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Investigation into the Dip of the Sea Horizon (II)

Masaaki Hyuca* and Yurin SAxkaMoTo*

Abstract

- One of the main purposes of this study is to derive an empirical formula
to estimate the dip of the sea horizon to be duly applied covering whole sea areas.
The authors grouped the cruises of the T.V. Oshoro Maru of Hokkaido University,
to the Arctic Sea, the Bering Sea, the northern and southern North Pacific, the
Gulf of Alaska and seas adjacent to Japan, from 1965 to 1973. The dip varies
with terrestrial refraction, i.e. the vertical gradient of refractive index. The
new formula as a function of variables p/T®, 4/H (where p: air pressure, T': air
temperature, 4: air-sea temperature difference, H: height of observer’s eye) derived
on the data gained in the years of (1965, 1968, 1970) is as follows:

da= - [1435.55 2 (—;;)+ (36968.7 -5 —402.312) ‘A;T +15051.3-5—

Thus, the dip can be estimated as (1.926-da)s’H. Here, the effect of vapour
pressure was neglected as being small, but to estimate the dip correctly it might
be necessary to allow for water vapour on the dip. In our study, an appreciable
effect on the dip was found. On this point, together with effects of other elements
on the dip e.g. wind etc., a paper of further study will be published in the near
future.
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IRBZE 5 IIHIRIMBO 12 DI IHS de EXMOBITOI DB AW dp LY H 12D, dy
it ERE L 2 MOBIRO D EEHV B AED, P30VRETUTRAZHENETH 3,
3=dc—dp=dc(1-K) TEALNRE K 2W¥HHEE LU T, Bessel itk 3 10°C, 760 mm iZ 31} 3f&
K=0.0784 8B Thif, wbWaEARLL T, s=176VH (H: BE n)1 ¥ HE5Hh3, Th
BOYBETCHC LA TV IBREGEEORTH 5, CARKBEKBOREZE (4) OV E 3XHEETS
LT, —BRBEEIEERCI S TEETs0E 30, ERALBEHEZEORERY 4 RIEHHFT
Z250LUTHREZDREERD TV 5, PERIABEKRTT k4 VEBED 0.33 2 BTz,
1927 £ 2 AOWMAT, 271929 £ 6 AT THE TOEREEN» S ZOTVHHE0.2icky stz R
EaEBRX s=aVH ~bd i3} 3R a, b DEREFCBNTZEhEFNREL 3, ThbBLhI
EROBF, BFEBVTIREATILEDNZY, HLVIMR, HBHL TRAEYUTH 3,
X5k JLAETHI L 1 AILICERR 1965, 1968, 1970, 1972, 1973 4ED £ 16, 28, 37, 45, 48 Kif

* JEIEE AR TR R AL N R
(Laboratory of Fishery Navigation, Faculty of Fisheries, Hokkaido University)
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WIBMUBBERE, FARRCESR KSHRORIEERL T2h 5 ORMNEET &7 2aREEic>
VT ORI 2 RAERX B2, APELR TSI h BB HHEHERA12BL 2 AHHBRITD
FER AR U EEOHERRT 3, 7~ & — O L OFHER LEERFERAH AR 2~
OB R K E T AR s £ — 2 FIA L T,
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1965 DB S MBI B Tit, W EERAFKESE b Carl Zeiss MO REZERER 2 #HL TR
BEORIE R T o170 1968 £ N & IFIZFAED b O BRSNS HEI TPR N EFEALT
W3, HEUEDIEEEIL Carl Zeiss MO bDIXBEE 05 THEUZ 0.1 T HRIC X 3AREBI X H#l
U te E - HSERAED b DIt Vernier i2 X § 0105 F TRIEL 2.

PR T OF I

1. 1965412 A2 B X b 1966 41 B 31 H 3 T®D North Pacific Ocean, Molucca Sea, Banda
Sea, Sawa Sea, Indian Ocean, Great Australian Bight, Tasman Sea i X I¥ Coral Sea ®
o

2. 196846 84 HX b 8 B 14 B ¥ TD northern North Pacific Ocean, Bering Sea 5 & I¥ Gulf
of Alaska ¥,

3. 197046 A7 B X b 8 B 16 H 2 T®D northern North Pacific Ocean, Bering Sea 3 & ¥ Gulf
of Alaska O)mﬁo

4, 197246 A6 B X b 8 B 15 HZ T® northern North Pacific Ocean, Bering Sea, Arctic Sea
B LU Gulf of Alaska D¥FIK.

5, 197344 B5 B XY 4813 B2 TORKER X FRIHEDOHER,

BB,

5 OV FhOMECR VT S RBEOFER L b IRBEOREIIAR L 5 BT C1T > 2o upper deck
(A), boat deck (B), wheel house deck (C), compass bridge (D), X T* radar mast top (E)
(1217 L35 16 WHIEIRER ) CHEEOREC BV TTRRRE HIER LB~EEL T > 1. #EOD
PRI AR 20~30 53T d - 120 IRE IR MO ARG &k OV B O BUK» 5 HEHEEL THRR
HOBLAK 2B 1o BEROEADEK, B/h, FHRFEBHK A B, C, D, E OFERREE Tables
L,2D@EHYTHoT .

