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XIIL. On the Tides of the Arctic Seas.
By the Rev. SamueL Havenrow, M.D. Dubl., D.C.L. Ogzon., F.R.S.,
Fellow of Trinity College, Dublin.
Part VI. Tides of Port Kennedy, in Bellot Strait.

Received January 20,—Read March 4, 1875.

Tur following observations were made by Admiral Sir Lrororp M‘CriNToCK (then
Captain) in the month of July 1859, at Port Kennedy, in Bellot Strait, on board the
yacht ¢ Fox,” in eleven fathoms depth, lat. 72° 01' N., long. 94° 15' W. The observa-
tions were made hourly, and, judging from the consistent and highly interesting results
obtained from them, they must have been made and recorded with unusual care.

In Table I. the first column contains the Solar Hour, the second contains the
Height of Tide, the third contains the Diurnal Tide, and the fourth the Semidiurnal
Tide.

The Diurnal Tide was calculated as follows:—Let %y, Ay, %, be the heights of the
water at three periods, separated by intervals of twelve hours each, then the Diurnal
Tide corresponding to the height £, is

I €

The third column was calculated from the second by this formula, and the fourth

column, containing the Semidiurnal Tide only, is the algebraical sum of the second and

third columns.
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TasLe I.—Iourly Values of the Diurnal and Semidiurnal Tide at Port Kennedy

in July 1859.
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ARCTIC SEAS.—PART VI. PORT KENNEDY.

TasLE I (continued).
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TaBLE L. (continued).

13th July. 15th July.
T, | g, | Dhmel | Somdil | g, | g, | Dl Sl
{t. in. ft. in. . in. ft. in. ft. in, ft. in.
Noon. 7 5 +1 73 9 03 Noon. 8 1 +1 33 9 43
1. 6 7 +2 0 8 7 1. 7 10 +1 5% 9 33
2. 6 2 +1 11} 8 1% 2. 7 3 +1 9 9 0
3. 5 6 +1 7 7 1 3. 6 4 +1 11} 8 3}
4. 4 2 +2 21| 6 43 4. 5 8 +1 108 | 7 6}
5. 4 7 +1 7 6 2 5. 4 7 +1 103 6 53
6. 411 41 23 6 13 6. 4 2% 41 73 5 104
7. 510 +0 8 6 6 7. 4 6% | +1 31 5 10
8. 7 1 +0 0% | 7 1k 8. 5 5 +0 9L | 6 2}
9. 8 7 -0 71 7113 0. 610 +0 2 70
10. 9 6 —0 11} 8 6% 10. 8 3 —0 4 711
11. 10 4 -1 4 9 0 11. 9 7 —0 9% 8 91
Midnight. | 11 0 -1 9 9 3 Midunight. 9 10 —0 11 8 11
13. 11 6% —2 31 9 3 13. 9 10 —0 112 8 101
14. 11 1 —2 43 8 8% 14. 9 11 -1 3 8 8
15. 10 2 —2 23 7 101 15. 9 11 -1 73 8 33
16. 9 0 -2 2L 6 91 16. 9 1 -1 7 7 5%
17. 7 11 -1 8L | 6 23 17. 3 2 -1 7% 6 64
18. 7 6 -1 43 | 6 1} 18. 75 -1 6 5 11
19. 7 2% -0 11} 6 3 19. 7 0} -1 3} 59
20. 7 1 —0 3L | 6 93 20, 7 0L | —011% | 6 1
21. 7 3% | +0 43 7 8% 21. 7 2l -0 3% 6 111
22. 7 % +0 101 8 5k 22. 7 7L | 40 22 | 710}
23. 7 8L | 41 2L 8 11 23. 7 1L | 40 61 8 53
Mean 7 73 Mean ..., 7 6§
14th July. 16th July.
Noon. 7 7% +1 8% 9 4% Noon. 7115 +0 105 8 10
1. 7 3L | 42 2 9 5i 1. 8 0L | +1 13 | 9 2}
2. 6 5 +2 53 8 101 2. 7 7 +1 7 9 2
3. 5 7 +2 43 7 113 3. 7 61 +1 104 8 11
4. 5 0 +2 2L 7 2L 4, 6 1 +1 10 711
5. 4 6 +1 104 6 44 5. 5 3 +1 93 7 03
6. 4 5 +1 63 5 113 6. 4 7 +1 73 6 23
7. 49 +1 2L | 511} 7. 4 5 +1 51 | 5104
8. 6 1 +0 5L | 6 64 8 410 +1 11 | . 511
9. 77 -0 2} 7 44 9. 6 6 +0 33 6 93
10. 9 1 —0 9 8 4 10. 711 -0 04 7 104
11. 9 11 —1 5% 8 &} 11. 8 & -0 4 8 1
Midnight. | 11 2 -1 5 9 9 Midnight. | 9 7 —0 93 | 8 9
13. 11 8 —1 92 9 103 13. 10 10 -1 1 9 9
14, 11 6} —2 41 9 2k 14, 11 7 —110%| 9 8}
15. 10 7 -2 33 8 3% 15. 11 8 —2 2] 9 5%
16. 9 9 -2 24 7 63 16. 10 5 —1 113 8 5%
17. 8 7 -2 0L | 6 63 17. 9 7 —111L | 7 71
18. 7 7 -1 7k 5114 18. 8 4 —1 8l 6 73
19. 7 2 -1 3 5 11 19. 7 8 —1 3% 6 41
20. 7 0 —0 7 6 5 20. 7 2 —1 21 5 11
21. 7 1 +0 03 7 13 21, 7 01 —0 61 6 61
22, 7 6% | 40 63 | 8 1k 22. 7 0 | +0 2t | 7 2L
23. 7 111 | 40 103 | 8 10} 23, 7 6 +0 4L | 7 10}
Mean 8 1% Mean ..., 7 9




343

ARCTIC SEAS.—PART VI. PORT KENNEDY.

