in the same family.
2. Method of direct evidence

This method is based on the features dis-
tinguishing the eggs and larvae of one species
from the other and on assigning them to the
species to which they belong by linking their
distinguishing characters with those of the
adults. The following ways have been followed
by workers:
a. Comparison of ripe ova with the eggs: In
this method, a sound knowledge of the charac-
teristic features of the ripe ovarian ova, chiefly
the size range, nature of vacuolation of the
yolk, presence or absence of oilglobules,
size of oilglobules, nature of egg capsule,
etc., is an essential prerequisite. In cases
where the planktonic eggs retain the size
range of the ripe ova, without undergoing
significant increase in size, their identification
based on the distinguishing features of the ova
may be easier, as in the case of Opisthopterus
Anchoviella spp. etc. But in the
case of certain clupeids such as Sardinella spp.
the size range of the planktonic eggs is con-
siderably more than that of the ripe ova. This
is due to the fact that in the ripe ova of
Sardinella a perivitelline space is absent and
it develops after coming into contact with sea-
water. By absorbing seawater the egg capsule
becomes larger and larger till the fully formed
embryonic condition. But the size of the yolk,
representing the ripe ovum, does not undergo
a corresponding increase and remains the same
Hence in identifying the eggs of
Sardinella also a knowledge of the size range
and other characters of the ripe ova would be
useful.

tardoore,

in size.

b. Comparison of myotome number and ver-
tebral count:
number of larval myotomes after it gets stabil-
ized and of the adult vertebral number and
tallying them with each other is another way
of directly assigning the eggs and larvae to the
species to which they belong. This method is
quite useful and reliable in cases where the
range of vertebral number of the species does
not overlap the range of another related species,
such as in the case with Opisthopterus tardoore.
But among species where the vertebral number

An accurate assessment of the
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overlaps one another such as in the case of
Anchoviella spp., Thrissocles spp., certain Sar-
dinella spp. etc., this method alone may be of
limited value.

c. Grading eggs, larvae and juveniles: Avail-
ability of graded series of eggs, larvae and
juveniles from an early stage of development
till the early juvenile condition when all dis-
tinguishing features have developed is another
way of identifying them to the species to which
they belong. However, when -closely allied
species are involved this method should be
applied with caution, because the same stages
of development may show the same pattern of
features.

d. Artificial fertilization: This is perhaps the
most reliable method of identifying the eggs
and their larvae to the species to which they
belong. This may also be used to confirm
identifications made by other methods.

e. Pooling all the available data: From the
foregoing it is apparent that in many of the
cases any one method of identification may not
be adequate and that as far as possible and
depending upon the circumstances more than
one method should be taken into consideration
in assigning the eggs and larvae to the species
to which they belong.

6. Provisional keys for identification

The following keys are based on a perusal
of literature available on live eggs and larvae
from Indian waters and includes those identified
either positively or based on reliable data of
indirect evidence. It is hoped that these would
serve as an aid in the follow up work on
Clupeiform eggs and larvae from Indian waters,
either confirming or modifying the identifications
made so far.

A. Key for eggs

(1) Eggs elliptical in shape ........ 3, W
(2) Eggs spherical............... s, 16
(3) Eggs with a knob............. (5, 6
(4) Eggs without knob........... @, (Ao
(5) Eggs pyriform and stout....... D, &
(6) Eggs elongated and slender

Anchoviella insularis

..................

7
(8)
9>
(105
an
(12)

13
14

(15)
16)

an
(18)
19

200
@D
(22)
@3
24
(25

(265
@7

@8)
29
(30)
@D
(32)
(33)
€

35

(18)
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Breadth about half of length

A. commersonii
Breadth about 3/4 of length.. A. indicus
Oilglobule absent.......... A. zollingeri
An oilglobule present........ an, a2
Oilglobule small, 0.05 mm. in diameter
A. heterolobus
Oilglobule large, 0.07-0.12 mm.

in diameter.................. 13), (14
Oilglobule diameter 0.07-0.08 mm. . A. #7
Oilglobule diameter 0.10-0.12 mm.

A. baganensis
Eggs with two egg membranes. (17)-(20)
Eggs with single egg membrane

2D, 22)
Inner egg membrane thicker than

the outer S. albella
Inner egg membrane thinner than

the outer.................... Hilsa spp.
Outer egg membrane is gelatinous;
with a single oilglobule of 0.35 mm.
Ilisha elongata
5-6 colourless oilglobules present
Pellona ditchela
One or more oilglobules present
............................ (23), (24
Oilglobule absent (42), (43)
Eggs with single oilglobule. .. (25), (26)
Eggs with more than one oilglobule
(32), (33

Perivitelline space quite narrow

Dussumieria spp.
Perivitelline space very wide.. (27)-(29)
Egg diameter 0.589-0.749 mm.
Sardinella jussieu
Egg diameter about 1.1 mm.

S. perforata
Egg diameter 1.4-1.5mm..... 30, 3D
Diameter of yolk 0.85 mm..S. fimbriata
Diameter of yolk 1.01-1.19 mm.

S. longiceps
A wide perivitelline space present

Kowala coval
Perivitelline space narrow or

almost absent................ (34), (35)
Narrow space present all around
Anodontostoma chacunda
Perivitelline space almost absent and
not present all around yolk .. (36), (37)
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C1))
(38
39
(405
4D
(42)
(43)

(44

(45)
(46)
€O
(48)
(49

(1
(2

(35
(4)

(55
(65

7>
(8>
93
(10)
an

A Preliminary Review of Our Knowledge on the Early Life Histories of Clupeiformes from 165
Indian Waters with Provisional Keys for Identifying the Eggs and Early Larvae

Oilglobules in the form of one
enormous in size and others of

minute sizes....... Setipinna melanochir
Oilglobules more or less of

graded sizes................. (38), (39)
Oilglobules placed near tail of
embryo.................... S. breviceps
No polarization of oilglobules. (40), (41)
Egg diameter 1.1-1.5mm........ S. taty

Egg diameter 1.05-1.1 mm.
...................... Coilia dussumieri
Egg with a wide perivitelline space
Sardinella sirm
Eggs with a narrow perivitelline

SPACE + v vt ie e (44), (45)
Perivitelline space chiefly confined to
head and tail regions of embryo
............................ (46), (47
Perivitelline space, though narrow,

is present all around yolk....(48), (49)
Yolk yellowish, vacuoles minute

......................... Chanos chanos
Yolk colourless, vacuoles large
................. Opisthopterus tardoore
Diameter of egg 1-1.1 mm.
...................... Thrissocles grayi
Diameter of egg 0.8-0.9 mm. . T. mystax

B. Key for early larvae

Yolk in the newly hatched larvae
rounded off posteriorly......... 3, @
Yolk pyriform and tapers posteriorly
............................ D), 22
Oilglobule absent ....... Sardinella sirm
One or more oilglobules present
.............................. (5, 6
Only a single oilglobule present. (7), (8)
More than one oilglobule present

............................ 15), (16)
Anus not opening out in newly
hatched larva......... Sardinella jussieu
Anus opens out in newly hatched

larva. ... @, Ao
Oilglobule less than 0.2 mm.

in diameter .................. An-a4
Oilglobule 0.35 mm. in diameter
........................ Ilisha elongata

Preanal myotomes 37-38 in number
................... Sardinella perforata

125
(13
a4
(15
16>

an
(18)

(19)
(205

@D

(22)
(23)

24

(25
(265

@n
@28

29
(30)
@D
32
33

GH
(35

(365
@D

(38)
39

(405

(19)

Preanal myotomes 40 ...... S. fimbriata
Preanal myotomes 41....... S. longiceps
Preanal myotomes 50.. Dussumieria spp.
Oilglobules 5-6 in number, clustered
near end of yolk sac ... Pellona ditchela
Oilglobules numerous, up to 10,
without polarization.......... an, a8
Preanal myotomes 34 or more. (19), (20)
Preanal myotomes not more

than 32..................... Hilsa spp.
Preanal myotomes 34..... Kowala coval
Preanal myotomes 37

............... Anodontostoma chacunda
Black branching chromatophores

on finfold ............... Chanos chanos
No pigmentation on larval fin. (23), (24)
Preanal myotomes not more

than 35 ..................... (25), (26)
Preanal myotomes 38
.................. Opithopterus tardoore

Oilglobule absent............ (39), (40
One or more oilglobule present
............................ @0, 28

Only one oilglobule present .. (29), (30)
More than one oilglobule present
............................ (33), (34)
Diameter of oilglobule 0.05 mm.
................. Anchiviella heterolobus
Diameter of oilglobule 0.075-0.12 mm.
............................ 3D, 32
Oilglobule diameter 0.075-0.08 mm.
........................ Anchoviella tri
Oilglobule diameter 0.10-0.12 mm.
................. Anchiviella baganensis
Newly hatched larva with one
enormous and a few small oilglobules
................... Setipinna melanochir
Oilglobules more or less of graded
SETIES « vttt (35), (36)
Preanal myotomes in newly hatched
larva are 30 in number. .. Setipinna taty
Preanal myotomes above 35..(37), (38)
Postanal myotomes about 18
.................... Setipinna breviceps
Postanal myotomes about 31
...................... Coilia dussumieri
Anus in newly hatched larva does

not open out..... Anchoviella zollingeri
Anus in newly hatched larva opens
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OUL ottt ettt e s (4D), (42)
(41) Preanal myotomes 28 ........ (43), (44)
(42) Preanal myotomes 17-32

........................ Thrissocles spps
(43) Newly hatched larva not more

than 2.3mm. ....... Anchoviella indicus
(44) Newly hatched larva 2.5 mm.

................... Anchoviella insularis
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Experimental Studies on the Productive Technique of the Young

Abalones, Haliotis discus hannai, in the Sea
Tadashi SHIBUI

Abstract: The experimentally settled collectors, on which the young abalones, H. discus
hannai, were attached, were hung down from the raft into the sea at the depth of five meters
(Open system). And the remaining rates of the young abalones in the above manner, were
compared with those in the case of rearing, by using running water system at the time,
after two months from the beginning of the experiments. In the present experiment, the
average remaining rate of open system (about 50 %) was lower than that in the case of
rearing by the running water system (about 80 %). In the present paper, the reason of the
above fact was speculated, from the view point of the sea water conditions and the densities
of benthic diatoms. In future, if we consider about the physiological view point such as
taxonomical, preferential and habitual etc., and or from the other aspects, as environmental
conditions—the structure of the collector, water temperature and many other conditions in the
bay or inlet, it will be able to produce the young abalones by the open system in an

industrial scale.
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Fig. 1. Map showing the location of the Oyster
Research Institute, Mohne Laboratory and the
raft at which the experiments were carried
out. The arrows indicate tidal current.
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(23)

I 197SP 2B < fedie, HHWEa Y 7 £ —
DORELEENEREEECET 75 2 &z
<, THERERBELTBETH LB LE
LD ThbH, FRRMBOEBIIFEEREADESR
B(vzrz—)eLToREEL, BiAPcs
WTEER BT DI B 5 A 1 55454 D 20 BUE
WHE L FLTZORE 1 FEico X NERITRT®
Davy rz—& 10O ELA), Ric=av
7 5~ 10 EERCEOHBELRTHATHE &
7w, AV=FVVRBOTS P ET L 2
B)e B3 v =~ EHE A BH (40X 60cm)
LT, chicBAawvw 2cm XY =1 vilx
vy PEID O, thk 2 ERTEDO—FxEH
ATHFERRLELIcbD GIB Ay b, 41
197D® ooz v s 2 —%— B It 3 A
TEFLE (O, &b eRTAT7 7 EHA
Dxv7EBEYTOE FHREIC B LICIKEC
BRI -fBTEE LT, BEAETIER»LRT
THENMILNCIE & A EAR B IIREE T P
KOBEROMIE L BLK ATV L EE L
(D)o XL TCHEHROEMCERE Lem O 17
- Tk & Lic, RV =F v VERICES
TR B L0 v 2 & —OFREF R BRSO #R
2EELC Fig. D, TNCHEOLBEAYESE
e /e b L CEE L. FNENOERIE
He oW T hoF#/EFEA L. - Tavy
& — DT 2008, 7 v e HEE Ot 10,400
R TH %,

EfE MEOIEOERMEY D B0,
MEWEYV=FUY » b BX5Xx60cm) %
20cm [EFE T a, b, ¢ RICKAL, H#HbRoOH
RECHERAFESE, —HO b v Ak e L fiF
1t a KoM S 500 ml/min O F BEKAY T
L, 1 Bt oft R0 fmEER 2V T T
H# Ui, ZHUIRDOEELEN T HIcbIc iR
DELED L Lcfiiabhiic,

HEOREZEREM 7V EHENavZ2—2
Bk 3 % SRR 7o B 2 A0 5 7o o0 1T BRI BB Y
ALEL T vy x— 10 Bk BEEN
5,000+530 org./mm? OEECHIEL eV 7 &
—10 MAAEEL, svrax—1KRYDBE 2~5



170 5 A HO% FE3IF Q97D); HILWEEFLHE

mm O7 7 ERER% 100 k& S8, hith
DS BT LTkt o R HFCE Scem DR E =
—~NREER Y 2R~ UTREED 2 o =
V7RI IhEIY 2B ke Fig. 2, B
ODHETETL, FHiEFHRhTH 1EDSD 3
H [ oM A IE Ui,
EERELHBORER OREEEONE
Lo T OBRBCEERENABHE L2V s X
—30 MEAEL, BU=avzss— 1BYIHEE
2~5mm ot H# 100 fH{kft#F < ¥ C Fig. 2, B
DOHETETL 10 AR BRERLAE L 7o

3. & B2

10 A /a0 EER BRI E 1~2mm Th
5 1=V 77 R 12 AR /AOERE TRICIL
BE 25~bmm KREL, avZ X—blk
ETHZ L, FRELTHIELMMSEEL
ToHEB oBERE Fig. 3Rk Lz, ORI &
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Fig. 3. Relationship between period of experi-
ment and remaining rate of the young abalones
on the collectors conditioned variously.

\

B DONECINE L 184 (A) 0RERILN 50
% T Too BRERNED KD - 7o OEBIR A
vy hzav s 2— 6K Z—RBicfly CT®RT L
B4 (C) T, BERINIDS % Thoteo 2hbd
COWTELI 2V 27 X—THO WArc X BHERD
EREEATEE L, 2V 7 2—0RASMNILN
iz 5 em D 4gH () & 2o Pl (b) & o HAL
HEY 0 oEE AR Table l o @Y T H
D, TDXHERT Y ERET WAKDOFLCEE O
RWEMC BT 58, T7obhbEOERED
HHLBEERRBTHLDEBbhiz, TOREL
TR DOERFER (Table 2) 235 1K EFRAKE
DRI R O HEE B ER (ERE S )7
oo, BRORECIERCE THITT5
FEERZNEWIRERAME DR, e T 7 EFE
ENEARKEca v 7 28— RET DL LHE
D BIDITI T » e ERERY Fig. 4 WrRL
Too TR XD EHENFRE TS0 £DIZEA
ERRETHY, Reinae nuEacii
ENIT UL S ARCRTRERN 60% FLico
Too FRMAEOEABERICEL > CEHTHDHE
PRl CBY=— T —F (2 E—) BV
7 2= Y 2T, ChERD O WiEAe
DV s =R TRERDEIL FBDLNIL
Moto, WEBEBEHOEEL 7V EAORER
B9 R Fig. SR L@ b ¢, SEEBA
WL 10HEI 80 % DI EORERAR LB

Table 1. The inhabiting ratio of the young
abalones between outside(a) and inside(b)
of the collector.

Experimental No. | A B \ C D

Ratio (a:b) 11:1

8:1 ‘ 3:2 5:4

Table 2. Experiment on the taxis of the
young abalone.

i I Distribution in
Experi- | No. of
mental | Sea water | e;ndesr‘i_ __poly. tray |
o experic 4096 | b0 (%)
Still water | 1
1| “CeontroD) ‘ 80 | 22.6|44.0 | 33,3
5 | Running 1,280 | 39.8 | 31.3|28.9

water |
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Fig. 4. The remaining rate of the young abalones
on the colector, according to the days passed.
A, In case of benthic diatoms were cultured
on the collector (5,000+530org./mm?); A4,
Ditto, the shelter was bundled to the collecter;
O, No food; @, Ditto, the shelter was bundled
to the collector.
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Fig. 5. Relationship between remaining rate of
the young abalones and density of benthic
diatoms.
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7V ERBHEOAECE L THRE L Tlobh T
Wb X5 ik ThbbBANEBRENLR
T 5 ENYHIC AW RO b & TFH B
KOBHIHAE L BREfTIWer b HE 52
LiL, MEHOPHIBEEL B CER T2 7 Ao

BN 80% T, d—FV « v AF ADEL
DY 50 % (Fig. 3, A, B, C) X b L HEWi
IR Lo SEIOEBRDZRIG TV EREHOERE
BEE 5 ARATHEIRETH AP, SRAE
Tis AITHMEENS B CT 7 ERmEAERET S
L5 B e, HBOHRAKETRCETHHH
B, A= 5L — R S NP TE T O AT &
RABNTFRENS, FoTHRAERNEF—F V-
VAT LA FRDBRERD MHEEHBEOEOERE
REE O 3 L ORI EEO HE L ofFdc s
WTHEEL, +—7V « VAT ALEWNTED L
YITHIERERLFHOE L), LoD
WTHRE LTI\, /Nif (1970) 135+ m 7
7 ¥ (H. sieboldii) i\ TEMC BT HENH
AR HEKDFATIN L IGIE—BT 5 L BTN
N, =Y TYVERAOMEARE L ThlKDoikh
RRBIAAROEHFTHBEEZBND, Th
ER MO EER (Table 2) K% HE R
L CERNCHB LN b EBRE i - Ak
RN EWE (Fig. 3, D), Sbirav sy x—%
FRTEFLRBARIL2 Y 7 % —0 A ERcHE
BREENEL, vz as—RN—FBoBEaEik
B E—C M5 EnD 5 A CHILEN
k% (Table 1), RNz v 27 X —2 bR
L0 EAEEET, RHo=av sy x—EHcEE
HEASL WEAITERENBEL CW5ES
EDLEME L5 HE (Fig. D%, #A
DI BT 8 (8 B, 1943, B I, 1962, F 5,
1976b)10- 112 LEFE T A S D EF 2 b b,
rw e AHA =V 7 YL GIEE TG A R
R LERCESE TSN Tn5, 77 EHD
FEARE L UCFER (19672) 13— B HOLD
Sl b CEDHMCERIHTE L BN T
Do FME - fERE (1969, 1970) 1% (X H o
W B 5178 % Moving type, Homing
type, Staying type ©HOEL Tim LT\ %, AMH
DEBRCRNTaV I Z—C BE=—~LDY = /b
Z~%IH 23 C, \p¥P%H Homing type DA
BEN B ESRIBLE L CBRERNEEHEY
BLIRSRIRBD LN 12 Fig. D, Eh
CHELIX 5594 X GBE 2~5mm) OfEHT
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BOLFNREROBES > N THREE LT REL
TER L TWa w5 EREAE L (Figs. 4, 5)
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Les cohérences canonicales et leurs distributions statistiques®

Motoyasu MIYATA**

1. Introduction

Nous généralisons l'idée de la cohérence
multiple pour étudier D’association entre deux
ensembles de variables complexes. Les cohé-
rences canonicales se définient de la méme
maniére que Hotteling a introduit les corré-
lations canonicales (HOTTELING, 1936). Nous
présentons la théorie des cohérences canonicales
avec leurs distributions statistiques.

2. Cohérences canonicales

Soit U/ un vecteur & ¢ dimensions dont les
composantes #x sont des variables aléatoires
complexes, et soit X la matrice de covariance
de U. On a alors:

St
Y=E[UU]*=|:
ql
ott E désigne 1'“‘espérance mathématique’” et
* dénote ‘‘adjoint’’. Les éléments de la matrice
de covariance sont:

Sim =E [wiin] (2)

ot la notation - dénote ‘“‘conjugué’”’. Puisque
on ne s’intéresse qu’a des variances et des
covariances, on présume que Elu] =0.

Soit U partagé en deux sous-vecteurs a p et
a (g—p) composantes (supposons que ?r<q
pour la commodité), et 3 en quatre sous-
matrices comme décrites ci-dessous:

U, S 2o
U= 2= (3)
U St Zrn

avec

* Manuscrit regu le 2 aott 1971
#% Institut Géophysique, Université de Tokyo,
Tokyo 113

(27)

U Up+1
U=\|: U=\
Up Uq
Si1-+S1 Sip+1e S
211:(3 fp) ZIII:(EIPH flq)
Spl"'Spp Spp+1"'Spa

211 = (§p+11' ' ‘S€+1p) le L= (Sp+1p+] o 'L?p+1q) .

Notons que X *=2%;7, Zrn*=2rmet Y
:Eu I.

Considérons deux fonctions linéaires z;=L* U;
et zr=M*U;;, ou L et M sont des vecteurs
arbitraires complexes de colonne.
des scalaires.

27 et 277 sont
Chacune de ces fonctions est
normalisée pour que sa variance soit égale &
I'unité, ce qui s’écrit en:
E[Z].%[] :E[L*U]UI*L]:L*ZI]LZI, (4)
Elzp iz =E(M* U, U*M1=M*3; pM=1.
(5)
Le probléme est alors de prédire 27 & partir de
2. L'erreur ou le résidu ici introduit e est;
E=2r—=Xjr1. ( 6 )

Nous avons alors:

Eles] =E[(z7—=2r1) (z1—=211)]
:L*ZHL‘FM*EU IIM
—L*3, ;  M—M*Y ;L. (7
On doit choisir L et M de facon que I’équation
(7) soit minimée sous les conditions (4) et (5).
Utilisons des multiplicateurs lagrangiens 4 et
u# (tous les deux étant réels), la fonction a
minimer s’écrit:
g=E[eg] +A( L2 L—1) +p(M*Z 1 pM—1)
=Q+DL*S L+ A+ M*S M
— L*3; y M—M*3 1 [ L—2A—p. (8)
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La fonction g est réelle dont les variables
sont complexes. Pour obtenir le minimum de
g, nous employons la téchnique ordinaire.

. . . 0
Appliquons 'opérateur différential —-=—%
ol 0l
—iW aux éléments de L, ot [,F et ! sont
k
les parties réelle et imaginaire de 1’élément /.
11 vient, symboliquement:

;%:(1+2)L*2,,—M*21,,=o. (9)

De méme,
9 x x
W:a”‘#)M 2r—L*Y =0, (10)

Joignons (4) et (9), ainsi que (5) et (10),
pour avoir:

l+2:M*2]11L <ll>
1+#:L*2111M. (12)

Puisque (1+2) et (1+g) sont réels et que
M*Z;;  LY*=(L*3; ; M), il vient 1+2=1+p
(=r). Minimer (7) est donc équivalent &
maximer 2 (= E(z;2;;) +E(Z;121)). 1l s’ensuit
que 7 donne une mesure de l’association entre
les deux ensembles de variables U; et Ui;.

Récrivons (9) et (10) en:

2 L—2Xr i M=0 a3
— 31 iL+7rrr fM=0. 14)

De (13) et (14), il vient:
Croa 2t 2ypr—r3nDL=0. (15)

Cette équation donne les valeurs propres 72
72%, ... 7% et leurs vecteurs propres correspon-
dants Ly, L, ..., L, Puisque ;¥
i1 et Srr sont hermitiques et définies posi-
tives, toutes les valeurs propres sont positives.
Si on prend pour 7 les racines carrées posi-
tives 7=4+7%, on peut définir p cohérences
canonicales. Les éléments d'un vecteur propre
L, représentent les coefficients complexes de
‘chaque variable dans le premier ensemble (uy,
us, ..., up). Les coefficients pour le second
ensemble (Up+1, Upss, ... Ug) émanent de (14).
Soit M; les vecteurs correspondant a (up+1,
Upta, ..., Ug) CcOmMmMe suit:

1 -
MkZT‘ZII 11 2 g L. 16)

k

Ly, M,, et r, se rapportent par
re=M*Yrr 1 Ly=Li*3 1 1M, . (17}

Supposons que 7>re>... >7,>0. 1 porte le
maximum d’information parmi les 7;. Nous
appelons ceci “‘intergroup coherence”” (MIYATA,
1970). Les quantités Li* Uy et M,* U;; représent-
ent l’alliage linéaire normalisé¢ de U; et U;; qui
donne la cohérence maximum. Les éléments
des vecteurs sont analogues aux coefficients qui
apparaissent dans la méthode ordinaire de re-
gression des variables complexes. Ici pourtant,
seuls les modules étant déterminés uniquement,
les phases sont relatives en dedans de I’ensemble.
De (4), (&), (7) et (17), il vient:

E[ee=2(1—r)=0
s 01 18

Dans le cas spécial ot p=1, il n’y a qu’'une
cohérence canonicale 7. Elle est identique a
la cohérence multiple, cependant, les valeurs
des éléments de M; sont différentes des cn-
efficients de la regression ordinaire.

3. Distribution statistique

FIsHER (1928) et HsuU (1939) ont développé
la théorie statistique des corrélations canoni-
cales. On peut manipuler les cohérences canoni-
cales de la méme maniére. GOODMAN (1963) a
discuté des aspects de la distribution gaussienne
des variables complexes. Il a obtenu les dis-
tributions de la cohérence multiple et la cohé-
rence partielle. La correspondance entre la
statistique des variables réelles et celle des
variables complexes est bien résumée dans
l’article de JamEs (1964). Nous employons
son résultat pour notre cas.

