PHILOSOPHICAL TRANSACTIONS.

XV. Tae BakgriaN LecTuRE.—On the Tides at the Port of London.
By Jou~ WiLuiam Lussock, Esq. F.R.S.

Received June 9,—Read June 16, 1836.

T'HE discussions of tide observations which I have had the honour to lay before the
Society on different occasions, have been instituted with reference to the transit of
the moon immediately preceding the time of high water. The Tables which I have
thus prepared for London and Liverpool, in order to serve for predicting the phe-
nomena, answer the purpose for which they were intended, and may also afford some
notions with respect to the laws of the phenomena, and to the degree of accuracy of
which the inquiry is susceptible, impeded by the rude manner in which the observa-
tions are made, and by accidents. But when the discussion is instituted with refer-
ence to the transit immediately preceding the time of high water, the law of the
variations in the interval between the moon’s transit and the time of high water
is obscured.

The discussion of nineteen years’ observations of tides at the London Docks, which
I now offer, has been made with reference to the moon’s transit two days previous,
and will, I trust, be viewed with interest, for it proves that the laws to which the
phenomena are subject accord generally with the views propounded long since by
BerNouLLI.

Mr. Stratrorp states in the preface to the Nautical Almanac, that he employs
manuscript tables for computing the time of high water at London Bridge, founded
upon my principal Table III., given at page 401 of the Philosophical Transactions
for 1831, and he states that this table has been reconstructed. But my table is
founded upon so great a number of observations, and the law agrees with theory so
remarkably, that Mr. STraTForD’s alterations cannot be important. I have reason
to think that Mr. StraTrorp employs my corrections for the variations of the moon’s
parallax and declination, but that he deduced the calendar-month inequality in the in-
terval by a process similar to that which I employed in the Philosophical Transactions
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218 MR. LUBBOCK ON THE TIDES.

for 1834, Part I. Thenature of this inequality, which has not been yet understood, is
clearly shown in this paper. When the moon’s transit immediately preceding the
time of high water is taken as the argument, this inequality arises chiefly from the
variation in the interval between successive transits of the moon*.

I shall now endeavour to explain BErNouLLr’s solution of the problem, in order to
render intelligible the comparisons between theory and observation which accompany
this paper. Let us allow for an instant, that were the earth a perfect sphere covered
throughout by a fluid, the fluid would assume the same form at any given instant as
it would do if the forces then acting upon each particle were invariable in magnitude
and direction. The actual approximation to this state of things is greater in the
southern hemisphere than in northern latitudes, and on our coasts. Moreover,
let us suppose that the tide-wave is subject to this law at the Cape of Good Hope, or
in some region still more remote, and that it is propagated along the Atlantic Ocean
and round our island, “according to the stamp first set upon it by the moon’s pres-
sure.” Upon these suppositions, which are virtually those of BerNouLL1, and which
may be said to constitute the equilibrium-theory, it is easy to calculate the variations
in the time and height of high water at any given place, if the time in which the
tide-wave is propagated does not vary. The results which are contained in this paper
are intended to assist in determining how far the phenomena accord with these sup-
positions.

The tide-wave travels from the Cape of Good Hope to Gibraltar in about twelve
hours, from Gibraltar to Edinburgh in about twelve hours, and from Edinburgh to
London in about the same time. I have shown that the retard at Brest is consider-
ably less than at London; and there can be no doubt that at the Cape of Good Hope
it is less than at Brest.

BernouLLr's theory may be considered as proceeding upon these principles. BEgr-
NouLLI calculated tables for some of the corrections, but he did not explain with
sufficient precision the manner in which these tables must be used. I allude here
particularly to BernouLLr’'s parallax correction for the interval, p. 165. He says,
“Pour se servir de cette table, il ne faudra plus quajouter aux nombres des six der-
nicres colonnes I'heure moyenne du port.” But it is not sufficient to increase the argu-
ment of the table, which is the angular distance between the luminaries, by twenty
degrees, as BErRNoULLI supposes, in order to accommodate the table to the reasoning
in p. 161, where he says, “Et enfin on trouve une conformité exacte entre les deux
points en question, en donnant un jour et demi au retardement des marées, c’est-d-dire,
en supposant que I'état des marées est tel qu'il devroit étre naturellement, un jour
et demi plutot.” Although this supposition is admissible, at Brest, for example,
and although BernNourrr's table would I think afford the true correction in the in-
terval between the moon’s transit and the time of high water, in the case of a perfect
sphere covered by an ocean, by applying it to the transit of the moon immediately

* See Table XXIII.
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preceding, still this is not the case actually, and no approximation even would be
obtained to the true parallax or calendar-month inequality in this manner. Nor did
BernouLu indicate the great difference in the retard, or age of the tide, at different
places ; and he appears to have attributed this retard* to the inertia of the water, an
error which Larrace pointed out. The difficulty to which I have alluded in ascer-
taining the correct interval between a given transit of the moon and the time of high
water does not influence so much the calculation of the heights, because the parallax
and declination corrections for the height change very little with the moon’s age.

In forming future discussions similar to that contained in this paper, it is desirable
that they should be instituted with reference to the same transit of the moon, namely,
with reference to the transit which precedes the time of high water at London by
about 51 hours - ; otherwise even the variations in the heights will not be immediately
comparable with those here given, and the variations in the intervals will be very
different. This may be seen by comparing the tables in this paper with those which
I obtained formerly with Mr. DEssiov’s assistance, and in which the discussion of
the same observations was instituted with reference to the transit immediately pre-
ceding the time of high water. The variations in the interval between two successive
transits of the moon are, in fact, of the same order in amount as those in the interval
between the moon’s transit and the time of high water due to the variations in mag-
nitude of the attractive forces ; and when the interval between the time of high water
and the moon’s transit immediately preceding is considered, (at least on our coasts,)
the variations from both these causes are mixed up together.

As the tide-wave travels northward to the coasts of Great Britain from the Cape
of Good Hope, passing the French coast, the variations in the inferval and in- the
height at Brest must be similar to those at London and Liverpool. My results ought,
therefore, to agree with those which may hereafter be deduced from the observations
made at Brest by order of the French Government, and not yet published. The Brest
observations may, however, be rather more accurate than those to which I have had
access; and as the tide is single, the diurnal inequality is perhaps there more
distinct.

Although the imperfection of observations renders it indispensable to employ the
average of a great number in order to deduce with safety any conclusions, this is
equally required on account of the influence of what may be termed accidents, such
as the winds and the varying pressure of the atmospheric column. M. Davussy has

* <« Nous avons encore fait voir, que sans le concours des causes secondes les plus grandes marées devroient
se faire dans les syzygies et les plus petites dans les quadratures. Cependant on a observé, que les unes et les
autres se font un ou deux jours plus tard. Ce retardement est encore produit, si non pour le tout, au moins
en partie par l'inertie des eaux qui doivent étre mises en mouvement et qui ne sauroient obéir assez promte-
ment aux forces qui les sollicitent, pour leur faire suivre les loix que ces forces demanderoient.”—p, 158, Iuse
the word retard after BErvouLLI.

1 This is also desirable with reference even to the establishment of ports, for obvious reasons.
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220 MR. LUBBOCK ON THE TIDES.

ascertained that at Brest the height of high water varies inversely as the height of
the barometer, and that the ocean rises ‘223 metre, or 878 inches, for a depression
of 0158 metre, or *622 inch, in the barometer *,

In order to confirm this interesting result, and to ascertain the variation in the height
of high water at Liverpool simultaneous with the variation of the atmospheric pres-
sure, I requested Mr. DEessiou to calculate from our tables the heights and times of
high water at Liverpool for the year 1784, and to compare the errors of the calculated
heights and times with the heights of the barometer as recorded by Mr. Hurcuinson
for that year. The errors were divided into three categories :

inches. inches.
Those for a height of barometer between 29  and 2950
29:50 and 30
30 and 3050
inches. inches.

For 2925, mean of 148)results, we found the mean [—5'6
2976, 328 ¢ error in the calculatedy 4 ‘1
3016, 232) heights of high water...l+44'5

Hence we may say roughly that at Liverpool a fall of one tenth of an inch in the
barometer raises the tide an inch, ceteris paribus. The time of high water appeared
not to be much affected.

The same errors in the calculated times and heights for 1784 were again classed, in

order if possible to ascertain the effect of the wind, and the following results were
obtained.

