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XV. Discussion of Tide Observations made at Liverpool. By JouN WiLLiam LusBock,
Esq. V.P. and Treas. R.S.

Received and Read June 18, 1835.

By permission of the British Association for the Advancement of Science, I am
enabled to present to the Society a discussion by M. Dessiou * of 13,327 observa-
tions of the tides made at Liverpool between the 1st of January 1774 and the 31st of
December 1792. These observations, which were made by Mr. Hurcainson, Dock-
master at that place, belong to the Lyceum at Liverpool, and they were granted
with the greatest readiness and liberality by the Committee of that Institution, upon
the application of Mr. WHEWELL and myself, for the purposes of the present inquiry.

Mr. Hurcuinson recorded the solar time of high water, and the height of the tide in
feet and inches, at the Custom-House Dock gates, together with the direction and
strength of the wind, and the state of the weather ; also, during a great portion of the
time, the height of the barometer and thermometer.

The following note is prefixed to the first book of these valuable observations:
“These five years’ observations upon the tides were made from solar time, and the
winds from the true meridian, and their velocity judged according to Mr. SMEATON’S
rule, our great storms going at the rate of sixty miles an hour; the thermometer kept
in-doors, at the head of a staircase four stories high; by WirrLiam HurcHiNsoN, at
the Old Dock gates, Liverpool.”

The following note is appended at the conclusion: “These observations, made
from the beginning of 1768 to August 10, 1793, make twenty-five years, seven months
and ten days, which I have given to our Library, exclusive of the 3000 observations
given to Messrs. HoLpENs, to make their tide tables, as mentioned in their preface
to them. I could not continue any longer to make observations, for want of the com-
mand of our dock gate men and gauge rod to take the night tides. Having resigned
my place as Dockmaster, this journal ceases by me, WiLLiam HuTcHINSON.”

These notes contain the only information with respect to the manner in which the
observations were made which the books afford. The observations appear to have
been cérefully conducted, but no precautions are stated to have been taken to ensure
the accuracy of the time; and it is difficult to fix whether by solar time is meant
apparent solar or mean solar time : this point ought not to have been left in doubt.
This point of uncertainty does not however, in any sensible degree, affect the Tables
VI., VIL., VIIL., and IX., which have reference to the variations of the moon’s parallax,

* M. Dessiou has received from the British Association more than £100 for this work.
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276 MR. LUBBOCK ON TIDE OBSERVATIONS.

or those which have reference to the height of high water ; but the equation of time
is mixed up with the changes in the interval between the moon’s transit and the
time of high water due to changes in the moon’s declination; and any uncertainty
with respect to the manner in which the clock has been regulated is therefore much
to be regretted.

The plan pursued is the same as that which I adopted with respect to the London
Dock ohservations, and which seems to me to be the only one, in the present state of
the subject, which can be resorted to with advantage. If the theory were complete,
and the laws or analytical expressions of the phenomena had been made out satisfac-
torily, it would be possible to proceed at once to determine the constants, which might
be done by means of fewer observations, and those might be selected which appeared
entitled to the greatest confidence: at present, however, I do not think that this
course can be safely pursued.

I trust that this laborious work, which M. Dgssiou bas accomplished at my insti-
gation, and by the liberal support of the British Association, will not be without uti-
lity, and will afford data upon which mathematicians who may hereafter improve
the theory of the tides may safely rest their conclusions.

The tides in this port continue to be observed at the London and St. Katherine
Docks. These Docks are contiguous, so that the places at which the observations
are made are not distant from each other more than 900 yards, as appears from the
diagram underneath.
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We may therefore, I think, safely conclude, that whatever cause affects the tide at
one place will equally affect it at the other; and hence, if we find the difference
in the registers of the times and heights of high water much greater than the average
difference, suspicion arises that the observation at one or the other place must be
erroneous. The observations at the London Docks are made (at the place of the
letter d) by a person who notes the time when the water has begun to fall, that is,
has made its mark. Those at the St. Katherine Docks are made by noting upon a
slate (ruled for the purpose) the height of the water every minute for a short time
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before high water is expected, all which is afterwards copied into a book ruled in
the same manner, and the time of high water, with the height, is easily inferred.
The height is ascertained by means of a rod or tide-gauge, connected with a float,
which is placed in a chamber, into which the water enters through a culvert, so that
the ripple or agitation of the water in the river is avoided as much as possible. A
clock, carefully regulated, stands close at hand. This plan has been adopted at
my suggestion, and, if the observer and the transcriber of the observation do their
duty, it does not seem to me to be susceptible of any improvement.

I find by examining the registers of the observations at the London and the St. Ka-
therine Docks, that the tide is on the average about five minutes later there than at
the former place, and the difference in height between the lines or zero points, from
which the rise is measured, is about five feet. Hence I formed Tables A. and B. by
first adding five minutes to the time of high water, and five feet to the height of high
water given in the London Dock books, and then comparing the times so altered
with those of the St. Katherine Docks. The discrepancies exhibited by these Tables
may be attributed to the carelessness of the observers at one or both places, or to
the inevitable difficulty of measuring with precision the quantities sought. I next
formed Tables C. and D. by adding five minutes to the time of high water given in
the St. Katherine Docks register, and five feet to the predicted heights in the British
Almanac, in order to compare the observations with the predictions given in the
British Almanac, and which are founded upon the Tables, the construction of which
I have explained in the Philosophical Transactions, excluding only those observations
which, by discordance with the cotemporary observations at the London Docks and
with the prediction, appear doubtful. It results from this comparison, that the average
error of the predictions of the time of high water contained in the British Almanac
is about ten minutes, that is, when the plus and minus errors are not allowed to
counteract each other. The average error of Mr. Burrir’'s Table is about the same.
The tide predictions of Mr. Epps are evidently founded upon the same Tables and the
same methods with those in Wurre’s Ephemeris, and do not agree quite so well with
observation. Those of Mr. INNIs are more inaccurate.

When the plus and minus errors are allowed to counteract each other, the average
error of the predictions in the British Almanac being, from the observations of the first
six months of this year, —9 minutes, leads me to suspect that a change in the establish-
ment has taken place owing to the removal of the old London Bridge. If I am right
in this conjecture, it is worthy of remark how sensibly the phenomena of the tides
are affected by any slight alteration of local circumstances. Moreover, the height of
high water appears to be less by 2 inches than formerly. If the predicted times be
increased by 9 minutes and the heights be diminished by 2 inches, the predictions
will then agree with observation, nearly as well as the observations at the London
and St. Katherine Docks agree with each other.
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MR. LUBBOCK ON TIDE OBSERVATIONS.

TasLe B.
Showing a comparison of the observations of the Heights of High Water made at the
London Docks, increased by five feet, and those at the St. Katherine Docks.
The observations marked with an * appear doubtful.

27

9

Date.

AT R )

N>

L ®

10.

1L
12,
13.
14.

16.
17.
18.
19,

21.
22.
23.
2.

26.
27.
28.
29.
30.

31,

1835,

20, |2

January. February. March. April. May. June.
London gt Kath,|Differ. | London gt gath | Differ. | London s Kath,|Differ. | London gt Kath,| Differ. | London st Kath.| Differ- | London gt ath | Differ.
20501;:‘- s]t)}){czli(tsl.l Izence. Eoglg slt)}f(:z;gt 13111%‘2 B"é’]}‘f slt)gckts. ence. Eoé:];‘ts Dockts. lzmcc. 205"1;; Docks. | ence. ]_-:"5‘31;:: S]t)(l){ca]t(tsh. 2;3:?
ft. in. [ft. in. in, {ft. in.| ft. in. in, | ft. in.| ft. in. in.| ft. in.|ft. in in. | ft. in,{ ft. in. in, {ft. in, {ft. in in
28 0 |28 0 0127 027 0 012711127 942126 912610| — 127 4|27 2|+ 2126 6 [26 6 0
29 6 |29 6 0126 426 3|+ 1127 8|27 8| 0126 726 7 027 0/26 11|+ 125 10 25 10 0
27 4127 3|4+ 112510125 11| — 1 {28 4(28 2|4+ 226 3|26 3 0]27 of27 0of 026 025 7|+ 5
27 2127 8 |— 126 11 |26 11 0126 025 10|+ 2126 9|26 3|+ 6]26 10{26 9|+ 125 5|26 4|+ 1
26 9 [26 9 0126 8126 8 0127 026 11|+ 1127 4127 3|+ 1(26 9({26 8|+ 125 725 8] — 1
26 11 |26 10 [+ 1 |26 11 [26 11 0/2611{2611| 0126 5126 5 0126 1{26 1| 0241024 9| + 1
26 3126 2|4+ 1125 912510 — 1{29 1/29 1| 026 626 4|4+ 2 (2511|256 9+ 2125 525 4|+ 1
26 026 0] 0125 11 |25 11 025 7(25 6|+ 125 8(25 8 0125 125 11(—=10 124 6 voveer | wuue.
2510125 10| 0124 0124 5| — 5{26 8|2 7|+ 1125 725 7 0{25 3|25 3| 0125 423 0% +28
25 625 10 [— 4 123 2%23 1% 4+ 1126 3|26 4|— 1|24 724 4|+ 3|23 3|23 5|— 224 524 4| + 1
24 624 4|+ 2124 824 9| —1]22 5|22 3|+ 22311 23 11 023 8|23 8| 0125 7125 7 0
24 7124 8|~ 1|24 6124 6 0125 325 3| 0123 323 3 0123 6/23 6] 025 0125 1| — 1
24 2124 2 021 2121 1 {4+ 1|24 5|24 4|+ 123 626 4% —34 (24 3|24 2|+ 126 026 2| — 2
24 4124 5|~ 112210122 9|+ 1(22 8|22 7|4 1122 823 4| — 8(2311]23 9+ 2251025 11| — 1
23 9 (25 10%|—25 |94 324 4| — 1|24 3|24 4|— 1123 4123 3|4+ 1(2410{2410] 027 026 11|+ 1
23 7128 8|— 1123 023 0 0{23 2(23 2| 0123 8|23 8 024 7|24 9|— 2261026 6| + 4
22 622 6 0125 125 1 021 9(21 7+ 223112310 4+ 11}2511{26 0O|— 1] ...... ceveen | oeene .
23 2128 1|+ 1921 521 0|+ 521 4|21 3|+ 124 924 9 0125 625 5[+ 127 4127 4 0
25 9125 8|4+ 1/ ... oveeee f e (22 0021 943127 3127 4] — 1| ceveis | e e |27 5127 6 — 1
23 10 |23 10 0125 025 1| — 1123 7/23 6|+ 1... veveee | e |26 8]26 8] 02710027 11| — 1
24 624 5|+ 1123 7%25 0| =17 |21 2{21 1|+ 1(2510(26 0| — 2|27 0|26 9|+ 3|28 027 10] + 2
25 325 3 024 2123 8|+ 6|2410({2410] 0271128 0| — 1|27 10{28 0|— 2 (28 0 [28 0 0
vevver | vevens [oennee 24 3%25 3| —12125 7|25 8|— 126 826 7|+ 1127 4[27 4] O[28 2128 2 0
25 425 3|+ 1127 7127 7 0] eveee | veeee e 27 8127 714+ 1128 5|28 6/— 1128 128 0] 41
24 6124 7|— 1126 3126 8| —51(26 8(2 8] 0127 5127 1|+ 4129 0/28 10|+ 2 |28 4 [28 4 0
25 5125 5 0127 3127 3 0(2710/2710f 028 728 8| — 128 8|28 3|+ 57112710} + 1
26 3 126 3 0l27 6127 7| —1]26 8/26 9|— 128 328 3 030 2({30 3|— 1128 228 2 0
27 0127 0 0127 2127 1|+ 126 3|26 3| 028 928 9 012910/29 10{ 027 3127 3 0
27 4 127 4 0127 8127 3|+ 5128 3(28 4|{— 1129 129 1 0129 6/29 6/ 0127 627 7]~ 1
26 11 (26 10 |+ 1 (27 7127 7 0]2811{29 0|— 129 929 8| + 1]28 9(2810(— 127 4127 1|+ 3
27 8127 7|+ 127 4127 4 028 5(28 6(— 12011129104 1|28 6|28 7|— 1127 0126 11| + 1
25 6125 3|+ 328 327 4| +11129 1/29 0]+ 129 029 1| — 127 3[28 1|-1026 326 1| + 2
2711 28 ol|— 1127 7127 7 0128 9(28 9{ 028 10 28 10 0127 2|27 8|— 6126 4126 5| — 1
28 3128 0|+ 3127 912710 — 129 0|29 1|— 128 028 0 0(26 4(26 4| 025 6125 6 0
27 11 27 10 |+ 1 (27 3127 2|4+ 1({29 0/29 0| 0127 427 5|~ 1[2611]|27 O0|— 1|25 425 8| + 1
27 3127 4(— 125 8125 7|+ 1(29 1/29 2/-11{26 126 0|+ 126 0[{25 11|+ 1|24 824 2| + 6
27 7127 3|+ 4127 4127 4 0[28 4|28 4f 01|25 727 6% —23 |26 1{26 0|+ 126 0%23 11| +25
27 5127 6|— 12510125 9|+ 1127 7|27 6|+ 1|25 1125 1 024 6(24 5|+ 124 7|24 7 0
29 0%26 11 |[+25 124 3124 4| — 1127 7|27 7| 025 0125 1| —1{25 38|25 2|+ 124 024 0 0
27 9127 6|+ 325112511 , 026 8|26 6{+ 2124 224 1|+ 1{24 3(24 0|+ 324 9)24 8| + 1
25 5125 5 026 0126 1| — 1|26 7(26 6|+ 124 6 (24 6 0124 11|24 104+ 1125 024 11} + 1
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Tasre C.

Showing a comparison of the observed Times of High Water at the St. Katherine
Docks, increased by five minutes, with the predicted Times given in the British

Almanac. The observations marked with an * appear doubtful.
January. February. March. April. May. June.

Date.