Supposons que chacune des composantes
de la vecteur U a la distribution gaussienne.
Notons que A désigne la statistique relative a
I’échantillon. Soit #, des cohérences canoni-
cales de cet échantillon et soit ||74|| la matrice
Ceci posé, on a:

A
p 0

diagonale.

j”;‘k“: .

La distribution de ||| dépend des cohérences

(28)



Les cohérences canonicales et leurs distributions statistiques 175

canonicales 7 de la population qui sont définies
par (15). Elle s’écrit:
PP (n) )

I'y(PIo(q— P p(n—q+p)

=l Hm(Fd -2 (I~ O

Fn, n, g—p; |irdP, (1Pl -

H(FE—#22dre. .. die. a9

I',(n) est la fonction gamma des multivari-

ables complexes exprimée en:

Iy =mi o [ T (pr1-k), (20)
=1

et I’ est la fonction hypergéométrique com-
plexe (Voir JAMES, 1964 ou CONSTANTINE,
1963).
Quand p=1, la distribution (19) devient:
r'(n) )
I'(g—=DI'(n—g+1)"
A=r®D""F(n, n, g—1; 7212 (21)
Cette expression nous donne la distribution de
la cohérence multiple (GOODMAN, 1963).

OGO L
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HHBY X D@D THAIN R 2 — iR X 205
ARH 5o
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R AEMBINE Th - 7Kg FE (ERERAR) 23,
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fol, T OWMER B HRMTEERERTRETLO
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2. FAEE
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Rz —

FICHFELALDOTHD, FAARBL2ERKRO=Z200H
RIS,
(i) ABZEHE (Humber #* Kelvin Haghes #)

R E* : 30 KHz (Qa/Kyard=16dB 2 Bt
&)
HiH & : 168.8 dB/ tbar/volt
HBEH AT W A5W (HAZE»LEED
IREYF~H*: EFHIA 30 cm

(i) #RnEsEFE (data process)

WEASHT S E* (pulse height analyser)

(i) ETEIE#

UL ED * NI HERE)

CUSHING 1Z (ii) @ data process LW T, A
THE LN B ERA T TH L T tape punching ¥ TiT7x
VW, XALENKk tape FIAREOBHEBECLEL T
%,

Norway OFEM G. O. Sars IZBEHEMIC L oM L5
LI AIT - T B, Fic, CRAIG® X pulse height
analyser QBB ¥ TD tape punching %5 AL TIT
5o Tnd, BT EIICOWTR, ZOHAELATERN
2, 131E CRAIG LAKOFEEZRAL TS0 LE
2 bhb,

3. 7A—F%—~F

HMTEBOTr—F x— b EH1IECRT. ThicX
Bk, RETELRCER THDDAORERLTM
25 D echo OIRIE 2B L % & (data process) ThH
B Uy igdst L, TERE, YHIRE, BV A
aRD D, ki, Hh DO echo D (COUNT)
ABENDlEal L, 9FD0~1, 1~2, 2~3,3~4
Lo kL FEDOAENCHEST D 0~4 ErDH DI
T304y & LI EE L, Fh, TOMIKET DL echo @
i (pvolt) &304 LOFHHEELTRD, Thb
DREFR & FEERRICE S

(305
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WIE BT 7)) 2l CEMTOAEC L 2EERH T 2BEEBOLDD T 0 —F 4 — b,
HEADING
DII\:’IENSION . FULLS
READ : FULLS
READ:KTIME, KDAY, MONTH, KYEAR, FIRST, FINAL, KGROND, COUNT, SPEED,

ACOUNT, BCOUNT, CCOUNT, DCOUNT, KH, XDEFL, DEFLM, KCRTG, DEFLMP
yes
DEPTH= -
no

FP§L=0

AFPVL=0

BFPVL=0

CFPVL=0

DFPVL=0

1=KCRTG
o)) DEFLM =(DEFLM +DEFLMP),2
@ VOLTSM=DEFLM+FULLS()
@) DEPTH =(FIRST +FINAL)/2
@) DEPTHY =DEPTH¢2
®) TSE=20(LOG(VOLTSM)*0.43429) + 40(LOG(DEPTHY) * 0.43429) +16 % DEPTHY /1000 —168.8

(6) XLENGM =(T$+45)/0.25
) XLI;ENGM:(77/100)~XLENGM

®) THETA =20.3436—0.06043 - DEPTH +0.10057 » XLENGM
9) DEPTHF=DEPTHY+3
(10) TVOL =((«SPEED-6080,2)THETA)/360)~(2DEPT HF»24 — 24 +x 2)
yes
COUNT= >

no
FP\:/L=COUNT JTVOL
AVOL = (((SPEED+6§080/2)» THETA)/360)2DEPTHF 6 —6 ++2)
AFPVL=ACOUNT/AVOL
BFPVL=BCOUNT/BVOL )
CFPVL=CCOUNT/CVOL
DFPVL=DCOUNT/DVOL
1=KGROND

0,TO (1,2,3,4,6

PRINT : CAPE @)
r—<—GO, TO ®
®

PRINT : NORTH <
—<—GO, TO
3 PRINT : LUDERITZ &——————
—<—GO, TO @
Y  PRINT:WALVIS <

®

-<—GO, TO
Y  PRINT:KUNENE <

|

PRfNT:KDAY, MONTH, KYEAR, KTIME, DEPTH, SPEED, FPVL, XLENGM, AFPVL,
BFPVL, CFPVL, DFPVL, KH

GO TO
CALL EXIT¢

EN .
(31)



178 5 A HWIE B3

FIEO7n—F »— PHALELHIITLOEE
DTh2,
FULLS : #ERECBBWTY VY I/ A2 —FTDI N
AT —=NVICHEE T HEEHEE (¢4 volt)
KTIME : B3
KDAY : H
MONTH : H
KYEAR : &
FIRST : #3050 MMEEOH HMBROAE(Ew)
FINAL : ” TR o~ (en)
KGROND : #i4
COUNT : 304 0mE,~S 4o FETORK

BWCEHE L cad
SPEED : #a#(/ » 1)
ACOUNT : #ESLVEENSEIFHO L b
BT 5 HDBE
BCOUNT : ” 2 ”
CCOUNT : ” 3 ”
DCOUNT ” 4 ”

KH : #EE®S

XDEFL : £ DM st 2 fdk b OE 55
BED7 79 vETCHRAR - EORKR

DEFLM : [ Lo iRiE

KCRTG : vv o uAa—7OR el GlE R

DEFLMP : 1HHl D304 M IC ks 1F 2 DEFLM O

VOLTSM : KCRTG ##E L/ FEHESRE(Z T
fE55 pvolt B T/REINDB)

DEPTH : K& (RZHEBLDWEE T (tn)
DEPTHY : // -
DEPTHF : ” (RS

TS : O FHENEE (FY~A) Ts=—1p

XLENGM : #kOFE# kR, Hake, (2 F 4 — F L)

THETA : ARG TFOFMFTROBES%Emas (5

TVOL : A CHERLALIOSEILOEE4 cnek
OB IckobBGIE 7 1 — 1)

FPVL : [A_EOfRIC T 5B EE Q77 1 — 1)
Y OB ORE FREFEED

AVOL : #E30AS LD OWENLHE 1FHDL tulE
BT DML KD EBGLE 7 +— 1)

BVOL : ” 2 ”

CVOL : ” 3 ”

DVOL : ” 4 ”

AFPVL : ” F1H/HDlERE

IR0 B BRI D A

A971); BILMEESAR

BFPVL : ” 2 ”
CFPVL : ” 3 ”
DFPVL : ” 4 ”

BIEAFBICOWT, B 1 EOEBICHT kBRI
THHET 2,

1) FELES 2T 23HKBRE G05TE) &3
SHIOB XT3 225D echo 1 BXY4 1 Ey
AEEiE (DEFLM) %#3k9 2%,

2) T OFEEERE 2 HHRE (2volt) i #ct
57, FIHKFIC KT 5 AR EREFR%ZE U=KCRTG)
FHET B,

(3) FIHIBAKAE L2 TH (G0 #ER) OAZE(Er)
DY (DEPTH),

@) FHARMXEC ST 2PE K0 R ¥ — Mo
(DEPTHY),

(5) MDF echo WiFER L ONKE (BENS>4en
LETEREAIT 20D BOEEDOHRELIZE Y — F,
HE4 Y — F) b ROPHENRE ChBRETHNS
RERICADRBE A LLdD) #kdd, 0BG
OBRETEAINTNSEY F—FBRNTRT &,

Ts=—Lp=20logw pr-+40 logiox+2ax/1000

—201ogiopor

ZTT, 20logipr=20{log. (VOLTSM)} x0.43429,
401logier=40 {log. (DEPTHY)} X 0.43429, 2az/1000=
16 x (DEPTHY) /1000, (a=8dB/Kyard 14 30 KHz),
20 logio po1=168.8dB/ pbar/volt

®), (7) EWHEEDLEEER (cm) 2% 5,

81Nk CUSHING b? 2EIELRERICE T,
Cod DR L BMWHEEOBGREY RS, £, TORIKES
0 BB E L TR TR ENE)RE L QR E2RT,
Hake & Cod OO THB L3HE, HEHIL
{—HT5L5Th5,

(8) kRO HMAH T B ELTEENAE(EA),

COBRBEOE —2/82 — BT B8 1 EH 0 13,
AR KT H4AUE 1 HB L OB 21 (DEPTHF=1)
2B 20.3486—0.06043=20.2422 Th 5, HRRE T O
F1EMI, Cra/l)sin(0/2)=3.14 THsrnb, =D
RN TIRB F<8: 22=28.5cm, ELLIs 5% kX h
i 2a=61 LLTWE0bKh—8 T 5, 2a=285cm
D RBORZKERIBAM 40 log R(0/2) &R,
F2HICRT, el OROADE 2 HRIBNRERK
a KT HMETHY, HIFIENRET LbbRE
RIBEOFIMICH T ZHWETH D, HIBEORHMEMBKE
WEARBGEESEWERS, TbbREBRKBIE/N

32)
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201

=304
o
°
]
-
9
[+
5]
N
bo]
0
P
@
5
o =40
=

=50

T T T T
(o] 20 50 80 100

Total length of cods (cm)

# 1% CUSHING @ Cod O data® %3IFH L
Tt kBRI 3 B BERUAREE L FTE ), (DB,

SWBATHY, TOFTLMEWZE, BAMBERHANNI N
wWay, (6/2)<5° OHBMBOCEMIETHD, (CH
TR, TR L THER 10.12°>00/2)>5° @
HBICGEN X CH D, Z ORI L IIETME O IERR
MBI 40 logio R(A/2) It & {EPLTWHB,

9 Y—FreksJ28EY7 + — MCRE,

10 BEL KO R,
TVOL={(SPEED) X 6080/2} X (=/360) X
{(DEPTHF) x2x24—24% [3157 4 — }]

T T C, SPEED: fa#i(/ v b)), 1<41=6080 7 4
— b, /2 BEEERIXELS 1/2 K, 70/360=(2r/360)
0/2), 6<20° THBH» 5, n0/360=tan (6/2), 7 4
—t=4tuo: WEBOEITHD, CORELFIES
k&,
TVOL=V:%x0.5X {tan(8/2)} {(DEPTHF) X2 x
24—24% [A1F7 4 — ]

ST Vs 74— FTORUCHRE, BRRICLTHEE,
5 0~1 buoficxtd 28AKER,
AVOL=VsX0.5 {tan(0/2)} {(DEPTHF) X2 X 6
=67 [32F7 4 — ]

0 g R

=10 o

20

40 log R(6/2)(dB)

=30 4

-40

10° 20°
Total angle in degrees

Ho BZEEERRA X — v LHAERE
B BMEEDOBR, HLORLATH S, ¥,
oM g — R RE)DE—HE LCHE A

25 B—ERIIRE) T L {UE L CHEB IR,
DEomE TR TONT LOFEAXEVELT, HE
Blic, HEEAR, BE, FEKkE(en), HE v
B, MWESD 4 L OBMOAEFEE, TR AER (cm).
WENPD1EaZ D4 BIARERELELDTTY ¥

FIED,

4. ¥ =
HMT7TEBOZ D VAT LELDONT, 7uFx— LS
OEENRI NN, HEErAC T LRTERWS, HE
T TIRDEHCDONTES LB EIDETD Do
1) Overlap counting OWIE % /2idBhik
BE 2 CHBEEORNEI ORELBEMUE S MR
PAx @, FOEEIFMUBBHE KBS Inax £T 5L,
X=ZmaxR(P) (2¢=0)

(33)



180 5 H HOE HE3IE (1971); H{AEHEFLSE

¥, WERTR ok s Vs, 2OV ATERH
fr Tp bT58, FOMENDELNSNE echo D
¥omix

m=2xtan ¢/ VsTy

LkBoT, KRVATFLDESCENLDD echo DIBREL
BEOVEEEY & DK B4, m<] Kind X oKk
fINAEL bV, ZORDICIFROFENEZ DI
%o

(@) Vs BEO Ts K& T 5,

(b) ¢ RAWE S L CRE TR KA 5058
LI AER R L CRE TR R'ET Do

© BFELENEOMRES/NL T 5D, REF%
BRI D, ok, BRECEET D
KIBECHRERROREL D TOHRGDINDEL
EL echo BT LN TE D,

BITRIRE T4 AW BIERAETIE DowD Itk » Thh
» bk, CUSHING, CRAIG bEIEDNFEAEAL
TWw%, EcK 1% CUSHING ODIREAR ST Tndnb,
BEL L BAHMBORE TEANTNE2HDEHEL D,

2 BERIL KGR

1REOHEMND 1{EO echo 215 F LA LIcEA,
1 BlOERZE CHERT 5 KOER Gk o — ) 1,
CUSHING® 1 X i3,

V=2r(r*~r")(1—cosvVba-05)/3

CCT, e, n RERTHEHAEO L TR THD, i

Oa, Op BEBOTHOAKCT 5 E KRR H A K&
CEMIC BT 2 MOHETH AR L X ZRICEBHRD A
BThbH, Lk THik® TVOL 7,
VO.-02=(0/2) &3 hig,

TVOL=(2r/3) x [(DEPTHF)3~ {(DEPTHF) —24}°]
X {1—cos(8/2)} x30/Tp

ThDHEELD, 2 TOREM, Trdy¥iTHD,

X ik

1) Yoxkota, T., T. KitagawA and T. Asawmi
(1953): J. Japan Soc. Fish., 19, 341-375.

2) MITsoN, R. B, and R. J. Woop (1962): T.
Cons. Int. Explor. Mer., 26, 281-291.

3) DowbD, R.G. (1969): FAO Fish. Rep., 78, 20-21.

4) Isur, T.,and S. TANAKA (1969): FAO Fish.
Rep., 78, 24-27.

5) ELLs, G. H., et al. (1964): Mod. Fish. Gear
of World, 2, 363-366.

6) CRAIG, R.E., and S. T. FORBESs (1969) : Fiskdir.
Skr. Ser. HavUnders., 15, 210-219.

7) CUSHING, D. H., et al. (1963): J. Brit. Instn.
Radio Engrs., 25, 299-303.

8) CUSHING, D. H. (1969):
Canada, 25, 2349-2364.

J. Fish. Res. Bd
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La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 9 N° 3, pp. 181 & 188. Aoat 1971

75 v ADERA -

[

01, 2 FOMIEDN, H5OREES iR
T LT, 75 v ADEN% Bréves nouvelles de
France % Cahiers Océanographiques 7z EnbFEHic
DIRBICYE - T, TR EBNT 5,

BHEM Y » » » vy va kb Norante, Polyméde,
Nestatlante, Géomede, Gestland, Phygib B, #
My Origny, Atlantis II (7 # Y #), Discovery (A
FY =), Bannock (%) —) LFKICEHL i
WA Médoc 1969 (& DRREDO—EIZ FEE B R CH
itz “The Ocean World” THREIN, HHAE
o), b, IFE, BRIBELZIDCEELTE
JoNF AH 7 Archiméde Ik 2HE, ThbokEk
ER T TREE L,

FUWZEBRE

&R (bouée-Laboratoire) 1>\, AT
I TN I (DH, 8, 47-49, 1965; 4, 118-
122, 1966),

T ORFERIZ, 197044 A 17 Hic <& — 238 )d
0, kb Tthsd, MAFERDELDTH B,
JAP—OEELE 5T, 247 (C.OMEX.O.,
19614F 1 7 7 v ABRN SR Ic MR EES, Thn
RELUTHEML, 196742 7V, ThhbbENEE
R 2 —BRELR) BT O EBELRELZON
19624F, 19644 1 Hicar vh B e =—ADMMIc# B
IR, BIE2H, k¥EEB I UTEERABHEARL LS
T, MUAIEEE S TBIEHET Ch,
KEHRZT R EEDO D, 196845 Ao &
B I, TOMAIR TELEU Tho R REMMnN
n abwéﬁmf%n—_é’\?ﬂ, 5D 5 DENMCHE LR
ITWEESEE
T ﬁ%%ﬂk@f%%%,f@,ﬁﬁmuwhﬁ
EoBEsbEL, &b 1969 40 B 70 fEICh T
DEMNRESUTULL, 2 FRLLHT, BHIFRZEOREOD
btk hs am&ckogﬁgm m«ﬁ@mm

* 1971@8)3 95”'@
** Kenzo TAKANO FLEFF%EHT The Institute of
Physical and Chemical Research

Whoehisz /s £ o’

TN DEH LW Bohra II &TEEN S, FOH
BTl Pentagone 81 #{F- 7= Neptune #2132 ChH
Do HEKESTIO b v, DAL 170 v, R D A3200
by, BRABE D ORTFREL MBI L T, D
FEIFFEBLDET 5 LRE W, BORBOERIZES
DD EYTHT, THICFHERE, ThER ¥
WistE, BEERHY, FHE 24, L 44, 56
ENEETH D,

FHIREZSE 10m O/AAET, WHNWAHE R
BE~DI, FHEAEICTA LY, WHnabE L
Fich, RRRTOMBOFERAIEIND, O
HORTFLATRERTH 5,

T OEHEL P (La Clotat®Fi 55 =4 L) 1
B3N, WENY, B, KRKETEOMREEROWE

FHIR =& WHFEHEE BOO 1,

(3)



182 5 & Ho%k HE3F (1971); HLEHEFLE

TS TETH 5,

LR, R E B ERIEA T D F & A,
Levant SO HICSHEFHR B I, BOO 1 LIEiEh
ZEIR), COFXIFAEIB5M, EX 285m, 1k
FHERMBYHEN, 6 TAHBERZHHB LA CTL, BB
BREEIL 200km TH B, BYEIX COMEX (Compagnie
maritime d’expertise-équipement) T& %, R UF &I
WS DH{EBN, BT F) THICBEIND,

CO%EER, K-V S TERMICEREL, B - 5%
EHMRR~Y DB TH LM, LK, o
W - SREHCBEDBE LM 2 ED 2D TH 5,

FH/KHE S.P. 3000 (Soucoupe plongeante 3000)

M & WS FERET A E S S, “BRE
3 OB EREUCSETEH 5,

M, 3K ONFAH 7)) BERRIIELT, KX
DIREB MRS L WA, BKERELREW S & &R E
WP ERPRTH D, £ T, MHAEIEKEL
T EDIC kAR, A, AREE, FRP X0
BIREED 5 &L bic, BHHEE O 2 )in
HIRNTE /K, S.P. 3000 1%, TO5EHE, HIip
HEAE1IBES BN 5O T, 5,000 m~6,000m O
REYAECEIRBNARNOHE—FTHD (B2
EON

S.P. 3000 1%, 7 # 7V (Centre National d’Exploi-
tation des Océans, CNEXO) D3Hi: Tk = (Centre
d’Etudes Marines Avancées, CEMA) 28I{EL 7z,
KX 8m, 113m, WAWAABELEDLBERIZY
8§+, 3000m DEIICE THEND, S.P. 3000 D
3000 BZDEXHRLTHDDTH S,

T DR, T CIRUMMCEEZ & TRAMINIcIhE

H2KX S.P. 3000 (

y eV ba OHNR
il & BT 5N BTN,

TOMEE DD RSO, BEOEEIHE IIT
hDHNDTH S,

B 40cm Q2ODMERY b, BLt4/ 5 b
ORI THED, HBEBZERE 2.10m ORITA D, 48H
L CH AT ENTE D, [TEEEIZI20< AV TH
%,

TIVARSDET S, FpnF 55 0OHBEH
> Thb,

o BT B
REHE e Gm)

SP. 350 Campagnes Oclano- 3.9y 359
graphiques francgaises

ZHp R

S.P.500 2 % EiS 1 4~24 500
(FEOR)
S.P. 3000 CNEXO 3 8~48 3000

Compagnie Frangaise
Total Sub des Pétroles 4 10 60

19704 5 R B ORI AT - 7o),

S.P. 3000 OAOEERIZ 25077 5 >, WEEE
R20077 5, BRETI0HT 72 Th b,

S.P. 3000 13#E L& 7E D \nhs bR, XEBRALE
TH Do NF AL T RIERREFZOPTNE N5 TH,
TRETOREX, BEXOLOFERICHD FFRLD
WEN LR &H T SN D EHIMRMIZ, Jean Charcot L2»
e Vv VxR DOWTIRARE 4, 5120 2 —
VICHEBEICHNIIRTHD B3, ILEnifkic

135 & TRRS Noroit BFHTEELIHICADH, X
BROEATHRER, FABRETS S,

LBy, ROEMFBE LR Th D,

(D WL kEORR, %8, #E, 5, #ith
WD < I (Cap Cammarat) yiCyEA Th 5 KM
22— 15 1 A (Eurydice) W& T 5,

e »

3 Vv Vxla,

(36)
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() THEERY~DISH, X ¥ % 4 (Société Péchiney
MAEEDOMEA ~H ) OFRERLY, FAH-BFEILT
a N AHTHO A &5 — = 2 (Cassidaigne) 41T
BTTAOLREORBLERT 5, KEOHE, WHD
BT, BT 2RERERTAD DI TH D,

) REFHHEHOWFE, v/ e—2REDTVFy~
4 (Endoume) ER¥MEEBRFTOBIMBTEINTH S,

4 RRREEROBR. OBEOFHOHEIIL
2,000m < BAHLAARVAL, S.P. 3000 OITEHEE T
H %o

Noroit EFFAERICHEA L2 870 + > OWIFEMR, Wk
PEXERTED, 727V EHEBET S, £X 50m,
#HN12/ v T, EHE 184, WIERE FNEL 124
BEO T, BERPBRORIOEITAEDEL b
ELbsThb0T, RELRETE D, ZDEWER
e S.P. 3000 kb, 55%2.45X2.45m O =
YT —HIEENR L E 2 Kb,

ZO# (NOROIS %, NOROIS i3 navires océano-
graphiques de recherches, d’observations, d’inter-
vention et de soutien DEEXFEHXEDH D) OMIE
ILBHch SEMRNTEON D TETH b,

Triton

Triton ZF ) v ¥ #EEICH TL A O MTH B2,
CCTiREHRER IR ERTH D, B T4dm, M
11.85m, 1,610 b, T TREMMLTHEETH S, K
ROBEHBEKEERMCH 25, BAEBOHMCY b
BL, d3bAHALBEBFOEEBRNBITS,

BB L LU B0, FLr/ —F (BA
POKBIEE, 54, 4, 120~121 288 & 260m DE
IREDDHTEDTED THOF] L/NEKE Griffon
THD, ORI 2 ZOEKEINELX PR TE D, 7
V7 5 v (FY v WEEONITE, I T ORE)ILE
B 24T, BREBHMEE 600 m, BHIEMEIZ 4 MM
T, BX9m,123m, 15+ Thd, EEHFEHEEL
v & —& Institut Francais du Pétrole (7 5 » A
R LOWETESR, FICEMEEOMICH A
Thd,

EWEFRBRAO/NSAELE LT, LOFROFIRD
HT< % Total Sub 235 5,

Compagnie Francaise des Pétroles (7 7 > Afh£&
) MesdboT, BX 6.15m, M 2.26m, HX
170m ORY zAFLVET, BEI 47 b, BREE
6/ v, 4/ v bOMSCIORMEEITCES, 38

NOE—~2— 28 THHEL, D1 HEDE—4—THE
R THEENL, BEORERIIHI 5,

BRI NSNEHDT, FEIZ64, BV
mEE L E 44, WICHEKEELTDH D, BAEET
DRI, T[HRCHELTHEETHDD TR, BAE
ehid, BOROFHREBLRH-THDIDT, JI—7h
B 10m AN TR T IR, NETY—7
Lo N S Thb, MEICIZHE RS 5125, BEE
B, BHEEmELT <R BERECRETIRELYR -
ThBo
BEBRBIKLEZI0T7 50 TH b,

Cryos & Capricorne

19684E 9 HICRE I N T T ADVEIEIIFE g &F
“Océan” (Z OHRIIEBHRYE 1, 96-99 1D > ThH D)
AR ROBESE b F b Th b, LD
PIRAHEAET 2D, 7457 VR 2EOHRENERNL
B LUk,

Cryos RFEAFE2HAHE A L ta—Liit T, EX
48.70m, 11 / v bt O THEERZ 7,500 =4 LT
& %, Institut Scientifique et Technique des Péches
Maritimes (I.S.T.P.M., BEMHIND kKX - CEE
n, EEOWEHEBN LTSN, &L THREORWWE
TOWREDTIHICH 5,