TasLE L. (continued).
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TasLe I. (continued).

Height.

fr0677~l77666 OISV VDN XV IO 1010

Time.

=]
[

Sl v S ng S

Z

10.
11
12
14
15.
16
17.
18
19
20
21,
22.
23.

; Midnight.

WOOISISININOOOOWOWISISW O M P PO W00

—
<
=] o T N IO 21 IR CISH iH CRIH IR S = oV TR COlH i oY e [ e ey coky IO R IS =R < i =3 ] —=H ool
5 EO NN OO OO~ —~ NSO~ N T - 8958]7110794123605002061 —
‘..m,d o — - — — — - — — —
= 3
.mT BN OWWWOW X XSO0 QOISO O ©o W QOIS DVININO 0O OO SIS W O IS o~
=]
-3
2]
. riIH = I ey €Ol CH et moY it oI IO = IO R O oy iy . 2= ey COUIH HIGERE —ICY =i COlH I ok =i A COlp
= N DONNWBINHOLORISNINS~OINMWM MDD = IS e SN O I VOISO HR NN O ID VDD =
s O — i D,.v r— — . i 3
. 3
= A e e et i o e B B O B R A I B B A R R A RS =R R o e e e e S I A R A B B B R IS ap o B
o) = S
= ~
= . oy oY ot hvl o
on m nl1~/887797808201003306905 ~H HF O NI~ 1N OO NN OO~ D OOHNO —~
N &0 & = — = =
m f455_057777776657H188887665 W H DO SIS0 00 0 LetO DS e 0 W W IS O
~ Llod
. = . =
& = &n = en
IO I SRS S S L=y S S SR | « s . T et e s e 2 e e e s e e 4 e & s e e o
g 010~34r0678901 SOOIV OHID =M 010~345678901 SO FINOISNWOHO ™= RN
.mU. V o TS -t o= o - == O QY G2 O Z, o T e o=~ == O QYRR
1 M ey
] =
=
m ol 0 i = COH = H oY= H R iy —icy SO IV i CORHERIH I —IOY iy COIH et I IOV COlH IR oy = i
Me 14204~/8468D~081960410]58297 [ SILITRNRT AN ONN =S NS PTANO OO RNRORND —
2 — - — — - —
PR
,MT f67800888766r).5567888876655 ~ OISOV PV VIO O NI NNOOINISD RSO O Qo
»
1O OH i R i i »4 I R Y =R e . CORHESRE O =R COHIHCAH R AT Y ==Y O = .
— n58Q00]0960~ NUL OV ODODO WY 26 [=1 IO F ORI A RIS NN OSSN0 M < ® =
me il — — - % — - — — %
o mm foocoo~NOOO0OOoCocoOOCONOOOCOD | S b.| coomococoooooocococo~o0oooo00 | &
.=
= A FHFFFFFFFEF I T T+ R e e N R A R I R R A
=
) —
- =
Z] oY ot = T oY
m n162677490~010441836012472 1 M OXNNHHANFRARFTAINRORNRO D 1015 O N
N —

g .
Emoled v i8S 1N b

Z.

10.
11
Midnight.
13
14
15
16
17.
18
19
20,
21
22.
23.

|
i
I
|
{
I




ARCTIC SEAS.—PART VI. PORT KENNEDY.

TaBLE I. (continued).