Error in_ calcu- | Error in‘calcu- Heioht of Number of
lg?ghT\:\r;:ef lalt_}’gg}?%;g::r?f Baro%netet. Observations.
m inches,
N. + -1 +1-4 29-80 32
N.N.E. — 8 489 29-83 19
N.E. — 8 +9-7 29°79 28
E.N.E. +17 +91 29-77 16
E. — 8 + 52 29-86 38
E.S.E. -_2'8 + 7 2976 21
S.E. —16 +1:0 2991 141
S.S.E. —4-2 +2-2 29-80 37
S. —50 i — 47 29-60 4
S.S.W. —32 : —4:2 29-25 12
S.W. —17 —30 2957 45
W.S.W. —4-2 —5°5 29:54 42
W. —1:6 — 4 2973 87
W.N.W. —29 +1-2 29:89 28
N.W. —15 — 3 2938 72
N.N.W. —39 —24 29-61 24

Hence it appears that north-easterly winds at Liverpool depress the tide, and south-

* See Connaissance des Temps, 1834,
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westerly winds raise it. As northerly winds raise the barometer and southerly winds
depress it, it will be difficult, if not impossible, to separate the effect of winds and
that of the variation in the pressure of the atmosphere from each other.

I requested Mr. DEssiou to separate and class the errors of the predicted heights
from Table D., in order to ascertain the variation in the height of high water at
London simultaneous with the variation of the barometer during 1835.

Barom. Therm. inches.

For 2929 51'9, mean of 68 )results, we found the mean -+ 61
2977 590 282 ¢ error in the calculated{ + 107
3019 569 351) heights of high water...|+ 124

so that the water rises 63 inches for ‘90 depression of the barometer.

I have found on several occasions when remarkably high tides have taken place
at London, that they have been preceded by a very low barometer.

If these collateral inquiries relating to the influence of the wind and of the atmo-
spheric pressure appear of sufficient importance to deserve a complete and satisfactory
solution, much additional labour must be devoted to the accomplishment of this
object. I find upon comparing the registers of the London and St. Katherine Docks,
that the direction of the wind is scarcely ever noted to be the same on the same day;
probably the direction is always fluctuating, and the discrepancy may then be ac-
counted for by supposing that the observation is not made at the same moment at
both places. The barometer admits of more precise observation; but if the tide
originates at a very remote distance on the surface of the earth, the atmospheric
pressure there has probably more influence upon the phenomena than the pressure
in our vicinity. This difficulty is diminished by the circumstance that the great fluc-
tuations of the barometer are not rapid, and that the variations in the pressure of the
atmosphere are extremely extensive. It will still, however, I apprehend, be very
difficult to distinguish between the effects arising from variations in the atmospheric
pressure, and those arising immediately from the effect of wind, as I have before re-

marked.
When the discussion of the observations of the tides made at Liverpool was pub-

lished, although the opinion of several persons whom I consulted was in favour of
apparent solar time having been employed by Mr. HurcHiNsoN in registering the
observations, I was unable to arrive at any certain conclusion in this particular.
But by comparing our predicted tides for Liverpool with the observations made there
in February last, it seems beyond doubt that Mr. Hurcuinson did employ apparent
solar time, and our tables must be interpreted accordingly, for the mean error of our
predicted times of high water for last February is only three minutes, while the equa-
tion of time for that month is much more considerable.

If the surface of the fluid assume the same form at any given instant as it would
do if the forces then acting upon each particle were invariable in magnitude and
direction, the variation of the height of the water, or distance of a particle at the
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surface of the ocean from the earth’s centre, neglecting terms multiplied by the fourth
power of the parallaxes, is proportional to

3mP3{ S&———} 3m’P’3{COSZZ,__}

where m is the mass of the luminary, P the horizontal parallax, and  the zenith
distance, the unaccented quantities referring to the sun, and the accented quantities
to the moon.

If « denote right ascension, d declination, / geographical latitude, and  sidereal
time,

cos ¢ = cos d cos [ cos (w — «) + sindsin /.
h, the height of the water,

— D_?_’_EP (1 cos2 l) (1 — 3 sin?d)
3 .
+373§[P cos? [ {cos?dcos (2p — 2 ) + 2sin2dtanlcos (u — )}
/.
__"_"_prd (1 - —cosZZ) (1 — 3sin??d)
3w R P?

+ —5 57— cos? I {cos?d' cos (2 — 2 ') + 2sin2¥ tan lcos (u» — &)},

M being the mass of the earth, and D a constant depending only on the zero line,
from which the heights are reckoned.

At high water ) _ .
m P3cos®d sin(2a — 24) — mP?sin2dtanlsin(w—a)  2tanltan?dsin(u — o)
/ m! Pcos*d m! PP3cos®d' cos (2 — 22) cos(2p —2o)
tan 2p — 2¢«) = m P3 cos®d '
1 +m,cos(2u—2a)=
m P53 cos®?

If(IJ‘—(Z':\]/, O&—&':(P ﬁma‘lzﬂ (‘b—'“":\l’—¢
and if we neglect the difference in the interval for the morning and evening tides,

Asin2¢

tan 2 4 = 1 +AcosQ¢

2 is the hour-angle of the moon at the time of high water, and is an angle differing{
little from 0 or 180°.
3m' RP 2 g\
If £ = 4M——cos [ cos? ¥,
considering only the arguments 2 — 2z and 2p — 2 ¢,

* This amounts to supposing that the differential equation to the fluid surface is given by the equation
Xde+Ydy+ Zdz=0
so as to neglect the quantity w'dz + v'dy + w'dzin the notation of M. Porsson, Traité de Mécanique,

vol. ii. p. 669.
4+ This has reference to the case of a perfect sphere.
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h=D 4 E{Acos (2 — 2¢) + cos 2}
E A varies as P3 cos?d, E varies as P cos??'.

If (4) and (E) denote the values of those quantities for the mean parallaxes and
declinations, that is, when & = &' = 15°, P = sin 8"8, P' = sin 57/, the semimenstrual
inequalities in the interval and in the height are given by the expressions
tan2 ) = ﬁ%,

h=D 4 (E) {(4) cos (24 — 2¢) 4 cos 2} ;
D being a constant which depends only on the zero line, from which the height is
reckoned. The value of (A) obtained from observations of the interval at different
places should be the same, unless neap tides are transmitted with a different velocity
from that of spring tides.

The difference in height between the morning and evening tide depends upon the
angles «y — ¢ and 4 ; if this difference be called d %, considering only the quantities
multiplied by P? and P?3,

dh=B{(A)sin28cos (¢ — @) + sin20 cos};
B being a constant. The quantities multiplied by P'* may also, perhaps, give some
sensible term in the diurnal inequality ; and the term %@ may give an inequality
in the height depending upon the moon’s parallax and independent of her age or time
of transit. The diurnal inequality of the interval may be put in the form

49 = sy oy sin (b — ¢) + 2 tan¥ sin |
F being a constant.
The inequalities of the heights at different places depending upon the angles
2+ — 2 ¢ and 2+ are proportional to the quantity (E); so that if they have been

obtained for any place P, they may be obtained for any other place P, by multi-

!
plying the former by L(% The inequalities in the interval are the same everywhere,

according to the theory above explained; but in both cases the argument may
require to be shifted.

The British Association for the Advancement of Science having placed at my dis-
posal for the purpose a sum of money, I employed Mr. Jones and Mr. RusseLL, two
excellent computers, to discuss nineteen years’ observations made at the London
Docks, with reference to the moon’s transit two days previous, and the results have
been arranged in the accompanying tables. I now proceed to compare these with
theoretical results deduced from the preceding expressions.

First, with respect to the semimenstrual inequality. From the column headed
« Mean” in Table II. it appears that

For the transit happening at 9 30™ the interval is 3k 489
3 30 ——m— 2 251
3h 48m'9 — 2t 25m] == 1h 23™8, which, converted into space, = 21° nearly.
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log tan 21° = log (4) = 9'5841774.
1
@ = 2:605.

When the discussion was instituted with reference to the transit immediately pre-
ceding the time of high water, the value of log (4) came out 9'5784858.

I find, moreover,

D =16%69 (E) =443 log (E) = "6468993.
The semimenstrual inequality calculated from BerNouLLr's expression is very similar
to the inequality deduced from observation. See Table XXVIII. and Plate XVIII.

The mean interval in the former discussion corresponded to the moon’s transit at
2", now it corresponds to the moon’s transit at 26™. The constants now obtained
differ so little from those obtained before, that the tables calculated by Mr. Jongs,
and given in my last paper*, are applicable, making the moon’s transit at 30™ corre-
spond to ¢ = 0, for the moon’s transit at 1* 30™ ¢ = 15° &c.

