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THE TIDES IN KINGSTON HARBOUR.

TIx Weather Reports Nos. 179 and 191, the results of the registration were roughly discassed, and
it was shown that the observations could not properly deal with the Diurnal tides. In consequence a
self-registering Tide-gauge was recommended, and constructed ; but it had the defect usual to all such
imstruments, namely, that although it worked well in a general way, yet it was liable to “stick™ or “jam”
to an extent beyond the driving power of the clock.

The method of registration was then altered ; instead of observing during every hour between 6 a.m.
and 5 p.m. the boatmen were instructed to observe every second hour throughout the 24 hours on cer-
tain days. These days were selected befure-hand as those ow which the Semi-diurnal tides, and the
Diurnal tides, would be most clearly marked ; or they were those days when the Moon’s Declination
was 0°, or when it was at its maximum, North or Scuth.

By means of these observations which were continued between February and June, 1897, the two
kinds of Tides were clearly distinguished, and their dependence on the Moon’s Declination as clearly
established.

Tt thus became possible to pick out of the registers between Jan. 1894 and Fan. 1897 all the obser-
vations which referred te the day-time High and Low water of the Semi-diurnal tides; and alsc the
day-time High or Low water of the Diurnal tides.

It will be noticed that the day-time High and Low water of the Semi-diurnal tides will also give
the Range, or difference between High and Low, and also the Mean sea-level, for each day in question.
But in the case of the Diurnal tides no such Range has been observed, and it is necessary to take the
yearly means of High and Low in order to obtain the yearly Range.

In consequence the Semi-diurnal tides during 1894, 1895, 1896, and half ‘of 1897, were first re-
duced, and the results are here given. It is hardly necessary to say that the present reduction for 1894
supersedes that given in W. R, No. 179.

In the following Tables for the Semi-diurnal Tides the first column gives the date of the Moon’s
Transit ucrass the meridian, the second column states whether that Transit is Upper or Lower, and the
third column gives the Kingston mean time of Transit. This is found by merely adding 10 min. to the
corresponding Trunsit at Greenwich as given in the Nautical Almanae. The fourth and fifth columns
give the Moon’s Parallax, and the direction of the Moon’s motion in Declination, North or South. All
these columns apply to the time when the Moon’s Decl. is 0°.

The sixth and seventh columns give the date and observed time of High water next following the
Moon’s Transit. If that particular High water has not been observed, the High water before and after,
and all the corresponding data in the preceding columns, have been used instead.

The eighth column gives the computed time of High water. This is found by adding

11lhr. 28miun.
to the time of the Moon’s Transit, by subtracting or adding 8 min. according as the Moon’s motion in
Decl. is North or South, and by applying the following Annual and Semi-mensual Inequalities.

Axxvar INEQUaLITY (Semi-diurnal tides).

Min. | Diff. Min, | Diff.
Janua 1 ~ B0 - July 1 .. —+ 112
Yo - 67 | ¢ 11 . + 140 | 28
21 - 79 9 21 Ve + 144 48
February 1 -~ 88 s | August 1 s + 96 70
11 . - 94 3 11 4+ 26 54
2] - 91 19 21 s - 28 10
March 1 - 72 20 September 1 vee - 38 7
11 - 52 21 11 ee ~ 31 19
21 ~ 3l P 21 . - 12 21
April 1 - 22 2 October 1 .. + 9 o4
11 - 20 5 11 aee ~+ 33 23
21 -~ 25 20 21 + 56 17
May 1 - 45 11 | November 1 cee + 73 . 7
1] . - 56 3 11 . + 80 6
21 - 53 51 21 cee + 74 37
June 1 .. - 2 48 December 1 wen + 37 49
11 . + 46 40 11 .- - 12 32
21 . + 86 26 21 - - 44 T
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Smui-mENsuaL Isgavanrry (Semi-diurnal tides).

Hour of Moon’s transit a.m. or p.m.

hr. min. Min.| Diff.
o Q . + 2 10
0 48 - B i1
1 36 - 19 9
2 24 - 28 b
3 12 - 35 3
4 0 ven - 38 1
4 4R - 87 12
5 36 - 25 29
6 24 e - 3 %0
7 12 + 17 17
8 0 + 34 10
8 48 + 44 1
9 36 + 45 10
10 24 + 35 16
11 12 + 19 17
12 4] - + 2

The ninth column gives the difference betwen the Observed and the Computed times of High
water.

The tewth and eleventh ecolumns give the observed scale reading of High and Low water; the
twelfth gives the mean of these two readings, or the mean sea-level for that day.

The thirteenth column gives the mean sea-level computed according to the following formula:—

- Pey 1 M—78°.6 }
Mean sea-level — 21.3 4+ 0.84 :

where 21.3 in the seale reading for a mean sea-level corresponding to a mean temperature of (T) of
78°.6, and where (T) is half the sum of the mean temperature of the air for any month in question and
for the preceding month ; whence we get the following table :—

(T) Mean sea-level.
in.
73" 16.6
74 17.4
75 . 18.3
% ves i8.1
77 20.0
78 20.8
79 21.6
80 .- 22.56
81 23.3
82 aee 24,2

The values of (T) for each month are given in thie last eolumun.

The fourteenth column gives the difference between Mean water as observed and computed.

The fifteenth column gives the observed Range or difference between HW and LW. The six-
teenth gives the computed Range, as affected by the variation of the Moon’s Pargllax, and by & smell
Séxi-mesmal Inequality.

Let- p = Parailaz — 57, then the factor for Parallax is (1 - 3 p); and taking the mean Raxige

67
S be:2.9in., we have,
Parallax. Factor Range.
’ in.
&3 0.79 2.3
54 0.84 2.4
55 - 0.90 . 2.6
56 . 0.95 . 2.8
&7 1.00 2.9
58 1.05 3.0
59 - 110 3.2
60 .. 1.16 . 3.4
61 1.24 3.5



Hour of Moon’s Semi-mensual

Transit, a.m. or p.m. Inequality.
br. in

6 . + 02

1 - + 0.4

2 . + 0.4

3 + 0.3

4 + 02

5 0.0

6 + 0.1

7 + 0.3

8 + 0.4

9 . + 0.4

10 . . e .+ 0.3

14 e 0.0

12 - + 02

The seventeenth column gives the difference between the observed and the computed values of the

Range.
And as already stated the last column gives the values of (T). They were found from the follow-

ing table :—

Kinastox :—Muax Moxvrury TEMPERATURLS.
Month. 1893. ; 1894. 1885, i 1896. 1897.
i !
, , i
o ‘ °c a ‘} @ ! a
January ; 74.3 74.5 i 76 0 75.4
February : 73.5 T4.7 | 76.8 7.2
March ! 73.9 75.2 ; 76.9 77.5
Apri 1 76.9 8.2 76.8 79.7
ay ! 78.8 8¢.5 79.3 80.8
June i 80.6 81.4 83.3 82.5
July E 79.9 ! 81.5 §2.0
August - | 80.7 i‘ 80.8 81.7 .-
Beptember : 81.1 : 81.0 81.6
October ! 77.9 80.1 81.0
November i 78.0 ! 77.7 79 4
December 75.0 ! 74.7 76.0 ! 7R.2
] i
Means ; 7.5 | 78.5 79.3
i | :

And finally the Mean Monthly Temperatures were found from the formula
M + m °
T = — 1°.5
— 0.43 (R — 17)

— 0.11 (H—78)
— 012 (C —5.5)

where
M = Mean Monthly Max.
m = o L1 Min.
R — 114 7] Rnnge
H = i i Humidity
C -

«« o Cloud {in tenths).
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1894. SEMI-DIURNAL TIDES OBSERVED WHEN Moox’s DECLINA rioN =0°,
Moon’s Decl.=0° Following High Water. Heights. Range.
‘.
T T 1
Loy L ote @ “
Time of S Time Time § 8 2 i .
Date. |Tr. - 1. O0—C [HWILW| E | § | 0—€C O |C|0—C [(T).
Transit. |g %\ <| Observed. | Computed. S i
R f=Y ‘ P81 8 :
CEo [ P2 =
e f—— i R S 1
% T ‘ i | 1 :
hr. min. & i hr. min hr. min. min.‘1 in. fin. | in. | in. in iu.i‘in. in.} ©