1835. British |St.Kath. EH‘OI‘_ British |St-Kath. Errqr British |St.Kath,| F}nﬁor— British St.Kflth. Error‘ British St.Kath‘. Error_ British St.K?th‘. Error-
Alman. | . | Gction. | Aman| DOk | Bt fom: | Alman.| Lok | oo, | Alman-| DI Giction. | Aman| {5min. | dction. | A1man-| S5k | Gction
hm |hm mihm{hm m|hm | hm m |hm|hm m [bhbm |{hm mihmfhm m

1.{314 1317 | — 314201422 —-2(324[311|+13|356|357| — 1355|3854 -41]441 (447 -6
3331352 —-19(438|452| —14({342|350| —8|411|421 | —-10({411 1410} 4+ 115 1|458|+4 3
2.1 3 56 | 3 56 014555 2| —7|358|346| 412423431 | —8[425(427|—-2|522|530|— 8
4201437 -17|512|533| —21 411|427 —16|436[447 | —11|440 441 | — 1546|548 | — 2
3.1440 1443 | — 3530|518 412426429 | —3|450|449) 4 1456|451 |45)|613]625| 12
5 1514 | —-13 5456 7| —22|441 (433 | +8|5 3|5 8| —5{514|513|4 1640|639 | + 1
4.1520]156382| —-1216 216 8| — 6456|456 015201523 | —3|533|5631|+2|7 6[722|~16
54316 1| —181620{632| —<12|5 9|521 | —=121537|546| — 9(555|5562| 431|739 .| cenee
516 216 1| 4+1|63|642| —6|525|530| —5)|556|5564|+2|620|611| 498141817 —3
625|650 | —25|655|722| 271|542 |5 42 0614|617 | — 3646|642 | 4+ 48519 2| —11
6./647 1652 | — 5714|728 | —14|558|546 | +12|636 (637 | — 1718|722 —4]927]948 —21
7111736 —25|735]|811* 613621 | —8|7 4|7 7| —38|755({8 1| —6]959(1011| —12
707341727 | 4+7|8 0747 | +183|632|621|+11|733]736| —-3|836|825| 41110301052 | —22
75518171 —22|825(850| —25|650{651| —1|814|8 6|+ 8|918|915| 4311 311 8| -5
81818816 | +2|9 83912 —9|710/720}{ =109 0|9 6| — 6959|1012} —13 |11 34 |11 54 | —20
846 1913 —27 19391944 | —51|736|722|+4+14]945]956| —11(1040(1049 | — 9112 412 8| — 4}
9.19151920| — 51017 {1052 | —85 |8 4|7 50| 414 )10 30 |10 47 | —17 |11 15 {11 21 | — 6 | ...oev | e
9 46 |10 27 | —41 11 1 {10 30* 849|910 | —21 |11 12 |11 83 21 |11 48 1155 | — 7 |12 31 |12 48 | —17 §

10.J10 19 110 22 | — 3 | .ooos | eeees | eeeee 93219 5| 427 |11 45 |12 13 | —28 | cooous | coneee | eennen 125711 3| -6
10 53 {11 14 | —21 (11 36 |10 47* 10 20 (10 5 | 415 | ...... covenn | eaeens 1215 1225 | —10 {121 | 136 | —15

11,11 24 11 26 | — 212 8 (1232 | —24 |11 411 O+ 4112151223 | — 81237 ({1243 | — 6 |146|154 | — 8
1150 1217 | —27 1228 |12 40 | —12 |11 39 12 3| —24 {1243 |1 2| ~19]1259 |1 8| —~ 91210224 | 14

120 i | iviia | eenees 1 811 7(+1012 41211 | -7 |110|1 17} —7|120)120 0236|248 | -12
1218 11227 | — 9| 1331148 | —15 | voeven | voveen | vorene 135149 —14 | 143|157 | =14 |3 2|312| —10

13.]12 4211 7| —-251156{2 7| —11{1243 |1 2| —-19|163|150 | +3|2 5|2 8| ~3|327|338/| 11
1 611271 -2112211233| —12|111{119|—8[|211|230| 19227 248 | —21353|356| — 3

1411291142 —13 1241 1249 | — 8134|152 —18]231 240 — 9251 |258| —~7|419}|423]| - 4
15212 7| —-15138 1|82 | —21{157|212| -15{253|312| —-19|313|332| —-19 437|442 -5

1512131227 | —14 1321 |340| —-19|218|228| —10|316 328 | —12|337 342} —-5|5 0518 —18
233|241 | —8|340{353| —13(238|243| —5|338|347| 9|4 1|4 7| —-6523|528]| -5

16.125413 6| —1214 0|4 8| —-8/3 03 2| —2|358|4 2| —~4|424|430| —-6|544]6 7|23
3 913 6| 4+3[422]438| -16]320/332| —12420|427|—7|446|438|4816 91613| — 4

17.1333 1341 | — 8441458 | —17/339|336| +3|439|443| — 4511|523 | —~12]636(659| ¢
353|1358| —515 1|523|—22/358 421 | —23|5 1512} —11|536|56537|—~1|7 3|7 3 0

18.1416 (4 7|4 9|524|530] --6[{420(424| —4|522!/532|—-10|6 2617 | —15]7 28747 | —19
438|451 —-13|{546|617| —-31|439(5 1| —22|546|6 2| —16|627|632| 5|8 118 0] 4 1

1915 114571 4+4[6 7/612] —5]5 0|512| —12|6 8|622| —14|655|7 17| —221832|855| 2
524 1538| —14 (630|642 —12 522|535 | —13| 635|648 | —13|728 722|469 1{9 1 9

20.15511558| —2|653|652| 41 |544[546| — 27 4|727| —23|8 1,826} —25]|931110 3| —32
617|618 —11715(732| —17{6 5|622| —17|738|755| —17|841|842}] - 1110 1(1012] —-11

21.16391638 |-} 1{740|748| —-8|628|636| —8|825|842| —17]|920|938| —~1811¢ 30 {1057 | 27
7 11716| —15|813|885| —22 {652 |7 42« 9121|912 01959952 +7 11 011 2| — 2

22.,/725|780| —5|854 857 —3]719{727|—8|958(1018 | —20 (10 38 |10 49 | —11 |11 81 111 57 | —26
74818 2| 141941 1933| 4+ 8|752|821 | —29(104211032| 41011 15 |11 2} 413 |11 56 {11 59 | — 3

23.18181821 | — 310281040 | —12|839|9 6| —27 (11 21 |11 42 | —21 |11 44 {11 50 | — 6 | .ccoee [ cerees | ooiies
8491912 | —23 111111 7| 4 4| 92710 2| 351155 1151 |+ 4]12 612 4| + 2|12 181227 | — 9

24,1923 1934 | —11 |11 50 {11 28 | 422 |10 17 |10 42 | —25 | ooee | veveen | voveee | vevene | evnvne | eunnes 12 41 N2 42 | — 1
10 1410 1 O veveee | e | e 11 51127 —-221(1222(1231 | — 9]1225 (1241 | ~16 |1 3|1 8| —~ 5

25.11043 110 46 | — 3 (1225 (1220 | 4 5 {1145 (1212 | —27 |12 46 |12 42 | + 41244 |1 21| 37 /123|117 | 4+ 6
11 21 |11 32 | —11 {12 57 (12 57 O] coveee | vovene | eenene 1 8 ..t veeeee |1 1] 138) =37 (142|147 — 5

26.| ...... coeene | coreee 125|138 —-13(1216(1232| —-16[128(122|4+6(120}1171 4312 02 5|35
1158112 2 — 41152137 4151244 |1 8| —24| 144|158 —14137 149} —12)218]1220| _ 2

2711231 1247 | =16 {210 {157 | +13{110|1 9|4+ 1|155({159| —4|152|158]|—6|238[240| — 2
1 51112 —-71231(233} —-2|133|152|-19{210]227| 172 8|222| —141257|258| 1

28.1131 | 136 —5|249(235| 414 |150|157|—7[22 |242| —-17|223|233 ) —~10|315]1318| -3
15812156 ~1713 7|311| —4]2 8|/233|—25|240|258| —18,240|258| —-18]13331342| 9

20.1 2191230 =11 | cooses | weryur | eeeen 227232 —5(254(313| -19|257|3 9| —121352|4 2| 10
2421252 =10 | woores | vvrren | aneeee 244 |3 8| —19|3 8|8337| —29|314|333| —19[4121418| — ¢

30,18 413 7| =38 veeee | vevene | e, 2593 8| —9(324|8381| ~7 (330|342 —12|432|447| 15
3251337 =12 covees | veveen | e 313|832/} —14|839{340| ~ 13474 3| —-16]453|5 2| -9

13L1343 1349 — 6| covees | vevnnn | vennns 327|333 — 6| ever | vevnnn | eeenne 4 7417
4 21418) =16 ..... N EETTRT e | 343 13583 =10 ciiiis | eieen | eennne 426|428




MR. LUBBOCK ON TIDE OBSERVATIONS.

TasLe D.

Showing a comparison of the observed Heights of High Water at the St. Katherine
Docks, with the predicted Heights given in the British Almanac, increased by

281

five feet. The observations marked with an * appear doubtful.
January. February. March. April. May. June.
Date.

41835.| British [gt ga¢n,| Error | British |g¢ Kath.| Error | British lg¢ gagh,| Error | British |gt Kath,| Brror | British iqy gaep, Erl;or British | g Kath. Er|)ror
Atman. "Docks. | of re. | Alman. Tocks, | of Fe. | Alpan ocks. | of re. | Alman- "Bocks. | of P | Alman. ocks. | of bre- | Alman- "Socks. | o Pre-
ft. in. | ft. in, in, | ft. in.| ft. in. in. | ft. in.| ft. in. in,| ft. in.| ft. in. in, | ft. in.| ft. in. in.{ ft. in.| ft. in. in.
1.[27 10128 0| — 2|27 5127 O|+ 51|27 6|27 9| — 3|27 3|26 10| + &5 {27 2|27 2 012611126 6|4 5
27 9120 6| —21127 3126 3| 4+12(27 6|27 8| — 2|27 226 7|4 7|27 1|26 11| 4 2{26 925 10 | 11
2,127 8|27 3|+ 5127 1125 11| +14 |27 6|28 2| — 8|27 0126 3|+ 9126 11|27 O| — 126 4125 7 |+ 9
27 6127 3| +3(2610126 11 | — 1 (27 5{25 10| 419 (26 10126 3 | + 7 |26 9(26 9 026 2126 4| +10
85.127 3126 9| - 61(26 626 8| — 2127 2(2611| + 326 8|27 3| — 7|26 6|26 8| — 2|25 11125 8| + 3
27 012610 4 21(26 3126 11| — 8|27 0(26 11| 4+ 126 626 5|+ 1|26 3|26 1| 4 2|25 8124 9| +11
4,126 7126 2| 4+ 512511125 9| 4 212610129 1| —27 |26 3 26 4] — 1126 0(25 9|+ 3|25 525 4|+ 1
26 2126 0] + 2|25 725 11| — 4 (26 825 6| +14 |25 11(25 8| 4+ 3 |25 8|25 11| — 3|25 2| .ccoee | werenn

5.125 11125 10 | + 1|25 4|24 5 | +11 |26 5|26 7| — 2|25 725 7 0125 4125 3|4+ 1(26 2|23 0O+
25 7125610 — 3125 1|23 1* 26 2126 4| — 2125 3|24 4| 411125 0|23 5| +19 (26 3|24 4 | +11
6.126 3124 4| +11 {24 9|24 9 0125 10(22 3| +43 |24 11123 11 | 412 |24 9123 8| 41325 5126 7| — 2
25 024 8| + 4|24 5124 6| —1(25 5|25 3| + 2 (24 7123 3| +16 |24 8|23 6| 414 {25 825 -1 | + 7
7.124 8|24 2| 4+ 624 2|21 1| 437 {25 3({24 4| +11 |24 426 4% 24 8124 2|4+ 6|25 10126 2| — 4
24 5124 5 0{23 11122 9| +14 {24 11|22 7| +28 |24 323 4| 411124 10|23 9| +13 |26 1(125 11 | + 2
8.124 2125 10* 2310124 4| — 6|24 7|24 4| + 3 {24 3323 3| +12 (25 3|24 10| + 5 (26 52611 | — 6
24 0|23 8] 4+ 42310123 0| 410 (24 3({23 2| +13 (24 7123 8| +11 {256 9|24 9| +12|26 9|26 6 | 4+ 3
9.123 11122 6 | +17 {24 1|25 1| =12 |24 1|21 7| +30(25 112310} 415 126 3|26 0| + 3 | ...oc. | ... vee | eeeens
2311123 1| +1024 721 0| 443 |23 11|21 3| 32|25 824 9| +11 |26 9({25 5| 416 (27 0]27 4 4
10.124 025 8| —20 | ..oooe | vevues | evrens 24 1(21 9| 42826 2127 4| =14 | oo | eeere | cennns 27 4127 6 2
24 3128101 4+ 5125 1125 1 0124 623 6] 12 | ovees | soveee | venens 27 0{26 8| + 4127 7|27 11 4
11./24 724 5| + 2125 6125 0| + 6|24 11{21 1| 446 (26 8|26 0| + 8|27 4|26 9| 4 7 |27 1027 10 0
25 1126 3| — 21|26 023 8| +28 (25 6|24 10| 4+ 8|27 2128 0 —-10127 728 0| — 51{28 028 0 0
12,1 cien | o0 [ETTRN RPN 26 7125 3| +16(26 0[25 8| 4+ 4|27 8126 7| +13 |27 9|27 4| + 5|28 1{28 2| — 1
25 326 3 0127 0127 71 — 7| coveee | covene | verees 27 11127 7|4+ 4128 0|28 6| — 6{28 2|28 0| + 2
13.125 10124 7 | +15 (27 526 8|+ 9|26 8|26 8 0128 1127 1| 412128 2128 10| — 8|28 2|28 4| — 2
26 4(25 5| 41127 9|27 3|+ 6{27 2(27 10| — 828 328 8| — 5|28 3|28 3 028 1127 10| + 38
14.126 826 3 | + 5|27 11127 7|+ 4127 6/26 9| + 9|28 4128 3| 4 1|28 430 3| —23 |27 1028 2| — 4
27 0127 0 0128 1127 1| +1212710/26 3| +19 (28 5128 9| — 4|28 4|29 10| —18 |27 727 3| + 4
15.127 5|27 4|+ 1128 327 3| 41228 2(28 4| — 2|28 6129 1| — 7|28 4(29 6| —14 |27 2127 7| — 5
27 712610 | 4+ 928 4(27 7|+ 9128 4{29 0| — 828 6129 8| —14 |28 2{2810| — 8 (26 927 1| — 4
16,127 9127 7|+ 2|28 5/27 4| +13 |28 5|28 6| — 1 {28 52910 | —17 |27 11|28 7| — 8 (26 426 11 | — 7
27 10125 3 | +31 (28 4|27 4| +12 (28 6[/29 0| — 6 (28 3129 1| —10|27 528 1| — 8|25 11126 1| — 2
17.128 028 0 028 2127 7|4+ 7128 6{28 9| — 3|27 1112810 | —11 |27 027 8| — 8 (25 626 5| —11
28 0[28 0 0({28 012710 |+ 2128 6/29 1| —71{27 628 O| — 626 6[26 4|+ 2125 1{25 6| — b
18.128 0127 10 | 4+ 2|27 927 2|+ 7|28 4({29 0| — 8|27 0127 5| — 5|26 1|27 O| —11 |24 9(256 3| — 6
2711127 4|+ 7127 5|25 7| +22(28 2|29 2| —12(26 6126 0|+ 6 (25 6|25 11| — 5 |24 624 2| 4 4
19.127 927 3| 4+ 6127 027 4| — 427 11]28 4| — 5 |25 11|27 6% 25 0126 0] —12 |24 3|23 11 | + 4
27 627 6 0126 7125 9| +101|27 7127 6|+ 11(25 3126 1|4 2|24 7|24 5|4+ 2|24 2124 7| — 5
20,127 3(26 11 | 4 4 {26 024 4 | 4+201|27 1|27 7| — 6|24 9|26 1| — 4124 3|25 2| —11 |24 1124 0|+ 1
27 0127 6| — 6125 5|25 11 | — 6 {26 6/26 6 024 4124 1|4+ 3|24 2|24 O 4+ 2 (24 124 8| — 7
21.126 826 5| 415125 026 1| —11 |25 11|26 6| — 7 ({24 2124 6| — 4 (24 2|24 10| — 8|24 212411 | —~ 9
26 3126 7+ 8|24 7|25 3| — 8125 4|25 7{ —3|24 123 2| 41124 4(24 3| + 1 (24 424 2|+ 2
22.125 10126 0] — 2|24 4|24 11 | — 7 (24 10|25 6| — 8|24 3|26 1| —10124 7|25 O| — 5|24 7256 2| — 7
25 525610 — 5|24 4124 1|+ 3|24 5({25 3| —10|{24 623 10 | + 8 (24 11{24 7| + 4|24 10[26 1| —15
23.125 1126 O + 1|24 7|26 10| —27 (24 2|24 4| — 2 |24 31|24 8| 4+ 3|25 1|26 9| — 8| ceeree | voveun | sorunn
24 9126 3| —6(24 11|25 3| — 4|24 2|28 7|+ 7|25 324 9|+ 6|25 3|25 1|+ 2{25 2|26 2| —12
24,124 8|24 5| + 3125 4(26 2| —10 {24 525 1| — 8| ccveer | voreen | evenee | vernn veeenn | eenens 25 5126 11| — 6
24 9126 6| —21 | civier | veveen | eeenne 24 9123 9| +12 (25 71256 10| — 3 (25 626 2| — 8 (26 10|25 11| — 1
25.125 023 11| +18 |25 9125 4|+ 51(25 2{25 4| — 2|25 11|26 1| +4+10{25 825 11| — 3 (26 3[23 9| +30
25 4126 3| —11 (26 3{24 3 | +24 | ceceee | vovune | ov onn 26 3| ceeeee | eeee (26 025 8| 44126 6125 6| 12
26| voveee | evees [ e |26 71(24 11 | 420|125 6|24 6] +12 (26 7|25 7| +121{26 3[2 6| — 3261027 10 | —12
25 91256 4|+ 512610127 7| —912510{26 0| — 2|26 9|27 4| — 7|26 6/26 9| — 3|27 112610 + 3
27.126 2126 4| — 2126 1126 3| — 226 1|26 3| — 2(2610/26 5| + 526 8|26 10| — 227 428 6| —14
27 7126 8| +11(27 4126 7|4+ 9(26 7(2611| — 4|26 1126 8| 4 3|26 11127 6| — 7|27 5[27 9| — 4
28.(26 11126 7| 4+ 4127 6|26 9| + 9(2610{26 6| 4+ 427 1(26 7|+ 6|27 1|27 2| — 1|27 627 3|+ 3
27 2126 8| + 61{27 6[28 9| —15|27 1|27 2| — 127 227 2 0127 2127 4| — 2127 727 0|+ 7
29.127 5(26 11 | 4 6 | wevuee | covenn | wennnn |27 4|27 O 4+ 4|27 3|27 11 | — 8|27 3|27 3 0127 627 1|+ 5
27 7127 9| — 2| covuee | cenee e |27 51027 1| 4+ 427 312811 | —20 (27 427 7| — 3127 626 10| + 8
30.127 8127 3| 4+ 5 cuuues s |27 5(27 O] 4 5127 3128 1| —10(27 427 4 0127 5|26 8|+ 9
27 8127 10 — 2| ...... veve | eanees 27 5|27 6| — 1|27 3127 65| — 2|27 38|27 1|4 21|27 326 7|+ 8
31027 7127 1| 4+ 6 ceuee | o.nn. P 27 4|27 8| — 4 [N EPUPPIRE IO 27 21|26 8| + 6| ceveer | verene | vennen
27 6127 41| 4+ 2..... veee | eennns 27 3127 5| — 2| viveer | vernns e 127 1026 3| 410 ceiiin | eens I T