AFHEOMRCBNT 7 27V EAEEH TERROTBE Y, REEMERY 2 v 4 FREHT
HE%R, oANERAK Sy Y TOHAERAERKGREN CEKORERZREL I, I r4n
L -4 —THEE%E, B, Shb, HRRBERIE VBRI 122U, 1965 ERFAMEI L
T, ERROANRIE compass bridge LRI THIEEHND 7 X< VBRAERE T CERIDEGE

Table 1. Ship drafts at observations.

Draft (m)

Year

Max. Min. Ave.
1965 3.96 3.45 3.74
1968 3.04 3.70 3.84
1970 4,06 3.67 3.85
1972 3.79 3.62 3.70
19738 3.61 3.51 3.56
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Table 2. Heights of eye at observations.

] Height of Eye (m)
Year
A B C D E
1965 3.81 6.01 8.21 10.51
1968 3.72 5.92 8.12 10. 42 15. 67
1970 3.70 5.90 8.10 10.40 15. 60
1972 3.88 6.08 8.28 10.58 15. 83
1973 3.99 6.19 8.39 10. 69 15.94

o X 1EIOATT- 12, REEMERFA—ER CERZRFN 5 EMHEUREEER {To 28720
EHER b > TEDEFOMEEE Ul KERAROD L &, I RREEHEB OB AEN & BD
NAZERTHO LD, HROIHAMED BHERIL BB BLELVE Y (5RDEEINE), F
1z, kTR 3, AT - TTHLUEEROIDOEKEFO D2 Y, 1965413 70x 4, 1968 £Eid
27x5, 1970 4Ei3 37X 5, 1972 it 44 X5, 1973 i3 8%5 (5 H 2 <) & 858 2HRER E U1,

## o & R

1965, 1968, 1970 i BIEL 1A RAIB T BIREE 6 L b dap=1.926—8/VH it & 5T da %
RDBERO NS DEREDLISIE dao %R 120 dag DIE134% =ODBHTSMT T Figs, 1, 2 iT5R
Utso

dag < 0,18 +
0,18 < da, < 0.38 °
0.38 < day A

B & % 0 & X
REZIEORIFOE L b2 ¥R THbE LD,

ge = }/% +2(n—n,) (1)
H: R &
ro: HEERODY4E

mng i HRFS & WEE ksl 3 BROBHTR
REZOREMIZ 74 (minute of arc), T72b b 2X10™2 rad, UTTH 225 1g6=5 : B} 3,

BYITR a2 ERE p, KEKE e, [UE T & ORIOBEFKIL Brocks (1954)? il >¥O RT Eb
25,

(n—1) x 108 = al—:j;— -—a,-;—,- (2)

PRED a1, a2 BEDOEEOEKTH 5, HRFRFICL > TETOWEEND 208, K% kT, &
FE% mb TEbDT & X Na-D line (r 58934) il 2 Fh 78.8~79.5 5 L 1°8,.7~12.4 T 3,
AR TRBERFFCBOTHO LN TV S a1=79, =10 2IA U1z, EIIMWE» —E
E9 3 EABNEORL JTRROREBFBEREANTOX¥ORXTRDbE 3,

P oH = TRT @
g: ENMEE R: BREKOKKENK
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Fig. 1. Distribution of 4a, on cruise 16 of the Oshoro Maru.
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Fig. 2. Distribution of 4a, on cruises 28 and 37 of the Oshoro Maru.
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IBES X CHEE EOBITROZE n—n i3 (2), 3) R&L HP

ar
nsx —ay - (G + g ) - HX 107 )
(4) R*e 1) XeRATHhIEL
T 7 18 4T~ .
5—}/ " [1-%0m 75 (R+dH)X10 °] (6)

a1=79°Kmb™1, =6, 37x10°m, g/R=0,0342°km™ 2{4AL & %24 (minute of arc) TEbLEIL

5= 1926/ H[1-503.23 2~ (0.0342+ )] ©

T U T 503, 23 p/ T2 (0,0342+dT/dH) R B TEHIN 5 LROBITHK
d
b= (g5) O b Hy n: EROEHE) s 550 Uit TR