25th July. 27th July.
Time. Hoight, | gl | Semidiumalyl iy, Height, | Dpumal | Semidiurnal
ft. in. ft. in. ft. in. ft. in. ft. in. ft. in.
Noon. 5 6 +1 1 6 7 Noon. 6 9 +2 4 9 1
1. 5 0 +1 0 6 0 1. 6 0 +2 63| 8 63
2. 4 9 +1 6 6 3 2. 5 2 +2 0 7 2
3. 5 1 +1 4 6 5 3. 4 9 +2 43 7 1}
4, 5 4 +1 23 6 6% 4. 4 7 +2 24 6 94
5. 6 6 +0 84| 7 2k 5. 5 2 +1105| 7 0f |
6. 7 61 +0 2f 79 6. 6 0 +1 43 7 4
7. 8 31 —0 24 8 1 7. 7 2 +0 10} 8 0%
8. 8 9 -0 6 8 3 8. 8 6 40 24| 8 8}
9. 8 10 —0 8| 8 13 9. 9 10 -0 10 9 0
10. 8 11 —1 1} | 7 9i 10. 10 2 —0 10 9 4
11, 9 0 -1 51 7 6% 11. 10 6 -1 1} 9 4}
Midnight. | 8 9 —1 53| 7 35 | Midnight.| 12 8 —2 55| 10 2l
13. 8 6 -1 8 6 10 12. 12 8 —-2105| 9 93
14. 7 11 —1 63| 6 43 14. 11 4 —2 71| 8 81
15. 7 10 -1 2 6 8 15. 10 4 -2 5L | 7103
16. 79 -1 3 6 6 16. 9 8 -2 33| 7 4k
17. 79 -0 9 7 0 17. 9 1 —-1105| 7 24
18. 7 10 —0 13| 7 8% 18. 9 1 —1 65| 7 6}
19. 79 +0 1% 7 103 19. 9 2 —0 104 8 3}
20. 79 40 53| 8 2f 20. 9 1 -0 2 8 11
21. 79 +0 6 8 3 21. 9 8 +0 6 9 9
22. 6 11 +1 4 8 2 22. 9 3 +0 10} 10 13
23. 6 3 +1 8} 7 11} 23. 9 1}
Mean...] 7 3% Mean...] 8 5
26th July. 28th July.
Noon. 6 1 +1 8} 7 9% Noon. 8 8
1. 5 4 +1 10} 7 2% 1. 7 11
2. 4114 +1 3 6 2 2. 70
3. 411 +1 8 6 7 3. 6 2
4. 5 2 +1 54| 6 7% 4. 5 6
5. 6 0 +1 13| 7 13 5. 5 6
6. 7 81 +0 24 711 6. 6 1
7. 7 94 +0 1% 7 103 7. 7 8
8. 8 8 —0 3% 8 41 8. 9 0
9. 9 73 —0 103 8 8% 9. 10 8
10. 10 2% —1 5} 8 91 10. 11 10
11. 10 3 —1 83| 8 61
Midnight. | 10 2 -1 103 8 3%
13 9 7 -1y | 7 7
14. 7 0 —011L | 6 01
15. 8 8 —1 11 6 9
16. 8 4 —1 87| 6 71 g
17. 8 10 -1 73 7 2% . . . '
18. 8 5 -0 91 7 41 The mean level of all the Semidiurnal Tide- ;
19. 8 5 -0 21 8 9% heights, 538 in number, =7 ft. 5414 in.’
20. 8 & +0 1 8 6
21, 7 11 +0 103 8 93
22, 79 +1 2} | 811}
23. 7 4 +1 61| 810}
Mean... 7 8}

345



346 REV. 8. HAUGHTON ON THE TIDES OF THE

A. Diurnal Tide.

Having obtained the hourly values of the Diurnal Tide in height, I plotted them to
scale, and readily obtained the following Table, showing the chief phases of the Diurnal
Tide each day.

TapLe IL.—Times of the Principal Phases of the Diurnal Tide at Port Kennedy
in July 1859.

Time. High Water. Half-Ebb. Low Water. Half-Flood.
h m h m h m h m
July b we L 16 40 22 46
6. .. 5 0 10 20 17 0 21 30
7o 5 0 10 26 15 0 20 48
8. .. 2 30 8 20 14 0 19 40
9... 1 30 7 0 12 0 18 30
10. .. 1 30 6 48 13 30 19 25
11, ceeeenen Noon 8 20 14 30 20 20
12.. 2 40 9 0 14 30 20 0
13, civieennn 2 30 8 0 15 0 20 30
14.. 2 30 8 40 15 30 21 O
15.. 3 30 9 20 16 0 21 30
16. .. 4 0 9 48 16 0 21 45
170 chieeinnn 4 30 10 © 16 30 22 0
18.. 4 30 9 30 18 0 23 45
) 1 5 40 11 0 17 30 22 40
20. 5 0 10 3 17 0 22 15
2l iiiiiinn 5 0 9 40 17 0 21 20
22. 3 0 9 15 16 0 20 30
1225 T 3 O 7 40 15 0 19 15
24. 2 0 7 10 14 0 18 8
25. 2 0 6 30 13 0 18 30
121 T 1 0 7 12 13 30 19 40
27.. 1 0 8 10 14 0 20 15

If we extract from this Table the Maximum and Minimum values of the apparent
Solitidal Interval for each Phase, and reduce all to the Phase of High Water, we find—

TasrLe IIL—Maximum apparent Diurnal Solitidal Interval at Port Kennedy
in July 1859. '

Apparent Solitidal
Interval reduced
High Water. Half-Ebb. Low Water. Half-Flood. to High-Water
Phase.

m
46
00
00
26
00
45
40
00

~q

ot

=

Q9

[«
CTOT T D O O T
ocoCococoCcoon

12

=
)
©
=
(=4
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The Diurnal Tide is represented by the formula
D=5 sin 26 cos(s—4,)+ M cos 2w cos(m—i,), . . . . . (2)
where the letters have the meaning stated in my former papers, viz.——

S, M’ the Solar and Lunar coefficients uncorrected for Parallax ;

o,  the declinations of the Sun and Moon at an interval preceding the observation
called the Age of the Tide;

s, m the Solar and Lunar Hour-angles at the time of observation ;

%, 1, the true Solitidal and Lunitidal Diurnal Intervals.

The Lunar Tide vanishes when p=0; and this corresponds with Table IIL., which
contains the Maximum value of the apparent Solitidal Interval not influenced by the
Moon, but representing the full effect of the Sun.