[ V]
=}
[\J]
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Time of the Moon’s Transit, in each month of the year.

MR. LUBBOCK ON TIDE OBSERVATIONS.

Tasre 1.

Showing the Interval between the Apparent Solar Time of the Moon’s Transit and
the Time of High Water, and the Height of High Water at the Liverpool Old
Docks (as recorded by Mr. Hurcainson), corresponding to the Apparent Solar

(If Mr. HuTcHINSON'S

clock was regulated according to mean solar time, the interval must be diminished

by the equation of time given at foot of each month.)

“ January. ” February. 3 March.
5 5 5 S 5 8
ESE| Heigneor | S| 55| u Heigntor | | E5E| Heightof | ot
5 X ] & ’ i £ > i
E g Tl‘g?l];i:. Interval. ’Il‘!igde.o Mc?ofn’s :7=~ ﬁ Trg?iﬁi:. Interval. "ell‘igde.o Mooon’s % ﬁ Trgg‘gis. Interval. ?11‘%(19.0 Mooon's
) Decl. o Decl. =) Decl.
h m h m ft. in. o h m h m ft. in, ° h m h m ft. in, °
90 312 |11 133 (17 56| 18 89 319 111 17°9 {18 06 | 10 | 105 300 {11 19-1 {18 47 5
97 | 13146 {10 591 |17 90 | 15 92 1314 )11 80 |18 05 5 99 | 1309 |11 37 }18 59 8
93 | 2313 |10 46:8 |17 61 | 10 90 | 2 309 |10 494 {17 84 5 101 | 2 3149 {10 490 {17 73| 13
103 | 3 301 {10 371 {16 10 5 90 | 3 293 |10 374 |16 89 8 92| 331'2 10330116 34| 16
100 | 4 285 |10 31-2 |15 22 5 92 | 4291110273 |15 25 | 14 89 | 4 302 |10 203 |14 58| 21
105 | 5 306 {10 3397113 83 8 86 | 5292 (10 262 |13 47 | 18 89 | 5 304 {10 162 |13 00| 22
96 | 6297 |10 492112 73 | 14 86 6297 110 37-8 |11 115 | 21 88 | 6316 {10 305 |11 46| 22
95 | 7805 |11 16:3 |12 43 | 19 84 7308 |11 83 (11 93| 21 85| 73804 |11 59111 37| 22
93| 8 308 |11 381 |13 67 | 19 79 8 304 (11 376 |12 94 | 23 94 | 8 310 {11 41-3 |12 85| 20
84| 9 306 {11 451 {14 115 | 23 82 92981115111 |14 57 | 22 98| 9318 |11 506 |14 81} 15
89 {10 31-1 {11 384 {16 00 | 22 79 |10 31-1 |11 438 {15 116 | 19 97 |10 31-2 {11 448 |16 69| 10
84 |11 31'6 |11 34:1 {16 89 | 22 84 |11 302 |11 315 |17 481 15 92 |11 297 111 335 |17 81 6
ity app. timers +10 +15 +9
April. May. June,
90 299 |11 194 |18 01| 12 86 291 {11 165 |17 41| 20 79 303 |11 134 |16 88| 23
91 13805 (11 10 {17 106 | 17 89 ( 130111057917 19| 22 85 1300 |10 555 |16 101 | 22
871 2 800 |10 434 |17 01| 20 8 | 231410 383 |16 66 | 23 851 230010 398116 79 ] 20
871 3 809 |10 302 |15 116 | 22 82 | 3303 |10 251 |15 91| 22 92 | 3 300 |10 296 |15 98| 16
871{ 4810 |10 140 {14 51 | 23 93 | 429210 160 |14 60| 20 98 | 4 303 |10 249 |14 83| 11
85| 53807 |10 129 |12 106 | 22 97 | 5304 {10 188 |13 39 | 16 96 | 5 296 |10 315 {13 90 6
90 | 6 305 {10 319 {11 52| 20 99 | 6 293 |10 416 {12 42| 12 | 107 | 6 296 |10 528 {13 0-8 5
921 7 804 |11 145 |11 86| 16 | 105 | 7 297 |11 206 {12 70 7 98 | 7 304 |11 247 |13 11 8
931 8296 (11 439 |13 32| 11 103 | 8 300 {11 46:9 {13 90 5 97 | 8 302 |11 440 {13 104 | 12
96 | 9 284 |11 542 |15 03 6 | 102 | 9 305 |11 526 |15 112 7 92 | 9 311 |11 491 |14 114 | 17
104 {10 29-1 |11 483 {16 72 5 97 {10 312 {11 468 {16 32 | 12 85 {10 303 {11 41:8 {15 11:0 | 20
94 {11 291 |11 361 |17 72 7 89 {11 30-0 |11 312 {17 O1 | 17 83 {11 311 |11 287 |16 70| 22
Equat. of Time fo be 0 . . —4 0
added to app. time... . . .
July. August, September,
88 820 |11 131 {17 12| 19 95 312 (11 172 {17 84 | 11 96 311 |11 201 {18 38 4
89 | 1311 |10 576 |17 18| 16 99 | 1295 {11 46 {17 116 6 96 { 1313 {11 26 (18 48 7
100 | 2 306 |10 45°2 {16 10:1 | 11 105 | 2 290 110 51:8 |17 46 5 97 | 2 304 |10 487 {17 108 | 12
101 | 3 3145 |10 374 |16 34 6 102 | 3 293 {10 355 {16 55 7 93 | 3 303 |10 349 |16 60 | 17
101 | 4 311 {10 331 {14 113 5 97 | 4296 {10 302 |15 04| 13 88 | 4 302 |10 21-3 |14 11-3 | 20
99 | 5 297 |10 342 {13 10-0 8 96 { 5 300 {10 287 |13 56| 17 821 5290 {10 169 |13 27| 22
101 | 6 295 {10 51:5 {12 106 | 13 89| 6 297 |10 383 |12 00 | 21 92| 6 297 |10 82°1 |11 75| 23
96 | 7 304 |11 123 |12 88| 18 86| 7292 (11 8211 95| 22 821 730711 52|11 93| 22
91| 8307 {11 392 |13 49 | 21 90 | 8298 |11 374 {12 99| 25 89| 8300 |11 393 |12 10:3 | 20
861 9297 |11 485 |14 78| 22 86| 9308 |11 470 (14 43| 22 921 9 3144 {11 505 {14 99| 16
91 |10 305 {11 895 |15 73 | 23 91 {10 30:9 }11 423 |15 10-3 | 19 91 {10 30:7 {11 463 {16 4-9 | 11
89 |11 826 (11 267 |16 65 | 22 91 |11 304 |11 301 {17 00| 16 | 101 {11 322 |11 348 |17 85 6
3 imy be
B Tt wptome 3+ B e o || e +4 o |l . -5 “ -
October. November, December.
93 291 {11 193 |18 63 | 11 85 326 {11 178 |17 116 | 20 80 31:3 |11 126 {17 31| 23
95 1293 (11 19 {18 35| 16 81 1315 |10 582 |17 88| 22 85| 1304 {10 547 |17 34| 21
89 | 228110429 {17 77| 20 83 | 2305 {10 39017 00| 23 86| 2 299 |10 408 {16 96 | 19
93 | 3291110 269 |16 60| 22 84 | 3296 |10 242 (16 00| 22 97 1 3 293 |10 288 |15 109 | 16
95 4 308 |10 146 |14 90 | 23 94 4 3000 {10 147 |14 60| 20 | 102 | 4 311 |10 239 |14 113 | 11
86 | 53113 (10 122 {13 13| 22 89 | 532110173 |13 36| 16 103 | 5 309 |10 307 {13 97 8
91 6312110 294 {11 82| 20 99 | 6 300 {10 404 {12 33| 13 109 | 6 315 |10 530 |13 06 5
97 7 81'2 {11 11'8 {11 116 | 17 99 7 301 {11 213 {12 75 7 100 | 7 312 |11 240 |13 27 7
97 8 316 |11 460 {13 49| 13 99 8 294 {11 476 |13 11'3 5 100 | 8 291 |11 455 |14 08 | 12
97 | 9 309 |11 54:1 {156 20 7 99 | 9 295 |11 538 {156 73 6 90 | 9 285 |11 483 |15 39 | 17
98 |10 287 |11 489 |16 97 4 93 110 290 | 11 468 |16 86 | 12 95 [10 289 |11 425 {16 46 | 20
96 |11 298 |11 35'3 {17 1I'1 7 96 |11 308 |11 3827 |17 61| 17 §4 |11 806 |11 276 |17 17| 21
Equat. of Time fo bel _ 34 . ~15 R | —4

added to app. time...
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The argument of all the Tables is the time of the Moon’s transit at Greenwich,
taken immediately from the Nautical Almanac, which only amounts to neglecting
the Moon’s proper motion during twelve minutes.

TasLE II. (Interpolated from Table I.)

Showing the Interval between the Apparent Solar Time of the Moon’s Transit and
the Time of High Water at Liverpool Old Dock, for each month in the year.

8 30 |11 37-8 |11 37-4 (11 407 [11 44-0 |11 46:9 {11 44-0|11 389 {11 37-4]11 39-3 |11 45-1|11 47
9 30 ({11 450{11 51-0 (11 50-3|11 54-3 |11 52-5 |11 49-2 |11 48-5 {11 469 (11 50-3 (11 54:0 |11 53-
10 30 (11 385 |11 44-0 [11 44-9 |11 482 |11 46-9{11 41-8|11 39-6 |11 42-4 |11 46-4 |11 48-7 |11 46-
11 30 |11 84211 31-5 (11 33-4 |11 36-0 {11 31-2{11 28:9{11 27-2|11 30-1{11 35-2 |11 35-3 |11 32-

11 457 |11 422
11 48211 504
11 42-211 442
11 27:7 (11 32:0

,Ilfg:g;‘i? January. |February,| March. | April. , May. | June. July. | August.| Sept. Oct. Nov Dec. Mean.
h m [h m h m h m h m h m h m h m h m h m h m h m h m h m

30 (11 13-7{11 183 (11 19-1|11 19-4 11 16:3 |11 13-4 |11 13-5 |11 175 |11 20-4 |11 19-1 (11 18-4 11 129|11 171
130 (10 59511 82|11 39|11 1110 57-9 {10 555 {10 57-8 {11 4-5{11 3-0|11 1-7/10 58:7 10 54:8 |11 0-7
2 30 |10 47-0{10 49-7 (10 49-4 {10 434 |10 386 {10 39-8 |10 45-2 {10 516 {10 48-8 |10 42-3 (10 39-1 |10 40-8 |10 43-9
3 30 {10 37:1 {10 37:3 |10 33-3 (10 30-4 {10 251 {10 29:6 |10 376 |10 354 {10 34-0 |10 26-7 |10 241 10 28-7 |10 31-5
4 30 {10 31:1/10 27:3 |10 20-3 {10 14-2 {10 160 |10 24-9 |10 33-1 |10 30-2 {10 21-3 /10 14-7 {10 14-7 |10 239 |10 22-7
5 30 (10 33:8 {10 26:3 (10 16:2|10 12:8 10 18-:8 {10 31:6 |10 34-2 (10 287 |10 16:9 |10 12-2|10 17-1 10 30-6{10 23-3
6 30 {10 49-3 |10 37-9 (10 30-2/10 31:8 |10 41-9{10 52-9 {10 516 {10 384 {10 32-1 10 29-1 |10 40-4 |10 52-5 |10 41-0
7 30 |11 16:1/11 80/11 5-8(11 8+5(11 20:6|11 24-6 |11 12-2/11 86|11 4-8/11 11-0|11 21-3 11 23-4 |11 14-4

9

8

7

9

Tasre III. (Interpolated from Table I.)

Showing the Height of High Water at Liverpool Old Docks, corresponding to the
Apparent Solar Time of the Moon’s Transit, in each month of the year.

,Kgg‘s‘i’: January. [February.] March. | April. May. | June. July. | August.| Sept. Oct. Nov. Dec. Mean.

h m feet. feet. feet. feet. feet, feet. feet, feet. feet, feet. feet. feet. feet.

