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Investigation into the Dip of the Sea Horizon (III)

Masaaki Hyuaa* and Yurin SAkaMoTo*

Abstract

The dip of the sea horizon varies with the terrestrial refraction of the ray
of light from the sea horizon to the observer’s eye. Therefore, in order to investi-
gate into the dip, it is necessary to make an essential study of the meteorological
factors, i.e., air temperature, air pressure, vapour pressure etc. To estimate
the dip, vapour pressure is generally neglected as being small. It is, however,
considered needed to clarify how it affects the dip. The authors tried some
analyses on the data observed during the cruises of the T.V. Oshoro-Maru of the
Hokkaido University in the years of 1965, 1968, 1970, 1972, 1973 and they
have found that the vapour pressure of the air gives appreciably some effect on
the dip. The relation between 4d and de is shown in Figs. 1A and 1B where 4d
denotes the difference between the dip observed on the sea and that with no
terrestrial refraction, and de denotes the difference between the vapour pressure
of the observer’s eye and that of the sea surface, respectively. Fig. 1A shows the
results of the data 168 of D deck only, while Fig. 1B does those of the data of D
deck of the year 1965 and all the other decks of the years 1968, 1970, 1972, 1973.
The correlation efficients and regressions of the two groups were found as follows:

1) correlation coefficient: -0.682
—:— regression: 4d=-0.140 de-1.234 (D deck only)
2) Correlation coefficient: -0.639

—:~ regression: 4d=-0.156 de—1.370 (all decks)
The amount, of effect 4d, due to de was computed by the following equation on the
118.2

data 134 of D decks of the years 1965, 1968, 1970: 4d,=- 4T de.
The mean values of 4d and 4e above are as follows:
Range of 4/H ad de Nos. of Data,
1) 4/H>0 0.139 —~1.932 64
2) 4/H<0 0.323 —4.887 70
Sea Area ad de Nos. of Data
1) N 0.106 -1.319 64
2) S 0.353 —5.450 70

N: northern part of the North Pacific
S: southern part of the North Pacific crossing the Equator
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REEREETsedicb, —MCRARIEC L 3 BBIEDE U TERIN T3, RBER
WEREIC L 2NBOEIICE - TELT 2 DT, 2OERTHARE, KE, [E KEJES
CEEY 5 BN S TRESVE L E A 3, ARV TIRARKECEL TETORMTE RATLOTH
#75, BHIOGEEIIEE & HHLREEAS L ¢ 23uc Tepy, 1965, 1968, 1970, 1972, 1973 £D 5§
16, 28, 37, 45, 48 WHMEICBIMUIRFEZMEL, FRFICKK, BRORKKETEL THENIZLO
Th b, FFFERBTICH I VEICHB 2RO 26U & AAMER U EESMC H LEROHR
BRHRT 3, 312, F— 2 —ONEB L CHEIBERF ARG EH Y » & — 5 X O HLEERS
TREEFMAEM v & ~2RAL 2 & 25T 3.
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tgd = /27H— —2(n—mny) (1)

H: B &
ro:  HIBRODMEE
n,my:  IRER & EEE T 2 E]OBHITE

IREZED PiEfEit 7 4 (minute of arc), J/xbbH 2x107%rad. LT TH A0 5 tgd=d LB] 5,
BITR 72, KUE p, KER e OFOEZRIZ D TOXTRDR %,

e
T _ 2)
ay, a, IXEE% mb, K% °K THEDTL & Na-D line (A5893A) %L, Brocks(1954) iXa;=
78.8x107 5[ " K mb71], 4,=12.4X107[*K mb™'] 25 A T35, TR BV TiZ, —KILIRFET
BOTHCSNE ay KHLT 79x107°, a2 1KRHL TR 103107 2 AL, () K& H#hFs
FORGOREFEXN O THREINHEES2 —E L U THMNEZERTIUE, n—m iz DF¥OR
THERbINB,

»
n—1 =a17—a2

0.?;’)7'743 ) CH- a,p—age AT &Ae

n—"ne = ——al% —11,)2— (1—
T2 T
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HERE I HNEHEE
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4d & de ¥ DEE%

4d i EREC S IRBEOELE, de IBREDRSE L MEDOKEIEETD 3, 3) ROA
D H, AT, de DEDFE% di, dp, ds & UTHKRENICERZERE L EBEZKD HERONT
DOEZRDE1IRITRUI, F1RBVT, Q) ROETOE 135 L 8 2 HOEE di, ds 13 54%
2R B J OMBEEERIH L T, EALREREATERALL, BREEODE 3HN ARIE
WIXAEBEPEZLLDTHD, de=e—ep iTE VT eo DHEIZEBET H 553, I20OHERE
Sverdrup et al, (1946) iz X AFMEFH BT X 5 12 WEIDARKIE €0 2[R CBEDRBAKICHT 3K
HREL O TRC I > TR, Tabb,
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Table 1. Numerical factors in computing vertical refractive index difference.