The Moon’s declination vanished twice:

From N, to S. at 5452 11™, and
From S. to N. at 194 17" 14™,

which correspond fairly with the times of Maximum retardation of Solidiurnal Interval.
The age of the Lunidiurnal Tide may be found from the interval between the Moon’s
declination vanishing and the Lunar Tide vanishing, as shown by the Maximum value
of the Solitidal Interval. From the first time of tide vanishing we have

d h m
5 22 46

6 5 0
617 0
7 10 26
Mean=6 13 48
w=0atd 5 11

Age of Lunar Diurnal Tide . . . .1 6 37

From second time of tide vanishing we have
18 18 0
18 23 456
19 6 40
19 11 0

Mean=19 2 36
p=0at19 17 14

Age of Lunar Diurnal Tide . . . 00 14 38
From Table III. it appears that the value of 4,, the true Diurnal Solitidal Interval, is
G=b"12"7 . . . . . . . . .. (3)

The Minimum values of the apparent Solitidal Intervals, caused by the Maximum
‘influence of the Lunar Tide, are contained in Table IV.
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TaBLE IV.—Minimum apparent Diurnal Solitidal Interval at Port Kennedy in July 1859.

Apparent Solitidal
Interval reduced
High Water. Half-Ebb. Low Water. Half-Flood. to High-Water
Phase.

d h m d h m d h m d h m h m s
............ 912 0 0o 0 0
.................. 9 18 30 0 30 0
...... 10 6 48 0 48 0

1T 0 0 | cveee | e e 0o 0 0
.................. 24 18 8 0 8 0
...... 25 6 30 6 30 0
............ 2513 0 0 1 0

26 1 0 | e e e 0 1 0

Mean 0 29 30

This Table corresponds with the Maximum effect of the Lunar Tide; and the age of
Lunar Diurnal Tide may be found by comparing the results of this Table with the
times of Maximum of Moon’s Declination.

The Moon’s Declination attained its Maximum value twice, viz.

d h m o "
July 8 10 0. w=2T7 43 33 S.
, 22 23 0. w=27 43 21 N.
From the first time of Minimum Solitidal Interval in Table IV. we have

d h m
912 0
9 18 30
10 6 48
11 0 0

Mean= 10 3 19}
@:Max. 8 10 0
Age of Lunar Diurnal Tide 117 19%
From the second time of Minimum Solitidal Interval we have

24 18 8

256 6 30

26 13 0

26 1 0
Mean= 25 9 391

p=Max. 22 23 0

Age of Lunar Diurnal Tide . .2 10 39%

The Mean Age of Lunar Diurnal Tide is therefore
+1 6 37
—0 14 38
+1 17 194
+2 10 39%

Mean= 1 4 141
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or, Age of Lunar Diurnal Tide, d h m
=1 414 . . . . . . . . (4

We now proceed to determine the value of the Solar Coefficient §', which may be
readily found as follows :—
We may throw the expression (2) for the Diurnal Tide into the following form,
writing B
S'"=S' sin 20,
M"=M'sin 2,
D=Acos(s—B), . . . . . . . . ()

where

A=/S" L M”+28'M" cos (s — m—iy—tpy -« . . - . . (6)

S sin ¢+ M" sin (s—m +4,,)

tal'l B= S" cos Z-s+M” cos (S—7n+ Z.m) . . . . . . . . . . . (l)

The Solar Diurnal Tide will occur alone when M"=0 or ;=0.
The values of A are given from Table I., and are as follows, in Table V.

TasLe V.—Heights of High and Low Water of Diurnal Tide at Port Kennedy
in July 1859.

Time. High Water. | Low Water. | Time. High Water. | Low Water.
h m tt. in. ft. in. h m ft. in. ft. .
July 5. 17 Ouevevnninnd]  nls 1 93 |July 17 4 0 2 0%
6 5 Oueeenninnnen 1 5% 17. 16 Oceeveeeennn]  oeeels 1113}
6. 17 O.eevverennn) e, 1 41 18. 5 0 1 73
7. 5 Oueeunnneen. 1 21 18, 18 Ouveeeveenee|  annne. 1 7
7. 15 Ooeoininll Ll 1 0% 19. 6 0 1 63
8. 2 30..c......... 1 0} 19, 17 30ecvieninied]  eeenns 1 43
8 14 O.eeeennnd el 1 1 20. 5 Oueerennnnnn. 1 3}
9. 130 11 20. 17 Oweoreeennns]  oenen 1 3§
9. 12 O.eviiinnd] ol 1 21 2. 5 0 1 1%
10 3 Oueenini 1 2 21, 17 O.evevinnindl ol 10
10, 13 O.evinnnennd|  oienee 1 2 22. 3 Ouvenrcnnn.. 1 11
11 0 O.eennnnens 1 3% 22. 16 O.cvvvvennnd]  aenl. 10
11. 13 Ol ole 1 61 23. 3 30............ 1 3%
12 3 O, 111 23. 15 30 1 1%
12. 16 O.cevevvnnnd]  oeneee 1103 24 2 200, 1 4%
13 4 0 2 2% 24. 14 O.innnnl] ol 1 4
13, 14 O.ooeiil ol 2 4% 25 2 30.cuinnnn... 1 6
14 2 30 2 b} 25. 13 Oeeeeninnnnd Ll 1 8
14. 14 30..eieiiin] el 2 4} 26. 1 O............ 110}
15 4 0 111} 26. 15 30.cceieienin] .. 111
15, 16 O.vveenennd] e, 1 73 27. 1 O........... 2 63
16. 4 O............ 1 103 | 27. 13 0.l L. 2 10%
16, 15 30..cceeveennd]  wenies 2 2%

If we add the age of the Lunar Diurnal Tide to the times of the Moon’s Declination
vanishing, we shall have the times when M"=0 :—

MDCCCLXXV. 3A
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d h m d h m
=0 . . 56 511 19 17 14
Age= 1 4 14 1 414
6 9 25 20 21 28
If we take the values of A nearest to these times, from Table V. we find
ft. in. d h m

A=S8"=1 5 at 6 9 25,
A=8'=1 8 at 20 21 28,

and using the Sun’s declination at noon of the day before, we find

S
sin2¢’
or
1
,ﬁsm(457°40')—20 8 inches,
and
, 15

:fsm:: 22'6 inCheS.

