PHILOSOPHICAL TRANSACTIONS.

I. On the Tides of the Arctic Seas.

By the Rev. Samurr, Haveuroxn, M.D. Dubl., D.C.L. Oxon, F.R.S.,
Fellow of Trinity College, Dublin.

Part VII. Tides of Port Kennedy, in Bellot Strait. (Final Discussion.)
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[PraTe 1.]

In Part VI. I have discussed MoCLINTOCK’S observations on the Tides of Port
Kennedy, using only the Heights and Times of High and Low Water, as I wished
to follow the same method in comparing all the Tidal observations in the Arctic
Seas. Although I adopted this method for the purpose of comparison, I was well
aware that I had not exhausted all the information at my disposal, for McCriNTocK’s
observations were made hourly during 23 days, and I used of these observations
only those in the neighbourhood of H.W. and L.W. of Diurnal and Semidiurnal
Tides. I shall now discuss the observations, with the aid of FouriEr’s Theorem,
so that all the observations made at every hour of each day shall enter into the
constants determined for that day. If F denote the height of the tide, observed
at every hour of the day, we have by Fourier’s Theorem

F=A,+A, cos s+ A, cos 2s+ A, cos 3s+&e.
B,sins+B,sin 2s4+B;sin8s+&e. . . . . . . (1)

where s denotes the sun’s hour angle, and where the coefficients A,, A,, B, A,, B,, &e.,
are found from the following equations, in which F, F, ¥y, &c., denote the values of
F at the hours 0, 1, 2, &c., 23.

24:A.0=:F0+F1 .« e +F23 . . . . . . . . . (2)
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2 REV. S. HAUGHTON ON THE TIDES OF THE

12A,=(F,—Fy).

+ {(F1+ an) - (711+F13)} cos </>

+ {(Fo4Fo) — (Fio+Fup) } cos 2¢

“+ { (Fs+Fy) — (Fo+Fy;)} cos 3¢

+ {(FytFo) — (Fs+Fy) } cos 4¢

F+ {4 TF) —(F+Fp)cosdp . . . . . . . . (3)
12B,= (Fs—Fm)_

+ {F+-Fy)— (Fis+TFy)} sing

+ {(F,4-Fy) — (Fru+-Fa) } sin 2¢

+ {(Fs4-Fy) — (Fis+Fyy)} sin 3¢

4 { (Pt Fo)— (Fio-Fao)} sin 44

+{(F+F)—Fu+Fy)}sindd . . . . . . . . (4

12A,=(F+Fp;) — (F+F).

(F +F23 +(F11+F13)
+{—(F5+Fm (F +F17)}cos 2¢
(Fot+Fo) 4 (Fro+-Fu) :
-+ — (Fi4Fo)— (Fot-Fro) cosdp . . . . . . . (5)

12B,= (F,+Fy)) — (Fy+F).

F1+F 13+F17) .
H e e Fo

EAEIEEAE Y,

+ - <F8+FIO) - (on‘l‘Fzz) (6)
12A,=(Fo+Fyg-F o) — (F,+ Fro+ Fy).

(FrFop) + (Fr4+-Fo) + (Fo4-Fyy)
{ - (F3+F21) - (F5+F19) - (Fu‘l"Fla)} oo 3¢

1233=(F2+F10+Fls) (F +F14+F22)-

{ (Fi-F o)+ (Fs4-Fo) 4 (”+F19)}Sin3¢>

(Fyt-Fr)— (Fyy+-Fuo) — (Fis+-Fa) (8)

In these equations qﬁ——gif_—__ 15°

Applying the foregoing equations to the hourly observations at Port Kennedy
already published in Part VI., we find the following values of the-Coefficients, which
contain implicitly the 24 observations made on each day :—
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TasrLe I.—Tidal Coefficients for July, 1859, at Port Kennedy,