5 =1.926VH(1—k) (7)
KEoTEDES, WEEBER s=avH L LTRDbRIE, XRIZBHO T 2 O REE
8=1926VH & DEII FKETH T 1.926—a=da B ZDHEKT2FORTRDE 5,

da = 1.926(1—V1—F) (8)
daid p/T?, dT/dH DB TH 35, Tk p/T? ROV TEMT NI da=A(p/T?)?+B(p/T?)
ERl B BERUEGS BT A C LI o T 5 BERBHERTUEE 0.1/v/n =07.032,
0.05/v/% = 0,016 (n=10) LLFCd %, BEIL OREAD BESMMH SRRl 55 & &, REMR
242 dT/dH = T'd/H TRbH¥ 5, LT T XBAHEK. dT/dH » A/H & —REMRIC D IUIFRIK
A,Bi3 A=a(4/H)24+8(4/H) +¢, B=pg'(4/H)+¢’ &5 5, 1965, 1968, 1970 FEDHREH 600 &
HhBNZRBI X DM @, 8, 8 9 0 ERDDOEFDEBRRERI

aAQ
1.0 F
0.5
o>
0
(o005 ¢4
-0.5F
-1.0 L 1 ) A/H

i 1
-5 .0 -05 0 05 1.0
Fig. 3. Curves of 4da against p/T* and 4/H..
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da=2- [1435.55—%’; (Tf:{—)2 +(36968.7 L —402312) % +15051.3 -1 ~163.792] (9)

da k& p/T? A/H DBEf% Fig. 3iRLIZ, (9) ST X b 600 D Rtk b #HHE 50 2 sROBRIR
FZE 8 & DBEEDTISM 0,011 3o X CEHERZ 0,324 2RD 12,

(9) & 3 =116V H —0,24 (KBEEAR) LOLHE

(9) K& 5=1776VH —0.24 & b 1972 F£DL#EB X T° 1973 £D AAHEOBRIE L & b 3R
B o, & BINBEE 0, & D3 5y—8.=45 %R T2 DEHIE 46 K48k o % 3K Tables 3, 4 it
| Y

Table 3. Comparison of the results of estimation of the dips by two formulas
H and S (in the year 1972).

Formula » o Y de 4 4/H Nos of Data
H —0.175 | 0.439
S o815 | o3 | 0-0128 | 0.009 | 0.286 | 0.0433 220

Table 4. Comparison of the results of estimation of the dips by two formulas
H and S (in the year 1973).

Formula 45 o p/T? de 4 4" Nos of Data
H 0.271 | 0.295 _ _ N
S —0.930 0. 280 0.0120 6. 517 0. 737 0.1022 38

ERigBTHI 8) R, Si2s=1776VH —0.24 %2777,

£ ®”

Tables 3.4 ® 45 DL b AT BNTIE H AOHEIR SRI b & BBz BIFT, BRI
BATIEHRE SKERFBELEL S, SRITB 2 EEEEK0. 2 3tET BT}, B350
AR, AAERBOTRAINILEERTIOTH S, EELDTF-ERIC UL, BEER
¥tz U Tit 0.66 (4 D 0,29°C), HAHEI 5L Tid 0.15 (4 DY —0.74°C) Tho
1o RERBON TN ZBEDERRD s=avH —bd BV TRKREY BERBR D2 - 30 FK a
2ED, OB ARERMTE DL LT AT 3BEREEMA T 50, R b OFEDHE
BANBEERIISITH?, 03 1k RIHITZOT, Ch2RERHETIEE EOEMKED
EXBTRUGRESETACENTALLR D, § & dB—RERICH S L TREERE? 545
EBRITEENRK AW EA L2, b ODEEEES HREL HREZO JEfE L b #EIT L,
BEERTIR T 0,05, LHMEIRTIE 0.38 & /2510 HRILBWTI, 1973 4D 45 Offiz 1972
ErbhKa, CRARERIOSHECHI b, —RICKEBIZEOREBIZ EHTHIE L TEHRLIZC
LizES E Bbh, 4d E de(=e—e0) (2, eo: BBROEEE L it} 2 ABKE) k20T 2D
BR% Rk Fig. 4 IRUTz. de % R 5D, e ORFEIX RATED 128 Sverdrup et al (1946)9
ORIT X o120 4d & de DHBEEEZRD v=—0.259 281, Y ORECHIZYH, FBERHEZHRY
t BRER T 0,01 OERRE b - TREERRIFEHNINEER FET o7 Ltd-T 4d L 4e
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Fig. 4. Relation between 4d and de.

DOFEDCEICIAFMEENED bz, —de O HHEDKR 3OEHRIZ /M IVEHRL b b AEKTEIC
JARBIRINCERTRTHOT, LOTLIZBRAC LA TS, BEErHETICHIY,
ZDERZHT 3 1IDRKIIKBRIEORBLERCANINETH LT, LHODEREDZOMHOD
ERIZDOWTHRBIHERPET 3L EDRLIOTILICERD LD TIELRRLIIV,

X 3
1) Hasse, L. (1960). Uber den Zusammenhang der Kimmtiefe mit Meteorologischen
GroBen. Disch. Hydrogr. Z. 13, 183-184.
2) Takenouti, Y., Hyuga, M. and Sakamoto, Y. (1970). Measurement of vertical air
temperature gradients with dipmeter. Jour. Oceanogr. Soc. Japan, 26, 226-232.

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

4) Freiesleben, H.C. (1951). Die Strahlenbrechung in geringer Héhe {iber Wasserflichen.
Dtsch. Hydrogr. Z. 4, 121-123.
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