The calendar-month inequality is complicated in its nature ; it results from the va-
riations in the declinations of the luminaries, and in the sun’s parallax. Table XXIX.,
calculated by Mr. Jongs, offers a comparison in this respect between theory and ob-
servation-. The results in this table have been laid down in diagrams(see Plate XIX.),
in order that the nature of the agreement may be better understood. The terms

3 3m R P? 3m' R P?®
{l —_— % COSZZ} {W sin2® - Y s1n28’},
occur in the expression for the height (see p. 222.), substituting of course for
3
— 2 cos?
1 — 5 cos?!
a certain constant, to be determined from the observations, which amounts to intro-
ducing an inequality in the height
= C {(A) sin2d + sin2?d'},
C being a constant ; but these terms appear to be insensible.
The calendar month inequality in the height may also result partly from the fluc-

tuations in the barometer. According to Mr. DanieLLy, the following are the heights
of the barometer in the different months of the year:

inches. inches. inches. inches.
January 29921 April 29°881 July 29-874 October 29774
February 30°067 May 29'898 August 29'891 November 29:776
March 29-843 June 30020 Sept. 29-931 December 29693

Hence, in order to arrive at the utmost precision in the comparison, it might, per-

* Philosophical Transactions, 1836, p. 58.

1 The sun’s declination is that for the middle of the month, and the moon’s declination is given for each
category in Table I.

1 Meteorological Essays.
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haps, be necessary to introduce a correction depending upon the height of the baro-
meter, which may amount in the extreme case to nearly two inches at London.
Another difficulty arises from the influence of the wind, in as much only as it is
distinguished from that of the atmospheric pressure. This circumstance, and the
rude nature of the observations, seem to render it very doubtful whether the refine-
ments to which I have alluded would be attended with much advantage.

Table XXX. offers a comparison between the moon’s parallax-correction in the in-
terval and in the height, as deduced from theory and from observation. See Plate XX.
In order to diminish the irregularities, and to employ the concourse of all the obser-
vations, I employed the following method: Let 8 P be the difference of parallax, or

The parallax — 57
I suppose the parallax correction to be proportional to 6 ; hence the correction for
parallax 54' = three times the correction for parallax 56, and the total of the abso-

. 16 _
lute corrections for parallaxes 54/, 55/, 56/, 58/, 59/, 60, 61' = 5 X the correction for

parallax 54'. Whatever be the law of the parallax-correction, it may certainly be
considered as proceeding according to powers of o P; and the preceding hypothesis
amounts to neglecting all the powers except the first. I now employ only the total

of the corrections deduced from the discussions, and I multiply it by 76 OF the equi-

valent multiplier, in order to have the correction for 54'. The following Table exhi-
bits the results, which may each be considered as resulting from the average of about
800 observations. :

Correction for H. P. 54’ at London.

Moon’s | Interval. | Height. Moon’s | Interval. | Height.
Transit. A. A. Transit A,

h m m feet. h m m feet.

0 30 — 14 —+56 6 30 — 50 —72
130 — 27 —+65 7 30 + 17 —+69
2 30 — 61 —62 8 30 + 39 —67
3 30 —107 —-80 9 10 + 4-3 —*60
4 30 —131 —83 10 10 + 26 —59
5 30 —125 —92 11 30 + 03 —+49

The number of observations from which the preceding Table is deduced is so con-
siderable, that it is impossible, I think, to admit in it any error of consequence. Ac-
cording to the expression for tan 2 + in p. 222, the moon’s parallax-correction in the
interval is the same for ¢ = 90 =4 0, only with a contrary sign, and for the height it
is the same. In the following Table I have endeavoured to detach all such part of the
moon’s parallax-correction (deduced from the observations) as is consistent with such
an expression, from the residue, and I have placed in the next column the moon’s
parallax-correction calculated by Mr. Jongs from the expression for tan 2 4 in p. 222.

MDCCCXXXVI, 2¢



226 MR. LUBBOCK ON THE TIDES.

Correction for H. P, 54,
o Moon’s Interval. Height.
Transit.

Obsegation. Theory. Residue. | Observation. Theory. Resédue

° ° h m m m m
0 or 180 | 0 30 0 0 — 14 — 66 — 66 | + -10
15 — 195 1 30 — 15 — 21 — 12 — 57 — 66 | — +08
30 — 210 2 30 — 43 — 42 | — 18 — 60 — 64 | — 02
45 — 225 3 30 —_ 75 — 65 | - 32 — 70 — 62 — <10
60 — 240 4 30 — 85 — 87 — 46 — 75 — 61 — 08
75 — 255 5 30 —_ 71 — 84 | — 54 — 80 — <64 — 12
90 — 270 | 6 30 0 0 — 50 — <66 — 66 | — 06
105 — 285 7 30 + 71 + 84 — 54 — 80 — 64 + 11
120 — 300 8 30 + 8% + 87 | — 46 — <75 — <61 4 <08
135 — 315 9 30 + 75 + 65 | — 32 — 70 — 62 + 10
150 — 330 | 10 30 + 43 + 42 | — 18 — 60 — <64 + 01
165 — 345 | 11 30 + 1 + 21 -— 12 — 57 — 66 |4 +08

B 4+ C = A.

The residue of the interval may, I think, be represented by
constant x 9P
I+ Acos2g
which is not inconsistent with theory. The residue of the height is small. The re-
sults of the preceding Table are displayed in diagrams at foot of Plate XX.

Table XXXI. offers a comparison between the moon’s declination-correction in the
interval and in the height, as deduced from BernouLLr’s theory and from the obser-
vations.

It appears that the semimenstrual, declination and parallax-corrections are in
accordance with the laws assigned to them by BernouLLl’s theory, at least taken
in the manner which I have attempted to define in this paper, and within the limits
of the errors of the observations. This view of the question accords with that given
by Laprack in the following passage of the Exposition du Systéme du Monde, p. 289:
“ Chacun de nos ports peut &tre considéré a cet égard, comme étant a I'extremité
d’un canal, & 'embouchure duquel les marées partielles arrivent au moment méme
du passage des astres au méridien, et emploient un jour et demi a parvenir a son
extrémité.”

This view of the question is also adopted by Mr. WHEwELL; but I do not think
with Mr. WHEWELL that the “ retroposition of the tide in longitude and in time is
affected by changes depending upon variations of the moon’s force*.” I think that
what Mr. WHEWELL attributes to the change in A,  the retroposition of the. tide in
longitude,” is chiefly due to the variation in the intervals between the successive
transits of the moon, which has hitherto been overlooked.

From the expression
Asin 2 ¢

tan2+ = 14+ Acos2¢

# ¢ On the Empirical Laws of the Tides in the Port of Liverpool.” Philosophical Transactions, 1836, p. 22.
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it is easy to deduce
cos’2¢sin2¢d 4 sin2¢d 4

d4 = 2(1 + Acos2¢)® — 2(1 + 2Acos2¢ + A
, . sin2¢d 4 . .. . .
The expression d vy = ———— would agree with the empirical expressions which

Mr. WraeEwzeLL has suggested* for the variations in the interval; but the terms
2 A4 cos 2 ¢ + A2 in the denominator have a sensible influence on the value of d .

Table XXI. shows the diurnal inequality in the interval and in the height, which
is also laid down in Plate XXII. The diurnal inequality of the height at London is
scarcely sensible; and when the observations are divided into so many categories, a
sufficient number does not remain to afford a satisfactory average. I have given a
comparison with theory of the diurnal inequality for the interval in Table XXXII.

In the comparison which I have instituted between BErNouLLr’s theory and obser-
vation, it should be remembered that I have employed throughout the same constant
(A) for all the interval and height corrections. But by assuming the form only of
the corrections according to theory, and using various constants, expressions might
perhaps be obtained which would represent the observations a little better. Such
alterations, however, have not been suggested by theory, nor would they be attended
with any practical utility. My intention in laying down the results in diagrams has
been partly to exhibit the nature and extent of their irregularities, which would no
doubt be diminished by employing a greater number of observations. If even the
equilibrium-theory were complete and sufficient in the case of a perfect sphere, the
form of the channel in which a derived tide-wave flows cannot fail to influence in a
slight degree the form and magnitude of the different corrections. It is easy to see,
for example, that the corrections for a derived tide-wave flowing through a channel
bounded by perpendicular sides, would not be exactly the same as in a channel
bounded by shelving coasts. May not the slight disagreement between the theory
and observation curves for the semimenstrual inequality of the height in Plate X VIII.
be accounted for in this manner? If spring tides and neap tides are propagated with
different velocities, the value of the constant (A) resulting from observations at
distant places will not be exactly the same.