30 | 17-47 '{ 1805 | 1838 { 18-01 | 1733 | 1673 | 17-08 | 17-68 | 1830 | 1852 | 1795 | 1725 | 17-73
1301774 | 1804 | 1849 | 1788 | 17:15 | 1684 | 17-14 | 17°96 | 18-39 | 18-28 | 1773 | 1728 | 1778
2380|1752 | 1769 | 17-63 | 17:01 | 1656 | 1674 | 16:84 | 17-37 | 17-89 | 1762 | 1699 | 1680 | 17-22
3301|1608 | 1673 | 16:31 | 1598 | 1575 | 15-81 | 1629 | 1646 | 16:50 | 1648 | 16:01 } 15-89 | 16-19
430 | 1514 | 1520 | 14:47 | 14-44 | 1448 | 1469 | 1496 | 15-03 | 14-94 | 14:76 | 14:50 | 1495 | 14-96
530 | 1369 | 1339 { 13-:01 | 1289 | 13-33 | 1375 | 13:83 | 1346 | 1319 | 1315 | 1333 | 13-82 | 13-40
630 | 1261 | 1196 | 1142 | 11-44 | 12-35 | 1307 | 1287 | 12-00 | 1163 | 11-70 | 12-28 | 1306 | 12-20
7 30| 12:38 | 1178 | 11-31 | 11-71 | 1258 | 1309 | 1272 | 11-80 { 1178 | 1195 | 1262 | 13-21 | 12-24
8 30 | 1356 | 1279 | 12-68 | 1328 | 1375 | 1386 | 1339 | 12-82 | 1286 | 13-37 | 1395 | 14:07 | 13-36
930 | 1495 | 1447 | 1462 | 1507 | 15°91 | 14:93 | 1464 | 14-34 | 1478 | 1513 | 1561 | 15:35 | 14-98
10 30 | 1598 | 1596 | 1654 | 1661 | 1628 | 1591 | 1561 | 15-84 { 16:38 | 16:83 | 1673 | 16:38 | 16:25
11 30 | 1678 | 17-39 | 1767 | 17:60 | 17-01 | 16'57 | 16:52 | 1699 | 17:69 | 17-92 | 1750 | 17-14 | 17-23
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Tasre IV.

Showing the Difference in the Interval between the Apparent Solar Time of the
Moon’s Transit and the Time of High Water, and the Mean Interval, for every
month in the year.

%g:‘;{:‘ January, | February.] March, April. May. June. July. August, Sept. October. Nov. Dec.
h m m m m m m m m l m m m m m
30 |— 34|+ 12|+ 20|+ 28|— 08— 37|— 36!+ 04|+ 33|+ 20|+ 13|— 4-2
130|— 12|+ 82|+ 32|+ 16|— 28|— 52|— 29 + 38|+ 23|+ 1:0|— 20|— 59
2 30|+ 31|+ 58|+ 55|— 05— 53— 41|+ 13+ 77|+ 49|— 16|— 4-8|— 3.1
330+ 56|+ 58|+ 18— 1:1|— 64— 19|+ 61 4+ 39|+ 25|— 48|— 74 |— 84
4 30|+ 84|+ 46— 24|— 85|— 67|+ 2:2|+104 |4 75|— 14|— 80|— 80|— 72
5 30|4+105|4+ 80|— 71|—105|— 45|+ 83|+10:9 |+ 54|— 6:4|—11:1|— 62|+ 7-3
6 30|+ 83|— 31|=108|— 92[+ 09|+119|4+106|— 2:6|— 89|—11:9 |~ 06 |+115
7 30|+ 17|— 64{— 86|— 59|+ 62|4+102|— 39— 58|— 93|+ 34|+ 69|+ 73
8 30| — 44|— 48|— 15|+ 18|+ 47|+ 18|— 33|— 0:4|— 15|+ 73 |4 57|+ 79
9 30|— 54|+ 06|— 01|+ 39|+ 21|— 1:2|— 19|+ 19|+ 53|+ 36|+ 88|— 22
10 30| — 57 |— 02|+ 07|+ 40|+ 27 |— 24|— 46|+ 39|+ 22|+ 45|+ 25|— 20
11 30 |+ 2:2|— 05|+ 14|+ 40|— 0:8|{— 53|— 48|— 19|+ 32|+ 33|+ 09|— 43
TasrLe V.

Showing the Difference in the Height of High Water and the Mean Height for every
month in the year.

%xlrgg:;ts J::muau-y.LFebruary.1 March. April. May. June, July. | August. Sept. October. | Nov. Dec.

h m feet. feet. feet. feet. feet, feet. feet. feet, feet. feet. feet. feet.
30| —+26 | +°32 | 465 | +°28 | —+40 | —1:00, —+65 | —05 | 457 | +°79 | +°22 | —+48
30| —+04 | +26 | 471 | +°10 | —63 | — ‘94| —64 | +°18 | ++61 | ++50 | —*05 | —*50
30| 430 | 447 | ++41 | —21 | —-66 48| —+38 | 415 | ++67 | 440 | —+28 | —-42
30| —-11 | 454 | 4-+12 | —21 | —-44 *38) 4410 | 427 | 431 | 429 | —-18 | —-30
30| 418 | 424 | —49 | —+52 | —+48 27 00 | 407 | —02 | —20 | —+46 | —01
30| 429 | —+01 | —+39 | —+51 | —-07 35| 448 | 4406 | —21 | —25 | —+07 | 442
441 | =24 | =78 | —76 | 415 87| 467 | —+20 | —+57 | —+50 | 4++08 | +°86

30| 414 | —+46 | —93 | —*53 | ++34 ‘85 448 | —+44 | —46 | —29 | 438 | 497
30| +°20 | —<57 | —68 | —08 | 419 50, ++03 | —*54 | —50 | 401 | 459 | +-71
30| —03 | —*51 | —36 | ++09 | +°93 05 —+34 | —64 | —20 | +-15 | 463 | 437
30| —27 | —*29 | +°29 | 436 | +03 34| —64 | —41 | 413 | 458 | +-48 | +°13
30| —50 | ++:16 | 444 | +-37 | —-22 66) —-71 | —+24 | 446 | ++69 | +-27 | —-09

F+4+++1 1|

—_OW WS U WO -
W
=}

P

The quantities in this and the preceding Table are chiefly owing to the correction
for the Moon’s Declination.
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TasLe VI.

Showing the Interval between the Apparent Solar Time of the Moon’s Transit and
the Time of High Water, and the Height of High Water, at the Liverpool Old
Docks, corresponding to the Apparent Solar Time of the Moon’s Transit, for every
minute of her Horizontal Parallax.

. £ Hor. Par. 54'. w £ Hor. Par. 55'.
Bst fud
5°% , Height | Moon’s || 5 ° &| Moon - Height | Moon’s
% § danae | wterval | ot | el |5 2] i, | Interval. | of T | Dot
h m h m ft. in. o h m h m ft. in, o
199 | 303 |11 264 (16 70 | 15 || 156 | 302 |11 231 |16 106 | 14
194 | 1306 |11 72|16 58| 15 || 169 | 1311 |11 53 (16 78 | 15
189 | 2 299 |10 495 |15 99| 15 || 181 | 2 3111 |10 489 |16 02 | 15
165 | 3 295 |10 321 [14 84| 15 | 199 | 3 300 (10 348 |15 13| 15
149 | 4 291 |10 236 |13 73| 16 | 234 | 4 310 /10 235 |13 100 | 16
119 | 5295 [10 248 [12 34 | 16 | 246 | 5 306 |10 258 |12 58 | 15
124 | 6 315 |10 465 |11 05 | 17 || 255 | 6 298 (10 449 |11 48| 15
140 | 7 304 |11 275 |11 48| 15 | 223 | 7297 |11 246 |11 54 | 15
181 | 8 304 |11 577 |12 83| 15 | 204 | 8 295 |11 530 [12 94 | 15
180 | 9303 {12 36|14 18| 15 | 181 9303 |12 09 |14 41| 15
197 [10 297 {11 55:3 |15 45 | 15 | 173 [10 300 |11 53:3 {15 69| 15
187 |11 295 |11 41+4 |16 36 | 15 || 164 |11 295 |11 398 |16 46 | 14
Hor. Par. 56'. Hor. Par. 57/,
19| so7liieol17 85| 14 | 95| 3819|1117 |17 64| 14 Mean of the preceding.
119 ] 1310 {11 1817 11| 14 || 109| 1315 |11 19117 76| 14 '
113 | 2 300 |10 46:3 |16 81| 14 || 108 | 2 30:3 |10 45:6 |17 04 | 14 Moows | Intervar, | Heightof
145 | 329810337 (15 70| 15 | 117 | 3 306 |10 333 {16 20| 14 Transit. Tide.
144 | 4 313 |10 240 {14 21| 15 || 181 | 4 307 |10 246 |14 106 | 14 — h —
139 | 5 309 {10 24-7 |12 108 | 15 | 148 | 5 298 |10 23:3 [13 48 | 15 0308 | 11 160 | 15 o
162 | 6293 |10 432 |11 85| 15 | 136 | 6 304 |10 411 [12 63 | 15 1308 | 11 00 | 17 102
143 | 7297 (11199 (12 12| 15 [ 132] 7308 [11 160 [12 40| 14 2308 | 10447 | 17 40
140 | 8 308 {11 411 {13 19| 14 | 115 | 8 297 [11 437 {18 42| 15 3302 | 10320 | 16 20
120 | 9 307 |11 565 |14 81| 14 | 111 | 9 299 |1l 5155 |14 95 | 14 1305 | 10230 | 14 10%
121 {10 31-0 |11 494 |15 1149 | 14 || 108 [10.297 {11 467 [16 03 | 14 5276 | 10 228 | 13 - g2
114 {11 327 {11 363 |16 99| 15 || 105 |11 302 {11 831 [17 0:0 | 14 6323 | 10 417 | 12 30
7201 | 11149 | 12 38
Hor. Par. 58’ Hor. Par. 59'. 8300 | 11413 | 13 50
9304 | 11490 | 15 00
o1 3041115717106 13 || 99| 301 |11 13218 45| 14 10302 | 11 437 | 16 34
97| 1284 (10592 (18 14| 14 || 99| 1321 |10 565 |18 56| 14 11305 | 11310 | 17 30
105 | 2302 (10 452 |17 64| 14 | 111 ] 2 308 |10 425 [18 04| 15
128 | 3312103812 |16 70| 14 | 136 | 3 306 |10 308 |17 23 | 14
131 | 4322 {10 230 |15 43| 15 | 200 | 4 3244 |10 218 |15 105 | 15
148 | 5 314 [10 245 {14 00| 15 | 290 | 5 31-4 |10 218 |14 59 | 15
150 | 6 306 |10 885 |12 100 | 14 | 299 | 6 290 |10 348 |13 34 | 15
138 | 7305 [11 107 |12 80| 15 | 194 | 7 288 |11 08 |12116 | 15
119 | 8290 |11 372 |18 91| 14 | 140 | 8 294 |11 31:0 [13 112 | 15
107 | 9204 |11 467 [15 10| 14 | 108 9292 |11 418 [15 51| 15
101 |10 306 |11 422 |16 52 | 13 || 100 |10 29-0 {11 385 |16 74 | 14
88 [11 299 {11 203 |17 31| 14 | 103 [11 303 [11 259 |17 80 | 14
Hor. Par. 60" ‘ Hor. Par. €17,
105 ] 326 |11106 18 77| 15 |212] 306 |11 6019 22| 15
11| 132310549 19 09| 15 || 200 | 1293 {10 52:0 {19 47 | 15
161 | 2 341 |10 401 |18 8| 15 | 133 | 2 25:8 [10 39:3 |18 109 | 16
226 | 3297 |10 282 (17 87| 16 ,
147 | 4 270 [10 205 (16 34 | 16
23| 5 167 |10 147 15 04 | 15
21| 6 457 |10 431 13 08| 16
148 | 7 244 |11 46 13 34| 16
226 | 8820 [11 258 14 17| 16
163 | 928011379 15 76| 15 | 125 | 9 355 [11 3837 |15 114 | 15
114 |10 307 |11 34:3 |17 06| 15 || 196 |10 309 |11 301 [17 39 | 15
110 |11 31:3 |11 231 (18 11| 14 || 212 {11 307 |11 197 [18 56| 15
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Tasie VII. (Interpolated from Table VI.)

H. P, 5¢4. H. P. 55 H, P.56. | H.P.57. H.P.58. | H.P.59. H. P. 60" H. P. 61
Moon’s Height Height; Height! Height Height Height Height Height|
Transit, | Ioterval.| of |Interval.| of |Interval.| of |Interval| of |Interval.| of |Interval| of |Interval.| of |Interval} of
* Tide. Tide. Tide, Tide. Tide. Tide. Tide. Tide.
h m|{h m |f |h m |ft. |h m |ft, |h m |ft. |h m |{ftt |h m |ft. |h m |ft. |h m |ft.
30 |11 26+4 [16-58 |11 231 |16-88 11 16-3|17-29 |11 181 {1753 |11 159 {1796 (11 13-218:37 |11 11-818-62 |11 63 |19-17
130 (11 7'5|1646|11 4-7|1664(11 1:8/17:09]|11 2-6{17-63 |10 584 (181210 575 |18:45 |10 560 {19-09 {10 517 |19-39
2 30 (10 49-5 {15°82 {10 495 {1602 10 463 {16:67 |10 45-7 |17-04 |10 451 {17:54 |10 42-8 |18:04 |10 41-9 1875 {10 384 {18-87
3 30 |10 31-314:69 |10 34-8 |15-11(10 33+6 |15°58 |10 33-5 |16:17 |10 31-6 |16+58 10 31-0|17-19 |10 28:1{17-70
4 30 {10 237 13'59 |10 237 |13:86 |10 243 |14:20 {10 24-7 |14-89 |10 233 |15-36 {10 219 |15-87 |10 19-8 {17-72
5 80 |10 25-0{12:28 |10 258 12:49 10 247 [12+91 |10 233 |13-39 |10 243 {14:01 {10 21-8 |14-49
6 30 |10 45-3{11:07 |10 451 |11:36 {10 43-8{11:70 10 40-812-53 |10 38-1 {12-84 {10 35-5 |13-29
7 30 {11 27-0{11-39 |11 24-9|11+45 |11 20-2{12:10 11 15-7{12-33 |11 10-2}12-66 {11 1-9(12:96 {11 8:513-29
8 30 |11 5751268 [11 53:3 12:79 |11 484 {13:15 11 439 {13:36 |11 37-8(13-77 |11 314 {13-93 [11 24-7 {14-10
9 30 {12 3+6(14:14 12 08 (1433 11 562 (1466 |11 51-5|14-79 |11 47:8 |15-09 |11 41-9|15-42 |11 38-3{15°68 |11 335 |16-06
10 30 |11 55-2(15-38 |11 53-8 |15°57 |11 49-6 [15:97 |11 466 |1604 |11 42-3 [16°43 |11 38-3|16°62 |11 34:6|17-04 {11 30-3|17-31
11 30 |11 41:2|16:30 |11 39+6 16:39 11 34-9(16-79 |11 32-2|17-00 |11 29-3 |17-26 |11 26-0|17°66 {11 22-9 |18:08 |11 19-9 |18-45

TaesLe VIII.

Showing the Difference in the Interval between the Time of the Moon’s Transit and
the Time of High Water, and the Interval corresponding to fifty-seven minutes of
the Moon’s Horizontal Parallax.

%‘;;’;‘.‘:_ H.P, 54. | H.P. 55 | H. P. 56. { H. P. 57”. | H. P. 58’. | H. P. 59. | H. P. 60’. | H. P. 61"

h m m m m m m m m m
30 | + 83 +5°0 —~18 0 —22 — 49 — 63 —118

130 + 49 +2-1 +0-8 0 —4-2 - 51 — 66 —109

230 | + 38 +38 406 0 —06 - 29 — 38 - 73

3 30 — 22 +1-3 +0-1 0 —19 —_ 25 — 54

4 30 - 10 —-10 —04 0 —14 — 28 — 49

530 | + 17 +25 +14 0 +10 — 15

630 | + 45 +4-3 430 0 —27 — 53

730 | 113 492 445 0 —5% —~138 - 72

830 | 4136 +94 +4'5 0 —61 —125 ~192

9 30 +12-1 +9-3 +47 0 —37 — 96 —132 —18:0

1030 | + 86 +67 +30 0 —43 — 83 —12:0 —163

11 30 + 80 +6+4 +17 0 —39 — 72 —10-3 —133

TasLe IX.