The mean of these values is
S'=23'4 inches. . . . . N ¢))

We can obtain the ratio of M’ to §' from Tables I1I. and IV., and thus calculate M’
as follows. Differentiating (7) so as to make B a Maximum or Minimum, we find the
equation of condition

M'48"cos(s—m—t,—4,)=0. . . . . . . . . (9)

Substituting in (7), we find at the Maximum and Minimum

tan B— A/S”2 M sin 4,4+ M" coszs . ‘ ... (1)
N/ S12 = M" cos 4;— M sin i, ~

when p=0, M"=0, and the equation reduces to

tan B=tan 7, or B=q,,

as we assumed in determining the value of the true Diurnal Solitidal Interval from
Table I1I.

Y n
If we write sin 0— \S/I’” R e 1 '

we can reduce (10) to the following form,

tan B=tan (7,4 ¢),
or

B=i+d0. . . . . . .. . . . .. (12)
The Maximum and Minimum values of B are found from Tables ITI. and IV.
h m =
B=Maximum= 56 12 T4
B=Minimum = 0 29 30;
when B is a Maximum, M"=0 and ¢=0; thelefore (12) reduces to

Bei= 512 7};
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when B is a Minimum, equation (12) reduces to

h m N

h m s 8!
029 80= 512 T7i+4,

or
b=— 4 42 371,
or
19 17 221,
Mmr, . o
gr=sin (4" 427 373")=sin (70" 395')=0-943;
but
M" M/sin 2p
T S as’
or
M'_M" sin2c_.qyg. 5in43°84
S 8" sin2u sin 55° 27"
or

Ws0788 . L (1)
From (8) and (13) we find
M'=184inches. ... . . . . . . . . . (14)
From the values already found for the constants of the Solar Diurnal Tide, it was
easy to calculate its value, for every hour, from the formula
D=§'sin 2¢ cos(s—4,).
These values, if subtracted from the Diurnal Tide in Table I., would leave the Lunar
Diurnal Tide, the principal phases of which are given in the following Table.

TapLe VI.—Times of Half-Flood and Half-Ebb, and Heights of High Water and Low
Water of the Lunar Diurnal Tide at Port Kennedy in July 1859.

Half-Ebb. Low Water. Half-Flood. High Water.
h m ft. in. h m t. in.
July 7. 2 0 0 5% 13 40 0 61
8. .. 1 50 0 93 14 10 1 0
9. .. 130 113 13 50 1 2%
10. .. 2 20 1 2% 14 0 1 0
11... 1 30 13 15 40 1 3%
12.. 6 15 113 17 25 1 4
13.. 5 50 1 6% 18 25 1 53
14. . 7 10 1 5% 19 15 0 8
15.. 7 30 0 8% 20 10 0 8
16. .. 8 30 09 20 45 0 9%
17.. 9 35 0 7% 21 30 0 4
18, ciivenene 10 0 E— _— e
19. ..eiuae —_— R
Half-Flood. High Water. " Half-Ebb. Low Water.
1211 RO e 23 35 0 4
2l iiiiannns 11 50 06 —_—
220 iiienns 13 10 09 0 40 0 5%
23e iiiininns 13 0 12 1 30 0 113
27 N 14 30 14 2 50 1 2%
25. .. 15 40 16 3 30 1 4
26. .. 17 0 173 4 15 1 8%
29. .. —_ 6 15 1 7

Lo
>
DO
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I have used the Times of Half-Flood and Half-Ebb in this Table in preference to
the Times of High Water and Low Water, as the vertical motion of the water is a
maximum at Half-Flood and Half-Ebb.

Table VI. contains the Solar Hours of Half-Flood and Half-Ebb. These are reduced
in the following Table to Lunar Hours.

TaBLE VII.—Moon’s Hour-Angle at times of Half-Flood and Half-Ebb of Lunar
Diurnal Tide at Port Kennedy in July 1859.

Moon’s Hour-Angle Moon’s Hour-Angle
Day. ab Half-Flood at, Half-Bbp, =
h m h m

July 7o 7 15 19 15

8.. 6 45 18 48

9... 5 38 17 43

10.......... 4 59 17 44

11., 4 9 16 6

12.. 6 36 19 50

13. .. 6 43 18 36

14. . 6 34 19 14

15. . 6 51 18 24

16. .. 6 42 18 46

17. ......... 6 46 19 6

18.......... ——— 18 51

19, ooeiees —

200 .ouee.n. Half-Ebb. Half-Flood.

