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Fig. 1. Location of hydrographic stations

in the Japan Sea.
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Fig. 2. Vertical distribution of the maximum and
minimum sound velocity at each depth.
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Fig. 4. Distribution of sound velocity (m/sec) at
the depth of 100 m.
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Fig. 3. Distribution of sound velocity (m/sec) at
the depth of 50 m.
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Fig. 5. Distribution of sound velocity (m/sec) at
the depth of 200 m.
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Fig. 6. Distribution of the depth of the
minimum sound velocity (m/sec).
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Fig. 7. Distribution of the minimum
sound velocity (m/sec).
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Fig. 8. Bathymetric chart of the Japan Sea.
(Depth in meters)
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in the vertical section shown by the

line I (No. 34-43) in fig. 6.
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Fig. 9b. Distribution of sound velocity (m/sec)
in the vertical section sohwn by the line II (No.
69-63) in fig. 6.
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in the vertical section shown by the
line III (No.96-101) in fig. 6.
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Tabie 1. Average sound velocity classified by
sound channel axis in the Japan Sea.

Region
\ Amo Al 50 Bzoo Cnoo Dloo Dboo
Depth

m| m/sec] m/secf m/sec|] im/sec/ m/sec| m/sec

0 |1522.7|1521.9] 1524.3| 1525.0 1530.2| 1537.5
50 |1452.5 1458.4| 1466.0 1486.8| 1500.8| 1505.3
100 |1447.9| 1449.6| 1453.6| 1470.2] 1484.4| 1493.8
150 |[1448.9/1448.7|1451.1} 1459.6| 1474.9| 1486.5

200 |1449.3 1449.21 1450.0| 1453.9] 1464.8| 1480.0

300 |1450.71450.7| 1450.9| 1451.5| 1454.8| 1463.2
400 |1452.5) 1452.2| 1452.3| 1452.7| 1453.1| 1455.4
500 |1454.1 1453.9) 1454.0) 1454.1) 1454.3) 1454.7
600 |1455.5 1455.4] 1455.6| 1455.6| 1455.8| 1456.0
800 | 1459.1| 1459.0 1459.2| 1459.1| 1459.1| 1459.2
1000 |1462.8| 1462.8| 1462.8| 1462.7| 1462.7| 1462.8
1200 |1466.4| 1466.4) 1466.4| 1466.3) 1466.2| 1466.3

1 o 5%, hk b EHEEESH L ERTS L 8
B L 2}, Fh T oW TER/NERRIC X
TEMRAYRDH2 L Table2 o i 5. Fich
2R3 Fig. 10 ol /¢ 3. {HL 50 m Lo
EHITBUC K« T OEHEE FV 1o, T BARIC X
Dy DHDHERLTH 5.

Observational formulae of the vertical distribution of sound
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Fig. 10. Vertical distribution of the average
sound velocity classified by sound
channel axis.
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Table 2.
velocity in the Japan Sea.
Region ) Upper side of sound channe] axis Lower side of sound

channel axis

A | v = 1447.940.02000z 4-0.0014442*
Ao | v =1448.7—0.06108z +0.0015812*
By | = 1450.0—0.04300z +0.00096122
Cao | v = 1451.5—0.06291z +0.0008042*
Daso = 1453.1—0.035112 +0.000481 2
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Table 3. Character of sound channels in
the Japan Sea.
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Fig. 11. Paths of limiting sound rays.

Table 4. Character of limiting sound rays in the Japan Sea.

Half wa Eropagation time; One wave Fropa- —_ f’ropa- f’ropaga- Sound
£ | length of I\.’eR for a half wave| length of | gation 28 Y ,3| gation |tion time of velocity at
.a 2 - ™ llengh of L. R| L. R. |[time for|§ ke g‘s time of |a ray on the Ar—L: the top and
o | Upper | Lower | Upper | Lower (Upper one E QoS L. R. for| .axis for bottom of
& | side of | side of | side of | sideof | side+ | wave SoEY 100km | 100km Sound
axis | axis axis axis ]Lower side)| length ™% ~ 8| (Lt) (Ar) chanel
(m) (m) (sec) (Sec) (m) (sec) | (m/sec) (sec) (sec) (sec) (m/sec)
Ao 2054 13751 1418 | 9487 15805 10.905 | 144 68.999 69.065 0.066 1452.5
(2514) 1.734) (16265) | (11.221)| (1449.5)| (68.989)
Ba| 2361 | 25738 1.626 | 17.620 27999 19.246 | 1454.8 | 68.738 68.966 0.228 1465.2
(4154) (2.857) (29796) | (20.477)| (1455.1)| (68.724)
Caoo| 2639 | 38744 1.807 | 26.482 41388 28.291 | 1462.9 | 68.357 68.894 0.537 1486.0
(4613) (3.153) (43357) |(29.635)| (1463.0)| (68.353)
Dol 3207 | 20760 | 2.203 | 14.239 23967 16442 | 1457.7 | 68.601 68.816 0.217 1463.0
(6330) (4.347) (27090) | (18.586)| (1457.5)| (68.611)

L. R. denots Limiting Ray.
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channel in the vertical section shown by
the line I and II in fig. 6.
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the vertical section shown by the line III
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Fig. 13. Shadow zone caused by the vertical
distribution of sound velocity at No. 12.
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RIE, EEMHBAOKE 2T V=4 o
bEhb o K yi3dc T, S POEETSHY, b
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/MBI TEARED & IR OB A — B L2 AU
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Ua(4.4 a€+ 135) _ go'(44 37;1.3&__. 23)

RO TEERBESHOTMATIE U0 L3tut
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5.