Capricorne [3—WEFERICEK Lz, EX 46.55 m,
M 9.30m, 12 / v b OBHS THikERZ 13,000 km T
Bo, FMEA 2%, HIFRE - UL 144, FHE5ENE
Als, BEBRIIFEEME L5000 7 7 v &2PP D,
Office de la Recherche Scientifique et Technique
Outre-Mer (O.R.S.T.OM.) »#ffichib, KAEE
BHBOBTHHL A HE - 15T D,

Argyronéte

Tavax bt Gk7E) BT 5 v AGEAEFRE 7 %
7 BEET ORREBKETH D, MiEld Grenoble @
Neyrpic-Alsthom T3 CfE B AL, SIRPERBORIES
Marseille ® CEMA 81 & 083 Th %, 1973 5T
TOFETH S, 19724FEITIE N B T E @ Préconti-
nent WHIZNBEK -k, BHRAEEOHRENENK
72, BB RICOL D TH %,

T oRmIE, faRnEKERE MED 3 TEhoR] &,
N2 1 SECR AN Th A EBOBAEE S HEI N
ThbHT L, LU M, TEMTEDHZ &T
bV, FEHREKHAERORELD LK S,
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184 5

AR TAvox b,
Arr: %%, F: REo#lK:, G: T

Av: FI¥;
vYrv, P BRE, R:1ZEO@HWEE; S:
WEARORE 2 v 7 Y EAkEmEOREX
ZOHDHDIX, T A ) AKIET T3 E (Deep
Quest, Deep Diver, Roughneck) % %23, 375 &/N&
<, BARMLT S 28PN, UL, BERIT Argy-
ronéte £ DIZd o LEHWR S T, FI~NIE Deep Quest 1%
5500 7 7 v BWEDWTHBRH Thb,
MAOREIIZ 28m T, 600m OEHCH~DND 2
DOHEHREEBATHD (HAKD, 0 1 DREES
1630 m, Eff 3.70m, BEOEZ 3cm OWEDEKIE
5D THbD, RX 1 KETHY, 6 ZOFRANEFT
5, D 1 2R3 THED/AIL, BEX5m, EE250m
D [EPOR) THD, 4EZOBKEIMLH 3 B AT
T&%, Zhb 2 200MRABRIKEOEE CTHIENTH
%o TOBBILFIIE, OFDEIANOMAOETE -
Thb, 4Z4DBKEMBECRIEEET H2E, nH
WARLH T ET 51, BRI LT, 3~450H
WERBETEH D, BEOEED LT IEA L0, 1
SEQRNEERINLDOEAZRALTHLDTH

A 9%k 35 (1971); HiLgEESESsE

b HEEFIZ 2,000 57 5 va B EBiRRD,

T Ynx MEIREEMRFEK, WO RRE, T
EOIEH, BBz, BXOREFEELI NS 4D
DIt aFE - Th b,

T ORI ORTREIIEIL 4 EES R, b, dodE, A
FragBicthtn 1l ES5oBESR, B0 1EIME
BERCEDTIMRINBTETH %,

D’Entrecasteaux

BEAETNCOWEMR, FAEMET 27V LML
DOBEFRR D BH, BRICT % 7 VBRI WBEDHE
BRRZEZ AL L 5, D’Entrecasteaux (&> Fih A
F—, 1793 4RI A I TEILDHES D4 1, 2,500 b
v, #I1 157 v I, 38 ZOWEE, DUNLEAT,
F1OoHWSEERRLZND, B, BRATE0S
WABIRD £ T5FROBFBELHFD, DI, BECE
ATERHIR A ERRT 5Dy +—, BREHY &
BlebDANY) 3L R —HHNThH D, BE5MTFOER
Th b,

H2 OB, fhovEEEn, EHEN, HEEE,
HEKAE TH 25, FcilEh ofEY O TR, P as
HRZm LR b b GO EERE LD,

BEEHIRE L Z 5,000 57 7 Thb,

TEHEZ L BLAAMBETE D, /2 S.P. 3000 3D
BDHENTED, T— 2 UHED DB BT
BENDTETH %,

AT QW FERIEIfR e, ThECOEEDL, >

H5K ﬁyFWﬁxFF@EﬁQ
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FP Uy Vs dDEENBEIRIELRNE
BRENTD B,

NI LTRTBE, iy 7 Vv ATRAED,
£ BEBRAS L, BRRCEAN PN THD T
LB B, Ee, AV TFF—BIEEEELHELT, 2D
DR HFEOMD, EToREHMELEN T
FidTh b,

HRREM

WREERCH L TS FRO 1D &L T, Tech
nocéan Hick - T, WMEREEROTIESED BT
BB, HEAKE 17,000 bV, £E 90m ©5b, ®PIy
45 m BREHBRCHEREAC S i, £ O RS
30m kb, BIEREZLI2/ v b, BEFEEII3/ v b
ThH 5o

R 10,000 m® OTEGeiE KR IR BEAS, LB T
WAL, BbSnicikgy Bk 3 B, 4 B i
10,000 m* ¥ THETE %, WHARRTHER TS, K
RO NAE RS E T, BAOBRAKCTEL S
Vo B, $EH 8m, AN 85sec DWTD,
SRS O, BALD DR TIRIRM 90 em e L7
57,

Lo T, COMRIE, SFAHTRENS K

T Ih T, BABRELTHET S, T4 M
iz CleWREK R R R > Th Do

KR

7% 213, &= (Centre d’Etudes Marines Avan-
cées) a4 v JA (Compagnie Maritime d’Exper-
tise) LWEAEY, BT DB HE I LR
S THELTDH S,

IR 2 OO SIEEEEDIZ 0y, Groupe d’Etudes et
de Recherche Sous-marines (GERS), #H ® Centre
d’Etude et de Recherches Techniques Sous-Marine
(CERTSM) % OHATIZO WA WS HENR T O
EICRE L Th D,

R OIEE & LT3, BEE oI, AMEER,
B AL DE TCOEREL S,

(1) Boucafond II, III

KEEF 800m K AHM T HHESCO 3 LD LFOA
RIS ANt vDEBRTH S, Boucafond II Tid
800 m DER T7 HIIRIEWEICA L, MO,
500m OEINLEENHIED, 30m QW T2 LA,
Om TEEO 1ERHETC L,

44ED 5 B2t it huie Boucafond 11T Ti1%, FU R
SEDHLZE D 800 m DEICHMBTIEIOTTT
HEAEEDOU ., 7 AROMELR - TREC 6 BN
ey, HRBOWK, 3EOSH 1IERRBETC LK,

(2) Hydra

DRy JAPERFE S T - bBEOERTH S, B
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Diving Saucer 3000, Jean Charcot
GAMLEN NAINTRE S.A. (CLICHY)

AAN T 2 A, HIKSEER
MOTOROLA-SCAIB (PARIS)

Range Positioning System, Miniponder,

Motorola Beacon Interrogator
BERTIN & Cie (PLAISIR)

WP BR T 2 5 At IE e o
SHELL

PR el
SOCIETE ANONYME DE TELECOMMUNICA-
TIONS (PARIS)

WERS, FEMEAZL I tn=J A
DELFT HYDAULICS LABORATORY (HOL-
LAND)

KEREFFE
JAEGER (PERRET)
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SERRA FRERES

P, KR
THE PLESSEY COMPANY LIMITED
(ESSEX, ENGLAND)
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CARRIER-KHEOPS S.A. (PARIS)

Ko sy 42—

CIE FRANCAISE THOMSON HOUSTON-
HOTCHKISS BRANDT (CHATOU)

EHe=2) Y IER
GROUPEMENT ATOMIQUE ALASCIENNE
ATLANTIQUE

Irregular Wave Generator
COMEX (MARSEILLE)

BKIEZE, [F7F3E AR
L’INSTITUT FRANCAIS DU PETROLE
(PARIS)

WIS RS, Argyrondte
DIRECTION TECHNIQUE DES CONSTRUC-
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HISPANO-SUIZA (BOIS-COLOMES)

HAE—¥E
OFFICE DE LA RECHERCHE SCIENTIFIQUE
ET TECHNIQUE OUTRE-MER (PARIS)

WEERE IR O DT
GEOMECANIQUE (RUEIL)

HEHEHE AR
COMPAGNIE DEUTSCH (SAINT-CLOUD)

Kepa iy 4 —

SOCIETE D’ETUDES, RECHERCHES ET
CONSTRUCTIONS ELECTRONIQUES (PARIS)

Wi AR TS
CENTRE D’ETUDES ET DE RECHERCHES
TECHNIQUES SOUS-MARINES (TOULON)

HEPETUNT SR
NICOLON N.V. (ENSCHEDE HOLLAND)

KB, KT HAA
LA CERAMIQUE FERRO-ELECTRIQUE
(MONTROUGE)

JEEHETF
COMPAGNIE GENERALE DE GEOPHYSIQUE
(PARIS)

HEEEA, B, BEENCAT A
CENTRE NATIONAL DE LA RECHERCHE
SCIENTIFIQUE

WA
WIRTSCHAFTVEREINIGUNG INDUSTRIELLE
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W
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LotismatLrFET s e
ALCATEL
ALPINE GEOPHYSICAL ASSOCIATES
ALPINE MARINE PROTEIN INDUSTRIES INC.
ALPINE PIONEER INC.

ALSTHOM
ATELIERS ET CHANTIERS DE BRETAGNE
ATELIERS ET CHANTIERS DE DUNKER-

QUE ET BORDEAUX FRANCE GIRONDE
ATELIERS ET CHANTIERS DU HAVRE
AURIEMA FRANCE
BECKMAN
BISSETT-BERMAN CORP.

BUREAU DE RECHERCHES GEOLOGIQUES
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ET MINIERES

BURTON ELECTRICAL ENGINEERING

CARTRIDGE ACTUATED DEVICES INC.

CHANTIERS ET ATELIERS DE LA PERRIERE

CHANTIERS NAVALS DE LA CIOTAT

CHANTIERS NAVALS FRANCO-BELGES

COCEAN ET COCEAN TECHNOLOGY

CODEVINTEC

COMITE D’EXPANSION AQUITAINE

COMMISSARIAT A L’ENERGIE ATOMIQUE

COMPAGNIE FRANCAISE DES PETROLES
“TOTAL”

C.G. DORIS

COMPAGNIE GENERALE TRANSATLAN-
TIQUE

COMPAGNIE DES MESSAGERIES MARITIMES

COMPAGNIE RADIO-MARITIME

COMPAGNIE DE SIGNAUX ET D’ENTRE-
PRISES ELECTRIQUES

CONSTRUCTIONS NAVALES INDUSTRIEL-
LES DE LA MEDITERRANEE

CORBLIN

COULTRONICS FRANCE S.A.

CREUSOT-LOIRE

CROUZET

DACONICS

DANESA

DELTA SCIENTIFIC CORPORATION

DRAEGERWERK AG

DUBIGEON-NORMANDIE

ELECTRICITE DE FRANCE

EMERSON-CUMING FRANCE S.A.

ENGINS MATRA

ESSO-CHIMIE

ESSO STANDARD S.A.F.

EUROMATEC

FEDERATION HORLOGERIE SUISSE

GROSSOL

GUILLOUARD

GURLEY-TELEDYNE

HEMPEL PEINTURES MARINE FRANCE S.A.

INFO-MAX

INTERNATIONAL NICKEL

JUPITER
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KURT GOHLA

LABOLATOIRE CENTRAL DE
TELECOMMUNICATIONS

MICRON RESEARCH AND DEVELOPMENT
CORP.

MONTRES ROLEX S.A.

MOTEURS BAUDOIN

OCEAN SONICS

OCEAN STRUCTURES

PACIFIC ELECTRO MAGNETIC CORP.

PARIS-LABO

PECHINEY GROUPE

PORT AUTONOME DE BORDEAUX

PORT AUTONOME DE NANTES-SAINT-
NAZARE

SCHOTTEL-WERFT JOSEF BECKER KG

SERCEL

SERNAMO

SERVICES ET INSTRUMENTS DE
GEOPHYSIQUE

SINTROM EUROPE LTD.

SNECMA

SOCIETE AGENAISE DU LIVRE POUR TOUS

SOCIETE ANONYME DE TELECOMMUNI-
CATIONS

SOCIETE EUROPEENNE D’ETUDES ET
D’ESSAIS D’ENVIRONNEMENT

SOCIETE EUROPEENNE DE PROPULSION

SOCIETE EUROPEENNE DE REPRESENTA-
TION INDUSTRIELLE ET SCIENTIFIQUE

SOCIETE INDUSTRIELLE DES ETABLISSE-
MENTS PIEL

SOCIETE NATIONALE INDUSTRIELLE
AEROSPATIALE

SOCIETE WILD PARIS

SOURIAU ET CIE

SPIROTECHNIQUE

SUBER S.A.

SYSNA AEROWATT

TECHMATION

TELEMAC

VILLE DE BREST

VILLE ET PORT DE ROTTERDAM

WARN MANUFACTURING CO. INC.
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ARMOR

ARMOSIG

ATERIERS BIGATA S.A.

BAKER INTERNATIONAL S.A.

BOSTON INSULATED LTD.

CERTINA

CHANTIERS DE L’ATLANTIQUE

CHAMBRE REGIONALE DE COMMERCE
ET D’INDUSTRIE DE BRETAGNE

COMPAGNIE INDUSTRIELLE RADIO-
ELECTRIQUE

COMPAGNIE DES SALINS DU MIDI ET DES
SALINES DE L’EST

DERBY

EBAUCHES S.A.

E.D.F. BORDEAUX

ELF-ERAP

ENICAR

EQUIPEMENTS MECANIQUES ET
HYDRAULIQUES

ETERNA

FAVRE-LEUBA

FULMEN

GALEAZZI

GROUPEMENT IYEQUIPEMENT PETROLIER

HOWALDTSWERKE DEUTSCHE WERFT

JAQUET-DROZ

KLEBER-COLOMBES

LABORATOIRE CENTRAL D’HYDRAULIQUE
DE FRANCE

MARCONI SPACE AND DEFENSE SYSTEMS
LTD.

METEOROLOGIE NATIONALE

MINISTERE DE L’EQUIPEMENT

MINISTERE D’ETAT CHARGE DE LA
DEFENSE NATIONALE

MORVAN HUMANISME

MOTEURS DIESEL DLD

NEYRPIC

NORDDEUTSCHE SEEKABELWERKE A.G.

OFFICE MUNICIPAL DU TOURISME
(ARCACHON)

OMEGA

PHILATEXTE
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POCLAIN S.A
POLYVAER
PONT-A-MOUSSON
PYROMECA
RAYVILLE
ROAMER
SAGEM
SOCIETE ENTREPOSE G.T.M. POUR LES
TRAVAUX PETROLIERS MARITIMES
SOCIETE NATIONALE DES PETROLES
D’AQUTAINE
SYNDICAT NATIONAL DES ENTREPRISES
DE TRAVAUX IMMERGES
TECHNIQUES LOUIS MENARD
TEN CATE FRANCE S.A.
TREFIMETAUX G.P.
WHITE FISH AUTHORITY
ZODIAC
GUIDE DE L’EAU
LA PECHE MARITIME
INDUSTRIE DU PETROLE EN EUROPE
NAVIRES, PORTS ET CHANTIERS
OCEAN INDUSTRY (Gulf Publishing Company)
PETROLE INFORMATION
SPECIAL EQUIPMENT OFFSHORE
LE JOINT FRANCAIS
CANADIAN GROUP
BARRINGER RESEARCH
B.C. RESEARCH
CANDIVE SERVICES LTD.
CATALINA EXPLORATIONS & DEVELOP-
MENT LTD.
C-TECH LTD.
CANADIAN OCEANOGRAPHIC DATA
CENTRE
DOMINION WELDING ENGINEERING
CO., LTD.
F.P.E. ELECTRIC LTD.
FATHOM OCEANOLOGY LTD.
DEPARTMENT OF FISHERIES AND
FORESTRY
GARRETT MARINE LTD.
GEOCON LTD.
HALIFAX SHIPYARDS
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HERMES ELECTRONICS LTD.
INTERNATIONAL HYDRODYNAMICS LTD.
KETING EXPLORATION SERVICES LTD.
LOCKHEED PETROLEUM SERVICES LTD.
MACINNIS FOUNDATION

NEYRPIC CANADA LTD.

PENGO HYDRA PULL OF CANADA LTD.
POLCON CORPORATION

R.B.H. CYBERNETICS LTD.
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SUBCOM SYSTEMS LTD.
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Zil UTORMMICIs T 2 @HEHRICOWCE L b e b
~%,

BN BIARN S AR, RIUKBERZERIE 2D
HEEME &35 16 & TR 38 5 B4R, Btk e
VAR T L, RA0H, BRCREST S ET
DO, F—s@BREAREAREZFLCIyFYET S
YR, ARy, ALY, AFXFVA, S~y =Tk
L OWHEBEORIRE 2 A ZOHA DWW THE L 72,

5 HEBZL N QL TH B A< 5 BOEn&b
BDN - 7T v PR TUVEENC—ITIE, ROERB W
PTHL L, EARREOR LAY RHEDD 21T,
I HNDLIES 7 7 v ARBEREEBAEAHFE 2T %
CHLTOZETE L LT FNL ARERZT B,

8H, WIMLLEEVETRENVF—CHS, RLUDOD
AT Y 2~ TR, T—1V7 5 ABTREZ LIcH
TN, A P TR, FIEKEE LA -kdDTHS,
COAMTHED L FCTHEICEWSEL, F—a—fk
RBHTTHETOREHE L, b 2d I THHA
AT ULRABELTT, HANBETLE 7 A Y 8k
wWied Tle,

KBEBT AV A, BEAY, AFXY R, vE, hEAk
R4S H E bR 2 TR OBEGRENE S 2, HESH
TR 257 HTH B,

10HHT, TOLFEFROLDIHFLIET REE
BEBER— VD<A IR T7 5V ABROA 7 )
—WEMR, EEEERELT TRELDEL OERN
FEOHFMROLMERT, HROEEHRBHEEA
TWL T EREFICEIABIE LB TWS, EERE
LS THlHFERL —BEERCHEL, ZoHEK
BEEYRIDIED bbb ASICEY Shic sy
Tho] LHEOBVE DR RN, TOHETAY

B, AFYA, WAy, HR, 77 ADIET, Wi
R DIR L BRI O W C BB M T bz, & D 5 KE
B o LHWEEFCH WA TED, HROEEESR
EHELTOLHPBELL BRI TNS, 25 Lk &
DEBERET, TFRRLBROAIB TR DO T
b5,

HADHIR L BRI DWTIR, # 4 KFEAHEL &
2, 108 1 HICRR U EER S 5N+ v 24 — O B st
W (2O A TR ELFED oW CTEHEL S B, o
NN T2EEORBRIKREL, BHOFH, Fre7T
HESh, AKOBHHROEEL X bIcEbiz, K
fTbhicrv 7y 2 v DA TY, LrRARIEDENE
ERTHOICIS 2 7,

OEFBROELEBICOINTOWIERETIE, EiK
HEREEZDLDEE 2y v 5 VT, HEAIEKRE
SPIRBHS TREOMRB L ROF ) LHEL, &
ERPERDEEREN D, NEHRA T L, MR
R FEMMTIRS S bR o bOFATH S & HES
#E, BIEOHTEH Nk,

1R 5 — A QR TR IE BB 4e i AR 92 B 8 E
RBERA T2 5 7 ATHRIC X 2 W R LT B R 1 35
051K BZETH e )IBhfh KK B HHR BB
—EARRREAAN—ELR EhEYMO BSR4
COWTENLNmMLEREL, B2 2728800
FZOBELDOBEI ZYE - Tz,

BB HOIZRR Y v & v FA~ AGEHER L F
R 2 THEEBRELHF LWENCH S, SEO
RTINS, KNS & R EOB R
RERME F LD TN R, TATREZHTOER
T, BT L ThThEBLBENENINS L5105
D5, TNRORONABEOEIFEY K& ELDT &
55, KEBH LI DcEd T, WHEMNTNLHLE
THEZEEROCHFT D] LB, T T
v UMEERRD [SHOLRIERCHEERT, %
KOBREHTFHZ LRTER] kX, 4 ABOREY
MUDThD, EBLEBRARE, RER 19744
0B, AU EN F—HCH 2 &%HD, EENLD

(48)



LR WG PE B R R BB R WS 195

EHOLEFEBINEEFH L,

12 OBFFERF CHEH S N iE, F—20FEKE
KREBTFIHERS [ 5 F 2 OB % R
751 LHEL, K B3F200OHBOWTHELLET LI
U, 77 v ABEMNEBENREE Y 2~ (CNEXO) Eiz
BHRIEBRFTOI1Z0, £ ¥v OESOEETIED b EIR
BEOEFEZT 2,

ZH LT, TOFRNF—TITHANEHEEEII RS
& BReR, 2L oE» DBFEEGRE, ¥E, s
DABED, MXERELE-TC, HANEEMRC—
LS TEMATHS Z R HRALAD LERK, 0
FHERFT A Lck T, IBTIERESY HISS
WS RELRBEE BT D TH %,

FATAEEL VI DTHERRTCNWB L Sic, WM
FRINLEDEMTHY, TR DBDEREEXETHD,
5 LeEBESHICHE, 2dsz ik -C, &
OHEMF EEHICHEAS < &8, BEEROoRES, &
BFRT TN S WHRER EENLA TR LS
TEMTERTLThHD, TOEHERIANEV, TORIE
BT — A BERF o, 5 LEEBARICRT » v A
D - TS, BIMTRETHS LHF LI,

SHMETEE LY, 1 F) A0MELZLEA- K
B, TORCESENbHZEMNC TCALOLHTHA
PO ORIXFAERDOLMT, KM - MELEBPER X
N EBEEN TR WORARS. Tl 7 b
0= 7 ABMRE M BV, WANWS LBIRBEAL TN
DI TWERB] EWS T ETH T,

F—L0D, TOBEBECHEWTALETS TAHICH
FEUTH Tl 2728, £EQRIIEEDRAEN
BHAI TR LS bl oed b, 3ENA DO
ZRELTHIHIFEADE DR - TH EDE LT,

BRI D D0 & THHRES THRNET L35 o
7o RENC SIS BME, BERR - TRIHLEW) &
o TWe, T Hb M d 2 HBSH %
b ERCTENERDDEELD, LHEECHD
NHHEB R ORBRYLIEEIC X D EREEE ) — Pk
ERNFEFELEGDOED L EHRIBE LB D TH D,
&, WNEEOBFEROEERI/RELXHREL T
OOREOWHRFE LB, 77 Vv ALRMLDOD
ERHDH, TOMOEIRIEED LS RDLEALTH
5EOB LRI, L EHEHRYEREL UTHhE
CREL D LTS E TR, REMChBREONIE
ILTWD EWNWZ D, e ULNEEERZ O 2R /s 5
TREADBDBEZ NS, THEEET A FORENSE
DEF, BOTTF TR LLTWE0R, biETIE
s d Mol WBEERZ, Z2EERTHY, Ik
ERPBEIND D TH DA, A2 DEHIC DN T,
TR T 1> THBEHDOREL, ThiEnhic vy AT
LT 2008, b EEEREREED DD 2 TORER
RETh D, LERICER, FEERP—KILT 2 &%
BRAKDL ARETHD L W, Bl BT
&, WIERRERLAB LSRRI DL RFETE S,
WEEMNZIR v 4 =3B U2, TOMBEN A
THETRLTVWUREENRELLRLRE, BFL
o THEHEBIR A D B S L, RN EREYHTES
LI OB EEL D,

PP R R AR, baEOEEH
FEO—TL I NITEHE LTIV, TOERIRFIC 23S
RETH B, B, bREOHEEMREIRIENTH LD
i, LR/, = I NTRIC X » TEAM
KETHLHL, WHEARRELE L CEETS X 5HE
FTRETH S,

3 77 v ALMBTERT OB KIHAM % i LT

ey

"o

(B 2 ® £ D

1. EAMZE

EH3A5 453 A30HDOM, BILENEZETEIC
LB LR EEAERI ML, & 4REERE
BHMBOH 2/ 7 5 v A« F F—~THCHEIR

7o THEEENRLHE - BRS) KHFEL, §looS&7
T YARED LTSI~y BEOME, PEFROWE
HHRBE R RET O BA R B

M hboRTr 5 v ARMmAFIEH JFP, Institute
Frangais du Pétrole) OHFE & RIBIZEHT 3 EILHEEEBES
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+ 4 (CNEXO, Centre National pour I’Exploitation
des Océans), WHEEZHIEEH (CEMA, Centre d’Etu-
des Marines Avancées) & F[CEEH O EKRHER
Zrubic U, EREEBRLH L SHES haRa R
RENZDMDBABCONWTEAbE THELL
3

2. IFP OEE

BRedRn V- cHEI N cHEEE XSS - R’
RECHER, wved 2, £+a, <= F) o F (&Ax
1Y) OEHOBFEBEAHML, 3 AR @)FE
JICAD, FRI1I0E D 12O IFP 235U 2.
IFP &%) O A 10km, ETH 2045 DED DD
RNVA SV EDRER DD, TSR A r—ihic
BOBDIWTWDOY a7 4 —VOREDD - BT &
Wbhhb, 27 =—F# (109,000 m*) DJEKEHEHT, KX
ARZHEFE UCIBREOME BT Cb D,
ZOWFEITL, 1945 BIFO e X - TRIR I fvie
HDT