In comparing the semimenstrual inequality as deduced from theory with that de-
duced from observation, I have supposed the declinations of the sun and moon to be
equal to 15°, and the horizontal parallax of the moon equal to 57'. The corrections
which might be required in consequence of deviations from this hypothesis, and which
are given in Tables XXVIII. and XXIX., are so small, that they may be neglected,
and the columns headed “ Mean” in Tables II. and III. may be considered as affording
the semimenstrual inequality. The moon’s average declination corresponding to the
totality of observations employed is 15>2, and the moon’s average horizontal pa-
rallax 570. The agreement between the theory and observation curves in Plates XIX.,

* Philosophical Transactions, 1834,
262
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XX., and XXI., is more striking for the heights than for the intervals. This, I ap-
prehend, is partly owing to the circumstance that the corrections for the height vary
but little with the moon’s age, and are therefore less influenced by the particular
moon’s transit chosen to be the argument of the tables.

In future, for the port of London, the phenomena of the tides may safely be pre-
dicted by employing tables founded on BerNouLLr's theory, having for their argument
the fifth transit of the moon preceding the high water of which the time and height
are required, and founded upon the constants (A), D and (E) given in pp. 223 and
224. Such tables are included in those contained in this paper, and calculated by
Mr. Jongs, which give the comparisons between theory and observation. The calendar-
month correction is of course to be considered as included in those for the declina-
tions and parallaxes of the luminaries.

In estimating how far the agreement between theory and observation is to be con-
sidered as complete, it must be recollected that it is impossiblé, even with the appa-
ratus at the St. Katherine Docks, to determine the exact minute of high water; for
the water almost always continues stationary for some time, without falling one tenth
of an inch. At the London Docks they only attempt to register the time to the
nearest five minutes.

Mr. Peirce informs me that he cannot account for the difference between the obser-
vations at the London and the St. Katherine Docks. The swell of the steamers cannot
affect the gauge at the latter place, as it is completely sheltered from any motion of
the surface of the river. I suspect occasional errors of transcription, particularly
in the month of January last. Results of theory cannot offer a closer agreement
with those of observation than observations at the same place, or at places separated
by a short distance, do with each other. Tables A and B, which have been furnished
me by Mr. DEacon, offer a comparison between the observations at the London and
at the St. Katherine Docks. The observations have been brought up to the same
standard by the addition of certain quantities; in order that if no source of error
existed, they might present no difference.

The tables in this paper having reference to the interval between successive transits
of the moon, furnish the means of shifting the argument approximately.
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TanLe A.
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Showing a comparison of the observations of the Times of High Water made at the
London Docks, increased by five minutes, and those at the St. Katherine Docks.

The observations marked with an * appear doubtful.

Date.
1836.

g0

ox

16.
17.
18.
19.
20.

21,
22.
23.
24.

26.
27.
28.
29.
30.

31,

January. February. March. June.
London gt Kath. St.Kath.| Differ.| London g g ath | Differ. | London London London |g¢, iffer.
_{_’Ef};ﬁl SDocks. -| Docks. | ence. +1?5‘;‘13::§ Docks. | ence. _}?5‘7‘%]‘1‘: 3;01;1](; . g"r‘;},‘ﬁ S{)(])E:Ell{tsl.] Dence
h m [hm hm |{hm m{h m | h m m|hm |hm mi{hm [h h m h m m

............ 1 5118 (1312151228 (131385 (128 |4 71451 245 | 243 [+ 2
12 25 {12 33 1201133 |—-13(1245|1248|— 3|2 5|2 9|—4|215]2 310318 |— 8
1 5]1 8 1501434+ 7(110]112(—-212151212|4+3|225 |2 3351837~ 2
120|148 22112134+ 7(140]142|— 21240248 |— 82502 345 | 807 |—12
135|148 23,1283 |+2(150|2 2|-121245|248|— 313 03 420|428|—8
15512 2 2451253 |—81215(2321—17(320|332|—12|330|3 435|443 |— 8
220|234 3101317 |— 7245|243 |4+ 2|330|3388|— 8[345(3 5101513 |— 3
230 | 2 47 323462183 5(313|— 83504 2|—12|4 5|4 5385|5384 |— 1
245|312 350|358 |—8|1320({315(+5(4 5412 — 74304 615|617 |+ 2
3 5324 415411 |+ 41335351 |—16]430]4 — 814554 6 29
335|352 420418 |+ 21340352 |(—-12|4350 |4 8|5 20 15 | 7 17 2
35504 3 440 (442 |— 214104 10 05156 |5 2z 71540 730|788 |— 8
4 5428 450 446 [+ 414451423 |+22(530]5 81615 25 | 827 |—12
415 | 4 40 520|523 |— 3450450 05506 6625 45 | 842 [+ 38
425|512 53 (528|4+7]5 5|513|—8|615]|6 01720 351987 |— 2
5 0|5 7 555616 3 81530527+ 3|635|6:¢ 217 40 50| 943 |+ 7
5 5|5 48 620|618 {4+ 2154515424+ 3|715 17 8|8 40 30 {10 43 |—13
53515 53 6363 |—41615]|1610|4+ 574517 9 25 50 |10 49 |4+ 1
555 |6 30 650|648 |4+ 2|6 306 31 118459 10 10 25 |11 46 |—21
620|632 725|729 |(— 464517 9[—24|915 10 35 50 |11 57 |— 7
63 (7 1 745|753 |— 87107 18 |— 8|10 20 11 20 |11 27 |— 7 | (oo | covnns [oreeen
7 017 4 8§ 5(814|—9!8 0|8 8|— 8|1055 11 35 20 12 19 |4+ 1
7 51725 815 838|—23|815]|831 |—16 (11 45 (11 62 |— 7 | ...... 30 |12 32 |— 2
745 |8 23 945 943 |4+ 21930938 |— 81| ...... 12 15 |12 -7 511 7|— 2
8159 4 47 {—12 |10 20 |10 17 |+ 3 |12 15 — 3112 30 {12 - 2 20116 |+ 4
9 0938 28 |— 8 (10 50 |10 53 |— 3 |12 45 — 711 5|1 -3 40 | 1 50 |—10
9 25 (10 19 818111551215 (—20|1 & ~131115|1 + 3 51157 |4+ 8
9 55 (10 53 TR PR IETTTTTNN EPPOUTU PPPPPes 125 —-3(1301(1 —11 201227 |— 7
10 40 {11 11 31 |— 6112 25 (1217 |+ 8| 140 — 4150 |153|[—3 25 | 2 42 |—17
11 15 {11 29 6 |—111i245 1242+ 3|2 10 — 812152 -7 55 | 258 |— 38
11 55 |12 9 32— 2125511 7|—-12|2 20 — 4122512 -6 10313 |— 3
............ 13{—181135 141 |— 6245 —12 12502 -3 25 |3 28 |— 3
12 35 |12 41 321|4+3831155|159]|]—413 0 - 513103 + 4 50 { 8 57 |— 7
1 51 8 41—14 225|239 |—-14 |3 10 - 81320 |3 — 8 0|4 8|— 8
185137 27 |— 712451253 |— 8325 + 133853 -2 25421 |+ 4
1551212 37 |— 71255267 |— 2345 — 613553 + 4 3014381 |—1
230|228 3 55 48 |4+ 7310|313 |— 3|3 55 — 114154 — 2 551457 |— 2
2451 2 48 4 15 28 |— 8350|357 |— 7420 014254 -7 515 6|— 1
320|327 4 20 18 |4 2350|348 |+ 2|4 25 — 71440 | 4 -3 3515386 (— 1
345 | 3 52 |— 4 45 52 |— 714151416 |—11|435 —I1{450 |5 —12 1545|548 |— 3
4 514 5 4 55 57 |— 21420418 |+ 2455 —7(515|512|+31625]|627|— 2
430|433 |— 5 25 22 |- 3430|447 (—-17|5 5 + 452052/ |— 7640|632 |+ 8
445 | 4 41 |+ 5 35 43 |— 81450453 |— 3|525 — 216 0|552(4+8{7251725 0
5151{5 18 |— 5 50 21-121510|5 16 |— 6|5 45 — 216 5|6 6(—1 3517382+ 3
52015 12 {4 6 0 3|—3|525[1521 |+ 4555 —1|640 647 |— 7{815(817 |— 2
6 5|612|— 6 25 33 |— 8{585[5 46 |—11 (620 —~ 8|7 5|7 7|—2!8251842(-17
615|618 |— 6 35 1[]—26{555{6 2|— 76355 —12 7407 42|—21915|921 |- 6
625|621 |+ 6 50 71-171620}16221— 21720 —12|8 0|8 8|—8|940}9 57 |-17
635|631 |+ 70 50 |—501620|618 |4+ 2815 — 619 09 11{— 1110251027 |- ¢
720|723 |— 7385 13|88 715|721 |— 6915 + 4192 — 7 {10 55 |10 58 |[— 3
73818 3 8 5 21571720715+ 5950 + 41015 7 {11 30 |11 42 |—12
8 5821 9 5 37 (—32 7457 56 |—11110 25 — 210 50 9 |11 55 |11 49 |+ 6
8 5| 837 ! 48 |—13 | 8 30 | 8 28 |-+ 2 |11 10 011 25 2| et ceener [eeeees
825 (9 57 27 [— 2193859 23 [+12 |11 35 — 2 (11 40 30 12 32 |— 2
94019 17 7 |— 7110 20 {10 32 {--12 | ...... 12 50 |12 55 [— &
9 45 (10 28 47 |4 8|10 55 {11 9 |—14 {12 15 12 10 1201122 |- 2
10 20 {11 33 [—73 | coover | woveen veeeee (11 40 112 7 |—27 |12 30 12 25 140|144 |— 4
11 35 {11 40 49 {426 | «ooos | ceenen [ons |1 0 12 55 2201|220 0
11 35 {11 32 veeeee feeeeeer (1215 (12 6 (4 9| 1 10 115 240238 |4+ 2
11 25 |11 51 veeren foeenee 1285 12 41 {— 6] 1 25 1 40 3 5]313|— 8
e eee | eeeane [T L1250 11 4 |—=14] ... 155 | veenen feennes
12 20 {12 33 vever Joewnee | 11011 21 |11 .iiie 225 {2385 |-10] ...... veress Joseres
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TasrLe 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.