A, A B, A, B, A,
1859.—July 6  ° 756 — 88  —l127  —199 4112  +01
1 71796 — 59 —126 —188 — 09  —22
" 8 281 —90 —68 —142 — 87 —13
" 9 s 922 128 — 46 — 88 —161  +00
, 10+ 958 —154 — 49 — 08 —114 +18
, 11 5 981  —141 — 65 4+ 54— 37  —36
, 12 5883 174 —124 +156 — 62  +04
" 13 7 929  —239  —158 4187 — 18  —04
. 14 % 929  —21'7  —203 4208 4+ 52 409
" 15 ° 897  —115 —178  +181  + 59  +0'5
y 16 © 935 135  —225  +142  +156  +1+4
. 17 %934 — 99 —21'1 4+ 85  +205  +13
N 18 @ 912  — 52 153  + 45  +199  —03
. 19 ® 895 — 41 151 — 27 4204  —09
” 20 v 898  — 47 143 — 84  +187  —0
. 21 1855 — 38 — 85 —117 4126  +00
, 22 %835 55 —72 111 4+ 79 427
, 28 3 80 —88 —45 130 — 30 402
, 24  + 80 —122 — 36 —106 — 63 408
., 2 5880 186 —41 — 30 —11'1l —03
" 26 ¢ 942  —2000 — 86 — 19 —143 —03
. 27 71026  —269  —212 4130 —100 —1'4

By
+17
—13
—-16
+06
-16
+32
+0'6
-11
_0.5
+24
+11
+14
+2:1
+14

+1'6

+2-4
+2°0
+0-2
—16
-11
+1'6
—52

The seven Coeflicients of the preceding Table are drawn to scale in Plate® I., and

they ought to show a fortnightly Tide.

L. The Fortnightly Change of Mean Level.

This Tide is represented by the Column A, .

If we write
A,=ay+a, cos u-a, cos 2u-+&e.

~+ b, sin u-b, sin 2u-4 &e.
where w is an angle passing through all its changes in 14 days, we have
l4a,=F,+F,+&e. . .. +F,
7a,=(Fy—F,)
{(F1+F13) - (Fe"l‘Fe) } cos ¢
{ (F2+-F12) — (Fy+ Fs)} Cos 2(15
{(Fet+-F)—(FA4-Fy)}cosd3p . . . .
b= {(Bi B — (Bt B sin ¢
{(Fy4-F5) — (Fy+-Fy,) } sin 2¢
{(Fy4-F)— (Fio4+-Fiy)} sin 3¢ .
360°

where ¢p=-7-

(9)

(10)

(11)

# Tn this Plate, the vertical coordinates are inches, and the horizontal coordinates are days of the month.

B 2
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From these equations we readily obtain—

TasrLe II.—A,.
/7% . b;.
inches. inches. inches.
88°9 —54 —0°8
906 —34 —08
910 —27 —04
91:2 —25 —0'3
904 —2°9 —17
897 —25 —32
88°9 —16 —4°3
894 +2-4 —4°0
90°1 +3°8 —4°0
Mean 90°02 —1'64 —2:17

These numbers differ so much, that we must conclude it to be impossible, from the
limited number of observations made, to deduce the law of the Fortnightly Change in
the Mean Level of the water.

11. The Diurnal Tide.

The Diurnal Tide is represented by the expression
A, coss+B;sins,

in which the coefficients A; and B, are to be expanded by means of a fortnightly arc,
as in the case of the coefficient A,
Let

A,=a,+a, cos u-+a, cos 2u4&e.
+bisinu+bysin 2ut-&e. . . . . . . . (12)

B,=a,+a, cos u+a, cos 2u +&e.
4B sinu+Bysin 2ut-&e.. . . . . . . (18)

We find by means of (9), (10), and (11) the following values :—
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.

inches.
—120
—12-1
—11°9
—11-7
—114
—11'2
—11'5
—117
—11'9

Mean—11'7

ag.
inches.
—1384
~13'5
—13°2
—13'3
—13'3
—132
—130
—127
—131

Mean —132

TasLe IIL—(A,).

.
inches.