Jan. 13 |L| 4 45am. 56 N 13 1 80p.m.| 2 19 pm. i— 49 (26 [22 |24.018,0l+ 6.04 2.8 + 1.274.6
25 U 3 28 ¢ B8 S . 2H 130 =< i 1 b6 ¢ + 28 i8¢ |20 2‘2.0§18_0 + 4.04 53.3 + 0.7} ¢«
26 | U 4 13 ¢« 1583_ 8 26 2 0 <« : 148 “ 4+ 12 “34 121 ‘22.5:18.0 + 4.5{3 *13 21— 0.2] ==

i | i : | ;

Feb. 9L 2 46 56; N 9 Noeon 0 2 w 2 23 (18 120.517.4+ 3.1i5 3.1+ 1.9%73.9
10 1. 3 28 ¢ pH7 N | 10 Q 30 p.m 039 « — 9 23 18 20.5117.4 + 3.115 3.2/4+ 1.8 ¢«
22,0 2 2 « 588! 22 11 30 am. | 11 42 am. |— 12 23 |16 19.5%17.4% + 217 B.4-+ 8 & &

Mar. 8|L| 042 « 56/N'! 8 Noom |1056 < !4+ 6421 17 he.ol7.2l+ 1.84 3.3+ 08737

9 1L 126 « ‘571 N 9 11 30 am.{ 11 33 <« |— 321 18 {19.617.2|+ 2.33 3.3— 0.8 «
20 |U{11 52pm. B8 S .21 311 0 ¢« |106B7 « [+ 319 3 |[16.017.2— 1.26 (3.2|+ 2.8 «
2.0 0 37 a.m. B8 & | 22§ 10 30 <« i1 37 ,¢ |— 67 18 (16 116.517.2/— 0.7 3.3]— 0.3 <
Apr. 4 Ll1120pm. 57|N 5 1080 « |1034 « \— 418 13 15.518.6— R.15 3.0+ 2.076.4
17 iU | 10 31 ¢ |58 S 18 10 0 « 10 17 “ |— 17 {18 16 117.0{18.6\— 1.6i2 [2.9— 0.9 .«
! !
May 1|1 9 11 « BT N:! 2§ 8 30 <« 8 30 <« ¢ 021 19 i20.0{20.6 0.62 2.5~ 0.577.8
2L 9b5 « PHPT N 1 3 8 0 * 911 * ‘— 71 {21 17 :19.020.6{— 1.6}4 |2.6{+ 1.4/ ¢«
14 |0 829 « BT 8 15 8 0 « 7 49 ¢ 4 11 121 18 :19.5(20.6— 1.113 [2.5{+ 0.5 ¢
15 | U 9183 « B7. 818 &8 0O ¢ 8 48 ¢« j{— 38 120 18 .19.0/20.6/— 1.62 [2.5/— 0.5/ «
29 i L 7 46 <« BT N 3‘“% YO0 < 722 « — 22|22 {8 .20.020.6i-- 0.64 2.5/+ 1.5 «

June 11 [L| 660am 57 % | 11 7 80pwm. | 719pm. i+ 11 132 [19 20 522 3— 1.83 2.6/+ 0.479.7
26 ‘U 6 2 ¢« 16 N 26, 6 30 « 6 47 “ — 17 |24 120 22.0522.3 — 0.34 2.7+ 1.3] =«

July 9L b P& 9 7 u o« | 687 « |+ 323 |21 22.0922.7— 0.72 [2.9— 0.9/g0.2
2310 4 ‘Nf 2.5 5 0 = 4 57« + 3 22 20 21 0,22.7|— 1.72 2.8 — 0.83 “*

Aug. O | L 3 ] Noiw observations . - ! . ‘ .- ORI POV P coe
20 ;U 2 oo 30 pm.. 1 8 « + 82 26 23 ’24,0;22.7 + 1.32 3.1 1.180.38

Sept, 1 {L| 1 I's J 1 Noon 11 57 am. |+ 3 |22 (20 21.0/23.2/— 2.22 3.8/~ 1.80.9
15 ;Ui 0 * N i{No | observations . [T R VTR R [V A .
23 i L 11 5 29 Noon 11 32 « “+ 28 21 7 19.023.2/— 4.v4 3 41-5— 0.6] <«

i i H | : ; {

Let. 12 70 ; 10 N!113 11 80am. |11 2 <« + 28 21 {18 19.522.1\— 2.63 2.7+ 0.31"79.5
25 i L 8 [ 26 11 0 <« |11 4 = :— 491 {19 !20 022 11— 2.112 |2.9— 0.9 ¢
26 L!' 106 S 087 11 30 ¢ 11 41 & — 11120 17 18.522.1— 3.63 2.8/+ 0.2 ¢

P ; | | |

Nov. 8.0 E 8 30 « 56N, 9 vee 11919 19.01’20.8*—* 1.8§ 2 4l 2 4[78.0
21 L 7387 = 5GR S 22 9 0 « 8§ b2 -+ 8 23 21 22.0120.8 + 1.212 2.6}— 0.8] «
22 i L ' 8 23 « 8 S 23 10 0 < 9 48 « + 12 123 21 [22.0120 8 4+ l.2i;2 2.6— 0.6 «

! T ! ]
Dee. 66U 7 4 « &N T . 22 |21 21.519.5/+ 2.01 12.3/— 1 376.4
19 L 6 22 « 58( 3 | 20 . ! . e 121 19 20.()}19.5 4+ 0.52 [2.8— 0.8 ¢«
| A | | i
L ; | o ,
! : " R =
: : ; i i ; ! ‘ k
Menns - - [ 3 —2 21 .6?18.520.1:201\ 0 0j3.1j2.9/+ 0.277.1
: i ] H i i i H : :
1 2 3 4 b 6 7 8 9 10 11 1¢ 13 11 15 16 17 8
hr. min.
June 11. Time of HW taken from LW at 1 30 pm.
“ 26. £ [ “ “© 0O 30 e
July 9. [ “© € “ 1 0 I

Nov. 9. No tide.

Deec.

7.

‘Tide small : HW apparently about 1 p.m. instead of 8 a.m. and p.m.
¢« 20, Tide small and irregular : HW about 9 hr. 30 min. a.m.
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SEM! DIURNAL TIDES OBSERVED wHEN Moox’s DECLINATION =