122 PO 6 10 18 40

22 iiiinnnn 6 29 19 17

23. . 6 29 18 23

24. ., 6 53 19 3

25. .. 6 34 19 17

26. .. 6 15 19 37

27. .. 79

Mean ... 6 23 10° 18 44 30°

Hence the mean value of the true Diurnal Lunitidal Interval is at High Water
T,=0"383=560s, . . . . . . . . . . . (15)

The coefficient M, of the Lunar Diurnai Tide, may be found from Heights from
Table VI.
The Lunar Diurnal Tide reached its maximum—

d h m ft. in.
July 13 11 38 1 6%
July 26 10 3 1 8L
The Moon’s Maximum declination occurred—
d hm . o I
July 8100 . . . @w=27 43 33 8.
July22 230 . . . ,, 27 43 21 N.
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These values give for the age of the Lunar Tide deduced from Heights,

d h m
Age of Lunidiurnal Tide . . . & 1 38
311 3

bb 2

Mean . . . 4 6 20%

This result differs considerably from the age deduced from Times, and agrees with what
I have noticed in several tidal observations, viz. that the age of the Tide deduced from
Heights is greater than that deduced from Times.
Taking the mean of the Maximum Heights, we have
,_ M" 1995
Tsingu” sin55° 27T
M'=23-87 inches; . . . . . . . . . . . . . (16)
and finally, from (8) and (16),
M 23:37

= =0994 . . . . .. ... ... (1])

2337 inches,

If we collect together all the preceding results, we obtain the following :—

Constants of the Diurnal Tide at Port Kennedy in July 1859.

Solar Diurnal Tide.
Age . . . . . . . . . . . . Unknown.
True Solitidal Interval . . . . . . ¢=5"12"T7¢
Coefficient (uncorrected for Parallax) . §'=234 inches.

Lunar Diurnal Tide.
Age . . . . 1% 4" 141" (Times).
» 4% 6 204™ (Heights).
True Lunitidal Interval . . . . . 4,=0"33= 50"
Coeflicient (uncorrected for Parallax) . M'=184 inches (Times).
M'=23-37 ,, (Heights).
M o .
5 =0-788 (Times).
5, =0°994 (Heights).

bh bl b

B. Semidiurnal Tide.

From the column of Semidiurnal Tides in Table I. it is easy to construct the following
Table:—
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TasLe VIIL—Heights and Lunitidal Intervals of Semidiurnal Tide at Port Kennedy
in July 1859.

Heights. Lunitidal Intervals.
Time. ‘ -
High Water. Low Water. High Water. Low Water.
d h m ft. ‘in. ft. in h m h m
516 30 8 3% | .. 11 17
523 0 R 4 2 | 17 34
6 5 0 8 4% | 23 24
611 0 |  .eeeeeen. 4 3% | 512
617 0 8 3% | e i1 0
62330 | ... 4 75 17 17
7 5 40 8 17 1 23 18
712 0 | ... 5 1 | 515
718 0 8 .4 | . 11 14
8§ 1 0 | ... 5 5% 1 18 0
8 7 0 8 6F | aeeeeene. 23 49
813 0 | ... 5 8% 1 5 37
819 30 8 8 | L 12 7
9 130 | . 511 1 L 17 55
9 8 0 8 112 | . 24 0
914 0 | .. 5113 | .l 5 48
920 0 9 1 | L 11 36
10 2 0 | L. 6 53 | .. 17 24
10 8 0 9 0F | L 23 11
1014 0 | . 7 23 | ... 4 59
10 22 0 8 103 | ... 12 43
11 530 | ... 7 8 1 19 58
1110 0 8 11} | ... 23 44
11 16 20 | ... 7 1% | o 5 51
11 23 0 8108 | L. ‘13 11
12 4 0 | ... 6 1% | . 18 1
1211 0 9 13 | 23 35
1217 0 | ... 6 03 | .. 5 23
12 23 30 9 1 | . 12 28
13 530 | ... 6 12 | . 18 16
13 12 20 9 3 | 24 50
1318 0 | ... 6 13 | 619
14 1 0 9 5% | 13 5
14 630 | ... 511y 1 L 18 24
14 12 0 9 103 . 23 42
14 18 40 | ... 511 | . 6 9
15 0 0 9 4% | 11 18
15 640 | ... 510 | ... 17 45
1512 0 811 | . 22 57
1519 0 | .. 59 ] L 5 43
16 1 30 9 2% | L. 12 0
16 7 0 | L. 5108 | L. 17 19
16 13 0 9 9 | . 23 12
1620 0 | ... 511 5 58
17 2 0 9 8% | e 11 47
17 8 0 | ... 511 veeaen 17 35
17 14 0 9 9 ceeres 23 32
1720 0 | ... 511 | 5 20
18 2 30 9 5 | 11 36
8 9 0 | ... 510 | L 17 53
18 14 40 9 13 | . 23 30
1821 0 | ... 5 8% 1 . 5 37
19 3 0 9 1 I L. 11 26
19 9 0 | ... 5 8% | e 17 14
1915 0 9 0 I ... 23 11
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Tasre VIIIL (continued).

