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S HRBZET, RS EAIORRIERN, (R R LU
o

RIVEBRARAD, BHIH— ﬂ?*ﬁ?ﬂ~@ﬁ@ﬁﬁm%Aﬁmﬁﬁm¥ﬁﬁ
AR R N T AR B A I BN Ao SXBRI I UL R T R MR XA o B
WAERTIRFI S BT & HE T R MIRIB IR
o %g;;1g>-—;1gg (38)
K HP BRI E—R I EOLR, HY AL |
 RANS-RBEREFERS MR AELAT AEEYE, KPR BR
R SR H iAo AR SCRRAOE TR, XA 4 Pt FLABSE DR 2 , B T /R R A
AERURERSETIS M, T B F SRR

(i)

AHY — HY — HY —

9 = gf:) — g() (39)
ﬁ—“%%ﬁﬁﬁﬁﬁﬁ%%mT%ﬁﬁﬁ“%%%%Eﬁ
§(z) — g(i) +- (0'(') - o-(/)>T <40>

%ﬁ%ﬁ%ﬁﬁ%ﬁ
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A = g — g = (o — o)(T — TF), (1)
BRI Y T R

SS Z wd | Ag¥ | dS = min, (42)

Hept B EMNERET; SFRNEHWRR; »f HMRL, BAYTRAIIRR
ﬁ}ﬁﬁﬁﬁ{éf?k —BATREERTABIORE.

HeMASR (42K, 3 Oy, Koy My F1 S POANAIARIS B4 BIREAT I G, FILUBHE
TIEHI4 To,> Ty Ta, Tl Tso SEBR B XA HIUE —BRIBIER . RN B
Rt BT KOS, TANERRS B0, S LA AR (Bl K, AR H v
B9 Ky R1PORRISYH, S VAR S, A K, VAR D BB REsR iR, 341
RERRAIRENERERAN GRIERSBARRIANIRS), MK 1D FHEH.
R FE S F v, B R (U A — SRR RORE 7 R, R R R M1 To R
1%, MEMS, T4 B WEROBX, IR (ov, — &)/ (ov, — 0u); WTF&H

R3 RATNSBREIRE

- Bl (38°41'N, 125°24'E) BT (22°20N, 113°308)
z ; g ﬁ 3 N go e go 7 N 3 A
AEAR e mp)| @ AGEA)| BEGER a(ER)| & AGER)| REGED

o { 0, |256.3 4.1|258.4 4.8 0.7 245 6.0 | 242 5.6 0.5
i+ {0 | 2845 25.0|284.5 25.0 0.0 268 29.0 | 268 29.0 0.0
M, | —  — [302.9 1.5 — 284 1.5 | 291 1.4 0.2

P, |321.4 12.1|325.1 12.2 0.8 314 117 | 313 11.8 0.2

K, K, |32000 36.9|320.0 36.9 0.0 317 35.8 | 317 35.8 0.0
L = = |35 2 —~ 341 2.2 | 343 2.0 0.2

oo,| — — 217 11 — - = 10 1.1 =

ss | — — | — 0.0 123 1.0 | — 0.0 1.0

2N, | — — l'179.5 = 4.7 — - — 253 1.2 —
w3414 9.3 (1830 4.4 13.5 260 1.0 | 256 1.1 0.3

N, | 206.1 31.8]205.7 35.1 3.4 287 9.2 | 279 9.2 0.3

M, {v, |2387 9.1|209.2 6.8 4.6 20 1.9 | 282 1.8 0.3
M, | 231.8 181.5 | 231.8 181.5 0.0 305 47.6 | 305 47.6 0.0

2 | —  — |254.4 13 — — 2 38 03 —

L, |262.3 14.5|257.9 5.0 9.5 323 1.3 | 331 1.3 0.2

T, | —  — {2836 3.5 — —  — 1338 1.1 —

s | |285.6 60.1]28506 601 0.0 340 18.6 | 340 18.6 0.0
* YR | — — (2876 0.5 — — = |34 o1 —
K, | 284.3 15.3|289.5 16.4 1.8 340 5.8 | 344 5.1 0.8

2sM, | — — 1 — 0.0 — R — — 0.0 —

My | — — | — 0.0 — 23 1.4 | — 0.0 1.4

y {MM, —  — {2409 2.0 — S — 62 1.2 —
s UM, |267.0 5.1|267.0 5.1 0.0 88 3.0 | 8 3.0 0.0
as {Ms,, 227.4 4.7 (2274 4.7 0.0 | 124 2.3 | 124 2.3 0.0
+ Us | — = 127904 o8 - — 1176 0.4 -
Me | —  — | — 0.0 — 245 0.8 | — 0.0 0.8
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IR, T80 (g0, — 20,)/(00,— 00)0 XML, ZETTHE - [h D' T &
N AT RLRS SRAR AR5 (B, AT ENZ : B9 D, 4 N, BERE: — THRN D, 4 #H,/
MRt — T KR by Asy es/rs, 4y cfr, I, v, E, RBTHEENTE, stRZET
H—H LFIE, AL AMEH.