Showing the Difference between the Height of High Water and the Height corre-
sponding to fifty-seven minutes of the Moon’s Horizontal Parallax.

Moon's | 1. P, 54/. | H. P. 55, | H. P. 56'. | H. P. 57'.| H. P. 58'. | H. P. 59'. | H. P. 60". | H. P. 61",

h m feet. feet. feet. feet. feet. feet. feet. feet,
30 | — 95 — 65 —24 0 +46 + 84 +1-09 +1-64

13 | —117 — 99 —54 0 449 + 82 +1:46 +176

230 | —122 —1:02 —-37 0 450 4100 | +171 4183

330 | —148 | —106 —59 0 441 4102 | 41453

430 | —130 | —103 —69 0 47 + 98 | 4283

5 30 —111 — 90 —48 0 ++62 +1:10

630 | —146 —117 —83 0 +31 + 76

730 | — -4 — 88 —23 0 433 + 63 | + -96

830 | — 68 — 57 —21 0 41 + 57 | 4 74

930 | — 65 — 46 —13 0 +-30 + 63 + -89 4127

10 30 — 66 — 47 —07 0 +-39 + 58 +1-00 +1-27

113 | — 70 — 61 —21 0 +26 + 66 | 4108 | 4145
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TasrLe X.

Showing the Interval between the Apparent Solar Time of the Moon’s Transit and
the Time of High Water, and the Height of High Water, at the Liverpool Old
Docks, corresponding to the Apparent Solar Time of the Moon’s Transit, for every
three degrees of her Declination north and south. The Equation of Time to be
added to Apparent Time.

8|10 80’ N. to 1° 30’ South Declination. | & | 1° 30’ to 4° 30’ North Declination, ||€£| 4° 30’ to 7° 30’ North Declination.
g% ks 5%
£ 5 B ; Height |gor. || E& | Moon’s |Equation Height | yror.|| £ 5 | Moon’s | Equati Height :
:2% 'Ilyiggrsli:. E?%ig\? Interval. T;)ge. Il;xar. E% Transit., ogTime. Interval. Tiodte. Il}aur. 2:% Transit. Eg'i‘?:r‘x%n Interval. Tiodt;e. Ii’I::
h m m h m ft. in, / h m m h m ft. in. ’ h m m h m ft. in. ’
48 298| 4 25 (11 222118 4:0 570 54 2731+ 22 (11 21’118 35|57-2]| 55 313 |+ 16 |11 19618 2:0(57-3
4511295+ 60|11 5018 33574 52| 1300|+ 63 |11 57|18 37 |57'] 47 | 1 30:0| -+ 65 {11 57|18 59572
52 12 2874+ 92 (10 51617 6:057-0| 45 | 2 292 | 4 82 |10 51-4 /17 1-157-5] 48 | 2 30-9| 4 68 (10 50417 85 [57-1
51| 3 282+ 88 |10 893(16 95 [57°1|| 54 | 3 33:2| 4 86 |10 375{16 45 57-0| 48 | 3 29:1| 4 7-8 |10 38:6 (16 47 [56-8
46 | 4 31:3|+ 61 |10 31415 0-1(56'8| 50 | 4 302} 4+ 61 {10 28115 21 56-9{ 46 | 4 31-8| 4 55 |10 31-0 (15 0+057-0
44 | 5 309 -+ 28 |10 345|14 1:3|57°0( 42 | 5 31-0{ 4 26 |10 354 |13 74 }56'7 42 | 5 313 | + 23 |10 424 (13 91567
39 | 6 306] — 23 {10 54-8({18 0-9(56:8| 49 | 6 2954 21 |10 54-0(13 1-6569| 45 | 6 31'8| — 28 |10 52612 82|57-3
46 | 7 297] — 58 |11 23-3{12 11:0/56:8 || 43 | 7 2901 — 6'6 {11 236 (13 2:9/57-1| 45 | 7 30-0| — 52 |11 242 (13 24 58-2
47 | 8 285 — 91 |11 46814 13570} 47 | 8 27°3| — 7°9 |11 47-0{13 10:0 57-0|{ 44 | 8 31-1| — 7-2 (11 49-9{13 59 (564
46 | 9 286| — 93 {11 538(15 1-6[57-1| 43 |9 276| — 89 |11 50-1|15 56 574|539 282|— 77 {11 53815 2:0(57-1
55 (10 833| — 65 {11 47-8 (16 105 [57-3 | 50 {10 27°5| — 64 |11 44-2|16 84 57-0| 46 {10 33| — 52 |11 467 |16 861|573
40 |11 34:1| — 2-2 {11 33516 10:3 [57-9| 45 |11 25:3| — 27 |11 374|17 76 ;57'3 50 {11 310 — 1-7 |11 34:3|17 29575
1° 30’ to 4° 30’ South Declination. ! 4° 80’ to 7° 30’ South Declination,
52 304 |+ 30 |11 183(18 66577 | 53 298| 4 25 |11 20418 00[57-3
41 {1305|+4 70 |11 36|18 3:5/58:0| 43 | 1 81:3|+ 60 {11 5218 60[576
48 | 2 30:9| 81 (10 498|117 71575 46 | 2 31:3| + 80 |10 50417 8715676
41 | 3 31-9] + 83 |10 39916 6-2(567| 44 | 2 320 4+ 7°9 |10 38-3|16 64(57°3
41 | 4 293 4 66 |10 31:6(15 53(|57-2| 45 | 4 30:0| 4 50 |10 29615 52/568
45 | 5 290+ 23 |10 345]13 911566 47 | 5 27-0| 4 31 (10 32:7 {14 14 570
49 | 6 30°1| 4 1-1 (10 53512 11:4|57:0| 51 | 6 29°4| — 21 {10 51-0|12 10:3 |57-0
44 | 7 33:1| — 65 |11 271 13 01570} 50 | 7 304 | — 5°1 |11 21-6 (12 115 {570
45 | 8 324 | — 81 (11 41-3(13 16|573| 40 | 8 29°0| — 68 |11 47-0|13 10:0 |56°9
54 |9 30:0| — 86 |11 544|15 3-8[56:7| 48 | 9 319|{ — 75 |11 54:5|15 68 (572
47 (10 285 | — 6:0 |11 41-8(16 8-0(57:3| 46 |10 30:3| — 56 |11 44:9 /16 115578
54 |11 31:1| — 46 {11 34817 9-0(567°4} 52 |11 30:2| — 19 {11 32-0(18 00577
70 30’ to 10° 30’/ North Declination. 10° 307 to 13° 30/ North Declination. 18° 30’ to 16° 30/ North Declination.
h m m h m ft. in. |/ h m m h m ft. in. |/ h m m h m ft. in. ’
52 30-1f -+ 13 {11 20:3|18 1:1[57°1|| 54 3084 12 |11 19:3]18 0-1(57:3| 58 316+ 0-1 |11 188|17 961|567
54 (138074 4311 4718 21[572] 64 | 1 323|+4 23 |11 34|17 10-2(56:2 | 54 | 1 280 00 {11 31{17 7-8|567
50 | 2 287 |4 60 {10 492(17 51{57°3|| 45 | 2 31-7| 4 3-8 (10 48-8(17 4-5(57°0| 66 | 2 28:9| + 1-5 |10 47:3 {16 10-8 |55-8
55 | 3 278 4 5°9 |10 415(16 5-2{56'6| 53 | 3 29°9] + 39 ({10 35-3{16 04 56-8|| 67 | 3 27°6| + 0-1 {10 33:2{16 17565
54 | 4 2974 51 {10 303 |14 11:3 567 || 51 | 4 30-7| 4+ 26 {10 28:0 {14 104|567 || 71 | 4 28:8| 4 01 {10 25-2|14 81564
45 | 5 289| + 12 |10 3211|183 94 [56-4| 57 | 5 304+ 1-3 (10 27-4{13 6:3|56:7| 75 | 5 29:0| 4 1-0 [16 27°1{13 21562
51| 6275 — 15 |10 497(12 83566 54 | 6 304} — 12 |10 48-0(12 4-6|56'5{| 72 | 6 306 00 |10 447 |12 311|564
48 | 7 278} — 4:3 |11 225{12 7-2(66'5}] 60 | 7 274{ — 2:3 |11 20:1{12 65(56'5| 69 | 7 32:2| — 10 (11 20:8 (12 1-6|56-3
48 | 8 3147 — 66 {11 452{14 1:7{57°1|| 59 | 8 300} — 42 (11 48513 7-7(56'5|| 63 | 8 314| — 03 |11 46013 4-3 567
58 | 9 302 — 62 |11 54815 1:3(56:7|{ 59 | 9 305| — 24 |11 52:0{14 11-2(57-0| 64 | 9 31-3| — 04 |11 52:6 |14 11-3 (56:0
51 '10 333 — 45 |11 46:4{16 6-7{57-3| 60 |10 29-1| — 26 |11 48:5|16 2:6(56:9| 71 ({10 29-4| — 08 |11 46'6 ({16 61568
47 11 308 | — 1:1 |11 35617 79569 61 |11 27:0| — 14 |11 366{17 25(56:8| 70 ({11 325 00 |11 34:1|17 1:1/56'8
7° 80/ to 10° 30’ South Declination. 10° 30’ to 18° 30’ South Declination. 18° 30’ to 16° 30’ South Declination.
42 29:9| 4+ 12 |11 187 |18 4-957-8]| 54 306+ 14 |11 16:3 |18 4-7 {579 61 312 00 {11 15218 25580
53112904 48 |11 39(18 50(57.7)| 5657|1303+ 27 (11 1-8[18 54|57.8{ 61| 1312|— 01|11 0318 26585
521 2305|4 52 (10 49117 82[57-3|| 59 | 2 30:5| + 40 {10 46:8|17 811|577 60 | 2 292| 4 06 |10 45:0|17 66576
51|13 273+ 58|10 37016 9:9)57°4| 48 | 3 30-3| 4 41 (10 35:5 {16 7-8[574] 62 | 3 306| + 04 |10 32:6 |16 4-8 |57°5
49 | 4 32:3|+ 56 {10 29:5]15 181|574 59 | 4 289} 4 31 |10 27-3|15 1-9{57-1|| 60 | 4 30:5|4 07 |10 235 |16 1:7[57-3
46 { 5 327|4 11 (10 382:1{18 87569 57 | 5 30-8| 4 14 |10 29:0{13 10-7 [57-3| 64 | 5 290 | + 03 |10 25°0|14 1-0}57-1
44 1 6 326| — 1-2 |10 49313 0-057°2|| 59 | 6 287 | — 19 [10 450(12 66|57-0f 58 | 6 306 0:0 {10 42612 75573
46 | 7 81'0| — 57 {11 22012 6°41569) 49| 7 300} — 36 |11 16:6{12 75575 64 | 7 302| — 08 |11 14:9/12 79575
54 | 8 285 | — 55 |11 43413 10:357°5| 53 | 8 284 | — 4:0 |11 42413 7-8|57:3|| 73 | 8 31'0| — 0-9 |11 406 |13 6:3 574
50 ]9 3000 — 48 {11 52:2(15 83|57:3|| 55 |9 306|— 32 |11 49-2{15 14|57-7| 63 | 9 31'5| — 1'1 {11 47°9(15 1:6{57-8
53 |10 29:4| — 49 |11 46-0{16 7-5|57°6 || 53 {10 30:5| — 1:5 |11 45:3|16 9-0|57-7 |l 67 {10 30:7 | — 0-3 |11 42216 7:0{57-9
51 (11 80:3| — 25 |11 33-:0{18 1:9(57-8| 65 (11 315 | — 1-2 {11 31:6(17 7-2{57-8| 54 |11 30:7 |4 02 |11 29517 46580
MDCCCXXXV. 2p
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TasiLe X. (Continued.)

T 16° 30’ to 19° 30’ North Declination. Tr 19° 30’ to 22° 80’ North Declination,
29¢ 292
£22 ; . . £53 ; . .
535 | Moomr | Buson | e, | Hgghtor | mon || S0 woowe | Egution | muioran | Hgghtor | o
m m h m ft. in. ‘ h m m h m ft. in. .
92 32:6 — 04 11 184 17 10 | 563 62 31:0 - 17 11 114 17 97 | 584
95 1 316 — 30 11 10 17 21 | 565 61 1 331 — 36 10 557 17 51 | 580
97 2 813 — 40 10 450 16 87 | 565 56 2 310 — 41 10 394 17 20 | 581
93 3 308 — 38 10 31-0 15 109 | 561 72 3 311 — 41 10 280 16 15 | 575
100 4 316 — 26 10 217 14 43 | 561 64 4 299 — 26 10 177 14 110 | 57-8
94 5 307 — 15 10 21-6 12 95 | 560 67 5 280 - 03 10 17-8 13 50 | 574
95 6 29°5 + 09 10 415 11 105 | 558 70 6 30-1 + 08 10 336 12 27 | 576
106 7 310 + 27 11 168 12 00 | 562 63 7 320 + 34 11 72 12 25 | 578
89 8 311 + 32 11 44-8 13 30 | 562 62 8 28-8 4+ 43 11 367 13 36 | 577
102 9 288 + 42 11 52-8 14 70 | 562 65 9 298 + 37 11 457 14 64 | 572
95 10 306 + 19 11 451 15 110 | 565 62 10 288 -+ 36 11 39-2 16 21 | 581
91 11 323 + 12 11 333 16 99 | 564 62 11 306 + 10 11 26-2 17 01 | 583
16° 30/ to 19° 30’ South Declination. 19° 30’ to 22° 30/ South Declination.
83 29-9 — 09 11 24 17 11-2 | 582 65 30-3 — 08 11 154 17 1.2 | 569
84 1 301 — 20 10 566 18 25 | 587 67 1278 — 40 11 02" | 17 04 | 565
87 2 286 - 33 10 42-3 17 99 | 582 71 2 290 — 52 16 414 16 56 | 567
93 3 290 — 41 10 352 16 91 | 584 70 3 288 — 36 10 286 15 99 | 566
96 4 303 — 32 10 21-4 14 105 | 578 74 4 307 — 34 10 181 14 45 | 568
98 5 305 — 07 10 18-8 13 76 | 575 64 5 825 - 08 10 181 12 82 | 562
100 6 317 + 10 10 355 12 99 |575 75 6 307 + 13 10 353 11 52 | 561
92 7 311 + 30 11 86 12 79 | 579 65 7 285 + 30 11 21 11 74 | 564
91 8 316 + 31 11 364 13 80 | 579 68 8 297 + 45 11 447 12 75 | 561
80 9 312 + 44 11 428 15 25 | 580 67 9 287 + 45 11 488 14 57 | 572
88 10 29-0 + 28 11 391 16 57 | 583 67 10 31-8 + 34 11 450 15 85 | 566
83 11 319 + 09 11 263 17 58 | 587 63 11 313 + 12 11 320 16 71 | 569
299 30/ to 25° 30’ North Declination. Above 25° 30/ North Declination.
h m m h m ft, in. ’ h m m h m ft. in. ‘
48 30-8 - 13 11 76 17 53 | 587 42 314 — 29 11 115 16 42 | 56-8
57 1 333 — 47 10 51-8 17 89 | 588 45 1 287 — 58 10 550 16 14 | 563
45 2 320 — 66 10 35-4 17 44 | 585 49 2 31-8 — 77 10 355 15 1145 | 563
54 3 295 - 60 10 235 16 55 | 582 51 3 310 — 75 10 226 15 10 | 563
51 4 300 — 55 10 135 15 05 | 582 59 4 325 — 59 10 98 13 79 | 561
56 5292 ¢ — 04 10 14-0 18 57 | 577 53 5 331 — 17 10 97 12 37 | 562
54 6 319 + 12 10 299 12 17 | 577 58 6 29-8 + 19 10 254 10 90 | 561
52 7 274 + 42 11 25 11 114 | 580 54 7 314 + 52 11 60 10 100 | 565
61 8 346 + 51 11 29-8 13 21 581 51 8 305 + 85 11 44-3 12 146 559
50 9 302 + 72 11 385 14 11-1 | 588 44 9 30-2 + 76 11 510 13 83 | 563
52 10 305 + 44 11 353 15 117 | 585 47 10 28-9 + 60 11 432 15 00 | 562
58 11 303 + 14 11 256 16 90 | 580 41 11 304 + 22 11 300 15 62 | 564
290 30/ to 25° 30’ South Declination. Above 25° 30/ South Declination.
57 319 — 18 11 16-1 16 51 | 561 42 285 — 2:0 11 69 17 25 | 5838
52 13808 | — 46 10 574 16 56 | 561 41 1 300 — 54 10 500 17 56 | 584
61 2 32:1 — 62 10 402 16 08 | 560 43 2 286 — 75 10 34:3 17 01 | 584
50 3 289 - 57 10 26°1 15 57 | 657 49 3 807 - 79 10 209 16 10 | 580
65 4 300 — 36 10 154 13 11'9 | 559 50 4 31-8 — 67 10 95 14 82 | 577
50 5 306 - 19 10 126 12 64 | 558 52 5 288 — 19 10 81 13 28 | 577
63 6 285 + 07 10 30°1 11 26 |572 59 6 292 + 15 10 22-2 11 65 | 574
60 7 323 + 39 11 130 11 39 | 562 47 7 291 + 60 10 54-3 11 68 | 580
62 8 30:8 + 63 11 44-1 12 69 | 560 52 8 300 + 78 11 300 12 109 | 578
57 9 324 + 61 11 527 14 23 | 560 42 9 297 + 86 11 40-0 14 36 | 582
52 10 290 + 53 11 468 15 18 | 562 44 10 327 + 61 11 350 15 60 | 582
51 11 324 + 14 11 302 16 40 | 568 37 11 304 + 29 11 200 16 56 | 587