Dec. 23. s “«

Moon’s Decl .= 0°. Following High Water. Hoeights. Range.
i | | i o lo !
i - ! P ] . ‘ R I
| Time of b Time ‘ Time . , 2i&
Date. |Tr b o—C WLWi 2 = O0—C Cc|{O0—-C | (T)
Transit. P8 Observed. {Computed. j g la
Kl EEERE
| == | R
Lo i T
: hr. min ¢ hr, nmn. hr. min. mwin. |in. i in, | in. "in. | im, in.{ in. ©
. H + | f
Jan. 3L & N ; 19 19 19.0l18.0+ 1.0 In |2.6/— 2.8 74.6
15 U 352 « i3 3 Opm. | 138pm. i+ g2 117 14 |15.518.0— 2.5 |3 3.6~ 0. “
16 U 440 3 observations | aen N [ O TS o s s
30  Li 318 « . 2 Opm. | 047 « !+ 73 {18 |16 |17.0L8.0— 1.0 2 2.7 0.7 ©
31 L g o8 0« N L0« l 113 = %« 13 219 8 lS,:,)’_lSAO;—F &5 1 2.8—1.8 «
i i : ; . ; o |
Feb, 12 |U | 228 « s 030 « | 0 3 « '+ 27 117 16 116 p18.ul— 1.6 |1 |3.8— u. “
26 | L 118 « N A VI 111 2am. 4+ 118 18 |15 .lG.B’lS.O» iz 2.8+ 0.2 %
27 | L. 1538 = N observa.tmqsi - L e | e cer JUE - . ee
: i H | | !
Mar. 11 /U 013 « ] 0 30pm. | 1065 « |+ 9522 21 |22.5)18.3 + 4.2 13 3.7i— 0.7 75.0
12{U01 1 “ S 12 10 G am. | 11 38 <« [— 9§ ‘23 121 [22.05.3]+ 3.7 12 (3.8— 1. “
25 L .11 56 p.m N Nooun i 10 1L « -+ a9 20 6 7 fl'r) U 18 81+ 0.7 3.2}2.8 + 0. we
April 7 U ! 1050 « ! . v 3819 2019 T4 1.3 s o544 o 76.7
21 | L, sen 1 vas .. 122.2120.8121.519.7. 4+ 1.8 1 4:2.3— 0. b
22 1 L p. i s . 122,220,021 1119.7:+ 1.4 12.2{2.5}— 0. “
May 4| U | bsel'vn.tions: ! I |
T s | wa- H . oeee 1 e cew i iaa P wal . ~ee
b |U. | - 5 ! i24-.320.8122 922 0l 4+ .9 22 9 0.7 79.4
18 | L ‘ i'obsex'vatious’g R ; . L e o .- I ..
9/ 1., JoN i . 123.820.422.1122.0/+ 0.1 13.4i2.2) 4+ e
June 1L 7 . B830pm | 602pm. .+ 98 24.021. 022.5,23.3— 0.8 /3.012.9/+ 0.1 81.0
2 Ll 7 observations e . [ T R [T BN R . oo
15{C! & L 9380 pm. | 618 « !4 197 20.0 22 223.623.3/+ 0.3 2,323 + 05 | w
160, ¢ ‘ observations | e _ . [P P R B N I R
28 U 5 129 6 Oam. | ¢« 2lam |— 21 05 8-23 ol2a4le3 3+ 1.1 2Rl 2 0.4
H ‘ ; i | i
July 13 U 4 40a.+ P18 7 Opm. 5 44pm.:+ 76 d( tr2h 026.823.7 + 3.1 1.62.5— 0.9 r‘81.4
26 L 344 « 28 5 0 « 444 % [+ 16 31.8126 220.023.7 + 5.3 5.63.67+ 2.0 «
! [ ' : : ; i
Aug. 90U 23y « ; 4 [ e k2113 O 25625 8i28.5 + 2.3 0.42.7— 2.3 ?81.2
22 1L 133 v ; 22 2 0 LA J ST + 99 28. 0124.4126,2123.5/ * 2.7 13.6/3.9— 0.3 | «
23 | L1 223 « {23 3 w ¢ | 1 3 « |+ 118 '29 6i‘25 0l27.323.5/+ 8.8 [4.63.9)+ 0.7, «
i i I : ! !
Sept. & U 039 = | 510 30aun. | 11 18am.|— 48 23.4'22 222 8lz3.2— 0.4 1.22.7/— 1.5 B0.9
6 U 113 ¢ i B 2 O0pm, 1149 ¢ 4+ 181 24 322 623.723.2/+ 0.5 2.22.7 ¢.5 E “
WL v 8 P18 030 ¢ 11 26 ¢ |4+ 34 125.823.024.423.2)+ 1.2 2.83.7— 09} «
; : ; : ; ; : ; i i
Oct 214111 17 pon N 3 10 30 amn. (11 & « — 35 ‘23 €l20 521,923 0 1.1 12,2!"245§__ 0.3 180.6
15 /LI 9o @ 13 13; Noon 10 64 <« -+ 66 23.219.421.323.0 1.9 3.88.2]+ 0.6 @
16 | L 10 46« 1% 1170 1 Opamn. 11 38 « + 87 124.618.821.725.0/— 1.8 5.83.5{ + 2.3 @
20 1 U 915 ¢ N 3] Noom 1028 « {1+ 92 19.6)17. 013 323.0|. 4.7 2.62.0i4 0.6 | «
Nov. 12 L | 113 10 30 am. | 10 12 « |+ 18 23.019.6/21.321.6/— 0.3 13.43.0 4 0.4 78.9
26 |17 | ] o 23.622. 4f23’ 02 6+ 1.4 1.22.0— 0.8 &
i : Lo
Dec. 9 L! 7T 8am. | 6 &5 4« + 85 f20 8 i9. 8‘20 319.8/+ 0.5 1.03.0— 2.0 76.8
23 | U “ i . . 1B 2,17 ;17 719 81— 2.1 1.02.3— 1.3 «
i ! [
- l e | ‘ —
| | | | ! I :
Means | .| . ; + 57 123.0120.521 721. 1+ 0.6 2.63.0— 0.5 [78.4
. ) L o ) ! .
Jan. 3. No tide.
Apr. 8. Water 22.8 from 6 am. to 11 a.m. and then gradunﬂy to 19.2 at 3 po,
22, @ 22 2 10 <« 20 8 4 =
23. Time of HW uncertain.
May 6. Water 24 0 from 6a.m. to 10 « &« < 21 8B v a ¢
20. Water falling from 23.8 at 6 a.u. to 20.4 at b pau
June 1. HW taken from LW at 2.30 pon.
15, s 3.0 *=
Aug. 9. Tlme of HW uncertain.
Nav, 26, “ € “
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1896, SEMI-DIURNAL TIDES OBSERVED WHEN Moon’s DEcLinATION = U°
Moon’s Deel, == Q<. Following High Water. Heights. Ranunge.
1 i T i - i
; ! oo
Time of | 1 Time Time ! !z
Date. |Tr. : - i ) O—C HW LW ; ; fo—c ool o-cC (Ty
Transit. | .g .| Observed. { Computed. o = ;
= 38 -{Ej ] !5 i
ER = = | =
hr. moin. ’ ’ ! hr. min. hr. min. min. | in. |in. fis. (ino | dp. lielind o ©
: i ; o
Jan. 6 .U! 453azm. 598 | 6 2 30pm. 2 48 pan. — 18 120.6/19.6:20.1 .03.2i— 2.2 575_5
20 /L 4 2 « BafNj200 2 v % [ 126 ¢ + 3410.017.218.1 2.6l 0.8 |
Feb. 2@!U | 246 « 618 No“ obaervationsv - E O R .
3.0, 33 » 608 3 1 Opm. | 1 7 % — 7 '18.8/156.4/17.1 3.6— 0 2 75.9
6L 2 0 = B4N Nol‘ obaervations) P voe f wee | aas Joaad o .
17 | L 238 < H4.N |17/ 10 Oam. |11 D6am. \— 116 122 418.220.4 2.7 4 LR | o«
201U 03 ¢ 6ls | 20 11 30« t0 48 ¢ |+ 42 22'419'2i20 8 3.8— 0.6 «
N | . |
Mar., 210 | 215 « Bils| 2 Ve . 23.4/19.6.21.5 3.9— 0.1 [76.8
13 [ L 11 59 pam. {54/ N | 14] 10 30 = 10 83 ¢ — 3 (19.8/17.818.8 2.6— 0.6 ] <«
156 | L | 0 38am, !534 N | Nl observations . TR R [ IR B,
27 U131 6pm. 618 | 28 10 Oam. |10 37 <« |— 87 21.819.220.56]1 3.5— 0.9 | «
28 U {11 88 = %61 S ;Noi observations vas vee cee | e | e . . cor] wea]aue e
April 10 |L [ 10 38 « 54 N 11} © 30am. |10 8 « | 38 21 .4/19.8/20.519.8/+ 0T 1.82.3— 0.5 | =
24 (U 944 « 61l f 2 930 ¢ | 932 ¢ [~ 222 820.621.719.8 + 1.9 (2.23.8— 1.0
i ! [ !
May 7 L| 886 « 54X 8 730 « 746 « — 16 |22.620.621.6{20.8 + 0.8 12.02.0/ 0.0 78.0
21 [T | 786 « 60/ |2z 630 « 644 < [~ 14 (24.0/20.0122.6/20.8/4 1.2 [4.03.0+ 1.0 | «
June 4 |U| 6osam 64 N 4 630pm. | 685pmi— 5 22.819.621.223.6— 2.4 [3.22.11+ 1.1 81.3
18 | L 55T ¢ 698 18 b 0 « 682  — 92 26 620.623.623.6; 0.0 [6.013.1{+ 2.9 L
P :
July 17 448 « BaX| 1 6 0 « 524 < |+ 36 26 824.4/25.6/24.7]+ 0.9 2.42.4] 0.0 |82.6
21U 628 « BadN: 2 T 0 = 6 16 «© |+ 44 26.6i24.4125.524 T+ 0.8 2.213.4— 0.2 | «
15 /L, 8356 « b9sS}Is b 0 « 616 « | — 15 28.4/26.6/27.024.T+ 2.3 2.813.4— 0.6 ;, «
16 L) 445 « 1593 |18 4 0 « 6 4 T2A ] oo | oee oo b DY IO R R
20 (U 324 « 5a Ni 290 5 0 « 368 “ 4+ 62 26.624.825.724.7T|+ 1.0 |1.8[2.7-— 0.9 f o
] : _ ; i ! | ! ! i
Aug. 11 (L 148 « 60/ 5 1] Noon 129 « | — 89 ‘94 ¢19.821.924.0— 2.1 4.23.8 + 0 4 81.8
12 L f 238 « 608 12 Noon 2 B “ |- 126 24.8|19.2(22.024.0(— 2.0 [5.6/3.7+ 1.9 |
25 | T i 1 21 s ‘5.4 N .26 16 CGam. {11 34 am. — 114 i2-:.420.‘422[ 324.0i~_ 2.7 12.22.8— 0.6 o
Sept. 8 | L { Q26 &« z.;ﬁ] 81 811 0 « 11 26 ¢ — 6 26 4[1Y 65'2340,23.8?_ 0.8 6.83,8‘+ 3.0 i81.6
20 | U | 11 20p.an, 64 N 21 10 0 <« 10 42 ¢ | 42 23 ¢22.0123 323 .8/— 0.5 12.612.5+ 0.1 | «
21 | U | Midnight 54| N | 22/ 10 0 « 11 16 % | 70 126 2{28.644 023 .8 4+ 1.1 2 6/2.6] 00| «
N ! : i
Oct. 4 |L 10 11 p.m. BUs ! 510 0 = 1041 « | 41 l20 glea 2025 0les 6(§+ 3.3 5.4/3.2|+ 2.2 181.8
5 I 111 2 « 1|8 6 1030 « 1119 o« L 49 51.$24.428 023.6/+ 4.4 T.23.5/+ 3.7 |
18 /U | 959 « B4 NJ19 10 0 « 10 20 < j— 20 26.4/42.624.523.6, + 0.9 la.glz.1l+ 17| =«
Nov. 1/L| 848 « jgig ' 210 0 « 10 21 « — 21 [27.8(22.4125.122 7|+ 2.4 5.4/3.0/+ 2 4 [80.3
130! 718 « |35/ N: 1420 0O « 816 <« |+ 104 [24.8(21.6/:3.2122 7|+ 0.5 3.2/2.3|/+ 0.9 | «
15U %58 « B4{N| 16 10 O 9 b8 « + 2 26622‘824.7‘2.7{‘4- 2.0 :3.82.¢/4+ 1.8 “®
28 | L, 6 40 < 59l § |No| observations et e cen ver | aee AU PR N cae
20 1 L, 728 « /598 |30 T Oam. 8 8 « | _ 68 28.624226.422.7%4- 3.7 4 42.9/4+ 1.5 ®
Dee. 12 |L | 6 15 am. 55 X | 12 —.  {23.821.4{22.6121.5/+ 1.1 {2.4{2.4] 0.0 [78.8
26 | L' & 25 pm.i59 S | Nol observationa - ven e e e e S R R e
. f | — —
Meaus . . — 27 |24.5[21.1 22.8122.1 + 0.7 |3 42.9/+ 0 5 [79.5
' ! :