January. February. March. April. May. June.
Date y
1836. Iﬁ)&?{:ﬂ St.Kath.| Differ- Iﬁ)&f}g‘ St.Kath.| Differ- Iﬁ?&f{{"sn St.Kath.| Differ. %’gg‘g: St.Kath.|Differ- If)"(f’c‘}fs“ St. Kath,| Differ. %m{osn St.Kath.| Differ.
+ 5t Docks. | ence. + Bt Docks. | ence. 5 £, Docks. | ence. rd 5 Docks. | ence. + Bt Docks. | ence. + 5t Docks. | ence.
ft. in, |ft. in. in. | ft. in.| ft. in, in, | ft. in, [Jft. in. in, | ft. in,|ft. in. in. | ft. in.| ft. in, in, [ft. in, |ft. in. in.
1] eenens coveee Leeennn 25 10 (25 4 |4 626 0|26 8|4 427 627 6 012710127 8|4+ 2128 92810 |-~ 1
25 2125 2 026 326 4|~ 1|26 425 11 |+ 5128 8|28 1|4 728 8 {28 8 0128 5 128 5 0
2,124 5124 5 0126 9126 9 023 0126 5 |—41(28 928 9 029 2129 014+ 2128 9 (28 9 0
25 024 8144127 827 8 0126 2122 9 |+45 |28 328 4|— 1130 91830 8+ 128 328 4 |— 1
3.124 6124 7|— 1128 3128 0|4 3127 5|26 3 (+142810(29 0 |— 2129 3129 2|4 128 3128 4 |~ 1
25 11 26 0 (— 1128 428 5|{— 128 5 {28 6 |— 1 (28 11 |28 11 0129 4129 51— 1127 0127 1 1
4,125 526 9|—-16{28 228 3 |— 128 528 3|4 2128 11 28 10 |4+ 1|29 2 29 2 028 128 1 0
26 82610 |— 2127 627 7|— 128 3128 5|—21{28 6128 5|4+ 128 6 28 6 0126 5126 4 [+ 1
5.126 10127 0|— 2127 2127 3|— 1128 028 5|~ 528 4|28 5(— 1|28 528 & 0127 3127 4|~ 1
27 026 9|+ 3127 4127 6 |— 2|28 10 (28 10 028 128 1 0127 9127 9 0 25 7
6.126 6127 1|— 712611 (26 10 |4+ 1129 3129 2|4 1|27 10 (27 10 02711128 0|— 1126 81|26 9|~ 1
27 1126 9{4+ 4128 828 8 0120 7129 4|4+ 3127 427 4 0126 626 9~ 324 11 |24 7 |4+ 4
7.126 926 6|+ 328 228 3|~ 128112810 |4 127 4|27 5 (— 12611 27 O |-~ 1|25 825 8 0
126 6126 11 |+ 7128 5 128 5 0128 428 4 0126 2126 1|4+ 1125 3|25 3 025 6125 5 |+ 1
8.0126 V26 1 |— 1127 227 4|— 2128 528 & 012710127 9|+ 112510126 9|+ 125 8|26 9 |~ 1
26 2126 6 |— 4 |25 10 |25 10 028 6128 7|— 1|26 326 3 24 2124 2 0125 326 3 0
9.126 3126 1|4+ 226 3 26 3 0 127 10 |27 10 026 6126 6 0125 6125 7 |— 1|25 11|25 11 0
26 1125 9|4+ 4127 012610 |4+ 2127 71(27 6|+ 1125 0|24 10 |4 2|24 02311 |4+ 125 825 8| 0
10.125 10126 6 |— 8126 6|26 8 |— 2127 727 8|(— 125 6 (25 6 0125 825 8 0125 8126 7 (41
26 425 4 |+12125 7256 8|— 126 0|26 0 0124 524 6|~ 1124 024 8|~ 8126 226 3|~ 1
11.125 326 2 |—11124 324 0|4 3125 626 7 (— 126 026 O 0125 7125 8 |— 1] cevune | veenn [ T
26 3126 8|+ 7129 3120 1|4+ 2125 025 0 0125 225 2 025 325 3 026 9126 10 |— 1
12126 026 5 |— 5|22 622 5|+ 11|24 8 |24 8 0126 3126 3 O veveon | wonnen |raeenn |26 1 26 1 0
26 4 25 2 1414 |28 4 128 4 0424 0124 O (U T o P 26 6 |26 6 022 6126 7 |~ 1
13.125 2126 O |+ 2125 3125 4 |— 1 |24 10 24 10 0126 1126 3 |— 21|26 3 |26 3 0126 6126 7 |— 1
25 5124 11 |4 6|24 8 |24 8 0124 9124 9 0126 10 26 10 0126 8|26 8 0126 8126 7 |+ 1
14.124 9123 9 |412 26 026 11— 11{22 112110 |4 327 1 27 1 0126 626 7 |— 1|26 8|26 8 0
23 10 125 3 |—17 | ...... [T P N I T 28 3127 8|+ 727 3127 5|— 227 127 O |4 1
15.125 6126 1 |— 7 |25 10 25 10 27 0127 0O 0127 51|27 6 |— 126 11 {26 10 |4 1127 1127 3 |4+ 1
261126 5 |4+ 6 26 11 26 10 {4+ 126 8|26 9|— 1128 128 0+ 1|27 127 2|~ 11127 427 3|+ 1
16,128 0128 1{— 1126 8 26 8 0126 1126 1 0|27 10 |27 10 0127 127 1 0127 2127 1 |4+ 1
............ e |27 7127 7 028 3128 1|4+ 212710127 11 |— 1127 4127 3|4+ 1126 11 27 O |- 1
17.126 3 (26 3 02, 5256 3|+ 21|28 2128 2 0128 128 1 0127 0127 0O 0127 1127 0|+ 1
28 7128 8|~ 1128 628 8|~ 224 324 3 0127 927 9 0127 0126 11 |4 1|26 11 |27 0 |— 1
18.127 6 27 6 0129 9129 7|4+ 2128 1128 2 |— 1127 927 4|+ 5126 8|26 8 026 8|26 10 |— 2
26 3126 1|+ 230 130 04+ 130 02911 |4+ 1127 8|27 7|+ 126 8{26 9|~ 1122 226 3 [~ 1
19.127 10 127 9 |4 1128 027 11 |4+ 1 127 11 |27 10 {4+ 1 27 5 |27 5 0127 0126 11 |4 1126 8 26 3 |+ 5
29 2127 3 |423 (28 4 28 4 028 3128 3 027 1127 1 0126 226 3|— 1126 3126 4 |— 1
20.127 327 6|— 31286 3128 2|4+ 1281112810 |4+ 1|26 7 (26 8 |— 125 11 |25 11 0126 326 3 0
27 8127 7|+ 1128 028 1|— 1128 628 6 01256 3|26 4(— 1125 9125 7|4+ 2256 4 24 5 |+11
21.127 827 8 0127 5127 5 0128 028 0 0126 1126 1 0125 9125 10— 1|25 925 9 0
27 11 27 9 |+ 2126 9126 9 01271027 8|4 2126 3|26 4 |— 1125 825 8 0125 3125 4 |— 1
22.127 8127 8 0127 3127 4 |— 11|27 10 |27 10 024 1125 011125 1|26 O (4 124 8 {24 7 |4 1
26 10 127 8 1—-101(26 6126 8|— 2127 027 1|— 1|25 3|25 3 0124 2124 3|~ 1124 624 5|4 1
23.126 3|26 7 |— 4126 10 |26 10 0127 8127 8 0125 6125 5|4 1124 1125 0 |— 1|24 10 |24 10 0
238 3124 7(—16126 0125 11 |4 125 4 (25 4 0124 1124 0|4+ 124 4[24 4 024 9124 9 0
24.126 5|26 5 0125 11 124 11 |12 {25 6 |25 2 4124 6124 7|— 1125 025 0 026 5123 5 |+24
27 4127 4 0125 024 4|4 824 7|24 8|— 124 2 24 2 0123 423 4 0124 10 24 7 |+ 3
25.126 3126 1 (4 2124 5|24 5 025 5126 6|— 1123 7|23 7 024 424 4 0125 71256 6|+ 1
24 8124 7|+ 1[24 1124 7|— 6123 423 5 |— 1123 02211 |4+ 1|24 224 1|4 1256 9|25 6|4+ 3
26.124 8123 9 {41124 8124 2{+ 621 221 O+ 224 124 0|4+ 125 81|25 8 0126 5126 4 |4+ 1
23 9123 445124 2124 5|— 3122 622 5({+ 124 8|23 7 |4+13 |24 9|24 9 0126 7126 7 0
27.123 6123 2|4+ 4123 528 6|—61 (23 523 6|— 125 8|25 7 (4 1 {25 10 |25 10 0 [T PO F
23 3126 7 |—4024 3|24 3 0122 9122 9 0124 5124 5 025 7126 7 0126 926 8 |4+ 1
28.124 824 9 |— 1124 924 10 |— 1 (24 11 (24 10 {4+ 1| ceveer | vovene fuunnne e 27 2127 1 141
24 10 (23 2 [4+20 (24 924 9 0123 228 2 0125 3125 4|— 1126 7126 8|— 1127 4127 2|} 2
29.123 3124 5 (=14 | cvirns | eenns e 24 4124 6|— 2127 5127 6 |— 1 {26 10 |26 10 028 1128 1 0
24 51256 0 |— 7125 8124 6 {414 | cvores | vevens [eeenen 27 9 (27 9 0127 11 127 8|4+ 327 9127 9 0
80.125 1127 4 [=27 | ceooee | ceviis Jovunns 25 3125 3 8 31127 3 028 328 4 |- 1
27 4125 2 426 | soiier | veiien { e 26 426 5 |— 1 3128 1|4+ 2128 128 7|~ 6
[ P AU VRN RTTIOUE ITOUOURS RN 3125 6|— 3|28 ¢ 0} ... .
23 623 7 |— 11 .... . 5126 5 8128 7|4+ 1] ...
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TasrLe 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