*
i axios K-y 10 4
mT X X mb-1x10-¢

°C dry | saturated, dry saturated

0 3.66 3.66 1.07 1,07 3.66
10 3.41 3.40 1.00 1,00 3.53
20 3.18 3.15 0,93 0.93 3.41
30 2.98 2.93 0.87 0.87 3.30

d, DRIz p=1013.26 mb %A1 72,
eo = 4(1-0.0005378)
eo: VEEIDATIERE
eq: FREKICHT B Tk EKE
S: BERE
FLRBOTIZ 60 i3 e DI 98% ThH 2, BRIBEER 4o & L, KERIIBIHO BOREEY
de LT dd=dy—dc %R 4d L 4e DEIE% Fig. 1A, Fig. 1B &R L 12, Fig. 1A i3 Deck %
A {43 D Deck DAV TTNTDEDEE 186 itk h*L, Fig. 1B 1t 1965 0D D Deck
EMDEDTNTD Deck 2B E 648 1L o720 2HHOEE L b 4d & de O FEEIRER X O'E
RERERD D ¥ORR 2B,
1) D Deck DADEH 186 itk 5 & &
EEEE r —0.682
99% DfEHEKE  —0.566~ —0,771
4d % Y §if5, de % X BT & 5 & 3[EIREBRIE
Y = —0.14X-1.234
2) 1965 4ED D Deck 3 X TMBD T NTOEDER 648 1k 3 & &
EEER - —0.639
9996 D{EHEXE  —0.575~ —0.695
ERES Y= —0.156X-1.370
HiRcis? 2HMEOR L BEOKEIEDE de PHERER L 2 H0 Bifgic s L X T&
dd, 2O XORT L kw2,

4d, = 3438 / ﬁ 2~ 22 am—n)+ 22 x107]
[}

3438,/“—2(% —ng) BBBIREZE do LB L ERROF¥DCL{n3,

118.2

Tde (4)
(4) Rz k - T, 1965, 1968, 1970 £ D Deck DA iz & 2 BIHIEHE 134 L b de iz X 3 4d DT,
E%Tl/?\.o

4d, = —

4/H(Cm™)  44,() 4e (mb) Nos. of Data
4/H>0 0.139 —1.932 64
4/H=0 0. 323 —4, 887 70
Sea Area 44, () de (mb) Nos. of Data
N 0.106 -1.319 64
S 0.353 -5, 450 70
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Fig. 1A. Relation between 4d and Je.
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Fig. 1B. Relation between 4d and de.

ERIBNT 4d,, de B ZNFh Ad,, de DEHERTL, N, S 2t EHERETT b
DET B,
4 & de EOBIE

43 T-Ty (T: BHOKE, Te: KB) T4 & de OBE% D Deck D& iz T Fig. 2 077
Utzo T IAHBRRES X FRIBEBZATED 2 I DO TRO FERIIOXDBEHTH 3,
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Fig. 2. Relation between 4 and de.

1) D Deck DADERHz X3 & &
FHERE 0. 482
9996 DIEHEXE 0. 323~0.614
4% Y, de % X dhic & 3k 3ERERI
Y = 1.162X +2,900
2) FTATO Deck DFEz X %2 & &
FHEER% 0.471
999 DIEEXE 0. 388~0.546
EREHR Y =1.022X+1.967

% ®

KEGKEDREHEADEEL Table 1 KB W TASN 3 L 5 iEEIIZ (3) RDE 3HD de DIF
TobbREBIOEEOKEREZDOAIC L2 DTH b, EHLDERIINT REEAD e
OFEIZ 1mb iV TEH0.068 Th 572, CHIZEDELUTHTU SEBRTIZWETH T,
AKENKRL bEV T EDZVTERY, BEOBHFERICBOTIX de b3 —10mb & 20k ZHEAT
ETACE DY, REZEDEERI VL RET . TIKEIREL H BN EOEWIERIE
KEEHFTOIF R B TRARIEZR B/ —5mb BEZBRL 20, COBEDRREEAN
OFBIIHN 0.3 Th3, —BTZTRUTTHEOT, LHFERI B TIKREREC X 5 81
SELTHIREKEL ALV IDLEEL B, MZ®D H.C. Freiesleben 2ARIE 2 EFIic AN 1B
FEUT d=5.04Y0,1123H+To—T+0.135 (eg—€) 2 HA T\ 5, ROFHEDBED B 5 » Tk
2008 (eg—e) DEDBEIRK NI SiBbN s, FHL DENIRROEDEYTH 5, 12170,
KEDOEREIREE (1013.25mb, 15°C) Z V12,

d = 4.7 0.1287TH+To—T+0.036 (ey—e)
IXCHELREZEOERRNERD 5i2dizh, p/T?, 4/H 285 2 —2—L LT de 2EREIT
ANZdoiz, COEBRIC L HRD 12 HHEE & BIE L O do—d.=4d L KEKEE e—eg=de
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L OHEEIZFEL —0.259 Tdh o170 CNIZEBRRUCHNTIIRTI A~2~D 4 & de BEHBIGEINT
SOREEMIIEAR IS BDEEL S, CORREBLU TR ISWEN/SERY B 3318 TS%
OFRIBRD 120,

1)
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3)

5)

X [

Brocks, K. (1940). Eine Methode zur Beobachtung des vertikalen Dichte- und Tem-
peraturgefilles in den bodenfernen Atmosphérenschichten. Meteorol. Z. 57, 19-26.
Freiesleben, H.C. (1951). Die Strahlenbrechung in geriger Hohe iiber Wasserflihen.
Disch. Hydrogr. Z. 4, 122. :

Hasse, L. (1960). Uber den Zusammenhang der Kimmtiefe mit Meteorologischen
GroBen. Ibid. Z. 13, 183-184.

Takenouti, Y., Hyuga, M. and Sakamoto, Y. (1970). Measurement of vertical air
temperature gradients with dipmeter. Jour. Oceanogr. Soc. Japan 26, 226-232.

Roll, H.U. (1965). Physics of the Marine Atmosphere. Academic Press, New York
and London, 426 p.

— 60 —



	0055.tif
	0056.tif
	0057.tif
	0058.tif
	0059.tif
	0060.tif