Mar. 2. Water falling from 23.4 at 6 a.m. to 19.6 at b p.m.
LW av O by, 30 min. pm.

Juuve 4. Time of H
18. b

July 1 <«
16 (14

mained rems'trka.biy high for 2 or 3 days.

DPec. 12. Tide i

20, 26, 27.

&
s
&

ular.

W taken from
& (13

a“®
17

Nu observations.

“ 11 0 a.am.
i noon.
“ 11 L]

a.m. At 3 pw. the water suddenly rose 9in. and: re-
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1897. SEMI-DIURNAL TIDES OBSERVED WHEN Meon’s DECLINATION == 0°
Moon’s Decl. = 0° Following High Water. Heights. { Range.
— e ; : A S :
| i | | | Coislel
Time of ! Time | Time -2 P ‘
Date. |Tr. s ] ;0—C HWLW, 2 /8 1 0—C [0/ C 0—C (T)
Transit. 3 ] Observed. | Computed. | b i ; ; :
gl Bl & ! : i - A S ‘
=] S @l | i ¢ D [ i
il Rad el ! o= E i f
— — | T D P P R
hr. min. |’ l ! hr. min, ; hr. min. min, | in. {in. | in. | in. i in. lio.lin.!  in. P
: i H ! i ; : !
Jan. 8 |L| 4 9am |35 N, 8 1 Opm.| 1 46pm./— 46 17.416.216.5819.8— 3.01.22.8— 1.076.8
9 L 450 « BN 9 i 6 « : 227 « |— 87 (16.815.816.319.8— 3.51.02.6— 1.6 =«
22 | U| 259 “ |59{8 |Noj observation. | v O R TETCT DI (O U (U O - e
Feb. 4 'L | 2 2 « 135 N |No observation. ! . J O I e v feend S
190 1 40 « 160 S | 19 Noon E 11 25 am. + 35 20.215.8 IS‘OIQ'IT— 1.14.4/8.8+ 0,676.3
i i !
| [ i f !
E i H
Mar. 4 1L i 039 l:’)ﬁ N% 4. 10 30 am | 10 47 <« [— 17 21.44‘:18.1:‘19.7 0.63 312.94+ 0.477.4
17 (T 11 28 pm. (60 S ;18 11 0 < [ 10 38 « [+ 22 121.819.820 8 0.52.03.5— 1.8 “
80 (L1088 « B N{3L 10 0 « 10 5 4 |— 5 21.621.221.4 1.1.0.42.5— 2.1, «
i ' b b
April 13 U 914 « 1505 {14 9 0 =« f 914 « |— 14 21.619.420.5 0.82.2{2.8— 0.68.6
26 | L 8§37 « |G/ N 27] 10 ® « i 8 4 ¢« 4+ 116 318.6;17.818‘2 3.1_0.82.2; 1.4 ¢
| z . o
May 11 [U|[ 752 « [59/S |12 8 © « ‘ 7 3 = |+ 57 [18.016 817.442.7/— 5.3]1.2/2.8/— 1,6/80.2
24 |U| 6 56 am. 55 N} 24| | | ... [14,813.814.322.7— 8.41.02.3— 1.8 «
| i i i i ! i j
! I 1 o L
June 7 U] 5 4Tpm. /58S | 8 6 0 ¢ | 530 « 4 30[17.416.2(16 £23.8— 7.01.22.9— 1.781.6
20 | L 6 13 ¢ ja6| N | 21 3 0 « ‘ 524 & — 144 19,2516.8518.023.8- 5.82.42.86—~ 0.4 *
‘ ! i o
i | P Lo
Observ| ati 'ons disconti| n jued i i I I { "E
k | o ol
| | | —] L
i { ;"‘,"‘f‘”‘““' T
Means - - " I - =3 19,1117.818.2!21 3— 3 1;1.822.8;* 1.078.6
| | O o

Ffeb. 4. No ohs. on 4th or 6th.
May 24. Diurnal tide.

At Montego Bay the water was also remarkably low during May and June.

Low water at 1 p.m. and High water at preceding and following midnights.
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REsULTS ¥FOR SEMI-DIURNAL TIDES.