1. MZEROEFOBI

2. BiNBEOHBIE

3. BIfCER, WMo
BEREBIC > TND, TOERNELXFET L L,
By, OB L OEMYR, Aml A<
. R OISR, RFEGRELERSTICH - T
%, ¥lz, 77 vAHAOOULOKRFEE #EE L DI
MO HRNICHED 5— NIRRT DEEICY 5 T
w5,

2B OHEORE Dicdic% 4 (Bcole nationale
supérieur du Pétrole et des Moteurs) &b, FHED
BB OHB® L CHREEINE, Av s A FDOER
BT oM, EHPICY YR YU A, I F—EIINTE
WEZOPHBOBEIE LY, X D RERAEROHSE,
EHIFH ST,

2R O TV ) — T, V=X, T X
VI EF DS END Do

W OREE 8134 1,700 AT, TDOWRFTIZ

BIRCHM 542 A
T & 884 A
Ve 236 A

Lo TWnwh, (ZOETIRLMEFELIED27RN,)
FEFERSERORBEIC X % &, 220mF, Z0fd
¥ 75 % HBABL, MR EKEIRTE, SRS L B
WATHDENS T ETH T,

MIEFOERR, TR, #HFER, TOMBSFER
FY, AZBHORELHDRIBFEA L-TiT A b
, BUNZ OO ¥EI 2 bR ITh e NI & BHEENT
thbh b,

7, IFP ¥ 1965 FLLR T DO RFISHEZHEILL T
W3, £NBHIZIFP 02KEEOb Db b, 30% B
Eobodbdbn, WK, AMEI<, 2, KALTAH
%, B S HEBBOMERRE, v—v R, HEE
B, Bilia sy PAREEBIKE->TERD, IFP T
FERR L e RE B AL T D,

ZO LA, W& AZEORTOERHEICTRb
NTNBEH—2DFBLE N -TINTHEAD, SHOD
HE2FE T, IFP 25 6 RO ERERD - o

3. BkBEMTILOAXRD

IFP O ERIRE I, 19634E8]A &AM T iED b
X S ICHWTnb, THRLURIES CItlii Ik
WHEHREABRRE IO DDIHEET TR TH20H
RER &, LhadZownwshd it RomEHRRE oS —
BMCEHEL W5,

7Y x b (Argyronéte) 12T D 1E O wTE T
SHH % EiCH /) icHE# 3 < <, IFP, CNEXO, CEMA,
BHH L CTEEZANTWAEBKHATRTH %,

77 v ADEBKERBEFINCERD bR TN S 2 &
AHOBEY ThHD., CEMA TIE 1962 LD HiEEL
Bie X B KEBRE TR - Tk D, 19654F 9 HIiciZBEfR
WEEHHLT 6 ADBEAESN 100m OEETL T H
MoBEEEY LTV, Shi7LarF+r 3R
FEERELTHLN TS,

D 1 EOERS D, ROMBEL @RS LR
BT OFYOI R BT DD K TH B LW I EH
W U 7o

1. PEkD X 5 il ELRE CIRITEREARE S 1,

BB+ 5B AR KRB E LB D,
2. WEMRELEESRWRE LOEHOM < B 5 4t
W, EBEEDRDD T —TNHBBETE D &,
3. 20HEICY - TEESHE IS,
4, B TEET HBKERE O LN 6 2 &
%o
RETHDo THV 2 THERMICDOWTIRAT L iR, 1
EEEE,
H4 CHBHRETHD T Lo
Bz oMBRANTH D T Lo
EN S BRI EARE Lice THRICEDETD I A
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LR W FEEREEAERSE 197

FROBBMAKRED - THTH %o

UFEDXd W& X o% T, 19849 H2H,
CNEXO, IFP, 7 vux b RRALCEETAT L
i, ZHBCHMI N, # %13 CNEXO, IFP
A 1/2 SofT %, IFP ik - T CEMA T
BETHI L, BIEEE, /v v RIFPOMEET S
T, TAYER M CNEXO BT 5 &, HiF
B O o7 SR E 5 Bk 23T bh, 2,000 mF,
2EMOTETELL %o

H, Tovoi bMeoWTIRSHEOAKRTHREIN,
BRSKBEDEFURERI NI,

(] 7avoxridkhofosodRicEissnd

K bDE,

HEBOTLYr i FOET

HkE (B 225 v
GigH 300 b

Boyancy Coeff. 15 %

2R 27.8m

=} 6.8m

eI 8.5m

BKERE GBH) 300 m

” (BeRD 600m (300 m DA L3 insE

HETD.)

KptaE el 6/ vt

RABRE (#H 7/ vt

R 4/ 9+

AR DR 400 <=4 v

EE 10 AN (BkEAN, FHEG6
A

SEAR K B T 3 H CHiBE % E - T8
HEIER TR )

B/, %L D.E. 225 HP, 2,400 rpm.

wmeEAT S DC. (B0kW, 120 V) FAHBh%
BEE, Ny T ) —HEAOTREEGO LW,
160 V) HERENT 5,
FREBIEVTRESRELGHER v 7
@ &) ¥HErt %,
MER Y 7 5B I EHdmEes— 21
b, HEEYRET 5,
DFD, BHEREFRTH B,
#wh, 1,200kWh Oy 7Y —2 N5,
WBEIFER 20kW (S0 71 —0H)
100 kW (#EB) 871 %66 5 B4
HEEE WEO2/7D7uxIIck b, KO

41, 75HP, 330 rpm. 7 u-X 37 OHUICIZ TR
EHHME (Nozzle) 235 D, EF 2 STk
BINTWib, 2oFaahLic L CEHES &
DTk o THENRDOKETNOERZ ED
Do EIMBEIIZER2HDKRKEENRD - TZ
H k- THRARDOEEHNDMERIGEE Do
GHIBD)  KSEJf\E 2, |EHA 2, WIEFEEMNTC
BT HEBBEATH 5,
RRE=E (main hull) ERE 3.7m, £ 12m, B
A (SMR 4 7
C DN A BHEI L7223 BT A4 &
RE, BAE, fAE, He=x, BE=rk
T b,
% (subsea hause), E&E 2.1m, £X 24.8m,
20m® OFEBERDH D, SMR 214 FOWMTIED
RTCn%, BEL5m OEYE - TAEEZE
DIEND, BEIRE 1 FEHORLHEN, Tk
LK KRBERCHADTDE ERTE B,
BHE KGEZ20 LHCHD, EFROHAREEMN
THICEDB BT S, BINEEREROAH
"B,
ek Ot F i w EATh oK R AN, B
LKOBPZ Y roHgnERnb b, k7
VFF, M S IR T WS,
LS, BRE, Y v ARBAET A% 330IX25 4K, 250%
Efe AR e L
SUOCHBIBEREE, V-V AT A, L&,
VA4, KBBIH, TERD D,
W OFEEERE, BENZ, BRAEN D hE
BZELED, RKEZE, WM, BEEMAEC
BELC6ED TVH A Stk » TR,
EEAmER
Pk, 7ovox b OltBoMgERN 2, EAHAE
BMARCEEEEAHAZDE WS BER TV I a5 bR
B TTIRRL, BTRREF 4 =T F4N, Yz
TEAN—CBWTHCRAINTWBA, Tovax
FOMEER R OBAABERCLL TR D B-TnD
L2 X5, BEF R ERFEREE LTHEALS S
DAL BT, BEAHMBIEROER, —RiEEESE,
BHOF v arvFF o ERCEHSREEINS DO LM
BLTn5,

B OERIC X 5 & SeBIZTERI D EE & D 35 < 71972
FLh, BEBELARVBBLTHEHTH %,
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4. BRSBICEFIZNTIZZ OthOEKHEEMR

B F—HOBRBCET VYo% FDEFLOM,
Y e T HA S, SP 3000, KAy =z EA, (U
ERER), F—2A¥ T —01, NYAS— 7 OIEER
ROBHE: ERERINL, T bOFERARHERICRA
ED

1, Y27 EfN—

Perry Submarine Builders %2

2353 240 m

FH 4 N GBAkEK2 A, BIRERZE2 A
EX 7m

& 1.7m
B3 10HP

€:)) 3HPx2 (A5 A %)

HE 9 +r
AR 3/ vkh
PR 1 2w FT 10~12 1M, vF+—, TV,

A% 2R 5 &, 1/ » PTE~7
1 [

240 m DWIETHEALRZ NN FRBIHAD L, EFEE
THIENTED, FIOBKHEML, BIERK
BN 54 v OBREE T HRBGEATD) &
B, HERNBEWRAT, 3~5%4/H DREJIAS %o

2. A4 Ersv—+4— SP3000

CEMA #l

EE 3,000 m

EH 3 A

B 5.7m

/=1 3.4m

WAKR M 48 (48 IFMERE A LIV FTHE)
B 3/ vt

fktiERE 20 =4 v

B 4kW/h

i FETPD b2 RIC 25 DT AR
BHY, HEEBRE,
Cofl, ==al—2, WEERREH—v, B

52)

. MHEE,
Frd martr, BEER . MERELRG. WL
e BB, V>R,
HEFRABEREREIN TN S,
3. bF—zrA¥T— 01
COMEX, MAREX, SEP &4k

wE 60 m
®E 5 A
B 6.16m
=] 2.25m
= 1.7m
BHI 53 b+

W 4 7 v bGRAD
THRBICH LN DT SEIRETFLVRERIN
oo YLy b EZA P TRMBRTRCTIT I VI %5
HUTESD, BicEkReEERBERR T 5720 T
{, BETTASLHEATE LI ARERBD, R
D& B HIKIFEBBATIEREMTH Do
4. KAy —2%x, sz (Havas) MK-TIT
B3 4.4m

RE 100 m
#H  25HP 2 BAHEEE
HE 6 km/h

DA —41Z, 4~8mm DEIDT y A/~
A, FTAFy ITEBR TN %,

5. LIV

Dk, TFPHMOBIAT LB, BRE&BTOR
Hxd il T IFP OEHO LIMEHEM L, FEED
PERAED D EDEE B LB - fcD TR
W& BTN,

SENE, L2 RAIROMRINC L DR A L — A B
B2, TIROMENRTE, FROKHRCEEOXRE
B5 e, BEHOMACRMC OV THEHENPEMD
TERTER, LOLEIEL LT CAREK S,



LR Ye PR DD 3 H R WA 19

4. CEMA % 3 h <

¥ &

=Rl

(SRt a

1. AN

19714 3 B IS ARGUKER¥E O A R B ELHE &3
BILREEEREEEREAO—Ticinb - <, {LE Mar-
seille Ith B CEMA %ifh, COWHZEOHZDIC
Rokarii,

2. CEMA O@=E

(1) CEMA 2, Centre d’Etudes Marines Avan-
cées (EPEREPIERR) OB THY, JA— - JV—
7" (Cousteau Group) DL H - THEAEFISE L O Hitk
FIEE R B 0 3 5 WP SRR & U C 1953 FRic ks S e,

R PR KIT B 1 5 Ak D A RPN i B
S TOEEREITR-TRD, COHFETOREL
F— 2R B OCEFICERME L T 5, BEFE L, Roger
Brenot KTH 523, Marseille KFHEHDY 2 b—
(Chouteau) #HEBEBEEMZHRE L L THERTERY
BELTCW5, TOM, BVBHEHHE L 2-Tbs
CNEXO =, }EREROMMIFFEANCH 5 IFP, (LEHE,
HicRREAOFEMAZE COMEX K& & bR B% R
HBPHR S TCWD L5 ThHb,

(2) HAK, Cousteau Group €&, CEMA DI
PICHORDLHCEAND 5. Fl2id COF BiHED
HEBHEZTAO>RAAEREBE L TR, LSC LU THA
132KE Los Angeles T D TDHIEZXM Queen Mary
5 o O LR 5180, g IER T O,
BE, TV 7 4 VA QBEFECHFEL TS, EUR B
MNEEE OWEI A B R L S 2R b oD T D H
ORERCHEARET D LHENETOI M A TH
5o TOXS D TRHMAON T THEELTHD 7V
—7THd,

3. CEMAD;EH

CEMA O# - T\ 3 HINNBTFI, EmEiAngKic
RBU B AEBZHER, BKRE, BEBKR OB L,
BHIRAXE/NAT 4, BEFEVAT LARESHFHECE
> TR, SERAZOBERT S L2BETOD

DD TCIRICEE T

(1) CEMA OWEBEOEKRDS DI, 1% 525 Physio
01 &FFA T\ 5 KAETRZFIED 72> D Test Chamber
ThHb, BELEMAT DR EEREY 27—+ TH
Dl EER B, Marseille BOBNICH D, &KW
T CEMA &, 1962 ‘ELIRLEBUN QR {ERE T
%% Precontinent HEO—RZH - T, EHEHLETIC K
O 5HMRECORFEYSAFED D DFET A F&IT
o TRTCND b TH SN, BT - 7cER & LT,
1969 FICHEDILIFERH > TO —BOT A IR BFLHTH
%, TOBE, BELEAN) Y AORAZEEAY, 81K
FE G SK 2 800m) T €7 HR B SHRBRET L WE
BT — 2B TCN0E, 205 bIRREENEBICKIZ
TRE BEAEBCRETHRERLEDOTAFDEEN
TWnW5,

Z® Test Chamber ZRXEOHICRABND L ST,
ABC O 320850 bk-Tinb,

AR, HH 24m A 7Tm® Ok THD, 150 KE
EDTFANRAETES, ZELLTREKD & DB D

%o

MEH 7 A D& 27

A 1y
W= & OHIEN » F 17
BEEFay, 779 b 17

Aoy TV b 177
HAKAB 77U b 2 (17D
ERAEEY —A 4 i (18 EE)

R AAFLEE (RBT A, B, * F VA,
T rvR=T HAZEOEFL)

RE, BE, HOoR%, BRERALOWEZEEHN
itbh %,

BiZ, Wl.46m, £X 2.5m, A 3.86m® OHEF
TAEN » FRU S TERL, KFCEREINTED,
STRIEIET A PHEETH D, BEEHEbh D, DM
FCIRIROEBE IR T b Tind,

PEE 27
Ny T 37
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200 5 & H9¥% 35 (1971); HILEHEFLHE

EFiay 779 b 17

HAEAay 779 b 17

BEER (CO. WEREM
WEE, BE, B, BESTEOTENRAE TS 5130,
BEORHRMEREBEB LI A TERHL TN D,

CRBELEUTEOMET, BNy FHU-TEH
CEREIRTRD, BERE2y, Ny F2r, RERE
©—A1747, HEL A CERE LML TR, Kimi
LT Wet Chamber &92Z &R TE 5,

DI FE® Chamber @i, 4Bl — AL D ERH
BooFbhTsD, FIEND Control Box ICHk:
ENTWD, HIFRECR, BRESTER, FRL AL
EE, BERUTERE, REBIA, X800 ANFE,
Caribration Pump, 12 F % ¥ 307 7 7 RMEEE,
BEASEENREIN, B, #RXTR5 X5k

> Tnd,
%
o
|
T

Z® Test Chamber DN, /N - COHE
ERFICNRE 40 cm, B 1L.7m, AFK 1657 OFfERD
D, 225 [EEDOTFA &I T ENTE D,

COEBRBA Instru 01 EFATHWBIET A A
® Chamber 28 & %, Pt 2.5m, 8Sm® O &AM & &
B, &E 42, HAAE 5,000m OAH TICET 5%
BRCEEROMTL T A bE{TRD S ERTED, O
Chamber &, _F343 & T4 4 TRD, Hu b
Lo THD BN TS, E¥axmy LFBET 57
DICBHORIEFT I V— v R EALTND, Tk
@ Stufing Box 1Cid 200 ALl EOBHEMD b TE
D, M7 Stress Analysis #1775 2 &R T& %,

(2) ik CEMA OWEBO5 bAR&EbOREER
AAEMORTEETH D, Wb, FHAREE M2,
BNERFEN S TRAEEROMBRLETHED LWND

]
- .
it

i

T b 1959 FIc BAI DK SP 350 AEEI
Too THIRROEHZED,
FEREOEBT) 4,500kg
HX 156m, £X 28m, M 2.8m
EHEWEHE: &S 1.43m, B 2m

BiiTERE 900m

=333 350 m

BRfE 3 IFM

R 24 BT

B Eh NI A ML ERTRE
EH N4my b1, BAER L
AE (B 12cm) 2

IR RERE (170°) 377

16 mm BUEREAKE 17
BHEMN~=2 . b— 2 —RHRER
SRk
HeS 360° EEEY + —F—F = v b
P 77 REHE
RER T AR, BRABIGER 1R
FATIRF » 4 v a Vo ARD 3 HAEMER Y V&
— &AL TR D,
BLAEW 562 B DK EITR - Tnd,
Diving Saucer (FEAM#R) SP800 IZIXRD X577t D
Th b,

R 4,040 kg

BWX 1.95m, £X 2.8m, M1 2.85m
HREmZEE 1.8m

TFEEGRE 800 m

RS 1.5 knot

SPIGIERRI  4~5 W

CIRERS 3 K

[ExiT 36 FFRY

BE NITA ML D ERTEE

Qg SP 350 & KKK TdH B B3 HEEDT
HfEt—4—BHDO oIl s TW5b, 3 AZFE
DTHbo
“YEDR? SP 1000 EIFIER S B DI 1L ARED /N
AT, X0 RBOEKMRTH DRELEBKULKRE
WL ¥ A B THREN I i,
RE 2,400 kg
B 1.35m, X 29m, 1IJ 1.93m
MEkNg EX 2m, EE 1.03m
TREBRE 1,000 m
FITIRF » 4 v DIEh, HHARTTHIERL 7 v A
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Fa——RHOHRLERELTH L B BT X
Do
WERAKTEEEERS ANAEAES v—7=
A7 U4 (20 MEZEARE), BEEERRE,
YN =7e ERFEH LTS,
NKE Westinghouse #: @ Deep Star 4000 3 Z @
CEMA TRiBEEINZDTH %,
KFD Diving Saucer Tid SP 3000 TROEH &
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Field 7~ 2 DIRE L Z DI & F IVHERIC LB
HDTH-T, HRBAVDLELTHE EETINLIEL
WTFE— AR TEL LS - TN 5,

i HEHOIE
KBRS W THEESRKDENE 2 v Fa—ud
HZORPERGZDOTHD, THLDOFHHEICHZ T
BAT—vEFARE BHEINRT RIS, KK, #E,
K7L EDREEMN L TA LIRS,

i EEEOE

HED/NE WO TR IC RS W CHKD RAAE 5
BLDHRELEONTWS, BAKIFJZEL LED,

B L &5 vidsde, JiKkBsibA Channel Itk »
TP ENTED, TNLOBEZTE - T3,
iv BB OBE

MNowIE, AL, #REOTHCINTHKICE 57L
B ORI L MBS S, COFEREIL ST
FICHBOINZANTWEEDD—D2THY, HEEHIZE
DELRB NS TENT VD, EXHFHOWDEENC X
LB ORI I N T\ e, oM RO
REHOMEDLED DN TW5, THEHOBEOFHEIC
RBORHEGECEEEHE R L~ =2 LTHWDR
TWWd, THIE7 4 Vv FIRBWTHERIRTNS X
D TH Do

v O Disturbance O fHE & ¥E

WIRICBI LT, ZOMEFRTIR2 SOMEREY S -
Tna, Thbb, —DOREOES & T 0N EE,
HO—2oRWEWFOBBCEROS DTS5, Al
BRPOLBT TOREPHIIEOKRT, BOHRE, #
DFREOHEOWKS, BBEREERORA, BWEOER
78 EDWTC ORI T iebhTn b,

6. LIV
UbroXswispoME, FINOME, 2, PR
DOFETR EWEIIE, X SWERRA SE~DHEK
OWADRER &% Ay — T A% BV THEERE 2 D
OBRHZTEW, HERE AT TERRLED VDA
BELL, BROBEREBWTHRRTIDL 5 ERY
FRIRHRRDEEIR, TOLEDLRBIK - L
B, WRGEWERCOWENR, Bt RIHORM
BTRZDOL S MEROLEMAFERL

8. 4 Y AERFEBIZERT (NPL) ffiEpr o 2

S

R

(ZEETERRSHE WATERD

1. EANE

3 R 23 H Wallingford Ok (Hydraulics Re-
search Station) OFFIcH| &§5 %, Heathron ZEEEDE
{1®H 5 NPL Ship Division %5 Lo

& Division OIFEZR-<BHNC, EizZ F 2 B 3¢ 5
(The National Physical Laboratory—NPL) {C2\C

BICIRR 5,

NPL 4 1900 SEIc v ¥, FH L EBLOBELOD
BEEZGT5C Lk VRSO %L, it
AT 2T L2 BBEELT, SHETRBAHTTET
w3,

A#i% Teddington (Ship Division & [/ U #i K—
Middlesex) <& 9, Ship Division D4 OBWEIZC =
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#-1 The National Physical Laboratory (NPL)
DTSR E Y

Measurement Group
o Metrology Centre
o Division of Quantum Metrology
o Division of Electrical Science
o Division of Optical Metrology
o Division of Radiation Science

Material Group
o Division of Chemical Standards
o Division of Inorganic and Metallic Structure
o Division of Materials Applications

Engineering Sciences Group
o Aerodynamics Division
° }':S_hiDivision[

o NPL Hovercraft Unit

o Division of Computer Science

o Division of Numerical and Applied Mathematics

o Central Computer Unit

Administration

CHDH, F-1 KARTEIICS S —7, 14 #F9h DER

D, #7 1,600 LOEHEETT LT\ 5,

I 4 DR L7z Ship Division 1% NPL 0—#fic
0, REISMKEOHEBZ 2T B4 07 ic B 25
Feltham 1A% # 2 7o, EROREITYEIRE, »
@D KB DA v HEIZEFEPRTNS,

PIF, Ship Division OiEIC>E, RADRE L
WA THRND, RA—fTHERL T DR, Bk
BB R FICHIE L T D5 $& BB % Dr.G.R.G.
Lewison [KTh %,

2. HIRETOFTER

Faggs Road, Feltham, Middlesex (London % 4}
Heathrow EHEOFEIED, NPL X#BDH 5 Ted-
dington O# ) IKtET %,

3. | =

EEOME - BRATICH L, EN¥ LoBE R 52,
IR Ot oW FRYOBBICHE TS 2 L2 AL H
& LT3,

K Division @ 1/3 DHFIREMOFRLFNETHD,
BI9EH % & o TEMLTH Y, 4ElK £100,000 (1
) KBLTCWS, L0 2/30FEIRERTECY S
% O T, Division FROBFREMICH - CHELTE
0, TOMFEMERARL TN B,

/8%, Teddington 12 & %{th® Division OFII121T &

(64 )

o HmOBR HEI3E (1971); HLEREFEAEE

AMEBERTHTH 5,
A Division TRIIIXD 4 2DHBFOHLHEFT/E -
T,

(1) FHETOROTRE & HRERIEETT LS b+
—EARKRE - HERFTICH LT3,

(2) %  ERBEBLEELEDB DD, HoBsHE
B BB AN ZOMBEOM A2 2 LT
T5,

(3) WMok N%EOMEM T OW TEBFBES
WEREZ %, i, KEETEROEBHHER
FEITD,

(4) WML OBEREYS RO DK
DI, BFFEEE, St UEBRRMAELT 5,

Tbk, HHERONELEMSBICHETS XD &

KD TH D,

(1) Resistance and Propulsion of Ships

1, BHEREICERT 5 Lo
» WL OFIFE

N, BT — 2 O, BE, oS ERORR

{LFItd2a e . —2OI5H
(2) Ship Motions

1, Stabilizer OWFE

v, RO REES O

N, IR OBMEME OWFFE

(3) Hydroelasticity and Vibration
1, MEIRE), BEOHIE
y N Fr T 3 4 VOREOIZE
(4) Marine Propulsion Devices
1, HEERRES, BRSSO
(5) High Speed Marine Craft
1, HHEE, K—oN7 77 F OWMAKSZHTE
(6) Ship Designs and Estimates

1, Findlosss
o, RERVURFHCHT 2HREHNZHNT —~ 2 OHY
ERs

N, SRR &SR & O MEBEBE R O TS
(7) Instrumentation—Electronic, Mechanical
1, BHERDDOEMEEORF, BifF
(8) Industrial Hydrodynamics
1, WAEIIZEOMBEO R

4. BIRFOMER
B 160 L CZOWFRIBZIRD ERD
Scientist 20 £
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Experimenter 40 £
Work Shop 80 %
Office Staff 20 &

& O AT B 40 £ D IREI TN 5,

5. REREE

FEBHIIRDO LB TH D, (K-1 2D

(1) HRsIfETH (Ship Model Manufacture)

WRERI A ED AT &, 7o, EREES
BEDEBMTENH 5, REHEY KRR TIHO LS
K RZD bivic,

BRTHRIRESE L, BREBBAT LD LA TE
D, BEa L TFHRBO eI EREEL T, KB
FEIBF LA TAELTND DT L Th %,

RIBTIRBKRE X > (40 F DW) ORI 2 Sl fEd
TH oo ZOMINZE AEW (Administration Experi-
ment Works) CHATAHDEDI & TH -k, HHE
BTG OERBIE ST - T B,

NC OB EIRER 1 5HD, PROKREZ - HD
BRI THCH -k, & OEMIZ W.L. (Water Line)
DOIEIRZUEIT 2D TH B,

TZCHE, TWABAEIEARS, 7y 7 AR (BEZ12m
ORI ZBPE L TWi), BROERV I VE 7 5—all
(BRES 45m) O3ETH %,

(2) #peMRBkE (Manoeuvring Tank)