In forming this Table, it has been assumed that Mr. Hurcminson’s clock was
regulated according to apparent solar time ; if it was regulated according to mean
solar time, the interval must be diminished by the equation of time given in the

third column.
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(Interpolated from Table X.)
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Showing the Interval between the Apparent Time of the Moon’s Transit and the Time
of High Water at the Liverpool Old Docks for every three degrees of her Decli-
nation north and south.

,Il‘gglslj’: 0° Dec. {38° N. Dec. { 6° N. Dec. | 9° N, Dec. |12° N. Dec.|15° N. Dec.18° N, Dec. |21° N. Dec. [24° N, Dec. [27° N. Dec.| Mean.
h m h m h m h m h m h m h m h m h m h m h m h m
30 {11 22°1{11 20-4 (11 19-9(11 20-3|11 19-5|11 19-2 11 19-0 (11 11711 7-8{11 11-9 11 17-2
130 (11 50{11 57|11 5711 4911 4011 2511 1-4(10 56511 52710 546 (11 13
2 30 |10 514 (10 51-2(10 50°6 (10 49410 49-2{10 47-0 {10 45-3 |10 39:6 (10 359 (10 36:0 ({10 456
3 30 110 39:1110 38-1(10 38:5{10 370 10 353 {10 328 |10 31-2 (10 28-2|10 23-4{10 22:8{10 326
4 30 {10 31°6 10 28:1{10 31:2 (10 30-3 /10 28-1{10 250 |10 21-8 (10 17-7 (10 13-5(10 10-0|10 238
5 380 {10 34-5(10 353 (10 353 (10 32-2 /10 27:4|10 27-1.(10 21-6 {10 17-5(10 14-1{10 97 (10 255
6 30 {10 54°7 |10 540 {10 52-2 |10 507 10 48:0 (10 44510 41-6 {10 336 |10 29-4 |10 254 {10 43-4
7 30 (11 234 |11 24°0 11 24211 23'2;11 20-2{11 197 11 16:3|11 6-2{11 3-7|11 5011 166
8 30 (11 471 |11 47-4 (11 49-5 |11 45'6\‘11 485 (11 456 (11 44-0|11 37-1 (11 30-7 |11 43-0 (11 43-6
9 30 |11 53°8(11 50-0 (11 53-7 |11 54-811 520 |11 52511 52:8 (11 45-7 (11 38:5|11 51011 50-5
10 30 |11 48111 44:0 (11 47-0 (11 47-0 11 486 |11 465 (11 45-2(11 391 (11 354 11 431 [11 44-4
11 30 |11 34411 365 |11 34+4 (11 35711 360 [11 34-7 |11 33-911 264 |11 25:6 {11 30-1|11 328
30 £, Dec. | 6° 8. Dec. | 9° 8. Dec. |12° S, Dec. {15° 8. Dec. [18° S, Dec. [21° S, Dec. |24° S. Dec. [ 27° S. Dec. | Mean.
30 11 18411 20+4 |11 18711 16-4 {11 155 |11 124 {11 15-4|11 16°6{11 6-6({11 156
1 30 11 3711 57(11 37{11 1-8{11 0°0{10 56610 59:6 |10 576 {10 50:0 {10 59-9
2 30 10 500 (10 509 |10 49-2(10 46910 44-9 |10 42:0 (10 41-1 {10 40-5 (10 34:0|10 44-3
3 30 10 40-2 {10 387 (10 366 |10 35°5|10 32-7 (10 35110 28:3 (10 259 {10 21:0 |10 326
4 30 10 31-5(10 296 (10 29-9 {10 27-2(10 236 (10 21-4 (10 18210 154|{10 9-8(10 229
5 30 10 34-7[10 33:0{10 32:0 10 29:0{10 25110 18-8{10 18:0|10 126 (10 8:2(10 234
6 30 10 53510 51210 48-7(10 44:4 10 424 |10 35010 35110 318 (10 22:4 {10 41-0
7 30 11 259 (11 21-4|11 21611 16611 14-9 11 81|11 29|11 13:0|10 54-8 /11 13-2
8 30 11 40°7 {11 47-4|11 43711 428 {11 40-2 (11 364 |11 44-7 (11 44-1(11 30°0 (11 41-0
9 30 11 54+4 (11 54-4 |11 52:2 11 49-1 |11 47-8 |11 42-7 |11 48-8|11 527 |11 40-0 {11 49-1
10 30 11 41-6(11 44-9 (11 459 |11 453 (11 42:3 |11 39-0|11 45-1 |11 46-8 |11 35:2 |11 429
11 30 11 34+7(11 32:0(11 33-0 (11 32:0 (11 29:6 {11 266 |11 324 ({11 30-2 |11 20-1 (1l 30-1
Tasre XII.

Showing the Interval between the Apparent Time of the Moon’s Transit and the Time
of High Water at the Liverpool Old Docks for every three degrees of her Decli-
nation north or south.

Moon’s
Transit.

0° Dec.

3% Dec.

6° Dec.

18° Dec.

21° Dec.

24° Dec.

27° Dec.

Mean.

h

—OW RS WY

bt

m

30

m
11 194
11 47
10 50-6
10 39-1
10 298
10 350
10 53-8
11 250
11 44-0
11 522
11 42-8
11 356

h m

11 201

10 50-8
10 386
10 30-4
10 34-1
10 517
11 22-8
11 484
11 540
11 46-0
11 33-2

11 224
11 44-7
11 535
11 46-4
11 34-3

10 27-3
10 282
10 46-2
11 18+4
11 456
11 506
11 469
11 340

157
59-0
436
332
21-6
20-2
383
12-2
401
477
421
30-2

m
135
580
40-4
282
17:9
177
34-3

46
409
472
42-1
294

11 122
10 552
10 382
10 246
10 144
10 133
10 30-6
11 83
11 363
11 456
11 41-1
11 279

m
11 92
10 523
10 350
10 21-9
10 99
10 90
10 239
10 599
11 365
11 455
11 39'2
11 25-1

m
11 167

10 45-3

11 500

11 316

2p2
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Tasre XIII.

Showing the Difference in the Interval between the Apparent Solar Time of the Moon’s
Transit and the Time of High Water, and the Interval corresponding to fifteen de-
grees Declination, for every three degrees of her Declination north and south.

'Kgg:;f 0 30 N, Dee. | 6°N. Dec. | 9° N. Dec. | 12° N. Dec. | 15° N. Dec. | 180 N.Dec. | 21° N. Dec. | 24° N. Dec. | 27° N. Dec.
h m m m m m m m m m m m
30 | 4+ 29 | + 1-2 4+ 07 | + 11 + 03 0 - 02 | — 75 | —114 | — 78
130 + 25 | + 32 | + 32|+ 24 |+ 15 0 — 11 | =60 | — 98 | — %9
230 | 4+ 44 | + 42 + 36 + 24 + 22 0 — 17 — 74 | —11-1 —-11-0
330 4+ 63 | + 53 | 4+ 57 | + 84 | + 25 0 — 16 | — 46 | — 94 | —10-0
430 | +66 | + 31 | +62 |4+ 53|+ 31 0 — 32 | — 73| —11'5 | —15°0
580 + 74 | + 82 | 4+ 82 | + 51 | + 03 0 — 55 | = 96 | —130 | —17-4
6 30 | +10-2 + 95 4 77 + 6-2 + 35 0 — 29 —10-9 —15-1 —19°1
780 + 37 | 4+ 43 | + 45 | + 35 | + 05 0 — 34 | —135 | —160 | —14+7
830 | + 15 | 4+ 18 | + 39 00 | + 29 0 — 16 | — 85 | —170 | — 26
930} 4 13 | — 25 + 12 4+ 283 | — 05 0 4+ 03 | — 68 —140 | — 15
1030 | + 16 | — 25 | 4+ 05 | + 05 | + 21 0 — 13 | — 74 | =111 | — 24
1130 | — 03 | + 18 | — 03 | 4+ 10 | + 13 0 — 08 | — 83 | —91 | — 46
3°8.Dec. | 6°8.Dec. | 9°8.Dec. | 12° 8. Dec. | 1598, Dec. | 18° S, Dec. | 21° 8. Dec. | 24° S. Dec. | 27° S. Dec.
30 + 29 | + 49 | + 32 | + 09 0 — 31 | —01 | + 11 | — 89
130 + 37 |+ 57 |+ 37 | + 18 0 — 34 | — 04 | — 24 | —100
2 30 + 51 + 51 + 43 + 20 0 — 29 — 38 — 44 | —109
8 30 + 75 |+ 75 |+ 39 | + 28 0 + 24 | — 44 | — 68 | —11+7
4 30 + 79 +4+ 59 + 63 + 36 0 — 22 — 54 — 82 | —138
5 30 + 96 + 79 + 69 + 39 0 — 63 — 71 —12:5 —16+9
6 30 41141 | 4+ 88 | + 63 | + 20 0 — 74 | — 73 | =106 | —200
7 30 +11:0 | + 65 | + 67 | + 17 0 — 68 | —120 | — 19 | —20°1
8 30 + 05 |+ 72 | 4+ 35 | + 26 0 — 41 | + 47 | + 39 | —102
9 30 4+ 66 | 4 66 | + 44 | + 13 0 —~ 51 | 4+ 10 | 4+ 49 | — 78
10 30 — 07 | + 26 | 4 36 | + 30 0 — 38 | 4+ 28 | + 45 | — 71
11 30 + 51 | 4+ 24 | + 34 | + 24 0 — 30 | + 28| 4+ 06 | — 95
TasrLe XIV.

Showing the Difference in the Interval between the Apparent Solar Time of the Moon’s
Transit and the Time of High Water, and the Interval corresponding to fifteen de
grees Declination, for every three degrees of her Declination north or south.

Moon’s 0 30 Dec. 60 Dec. 9° Dec. 120 Dec. 15° Dec. 18° Dec. 210 Dec. 240 Dec, 27° Dec.
T'ransit.
h m m m m m m m m m m m
30| + 48 |+ 21 | + 28 |4+ 22| 4+ 06 0 — 16 | — 38 | — 51 | — 81
130+ 38 |+ 35 | + 45 | + 31 | + 17 0 — 22 | — 32 | — 60 | — 89
230 + 54 | + 46 | 4+ 48 | + 33 | + 20 0 — 24 | — 56 | — 78 | —11-0
330 + 63+ 63|+ 58|+ 61 | + 26 0 + 04 | — 46 | — 82 | —109
430+ 73|+ 55|+ 61|+ 58 |+ 30 0 — 27 | — 64 | — 99 | —144
530 + 84 | + 89 | + 80 |+ 60 | + 21 0 — 59 | — 84 | —128 | —171
630 | +11:3 | +104 | + 83 | + 63 | + 28 0 — 51 | — 91 | ~128 | —19'5
7380 |+ 55 | + 71 |+ 49 |+ 45 |+ 05 0 — 57 | =133 | — 96 | —180
830 | 4+ 42 | 4+ 11 | + 55 | + 1.8 | + 27 0 — 28 | — 20 | — 66 | — 64
930 + 37 |+ 21 |+ 39 |+ 34|+ 05 0 — 24 | — 29 | — 45 | — 46
1030 + 37 | —16 | + 16 | + 20 | + %5 0 — 23 | — 23 | — 10 | — 52
1180 | + 23 | + 35 | + 1’1 | + 22 | + 19 0 — 19 | — 27 | — 42 | ~170
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TasrLe XV. (Interpolated from Table X.)

Showing the Height of High Water at the Liverpool Docks for every three degrees
of the Moon’s Declination north and south.

’Ilg’loon.’z 0° Dec. |3° N. Dec. | 60 N. Dec. | 9° N. Dec. |12° N. Dec.|15° N, Dec. |18° N. Dec. [21° N. Dec. [24° N. Dec. |27° N, Dec.| Mean.
ransit.

h m feet. feet. feet. feet. feet. feet. feet. feet. feet. feet. feet,
30 | 1833 | 1830 | 1814 | 1809 | 1800 | 17-79 | 17-08 | 17-80 | 17-43 | 1634 | 17-73
30 | 1827 | 1831 1849 | 1817 | 1786 | 17-63 | 17-17 | 17-44 | 1772 | 16-11 1772
30 | 17-49 | 17:90 | 1771 | 17-40 | 17-39 | 16°89 | 16-72 | 1716 | 17-38 | 15:97 | 17-20
30 | 1675 | 16°38 | 16-40 | 16:38 | 16-04 | 16-10 | 15-91 | 16:14 | 16-44 | 1510 | 16-14
30 | 1504 | 1517 | 15:05 | 14-94 | 14-87 | 14-64 14-39 | 14-91 15-04 1370 | 1477
30 | 14:12 | 13-61 1378 | 1377 | 1353 | 1315 | 12:80 | 13-37 | 13:45 | 12:37 | 13-40

1308 | 1313 | 1269 | 12:68 | 12:38 | 12:27 | 11-87 | 12-21 12-16 10-75 | 12:32

30 | 12:91 13-24 1319 | 1271 12-56 | 12:13 | 12:00 | 1219 | 11-97 10-82 | 12-97

30 | 1413 | 13-86 13-48 | 14°11 1363 13-33 | 13-01 1332 | 13:07 | 1212 | 13-41

30 | 15°14 | 15°52 | 1521 15-11 14:92 | 14:90 | 1467 | 1453 | 14:92 | 1369 | 14'86

30 | 16:86 | 16-71 16:64 | 16:49 | 16-22 | 16-51 1595 | 1619 1597 | 1502 | 16-26

30 | 1683 | 1769 | 1723 | 1756 | 17°25 | 17:07 | 1681 | 17-00 | 1675 | 1552 | 16-97

oW WIS O W
w
(=]

[ p—

30 8. Dec. | 6° 8. Dec. | 9° S. Dec. l 120 S. Dec. | 15° 8. Dec. | 18° 8. Dec. | 21° S. Dec. | 24° S. Dec. | 27° S. Dec.