With regard to the observed and computed times of High water, as the observed time is always
liable to an error of at least half an hounr, the mean difference between observation and computation,
namely 47 minutes, is fairly satisfactory. But during 18985 the difference (0—C) was positive, while
it was negative in the other years; and in consequence of such long continued fluctuations above or below
the mean the cbservations would have to be continued for many years before the tidal constants could
be ascertained with aceuracy. The mean Establishment was taken to be 1lhrs. 28min. ; and the above
96 differences, {0 -C), indicate that it should be increased by 4 min. ; but in consequence of those fluc-
tuations, it would be useless to recompute at present.

The mean Establishment being 11 hr. 32 min., by adding 2 min,, the Semi- mensual Tnequality at
New or Full Moon when the Hour of Transit is 0 hr. O min., we get 11 hr. 34 min. as the Vulgar
Establishment.

There is apparently no Inequality depending on U and L.

With regard to the observed Heights of HW, LW, and Mean water, the long continued fluctua-
tions above or below the mean are most remarkable; in 1894 between Mar. 20th and Nov. 8th the
difference (O-—C) was negative with a single exception: in 1895 from June 28th to Aug. 23rd, and in
1896 from Sept. 21st to Dec 12th, the difference (O—C) was largely positive ; while in 1897 from Jan.
8th to June 20th the differonce was largely negative with two exceptions. The average height of Mean
water was taken to be 21.8 inches corresponding %o (T) = 78°.6, and the 109 differences, (0—C), con-
tirm this height.

The connection between (T) and the height of Mean water is very ecurious: it is best shown by
first taking monthly means of Mcan water for cach year, and then for the average of the three or four
years, and by comparing them with the results of computution.

1894. 1895. 1896, 1897. Average.
Month.
|

0. C. o, 0. C. 0. C. 0. C.

in. | in. | in | in. | dn. | dn. § do. | G0 | in. | da.
January el 22.8 18.0 7.0 1801 19,1 (18,71 16.s | 19.8 ] 19.0 | 18.6
Februaery LG 20210174 16,6 IR0 19.4 1 19.0 18,01 19.1 ] 18.5 | 18.4
Muarch W 178072 212 1.3 2008 19.8 ¢ 20.6 1 20.3 1 20.0 | 18.9
April L1621 18.6 021,20 19,.7 1211 1 19.8¢ 19.4 1 21.3 1 19.5{ 19.8
Mayv L1905 20,6 1 22,51 22.0121.8 | 20.8115.8 ¢ 22.7 1 19.9 1} 21.5
June L8125 22,8 23,51 23.3122.4(23.6117.4123.8321.1]23.2
July cee L 2lls 22,7 | 27.9 1 28,7 1 23.9 | 24.7 .. 24.4 1 283.7
Auvgust L ed 0] R2.7 126 4] 23.5 1 21.7 | 24.0 24.0 { 23.4
September L. 20.0123.2 ] 23.6123.2}23.7123.8 122.41 23.4
October L 1803 1 22,1 1 20,81 23,0 26.5 1 23.6 22.2 1 22.9
November L2101 20.8122.2 ] 21.65 24.8 1 22 7 22.7 1 21.7
December . 20.8{19.519.01{ 19.8| 22.6 | 21.5 20.8 | 20.3
Means v L1204 20,41 21.,9121.2 122 31 21.8 21.2 | 21.8

The meaun values of (T) for February and July are 75°.2 and 81°.4, respectively ; and for this change
of 6°.2 of temperature, the mean sea-level changes 5.2 inches ; or according to the formula, for every
degree of (T), the mean sea-level changes 0.84 inch.

ese large changes of level apparently indicate that the changes of temperature are carried deep
down below the surface of the sea presumably by the incessant action of the waves. We koow that
changes of temperature penetrate the ground to a small depth ; the following table gives the tempera-
ture 6 feet below the surface of the ground from 5 years’ observation at the Cinchona Plantation, or
Hill Gardens, as it is now called.

Month. Temp. 6 ft. below the surface of the ground.
January . 60.3
February . 59.6
March 69.3
April - 59.2
May ... 59.3
June 60.0
July es e 61.3
August es 62.3
September . _— 62.4
October 61.9
November e 61.6
December . 61.2

Mean . . 60.7
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There iz therefore a change of temp. of 3°.2 six feet below the surface of the ground, corresponding -
to a change of air temp. of 6°.4 at the surface ; and assuming the change te decrease uniformly with the
depth, the change vanishes at 12 feet below the surface.

Now the co-efficient of volumetric expansion of salt water is ¢.05 for 180° F.; and assuming, as be-
fore, that the change decreases unifurmly with the depth, it may be shown that we must go down to
u depth of 500 feet before we can get such a volume of water that by its expuansion its level will be
raised 0.84 inch for every degree of (T} at the surface.

This was not to have been expected; but I can account for the change of level with (T} in ne
other way.

The mean difference, (O—{), without regurd to sign, is 2.0 inches; to this extent therefore the
mean sca level is continually liable to variation from unkunown causes. The Range, or variation due to
the action of the 8un and Moon, is 2.9 inches, or vather 2.84 inches from the 109 observations; so that
the variation due to unknown causes is almost as large as the Range.

The Range does not vary with the month; it was the disturbing effect of the Diarnal tides which
caused the Ringe to gradually deercase from Jan. and Feb. to Aug. and Sept. 1894 (W. R. No. 179, p. 7),
and which rendered these further investigations necessary.

The mean sea-level then adopted was 12.5 inches on the scale of the Tide-gauge; but this was simi-~
larxly disturbed by the Diurnal tides; and as alveady stated, 21.3 inches on the seale, corresponding to
(T) = 78°.6, is nearer ithe true value, !

Now there is a Beneh-mark on a pillar* near the Tide-gauge on the same level as the zero of the
scale; and when the Tide-gauge veads 21.3 inches, the surface of the water is 53.0 inches below the
zero of the scale; consequently the Bench mark is 53.0 inches above the Mean sea-level. This mark
will be useful in the course of years.

Divrnan Tipes.
In the following Tables for the Diurnal Tides the columns require no further explanation except=-
ing indeed that containing the computed times of High water.
High water is now found by adding 12 hr. 46 min. ta the time of the Moon’s tramsit; and by
applying the following Annual and Semi-mensual Inequalities.
AxNUAL Ixequaniry. (Diurnal tides.)

min, | Diff, min, | Diff,
January 1 .. —_ 70 . July 1 4 38
- I 6 34
T S
February 1 - — 56 g |August 1 e 3+ 72 i‘g
11 48 11 + 58
: 21 — 48 | 0 21 + 48 | 10
March 1 — 76 15 Scptember 1 + 54 13
i1 _ 9% 5 | 11 4 64 a
21 — a6 | 2 21 + o6e | L0
April 1 ver — 38 6 1 {October 1 e 4+ 84 36
11 .- + 26 ; 11 —_— 2
21 + 50 ¢ 22| 21 — 16 | 14
May 1 - + 56 10 }N ovember 1 e — 8 148:
a1 T 3 ol s
. ] l 16 | 2 16
June 1 . + 16 | December 1 ee — 18
11 ) — 2 | 18 11 — 38 | 20
21 — 2 0 | 21 — 58 | 20

Semi-MENsUAL INgquaLiTy., (Diurnal tides.)
Hour of Moon’s transit a.m. or p.m.

hr, min. mip. | Diff.
) —_ 7
0 48 — 19 | 12
1 36 — 27 g
2 924 — 33 4
3 12 — 33 p
4 o0 — 27 o7
4 48 0 e
5 36 + 34 12
6 24 + 46 2
7 12 - + 50 .
8 [ + 48 o
8 4% + 39 10
.9 36 + 29 1
10 24 + 18 13
11 12 + 6 i3
12 o ) - 7

* Of the gate-way leading to the beach south of the Custom-house.
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1894. DivuRNAL TIDES OBSERVED WHEN Moow’s Drcr, — Max. Nor S.