EX 30m, 18 30m, &S 24m OKX I OMAKMECE
Wich U, FEC Planger B0 S BT E 3 41, AR
WOREDARETH Do BREH 300 mm, Pz 2~10m
DWBRFEETE D,

WEw v BERER (Soner Position) #H L, ZHTH

/

=] |

|

=

-1 NPL Ship Division O #%/fEHiagX

ZBE UMY BB TEA LI - Tn b,
ROBMOIBE X DT, 4 F « v XV OMRE
WRERE D, 1F % a3 7 a7 EEENE, 1
Fx v R VG BRIBORIE, D2 F AV FEHEIA
AL, FERRBN TERECEDND, X
LOHIATTHETEDLLI /LS TWD,

UHR oY FFROEE L=4m) OBRLRRET
5o Tk,

(3) Mffiki (Towing Tank)

NPL Itk % 320 Towing Tank ®HN, Z I Fel-
tham 1% % No. 3 Tank IZ&EH « ERKDTFAMEZ 7
Thb, A& 7131952 FIC Feltham &R T 5 &
DEED, 1959FIER LD DTH 5,

TEARRKRDOEED TH D,

AIEOKREX: EX 39 m (1,300 ft)
= 14.6 m (48ft)
EX 76m (25ft)

B M, +3I A, 300psxd HOE
B CERE
P . 7 Plunger %!
BRER 122m

BA¥EE 610 mm (ABEKEE)
B/NEE 1.52m
SUNEE 152 mm

.Jrl{

T

T
1

N
-2 No. 2 Cavitation Tunnel DIES

(65)
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AEMAOREEERKEHERE CEBABETE TS
D, ¥ 20m 48 Actuator ZZERMT S TW5B,

B HEOHBERR 3R CATEIME, MET L~
F, BRICHEATY V7 X 2 REEBLEAT b
TWW%,

YHIX, "—N7 77 rOERPEISEMT A
REBELTHD, BA—TdAFHCERILTEDL
= DEBIRILE RF Ui,

(4) ZEiRBRKIE (Cavitation Tunnel)

No. 1, No. 2 @ 2 D@ Cavitation Tunnel 3% %,
No. 1 Tunnel 1% Lithgow Tunnel & L THLI 1 HH
HINEIDBEDTH Do

No. 2 Tunnel R & {AIBNTNWBERKHOHBRERE T
0, TOEELRBIZKRO LB TH LY K-2 I
NS

Test Section
Max. Velocity

1.2m¢ (441in)
16 m/sec (50 feet/sec)
Max. Pressure 6 kg/cm?
Model Screw Dia. 305 mm¢~610 mm¢
Head 55m (180 ft)

LBHIBRER OB FObOFH L WT 174 7
T#%5 JET FLAT RUDDER (Rudder ®WIBL D ¥
oy PRELMIBHEOFEE L T5) OERERL
1785 T,

(5) @AM (Circulating Water Channel)

AT - ERRIC6 FEDRKA L 6 HHER L, 19674FICE
Rllcd —a oy NEROEWHAECH S, AKEDLEL
I/ NEI DK (Test Section 0.5m LD B D) 23560,
CNTHADORREITRV, ZOMFHRCD &FWTKRE

DFii A= A W
EEAR
F5X, ; ZKEE A ERE
Test Section & ; 3.66m (12ft)
B ; 4.04m (13ft 3in)
EX ; 17.68m (58ft)
K ; 3.05m/sec at 27 m®/sec

(2,300HP ©0®— 2 TH >
THRED
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Test Section DERIZMETETCE3L 510k T
BY, KERRBALTH S, Ml - EECBEUNERS 0 R
BRAEOERIZKETFLEN A S TE=Z—TEBL 51T
o TWn5,

Y HREERPORBRIZ A 5 s, BRADEDIC
AAKIEREEL, KORhOEREL T LEeTHETin
7o

6. ZDfth

Ship Division TOERT — %, BRHERTDZDD 1
7y bF— 213 Teddington @ NPL A#Bich 5 KHE
AV 2~ FREXRIN, BITEERTY b T YRR
N3 LIk T B,

O EAIERLBIOBFRT L FLEF L LT &b H
535, MHEBTHEBEOFAN, BHESERCT
ELEWTWBEUNR L,

6. LIV

REZRSID, iNOEHEREIREEINNWEDZ
LT, WA TRBHERCETIEbN, THRIZFER
EM»bORAMELSTEHL TWEDOTIN DDA
OMBERBOFKN D OB TH - .

W2 REE b sAFOREEK L, Y% Lewison
KEORE D ZZIE LI,
RA—TOMCIREFICERD & 2EHBICHED - T
BEREDT, NAOEMIT OWTHMBET A LIRITSE
o e, WHEBEO—SETHIERTY RET
RELZCOIDCBRHEBINTHRNWL S TH D)
BZROMEO—MA DI ERNTEEERTH - o
Sk, WEFERIRICBIE T A% L O MBI B
L, & & Ship Division Ti/t- TWiHFE, ERE
H, R ESEEH UCARE R s &
MNTEDEES,

ks, FHREFTHEDbRLTWS LS RfiENFD
SBCRFEATED, BNORBREREZCOWTH+
SHEBAINDT, HFRO BN D& DL &M
AETHHD, TOLRFHEEERD LAAKEN
o
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9. 22—y OB
Nk FOE + B

CRIKRBR R R AL BARIT S

I SEORLVF—TOLEBORSIEFEDO 1 DL T
i, RUDCHEEGBOMERSBEOBEL LTS T
—wONB 1 T—~< NEEFOTEWRRE & LTE
D EFBN, RERECEMLIZZ EBFTFbND,
AR HEEEBI RS S  MIMA BR B3 D AE TR~ & K
ERDICHEBRLUFELWERLEEZ Db,

A FEE, BROS-TEIZ, oy Ty all vy
WO g o= U -k, =N,
o—x ik

B MEMENED LFbAETEE LR, HAKE
Bomk (T K& 330T, Hic EEC 0ftk%
thd, BEFEEOFEYTTO WL EREIRNT
REBEERABE > TWANDTH b,

"5 E 1,200 & Fv
i O it SR 11.3%

0 ok 17.0%
ZDfER

1. EBEHEZOBHRE

2. AFARRLIERICKT 2HEMOEY

3. wlh#mk (avid, 2vh—, BEYEERD,
W=U 54y, =72 =) ROBEEER GEdtERg
DER, VI v sEx—=3F, FTF v sOKREYL) D
FICHRLT, £0HEATHA2BBRAZCEWTILD
BENTN5,

4. T, B8, a%¥, aviHk, a—FF—
v, BREEHOEL, M 754 VEREMEREOK
BrsnwizE kL Tna,

5. aviEd— bEOMHK L - T LREDO—&
{Bic X 5 AN IE DB %5k 2 F L WEROENE
LIt 57,

6. WUITHOMEE, 2 EF— b, Bk SEEE
B D3t o

7. EEMROBERL, FRlcES BRRE, ER
OBRBER X REH iatE ORISR S 2o

I #HHEOHEIR
BR4EE OB LELZTO AR X T BARD L PR

(REERBARAD

(X2 C

fa XN — &
CHRJ I B R A )

ICA#ET 5 100t LI Ofafad 43 458 T 277 T &, 104
Mic 3.2 5 GEFE, B8, MFRWO 3 g i3 4.1
&) Wz, 10,000t DL 7.2 % (3 TIZ 7.4 £
LTIELCVWHZF T, BIoHEAECOWTELE S
VA= BREECRNRDIEECLHA 70 E0EE L
TW2IRETH S, FITHIAEMOME_ EHREI KB M
U, WEOKRGEREERIZ, 434EIII33ED 8 EIcd it »
Tnbo £DF, BMBRKELL CGEBSMENETL,
DN KBGO RSN T OB HEFK O BRI L TV 5,
O eHBIHIT 21id, B0 ENZRE L2
DIELALD L XS LTI THDE, EBZ, <
DESLBRERTE, BRB200BRBEL NS LS
RIS E DR VH LWRERE T 5,

Il OYFILY LBOHRBHE

1. By TAMEAGTRTORCbE->TAT VE2D
HYUTHY, TTCRA T X ADKHE, Bk, EL%
HETRTRERLEIRTWS, Lndt s v FRELR
Mg —a vy ORET, I—ny KEOAD O 40
%, 14%5,000 FA 2554 IEOERLE LT HE
600km (HH, KREOERCHEY) OBNIKCHD, 7
AVNBREa—o v OKBEOBRBRTH D, COTA
N2 B ERIC A 5 Y FRB Y, 0 » FIVE 4,
TUrI—=7, TAATNELERERE, F—0y8K
BEDWE LIED 31 % HEHR o Tndbe By TIE A
fRa—aR—F, A rs0arvedr—+t, ay 7
ZrE, THIDL-Tn5,

2. Ty TN LR

2 R R VA Y EHOBEICE » TRIERNIC
BEI N, BRaHcERERL, HECTH=2—3
— 7R LOWTHAE 1 ofks LTI ROEERDE
ERNER LD TN D, 1961 £l A U 72 541 8 12
25,000 %, WHIRIZ 25 BEEZ, REKGOAA, K
PR 9,000 FticRATWS, TORAKERE
HFeHEB & LT
V) 22—2, =4, T—EL, Zoh—, 74
Wn & OFAN OEF{LATRL, PIEKENDEEH
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LLTCOay TAELAOHNBIEABE 70T &0
2) F—uay WS ATHORIETLIMEL TS

T, '

8) BENREL, HWHHORKL KL, B bak#

Bl bR CTER -2 &0
(@) FREFL ULNEEADEMSKE 7T &
(65) HEORMERBHERLTNEZ &,

(6) 85,000t#fk % # —DABIC ik ERD BT L,
LZTHD, ny FUXLER, vy FALLLATHOR—
A=V N TF L > TEHREEIN TS,

1930FEROBF R, 1 v TUL LZHRE T D
MIFEANEES L, Kz BEd s o 22 Fhdn
v TIWVELDTHMEE L, TOMWIR L 7T —KFA
TR LR Ui, FRKEESN 1,500 Tty
NVAHEZRCDHLVT v I A, Ty EORMmATHEH
L, &R8leeN34ER 2,500 1 t cDiED, HEs —a
v ¥ 1 OBBEETE > T B,

Oy FL LB, FERCSI0EOMINEIEHI RS
TENTED, 9 5 t#hF v —ROTBR A 240 T
TUTHMT D& CTED, HESIZARRES 25,000 m
CKZE 6~15m), PIBERTEE 18,000m (KZE 4m) TH
o FLTALED /L —Y, 0ROH Y P =1L —
VML LTS, FRBEN—-ABIRITE D, 3D
IR 425,000t D% F v 7, FERER 657 m?, %
&P 1007 m?, BELLE 18,600 m? Bl#180%, o
VT F—4— I FNEFH19, 2 v T F —FAE X 500 m?
0D B, 1956FEICIRMATHRBIENL —F—%1 1y
FUAT AMER Ui, TORDEBORFTERELH
FIRTRE L 78 o Ve To RBHIEEKEL 6~16m T, Tif
1 1.7~1.8 Th b, BOOABERERRTFENE
GRIELEIRROLBY ThH b,

HOABRER ABRR VB BRWEYRE

BA7 100 F
1960 24,344 56, 912 83, 405
1961 24,553 58, 532 90, 141
1962 25,636 63, 746 96,632
1963 26,351 67,043 103, 000C R A%

Oy TE AEOEREE DML HIRERD B,

a) IR CEARZPREFOBET Cllme ULTHD
CAREFIRTNTr y FAVX AT TEBLEELT
W5,

b)  HOMRRELRRBIF1ERT 528, R THE
CKZEH, RS e » TV AT TTR - T,

o) HEOBEHIIALHFER (Department of Public

Works) 23770 - CTW5, AFBERIX, BELSO
HEE, BREEOEED LR TR ->TWVW5h,

d) ST EIZER 6,000 7 ~8,000 FHLE—T, o
v FIE LT D4 FE 45,000 /7 ~50,000 FF L4 —
D 13~16 % & EHDTW5B, T 5IRTIZ, Bl
EDLEDT, WEDT AR, MERITFTLTHOM
B3 2 —#E D R L CEEZRAICE - TEnl
> TW5,

BeoA X
(A Fnz—: 100 {)

FEGUEE 3,005 4R F 1,700 57

A B B 4008 ~»  EMAEH 1,200/ ~
THIERR 1,10007 ~  EEHERRE 1,50007 ~
N U= A = B 800/
= O fh % @ f{h

e) WIEEEHEL M, FRE, KH, 7L—r (&40
40 %), A, EEgE, BAEEREYIEL T2,
JL—=rD 425 DN 40 % T v FE AHRFTE
LTCW3OREAZRBE D TEH %,

£ AAZREREE S B AR, AnRmEE
%, LROREGEOEBLTL->T\n5,

g HHIR2BERT L~y 2 — B DLERM 9,000 Fv
F—~TREL, HEANEIFEEEL GRET ST
LTl > TWnWh, ChIREBABRATE L WDDE
25 TH 5,

h)  TITETE MR O B LR B I B B R B
PMHEHRSDL 5L SDTERL THEL TV 5,
EMAEcH L THRABETS %0

D AERITCHUTRBEERS S, LnLREEL TR
RGO EREIN TN 5,

D KENEZ - FARBINCEIET 5, HicHT 5
HHRICH L TR ESL TRIERZ IR EHEIHEBI N
%,

k) Fuv7 g vEECHLUTRESEERE Y& - T3,

D EYaEor—ME -~ 0%, $8 5%, +35
v 7, 5% Lo TnWB, X, Wv—LHT, A4 AH
FANDEGRENDT, FHES S E N,

m) 34 VHIEEFLY, A4 A, VIvUTLTRESL
EA4EELTWBLR, 186MFEDERHIC L - T Ok
BHEHMITTE S XS -, HZEAHIOEB
B R LindhiE, FTRicMET 545 v A0
TOERRT LT LD, HE- THRIBOEEM
NEBHIESRAELEZ DL TW5,
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3. my T ABOBEEEEY ORI
a) BERZRFORT Y v 7 AELEIRAKE 10.8m,
EEEE 3km T, —MHREEEY, 1/x—AKD
OFHEYE & U TIRER 800t/m #FX TV 5.
b) U—A#E 1S (Waal Haven Pier) o= 7'm
VBRI LEOER, 7 e ElkM 30m, Bl 25
m, FEOEIH 20m, Bl 35m THV, LER
1B CTAE AR CERYEE 50m B 1EOD
HATHRL TnD, FET —DRERERMERS
BEADHNOERC Y - TED LTV,
HHEFE OBELY AL EE T 58 ADHENEHRL
RO WTRR, ReRLIBEREEINEAR, &
W 14EMT 1 B4 o AR 1.90~2.25 Fux—/
1m? THd, N—AQHEMAEGEL) Wik 2HERTE
ORI E LTiEa y FAX LBRERIIND D, £
OWRBOC B ILER 2B 5, TR X ZHBRTE
B IED b DR R ER T bh, HhdORED
FAGEIEN, £ CRAEIMEL T\Wb, (Fi:FEEX
B2 H—2 ) —=v 7KL -T), HMIELBE
BIIEMEEAL R S - TEEESHREIN TN 5,
VINBESEFBREAEY L, EEEEFR -
R—MeBO2mBILEEYBRTTH S, a7+ 8
BERBER SR TN AL, Fkidnolmed 5, #
EEMEE, TROTREAICH L TERCRAD L5
HEHLTWD,
IV a—0O4— M@
0w FUE ADFRMTEIC—DODERY 52 OB,
AL ZXEFHOBEIC L - Th b3 N F i —DRE
bTh B, Lichio THRDEMRRZTOKEELZED DT
LIEBDDL LA T £TTH y TAX LRZF LWL
P DRI T OTEREZ R T 2 &I - 7,
HAOTHE B EILIGRERL 7.5% OHATHE L &
VWhR T, AMEMTED A TEEL TR
RER SN Itk be LLRAED B » TVE LY
RAEDSEL DY, Al EOBEEETH L HHLF
T%, ARIFITEREOLD, filc—RKEBOFERS
DEL I St TR NbWS Ta—of— ] OFE
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T, Oy TR LAHRA P L 7T DEEERETEO
RTR%EY DT v 777 kT v FOREe—E TV
TOREMICE 5> —DOBEERHEEIT b L, TO
SHENE 1957 4E118 28 Hu » 7V & ATEERICE N T
LA BTSN, 195846 AIIHET Shic, 1960
FEZHKID—nR— MEBEHDKERAL, 12HK
A 2 —FrDEAvH—Rr—anR—tABEISHE
LTEE 210m OEFHN—AIA - o,
oKk —af— FOBRRICRBIEY 7 EFV
A—BRED BRTED, BRIZITERDEK L TE
INTWBH, BEFOHK 50% RNET L, BREINKE
THERHIE Y L, FVTFy JA, Ty VY EOHME
HOEHBRBCHRT bR TNWDE, FREO 22— H—
FdbdEcER L, %K 15m © 10 F~13 THEEtD
40 H —EHRICAEETE B 400~ 7 2 —L O, 220
~7 2=V OEEMTERM, 51,650~ 7 2 —LdDE
KA nb, (R bL 7HIRKIZ 830 ~ 7 # — V) RE
A H— X DMAIRDERIZ S 774 vick D,
Ry, = aED TN, T/, ANVT v IA
LOBHFTICE bR TREE S ek, 1960FIC5ER L
S v e T4 EBLTN YOTEEVZ—F
v FICHREIND T LI DD, SO T T4 D
HEEE T M NIAERT 850 HtTH e, RV TAT —¥
2 VORI LD 2,000 5t FTOREHOMENRAE
nTnd, 2—af— QT EAHIZEZERIE M 25
B, 1~ 2—NYDERER 9,000 ¥ L2 —THEEIN
205, RATTIC 400 ~ 7 F —VHBZPELHTHD, &
DHETEEBREITHTH D, 1960 ¥ T AALERE
BT A TH, 19614EICiRA 2 Y T Oy T H F— =48
RY FavrlL ryTHOBERCETL, 1 ¥ ) 20%EIL
L HIBTRRY 10 EF X2 — 4% 10 4EMic—K At
HTHEPERTIHELRERL TV, XA T VLB
%, COHECHm—ETY, TRESHOARE, M
AR ORI A EEATH D, ThbnT
RTCERLAD2—n— PRI —v o oXBAR LR
%o
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10. =2 —u «w S TR BEBREGS DN T

AR

HOOR

(BRI TERR2)

1. [dUL®IT

MEBROEZEN S B2 DN HRIFEROIEE, W
PEAR— ADFASEREFTHCHEL UL, TTHEED
WA S i Binn, -

NEETOS DY LFTE, Thbbi 4 —, Ho#
7, BEHORE, BMEEOERESCRHNERER L
BERLA"NBHELEDTHDLER e

X BICEEORMOET DIe FEEEROBH, €
X AT, S HSHRNEZERNO—RLLTO
B XD TEEL O TH D,

CRBEBEER W TIR—BICT L A — 2 3E, 1
HATEE > DM ARICE » THID THRAC BN ET
Ry A

VEREEI S AT A LM F ORI AT AL ORETS
BN, U~ EhpboT —2OEE, I bick
BOWHETORBHECIHLE L %o

RonbEEOBEICH T HMARLERE TS S,

T ORI ELA bR AR D TH HH, TSR
BR—HLARTRWEE S,

7T E, EEE ST oW TR RS 2 O TEIE LT

8, BUFFEORAL DWW TRIFMOBEGE, S HE
L, 2y¥—& 74 BEL THRS,

2. BoH—

(1) GEOMECHANIQUE #Lix /1 FuZ 53
Mz RHL TV,

ORI EE SN 3He ¥ TFD, BERTY
V7 UTREEE D,

Tl Ay FEANWT STREAMER % H{ L TW
By CRRHEAA Fu7 gyl A v PR 30~1008
HAALKESDT, BEPOED &M CRELRET %o
S Blmm DORDOMET a —TRA->TWAH DT
TOWING NOISE #3475 < 75T\ 5,

(2) THOMSON CSF #hid<~—# &4 =%
EEYIEL Q. =— D I3RIRAEEK 38 KHz & 25
Kz 23560, At ey g, KF5
AR 190 Bt bie DIRIE—RTH Do HER 200 mm
ETT, EmMR1ITALE TV,

ZEIZES 3900mm & 50 mm OFERT, —#ic 2
SNV, MBI 2 0Dy —MBd b, kLYY~
FELEERA-TWAE L &S V7RI L, fkd-
TWbEE, FOHADT v ITHREMT2C eI T
HiHEnTE D, HAERE 700m FTTH D,

BAN—FAR—~ BTN ~FRT 7T 4 T &ty ¥ 7
Pz B, F¥ica vt ARG Y, MECEZES
RHYUHERTH B,

TIF 4 T0EE, B UERMCET S AN
BEREEW, 50~90KHz #HL, RERORENTL
RfEWE DE— b 250Hz~2,500Hz % L v~ N TH
&, FEEOHEET B, Haky —F OiA% 9 KL R
ALTHA "—BABDREEEZ L EOAEEFEDOV
~THIET B,

YERklE 2~22m, 20~90m, 60~200m O3 LY
T TAWS,

Ry v TOEE, VT4, =—HHEOFHEFERCLY
MEARGD DL, 71 38:2KHz OFFHL TNV D,
PEEE 1,200 m, 7ES 100m WCHATE 5, BfERH
% 25H TH Do

(3) SEP #

TONGA 2, 3

R KEMA O SST.D, £v%—T 0~50m
0~300m TRV, (SREBEEEICL D)

M (SF 2 —4) 13 CNEXO X hNFAh~—
7 Tk A FR DB INEDDOTH b

(4) TFP #:

FLEXICHOC

ZHUBIRR v ARIRB T, EREROIITETI
B 2 O 2 o KEREORBICEH 7T v 7
NEMRLMOEAEET D, LORNBOELNBES
nBH, WCHBOBEH 21 VMCERYRLTI T V7%
BT s, KER LD 2HORRBABMCERINEDT
WA HIC IR L ADTER DD, S AR—FEL
T 2 AR TH B o CEEFEEREHLLTT
IRTWB, BEEARS T AlZKE 10Hz~60Hz
O 30Hz i LTHEHEL T b,

(70
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SIDE LOOKING SONAR

Z i GEOMECHANIQUE #2388tk LT\ B £
ECHMLASSHEAOESZRET 2 Rk T
%o

LY 1,500m, 750m, 375m THEKAH N—EE
100EH <4 v/l AC—F10/ v b, $5HEA2KE—10
~30F, 1.5F—208, FEW3 3KHz 2KHz

74v¥af 4.3m, 3.5m

v B 50x90 (#M), 50cm
»  EE 1,000kg, 450kg

ZEE  2,000m -

(5) TELEMAC

oM REEYRY BEE UkcERt, RES, BH
i, EHEETH D,

FRIBRBROFBREAWEEAFTAROEIC Y » TE
DRRICEEI ST B,

FLA—ZRBEALA I =HLa L — 2 IZET
Ho v AL DERET D,

ZOFRRBTTIREIEN 7 5 v ATERINCHD
ThB,

(6) PLESSEY ELECTRONICS

FHFHIRZ WS L R L OM L ENHE L AR
AT AREROEE T 2BEERTH 5,

ABRIZ25/ v P THWTIHHERELRVWE NI,

RUFNCRERAR LWL T — TR0 5 5,

TaRT OEBECEERS bILD, TOMZHEE (&
AarxX7Y vy DOied 0.10ft/sec HDEET S,

W) — FAAL » FOBE L AR L 5T,

TSI 2 v A8 BRE T/ 7 v 7 Lk
WEHEMIE L, T0L&OEFED DHTRDHICTT -
T3,

FLHRRIZB0EM 1/4 7 — 7'ic 55,000 7 — Z L8k T &
5o BHMAFETH D0MUD & >y — %10 THELI0S
TEAFEBETRLHRTE D, XM IT VAF 2 — 20
TFLA—42rl, €22 —-NRBEENNI &L &F
TORAVDEZLETE b,

= ARATF VL AZFANT WS,

EW/RET — 2B S AT AREEE 600m ¥ TOHE
R T HERT~ 4% XY La—FrFERL, X
FAVINCEBRTES, FERARBKELELTHE
BN D, WEAEEREE LEEOBRYRAIET S
HDT40m EFTO7 a7 74 0% OPLUAAINS,

B TNV — TIA - Tt — I AZRAT — VD
NI TIREL BDEIN D, ROMERIIE 2

= 217

DAT —NVELNEBRBEFICA - T D, BREHL &
O ¥ —R@ENrND, FHETV—TDRKCED
BHNTNTT v F x = D—ERETLERLETTA
O CEIBEHERBAr —VTHBN 5, 460m 2T X
b E@EEICIEATLE S,

FAIVHTEVH—REE 1,300 % 300 mm ONET
SMAlC ¢ =2 D 2= DY YR F T ALy 25T
WTW5b, 10KHz/ms Ov A% 1 HREBTHLTHY
5, Frid 40H THKERE 6,000m FTHERATES,

(7) AEROWATT #:

AR

SMEHBEO 7V — 7O T E RO R EE S
T3,

AEORMAML T CHIENTNWSOT, AR 0.5
~56m/s ¥ TR VEEN—ETHD, BIcize—
A v baMEE, ThE2QEFICST CH v T 4 T
Y- X DEMNER D BEERE T 5,

(8) BERGEN NAUTICK

OB T EN R, BMMEE 2 F - T
%o

Aoty Vr T4 ¥R L ARXFICHENLIHERI
5H5DTH 5,

o RE L FE, RKE, RErEIKTET53
DT, FRRES VA, BX, FAREF VY a A —
2L 5 TW05,

FHORERIZ~N— Tk - T b,

(9) NUS #CB)