Table 5. Values of (4.4 7+1.35) at the depths
of the minium sound velocity in the Japan Sea.

Region 447+13S
Ay 45.870
Ay 46.099
Ao 46.002
Baoo 46.398
Caoo 46.099
Daoo 45.900
Dyyo 45.699

FRo DU AR D o n s A BOEHE/INE
AT FEROEE b
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AT X 5 A EREERY 200 m BHE & SR/ INE
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bis. T12)13)14)
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LRI X 5 BAEOKS: B3 285 L i
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Eﬁﬁ'ﬂiozﬁﬂﬁi bk 2 oA A!oo ﬁ@i%“‘ﬂ‘%l ]
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Eﬁk#@ﬁfiﬁﬁﬁD%ﬁE%ME%ﬁwkd
R. K. Brown (1954) & k> CHERAINB L3I
DTSRI D THEHICAR BARESHT IS REL TH 5.

) Summary
Based on the oceanographical survey of
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the Japan Sea carried out by the Tovama-
MARU of the Hydrographic Bureau of the
Japan from June 28 to Sept. 1, 1943, the
author studied the sound channel structure
of the Japan Sea with special regard to the
distribution of sound velocity and bottom
topography of the sea. The main results
obtained are as follows: '

(1) In the Japan Sea, a sound channel
exists in its greater part except in shallow
regions which are above 100~150 m isobath
along the continent and above 500 m iso-
bath along the Japanese Islands. If we take
the top of a sound channel at the depth
of 50m below the sea surface, its bottom
comes nearly to the depth between 370m
and 2400 m below the surface. With res-
pect to the depth of a sound channel axis,
the Japan Sea may be divided into four
regions, A, B, C and D (Fig. 6).

(2) . Bottom topography such as ridge
and bank will cut off a part of sound chan-
nel. In the C-region where large banks
such as YamaTo and SHuN-Pu develop, SO-
FAR effects are greatly limited along cer-
tain directions.

(3) On account of the differences in the
depth of a sound channel axis and bottom
topography, the use of the sound trans-
misson through a sound channel is more
favorable along the continent than along
the Japanese Islands.

(4) Anomalous horizontal transmission
of sound is expected in B-region where the
horizontal gradient of -sound velocity is
steep, and also around some isolated circular
zones of abnormal distribution of sound
velocity in other regions.

(5) In the Japan Sea, although the ve-
locity of horizontal transmission of sound
above a certain depth increases from the
continental shore to the Japanese coast,
the horizonlal gradient of sound velocity
and the dimension of the sea are not suf-
ficient to develop a large scale shadow
zone. Moreover, owing to the lack of mini-
mum zone of horizontal velocity of trans-
mission, no large scale zone of converge-
nce of sound waves appears in this sea.

(6) In an area south of Ullung Island,
an abnormal vertical transmission of sound
is expected to appear. This tendency is
also expected to take place at a locality off

Akita, Northern Japan.

In connection with the above mentioned
investigation, the distribution of sound
velocity was used for the water mass
analysis of the Japan Sea and the follow-
ing results were obtained.

(7) Sound velocity in the sea is a func-
tion of temperature, salinity and pressure
and it increases with temperature and
salinity. Hence we can separate different
water masses by the mode of changes of
sound velocity through them.

(8) Sound velocity in the sea is express-
ed by a formula such as

v = 1400.0+4.4 7+1.35+0.0182

T<5C, S==34~35%, z<3000m,
where v is sound velocity in m/sec, T is
temperature in °C, S is salinity in % and
2 is depth in meters. At the point where

dv
&z ="
we get dj44 T4 Z;;I_l—ﬁj =0

or %zTT =0 and %ZS = 0 simultaneously.

Thus the inflexion point of vertical dis-
tribution of sound velocity corresponds to
that of vertical distribution of both tem-
perature and salinity, in other words it re-
presents the position of so-called “Sprung-
schicht” which separates two different
water masses. In the Japan Sea, the point
of inflexion lies just below the point of
minimum sound velocity along any verti-
cal, except in the A, region where no
inflexion point is seen, and is at the top
of the region where vertical change of
velocity is linear. Evidently the latter re-
gion represents an uniform water mass,
because temperature and salinity is con-
stant within it.

(9) Considering the equation of mixing,
we can deduce that the horizontal gradient
of S and T or (4.47+1.3S) vanishes at the
point of inflexion, so that the surface
through inflexion points represents one of
isothermal-~isohaline surfaces. It is the sur-
face of separation of two water masses.
Indeed in the Japan Sea, the values of
(4.4 T+1.3S) at inflexion points are nearly
constant everywhere and take a value 45.7
~46.4.
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