+78
+77
+80
+8'3
+87
+8'3
+87
+90
+9'5

+84

Tasie IV.—(B)).

e

inches,
+1-3
“+1-1
416
416
416
415
413
-+0°8
417

414

PORT KENNEDY.

b1
inches.
~12
—1°2
~11
—07
—0°1
~+0-3
—0°'2
—03
—0°3

—0'5

By

inches.
+7°5
+75
+78
+77
+77
+79
482
484
484

+80

The foregoing Tables show that a very regular Diurnal Tide exists at Port Kennedy.
In order to compare the observed Tide with theory, we must compare the observed

Tide, viz. :—

A, cos s+B, sin s

=a,+ {a, cos u-b, sin u} cos s

+ a4 {a, cos w4 B, sin u} sin s

with the theoretical Diurnal Tide, viz. :—

M’ cos (m~=1,,)+S cos (s—1,)

(14)

(15)
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where
3

M= M(£ ) sin 2u
3
S,=S<§_) sin 20
M = Lunar Coefficient,
S = Solar Coefficient,
P> Pn = Lunar parallax, Lunar mean parallax,
P, P, = Solar parallax, Solar mean parallax,

@ = Lunar declination, for a period preceding the time of observation by an
interval called the Age of the Lunar Tide—

o = Solar declination, for a period preceding the time of observation by an
interval called the Age of the Solar Tide—
s = Sun’s hour angle,
m = Moon’s hour angle,

1, = Solitidal interval,
1,, = Lunitidal interval.

In order to compare (15) with (14), we must transform (15) into a function of
s and . This may be accomplished as follows:—

Writing

m=s+m—s
we have
M—1,=8+m—s—1i,
from which (15) becomes
M’ cos (m—1,,)+S’ (cos s—1,)

= {M’ cos m—s—1,+S cos ¢} cos s

{—M'sinm—s—i,4S sin¢}sins . . . . . . (16)
From which we obtain, by comparison with (14)

A=M cos m—s—t,+S coss, . . . . . . . (17)

B,=—M’sin m—s—1,+S8'sins,. . . . . . . (18)

Having thus got rid of s, we must transform (17) and (18) (which are now functions
of m—s, and of the Moon’s declination, and parallax) into functions of w. This may
be thus effected—

1°. We have
p a l4ecosv 19
J T g e e e e (19)
where

r = Moon’s distance

a = Moon’s mean distance

e = Kccentricity of Moon’s orbit

v = True anomaly, measured from perigee ;
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but, by SETH WARD’S hypothesis,* we have, also

a(1—¢é)

20—="=1_¢ cos (nt)

where (nt) is the mean anomaly, measured from perigee. From this we find,

P a 1—e cos (nt)

ﬁ=;:1—2600S (’i’lt)"l‘@z . . . . . . . e (20)
hence we find
P\ e e
<~m> =<1-—"2>—-6 cos (nt)-{—é cos (291t)+&c. e (21)
Substituting for e in this equation, its value 5%, we obtain
3
(2%1) =0999—005 cos (nt)+0°0012cos (2nt) . . . . . (22)

2°, ' We have, also,
sin 2u=2 sinu cos u

=2 sin I sin (v—mn) /1 — sin® I sin® (v—n)

where v is reckoned from perigee, and 7 is the interval from perigee to the
ascending node of the moon’s orbit with the equinoctial, and I=27° 40’, is the
inclination of the moon’s orbit to the equinoctial.