30 1854 | 1800 | 18-40 | 1838 | 1819 | 17-93 | 17-10 | 16-41 | 17°21 | 17-80
1 30 18-28 | 1850 | 18-41 | 1844 | 1821 | 1820 | 17-04 | 16:45 | 17-46 | 1789 }.
2 30 1760 | 1773 | 1768 | 1767 | 1754 | 17-80 | 16-41 | 16:08 | 16-99 | 17-03
3 30 1655 | 1668 | 16:81 | 1664 | 16-40 | 1674 | 15-80 | 1545 | 16:09 | 16-35
4 30 1543 | 1543 | 1520 | 1513 | 15-14 | 1487 | 14-39 | 1399 | 1464 | 14:91
5 30 1375 | 14:06 | 1376 | 13-89 | 14-06 | 1364 | 1274 | 1253 | 1320 | 1351
6 50 12:94 | 12:86 | 13-03 | 12-55 | 12:64 | 12-83 | 1143 | 11-22 | 11-54 | 12-34
7 30 13:00 | 12:95 | 12:54 | 12:62 | 12:65 | 1265 | 11-63 | 1131 | 11-57 | 12:33
8 30 1313 | 13'85 | 1388 | 1367 | 13-51 | 1364 | 12:62 | 12:56 | 12-90 | 1331
9 30 1531 | 15748 | 1569 | 15:11 | 15°09 | 15°18 | 1451 | 14-14 | 14-30 | 14-96
10 30 1669 | 16:95 | 16:63 | 16:75 | 16-56 | 16-49 | 1567 | 1512 | 1545 | 16-26
11 30 1773 | 18:00 | 1815 | 17-58 | 1737 | 17-45 | 16:57 | 16-30 | 1646 | 17-29

Tasre XVI.

Showing the Height of High Water at the Liverpool Docks for every three degrees
of the Moon’s Declination north or south.

Moon’s 0° Dec. 30 Dec. 6° Dec. 9° Dec., | 12° Dec. | 15° Dec. | 18° Dec. | 21° Dec. | 24° Dec. { 27° Dec. Mean,
Transit.

h m feet. feet. feet. feet. feet. feet. feet. feet. feet, feet, feet.
30 | 1833 | 1842 | 1807 | 1824 | 1819 | 1799 | 17:50 | 17-45 | 16-92 | 16-77 { 17-79
30 | 1827 | 1830 | 1850 | 1829 | 1815 | 17-92 17-69 | 17-24 | 17-08 | 1679 | 17-82
30 | 1749 | 1775 | 1772 | 1754 | 1763 | 1722 | 1726 | 16:78 | 1673 | 1649 | 17-25
30 | 1675 | 16-47 | 16-54 | 16:60 | 16-34 | 16-25 | 16-33 | 15-97 | 1595 | 1560 | 16-28
30 | 1504 | 1530 | 1524 | 1498 | 1500 | 1489 [ 14:53 | 1465 | 14:52 | 14:17 | 14-83
30 | 1412 | 1368 | 13-92 | 1376 | 1371 | 1360 | 13-22 | 1306 | 1299 | 12-78 | 13-48
1308 | 1304 | 1277 | 1286 | 12:46 | 12-45 | 12:35 | 11-80 | 1169 | 11-15 | 12-36
30 | 12-91 | 1312 | 13-07 | 1262 | 1259 | 12-39 | 12:32 | 11-91 | 11:64 | 11419 | 12-38
30 | 1413 | 1350 | 1366 | 1400 | 13:65 | 1342 | 13°33 | 12:97 | 12:80 | 1251 | 13-40
30 | 1514 | 1541 | 1535 | 1540 | 15:01 | 15°00 | 14:93 | 14-52 | 14:53 | 1400 | 14-93
36 | 16-86 | 16-70 | 16-80 | 16-56 | 16-49 | 16:53 | 16-22 | 1593 | 15-54 | 1524 | 16-29
30 | 16-83 | 17-71 | 17-61 | 17-86 | 17-41 | 17-22 | 17:13 | 16:79 | 16:52 | 15:99 | 17-71
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TasLe XVII.

Showing the Difference between the Height of High Water and the Height corre-
sponding to fifteen degrees of the Moon’s Declination, for every three degrees of
her Declination north and south.

’Il\‘fggtsli,ts. 0° Dec. 39 N. Dec. | 6°N.Dec. | 9° N. Dec. | 12° N. Dec. | 15° N, Dec. | 18° N, Dec. | 21° N. Dec. | 24° N, Dec. | 27° N. Dec.
h m feet. feet. feet. ' feet. feet. feet. feet. feet. feet. feet.
30 | +°54 + 51| +-35 ++30 +:21 0 —71 +:09 | —-36 —1-45
130 | +-64 4 68 | 486 ++54 +23 0 —+46 —-19 ++09 —1:52
230 | 60 +101 | 4-82 ++51 ++50 0 —-17 ++27 ++49 — 92
330 | +°65 + 28| +-30 + 28 —-06 0 —-19 +-04 +34 —1-00
4 30 | +-40 + 53| 41 ++30 ++23 0 —25 ++27 + 40 — +94
530 | +-97 + 46 | 463 ++62 ++38 0 —+35 +22 +-22 — 78
6 30 | 481 + 86 | 442 ++41 +-11 0 —40 —-06 —-11 —2:52
730 | 478 + 11| +-06 ++58 + 47 0 —-13 +-06 —-16 —1-31
830 | +°80 + 53| —-15 ++78 +-30 0 —32 —+01 —-26' —1-21
9 30 | +-24 + 62 | 431 421 402 0 —23 —-37 +-02 —1-21
10 30 | +°35 + 20| +-13 —02 —*29 0 —+56 —32 —+54 —1:49
11 30 | —-24 4+ 62| —-02 ++49 +°18 0 —26 —-07 —32 —1-29

\ 32 8. Dec. 69 8. Dec. 9° 8, Dec. | 12° 8. Dec. | 15° S, Dec. | 18° S. Dec. | 21° 8. Dec. | 24° S. Dec. l 27° 8. Dec.

30 ++35 —-19 +-21 +-19 0 —26 —109 | —178 | — -98
1 30 +-07 —-16 ++20 ++23 0 —-01 —117 | —176 | — 75
2 30 +-06 +-19 +-14 413 0 ++26 —1-13 | —146 | — 55
3 30 +-°15 428 + 41 ++24 0 ++34 — 60| — 90 | — -31
4 30 ++29 +-29 +-06 —+01 0 —27 — 75 | —115 | — +50
5 30 —31 00 —+30 —-17 0 —42 —2:32 | —153 | — 86
6 30 ++30 +-22 ++39 —-10 0 +-19 —1:21 | —142 | —1-10
7 30 +-35 ++30 ——-11 —03 0 00 —102 | —1-34 | —1-08
8 30 —+38 +-34 ++37 +-16 0 +-13 — 89| — 95| — -61
9 30 422 430 ++60 4402 0 ++09 — 60| — 95| — 79
10 30 +-13 ++39 +-07 +-19 0 —-07 — 89 | —144 | —1-11
11 30 +-36 ++63 478 +-21 0 408 — 80| —107 | — -99

TasLe XVIII.

Showing the Difference between the Height of High Water and the Height corre-
sponding to fifteen degrees of the Moon’s Declination, for every three degrees of
her Declination north or south.

%’Iogn,’:‘ 0° Dec. 39 Dec. 6° Dec. 92 Dec. 120 Dec. 15° Dec. 180 Dec. 21° Dec. 24° Dec. 270 Dec.
ransit,
h m feet. feet. feet. feet. feet. feet. feet. feet, feet, feet.
30 +-44 +-43 +-08 +25 ++20 0 —+49 —+54 —1:07 | —1-22
130]| +-35 +-38 +-+58 ++37 ++23 0 —23 —-68 — 84| —1-13
2 30 ++27 ++53 ++50 ++32 +-31 0 +:04 —44 — 49 | — <73
3 30 ++50 + 22 +-29 +°35 ++09 0 ++08 —+28 — 30 | — <65
430 | +°15 ++41 ++35 ++09 +-11 0 —+36 —-24 — 37| — 72
5 30 +52 +-08 +-32 +°16 +-11 0 —38 —+54 — 61 — 82
6 30| +-63 ++59 +-32 +-41 +-01 0 —10 —65 — 76| —1-30
7 30 | +°52 T4+73 ++68 +23 +°20 0 —-07 —+48 — 75| —1-20
830 | +-71 ++08 ++24 ++58 ++23 0 —-09 —+45 — 62 | — +91
930 | +-14 | +-41 435 | ++40 | 4-01 0 —07 | —48 | — 47| —1-00
10 30 ++33 +-17 +-23 ++03 —*04 0 —31 —<60 — 99 | —1-29
11 30 —+39 ++49 ++39 ++64 +-19 0 —09 —43 — 70 | —1-23
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Table IV. has been formed on the supposition that Mr. HurcuiNsoN’s clock was
regulated according to Apparent Solar Time. The following

Tasre XIX.

Results from Table I., if Mr. HurcHinson’s clock was regulated according to Mean
Solar Time, showing the Difference in the Interval between the Mean Solar Time
of the Moon’s Transit and the Time of High Water, and the Mean Interval, for
every month in the year. '

%Yfgﬁ;’;f January, | February.| March. | April. May. June. July. August. Sept. | October.| Nov, Dec.
h m m m m m m m m m m m m m
30 |—13:3|—137 |— 65| +28 |+ 39|— 32|— 85|— 34|+85 |+167|+162 0-0
130 |—11-2|— 7:3|— 56| 407 |+ 16|— 48|— 77|+ 03| 4+73 |+156|+12:9[— 1:6
2 80 |— 77]—101|— 45| —11 |— 2:2|— 47 |— 43|+ 33492 |+12:4 |4+ 95|+ 03
330 |— 45— 92|— 76| —14|— 25|— 20|+ 08|— 01| 483 |+ 93|+ 76|+ 1-2
430 |— 1:3|—10-2|—11-2| —85 |— 25|+ 24|+ 56|+ 37| +38 |+ 61|+ 72|+ 54
530 |+ 1-2|—11:5|—155| —9:8 [+ 01|+ 88|+ 65|+ 20| —0'8 |+ 35|+ 96|+12-0
6 30 |— 1:4|—17-8|—=191| —8%7 |+ 5:0|4+12:2|+ 59|— 63| —35 |+ 28|+14-8|+16-4
7 30 |— 80{—21-0—174|+02 [+10-3|+104|— 70 |—101|—41 |4+11-5|4+22:0|+137
8 30 |—14:0|—195|— 98| +1-8 |+ 88|+ 1:9|— 7:9|— 87|+22 |+17:9|+205|+ 7:4
9 30 [—155|—145|— 90| +36 |+ 6:0|— 15— 71 |— 76| +49 |+175|+182|4 17
10 30 |—157|—153 |— 83| 442 |+ 67|— 23|— 96|— 58| +72 |[+188|+177 |4+ 24
11 30 |— 76|—152|— 72| +44 |+ 35|— 30|—100|— 56| 481 |417:6|+16°0|— 01

Table XIII. has been formed upon the supposition that Mr. Hurcuinson’s clock was
regulated according to Apparent Solar Time. The following

TasLz XX.

Results from Table X., if Mr. HurcainsoN’s clock was regulated according to Mean
Solar Time, showing the Difference in the Interval between the Mean Solar Time
of the Moon’s Transit and the Time of High Water, and the Interval correspond-
ing to fifteen degrees Declination, for every three degrees of her Declination north
and south.

'I]!fggrsli,?. 0 3° N. Dec. | 6°N.Dec. | 9° N, Dec. | 120 N. Dec. | 15° N. Dec. | 18° N. Dec. | 21° N. Dec. | 24° N, Dec. | 27° N, Dec.
h m m m m m m m m m m m
30 ({4 05 | — 09 — 08 | — 01 — 08 0 + 03 | — 57 —10-0 — 43
130 — 35 — 31 — 33 - 19 — 08 0 + 19 — 24 — 51 — 21
230 — 33 | — 26 — 17 | — 21 — 01 0 + 3-8 — 1-8 — 30 — 18
330 — 24 | — 32 — 20 | — 16 | — 13 0 + 23 | — 04 | — 33 — 24
430 | 4 06 | — 29 + 08 + 1:2 + 06 0 — 05 — 46 - 59 | — 90
5380 | 4+ 56 + 66 + 69 + 49 0 0 — 30 | — 53 | —11:6 | —14+7
6 30 | +125 | + 74 +10-5 + 77 + 47 0 — 38 | —11'7 | —16:3 | —21+0
730 4+ 85 |+ 99 | + 87 | + 68 | + 13 0 — 71 | —108 | —21-2 | —20:9
8 30 | +10:3 + 94 +10-8 + 6°3 + 68 0 — 51 —13-1 —20-3 —11+4
930 | 4102 | + 60 | + 85 | + 81 | 4+ 20 0 — 43 | —109 | —216 | — 95
10 30 | 4+ 73 | + 31 + 49 + 42 + 39 0 — 40 —11:8 | —16:2 | —10-2
11 30 | + 19 | + 43 + 14 | 4+ 21 + 27 0 — 20 | — 93 | —10'5 — 68
30 8. Dec 69 S. Dec 90 8. Dec 120 S, Dec. | 159 8. Dec. | 13° S, Dec. | 21° 8. Dec. | 240 S. Dec. ‘ 270 S. Dec.
30 — 01 | + 24 | 4+ 20 05 0 — 22 | 4+ 07 |+ 29 | — 69
1 30 — 41 | — 04 | — 12 | — 10 0 — 15 | 4+ 835 | + 21 | — 47
2 30 — 24 | — 14 | — 03 | — 14 0 4+ 10 | + 20 | 4+ 24 | — 38
3 30 — 04 | — 15 — 15 — 09 0 + 69 | — 04 | — 07 —103
4 30 + 08 | + 17 + 14 + 12 0 + 17 | — 183 | — 39 | — 64
5 30 + 76 | + 51 | + 71 | + 28 0 — 53 | — 60 | =103 | —14-7
6 30 +10-0 4109 + 75 + 39 0 — 84 — 86 —11-3 —135
7 30 +167 | +10-8 | 4116 | + 45 0 —106 | —158 | — 66 | —269
8 30 + 78 | 4131 + 81| + 57 0 — 78 | — 9| — 383 | —104
9 30 +14:1 | 4130 | + 81 | + 34 0 —106 | — 46 | — 23 | — 69
10 30 + 50 + 79 | + 82 + 42 0 — 64 | — 09 | — 11 —135
11 30 4+ 99 | + 45 | + 61 | + 38 0 + 37 | + 18 | — 06 | —12:2
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Tables to be used in predicting the Time of High Water at Liverpool.