Moon’s Decl. — Max. N or B. Following High Water. Heights.
- i Notes.
Time of A Time Time
Dste. Tr, Decl.” { 8 O0—C | HWILW
Transit. & | Observed. | Uomputed,
hr. min. bkr. min. | hr. min. min. in. | in
Jan. 3/L|9 40pm,| 26 S| 49 Oam.|!9 H4am.|— 54|25
4! ¢« 10 30 = |28 ¢ 510 0 «“ 12 82 « | 32 26
5 |« 11 22 = € e 610 30 “ {11 12 = |— 42 | 25
17{U |8 28 <« [ 25 Nj1§8 0 18 §2 <«i—- 8§23 ..
18 | ]9 82 ¢+« 28 £ 1998 30 = |9 47 <« |- 77| 30 e
19 |« 10 89 “« | 200110 0 «“ 110 43 < |— 43| 34
80 L {7 86 =] 25 S| 31 6 0O «“ 1 5 24 <« 144 | 28 ...
31} 18 25 <« |27 ¢ P70 <9 8 <1 128 281 ...
Feb. 1«19 16 <« | 28 A 20 8 0 « 19 45 « |- 105 | 27
15jU0 |8 22 « o N 16 7T 0 19 18 « | 138 27
16 1 <« | 9 27 =« o « 1178 30 <« |10 4 < — 94| 29 ..
28 1L ;7 9 « “ B 7 0O «|7 42 « | 42 25 ...
March 1]« 18 0 « o e 207 80 |8 28 = |- B58B123] ..
i5 |7 16 « « NI16 T O =« 7 27 <« 27126 .,
16 | < {8 19 | 27 « o 17T O =« t8 28 « 1 88125 ..
27 L |6 O =28 B8[28 1 30 «“jas6 3 «;— 213 . | 12 | LW, at 8.30 p.m, 27th..
May 21« |1 34 te “« 12201 30 =12 3 ¢« i—- 65 .14 T % 3830 <« 21gt,
June 4 0 41 <« e N &8 2 0O <« {1 29 |4+ 31 14 ¢« 40 < 4ih.
5« |1 48 i « 6f 3 0 “| 2 26 «|4 34 15 “ “ 5.0 < 5th.
1L |0 21 =« « 51181 30 «{1 B |4 22 17 ¢ %€ 3.30 < 18th.
19 | < |1 13 « « “«ig00 2 O <1 44 “ |+ 16 17 “ < 40 < 19th.
July 20111 26am.] ~« N 81 380 <1 8 =4 27 8 ¢ ¢ 380 ¢« 2nd.
14 |L |9 25 =+« |27 S|15, 0 30 <« {0 5 4 25 . 20 «“ “ 2,30 ¢ 14th,.
16 | « {11 9 = 28 “ 117 1 0 =<1 26 = |- 26 19 ‘e “ 3.0 ¢ 16th.
281U |8 1 *(126 N}290 0 «|i1 Opm.j+ 60| .. | 18 ¢« 20 ¢« 28th,
80 |« 10 21 ¢« 28 <1311 30 <« |0 38am.|+4+ 562 18 s 830 < 30th.
Ang. 11{L |8 12 «| « si11i1 0 pmlo s4pm. |4+ 6| 19] « « 1.0 * 1ith.
13 [« | 9 85 « |2 1 18j11 30 # 1 0 16am.|—~ 46 20 “ % 1.80 < 13th.
25 {6 51 <« |28 N | 2510 6 =19 27pm. |+ 83 17 “ “ Noon 256th
Bep. 22 (U} 6 45 <« 29 #1221 8 0 «“ |8 16 « |-~ 16 15 ¢ “ 10.0 a.m. 22nd.
Oct, 181« 12 88 «{26 <118 2 380 -<{2 &3 « |- 2225 ...
19« {8 89 =« 128 1914 0 «13 62 <« |+ 8 | 24 | ...
31 1L ;1 44 “ |26 S {8142 380 «j2 4 <)+ 2620
Nov. 15 {01 28 « |28 N{15/ 2 380 « |2 o |4+ 3024 ...
16 |« |2 82 <« 329 <« {16/ 3 80 <« |2 57 |+ 3324/ ...
17|« {3 8 =27 174 G ={4 8 |- 3124 ...
28 L | O 27 ~ “ S1281 8 |0 57 «“)14+ 33123
29 | « 11 21 <« 128 120908 O «]1 3856 <4+ 85 22 ..
30« |2 14 ¢ L “ 1 30,2 80 «[|2 21 <« [+ 9125 ..
Deo. 13 (U0 14 = «“« NYfj1g8/1 0 «“10 17 |4+ 43122/ ..
14|« |1 20 « oo« 3411 830 « {1 5 |4+ 25|28 ..
15 1«12 25 « | 26 « t 18] 8 0 «|2 2 <« |4 b8 | 25 .
27 |Lj0 7 128 8271 0 <« 11 5Slam.|+ 69 ;20 ..
28 <1 5§59 = 27 “ | 28 0 30 ¢ O 28pm. -+ 24720 s
Moesus .- - - s — 18 (25.2]16.9
”*
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1895. DiurNaAL TIDES OBSERVED WHEN Moown’s DEcr.=Max. N, or 8.

Moonw’s Decl.=Max. N. or S. Following High Water. Heights.
' Notes.
Time of Time Time |
Date. [Tr.] Transit. Deel. | 1 Observed. | Computed. | O—C i HW| LW|
=
=
St W
hr. min. ° 1'111', min. hr. min. min. | in. | in
| : |

Jan. sl1U|951pm.| 28 N 910 30 am. | 9 56 am. |4+ 34 2 c
9 [« 1o 56 « < w139l Noom (10 480 =« 4 71 ] -l
21 i |8 9 « « § | 2211 30am.| 9 81 = |4+ 119 -

23 |« [10 2 « « 194l 1 30 pm. (IO 56 <« [+ 154 19 .
1} H

Feb. 6lul9 39 « « N 711 80 am. {10 12 < |4+ 78 |34
17IL|7 5 « “ 8 {1811 30 <« |8 3 < (4 207 19 .

18 } «« | 7 58 29 « ig11r o =« s ad ¢ 14 126 20
19 | « | 8 50 « 28 « | 20011 80 « |9 37 « 4+ 113 |20
1
, r ;

March 6 (17| 8 28 < 27 N 798 « (840 = |+ 50125 .
18 |L | 6 44 « 29 8 119 9380 « |8653 ¢ |4+ 187 [24.6 ...

Apr. 1. .T|515 « « N A7 0 « |550 = |4 110 |25.2) .
2] «|616 < 28 sl 780 « {726 ¢ {4 427.6] ..
3{«lv716 « 25« 48 0 = 886 < |- 36 125.8 ...
15 |L |5 28 « 28 5 (167 0 = | 729 <« |— =29 l22.6 .,

July &1 ¢ 110 6T am. | ¢ 6130 < [ 0587 * i3 383 .. |22.8 LW at 3.30 pm. Sth
61« |11 52 e 72 o « 141 < |4 19]..[22.8 « <« 40 "«  6th.
i¢ [O |9 27 « « N l2s1 0o « lo12 « @ 48 .. (2160 = <« 3.0 « 19th

3

Aug. 16 ]« |8 11 « “ ¢ | 16011 30 p.m. |10 46 p.m, |+ 44 | ... (22.8 <« <« 130 <« 16th.
17 [« | 9 14 o 27 « |18/ 1 CGam. |11 36 « 4 8a | .. |22.8 < = 30 < 1Tth.
28 |L | 647 « 28 § | 2811 Opmm.| 9 28 « i+ 97| .. (20.6 < ¢ 1.0 <« 28th,
29 || 7 42 <« « a {2911 0 < [10 19 ¢ [+ 41| .. |21.4 < <« 1.0 29th.

Sept. 12 { U559 « 20 N |12/ 8 30 p.m.{ 8 89 « l— 9 ., [19.6] < ¢ 10.30 a.m. 12th.
13« | 689 « 28 « [ 18930 « | 948 « | 18| .. 119.2| <« « 11,30 <« 18th.
25 | L |535 ¢ « 8 1258 0 « | 787 « i3 3 ..{17.6 < 100 <« 25th.
26 | «|625 « | 27 « |26/1030 ¢ | 886 « |+ 94| .. 19.00 < < 0.30p.m. 26th.