AT N AR B EE — S, AT B AR IR NS ORI RE T = 48
JNIS TTA5 HE 5 AN TR AN 43 B O TR 1 B0 5 S BR M A B8 O TR AN T SR (ST BR 41, 1924 48
B0, BIRHE B BIFEITHES, Wik 3 FirRe  Fh Sy SBIAE Hys, = 0.17, gus,
=52° @?T%B@%%(J@%Ejﬁ) SIRZERBREIRENE,H

[(ﬁCOSE — Hecosg)? 4 (ﬁsing — Hsing)z]%

HE. MEBEFHLFRER, JLTFFTE S HNRES R AR (HRERER, RITEE—13]
AEEN g 458, ERORZERE 14 BEXe BITANE, w BN MRS SE A0 2MS,
*ﬁfﬁl? AL E , LIRIRZE TRk B K P AR RN 5 F B RS HY M, 70 MS, 203
BHBUNORIEX— ARE, B w A EINIERMER N EENRR Alry Friftaeid B9 30
REIXHE, MREENEEER ETHRBEERER, L, A8hZRE 4503 2MN, %
Wilo SET XA, (EE WA BN BIERE— 5 Wb, XEBRERE, ERETE
HEKDEARARZREANBMEERE, LEEREARBENRE, Mo LB RIE
Mo B e AN B AL 3B, X KA A H A B, BRI RIEA— D Fo JLEB
BNAE 2 H ARNXE S o AR, X35 BRI IRIE =T LIRS B AR EME (10
—20 ER)o [ERFRITLXENED, BMERXEBERRAHEKERARE, HAMMH,
XEES,HNENRERMVNE S, i, RIOETESERASEIRE R
RAT EERN R, EORMZ XN, WERKRBEE—ENRE. ATERE
%,ﬁ%%ﬁﬁm—fﬁﬁﬁj\i&%ﬁfﬁ,@%ﬁﬁﬁ,ﬁ%lﬂE%éﬁ%ﬁ%%l‘ﬁ]%ﬁ?&ﬁ{ﬁo
R R, As, cs/rs, &, c/r, I, v, § BT EAR

HITRCIFQOEEHLNRIABITLE b,y rs, (es/r5)% 4, /7)1, v, &
BRETIET R, XEBFH 5, £, p, N, ps XENERTEREL, EMI1059 B5%,
ARH, AREH A, AEA R S, AT ANEHEE, BB TAHE:

I‘s = 27720248 + 481 26728906J + 0200202,

b= 28021895 + 36 000°7689J + 0°0003J%,

p = 334°3853 -+ 4 069°0340J — 0701037, (43)

N = 25921568 — 1 93421420J 4 020021J%,

ps = 28122209 + 1°7192] + 0000572,
"EEP J 7’Ju 1900 42 1 B 1 B EN AR S NN ENER LD (B0 36525 B) o KAl
TT 20 42,54 — T RENERN v, BHFER L1 A1 BAZ) 4 D, EAHEN
A H, WE AT R

s = 2772025 + 129°384 81(Y — 1900) +- 13°176 40<D + 1+ —5),

B = 280°190 — 0°23872(Y — 1900) -+ 0°985 65<D 14 ’5{)
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p = 3349385 + 40°66249(Y — 1900) + 0°111 40 <D + 1+ %) (44)
N = 259°157 — 19°328 18(Y — 1900) — 0°052 95 (D + I+ 2%)
ps = 2812221 4+ 0.01715(Y — 1900) — 02000 05 (D 41+ %),

P 7 5H 1901 Y FERyESER R
‘ 1= 025(Y — 1901) 2 B Rk 5% (45)
HHXENBERTERZIE, As, ¢s/rs, b, ¢/r, I, v, E HTFFIERITE R = % 2 3
¥ IR

ls == }l + 265 Sin (h —_— Ps) + "i—fé SinZ(/z - PS) =
= h+ 1292sin (b — ps) + 0702sin2(h — ps),
S =1+ egcos (h — ps) + ek cos2(h — ps) =