Hence we find, since sin I=0464

sin 2u=2 sin I sin (v—n) l‘l —3 sin® I sin® (v—mn)
_ —% sin* I sin* (v—n)+&e. . . (23)

Sin 2u=0'89 sin (v—n)+0'012 sin 3(v—n)+&e. . . . . (24)

The perigee occurred July, 1¢ 0", and the ascending node, 19* 17"; hence
n=18% 17"=247°,
Substituting this value of n, we find

sin 2pu=—0"35 sin v+ 082 cos v40°01 sin 3v
—0°004 cos Bv+&e. . . . . . . . . L L. (29)

By the well known expansion of the true anomaly in terms of the mean anomaly,
we have

* This hypothesis, according to which the angular motion of the revolving body about the focus in
which the central body is not, is uniform, is mentioned by Bishop BRrINKLEY (‘Astronomy,” p. 155 of
1st edition) under the title of the Si¢mple Elliptic Hypothesis, and was much in use between the times
of KerLER and NEWTON,
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e3

2
v:nt—l—(Ze——Z) sin ('mt)-}-—57;i sin (2nt)
13, . |
+15¢° sin (3nt)+&e.

Substituting this value in (24) and using the common expansions,

2 4
co8 w:l-—-—iwfz-l- 1'296“7?;71_&0‘
. a®
sin m:w-—l—_z-:g-l—&c.
we find :
sin 2u=—004—0°35 sin (nt)—0°02 sin (2nt)
4082 cos nt+0'04 cos 2nt4&e. .

Multiplying together (22) and (25) we find

M'=M (l’i )3 sin 2

=M (—0'06+40°82 cos nt- 002 cos 2nt
—0°35 sin nt—0°01 sin 2nt-+4&e.

(25)

(25)

(26)

3°, We have now to find values in terms of nt¢ for cos m—s—1, and sin m—s—1,,.

This may be done as follows :—
m=+kt—m’
s=kt—s5

where kt is the angle due to the rotation of the earth, and m/, ¢/, are the proper motions

in right ascension of the moon and sun; therefore

m—s=¢ —m’

We may find »/ in terms of v, as follows :—If n be the angle between perigee and
ascending node, and ¢ be the angle between conjunction and ascending node, we have

tan (m' —c)=cos I tan (v—n)
1
cos (m/—c)=4/1+4 cos’ I tan® (v—n)

cos I tan (v—n)

N
sin (m'—c) v/ 14 cos® I tan® (v—n)
or
;N cos (v—mn)
o8 (W —0)= T Tem® (o)
sin (/' —¢) = cos I gin (v—n)

v/1— sin® Isin® (v—n)

or

(27)
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cos (m’ — ¢)=cos (v—n) X 140108 sin® (v—n)
: 40017 sin* (v—n)
+&e.

sin (m'—c)=0"886 sin (v—n) X 140108 sin® (v—n)
+0'017 sin* (v—n)

P 1)
From these equations we have, remembering that
n=247°
cos (m’ — ¢)=—0"42 cos v—0'99 sin v4-&e.
sin (m'—c)=-+0'85cosv—036sinv+&e. . . . . . (29)

We now have— A
cos (m—s—1,)=cos (s’ —m'—i,,
=cos{(—m'4c)+(—c+s—12,)}
=cos (—m'+c+¢)

where p=—c+5" —1,,.
Expanding and substituting from (29) we find

cos (m—s—1,,)
{—042 cos ¢+0'85 sin ¢p}cos v
+{—099cos p—0'36sinp}sinv . . . . . . . (30)

In like manner we have
sin (m—s—1,,)=
{—0°85 cos ¢—0°42 sin ¢} cos v
+{+0386cosp—099sin}sinv . . . . . . . (31)

Substituting in (80) and (31), for v, its value v=nt-+2esinat (25),

(A: —0°42 cos ¢ 085 sin qS>

biai " '
e obtat, ertmg B=—0'99 cos ¢—036sin ¢

cos (m—s—1,,) =
—Ae+ A cos nt+ Ae cos 2nt+&e.
+Bsinnt+Besin 2nt+&e. . . . . . . . (32)

sin (m—s—1,,) =
—A’e+A’ cos nt+Aecos 2nt-+&e. ,
+B’ sinnt+B'esin 2nt-&e. . . . . . . (33)
where
A'=—085c08p—0'428in ¢
B'=+4086 cos $— 099 s8in ¢
MDCCCLXXVIIT. c
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Multiplying together (26) and (32), we have, as a first approximation