Nov. 18 «l1 4 = « « f18l2 0 « | 189 « (4 21 28.0

Dee. 3i{0|088 « 28 N 31 0 =« | 0585 « |+ 5240
4|«|137 « e 41 0 « | 142 = |- 42 23.4
15 |L [11 48 pm.| ** 8 |16 030 ¢ [I1 568am, (+ 32 (24.2f
i7 ]« |047am | « « |17/030 « |0 34pm |~ 4 |24.8
18] «|1438 « 26 « 118280 ¢ |120 « |+ 70(24.4] ..

29 { U [10 28 pm. | 27 N | 3010 30 am. {10 29 am. [+ 1 23.6; ..
30 | « 11 28 « 28 ¢+« | 3111 0 ¢ 11 18 <« |— 13 |26.2
|
Menns .o . . . 3+ 50 23.2}20.9
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1896. DriveNAL TiDEs 0BSERVED WHEN Moon’s Decr.—=Max. N or 8.

Moon’s Decl. = Max. N. or S. Tollowing High Water. Heights.
Nates.
Date. Tr.] Time of Decl. 2 Time Time 0—C | BWILW
Transit. £ | Observed. | Computed.
hr, min, ° hr. min. hr, min. \ min. | ino,
Jan, 12 | L {i0 36 p.m. 28 S| 18111 Cam. {10 3Z2am. [+ 28 |[24.4] ...
18 | 111 383 « T ¢ | 14f 0 30 p.m. |11 83 « 14 57 120.20 ...
27 U i1o 5 = 28 W | 2810 30 aam. {10 23 <« |4 7 i256.6f ...
Feb. 91 L9 27 « “« 511010 0 =+ 110 2 <« |- 2 122.8
28 | Ol 747 = “« N 124 8 0O = 8 87 ¢ | 87 :21.8
23 | 8 46 27 ¢ | 25111 O « 9 25 <« |4 95 (23.2] ...
April L5 14 28 S 47 0 ¢ 6 2 ¢« 14 58 120.6] ... hr. min.
June 11 (U |9 16 ¢ «“« N |1200 0O ¢ O 59 — 591 ... 116.4/TWat 2 0 pm. 1lth,
24 L |11 25 am. “ 8512411 S0 pm. |0 34 <« [|— 64 .. |18.6] <« « 1 80 « 24th.
2.1« 02 pan.| 27 1260 OQam. |1 2¢ <« |- 84 16.0] & <« 2 0 -« 25th,
July 8 10 4 am. 28 N 906 0 « 026 “ |- 25 19.8] <« <« 2 0 « 8th.
9«11 2 = o 911 30 pm. [ 1 9 « |- 99| .. [19.4 <« <« 1 30 « 9th.
30« 11 69 =« 26 ] 11]1 Oam. |1 54 <« j— b4 L I21.2( o« ¢ 8 0 10th.
21 L {9158 < 28 8221 O « 0 6 < |4 54 22.4f « « 3 0« Zist.
220 « 10 14 ¢« o« 1 2311 0 051 < | 9 21.4| « <« & 0 2¢nd.
Aug. 5 .U, 847 =« “ N 511 Opm. 11 28 pm.|— 28 19.6] =« « 1 0O Sth.
67« | 945 « 27 « 611 0« 014 am |~ 74 18.2) « ¢« 1 0 = &th.,
18, L8 8 <« 28 B |18 9 30 <« 10 43 pm, |- 738 15.8, ¢« 1) 30 am. 18th.
19 [« 9 6 ¢ 27 « 11910 O =+ 11 26 <~ - 86 16.0{ ¢ “ noon 19th.
Sept. 1106 35 < 28 N 1] 7 30 = 9 11 - 101 19.6] <« ¢ O 30 am. I st.
21«17 38 « € s 29 O ¢ 10 10« - 70 C 17,8 e 211 G ¢ 2nad.
31«1 B2y ¢ 26 = 39380 ¢ (1089 « |— 89| ... H7.6f <« «11 30 = 3xd.
Qot. a5 |« 1223 « 27 <« [ 2683 0 * 2 33 ¢« |4 27 |26.8] ...
26 <« 1 318 <« 28 « 1 27Ti &4 O < 326 ¢« 3 384 28.9) ...
Zi L« 4 9 o« 27 «128' 4 0 « 4+ 32 < — 82 1¥9.2; ...
Nov. FiL 1382 =< i <« 8§ 771 0 s 2 1 <« |- 61 3.0 .
g8 g2 5 « | ¢ N3 1T 0 e 226 < |— B 86.8) ..
~ 24 |« ! 2 58 « 26 <242 o0 v« 314 v |- 74 (25.6] ..
Dec 18 ¢ 11 & pom. 27y <119 Noon 11 15 am. 4+ 45 [25.6] ..
21 [ ¢ | 0 63 am. 2 € 211 1 Opm. | Q 82pm [+ 28 28.4; .
Means . . 1-— 25 |45.2/18.8
1897. DIURNAL TIDES OBSERVED WHERN Moon’s Drcr. =Max. N or 8.
Mcon’s Decl. =Max. N. or 8. Following High Water. Heights.
1
Time A Time Time
Date. Tr.j of Transit.| Deecl. £ Obsérved. | Computed.| O—C HW LW
[
!
hr. min. © hr. min. br. min. min. , in. | in
Jan. 1} L0 69 pm.| 27 8 2 111 Oam. {10 54 am- |+ 6 26.0] .
1a 319819 48 « « N |16 10 0 ¢ 10 0 = 0 22.0 .
28 ' L{ 8 468 = “ 8 129 10 O o« 9 21 « + 8% 21.8 .
28 7 ¢ | 9 48 « « o« 3010 O < 110 183 * |— 13 i22.8&
Fob. 24 | e | 5 41 L - F- A I T VI 729 - - 89 118.6]14.5] LW <« hrs, after HW.
Mar. 10| U & 27 « <« N [y t7 Q9 <« &8 ig « + 102 20.6{17.8) <« 17 h .
28 | L 4 38 = 26 S g4} 6 0 = 3 56 « + 124 (22.419.0] « 16 e “«*
April 7| Ul 412 « lov N 8| 430 « [449 « |- 19/[g0.615.6 = 173 = =
19 L 217 « 25 8 |0i4 O <« 3 25 + 85 22.0)17.3] < 14 “« “
May 41 U!2 7 « 27 N 8,86 0 <« 328 « [+ 94 [16.714.0] < 12 “ “
17  Li1 1 « 26 S 181 4 380 <« 2 11 [+ 139 19.0{18.2f = 15 « “
31 TjO0 4 ¢ « N 110 0 = 111 - - F1 [17.8[12.8t ¢« 17 e "
Jupne 13| L{10 3%am.| 25 8 1410 0 « [11 48 = |4+ 12 21.4018.56] « 17 “ £
271U 9 59 * 26 N [28]10 0O + 11 40 <« [4 20 121.6{15.6] “ 16 “* <
Means - + 27 |20.8/15.8{ L'W 15.0 hrs. after HW.
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Besvurs ror Druryvar Tiogs.

In she case of the Bemidiurnal tides the average difference between the observed and computed
times of High water was 47 minutes ; in the case of the Diurnal tides this difference is increased to 55
minutes, or the latter tides the mean Establishment was taken to be 12 hrs. 56 min. ; a:d the above
121 differences, (O—-C), indicate that it should be increased by 4 min. as in the case of the f rmer tides.

The mean Establishment being 13 hrs. 0 min., by subtracting 7 min., the Semi-mensual Inequality
at New or Full Moon when the Hour of Transit is 0 hr. 0 min., we get 12 hrs. 53 min. a~ the Vulgar
Establishwert,

With regard to the observed Heights of HW and LW, by taking means we get the following
Table : —

;
Year. i HwW. (T ; Lw (T)

in. . in. o ;
1894 . 252 76.0 |  16.9 79.0
1895 I 76.1 20.9 81.2
1896 1 252 78.1 18.8 81.8
Means | 24.5 76.7 J 18.9 80.7

We thus have a scale-;aging of 24.5 in, for HW corresponding to a temp. (T) of 76°.7, and a scale
reading of 18.9 in. for LW corresponding to a temp. (T) of 80°.7 Reducing both to a temp. (T) of

78°.6 by subtracting in. o
0.84{ (T)— 78.6 }'

HW becomes 25.3 in. and L'W becomes 171 in.