QR Y-k, BE, RE, BEE, BAFR
FATETAEET o7 FRCHE—-I T B,

Xt v — RN AR T v F e v ih—0%
v M= VR TEDIRRI IR TS, TYVINLT—4n
HIZEY 2 —MEINTN B, [BEWICKEF v F
NIVvF 4 vad—l TAF=Y I hors) |F94
WAFxF T2 )T 49— [D-AavN—2&]

B XY va—&, BRr—7, K7 -7, F«
— bl a—FERMEEIND,

A4 Fa 7t v, Deep sea hydrophone & 1,000 m
T CHEAC I DEEARETH 5,

YT S, BE, /4 X7 40E, KREBREEZARK
LTW5,

High reliability deep sea hydrophone I3 $4EM % E
< 10,000 psi ¥ CHEAZEALEZZ T 72 Lead Metanio-
bate piezo element Z AT\ 5, i 5~1KHz %
BdH Do

(71)
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(10) BISSETT BERMAN (k)

STD. 7u774 ) 7257t Lok,

WARA V2757 1 T— Tk A EEFRCRERE
FIDMIEE BEIFICIT - TWh b,

BERKIZEIEF v+ — PR AWTWEDOTA v I RNRET
b5,

Fao— MIENC I BEEMCEY FS514 T8N %,
SRBERLENBEI D, BERTIFF oy —%
Antni,

A 2,000m EEETT L ILEENL FIRER
BHEEE AN TS,

BRI EE 8 BB ET %,

(11) HEXF L A —288

1. WHITE FISH AUTHORITY Bi%, KELVIN
HUGHES #4fE,

bo—n e oM, HEAD LINE HIGHT, %X,
A, BERESONREZFWCL LT LA —2THEDD
DTH%o

HAMERE LT BOTTOM TRAWLING Tk 2
DXRENL FOFBHAZER 1,650m (900 £ o) EX
550m (300 tm) LIEDEZABBLEN D T & TH
5o FECEEMEL, BT —HBOHN D 55 KHz D¢
NAE~Ny FI4 ORI BB n %S, H
TEELLSVAR P — VTS EEDERY F + —
Py ATV IR T B, BHOFREMBEILLI0R T
b5,

~y N34 vE% 200KHz CHIEL, BERY—3
AZZ B, 4HE CTERHEZ 5,

3. T4

(1) LCT (LAVOURATOIRE CENTRAL de
TELECOMMUNICATIONS)

COTARBMNRT, ZERST T AT » 4 N —RHER
T, EX 10m, & 30ecm OIKBIKRT, 100kg T, 2 A
THHEICR I L3 TE %, ¥ T T, HEHE,
RE, RTETRDIRINS,

ARBEUHREREOTHD 74 2 —~7"T 5~10m 2D
TFbhb, £ 1.7m 4 70cm, HX 300kg O
HITAT p A N—BC, FEM, FBRETFEREE -
TWnb, EHCIEKKRAB /T E, 2o LMK, » 7
TryFFAImBIHTWE, BiRigEohRIDAU L
KEED 3B D, TOLBh bBERBH TS, FED
LFERESEEEBLYHL Ch D, BHEIIA, KFE, KR, &
B, KB, B, BE, N Fue 7 s vFERAL, &
BT 4o srXis e Vs Tllich. ¥ THET, Wih

(72)

POy Y —%igET b, BEILZEERE 100km £ C
i* V.H.F., 30~35MHz i\, 1HS8EFEHLTE
TREETCEIEMER > T b, BERTHLERT
bbb, EFME 300~400km Tk 4 MHz T 200Hz #
BOBEY AV, RERABRINCLD IRBI Lk
D, 9T RHEENTED, HITEK Swatt (775
Wi <tk s,

(2) CNEXO, LABORATORY BUOY. CEMA
BUQY 01.

CNEXO ¥ Eifse, Efllz s Loar5 4 v 2T
ERRTE DRIC ' F 2 MErE e & RIE CHE Lz BT
FEOEBROARMEZIE L, 207 v Y27 P2
COMEXO X v 1962 F@ZDd b, TDITKT )
74 G HIFRHET 1964 - HLEAIN TN B,

741 FROUDE POLE TYPE Tk 260 b2,
2K 65m, ¥HWZK 50m, HFKF2—7& 3m, ¥
B 1.7m, N AMAFE25m®, EE 115+, B
Y4 I 2lsec, u—i, ¥y FH A I8 15sec
BHIZ 2,200~2,500m ET2 5Tl -Tn5b, 4N
OMZEEE 2 NOFMEN 1 Y AL LBETES5200
Bl OEETHD, 40T ~— 2 TR
- TWb, 1964 H~1968 4 ¥ THIFEAIC, 1968 4Eh D
® La Ciotot DI I 17223, 1969~1970 FE DRI
EXBETHEIRTLE X

JERwERT 74 GRED

BRIE T 1 TERALEB T Y ARETTbH 5,
12 FROUDE POLE TYPE, #t/K 1,300 b >, BpfE+
A4 7 4lsec, m—Jv, Yy FEAH 27 sec TEEIIA
U THT 5, Bk 2IRMERCDN, BRIZE
X 2,500m T3 HTHES,

HEWFEAT — > 2 v GRED

BREEE 2m $TOLKRLHER F 0~100m O
IO L7 — 48T LA~ 2% TR 2ORENTH
%, JEid FROUDE POLE TYPE T#ik 24 b, &
R 25m, fEG600ke, ¥B¥iZ 2m® OFBIOTM T A
3, HMEOPNRTHIE>TnB, HE3,000m D
LEKELTOBERZ, A2 /v FTHR4/ v PO
L& 300m DN ThHD, BHRE 15sec m— L EH
10sec TH b,

HEEE 1 GRED

BOREEROEH AT — > 5 v &R, BHCRET
LT itk b,

BEREXFIC BB L TE<,

R 400kg, TARERIEIANIZ1IERKDORT
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BET 5, BEZA, BROBLSLVTOBRE, La—
&, FlLA—4%, BR, 8L, ¥—a2r, V—4T,
WNT Y 2~ ML BREREZ DN TN S,

(3) SYSNA #:

SEA DATA GATHERING SYSTEM

DT 4REENCHEIN, BEBlERE LT
KEOBE R BRET %, EEOBHIZELELICE
Wi & v ¥, DATA WELL 2= }# CARDAN
SUSPENSION 1ok 0 7 4 OBEEENCEE S h, ks
vEVTINTEMEEFOB IR 2ERMAT AT LT X
- Tl - T b, .

T GEE) I 1~1.25sec $5E 30%

1.25~1.65 sec ”
1.66~33.3 sec ”

iz AEROWATT DAZT (v /T 2 EA— 2%
A ME (% 1.0m) K3 Th 5,

JAHE 2~56 m/sec ¥FE 2%

SERAN —~ =Y, KRBEX T 5FFIN—~T%
FAWnTn3, K2 N5 A NN S5 FF 70— THE
BLTH %o

TADOBRFEEESKEL, NFAMEDE T
ThTWb, TODEE, BHORENETH D,

BERENL, EOS5RVDLrHExBD, X%
HOET, BACREL WIRERD b, T7/abb/NT
Ab, Yrw IAVBRETHIMRETTLILAET, &
ATV T 2 v ATHREIN TS, HE 3m, K
14m, KXELE 9m, #K 3.2+, n—Y v /R 4
sec, FTFEAM 1.6sec, BER 74 DNF A FOWHEH 2
FRC, BB TF Ly — ADEITHMER o — 7
NTHBOTETEAMAEZ B 23k, HEERL T
Ry — 7 VBEECT S bR TR B 2 & Dtk
CF 2~ EHANTND, THEL s —L LT, XEE
DELTHEL,

BRI 4 D0 EMEL K& 2L T LIC 2,200 AH at 1A
BA o TW5h, BEIZ 1Llvolt TATZLFIE 116 KW
H Ths, HEEIE SSBAOW TARMI Lic 24 4
flic 1,500 ¥ » £ — Y OREETI LHEMI8 AL
Bo REEWHIZ 1,000km DEREA# % T 2~30 MHz
T ERARBEBHTHRTT D, Bl 50km FTRLH V
HF 25, 7L 4 — 2 FRIBFHC B ORI EICE R 72
JedIt T Fu s FREBREL T,

MESIC T — 2% B0 5 L ERZEMCT « V2t
BB, BRRTF—7%% Mz 5,

THFOSDF 4 aNE 34 T, VT4 )T 500

(73)

~2,500'Hz % 420+120 (n+1) Hz &40 CTIRMEHA
PRWTNS, i3 7T0Hz, L AKX YA 0.5sec, ¥
BEl1% Ths, BEROB/NERERT Fos/La—4
TFEAL—~F, ALy ITHTHD,

F—AERIR 4, 6, XiF12KBEIs0RL 7 M HL
TEL. 741 DORFHIE 1EBTERENR 1 HUNTH D0
b, 742y +7—/%llir SICRK 71 OBHILHE
—BEEEL, REHMEY 1T TS LTEITRRE
W T RAREORRICF ) T LY s VEFEKST
%,

(4) ABC #

COLRKREERTAEH, T4 v AT s&d, 7
AR, 759 b7 x—4, BUUER, F—2REY
AT LAERICHIOBERS S WS 27/ H L Tn
b

(5) ELECTRONIQUE APPLIQUEE #:

IMPACT POINT FIXED BUOY & SURFACE
BUOY: SELF CONTEINED OCEANOGRAPHIC
STATION Q28D 74 % BINCERL Tk, O
HRINCGHIRROS CHET L A —ERTAHKL
T, THIRCNEXO [T ACB & ELA 23f17x
S TWA30ThHE T4 ¢, MASZEHAL, EEH 74
CHEBF LA~ 2 TlRETD, B 74 RBOMMKRE
AT T, 2 TDF— 2% PDMEFHDOT + V&V
8L LT 30MHz OERCHEERNEET AR
> TWb,

EBFLA—2 T La<wr FE LT 245KHz, 70
ms [HED 30ms MO2 5DV ATHD, FHHlIE 33
KHz T-¥VAM 60ms % 10!, 15ms % [1} ORI
FiRE AN TN D,

CHC MR
BEAANLEETH 25085 EATRAWVE
Sl MEFFIT2H LW ORI - K,
TARFCONTIRBRO SO EI - 7o FHPLR
o7 ts, AMMBRCHEREINALT S v b7 4 — o208
EEDDN, TORBYEUT A Kke LTHEERT DL
ERbBRICEZ BND, FICIFP Oy 23 811
kBB HDTH -7,
V—PIEACOWTERERZ D E LD H IR nN
VA P el

M DBIFRN BHOFMICRRSE ZERTERh ok
DRESTH 5,
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11. P52 — w9 isB i 3 KEYORBEE

¥R

2]

=R

&E R X E X FH

BERBORLACEEOHREDRTICL o ¢, KEH
OWBBBRIEER 2 OE#AELIRATHAA, HEL
M LiiEs, 3~u po0da—a .y X ) OREE L
HETWD, BARTIREAE, SO RESYnR
b, FEEEoERLAMEhTnD, &<k, K
EEOME FORNREL, THBRKEDHBEREDOLDE
NHBEFDC EREEETR - T b, ErWHETR
ok, SEROMERTLELT, F—ny/SLAA
O BEELHE LD, BROZHWOMBES LT LA
LTHE S,

FFEAONEDRBBBEIZIRO 6 DOREZEL D
BRI TH D, EEERRAETHY, MTIKEIH
ZBARTBERBIIERIND R BN, EBLN
FHRERM TR TRROBROBETETH D,
® om0 MR H
ii%ﬂﬁkﬂ@%AH@X%WEAﬂ$%AH%%%

MLE

HEZLLOEBEDTFICEIETOOOBE L Z S
B, FOROZ ECFRERDL DT, KRO/NTMmE
WAEEZEFRED 2~3 Bk TLES,

a—u .y CRER LY, BER AR - TRK
BN, ROEBORKOREBETDH D,
® kB H

He R - (R A« i EAINEA WS
DEYABRBETELDOTH D, Lrd, ThIETELEH
DEATE-T, ELRINIVIZEL NV,

HAOQKEGORBEBESER IO ENZ D DY
BbHb, 3—n0 y OWBRALRCL SREEIND D
D, FEALEEHBRHTLTHMTHD, £EZOR
BHAREW, ik, EHFXOINTCESZZAKRENDT
Hbo Wi, T~y STHHRERDIVE, £ DOAK
WREND, LL, THEOEMIZEARDX 5L
OFWECEDND Z &3/, FlIz1E, <t~ TD
BERBRIERR CH D, STTRAYY, 14, &2,
TOY, 444, ¥, <A, TFT, 24,7,

NELETMOME DXKEHTPREL T, 14,53,
TFIAREREELEEIREL TWD, ERRREEL T
ZTOFE, BRILRFERENEACEL - THETHR
S TCWNWb, w4 —~2TCRAEEERDRKVWOT, B
HAO XS A BRBET, BB - TLEIOT,
COXI A, MEBREBRIOEEE HERE, OFE
FHH-BA—NEANTH B, 39— 0 5/ dbBOFERET
L0, TOX S REHRNEESRITHENC IR T 5
A, EERNRELRD, WERBAERLTZ @D
Kb, @, QrOBRAHLIDLOOEEIRTE ES,
LE, BAROKESRERENSS —o v iR T
BHIC/R 5 2 LR, KICBEEEAZE < T T
Do

A, BUFDXIK

BATIR464E 94, 10 HOWE, KEHDOERDWN
B, BREDRETE2HRT D Lo ha LAD s,
VACHEDMERTRS &, KEE, ©ETTRD S
BHOTRRL I foe SIS U CHREGEETRAERES
IR LT BRI EEEZ S TR0, g
DNWTRAL VBT ANRTN D, & T ¥ ZIIZKEDR
BRRD T, BAABRKEOIMT S 28 AOEES
GREBGRB) S » €, ABHII3h2HHEDHI DN
THEEMHBHE L DT 5, BOMEIABERME %5 -
TFHLEEAR T 4 v Va2 I-E LTINS
B, T ORIZREMG E NS B OEFRHEIND,
D FEEL L THERBKEGOBREEZ LD, *
DD 0.4% SORBRLTN5, HEMEREES
Ik > THREINDD, 1 EE O NRLTED DK,
P.B.Q. (MH&BFELE L0 IABINABFSEOXRY
ot 5,

F 7 AORBRO XD o BEMERE R
HEEEZRL, b3 -0 NEECELOENED -
THHBODOTH D, HEREZVEHIENCT T
Wh, Bk DEILE D MG HEED D OB &3
IND, /S~ 24 TR—FHEALT, ThHOEST
BROFZDBERER T T,

(74)
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DREREEETHY, DEHEBERCAT LA
S TWB B 5, BRARIA LT Rbh Ty,
o, AEREMAERDD, LT ETAMET -
T, RELEA, KASORBYRLIEHET S L
R TNB, TOBERDLIRTAY » FREEZIC
AL WD, @RFIAIRL TN,

B. TiHoMEk

HEEZOMOETRRPVERENL - TS, EET
REHTTHOMRRIECET 528, WHERICRT 5%
BREHTH D, THCREFEAGRECREREE) &
- HEARED, BREARESD 0 Al 2, T
Who RICIREREANDERFEXRES L, THEHOAY
LBMIDORD AB WD, H - MEARRTEAL AE
Honé - ThoWEcE %, /) AE—, ~i, 71
=Yy FEOREQZEABHRTRIIEAL, 5~20,
H e fHE A 300~500 A &Zu, 1 - fRE ALLEE,
Fa - EORMTEHECRITEEE DB TDH, BRDYE
AdAERATRIERSIICER L, AEENES T
WEDORKELHTE 5,

HEOHBEHTRIMRIEATCTH B 038 - HE A,
BHACK L TE 0GB ok &7 Hillc ¥
HLTHD, ThEHLT, o3 —uo v SHETRET
B O HAR NIRRT H B,

BIZWE, FA Y CREETHHEREITMCEL Tk,
MRLEHEOEINEELRD - T, ThKGERK
MEDEBO—WHIT-> T\ Db, TOHIREBESD
BREIRL, DOFEEE 4% 2L oTWd, 4
A —, AT ETRTOBRAL, 7 A TCREOR
ABEBICE ) BT - TBD, Fr<— 7 TRERS
A LREO® D AR NS, T~ o STREEZRKRL
L, BEARHOBEAREDZETLTCWDDOBREILD
B#MThD, HATREDREALRHBP - TWS, 1l
BAEFETHIZT 212 EHAORRIC 00, €A
R EFRCERBCEH L TEY, Chifkiilio
—HEnwbhTnd, THOAKMELEWIBEANDHD
LE, AREEOHBERAEANCREINETHES S,

¥, FERGEETRANS ZOMAK M 28 22 R0 L
{, BEBEZSLHTY)DAR—ARROND, $i, k
CEMEEDORBE LT, BT TIWEIBTED
FABRR DI T WD T & T, HTEIREAHE, BRE,
BBRESchCbn, THERBROVEAR A %2 X-Twn
b, DI, —MICKEHEFRYLRANTHICKL 5T
Wa,

BROAEOEMTHR 4% &, THIFS0EN, AO
#9500 T AOH A BEL CTRBEINALDDOTH B, *+
NHBIETI 1,500 TADEIT L 78 » Foo FHBITA 5 72
KEBOK 3 ElrH, BORRBHICEXIND, 5
THRSREFBELT OO TR, EHBE2EDK
BT Tn5, £hisor, R 50 FioE +
ThY, BREMHLEELTWS, HHFP2BE0+#0
VARRARERLINTEST, HBOLDHHEY
DEFERBL LB L, T Tk, 104D Eiis D, K
THOBRBEECH TZWD 2, EBD s FidEx
2L oo TWIRWHRIRTH B,

C. ®DOHELEFHRE

KEMORDB & LTR—Bice Y Ak 2 105
TOEML VEBE~AOR D BRAARLFAKCEAIRL TN
BB, ATV, F4v, Fre—sTRERCIL
MM Dutch Action 23T/ bTHE D, KEMTILA
7 UHETHE =Y U RRKEO—IFCRA 2 T w»
%o Dutch Auction & 2B SEMOFCTF TN
SOBFETH B2, ThBRELKCEREIR TN %,
Tixbb, BEOEEICHKITRO L 8BRS - T, &
PEEL SIEMECE L5k Tnd, BEARESD
BB TN, #BERESDOERERD & 5 ERK
STl &, KEHOWICHDHEL WL, BRIICER
ENTWBHIEEBIE - THEZRL, »22oBRECEAD
FEOVA VAHD I 5 T D,

HEATH RIROAETIHIC 4 FHICEBE D ZEAIR
e, BRIEBRAES T, (EROFOLTHENE NI
HTHEAIR TV,

BROBEOH A, BB IZ45EN ST ERED , YA
AEAINTWEET T, bLREREY, KEYLZHM
LTRFTCEHBBINR TS, ZOFOEK, HONTLZ
¥, BEELDBWL T, ¥EELLTARTRIERD OHE
Bt 5o v, — D AL D i B iR T H
5, HIANRARES QAL CTRIBHRBSY, TR
AN LT HREMALRE NS DI BFHELH L TE
0, THRHR, B 3H/CKEY - BRYORBICOSE
BENWKENEDH LT - T,

KEDRBEOATEL, ERILZED B dicid, 7,
AL, B0 OBBC L AEHLAERERE L O TdH
b, LLble, BREEOS OMPEREITHD LD
2, THERMBYE ) NRANBE TS 2 L #
FLV, KEBHEDS b, THEMHLEREIZER
DA THRLTHRA RS V. prBAMR 1, B
POFERACOWTRANAFHERHZMZS C EREE LN

C7)
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DTH%b,
FEECOWTIR, Hick o ThWBnA&ES 2, L
TIREXRL DR, FHEHT 5L RO TH D,
GKESD

F Ty F e M 3%, H=v > 1%

F U= e 1.256%~3.5%

HADHE, RMTHH CKEMZ5.5%, BRWL 8
%THD, TORITIRGIC DRI HEEREMARGE
WEENDND, ZDEL L5 TWA, BRI B
THRVEETE S, BATRARI S b Fdkgns
2BENDIBEEL A STED, 20T <—
TrREbND, FRITEIALERER - BT M
ICHHATH D8, BRTREALMEAN (HEE
SBNTND,, HAZFER L L 203 EARALE S
TR LDEFEEZD ST B, 2L DHA, HEAOKHR
HAX D=~V v RRBBNEHTINWEDLS, 12 AT
< eTHoFHENR FEoEL LI B RO E N &
AT LW,

IhiL, EROMH CRAFCLDFE AR H
Do KBCHZ BDD, T, MITAERZFEERBEL
o Tnh, T U TCEARTRA—TH%, HAT
REHEBE DD, HANIMEDLNE LD & EN A
DHDAHCE ST D, T ORER, AEPEHITROEIK
BICEEINTS, Fabi b, ABUs b CARRHIES
o TR M R A FEH AU 2 O IR Tl AR
& DHHITTND,, HIAD DD D AFaiHIIE 2 H I
LTWBNE 3 A S50 Thng, FHERLKEY
T—&R, BEYTL—RENS DI LHAICARIITIX
TV RWIKRESR&EETHA D,

D. KEZINTE L HEHES
FRGEETRbARELE - T, MITEDLERE N,
MTER2EH - T1 oA, HE EHT, <Y 32—
F, i, 74 L0hRET, =V U EER(EFT, €T A,
AVAED BREERTHD, Thbid Gutting (FF - NI
DFr%), Spilitting (Bfk% %), Skinning (&<
HOID I DOTRICHSN, ThENBFIL L T3 25,

MY O THRIEROMEL, FBRESOVE, BiFcd
NCaV_T7 « VAT LERALTED, Bgtase
CHEATN D, BETRIDEALDOEMSELD, 741
LAE DEERAN

TRRICH T 248 THIZARE & Tk ) KEKED
HEDOTHY, 1 DOMILAEZL WS TLIWRETH
B BlZI1E, A7 VADTACTRETIZIB0OED 7 A
Va s - VHAREEINZICUABBRBSELEL THY
b0 TNHOBEMITIIEAOREERD - T, HEIIZN
105 O BROMEBEMAT 220 bhTnb, &0
BWABEBCHROARI VI oy « a7 —T/NIT
BEBS, BMEO LT » JCEERAALT W 5, 2O
3B0 EDtu—5—D3b, 185 EOMTRIGRAM AR
ML TR, HARERO I —VIELYE - T3,

ORI —D KT O LB 1,800 +
¥, 105+ v OB A ML T & 5,

UEDX WM IERERL TWDHDT, THHRKE
YmBIC AR E & EEEY 52 5,

Bl z20F, TEIKEEERIZKERC DWW TRIEEKHZ & -
TWBE, ZOFED 7 1 v a2 I—NVIEREFEELT
WG, [IEOTEIZNCTERNHEATETHD, H
KOX D CEBRERTHETH D L, AREICE - THEK
PED DT, HEMEFEINETH D5, I—LOB
HRE—ERD, DI, TALTOHELS, L ORE
AHEEACIALTW5, FAKOBEREHEAZBAR
LE LT, MEIAZOHMA THEMAN & X 2358
W, ZO%kY, MIPHBCHEEHTIOTHD,
T rw— 0 CRAKEMOREIE (DEDLsd0 Q1
MAlA%E U COWIE QUEENDOBEHROENM
WoE GEEHD 7eEnH 5, QoFRITHRME 3 HE
ENDIEHMORTEL S 0T, YPULHTICED, HE
BRTFERE LT 2.5~10% OFHR L BEZFRND
BRTH520 5 ChHd, BAROHAIIMAIZERTH T
HEFEOAZL DRTPEAZTFS, 027> TFH
BarBedEng, Frv—7 TRADHEXGI &
AT B E—BEALTEE L - TnD,

8, KEMOBBIC DOWTIL, BEEHEIAW bR T
WL, —BREREEF L HFHNOEERE STy,
P TRAEDRBHHECESS DL WS T & ai—ikib
INTWD D THL, GHERATICHRAZIZEZL
EHDTH- T, BERLKOCHECTE TN,

76 )



LWk v TEODD 3R MM oW 223

12. 2 —uv o NOWHEMBILECE CHATH S0

B = K

= KEXP

1971 E3H9HMB A HET, 753V ADENL F—~
(Bordeaux) i WCHBBEMHREAZLERS
(Oceanexpo ’71) 233 I, AL 45 E B
HZRBEED, TOLEKTBTHORIBEEINK,

ik, TOEBLHOZERECERIIN, THELD
DEFTHARNTCIOAE O FRICBIT % EH/H )
ELEHEDOE2 Ly v s Tinbh KEGREE &I
BEOHR | BMOBELY DL DR,

ZOHBELHICIE, DREDL D H30%OHEERED
BAGRERBINL, WHENR T AR08 HHEL
o ENHDOWNE, TRENTINALDIDTH - o
e, RISHRCET AR TENDOEZ K DBE K
ERREERFARLL S TH - e,

COLEYTLTC, FEOBERRAOESASLD X
SEEINIc, w212, TAY HOWERED TR
BACH B K& WER (Oceanic and Astropheric Admi-
nistration: NOAA) QLR « WVELEHRFETS
BEOEL. ¥4 uyv, Wi 707 0KEHEH.U.
u—nuft, 77 v AENKEERE 4D L. L
—) —EELEOEFBHIT, ThFhoE0RNEY
BEL UkBEBROLENNRIRER T\,