Heights. Lunitidal Intervals.
Time.
High Water. - Low Water. High Water. Low Water.
d h m ft. in ft. in h m h m
192130 | ... 510 | e 5 28
20 3 0 9 0 | e 10 47
2010 0 | e 5 93 | e 17 33
20 16 0 811 | i 23 30
2022 0 | .eeeenn. 510 | 518
21 5 0 8 81 | e 12 4
2111 0 | eeeeeens 5 8} 17 52
2117 0 8 6 | e 23 47
2123 0 | eeeveenn. 5 7 | e 5 35
22 5 0 8 3L | e 11 24
2211 0 | eeeeeenn. 5 9 | e 17 12
22 17 30 8 13 | ... 23 33
23 0 0 | eeeeeenns 5 8% | 5 50
23 5 30 8 03 | ... 11 9
2313 0 | aeeeeenne 5 4 | e 18 24
23 18 20 711 | . 23 33
24 020 | .. 5 88 | e 5 21
24 8 0 8 0% | e 12 46
2412 0 | e 5112 | e 16 38
24 20 0 8 2 | e 24 17
25 1 0 | e 6 0 | e 5 7
25 7 0 8 3 | e 10 55
2514 0 | .eeenn. 6 48 | 17 41
25 21 20 8 3 | 24 36
26 2 0 | e 6 28 | e 5 7
26 9 40 8 9% | e 12 31
2614 0 | e 6 0% | 16 51
26 21 0 9 1 | e 24 46
27 4 0 | e 6 91 | e 7 32
2712 0 10 22 | e 13 45
27 17 0 7 2t | 18 35
From this Table we find :—
Mean of Lunitidal Intervals.
h m s
45 High Waters . . . 23 48 58%
45 Low Waters 1educed to phase of HIO‘h W ater . 23 43 13
Mean Lunitidal Interval 23 46 0

Mean Height.

High Water . . . . . . .
Low Water . . . . . . . .

ft. in.
8 10:66
5 1098

The Maximum and Minimum Ranges in height were as follows :—

d h m ft. in.
Maximum Range . . . . . . . 6 2 0 4 11
» e e e . 14 15 20 3 11%

3566
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d h m ft. in.
Minimum Range. . . . . . .11 3 45 1 21
» w e e e . .. . 2517 40 2 2
1 8%

Hence we have, if M" and S” represent the Lunar and Solar Semidiurnal Coeflicients,
uncorrected for Declination and Parallax,

2 (M 48" =48,
2 (M —§")=20.
M"=1T7 inches.
S'=T ”

n
M=0412. . . . ... .. (1)
Table IX. contains the Times and Lunitidal Intervals of Half-Flood and Half—Ebb,
determined from Table I., from the moment at which the water-level passed the mean

height of Tide-level, as noted at foot of column 4, for each day.

Tapre IX.—Times and Lunitidal Intervals of Half-Flood and Half-Ebb of Semidiurnal
Tide at Port Kennedy in July 1859.

Times. Lunitidal Intervals.
Half-Flood. Half-Ebb. Half-Flood. Half-Ebb.
h m h m h m h m
Ju]) | 1345 | ... 8 37
[ T N 18 56 | ... 13 38
[T 146 | ... 20 16
L 751 1 ... 112
[ T 1414 | ... 8 29
O OO 2017 | ... 14 11
Teveiennns 250 0 ... 20 35
ST 838 | ... 211
Toceernnnnn 14 56 | ... 8 17
/S L 21 45 | ... 14 52
8 350 | ... 20 50
[ P 948 | ...l 2 37
8 16 7 | ... 8 43
< T o, 22 49 | ... 14 47
9 4 48 20 54
S I 112 | ... 3 15
[ I 16 54 | ... 8 37
100 weeveeee Ll 013 | ... 15 40
10 547 1 ... 21 3
100 coeveeend] Ll 1225 | ... 3 27
10. ......... 1826 | ... 9 8
) o I, 122 1 ... 15 58
11 729 | ... 21 49
L e T, 1333 | ... 3 41
1. .eeeee.e. 21 3 | ... 10 57
) 237 | .. 16 9
12 ........ 7 4 | ... 21 36
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Tasre IX. (continued).

M DCCCLXXV

Times. Lunitidal Intervals.
Half-Flood. Half-Ebb. Half-Flood. Half-Ebb.
h m h m h m h m
July12. o] e 1441 | ... 3 57
120 cininnen 19 48 © | ... 8 53
130 cevnennea]  eenees 228 | .. 15 20
13.. 83 | ... 21 14
180 cevinend] s 1513 | ... 3 37
138.. 20 56 | ... 9 10
14. . I 247 | .. 14 49
14, cooeens 948 | .. 21 34
) S 1512 | ... 2 48
14 eenn.nn. 2 2 | L. 9 24
) T O, 358 | ... 15 8
15. 937 | .. 20 39
150 ceeienea]  eeeene 1553 | ... 2 42
15.. 21 41 | ... 8 19
160 coveenind]  eeeees 412 | . 14 36
16. .. 953 | ... 20 13
1600 cevunneedd  eeeeae 16 50 | ... 2 55
16. . 22 50 | ... 8 52
170 ceivennnd]  eeeens 5 7 1 .. 14 48
17.. 1114 | L 20 50
170 ciiiend]  eeeans 17 21 | ... 2 45
| I/ 22 56 | ... 8 9
18e vovuuvena] e 542 | .. 14 41
18 cevninnnn 1136 | ... 20 33
18 covveinn|  eeeees 17 33 | ... 2 36
18. . 23 52 | .. 8 24
19 covieeena]  eeeen 616 | ... 14 35
19. .. 1215 | ... 20 32
19. .. R 18 28 | ... 2 32
[27) I 02 | ... 8 17
Q0. veeinnnan]  eeeees 643 | ... 14 23
20. . 12 53 | ... 20 29
[27) IS RN 1858 | ... 2 22
21. . 058 | ... 8 10
123 FUPTTTUU O 72 | ... 14 24
123 DU 13387 | ... 20 27
123 [T LTS 1923 | ... 2 5
29 128 | ... 7 58
QD vevivined]  eeenen 759 | ... 14 16
[21- R 1413 | ... 20 22
(2> U U 2031 | ... 2 28
23. .. 4 1 9 43
2% PP U 913 | ... 14 44
23 1550 | ... 21 8
[ TN RO 21743 | ... 2 50
24 4 0 | . 8 54
27 SN IS 109 | .. 14 51
(27 TR 16 24 | ... 20 49
{27 S N 22 48 | ... 3 1
25 513 | ... 9 13
DBy vernennes]  eeenen 11 50 | ... 15 37
25. .. 17 27 | ... 19 49
127 AU BT o 7 1 . 317
26. .. 5 44 ceeen 8 44
D6, cevvienas|  eeeene 12 53 | ... 16 1
26. .. 18 8 | ... 20 29
2 ST R 16 | ... 312
12 U 734 | ... 9 28
2 S Ceees 1421 | ... 16 1
27. .. 19 11 | ... 20 37
3B
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From this Table we find :(—