M’ cos m—s—1,,=
(0'41A—0-18B)+(0'41A-+018B) cos 2nt
(—0°18A+-0'41B) sin 2n¢
or,
M’ cos (m—s—1%,)=-+0"33M sin ¢
+M (—0°35 cos ¢+ 029 sin ¢) cos 2nt
+M (—0°34 cos ¢+ 030 sin ¢) sin 2nt

Multiplying together (26) and (33) we find, also,

M’ sin (m—s—1,)= ‘
(0°42A"—0-18B')+ (0°42A'+0-18B) cos 2nt
+(—0-18A’+0°42B) sin 2u¢
or,
M’sin (m—s—1,,)=—0"41M cos ¢
-+ M (—0°30 cos ¢—0°35 sin ) cos 2nt
-+ M (4030 cos p—034 sin @) sin 2n¢ .

(34)

(35)

Equations (34) and (35) are now to be converted into functions of %, which may be
effected, in general, by means of the following expansions,* in which a is a proper

fraction :—
cos o =

B COS &

R P
cos 2 x
2t — 2
cos 3x
32—q?
cos4dx
T

+&e. - . . L

sinam |1
~4+2a
T _a

—

-+

sin o x=
28inam | sin @
[rd 12—a2
2sin 2
TRt
3sin8x
+ 32‘—@2
dsmmdzx
T2

_+&e. . . ..

* T am indebted to Bensamiy Winiamson, F.T.C.D., for these formulee.

(36)

(37)
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Let us now proceed to express (20) and (21) in terms of u,
3
(£> =2'354-4'57 cos v+ 045 cos 2v (20)

neglecting smaller terms, and v is reckoned from Perigee, which occurred at noon, on
st July.
The angle u=0 at midnight of July 12th, and nt_O at Perigee at noon of July 1st.

u=0, at July 12¢ 12"
=0 1 0

Diff, 11* 12k

This is equivalent to 152°, since the periodic time is 27°3 days.
Hence we have
140

o_—————u
—152 =373%

280
+a73

2nt=23804°
Substituting this value in (34) and (85) we obtain
M cos (m—s—1,)=-+041 Msin ¢

+M (—0°35 cos ¢-+029 sin ¢) cos (280 )

273"
+M (—0°34 cos ¢—030 sin ¢) sin (27(3) ) R G13))
M’ sin (m—s—1,)=—041 M cos ¢)
-+ M (—0°30 cos ¢—0°35 sin ¢) cos (273 >
+M (0-30 cos p—0°34 sin ¢) sin (3?2 > R (219))]

. 280 .
As a first approximation, grou may be made equal to u, and afterwards, if neces-
sary, the expansions;(36) and (37) employed.
Equations (17) and (18) give us
A, =M’ cos (m—s—1,)+S cos 24 cos 1,
B,=—M’sin (m—s—1,)+S cos 20 sin ¢,
or, since o=22°, when ©=0, on 12th July, 1859,
A, =M cos (m—s—1i,)+ 0698 cos,
Bj=—M'sin (m—s—1,)+ 0698 sin 7,
¢ 2
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or, from (38) and (39),
A,={069S cos 7,4+ 0'41M sin ¢}
+M {—0°35 cos ¢+0-29 sin ¢p}cos v
+M{—0°34 cos ¢—0-30 sin ¢ }sin

B,= {0695 sin7,—0'41M cos ¢}
~+M{0°30 cos ¢+ 0°35 sin ¢p}cos u
+M{—0°30 cos ¢+ 0°34 sin ¢p}sin u
We have, therefore, from Tables ITI. and IV.,
0'69S cos ¢,+0'41M sin p=—11"7 .
M (—0°35 cos p+0°29 sin p) =84 .
M (—0°84 cos ¢—0°30sin ¢p) = —0'5 .
0°698 sin 4,— 041 M cos p=—13'2..
+M (0°30 cos ¢+ 035 sin p)=—14 .
~+M (—0°'30 cos ¢+ 034 sin p)=-+80 .
From (b) and (c) we find
M=19-4 inches, ¢$=128° 5,

choosing that value of ¢ which makes M positive in the equations (b) and (c).