LSO T — <3, NRFEHIREEZ] DkieginE &
REEEOITE) TRBEMO R & BE [ REgEE
LHROHREN RETh o, WMELHET 5 &
W, HERERAGREPERT LI LIk, BERTA
WL, T B WS T 2 0% M2 kDI i3 BE,
EEXAN, RAZL EREBNL AT — Vv CHED Mk,
%, FAFBEARE2ERNCRE LES & AR ET
BB, VWS EAN D ZOEBAERBEI R, WD
DEDILT —<BRBENTDTH 5,

RITHERRL, B A TR, baEREF—CTE 5,
ERMEBRHFL TS, Lh- T, RERECE
R=HSNDENHN S, DX 0K ICEEZMT b,
& D HROREBETHALID AN DT, EL
BARAFIEERRE Lo e b, HANDHMRAES
e &by, OB OW T E AR E AR T v &
PONDLNWHIEFHBELEHE THRRETH L WS RN TH

WRERIC DN T DR E OBIIE & BB R Bk
WEDONRH - T, LBED Y~ T (Seatopia) EHE
T 2R EOBLOEIMCKE DL ENLI N,

NEMER, SEEBEOMATE ke TAZ, Wi
WU CHBEREZB/NEEI WD Dn, NS e
R, 2B0HMTd bW LIBACEEACKY, T4 AH
AINdz, FHE, EBRAFERPCKERMETH D0
WS lied, HEWREIC > CORMABKRET
BB, LWIEBERBE -

COLBICBEMULENRKIZS TALULT, &E»D
BN U HEBEBRER 130 AOE XK AKDTH D,

EEETEREEOTobn, ERLBAD A~ —
MIOEREBED R —n b, BN TI0ME ¥ OFcER
SXBENRH D, —BEET, KFIEE 2 & DU DS,
BEXOLORBETRIA—THL 5, KBOEKEMNT
BLIIRZ CCHEI NSO TH B, FOEIIL, i
AMOTTSEF R, B — 5 FEH K, BAER 207
EFKRENWDES Kb DTH %,

BE4AHEIND, TAVHDE2—A LT
O THENTORM, KRT AL OO GG B
W1 DWW T DL LB IR £ 12 Offshore Technology
Conference & UTHEELTH B, HEISTANLBLH
ADBMBENRD S, ¥, BFIHMIFOEFICT v
v b T CHE XN 2 TIE T ¥4 E L ERA13 Marine
Technology Society OFMT, Pl EHETALL
BBRMLTWD, TOfhd, ZHORIEEEINE
RELmD THAERENRDDTH S, 19724£3 Bic
AFY ADT 74 b (Brighton) CEHEIN D 2 HO
EEBHET%42#% L BER4 (Oceanology International
72) b, LA LOLBEPERAKERTSH O
TH5H LR TH/BEBINDETAHTH D,

FETO, T LEROBHEEREBLEYERA
EHBLT, RV F—TORRARREAEEEPHE S C
WhekWwz ko, Thik, 4307 —~LERONEE
ORFEMIC 2 DEEEL L TWkeZ & Th b,

LB INIRV F—H OB, KEFENDEL

775



224 5 & FO% F3E (197D); B{LEEYLHE

AVAALZADILT, Wobi30H + v ORIHBGRE T
BRI ThD, &ETE, oWy 7 v ADWEH
HRERY v v v v 2 (Jean Charcot) BV B
PERERT HF 32—« ~vF — Y+ (Academician Ver-
nadsky) 5, ZOMOMEMBHFE IR TNT, £ D
REZZED TN, THFI—+ S+ —Y+EOHR
R, BRCHIROEADO HG. / 1 4 LK 5D
T, HOWEEZDEIWRDEL LN T&EI, A7 4 A
RN— e a—F—HERIIBERER, —HETFLA
DI T N,

RIFEDDH L, T FEEAYSHHL, ThEhOE
DWFBRBEFELHE Lic, BNL Y TR, ~rTAy
DWHEAYR TR Al 7 A OMEERE - T
WT, ~ 5 b (Helgoland) EHEDF b #erhEER
% (Underwater Laboratory: UWL) FECDu Tk
FRAT A N L2 EAL TR & OO A 4>
BEILIEL T Nic, —RIC~NV T35 > FEE &I
ATWD DR, EMCEBERTERE~ VTS v F(UWL
Helgoland) BHI® Z & TH B, FAlZ, REO Y — b
7 (Seatopia) FHEICOWTHHL, R F—icHs
LicZ QI EHOHLDa E—2#EE L TR\, H, I
D¥HRFEHHFEICONWT, HAIBEZRECEEOR
BARBBHICEDD L E N LA WEE LT &,
CORIDONWTCIE, JREE, PHEBERETFCHE LHAA
hisnic, EFLEALBBZOEREHL T
%,

LD~V Ty FHEOERBROPOHFR, TA)VHD
V=5 THE TR - Y, 75 ADTvavF
FUEE, HRDY— FETEER Y TR - T BE
AR ERESES AMd B, T, ki
DB EF ZTEKP BN E 2B Lo E
BCITR5 0T, XBRORY KL kB 7
A BN RTEDT A RXBROBHEZREL TWEHT
bb, £Daviro—niZ, BLEEHTI VY 2 —42—
S TITe - T b, HifE, BI234— FLVDBET
EREZSDEL TN,

THENDOFHMET, bR LIl 2EY LT
BTz b, ~vT 5y FEERDWTIE E

Il 723, L THLNA NSRRI DWW T,
ZOBRHEMC BN ENIEBM0 SFMCREIR TN
EBYThB,

CCTC, DK EToMREET &, BHTOEERN
BBHEEINR, BRIFROLI Mz ieird, HEL
TWRDZ &, ARA Y, T5VA, /N o4k E
ZIRLDELT, F—n v EERBYELEY KES)
BICRDEZELTNB L THD, Thix, THKHE
RBECNBEZLOBRDPIT, HRELHRETH D, +
DXEBYSWE TR, TOBRBEBRRT A 104
SHBVWENWS REBFREMROMICHE N, AL 7 5
YA, AF) AR ECHEEO R LEEIINOMAERE
HICHED bh, 3 TCRELORREERETCNBOR, =
SLIBERELNDTEDL, AT, NHEIR, BYEY
BE#EOCT20a0x 4 & U CiE LiEREY R
HEEIBID2/TVERELHLZTND, WAHNSK
HEOWREOERINIL, 75 v ARA~S VRO
by U RARH DD TIREND S b

75 U ATHERREYED, ELERT 2 FEDOEK
BN L ER RO ML R 2 ki T7
Yu it b: Argyronéte] @ BE %1, £ 1,000m 3
KTEBYE—} « ar bo—VTHEET 2 EESER
BEROEKE 5L/ — b Télénaute | 7 & O Hifffic 3
SbDTHAHI, 5AMOIHIEI BB v &2
(Pentagone) 81, &30 C % 7F 2 —> (Neptune) |
RERIE, RKOKZEERESD0RH b,

WEPERTIURSES « BB A —h — s Lt ReEe s 4 ¥
VADT Ly v~ (Plesee) #DEMAEDF OB
Hiplr, EE»LRELIE2ELSRTWBEbRH
DHBEE A~ —IT & 5 TRER D EBE N,

ST 2 A DN, BIRCE AR T 7V ET
THBH, NOLTHTNZEDZ O/NETHICH 2 HILOHgiE
BRI ORBEREORE, ey FFeon TR
FICREZ DI DERE N, BUBNICH KK,
EROMGICL - T2 bhiedbDThHB, 2L T,
EHOEIEL LI » T b, £ DOKDOEBER
EFLT R TND, RNCEEREARD B EBbh
%o

(78)



=

=

?F

BEFORBEEL ZTOXR

Founders of Oceanography and Their Work
Y 4 )T AAcn— F=v (Sir William A. Herdmann) 3% HEZ XK GUERZFHIRS)

AKEONEOE T, REDOFENCECEHL <L
TEELDLNR TS,

FXD 143 HLAROREDOARDOIE AN L
5, “ShEzlitt, 18726 Y0 NT REHIR
T4 FAAVERELTAEENYED LN
HEERE (5 L F v ] KEMD, 3 FTble st
FEEEEROERCDE S KETH D, Fo LV F
 HoEL RO B ORBICES L BRI D
WTRSEE 4 T4 Thit\h, 18727 ) A~ ADH
7Y = AR R RS, KETE, AEER ORI LW
Ehad oS, 181650 7 ~ ARIBETHETH 3
RO FETICE SRR bR O WS
EREIC Y - TR INAE DT HRVOEHKILK
HETHD, FLTHERRREZRIZERD Y VYT
RHFROERLD THHPED A v 7] LB THE
OB FMOEY Th Do BE P L&A VRKERCDIE S
FAEQIENE L URERISER L bR E o
2, BWEOY a v LBy By, B0
o b b, RS LROEEYEALCTHEROERO
wAE, AT, Bk, BESAEEL, O HD50MM
CDEBRBRE TF 5 L F » WS BNERER SN,
RAELHLHROERLELTBEIRTWS Z LIRL
THAELELEWDTHB,”

19724513, ERBEAHRICDIE - T1004EH, 9 H 12
A2 5208 T, [ x Ly 5 HRFREFETR 100
S A, P AAVEERZOEHE AR, T Y
VNS REBTCEKICHbIS ENWS, ER, b¥HT
S 100 ERICHE INATELHEL, HOIEDLD,
BEFEANDOBECIZTAO T 5 B wAid %o

“UTEF OHRR RN, ELE T = =FT7 ALUKROD
W EZO BRSO EEZOLFKICERMD LN TE
B, HEEBEAETS v FREZLZBHUOAY » A2+
F o HeRWDTCREHFORIE LS L Liew V= T
VIR EBIIROERESFETHED PO = =
Fr N, HINVETAFEY S NEOEENLHED T
HFZ0RELMBOAKER] (B13E) kKo>TE, 1915
IR EEEROUBRECH - IFRI VB
OEMFE, TFIT—F- 71— T ADENLH#ATT
Qo “Tx—TARTIY I¥HE RE T4 FOR

B A RN D TH D05, HORNERIZN
FEERCBIN, M¥EE—BRERWCESL, ThE
PR TRE | BECRHAINZHRRTEH - TRIZL
DHDYWBH EICEREEREZHD TR (B2E<
VEOEMFEEL T —F7 s — T ADEELEE.

v VEBEOKBHEZEC L CHEZOTHTH -2 F
T—F e 73 —T7AHBROEELEBOL B IT D SN
T, BRI+ LV F « REFERR ] OREZ L LT
OB KBAZZ DNDREOWESE, y— - 74
Ve P AAVORFEHZ L L TOEECONWTEND
nd (EIEF— T4 T4 e bLAVE [Frl v
F o | BRD. 19 TR BT DS EAHET 5 |
HOEBRULZB3IOLrBBROBIICAYD, FEIZC
DER A FDAEE BEL P KEHRERDT ey — - ¥
2V T L—=ANEEEDOSTTITS B 4 EEREEFE
DEMHY— Va2l —)

TF v Ly F » ] BRIERWLFEETH - T, 1901
WRFEC R o hcEWT M[2Aras: KEL Mt 7 9
s{a—n: 75 A1 40 A=y: TF VAL
[FFAFr: FAY], 72 b EF=4F)7T],
Tf vy Fre—0 RETVEY: #5054 1%
OERRNRBH D, TOTEREEZ ERVANTHh S EER
EROERTHD, ThERRTCEEOFREIEE
AHIF T B Al B s O IIE CTHE D AW B - Teo

CTHhEINS B ICBABEFEOFHEICE S LD
EZERBRsFHcBELERE T 25 X SR s,
FOANAZDHEADEROBRIEE ZOEEN, 0B
WHTEREBEIOHTHELAL LT 22O NIEES
TENTED, FO2ALRTHDLBLRAREDT LT
PUR T Hy v EEFIRAT A=V IHBT LT
HBo o P (ES5ETH v YRTERE O EHERERD

CFRETEREABFCHTIERCEEELRS T
HEko R FESCEROERY Lflir@ics»wTd
LELARV, BFLEARERL QN2 EREANIED
BEE-LE LTRHDON, TLELEXELLI LR
BRZETHBEBEVWRV, REFIRAREZOWHE %
FhRTWie, KADERMMLE o T 2RI RE
WEAOHBEEZRLLY, HLLVWHEDFEEL RN
LD LTl Thd, RABEF IOHWEOEHRIIC

D



226 5 & 9B W3S 97D); RAILMmHFEREE

BRLUHTHORICIHL { B2 coh OB lEFE
i3 19104E 3 A RICER L, 4 HHICH 28 4 D%
Bvc k- Thibihvk, -7 (B6FE =5 akA
& R D

BROWHERMEYIIE T D DI ERFTARIIL L
BENWSEENZT v Py F—L UV C8ERT5HH, &
i TF 5 LrF o | D& <EHA 1 FEH
HICHIML X 5 & LTl (18724F) BRiciz- &0 L
TIREREZ CnicZ LB T 5 & LIREREN, B
HAEYEERI & VW OBREBYEERLE WIS ET
RoOEHFEOHAOLER Y (KRB L] 0K
TERV BFLENIRE D ES U B D BEH
KRICEHARE L DT, TARERTRO LB
HRADHBEYA LR LD A ENLTOEELRIFL
e, B KEMEL L5 & LTH ESREETH
Bo FHRIVDERTET Vb F—u 0B LT
HZDHTELRBERTARTD D, BILAIRE, HEAE,
REETHD, TOLBEOTLTELS VAL —Y
2 VOBERTEH - Tce WIZIST2EFDHE 1 OB AR L
FA w4 207 QB HE RGO Z0EE 0 b B A
FHRLLbDOD, HLAKSBMLLRM R ZOHE
DXFEERIDEICERT DRE - T LB TADRD
BLEBTH>ERRETDHOTH S, HIR30EL E
ICEH » Ttz T2 N2 BRUIBE L 2, £ORIN25FF
FOAUR 1897 4E 4 A 14 HERRE S X » THbh
WMROEL I EYFENEL T BT LIcDTHD”
(B7E +3)REEDYERE F—v B0,

“HIRRRZAKBRT WA T O ORETHL LB
2 B5R T3, ThREDYIZNEIIR CEFEYRTE
LS IR IRECED B T ERTE, BokEy,
KEE, KR, Hy, ®E, T, koBEE, MERET
nA ) EECHSTHIIERICH A5 WEO LAY
FEMMEICOWTE 5%z, TWHEOKREI], [HEE
OKE], (KB, TEa) MEEL THAL MMmhos
Lk, THMEL TTAa VE] REDZRZFRICLDONT
FHHCHBL T\ 5B, (5 8 BlEHEMHEE)

W BT 2 KDERDXKEOND R - LB
TEARL, DOWHEBHROTTRIEFLTROAMDD
DTHD A+ ¥ aBRICOWTEMCHE L T W %,
(BB — A F L aBR—F AN T4 v¥a)

WIOEWELBY T2, BECERINS RGO H
&, FRDOARFICONWTOEEE OIS EMEBICE D
HPLCTHDHDOT, B DOEICDZDEREL -+ ICH
BT B ENRTE D,

BEEBEII KRR &R L ICXAT 25 2 EnTE
5%, WEBREICKLEEMHE LS DI ERNTE
5, I EREERGTORAL OD—D2THEDH L
BOIBE/, BRI ESNIRTE, BYFE,
FALSORRLITHLEELESEL, TONmEEES
B BB HELHE T 5 edicE OB GLHEBN
EFENT, PEEZIRENEDDIFEOMHEL D,
TR TR, TR, BRI OZRTET ke - -
CH11ZEHEARE & D

“BEOFERSEHOKEBHLLD, Y 2EE
DU, FRBHLR LAY LTEL EELONCE
VUDOZERH VBB, HHAFEEEBERE EBYOR
EO & S cFBEEO MO BEIBAERN T 5 LA
KT 2DEIZEPRTND, vL—LI— &R
HEDFERARKERERBCN DD TR, HBCHE
LESEBERCELPNL 3 2h DT ErBHLTY
Do e V GBL2ERETO [T b bRELHL)

“EHICEET AR FOBHE OB BB L
R TIRD SHEICX AT BT &8 TED, (LD EEE
B~y P AWEICHE, BIREO L2EEL TEE
FTEHD, (2) WikAEMCr 7+ )HEKTE% B Bk
TH5HD, () ITHHEM(T T > o+ MG TEET S
HEFRERNZERERT, wAhEIZOHEKE BT
KREDED oo »F5U0 b UDER, TS5V
OIS, TOWEE ZOMFELER, FI3E
[svoty —ZoWEEZOME] K, LTS
oo brGE), TOEE ZTOFEME] A8 14E TR
o T 5B,

WISTED IS AR, KEERE A4 X O a R o &5
L, BICEOWERZEL IHEBEEL, RSB FFET
bdHb, AL CEYMEAEEBEL L CofEs
ZDMOEREY & CONWTERAARREEI T
TRWCEFH-R I N D,

L Eosl, whofkimpE (B 173), wEMRE0R
Bi% b - TIRES W ERAERICEI$ 2 JE G0 2
H5o

WPEEFOEIRERE, T U TEOER, WHEFEORRD
BHEAFENRD L SEBBL T KEQF IR 4 H A
T, e ERBRMT - TEBNBR, ZRTHS LIl
BT LN, »x o TEAZBOEDLCh ST NE
Ao RN

HERE L BAHALDOCE, TOFEBELERELIRD
nkehite, FEHFEEREZODANLbOLFEEETTD
T %, (2 R E)

(80)



2 & B OF
1. FARM464E 8 B11H, BILAMABEFCRW THFL kY B ESEHE
ABADHFICONWTDHEELEH WL, BHD 4 AR NE 1-9-10
HEZRZTEDELDTH D, E B B s e o 2 —
K% v &% B— HEHESEXAMAET-21-15
i Rt BEREAKBIRE jizga) W R EER A AT 1-12-8
mE R KREEBMEASHHREE K = FERERASCHEXEN2-3-15
X BA7 /7 7 v /ERIHE  IREE PO #E )RR EXEREI1-2-10
HFREHRETE IR T R BT
AT M A MR EERI TR BB ANEE BEEHETER Ep#E A E R HEA71L
LWL IR BOERR BAETF A VA-4-6
A3 FIE Mt o 7BE RS- A BB RBEKFETTEIETA 54187
Ik Rl et o B - PR HEETE3-14%
B K PP T EER SR AN
FH O =R SR &%L*ﬁﬁ OB MAN46ESH BREEKL
LAERH AT
FALH Eﬁ%ﬁmﬁ H105 BR4SELL]
K 4 o FE Bt GaNED ” 1S WEA464E3 A ”
% X@Z /,-]j\ EP@T%@AI 15 1 Eg} &%E @iﬁﬁ{g %237% 19715 @iﬁﬁgﬁﬁﬁ
HFUR AR SE B ” B238%5  1971.6 7
FI RIA AR AE2-23- 1Y KEEH ” 3% 19717 ”
B AHFRESETAR S ’ %%“%1WL8 <%m+>
PR NEBEREES 4646 eI
P~ T JeEg 4-5-7 e il pacyl | SR 3
YL ﬁi%%ﬁéﬁ EAR A yfoéﬁ b AL}
HFUKEERS +% ;@.Z[;gg% £
S3iEEEE RERTREXSE M 3-25 LR
RERet BB 30 B 3002 5 BETREEE 464ET A ”
BB ICH
WJIBFe T HEECTRE X A HEEET 2-1 T HHEBERE
AL TEEBEMHHC L &
B&E @%%Wtﬁi Vol. 20 No. 6~9 1971 ;ﬂﬁﬁiﬁ{gm%
_ _ i b
K& T - P ] FRTITHE  BRULEIR ey A
FR R TRERE-3 ok ‘ B .
S Reen it - _f Ir\To. 24 BRU6EET A B AR
IT:L[tTﬂ Eﬁ :FKEEZ%?’;'%BII*S %Kﬁﬂég%ﬂ %45"6’ HE%E46$8H %%ii\aﬁ
AR S AR B RRUGE TR R
e Er Hsk ‘ M%ﬁ
TH Al )RR TR R6-12-20 Qcean Age B3 BHS 1911 i_;g/'
FHE EFE BETHXBEERRED-L YEPERSBBER  Vol. 3. No. 6~8 1971 (B HARMA
B SRAREEERS REBDATE
L e W HARRZE  Vol. 10. No. 2 1971.6  EEBURATR
R EE EWXEMFIR4-35-8 ke B
ST RER A I PSS B NQ%N June 1971 ”
N& #FEx No. 126

T TR
(81)



228

5 & H9% B35 (970); H{LEHYA

W RFHE 55 1971 BT
23

H{LA#%4 Tome 16 N° 1, 2
3

Novembre 1970

Special Contri- No. 10 Dec. 1970 Kyoto
butions of the University
Geophisical

Institute

Bulletin

N° 382-383 1970

de I’Association
de Géographes

Francais
Science et N° 201-203 1971 L’Institut
Péche Scientifique
et Technique
des Péche
Maritimes
BILEFERERER
B B a2x—nTuayvy= Yy FTAINMDE
Tyl e mA—)
BERRE TVvIVA - FIvF—n
= & EAKRESE
BERFE KH 1B, KERE
B F MK, FEF W HE E A B

AHTRE, 78 & JIRE #, MHEERS
FHE—, RPFIEME, HTEH, FEE—,
e RER, MEERE BATE, &EE=
EHEREE, BAKBEE, RAES, EfF %,
AN, BRIES, B4 B, RRHLY,
K=, HFRERZE, UTEZY GOEIED
AR, HRFA

TREASEHE, Bl FTERREA, PTERAC=ER,
F R, AREE BT B mRERE
FEE— Lk E S B ATEE,
HIEFHN, BTHE, HEESE LBE=,
FTHERE, F% 5, KNIER, RERUE,
RS, R0 o B, /SRR B, AR IR ER,
SERES, NE¥R, N ERES NATF—,
JFTER, JIATSC=88, JIRE 48, iR =,
FHE—, RHEE, ANEZ, BTHEN,

Cabhiers XXIII® année Service Hyd-
Oceano- N° 5-7 rographique

graphiques 1971 de la Marine
Recueil des  Vol. VIII 1970 Museum Na-
Travaux tional D’his-

toire Naturelle

Revue des Tome XXXV Fasc. 1 1971
Travaux

AHRLOEMIZDNT
THOBYFaBMERXRELZELLOT, @AH
\E L/ i ?0
il
7 — £ L% (Data Engineering Committee)
B HEEE

& HEHH, AMRE O, BAEER,
ANER KR, TR S, SRR,
TR, FARRITIE, SURTIRER, e~ KRG,
fex REEEE, BEHT, MEHRE, SLHEER
THRBUE, FERIRKER, RIEHME, MHEE,
FHEERXR, BATE BEE=E, SRS
HEMET], B, TERR, LBSZ.
HEHEREE, SAREE, EAEIE BESHh,
PR, PERA, kB IE, kH &,
AT, FAKSE, FEF OIL, BN %
ST, RARA, TR OIE, EF &,
PIRER, PEEA, EEME, ALE 50
iliggse, VEEAT, WIROEE, wEALE,
M E, BEF@EY, BUGERESBH H,
W ¥, REIRZE), RIEE—, BFEE,
SRS, EOYR, ZERE BERTH,
EIRIER, TH X, RERE, HRELEE,
It IE, KO, L B, piEz,
W —, EEE, EUERR, B

(50F &
TRV D2 ITITR, AT Kb
V=, v¥x - RVA

(82)



¥ & @® =

2 B &« B

H# H F1 ] YT AL 11

W& HZEBEST HNEE BT ER LR 1-2-1

i P IS [ HEBTREKAFE 2-4 HRFNC L7 EBRES ST
NHE A A E B K KX & ANETHTENET 1-20

#r X & #H A v F HWHRALHX A 5-5-16

# LB B B XL & #® BN TACH K AR ESRRT 1-19
BRERIEKRRN & & AT RB X EARIRT 1-21 s yv

W ofmom L R & #® HREHEX %S 1-513 FEHEL

AN T8 X4 # FRTHCE ) K P/ MET] 1-2645

N il 53 = BRESCR X ARRA 5-13  FEFaEIRH:
ZEHRMEENK R & % HEATRBRNME 1-15

EEAEBAEE® KX & H B PR 5-23-7 =&

v a A & —p SRR T FRCEX SRR 38 HAVAWAS YLV

Mo E % % X & # BT EMET 467

K B EBE B % X & # BRI TR ERHESEGIT 3-16
BMRXEEBREBTER MR AR RRAT 1506

wOE B E K KX & #® AT RER AR 22-1

o T M #% X & # HEMPREEH 42 L=

R & #H O OE A % R R AEN 3-3 AEMNOLE

R v Y % & & # HEEER S 2-1120 v—X<ray 302 &
B X & & £ ¥ B & HREL YK EEHF 5-327

R S - - W 1N WHATRERMEBRET 2-1 ®EREEHCL
X & % 5 v 7 BRI EREE 1-5-6

HEA72 75 v 74 HRIEERILKE 1-16-6 KEE WV

H A B i 4 o0 T FR AT RV EWET 35 RAER v

BAT Xy FHRXNE&H HRAERHE 2-1-13 FBEL VIR

HAF L 2ansbtait HRERHER AR 4-11-10 REAKE LV
#EHEABRE X B A WHEEBXEAE 25 B e

B & # & % X & # RSB ERIET 256 FEHE/ N

fmoB B Ok M X & # ERHEERTHEE 1-6-21

HR&t 5 A EBREER HRAt 8B Ms 8-3202

Ex B IHERN & # BWRARER 1-3

S H % bt ] HRHERER /M8 K MEEAE BEHY V- URSH
7k i} e WEEBDRRFER 7-6 HRattrF4 met—vay
B M e B HRENIEREER 1-3-25 MRE&E PRSI
75 2 EKKXEH BRERTAC X AN AT 3-20-2 i e