h
Mean Lunitidal Interval of 44 Half-Floods . . . 20
’ 43 Half-Ebbs 2

OT:-PE
H> Ot
[N
B ©Oo®

k)

Reducing the Lunitidal Intervals found from Tables VIII. and IX. to the phase of
High Water, we have
Mean Lunitidal Interval =4,

h m s
From High Waters. . . . . . . . . . . 23 48 38
» Low Waters . . . . . . . . . . . 2343 1
,, Half-Floods . . . . . . . . . . . 234519
,» Half-Ebbs. . . . . . . . . . . . 23 54 46
Mean . . . . . . . . . 2348 1
h m s
by, = 23 48 1}
or — 0 11 59 (19)

We may calculate the ratio of the Solar and Lunar Semidiurnal Tides from
Tables VIII. and IX. by the following method :=—

2 3 -
Let M"=M (%) cos’w,

\

3 -
S'=S8 <£> cos’s,
where P, p are the parallax of the Moon and Sun, taken at an interval before the
observation equal to the age of the respective Tides; and P,, p,, are the mean values
of same.

Then if the Semidiurnal Tide be

T=M"cos 2 (m—1,)+8"cos2(s—i), . . . . . . (20)
we may write (20) thus, :
T=Acos2(m—B),. . . . . . . . . . . . (21)
where ‘
A=N M2 48P £ 2M"S" cos 2 [m—s—ip—is)y . . . (22)
__ M"sin 26, +8"sin 2 [m — s +14,] o
tan 2B'_M” cos2im+ 8" cos 2 (m — s +45)° (23)

The Maximum and Minimum values of A are M"-8" and M"—8", as used in finding
(18); and the Maximum and Minimum values of B are found by differentiating (23),
which gives, as the equation of condition,

S'4+M"cos 2 (m—s—10,,—2,)=0. . . . . . . . (24)
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Combining (23) and (24) we find, after a few reductions,

tan 2]3-—\/M”Q— S2 gin 24,, + S cos 2i,, (25)
—\/Wéfs77§ c0s 24, — S" sin Qim' B

If we assume
I

N =sin 2¢,

the equation (25) will reduce to the following :—

tan 2B=tan 2 (¢+17,,),

or

B=¢4i,. . . . . . . . ... (26)

The Maximum and Minimum values of B, or of the Lunitidal Interval, are found
from Tables VIII. and IX., and are as follows :—

Maximum Values of Lunitidal Interval.

h m s d h m
High Water . . . . . . . 256 6 0 at 14 1 0
. S . . . .. . 2446 0 , 2621 0
Low Water . . . . . . . 2668 0 , 11 & 30
' .. . . . . . 248 0 ., 2717 O
Half-Flood . . . . . . . 26567 0 ,, 1121 3
' .o .. ... 2428 0 ., 27 T 34
HalfEbb . . . . . . . . 256 9 0 , 12 23
’s e L0251 0, 27 14 21

Mean==256 7 22%

Minimum Values of Lunitidal Interval.

h m = d h m

High Water . . . . . . . 23 0 0 a 617 0
’ e ... 22bB5 0, 267 0
Low Water . . . . . . . 2312 0 6 11 0
' Co. .. ... 2288 0 ., 2412 O
Half-Flood . . . . . . . 2316 0 6 1 46
” e e ..., 22588 0, 22 1 28
Half-¥bb . . . . . . . . 2212 0 6 7 561
. ... 23 6 0 ,, 2119 23

Mean=22 54 0

From equation (26) we see that the value of B ranges above and below that of ¢, by
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a quantity equal to @, which is half the difference between the maximum and minimum
values of B. Hence we find

h m s
Maximum value of B = 25 7 22%
Minimum ,, ,, = 22 54 0

2 = 21
2¢ = 35° 201/,

N
Mimsin20=0540. . . . . . . . . . (20)

Collecting together the foregoing results, we have the following

Constants of the Semidiurnal Tide at Port Kennedy in July 1859.
Lurar Semidiurnal Tide.
True Lunitidal Interval . . . . . . . 23" 48" Iv
' {0'412 (Heights).
0-549 (Times).

(Uncorrected for Declination or Parallax.)

. . SII
Ratio of M