231

f

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

Date.

1836. British |St.Kath, Errz?r- British Sc.Kath‘. Ef‘;‘"_ British [St. Kath. E}rror— British St.Kat%l'. Error- British St.Kath.. Error- British St.Kath.. Error.
Alman.| DO | Qiction. | Alman:| DU | Seton, | Alman: | Bk | ol o, | Alman.| D00 | o tion, | Alman.| DO | Sk, | Alman.| D00k | otion.
hm|{hm m|hm |{hm m|hm |hm m |h m |hm m [hm |hm m|hm |hm m

Tof ceveee | oennan | eenens 116 (123 — 7112481233 | +15|151 {133 | 4+18[{149 152 —3|257|248(4+ 9
123201238 — 6140|138 | 4+ 2|115(1253 | 4+22|211|214| —3|2 8222 —14|323|323]......
21255 | 113|182 1 |148| 413|138 | 117 | 421228217 411|229|238| —9(347(342|+ 5
1181153 —35{220|218| 4+ 2{159|147|+4+12[242|253| —11[249|3 3| —14|413|4 2| 411
3140153 —131241|2338|4+8|218|2 7 (411|383 0253 |4+ 7|811|3 8| +3|439|433|+ 6
1567{2 7| -10({3 012584 2|237|237 0317337 —20!335|348| —13|5 3| 448| +15
4./2181239| —211318|322| — 4257 |248| 4 9|337|343| —6(357 358 —1{528|518]| +10
231252 17133518351 —-16|314|318| —4|357|4 7| —101419(417| 4+ 2{553|539]| +14
51255317 —-22|353(4 3{-10]332|320| 412415417 | — 2443438 +5|622]|622 ]
3141320 —-15|410({416| — 6348|356 | — 8435|443 | — 8|5 8|5 4] 4+ 4650|634 416
6.1331(357|—26|428|423| +5|4 4357 4+7(455|5 3| —8[531|529|4F+2|718|722|— 4
3494 8| —19 (447 |4 47 01420415 4+515181527| —9|559|553|+4+6|749|7 43|+ 6
7.14 81433 —-25|5 8451 +17|14389|428| 411|541 |543 | —~ 2615|629 —14|825|842 | —17
42814451 —17 |524 {528 — 4457|455 +2|6 6{611| —5|654]647|+7]9 1|3847| 414
814471517 | —30 {544 {533 | +11|514|518| — 4631|620 411729732 —3|985]|942| 7
5 71512 —-5|6 4|6 8| —4|{53(532|+3|655|642| +13|8 8752416110 8|9 48| 420
9.(5 271553 —26|623)|623 01559 (6547 +12|727 728 —1|850|857| ~ 7110391048} — 9
549 | 5581 — 916451644 |+ 1621|615 | 4 6|8 7|751(+416[932|926| 4+ 6|11 9|105 —+15

10.{ 612 {635 | —23 |7 8|653| 415643636 4+ 78579 9| —12(1016 {10 28| —12 (11 39 |11 51 | —12
6341637 —3|73801734| — 4|7 6|714| —8|946|927| +19(10541(1047 |+ 712 412 2|+ 2

11./6 587 6| — 8756|758 2735|723 +12(10341(1037| —3 (11331132 4 1| ceevee | coveen | vennns
72317 9| +14 (829819 +10[811({813| — 2111911 3| +16{(12 3|11 47 | +16 |1228 |12 24 | + 4

12/ 743|730 +13 |9 7 | 843 | +24 [ 855|836 | 419 {11 54 |11 57 | — 3 | cevvue | vovene | vennns 12 48 {12 37 | +11
8 71828 21950948 | 4 29439 43 O covvee | vonvne | vennan 122811227 | 4+ 1111112 — 1

13.1 83919 9| —30 (10 37 (10 52 | —15 {10 37 {10 22 | 415 (12 26 |12 13 | 413 (1248|1287 | +11 | 130|121 | + 9
9101943 —33 (11 24 {1133 | — 9111 251058 | +271(1252(1257| —5 (|1 7113 —6|149]|155| —~ 6

1419421024 | —42 112 6{1213 | — 7 {12 51220 —15({119|1 23| —4{127|117| 4102 6[2 2| 4 4
10 18 {10 58 | —40 FETTSN ERTUVUR EPTTITOR IR IETTTTTN BT 142 133 | 4+ 9| 144|146 — 22271232 -5

15.(10 58 (11 16 | —18 12 42 /1236 | + 6 {1238 (1222 | 416 |2 0| 149 | 411 (159|158 | 4+ 1245|247 | — 2
13501134 4+1[117(111}+4+6|1 91247 | 422|214(228| —-91215|227| —-12|3 3|3 3 0

16.]1212112 14 | — 2({143 (137 |4+ 6136|112 424(230{229 4+ 1({232|236|—4({324|318| 4+ 6
.................. 2 6218 —12(158|146| 4122473 2| —15(248258| —10(338[333| 4+ 5

17.112 48 11246 | + 21236287 | —1|{218|2 4| +4+14|3 2310 —8{3 4311 | —-71{355|4 2| ~—7
118{1 13 4+5(258{3 9{~111240|244| — 4320|323 | —3|322|333]| —11|413|413 0

18,1 148|142 | 4+ 6(317|332|—15(1259|258| 4+1(335{329|+6[338|342| — 4[432|426|+6
2161217 | —1(338[8342| — 4314|383 2| +12[348|356| — 8354|356 — 2447|436/ 411

19.12391233 |+ 6(356{353|+3|333[318| F15|4 6|4 1| F+5[410(422|—-12|5 6|5 2| L 4
3 41253 +11 415428 —13[34714 2| —15[422|425| —~3[427|437| 10526511 +15

20.1328|1332| —4(432(423|+9|4 2853+ 9(437|437 0444 | 448 | — 4545541 | 4 4
3511357 —6(4491457| —81418]421| —~3[449{451| —2|5 3|5 7| —4|6 5553|413