From (¢) and (f) we find
M=176 inches, $=129° 30".

These values of M and ¢ agree very well, and taking means, we have

M=18"5 inches

p=128° 48" .
but
(l): _c+‘5/_7:;717
and Conjunction happened at June 29¢ 0P
and ascending node . . . July 19¢ 17"
Diff.  20°7
Hence
207X360
_W—252 30

and ' increases at the rate of a degree per day, or §=20° 42",
Therefore
ty=—C+5 —¢
- ==—3860° 36’=—0° 36
or, converting the arc into time
’i,,nz — 2748

)

(40)

(a1)

()
()
©)
(@)
(©)

(42)

(_43)
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From (a) and (d) we obtain

0698 cos 3,4+ 041 M sin ¢=—11"7 (a)
0698 sin 2,— 041 M cos ¢p= —13'2 (d)

Introducing the mean values of M and ¢, (42) we find

S=286"4 inches
6, =45°26'=3v2™ . . . . . . . . . (44)

We thus find, finally, from the present and former calculations,

Diurnal Tidal Constants.

1. Hourly Observations. IT. Huigh and Low Water Observations.
M=18'5 inches M=20-9 inches
U= —27°48 Iy =—38™8
S=36°4 inches S=234 inches
1,=-+43" 2™ t,=-5" 12™

From the preceding values, it is evident, that the present more complete investiga-
tion fully confirms my former conclusion, as to the unusually great magnitude of the
Solar Diurnal Tide at Port Kennedy.

II1. Semidiurnal Tide.

‘We must now calculate the values of A, and B, from the equations (9-14).
We thus obtain '
‘TaBLe V.—(A,).

o a b
inches. inches. inches.
+29 —163 — 93
+37 —147 — 93
-+ 42 - —13'8 — 89
+4-4 —135 — 85
+4-1 _ —137 — 92
+34 —134 —106
-+2-8 —127 —105
+15 —11-8 —12°6
+11 — 96 —126

Mean--3-1 —13'3 —102
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TaBrLe VI.—(B,).

ap ay 61
inches. inches. inches.
-+ 36 + 52 —152
+4-1 + 63 —152
“+51 -+ 80 —14°3
~+62 + 95 —124
+72 + 99 — 92
+75 + 98 —10°8
+70 4104 —10°7
464 4115 —112
-+68 +12-9 —11-2

Mean-4-60 + 82 —122

These results are to be compared with the expansion of the formula for the Semi-
diurnal Tide, viz.
M cos 2 (m—1,) +S'cos 2 (s—2) . . . . . . . (45)

from which we obtain as before, writing

m=s-+m—s
A, =M cos 2(m—s—1,)+S’ cos 2,
B,=M’ sin 2(m—s—1,)+S"sin 25, . . . . . . . (46)
where
3 —
M’=M<—£—> cos® p

s'=s(;?ﬁ¢>3cos2; O (Y4

w

Neglecting the eccentricity of the Lunar Orbit, for a first approximation, we have

M'=M(cos 2u=M (1 —sin® 1 sin® (v—n))
=M(1—0°215 sin® (v—mn))
4 =M(0'894-0-11 cos 2 (v—mn))
or since n=247°,
M’'=M(0'89—0°76 cos 204079 sin 20) . . . . . . (48)
We have also
2(m—s) =24, = —2(m' —s)—2¢,
=—2(m'—c)+2(s'— c—1,)
= —2(m' —c)+2¢
where as before
¢p=5—c—1, . . . . . . . . . (49)
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From (29) we find
cos (2m'—c)=+40'16—0°71 cos 2v
+40°72 sin 2v
sin 2(m —c¢)=—072 cos 2v—069 sin 2v
Hence we find
cos 2 (m—s—i,)= cos 2 (— (m'—c) +¢)
=016 cos 2¢p—{0°71 cos 2¢p—0°72 sin 2¢} cos 2v
+ {072 cos 2¢—069 sin 2¢} sin 2v .
sin 2 (m—s—1,,)= sin 2 (— (m'—c)+¢)
=016 sin 2¢+ {072 cos 2¢—0"71 sin 2¢p} cos 2v
+ {069 cos 2¢-+ 072 sin 2¢} sin 20