TasrLe XXI.

Showing the Semimenstrual Inequality 4 a constant, or the Interval between the
Moon’s Transit and the Time of High Water, her Parallax being 57/, and her De-
clination 15°. (This Table has been formed by interpolation from the column
corresponding to Parallax 57’ in Table VII.)

Tl\ggg;s Interval. ’Il}llrI:r(:;’ts Interval, 'Il“g:r??itsi Interval. ’Il“;I;r?snits. Interval, %gglsll’f Interval.
h m h m h m h m h m h m h m h m h m h m
0 0 11 25 2 30 10 45 5 0 10 23 7 30 11 16 10 ¢ 11 50
010 11 23 2 40 10 43 510 10 23 7 40 11 20 10 10 11 49
0 20 11 21 2 50 10 41 5 20 10 23 7 50 11 25 10 20 11 48
0 30 11 18 3 0 10 39 5 30 10 23 8 0 11 30 10 30 11 47
0 40 11 16 3 10 10 37 5 40 10 24 8 10 11 34 10 40 11 44
0 50 11 13 3 20 10 35 5 50 10 26 8 20 11 39 10 50 11 41
1 0 11 10 3 30 10 33 6 0 10 28 8 30 11 44 11 0 11 39
110 11 8 3 40 10 32 6 10 10 32 8 40 11 46 11 10 11 37
S 120 11 5 3 50 10 31 6 20 10 36 8 50 11 48 11 20 11 35
1 30 11 2 4 0 10 30 6 30 10 40 9 0 11 50 11 30 11 32
1 40 11 0 4 10 10 28 6 40 10 46 9 10 11 51 11 40 11 30
1 50 10 57 4 20 10 26 6 50 10 52 9 20 11 51 11 50 11 28
2 0 10 54 4 30 10 25 7 0 10 58 9 30 11 52
210 10 51 4 40 10 24 710 11 4 9 40 11 52
2 20 10 48 4 50 10 24 7 20 11 10 9 50 11 51

TasrLe XXII.

Showing the Semimenstrual Inequality + a constant, or the Height of High Water
at Liverpool, the Moon’s Parallax being 57', and her Declination 15°, from the
Sill of the Old Dock Gates.

Moon’s Height of Moon’s Height of Moon’s Height of Moon’s Height of Moon’s Height of
Transit. | High Water. Transit. | High Water. Transit. High Water, Transit. High Water. Transit. High Water.
h m feet. h m feet. h m feet. h m feet. h m \feet,
0 0 1725 2 30 17:04 5 0 14:12 7 30 12-33 10 0 1540
010 17-35 2 40 16-90 510 13:90 7 40 12:40 10 10 1560
0 20 17-45 2 50 16-75 5 20 1365 7 50 1255 10 20 15-80
0 30 17-563 3 0 16-60 5 30 13:39 8 ¢ 1270 10 30 1600
0 40 17:55 310 16-45 5 40 13-21 8 10 12:90 10 40 16-20
0 50 17:57 3 20 16-30 5 50 13:05 8 20 13:10 10 50 16-35
1 0 1759 3 30 16-17 6 0 12:90 8 30 13-36 11 0 16:50
110 17-61 3 40 1595 6 10 1277 8 40 13-60 11 10 1668
120 1762 3 50 1573 6 20 12:65 8 50 13-80 11 20 16:85
1 30 17:63 4 0 15:51 6 30 12:53 9 0 14-10 11 30 17-00
1 40 17-59 4 10 15:30 6 40 12:44 9 10 14-30 11 40 17-10
1 50 17:50 4 20 15410 6 50 12:40 9 20 14-55 11 50 1720
2 0 1740 4 30 1489 7 0 12:37 9 30 14:79
210 17:30 4 40 14-60 7 10 12-34 9 40 15:00
2 20 1717 4 50 14:37 7 20 12:32 9 50 15-20

|
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The two following Tables have been made by arbitrary alterations in Tables VIII.
and X1, in order to get rid of the irregularities, and may, I think, be considered as
showing the effect of changes in the Moon’s parallax upon the tides at Liverpool.

TasLe XXIII.

Showing the Correction for the Moon’s Parallax in the Time of High Water at

Liverpool.
%Vlom,’s H. P, 54.| H. P. 55".| H. P. 56".| H. P. 57, | H. P. 58".| H. P. 59| H. P. 60",
ransit.
m m m m m m m m
0 + 8| 4+ 5 + 2 0 — 2 5| — 8
1 + 7| 4+ 4 + 2 0 -2 — 4| - 7
2 + 5 + 3 + 1 0 -1 — 3| — 5
3 + 3| + 2 4+ 1 0 -1 — 2| - 3
4 + 2| 4+ 1 + 0 0 0 — 1| - 2
5 + 2| 4+ 1 + 0 0 0 - 1| - 2
6 | + 4| + 2| +1 0 -1 | — 2| — 4
7 + 10 + 6 + 3 0 — 3 — 6| — 10
8 4+ 15 | + 10 + 5 0 -5 — 10 | — 15
9 4+ 15 | + 10 + 5 0 -5 — 10 | — 15
10 + 12 | 4+ 8 + 4 0 — 4 — 8| — 12
11 + 10 + 6 + 38 0 — 3 — 6| — 10

TasLe XXIV.
Showing the Correction for the Moon’s Parallax in the Height of High Water at

Liverpool.

'}vig(r):?i:. H. P.5¢4.|H, P. 55.| H. P. 56’. | H. P.57.|H. P. 58, | H, P. 59. | H. P. 60".
h feet., feet. feet., feet. feet. feet. feet.
0 | =115 | — 76 —-38 0 +:38 | 4 76 | +1-15
1 —125 | — 82 —+41 0 +-41 + 82 | +1:25
2 | —140 | — 92 —46 0 446 | + 92 | 4140
3 —1:50 | —1-00 —+50 0 450 +1:00 | 4150
4 —1:50 | —1-00 —50 0 +°50 | 4-1:00 +1-50
5 —1:50 | —1-00 —+50 0 ++50 | +1-00 +1:50
6 | —1:50 | —1-00 —+50 0 ++50 | +1-00 | +1:50
7 | —1445 | — -98 —-48 0 448 | 4+ 96 | +1-45
8 —1-35 | — <90 —45 0 445 | 4+ 90 | +1:35
9 -1:30 | — -86 —43 0 +-43 | 4+ 86 | +1:30

10 —125 | — 82 | - —+41 0 ++41 + 82 | +1-25
11 —120 | — -80 —+40 0 +°40 | 4 80 | 41-20

MDCCCXXXV. 2qQ
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The following Table has been formed from Table X1V .

TasLE XXV.

Showing the Correction for the Moon’s Declination in the Time of High Water at
Liverpool, if' Mr. HurcrinsoN's Clock was regulated according to Apparent Solar
Time.

,jl‘gf;‘:;;i. 0° Dec 3° Dec. 6° Dec. 99 Dec 120 Dec. 15° Dec. 18° Dec. 21° Dee. 24° Dec. 27° Dec.
h m m m m m m m m m m
0 +4 | +3 | +2 | +1 + 1 0 -1 -8 | =5 | =7
1 +5 | +4 | +2 | +2 | +1 0 —2 | —4 | —6 | —38
2 + 6 + 4 + 3 + 2 + 1 0 — 2 — 4 — 6 — 9
3 +7 | +5 | +3 + 2 + 1 0 -2 | —4 | —7 | =10
4 + 9 + 7 + 5 + 3 + 1 0 -3 -~ 6 -9 —13
5 +11 + 8 + 6 + 4 + 2 0 — 4 — 8 —12 —16
6 +13 +10 + 7 + 4 12 0 —4 — 8 —13 —18
7 +9 | +7 | +5 +3 | +1 0 — 4 — 8 | —13 | —18
8 + 6 + 4 + 3 + 2 + 1 0 — 4 — 8 —12 —17
9 + 4 + 3 + 2 + 1 + 1 0 -1 — 3 — 5 -7
10 + 3 + 2 + 1 + 1 + 1 0 — 1 — 2 — 3 — 4
11 + 3 + 2 + 1 + 1 + 1 0 -1 - 2 — 3 — 4

The following Table has been formed from Table XVIII. Although it would seem
Jrom Table XVII. that a difference does exist in the correction for north and south de-
clination, yet the numbers in the latter Table are so irregular as almost to defy any at-
tempt to reduce them to uniformity.

TasLe XXVIL
Showing the Correction for the Moon’s Declination in the Height of High Water at

Liverpool.

'Il\:lrgl:_:‘;;i. 0° Dec. 32 Dec. 6° Dec. 99 Dec. 12° Dec. 15° Dec. 18° Dec. 21° Dec, 240 Dec. 29° Dec.

h feet. feet. feet. feet. feet. feet. feet. feet. feet. feet.
0 ++40 ++32 +-24 +°16 ++08 0 —25 —+50 —75 —1-00
1 ++55 +-44 +33 +422 +-11 0 —25 —+50 —*75 —1-00
2 464 +52 +-39 ++26 +-°13 0 —-19 — 37 —+56 — 75
3 +°60 ++48 ++36 +°24 +°12 0 —-12 —25 —37 | — 50
4 440 ++32 ++24 +-16 +-+08 0 —*10 —20 —30 — 40
5 +:38 | +-29 | +-21 +14 | 407 0 —16 | —32 | —48 | — 65
6 ++50 ++40 ++30 +°20 +-10 0 —21 — 42 —63 — 85
7 ++70 ++56 + 42 +28 +-14 0 —22 —44 —+66 — 90
8 460 ++48 ++36 + 24 +-12 0 —*20 —t40 —60 — +80
9 ++50 ++40 +-30 +°20 +°10 0 —-14 —28 —42 — 55
10 +°40 ++32 +24 +°16 ++08 0 —-14 —28 — 42 — 55
11 +°30 ++24 +°18 +°12 4406 0 —-17 —34 —+51 — 70
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Index to the Tables formed from Mr. HurcHiNsoN’s Observations.

In forming these Tables it has been assumed that the Observations were recorded in
Apparent Solar Time. The Time of the Moon’s Transit at Greenwich, which constitutes
the principal argument of the Tables, is always given in Apparent Solar Time.

Table I., showing the Interval between the Apparent Solar Time of the Moon’s
Transit and the Time of High Water, and the Height of High Water at the Liver-
pool Old Docks (as recorded by Mr. Hurcuinson), corresponding to the Apparent
Solar Time of the Moon’s Transit, in each month of the year. (If Mr. HurcHINsON’s
clock was regulated according to mean solar time, the interval must be diminished
by the equation of time given at foot of each month.)

Table II. (Interpolated from Table I.), showing the Interval between the Apparent
Solar Time of the Moon’s Transit and the Time of High Water at Liverpool Old
Docks, for each month in the year.

Table III. (Interpolated from Table I.), showing the Height of High Water at
Liverpool Old Docks, corresponding to the Apparent Solar Time of the Moon’s
Transit, in each month of the year.

Table IV., showing the Difference in the Interval between the Apparent Solar
Time of the Moon’s Transit and the Time of High Water, and the Mean Interval,
for every month in the year.

Table V., showing the Difference in the Height of High Water and the Mean
Height for every month in the year.

Table VI., showing the Interval between the Apparent Solar Time of the Moon’s
Transit and the Time of High Water, and the Height of High Water at the Liver-
pool Old Docks, corresponding to the Apparent Solar Time of the Moon’s Transit,
for every minute of her Horizontal Parallax.

Table VII. (Interpolated from Table VI.)

Table VIII., showing the Difference in the Interval between the Time of the Moon’s
Transit and the Time of High Water, and the Interval corresponding to fifty-seven
minutes of the Moon’s Horizontal Parallax.

Table IX., showing the Difference between the Height of High Water and the
Height corresponding to fifty-seven minutes of the Moon’s Horizontal Parallax.

Table X., showing the Interval between the Apparent Solar Time of the Moon’s
Transit and the Time of High Water, and the Height of High Water at the
Liverpool Old Docks, corresponding to the Apparent Solar Time of the Moon’s
Transit, for every three degrees of her Declination north and south. The Equation
of Time to be added to Apparent Time. (In forming this Table, it has been assumed
that Mr. Hurcuinson’s clock was regulated according to apparent solar time; if it
was regulated according to mean solar time, the interval must be diminished by the
equation of time given in the third column.)

2Q2
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Table XI. (Interpolated from Table X.), showing the Interval between the Apparent
Time of the Moon’s Transit and the Time of High Water at the Liverpool Old Docks
for every three degrees of her Declination north and south.

Table XII., showing the Interval between the Apparent Time of the Moon’s Transit
and the Time of High Water at the Liverpool Old Docks for every three degrees of
her Declination north or south.

Table XIII., showing the Difference in the Interval between the Apparent Solar
Time of the Moon’s Transit and the Time of High Water, and the Interval corre-
sponding to 15° Declination, for every three degrees of her Declination north and south.

Table XIV., showing the Difference in the Interval between the Apparent Solar
Time of the Moon’s Transit and the Time of High Water, and the Interval corre-
sponding to 15° Declination, for every three degrees of her Declination north or south.

Table XV. (Interpolated from Table X.), showing the Height of High Water at
the Liverpool Docks for every three degrees of the Moon’s Declination north and
south.

Table XVI., showing the Height of High Water at the Liverpool Docks for every
three degrees of the Moon’s Declination north or south.

Table XVII., showing the Difference between the Height of High Water and the
Height corresponding to fifteen degrees of the Moon’s Declination, for every three
degrees of her Declination north and south.

Table XVIII., showing the Difference between the Height of High Water and the
Height corresponding to fifteen degrees of the Moon’s Declination, for every three
degrees of her Declination north or south.

Table XIX. results from Table I., if Mr. HurcuinsoN’s Clock was regulated ac-
cording to Mean Solar Time, showing the Difference in the Interval between the
Mean Solar Time of the Moon’s Transit and the Time of High Water, and the Mean
Interval, for every month in the year.

Table XX. results from Table X., if Mr. Hurcuinson’s Clock was regulated ac-
cording to Mean Solar Time, showing the Difference in the Interval between the
Mean Solar Time of the Moon’s Transit and the Time of High Water, and the In-
terval corresponding to 15° Declination, for every three degrees of her Declination
north and south.

Table XXI., showing the Semimenstrual Inequality 4 a constant, or the Interval
between the Moon’s Transit and the Time of High Water, her Parallax being 57/,
and her Declination 15°. (This Table has been formed by interpolation from the
column corresponding to Parallax 57’ in Table VII.)

Table XXII., showing the Semimenstrual Inequality -+ a constant, or the Height
of High Water at Liverpool, the Moon’s Parallax being 57, and her Declination 15°,
from the Sill of the Old Dock Gates.

Table XXIII., showing the correction for the Moon’s Parallax in the Time of
High Water at Liverpool.
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Table XXIV., showing the Correction for the Moon’s Parallax in the Height of
High Water at Liverpool.

Table XXV., showing the Correction for the Moon’s Declination in the Time of
High Water at Liverpool, if’ Mr. HurcuinsoN's Clock was regulated according to
Apparent Solar Time.

Table XXVI., showing the Correction for the Moon’s Declination in the Height of
High Water at Liverpool.