H OB OE K B X & # HRER DR R UEN 4-5 B
=AwERE®R R & & HRSFTFRERESEE 3-2-5 &5 B 30 f 3002 5
ZEEITEKRL SR HEHTHRERALORN 2-10

MR & F H B ER FHRHERK EH 3-13-9

OB O o# = E P HHEEILR S B 1-14

# X & #H B & # HRE TR ERSHEEE 1-2 LR

M AL BT BERER HREHURE R E 1-7-17

& M b #

#$2H EEREBFMASBELEIAREICONT

229

£ 2 NEBREEHRRESE
28 BR4TEI0A5 B CK) —7H (&)
2% FR - KFH - BHESE

MR FERROHIN120 (P, B EHHT00CT )
T REEBIRT - BARMERS - RIEA R
Bt s - HEBRAREHAEAREHENRER

3HM

(83)



230 5 A& HO% B35 (1971); BILEH¥A
ko o HETEAK B AKES « HRIHEA B AR < AERIEA B ARESE S - BARY BENEES
MIEEAS - HEEAB AR ARG BTERIT %S ﬁ@ﬁAaA%%ﬁ %I&AHX
< BN O ARG RIS &@&AHﬁ%ﬁ%M%I%A bR
%hiE ERERE - gl - BNE . BRE - ABE TEANE RGBT S - WK TS - GnBREAR

c B - HHE - BET - BRI

- H /MEE):EL%% ARSI e -t AR

ﬂ 679 2% 5 7 Hlliths - R B AR BT B
8 (IEARD M - AEEA HAKEE ERERS - AAZRET
HAR TL#HF - BARBHRES - AMEA HAES EhHFHABEF S REEA LA S - HEEA
BR T 24 - BEEA B AR S - B KEBT WA - HEEA B RERF S - HEEAEA
AEEY 5 — BEY -2 THS - HABEAHALR B - TR ELE - HEEABE RS - 4
¥a AR BANEES - BLEEYS - HA ik AT - SRS « AFEA AR
KL - HEFE AR - HETEA A KRS TFHEEEAH - AT B AR b RE S - B
amaRE
lé)
4| BB GIR KT - BT
GO L B e
:Iooﬁ B o4 =
10 . 00\ P
A evvar | B 1 & B o8 (evvav | B 2 & W OB
5 — — S —
R | MBS | WIEOWE - G
H v A R B-1 WHHERLIL S bu=s A
Go | 10 R RIS - RIS
8 :100‘1 PR A Y
w0 | ; | wem kAR
0RO AL, kR BRORERN | 5,
A 1200 BOMABEE L EENEO
6 | { el ‘
Ho | | e 2 A | WL
<ﬁ>‘wiﬂolc_l  mEEEMAOMERIOm | [, R
‘17;m! | LER (R e B S 35 X OV A, HEPEK IR & B 3E
| | | ) (R, BT L)
| e HEPERE I
10 | ERAMERE GEMI%E, GBS (v <> 7 U7k
5 2% c-z - EEEER, Av= D -2 e>@w%
12 : 00 | Eab— 2= WFER Ry b)) ET o
4 | | omE !
a | | mEiAkcmhoFRSE | HPERE
S B = N | ROk S i
N l ‘ Man in the Sea D-3 } :L/TJI/:\'— ,’édﬁ@ﬂfﬁ %
17 : 00 | | Project & Undersea ’ REPHREBBRELERERL L)

i Habitats

R N

¢84)



&l

F &

SRR - B AR A AL A - AN RN

B &

>

% WA IN

DEETRE, H—T—< [BT0HE20HL] OB
<, TROLIR4DOEMT—~2b 50, &7~
T LIBWIEL WAL D RFER IR ERL T ET,
1. H7F—=

D EEBEE

2) WHEOHE - BERICHEARER

3) WHEREEY - bR X OO

4) WEFEER

Y

5

RERANOEHEER

1. JEEEK  BHREHD R A.

2. ISBHXT—<: &% 7077 LKREIR TN
54 D0HEMTF —<IC Lichio TSI,

3. B
VBMEAZ(FEDFAHAXZHEAL T ZIW)
2FEE RS (Abstract)

(3)3F3 X (Full paper)
2 H IR

FineAR BL O TR (Abstract) |
.................. HﬁﬂlﬁlﬁﬁfilZﬂ 31F
[3F#H L (Full paper) - FRF474E 5 A31H

WEHLERE (Abstract)
O FERIZHE S - AIXOmMC TRBL TR
A
1) B A 4 2D 2 4 T A (215mm X
IMI200 AN T4 4 7L, L
TLEX W,
2) ML 4007 FERARE AL T EIWn
bYFRERRICIE, TEROFHEALEHL T LI,
D @X7—< (EFRRT)
2) wXBEMEOREL, ®REERLIOHEEBEL
D MEBEOEIELUCEEES
4 REGLOBHRL LTy v 3 v FE
FHFRH X (Full paper)
a)RER L - MXOW T TRIFL TR
¥
1) BEIC Y A XD 2 4 7K (215mm X
280mm) 1IZ, #160mm # 220mm L/
RICZ 4 T LT &0,
2) MX - BERECORRAREERL T <

(85)

& 231

72 &\ (R ARAELR R % 3i1%,
FHERIOBRMLBELED)
D)RFHROTIT, THOFFHELELH L T LN,

D BXOT—= (FEIRIE
2 WNBEHEORL, BERLR I FHERELY
3 FEER (LodotRH—)
OB M INTH T4 (Preprint) 0D B,
LB MBCEAINET,
BN DFEE
1. WA B QINERID, TEHE 2 55A1RE
BN RARETTEACRS VW TEE VWL L &
D
2. EEOHERR, BBRIVEECERCHEE N
LEd,
WX DHE
1. BYOREREE T v I 2 LB, BHIE
1HRIC>&204 &L ET,
2. LHMEIEEICRELREELET,
3. HXDOHERERITFT ALy v s VRERERS
nEd,
4, ATAFBLOMET « V2 OFEARTEET,

oL AT A F 35mm (EEBREOICED 7,
QuER7 4 Vs 8mmEZIZ1I6mmD
HOICEY £5,
@A —sx—~y K T a2~
T&ET,
HHOEH R L AT

K ZAE2SH ®105
B B AR AN
EEGHR2E - Bora (ODO) #55
TFL:02 (434) 6211 (R

KEBCEMFHLIUSINE

1. BhFH

LHBEMOBEER, FEOBNHAEACLET
BEETADS 2, WEM4ATES A3 EFTCIEBRET
FALZZ W (BXREFLER [REFLOLHFE
] HITRRLLEI W),
2. Bkt

XEBEE

— m:%ﬁmm!%i%%%a
REFREOPHES | 12,000/ | %ICH75 L
5,000/ | B3CH7 L

F &

A




232 5 & BB/ H3IT AID; BILEHEEESH

%ﬁj{% (ﬁi) ........................... ﬁf,ﬁﬁ 7, 000
D A P P 5,000
BIE DINA S

1. BIoEHAAS IR - AT 9 H20H CR)

2. BIEOHARIZ, [B4] M RITHRRA]
DWFRMCLTTF I,

3. BIHEHOHVWELRWELERADT, ZHED
BEWHARREOLIBIHE T IV,

4. FTIRADH AR, TEORTHES CTHEKD
ABT I,
F—BhERITHSEEE « HREEHS
THEEFERSE RRSEER] Dk

5. BIEIOINAB HRERKEE, ik [T o5
L] BL TRIGEEL - THRE] 2 HARTHE
CEED WAL ET,

HAS R X OCRWA84

tEo IEHoBNE X SHARE] KR,

F2RERETHERE

(%5 2 EIEER SRR LARC T3 2 mEEE
FBRSER] 2 TRICL VBNl 9,
2 H WAUTEIOR 4B GO ~9H (A) 6 HME

& N

2 B HE - BEEgEE e s—
e EEERHES - HBs X L E
KR A% ZEWIRABE WL
K EEAKE WHEEYEHMRAER
M7 SIS wEARIAE - 77
vy BSIREE MR - PR - R
DEEE T HHT #REL Y . —BER Wi v
V=TV UIRBIKE =2 AT L BE
R — 7y A7 o VETEBREENE -
jogal
A RN - B BB
HABNHEFEMREHET 70 Y 7 MRR
YBILO HBEEI FE SR BUR
WA G RRIR
R - EBES02ERR
WA R (FER) OB FE RSN
B EDE ¥ B M - B
HAR X CHW&840
HRMEREARESE B105
HEEA  HAERBAN
EE R &# - Brs (ODC) #HE%R
TEL : 03 (434) 6211 (%)

5

BRI o 8 F Y]

+ # ELEPIER

L & 197243 H24H () 10E~171

Lon HEERETE BUCEMERBEESEE
(FEF0484-62-1111)

BRER mrE= (EFD
JeEOROMIME  REFEEE OLK - \HDD
EER COROFEN—ILBHHCEE L T—

ST & AR SHER (K - )
EEE= (ETD

RO R MZ i3 2 Bl ER
aEpE R GOA - W)
EEWOKORBICH+ 5 HiEFER
I —BEF ML 2R EBNICDONT
SEEA Gk H)
II. ZBEF Ik 5 & onT
Epkai— GEK - BiRED
KEEWTFLIC 81 2 BIRED FTHEZ GRHEXKHD)
BHIE D iT oW T DR HaAR B GEK-H)
B oA B

(86 )



¥ & E % 233

H M 5 H
BIATEE 77 YV ABRNREEREEEER

O, 75 v ABRRIEHETATEE Y 5 v ABURE
WERAEDEESTS, 7T v ATIHERFRET 545
BOEMRENECHL 7 5 v ABRAA 1,100 7 5
VEATHRL,BBOHBRENE L TRE T A LT 5,
S

OBAHELXETHZ L

OBFMATHELI A1 BBRAEOTUTTHLI L

ORRF4TE 1 H 1 BRET, KNFEXFZEROFMBRES

AEL LB DT &, HURERC 2FU FEBLE
FRHEMRE2FU LTI
OFHZIAGIAZELETH D T & (HEBEEM
ELES e ytd)

OZRBICENWTRETHD Z &

BB AEORIR DO RMEOZHRERICERT 54
%, HERUCEEOLTMET %,

HERZEDBEESR TR CFRICBH TS & M
B 3810253810045, CHERSD

EREERRIE 1-1-2 75 v AV
HER7 5 v AR BEE

HEERIRCGRINCREOREERHT &,

BERB ALt GULETREKHEERTE2-3)
CHT3H 29 Bicfibh b, REIIGECORERE L %
A CHFRE 20 43)0

EHER 75V ABOHHREAEL TC0DIZENEEL
W, TIEICAH LA 2 LEICS U REIIFES T
FHT L AREDIEE BV, O A TIRERIER
WEBILNERET T4« 77 vEREERYN - T 5,

Al
W OB F Ok

HEEE

I EEEOUBEOIRED LI RBEELDOKVRBEYE
EiE (BAET6ME, (LEXIZTEET6E)

I THOHEEFEDSD 1, 2, 3051 AdHoKA
AW1-3% 150k ExY & U AL 6BLRIX 68
PRMTEZE, (AXREBTLATTHEE)
% EREECHECEY, BUE HEMBELREL

LCREINDHDOT, EEEHOMERAROBFAIX

BEH 75 v ARl BED

ELIERZDT L,
1. W &
Ok %
O Al
OEFER B
OHiA=Hb
OAFH
OHLFEFR
OHEDBRER S BE (&g, BELLYHEDC
&)
OfMEE (FEFEHBROERL)
OFR (HEZEOHEMLBHICTRT ST L)
OFmLHE 2R BEE, 2t

2. BEZ
HIZE, BRE, BCOWE, BEORKRBICOWTH
KBROHEMCERT B 2 &,

3. HEFETE
75 v ATHHEL L5 &4 5 HMY L ZoTHERTT
57z DBEIL B EREICR <D T L,

75 v ARIDAFD U BRI I HERH D
BARFENE LT A 2 EEE L,

4. B B
HEEDBREDEE 2K UX3.5 v F) FX, L
F#EHA ) VFLOERICHSTT 5T L,

5. BREGAEAAE
M —iE

ik KREET 7 v ABRRBIINE P AR EER Y 5

BOHLETOT, BLYDOFONCZRAEENE

BRhELLD, IHEHTERBEET IS L 5 HH#

BT I
i, FRROFHLE 2 HISH(EBBEF®%6RLD

SABTECH s~V TTARWETOTHE TRESEE

LEd, WA
H 7T k=
Fricdh BFREEXAIKITHLI27 7 v AV

75 v ARBEEBEEEA
B (03) 584-7251

87 )



VE YOUR MONEY

Kig AlseEL+ERAE

% ¥ FANE EHLERE ELfLWENs SFAANRNESD

i THEREFE, ~A AR TOWE, NBRECLELRRE, BE, -7/
RUWEEE, BY, W BH HROBN
—RERANRE, TOb—REEFEROBNRES LOHRES DL, HEY
B

¥ OB BEEOREINBOBMKLT
T L RETTR B R b DT T 5 B e B R — 0 4% R
BIELE GEI20) 12 2 M ERIB L= K. K 0k, ZEHEF

HERBERHFBSTH2LETE
T E (432) 2071~4

=




=IAEHE

ARSI EICRE L, R LS
SEB TR & MR ICE08E T 3 T

N RIOFRE THI20 H B 0 Ec sk & EX
ZENFHRE T, B UHREIZ2055FIC
3 SR OFHHE &= ki 2055 812
—[E, HizhErs s 7RiziesELE T A
SFRENAIE R 1B 2 D AR & & o
TEYET,

(4438

JAORZIA,B,C=ZH—HICh-TEY
A(Eﬁzﬁﬁﬁ) """"" Im/sec Tt i
B(dﬂ,ﬁ.‘.ﬁﬁ) ......... 2m/seo L,'(_‘j;l)i'&‘
CG&FEE) e 3m/sec °

FRANT - CRARBERE $H940om/secTT,

(F  #)

2 ¥ & H
Fe Bx 3 T X = F
o= 7 v R e E
7 U U

- A
A TV = SR P
g & K fr &
o & L+ JE B
MR AKRAF S X T
Z OOt i F WL B R AR

T

AR T RN a4t

HE#MBEXBEA4THUE M1 &
TEL (952) 1376/%% T171




Direct-Reading Current &
Direction Meter

Nodel Products

KM-2: Direct Reading Knot-Meter for Trawl-
L Boats to Control Adequate Speed
[1-5: BElectric Meter of Water Temperature

Catalogues are to be sent ECT-5: Electric Conduction and Temperature
immediately upon receipt of Meter for Chlorine
your order products

TOHO DENTAN CO,LTD.

Office: 1-8-Q Miyamae, Suginami-Ku, Tokyo. Tel Tokyo (03)334—3451~3

587 M AR R AL




BAWEER E ERFTORKIM%EHES /

FED AR A E XA

FEZE4EEMSAB

B ih - b J5h 32 i R T/HE
Bt FREER
EEEIR L HIEHEE
Rafn B EHEIEE

Bc & &

ANERIE

% #
153 Q'—VI %
52w I35
T BA W 5k AR

Jb g8 H SR

BB A& IWHERR

MR EIXMEMIT 301 6
w3 EE (293) 3 06 1~ 8
I g2 B P B B S AR BT A BT 1 8
EEE %% o4 1 1 1 ~ 5
HEARFERSREBEHEAEBEITT7 26
WEE (A 1815 - 1816 - 1835 - 816
T B # M & B 3 9 9
3% T (22)2820-3704
B d &£ R_TE EHEHEL
EEE LI (25) 6347(23)8061 - 8261




AUTO-LAB PORTABLE S-T BRIDGE

Model 602

*— b+ F T HEEEREFEF TR ERCT,
BAF S B & o o BB NE H o W ik iE
FERIRTT. B, EOaLL 51 7 CEMH
X, BETRBELIIERERY Y vy FAT—
FD ==y MEAREEDORFHES T,
& E : 0~35°C '/ B +0.1°C
B 4 ¢ Scalel. 0~32%S HE =+0.1%S

Scale 2. 32~42 %S BEE £0.03 %S
B\ R : | 9V, 200 REfEAEATTRE
1B b
U AFVUVAB Yy —T Y —

- * « FHEREEB 75715 —

i o
% 4 R 7J< ey E*f*‘;;’7ﬁﬁﬁg

[ SHE YR 2 BB -
ok memimap s (QO) K5 p IR EHI B
[ - LR HIE R o - -
e T N WOR R XKW e 107017
LA m B3 2 TEL (811) 0044 ({%%) @ 113

(M O7HFEBOHEHELEHTBAOLHFERTEW)

LY DB FER R

X BE R B ¥ 8

B E K E K > 7

®Ok £ B £ B

18 B K i

=] i 7K ¥

F B K B O #

| HOE N OB R
HEEF A L H£Y T B &8 R B # 2
% 2O B EBRBEEEREIE 2 MEE

oo mOBOfE P

FRWARK EH 3 THBRF IS &|EE (832) 4361~5



AL a2y 7

BB ER T 00, BRIRKEZEE RO THBEOLERK L,
BHEICEE LT,
FI=Fry, TrHIBEECLRBELET,

FYyAay s

&, B, KEAE L TERINAEEMEEEMRORT Ry —) v
4> s

K Y 997 X

Ty 2z 2EERGEL, HEFY v—% v v FLENE FHAO
—~Y Y v 272 2ATT,

REIMHKEKX£S &

R X %M 4-7-1 TEL (542) 3361 (%)

aqua=lung

BEHN7 27 v BB

; « 7 — F —~ ¥ Kk K
n 4y . - ] >
h g _ # 2 O BETE, KRRE, B, BE, % WA
FIKRIETR S5 0ok h R 1T B Y L AR R R R T KB A
s TAwmYYw—UfF ARy T A BIKIR

5 —% —}§7.k =] BE LTI e TRIRME DS Z C orereeees 7% LR
— 727 5y FREEME
KA FEOZRKBRIGLETOTIRBETEW
TIT Iy IEELERR
WRE7 275 v /MRS~ 2%E

{E - A¥eFr=v 7 e
XE - U.S. &4 S~ A% B AR

BER775 %44

L]

NE X HEAG AR L 050

E 33 EREH ERBSERAARITHINS A H REAHREXSKET2 201

S B T §§E§¢Wé¥é%§°i (§§$3$W§ﬁ6w~%> MEEET  (FEREEASER)
B ” £z W (918)6526 ({4 st R (67, /
®#% AHEG3) 5016 g WW7<Wﬁ> T MFT (67) 55010 k%)




B A
 FR A Bt
5 B

23 & W Z]B 2% R4 PR
A floRGE H B AR 2 —13—1
A U A T =S N | G | o [\

R L S 1 T P
BAIBENL 3 ~ 70

'IIIII-IE I EHIH ERMERTIRMRETS -5
EREB e 5




Exploiting the Ocean by...

T.S.K.
OCEANOGRAPHIC
INSTRUMENTS

REPRESENTATIVE GROUPS OF INSTRUMENTS AND SYSTEMS

T.S—Z2EXBRF—I—RIDFEE

B2 dm, W, B4, KRSPEREREchbY, AEiaTsi
DHDHDTHb,

KU AT BIBZENENT 4 v 7T 0y 2 FRCHERL 57— & —E5%
CHBEH A B U ClilEd RoBBAE STz PH. BiERER, &
BOHEE Y AT AOWEELEL T35,

£F—Z—1k7 A4 HAH TR ECHEE S WA oK ik R0 &
W L) BLKBCER, Hiy FF—~TRAVIY AVELFRC L »
TTF 4V EANMEB L LU TCHKEEINS,

* /“ﬂ"“ GE®E)D

| WEWE | R E__\Wlﬁ;f4§¥._L¥_ﬁ,W§#ﬁ7
ot | 0~360° | 1.4° T g
ﬁﬁgi\ﬁ; QQZQAmi/sec 0.025m/sec | O5rn/sec 14{—F0025fmisgc7v_ -
RN 0~35° i 5° '_0.5m/sec DI F 0.05m/sec+5°
4y | 10~35%S | 0.03%S | £0.1%S R ER 0~35°C
K& W 0~30°C | 0.05°C | =zo0.1°C — - 77
Fe Ry a— & }
[ % W m o
o MM 55 [ 1564 | 8 4 | 1&M [ & %
. o b 84F | 64H 1 4 | 50 B M|
B & F R | AV UVAVEALHR }
| BRF—5—7—7 | 74Y) yTABav7 by b7 —7 C-120 ﬂ
@O A B B0 AL
L & B OE | 80 Yy M ArTF !
CE BB H R | EEESR |
| F % A fe?jl?l\vxer 4 —
1
|

BIR
| TRLA: BEES, B, B2
L , | Fog—: AL W, MR, S, KR

THE TSURUMI SEIKI CO., LTD.

1506 Tsurumi-cho Tsurumi-ku, Yokohama, 230 Japan

TSK. USA.
CABLE ADDRESS TELEPHONE 3446 Kurtz St.,
TSURUMISEIKI Yokohama Yokohama 521-5252~5 San Diego, Calif. 92110, U.S.A

IWAMIYA INSTRUMENTATION LABORATORY




5 B o B SR

_I:I{:‘ld)nﬂiié'ﬁtl:f\’c 'F é L\//

LAEFA 1t OFENERUVHMERES X T LIZE
JAXHAYN) FHA,

LAt BRI B D E AR RS Rk ;
VATLELTHDHBIVERRDU AT LERRT B-HD
BB L TEHELTLET,

O KFEERHELRAT A O BERAM., HREERRHEES T L
E/—\%gﬁb/"ﬂ?:r—iﬂljgﬁﬂ/XTA O l%/§{¥nn*&%ﬁﬁiﬁf/z7—b~ f
HEIFCALEENL—R - RTL O EBEEILILA-25T740-L0—4 ¥

O EBRHERELRATA(ITHEMR)

XA B EFY —XTLHL@FHE LT E T

H 4\n1tf‘1* i3 ?ﬁff]t' %iﬁﬂ] HRARR R X AT —2( AR EL)

. T103 B 3 (03) 279— 0 7 7 | (KRF)
KR XIEEFEETE 2 —38 (#KEIL)
% T542 kK BRE (06) 262— 3 4 7 | (£ )

KB RBEBERRIN 1305 — 638
IL b= RE = |HF T312 B M (0292) 72 — 3 0 8 5




DM

i

Ei2
5223
wm

0
512

e
Y-

L2

W
~ <

B
ig:d

¥ 400

i

oEuEy  °
CEBa o
8 :,Azmmwllpo
gp Al <o
¥ mE7
o ﬁkzn ™
CaxBY T
%@em%ﬁeﬁ
E%E%%
e 1

e

%
ZTE
R

i

Joe
L

#

W
B R

i

/J\

CHRZE

BRI AT

ES

EEBXER ABASL—13

111 3

(828 3935

B R E
g B




B E :
VY RY = 54 FNEDERICONT
(%X} ....................................... ’;::1" Ej—“:ﬁ
4 v FE=Y v HEEOWIRAES & I0HT
L DTEOREE GEI) overrere P. BENSAM
WRICBT 2T 7 CBEOAERINCEET 2
%]&%B@ﬁ% ................................. ?ilgj:{: E
b -
) =K abeT I VALECREE (LD
................................................ ’E’Eﬂig

173

& H Lo |
BT 7 ) A WO EERABRINCHET 3
BEMT 0 —F ¢ — b REET - ANE—
79 Y ADWERRE - BHEIR & DR

................................................. s :ﬂgﬁz
{Agﬁ[@lzﬁﬁ.ﬁ%gx %*ﬁ%iﬁ% ..............................
fg_ B eeevmrmreeniii i b
ﬁ%gﬁg ......................................................

Tome 9 N° 3

SOMMAIRE

Neotes originales
On the Solitary and Cnoidal Wave Equation
srereseeiesi i Motoyasy MIYATA
A Preliminary Review of Our Knowledge on
the Early Life Histories™ of Clupeiformes
from Indian Waters with Provisional Keys
for Identifying the Eggs and Early Larvae
................... e P BENSAM
Experimental Studies on the Productive
Technique © of - the Young Abalones;
Haliotis discus hannai, in the Sea (in

) Japanese) cereseaniiey oo siasvrinne Tadashi SHIBUI

Miscellanées

Les cohérences canonicales et leurs distri-

butions statistiques'-++--Motoyasu MIYATA

147

158

168

173

Documentation
A Flow-chart of Compu{er Coupled  with
Echo-sounder for Estimating Fish Stocks
Around the Waters Off South Africa (in
..................... Keishi SHIBATA
and Koichi MIMOTO

Japanese)

Bréves nouvelles de grands équipements

océanographiques en France (en japonais)

Rapport de la visite de Pexploitation de la

mer frangaise et européenme:---i--ooe
Analyses de Hyres: - wsoemreossiniisaniinns

Proces-Vervaux «osririeen T e .

176

181

225

227