If we make v=u (as an approximation) in (48) and (51), we find writing

A=0'71cos 24072 sin 2¢
B=0-72 cos 2¢—0°69 sin 2¢
A’'=0°72 cos 2¢—069 sin 2¢
B'=069 cos 2¢p+ 072 sin 2¢ .
, N 0'14 cos 2¢ )
M cos 2 (m—s—1i,)=M <+O'38A+0°40B
—M{0°89A 4012 cos 2¢} cos 2v
+M {0-89B+40°12 cos 2¢} sin 204 &e.
;. eV 0°14 sin 2¢ >
M’sin 2 (n—s—1,)=M (—0‘38A’+0'4OB'
+M{0°89A’—0°12 sin 2¢p} cos 2v
+M{0°89B'4012 sin 2¢} sin 2v-4&e.
Hence, from (46), since 8'=S cos 20, and ¢=22°, we find
A,=M{0°14 cos 2¢+40°38A+0°40B} 40868 cos 2,
—M{0°89A +40°12 cos 2¢} cos 2v
+M{0:89B+012 cos 2¢} sin 20+ &e.

B,=M{—0°14sin 2¢+40'38A’—0°40B’} 4086 Ssin 2i,

—M{0-89A'—0°12 sin 2¢} cos 2v
—M{0°89B'+ 012 sin 2¢} sin 2v4&e.

Comparing these expansions with Tables V. and VI. we find

M{0°14 cos 2¢+40'38 A+040 B} 4086 S cos 24,=3'1 .
M{0'89 A4+012 cos 2¢}=13"3 . Coe .

- M{0'89 B40°12 cos 2} =—10"2 Coe e
M{—0"14sin 2¢+0°38 A’—0°40 B’} 4-0'86 S sin 2;,=60 .
M{—0'89 A’—0'12sin 2¢}=—82 . Coe
M{0'89 B'+0'12sin 2¢} =122 .

()

(@)
(b))
(¢)
(@)
(¢)

15

(50)

(51)

(52)

(52)
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Substituting, in these equations, the values of A, B, A", B, we find

060 M cos 2¢+0'86 Scose,==31 . . . . . . (&)
M(075cos2¢+0'64sin24)=133. . . . . . ()
M (076 cos 2¢—0'61 sin 2¢)=—102. . . . . (¢)
—0'60 M sin 2¢+40'86 Ssin¢,=60. . . . . . (d)
M (0'64 cos 2¢—0°758in2¢=—82 . . . . . (¢)
M (0'61 cos 264076 sin 24)=122 . . . . . (f)

From (V) and (¢’) we find, remembering that M must be positive,
2¢=284° 48/, M=190 inches
and from (d’) and (f”) we find
2¢=77° 10/, M=14-0 inches.

Mean values
2¢=80° 59', M=15"5 inches.

Hence we find, since,
tp=8 —c—¢,
using the values of s" and ¢ already given,
1,=87° 42'=6" 2™ 5° ,
From (¢/) and (d') we find, using the mean values of M and 2 ¢,
S=59 inches. 4,=41° 55/ =29" 48™

We thus find, finally, from the present and former calculations,

Semidiurnal Tidal Constants.

I.—Hourly Observations. IL.—H. and L. W. Observations.
M=15"5 inches M=17-0 inches
?:'m,_—_’ 6" zm% im,=23h 48™ .
S=5"9 inches S=7-0 inches
1,=2" 48™ 1=

-S—=0’39

S_o
M pn=04

(33)

(54)

(55)

(56)
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