Hence the Kangeof the Diurnal tides is 8.2 in. ; and the scale reading for Mean sea-level is 21.2
in. for {(T) = 78°6.

Now for the Semidiurnal tides the scale reading for Mean sea-level was found to be 21.3 in. for
(T) = 7B°.6; and this close agreement between the Diurnal and Semidiarnal tides is very satisfactory.

The last result we shall mention is that HW ocours 10 hrs. 0 min. after LW ; and 1t was by means
of this interval that the times of HW werc obtained from the times of LW observed in the Diurnal
tides for 1894, 5, and 6.

There now remains for future consideration the large fluctuation of sea-level referred to above.
More observations are required; and I have recommended that daily obrervations should be tuken about
the time of mean tide. Iu this way the trouble of observing, registering, and reducing is very small;
and at the same time we get accurate results for groups of days, such as months, or periods of Huctua-
tion above or below the mean. These simpler observations were commenced July 12th this vear and
will be published in due course.
Maxwarr, Hair.

Dee. 31st, 1897.

L]
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THE KINGSTON TIME SERVICE, 1897. :

The Time Service was established in 1896 to ascertain the errors and rates of marine chronomete
sent to the Transit-room for that purpose, and to supply the public offices and institutions in Kingston
with Time as may be reguired.

The {ransit-room in the Parade Gardens, Kingston, is in latitude 17° 58 8".7 north, and in longi-
tude & hrs. 7 min. 10.41 sec. west of Greenwich, according to a survey which connected the Transit-
room with Captain Green’s station at the lower end of King Street. :

The building is of brickwork with wooden floor, and roof covered with * Tilestoneite” Toofing ma-
terizl. It comprises two small wings connected by a central portion in which stands the transit instru-
-nent, over which there is a movable roof, consisting of light wooden canvass covered shutters, operated
by rods from below. The structure is well suited to ite purpose, its only defect being a want of roof
ventilation which, especially during the summer months, renders it excessively warm. This can be
remedied at a small cost.

The instruments are, a Transit-instrument., a Sidereal cloek, and a Mean time chronometer; the
two former were brought to Kingston from the Kempshot Observatory; the last was purchased from
Messrs. J. H. Milke Bros. for £20.

The Transit-instrument has an aperture of 3 inches ; it may easily be reversed; and it is provided
Eithla very delicate hanging level. 1t was made by Messrs T. Cooke & Sons of York, and cost £66 in

ngland.

The clock is provided with a mercurial compensating pendulum and a dead-beat escapement.

By watching the transit of stars across the wires in the ficld of view of the Transit instrument, the
error of the Sidereal clock may be ascertained with all possible accuracy; and then the error of the
Mean time chronometer, or of any other marine chrovometer, may be ascertained by comparison with
the clock, and by reduction from sidereal to mean time.

Asg soon as the Transit room had been completed, the instruments were put in their places and ad-
justed; this was done Jan. 28th and 29th; and Mr. John D’Aeth, of the Public Works Department,.
entered on hisduties as my assistant. On March 14th the survey was made by Mr. D’Aeth and myself
connecting the Transit-room with Captain Green’s Station. And on March 18th » notice was published
in the Jameica Gezette to the effect that the Time Service was in operation.

The Transit-instrument is mounted on a solid concrete pedestal which has proved firm and stable
during the year 1897 according to the constancy shown in the following Table of instrumental errors.

The flooring of the building is constructed so that it is entirely clear of the pedestal of the Transit-

instrument and of the Sidereal clock.
T.et a” be the error of azimuth, or the deviation of the plane of collimation to the East of the
e

South horizontal point, measured in seconds of arc; and let a = 5;—5, or the same error expressed in

seconds of time.
Let 8" be the error of level, or the elevation of the West pivot above the East pivot; and as before let

bil
b= 15
Let ¢’ be the error of collimation, or the displacement of the mean wire to the East of the plane
Ul
of collimation when the illumination is West; and let ¢ = —;—5,

Then the following table gives the values of 4, & and ¢, obtained by reversing during the transit of
a polar star, and reading the level at the same time.

1857 a b c

8segC. 88C, 86c.
March 13 — 0.9 — 0.4 + 0.1
April 24 — 0.2 - 0.6 — 0.4
April 28 — 0.2 4 0.1
July 23 — 0.7 — 0.8 + 0.1
November 22 .. — 0.4 — 0.2 — 0.4
Mean — 0.5 — 0.5 - 01

The following were the equatoreal reductions of the five wiree to the mean wire¥ :—

. + 28.29
IL + 11.56
111 + 0.00
Iv. — 11.75
Y. — 23.10

Their order is for the Upper transit, illumination west.
The following are the Errors and Rates of the Mean time chronometer

*= But from only 2 ebservations,
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Mzean riME CHRONOMETER : JURROR AND Ratr.

1897. Hour. Error. Rate. Notes.
BEC. sec.
January 31 4 pm. 106 slow 2.0 The rate is the daily rate gaining.
February 5 6 « 96 “ 1.7
15 7 i« 79 e 1 ° 6
21 8 s 69.5 “ 1 . 6
March 2 7 “ 56 v 1
6 —.7 %E 50 13 l 'i
17 g = 33.7 K ia
29 g e« 17.5 “ 1 -O Mean rate, 1.27, Jan. 31 to May 28.
April 3 11 = 12.7 ‘ o8
11 9 «“ 6.2 “ 1 : 1
16 9 € 0.9 ¢ 1 . o
22 7 “ 6.2 fast 1 ° 7
28 11 ‘€ 16 . 6 « 1 - 2
May 1; g “ gg; :, 0.1 Rate irregular.
19 7o« 34.4 “ 39
28 10 “ 42.5 ‘ )
June 10 8 « 43.4 € 0.0 Chron. ran down and was reset.
25 g o« 42.6 “ 0.1
July 8 8 & 43.1 e 0 : 1
10 9 “ 43.9 e 0.5 Mean rate, 0.25, Jure 10 to July 31.
i7 9 ¢ 47.2 ¢ 0‘ 7
23 12 s 51.6 € 0' &
31 10 & 56.0 € *
August 6 9 e 20.5 & 0.0 Chron. ran down and was resst.
18 9 e 20.7 “ 0. g
20 9 i 23.1 € ° ‘6
28 9 i 27.8 e o . 3
September 6 9 o« 30.2 “ 0.6 Mean rate, 0.61, Aug. 6 to Nov. 14.
16 7 e 35.3 o 0' 8
21 6 [ 40.2 # 0.9
QOctober & [ 52.5 w“ 0.8
11 7 “ 57.6 € 1 ‘3
22 8 « 72.2 e o
30 10 e 77.9 “« ; .
November 8 9 “ 78.9 «“ 8; Rate irregular.
i4 8 @ 81.7 “« -
November 22 9 o 29.4 o 3.2 2
27 a v 30.2 e 0'3
December 6 8 e 32.6 ¢ O. o Mean rate, 0.34, Nov. 22 to Dec. 30.
11 6 “ 86.1 ¢« o ’5
17 8 € 39.0 o« 0'3
30 5 & 42,2 ¢

From the above Table it will be seen that the Mean time Chronometer went fairly well during the
year if we make allowance for the fact that its rate greatly changes should it run down at any time,
This oceurred twice during the year, and on each oecasion it took a month or more for the Chron. to
recover its normal rate.

Its mean daily rate between January 31 and December 30 was 0.76 gaining ; and the mean change
of daily rate between the several dates of determination was about 0.3.; so that in deducting a' any
time the Kingston Mean Time from the Chron by applying Error and Rate we would always be liable
to an average errot of about 2 seconds

This is more than sufficiently accurate for the Kingston clocks.

During the year 1897 only four chronometers were sent to the Transit-room to have their Errors
and Rates accurately taken ; it is to be presumed that more will be s:nt when the service is more gene-

rally known.

Maxwzeir HaLr, Govt. Meteorologist.
March 17th, 1898.