=1+ 0.0168cos (h — pg) + 0.0003cos2(k — ps),
l=s+2€Sin(s—p)'—l——i—eZSinZ(s—p)—l—
15 , 263
+ e ( + == )sm s—2h+ p) F
4 16 ¢ ?
+m<ﬂm+59 2+75 >Sin2(5—/z).=
8 12
= s+ 6729sin (s — p) + 0722sin2(s — p) + ,
+ 1°17sin (s — 24 + p) + 0°62sin2(s — 4), (46)
) -1
i=1+<1—l——(15—m2> -{eCOS(s—p)—i—ezcosz(s—p)—I—

+em(15+36%9 >c05(s——2}z+p)+

+m(m+ p 2—[—15 2)0052(;-.—};)}:

=1 4 0.0548cos (s — p) -+ 0.0030cos2(s — p) +
+ 0.0093cos (s.— 2k + p) + 0.0078cos2(s — ),
I = cos™*(coswcos; — ~sin.w sinjcosN) =
= cos™(0.91369 — 0:03569cosN),
y = sin™(sinjsin N/sin I) = sin~'(0.08968 sin N/sin I),

£ = sin™" [(cosw — sinwtg —;—cos N> sin,,] =

= sin'l[(0.91739’—‘ 0.01788cosN)sinp], o
FFER, ¢, o5 A, EERIEE, SBIERA 0.05490, 0.01675; i 0 AHEGR
B, EBSREWRMA, SRIE 50145, 232452 m AW EREXN A REHE
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QUASI-HARMONIC CONSTITUENT METHOD FOR ANALYSIS
AND PREDICTION OF TIDES

I. QUASI-HARMONIC CONSTITUENT

Fane Guo-BHONG
(Institute. of Oceanology, Acedemia Sinica)

The numerous Darwin’s harmonic constituents can be eombined into four consti-
tuents O,, K, M, and 8., as Doodson did in [2] and [3]. The amplitudes and speeds
of this sort of constituents are no longer unchangeable, and therefore these cons-
tituents are called “quasi-harmonic constituent” in the present paper., The major
errors of the method suggested by Doodson are (a) to use right ascensions instead
of longitudes, (b) to leave the parallax age out of consideration. In this paper, a
“method with higher accuracy is proposed and shallow- water quasi-harmonic consti-
tuents are introduced. : :

In the first section, a mathematical discussion of combination of constituents has
been made, and from which two conclusions can be drawn.

1. Suppose that (1) is a group of constituents having near speed in a region,
and there exist constants K and k®(¢=1, 2, --+) only depending on the consti-
tuents ¢, which satisfy the relation (5) at any-loeality P in the region, then this group
of constituents can be combined into one constituent as shown in formula (7), where
amplitude coefficient fe and epoch correction s. are the functions of the time and inde-
pendent of the place, and are determined by formula (6).

2. If (8) is a group of equilibrium constituents corresponding to (1), and (17)
is satisfied, in which j is one of these constituents and usually is the largest one,
then this group of practical constituents may be - combined into one constituent as
shown in formula (20), where fi and g: are only the functions of the time and deter-
mined by (18) and (19). Since f/ and e’ are obtained by combining a group of
equilibrium econstituents, we are in a position to choose a suitable expansion of equili-
brium tide instead of its harmonic expansion.

By comparing the combination of the practical econstituents with that of the
equilibrium constituents, .the age 7' of the guasi-harmonic constituent is introduced in
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this section.

In the second section, applying the above-mentioned conclusions, a series of
formulas (23)-—(30) have been given to calculate the values of amplitude coefficients
D and epoch corrections d of the quasi-harmonic constituents 0., K;, M, and 8,. The
quantities appearing in (23) and (24) can be ecaleulated from the formulas (43)—
(46) given in appendix.

The values D and d of the shallow-water quasi-harmonic constituents M, and M8,
may be calculated after the formulas (33) and (35) in section 3. Hﬂ@ and g}us4 in
(35) are defined by (34), and may be taken as the values of 16H sz/HMz and (gsz—
gu,) respectively, in the seas adjacent to China they are equal to 0.17 and 52° ap-
proximately.

The height of sea level can be denoted by formula (36) or (37).

In the fourth section, the determination of the age of the quasi-harmonic consti-
tuents is discussed, and it is suggested that for the convenience of practical calculation
they may be regarded as same quantity im general, in the seas adjacent to China, it is
equal to 48" The errors of the quasi-harmonic constituent method are shown in table
3, by using two parts for example.