211414 | 410 | 4+ 4|5 5|5 2|4+ 3|4341423| 4115 3|5 7| —-4({521[517!+4/629]632| — 3
4361438| —2|5211527| —6[{448|452| — 45195 6| +13[539(532(+ 7656|637 19

2214571446 411 (535|548 —13 |5 3|458| +51537|582| +5(6 2|5567|+5|725[730]| —5
5181523 | —5 (5546 7| —13[517{521| — 4|5 356|552 + 4624|611 413[755|737| 418

23.{540 517 | 423 16116 8|4+ 3583526 --7[619|6 1| -F18|650|652 —2|821|822| —1
6 316171 —-141628{638| —10}5 51|35 51 0641|1633 +8|718|7 12| + 6| 847|847 [

24162016231 —3[{646|7 6| —2016 9|6 7} 4+2{710|712| —2{749|747}1 +2(917(926| — 9
638162641217 5(712| —7|628|627|+1(739]|737|+2|82 813 +12|9441(10 2| —18

25.1656 1636 4+20|727|755| —28|645|623| +22|818(826| — 8|9 3|9 6 — 310171032 | 15
7151728 | —-13|749{818| —29|7 9|72 —17(9 3|916| —13{940{937 |+ 3|1051 (11 2} -11

26,1 735(8 8| —-33(82119 7| —46[737[720]| +171944951| — 71017 (1027 | —10 {11 23 (11 47 | —24
7591826 —271856{942( —46{812|8 1| 411(1026(1032| — 6 {10 48 {10 46 | 4+ 2 {11 55 {11 54 | 4+ 1

27182518421 —17 (940|953 --13 (856|833 423 |11 5|11 15| —10 {11 18 |11 32 | —~14 | v | vereee | wueens
852110 21 —7011024 11032} — 8944|928 +16 (11 38|11 42| — 4 (11 40 |11 87 | + 3 (1230 (1237 | — 7

28192501922 4+ 311 81112 — 4{1028 1037 | — 9| vovees | woveee | vee O vovess | vvinne | 0eeene (128911 0 — 1
10 010331 —33 (1147 1152 — 5 {11 1311 14| — 1|12 8|1223| —15{12 61222 | -16|128]127 )41

29.110 87 {11 38 | —61 | .oovuu | verees | waeenn |11 48 (12 12| —24 (12 33 (1238 — 5(1282 (1237 | — 5| 153|149 | 4 4
11 16 |11 45 { —29 12 20 {11 54 { 424 | veverr | vovens [ e o (1255 |1 2| — 711257 |1 8| 112211225 | — 4

30,011 49 {11 37 | 412 | ...... | ... e 121811211 4+ 71118117} —4{119[125| —6|250}243| 47
1220 11 56 | 424 | vosss ] vevree | veeee 1245|1246 | — 1{ 130147} —17 141|158 —171315}318| — 3

Bl vevee | vevene | vevvae | veneen e e [ 91T 9 O] covven | veenns e |2 612 71— 1} ceiiei b eeneen | aeeens
1249 112 38 | 11 | vevee | vevnee | vevnne 1821 126) 4 6] voveee { vcovvee | eereen [ 2801240 ) =10} coviis | eeneen | orie
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MR. LUBBOCK ON THE TIDES.

Tasre 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

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

Date.

1836. | British |t Rath.| Error | British |g¢ gath,| Error | British (gt gatn,| Error | British | gatn,| Error B;’Iir(;ish St.Kath,| Etror | British o xa¢p.| Error
Abman, S5ous | o e, | timan. 5o o bre- | Ahman. Socls!| ot pre | alman. k| ot - Amap ol of re | Alman. 5ol o bre
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,

L cevees | e N TP 25 9126 4|+ 51025 620 8| — 2127 4127 6| — 2127 7027 8| — 128 22810 | — 8
25 0125 2| — 21026 1126 4| —3126 12511 | 4227 728 1| — 62710128 8| —10|28 2128 5| — 3
2125 4124 5| +11126 626 9| — 326 6126 5| 4 127 828 9| —13 28 029 0| —12 28 2|28 9| — 7
25 9124 8| 413261127 8| — 9 (26 10 |22 9| 449 27 10 28 4| — 6 28 130 8| —31 28 028 4| — 4
3.126 1124 7| 4+18127 1128 0| —11 127 226 3| 411 27 11 |29 0| —13 28 2 20 2| —12 127 10 28 4 { — 6
26 4(26 0|+ 4127 3128 5| —14 (27 628 6| —12 28 0|28 11| —11 28 3 129 5| —14 |27 6 27 1| 4 5
4.126 926 9 0127 5128 31 —<10127 8128 3| — 7128 12810 — 928 2129 2| —121(27 128 1| —12
26 11126 10 | + 1127 6127 7| — 11271028 5| — 728 2128 5| — 3128 028 6| — 6126 7 126 4| + 3
5.127 1127 0|4+ 1127 7127 8|+ 4271128 5| — 628 028 5| — 527 928 5| — 8|26 127 4| —15
27 2126 9|+ 5127 827 6|4 228 012810 —10127 11 |28 1| — 2127 527 9| — 4 25 725 7 0
6.127 3127 1|+ 21|27 82610 41028 020 2| —14 |27 927 10| — 1 {2610 128 O | —14 25 126 9| —18
27 4126 9|+ 7127 7128 8| —13 27 11|29 4| —17 |27 5|27 4| 4 126 4126 9| — 5124 9|24 7| 4 2
7.127 4126 6| +10127 628 3| — 927 11 (2810 | —11 26 11 |27 5| — 6 25 9|27 0| —15 |24 7 25 8| —13
27 312511 | +16 27 4128 5| —13127 9128 4| — 726 526 1| 4 4 |26 3|25 3 0124 11256 5| —12
8.127 226 1| 41327 1127 4| — 3127 7128 5| —10 2510127 9| —23 |24 925 9| —12 24 525 9| —16
27 0126 6|+ 62610125 10| +12127 3128 7| —1625 226 2| —13 24 6|24 2| 4 4|24 4125 3| —~ 9
9.126 11126 1| 4+101(26 6 |26 3| 4+ 3 (26 11 27 10| —11 24 9 |26 6| —21 24 3 126 7| —16 |24 5 {25 11 | —18
26 8125 9| 11126 312610 — 726 027 6| —18 124 5 24 10| — 5 24 512311 | 4 6 (24 625 8| —14

10126 5(26 6| — 1251026 8| —10 |25 1127 8| —31 |24 4|26 6| —14 24 8|25 8| —12 |24 825 7| —11
26 2025 4| 41025 525 8| — 3|24 7126 0| =17 (24 5 (24 6| — 1|24 11 |24 8| 4+ 3 (24 11 |26 3 | —16

11./26 0126 2| — 2125 0124 0| 41224 325 7| —16 24 926 0| =13 (20 3125 8| — 5| ceveer | covres | vornes
25 9125 8| 4+ 1124 829 1| —53(24 1126 0| —11 |25 25 2| — 1256 626 3| 4+ 3256 0|26 10 | —22

12,125 5126 5| —12 |24 622 5| +25 (24 224 8| — 625 7 126 3| — 8| ceovnr | vees | senne 256 4126 1|~ 9
25 225 2 0(24 7198 4| —45 124 5|24 0| 4+ 5| cevvre | wree oo | enreee 25 8126 6| —10256 9126 7| —10

13.124 11125 0| — 1|24 11 |25 4 | — 5 |24 10 24 10 02510126 3| — 525610126 3| — 5 (26 0|26 7| — 7
24 10124 11 | — 1|25 424 8| 4+ 8125 3124 9| 46126 32610 | — 7 |26 1126 8| — 726 326 7| — 4

14.124 9{23 9| 41225 10126 1| — 3|25 8|21 10| 446 26 8|27 1| — 5 26 4126 7| — 326 7 (26 8| — 1
25 0125 3 | — 3 |oier foovene e [ ovenin | eennee | 2611 27 8| — 9126 7127 5| —10 26 1027 0| — 2

15./25 4126 1| — 9126 42510 + 6126 127 0] =11 127 027 6| — 6126 9126 10| — 1127 1127 0| 4+ 1
25 9126 5| — 8|26 10 26 10 026 7126 9| — 2127 128 0| —~11 {2611 |27 2| — 31|27 1|27 3| — 2

16.126 228 1| —23127 1126 8|+ 5(2610126 1|4+ 927 22710 | — 827 027 1| —1127 027 1|~ 1
OO IRTTITTRN ERTTOT: 27 5127 7| — 227 1|28 1| —-12 127 312711 | — 827 1127 3| — 227 0127 0 0

17.126 9126 3|+ 627 725 8| 428127 4|28 2| —10127 328 1| —1027 1127 0| 4+ 127 027 © 0
27 0[28 8| —201(27 8128 8| —12 127 7|24 3| 44027 3127 9| - 6127 012611 | + 1261127 0| — 1

18.127 5127 6| — 1127 9129 7| —-20127 8128 2| — 627 3|27 4| — 1127 026 8 | 4 4 (26 10 26 10 0
2710126 1| 421127 9130 0| —27 |27 82911 | —27 (27 2127 7| — 52611126 9| + 2126 826 3| + 5

19.127 10127 9|+ 1127 92711 | — 2|27 7127 10| — 3127 1127 5| — 426102611 | — 1|26 626 3| + 3
2711127 3|+ 827 8128 4| - 8127 628 3| — 92611 127 1| — 2126 8126 3| + 526 326 4| — 1

20,127 1127 6|+ 527 628 2| — 8|27 5 2810 | —~17 126 926 8|+ 126 62511 |+ 726 126 3| — 2
2711127 7|+ 427 3|28 1| —-1027 328 6| —15 126 6|25 4 | +14 {26 4|25 7| 4+ 9|25 10 24 5| +17

21127 10127 8|+ 2127 027 5| —5 27 128 O —11 26 326 1|+ 2|26 02510 | 4+ 2125 81256 9| — 1
27 8127 9| — 1126 826 9| — 11261127 8| — 9261126 4 | 4 7|25 825 8 0125 6|26 4| 4 2

22.127 5127 8| — 326 627 4| —1026 8|27 10| —14 (25 7|25 O | 4+ 7|25 5256 O | 4+ 525 3|24 7| + 8
27 2127 8| — 6126 1126 8| — 7126 4127 1| — 925 325 3 025 1124 3| +11125 124 5| 4 8

23.126 9126 7|+ 21251012610 | —12(26 1127 8| —19 241025 5| — 72410125 0| — 21256 024 10 | 4+ 2
26 3124 7| +20125 42511 — 7125 81256 4| 4+ 424 624 0| 4+ 6|24 7|24 4| 43241024 9| 4 1

24.126 0126 5| — 5125 0124 11| 4+ 1|25 4126 2| - 2124 2|24 7| — 5|24 625 0| — 624 9123 5| 416
25 827 4| —20124 8|24 4| - 412411 124 8| 4324 024 2| — 2124 5123 4| +13 2410124 7| + 3

25.125 3126 1| —10124 224 5| —~ 324 6256 6| —1212310123 7|+ 3|24 624 4| + 2125 0125 6| — 6
24 11124 74+ 4231124 7| — 8124 123 5| 4- 62311 2211 | 41224 924 1| 4+ 81256 425 6| — 2

26.124 623 9|+ 9123 6(24 2 — 82310121 O +34 (24 224 O | 4+ 2125 2256 8| — 6|26 926 4| — 7
24 1123 4|4+ 9123 424 5| —181(28 7122 5| -F14 {24 623 7| +11 125 524 9| 4 8|26 126 7 6

27.12310123 2|+ 8123 528 6| —61(23 723 6| 4+ 11256 125 7| — 625 925 10 | — 1| cco oo | covene | wuunas
23 7|26 7| —3623 8|24 3| — 71|23 822 9| H+11 125 7 (24 5| +14{26 026 7|4 5|2 7|26 8| — 1

28,123 424 91 —17124 124 10| — 924 8|24 10| — 7 | veoeer | woveen | vovvee | wnnnnn | 0 vone | eerens 27 1127 1 0
23 5123 2|4+ 2124 6124 9| — 3|24 7123 2| 41726 1|26 4| + 926 3126 8| — 5127 627 2| 4+ 3

29.123 8124 5 — 9| ... eveene | ernees 25 0124 6|+ 626 727 6| =11 126 812610 | — 227 928 1| — 4
2311126 0 —13 124 11 |24 6| 4 5 | ...... ceenee | veaeen 2611127 94 —10127 127 8| — 7|28 027 9| + 3

30.124 427 4 7125 3|4+ 427 512711 | — 627 4|27 3|+ 1128 128 4} — 3
24 10426 2 0126 5| =527 727 8 — 1127 7128 1| —~ 628 2128 7| — 35

151 P ORI BRI . PR TOIORE TSN 26 7126 6 | 413 | i | ceeeen | eeeenn 27 11 28 3| — 4| ceiiii | vienn | e
25 3(28 7| 4201 ... N RTTTTIN RPN 27 0123 5 443 | ciii | e | e e 28 128 Tl = 6] v | | i




MR. LUBBOCK ON THE TIDES.

TasLe 1.
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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 London Docks
(together with the Interval between the Moon’s Transits), corresponding to the
Apparent Solar Time of the Moon’s Transit, in each month of the year, from
13,370 observations made at the London Docks between the 1st of January 1808,
and the 31st of December 1826.

January, February.
b 4 Interval b F Interval
wS | Apparent | between a Interval |Mean of| Jean %S | Apparent | between . Interval |Mean of | Wean
S¢  |Solar Time|the Moon’s| Height | between | Moon’s | Fyor, £ § (Solar Time|the Moon’sy Height | between | Moon’s | For.
§5 |ofMoon's|Transitand| of Tide. | Moon’s |Declina-| Par, £% |of Moon’s |Transitand| of Tide. | Moon’s |Declina.| ‘pay,
%2 Transit. |the Time of] Transits. | tion. :z i Transit. |the Time of] Transits, | tion.
<) high water. ) high water.
h m h m ft. in, h m o , h m h m ft. in. h m o ,
90 03003 33 |22 84 |1 401 19 | 569 89 02913 28 (23 02 |1 348 10 | 573
89 1288|2473 |22 67| 1361 16 | 573 93 1275|2495 [22 87 | 1334 6 | 573
103 228312375 (21 1113 | 1 322 11 571 98 2281|2362 |22 12| 1 339 5 57-2
103 330412295 |21 49 |1 305 6 | 569 95 3295|2245 |21 44 |1 365 8 | 568
101 4300|2277 |20 5411318 5 | 567 89 429812208 {20 25| 1400 14 | 567
109 | 5305 | 2440 {19 60| 1 363 9 | 569 83 528812307 |19 17 | 1 4538 18 | 567
9 { 63023 98 |19 711 409 13 | 569 84 62813 58 (19 06| 1 473 21 566
97 7296|3399 (20 221467 18 | 570 78 728513398 |19 11-8 | 1 495 23 | 568
89 | 8299|3503 |21 15 |1 504 21 | 572 77 827113552 (20101 | 1 480 22 | 568
86 | 9293|3496 |21 83 |1 507 23 | 57°1 83 9276|3494 |21 87 |1 461 22 | 572
86 |10 293 | 3 359 (22 25 | 1 497 23 | 574 86 {10300 |3 350 |22 52| 1412 19 | 572
88 (11 29213 183 (22 69 |1 480 21 572 83 |11 30-8 |3 183 {22 103 | 1 374 14 | 573
Sun’s Declination 8. 21°, Sun’s Declination S. 13°,
March. April.
102 02903 59 |22 105 |1 352 5 | 572 91 02943 70 (23 07 |1 438 13 | 572
100 1305|2494 |22 88| 1378 8 | 572 88 1279|2508 |22 571470 17 | 574
96 | 2298|2341 |21 104 | 1 409 13 | 569 91 2287|2334 |21 108 | 1 483 20 | 57°0
92 | 3287|2212 |20 119 | 1 45:0 17 | 568 82 | 3288|2202 |20 1181 494 22 | 570
93 | 4290|2140 |19 95 | 1 469 23 | 572 8 | 4278|2135 |19 601 469 23 | 572
86 | 5292|2247 |18 116 | 1 482 22 | 565 8 | 5281|2283 (19 09 |1 442 22 | 566
90 | 6286|383 77 (181119 |1 476 23 | 568 89 | 62823 87 |19 36 |1 407 20 | 570
89 7 285 | 3 451 |19 108 | 1 452 22 | 568 94 7288 3414 (20 18| 1 364 16 | 568
98 8292|3577 {20113 |1 422 19 | 571 97 | 8295|3522 21 37 |1 342 11 | 570
92 9294 | 3490 {21 10:3 | 1 394 16 | 574 101 9299 | 3481 (22 33 |1 343 6 | 571
101 {10 292 | 8 858 |22 55 |1 366 11 575 98 |10 301 | 3 373 {22 103 | 1 363 5 | 578
98 (11 290 | 3 21-6 |22 115 | 1 355 6 | 571 97 {11 302 | 3 222 (23 221 399 7 1575
Sun’s Declination S, 2°, Sun’s Declination N. 10°.
May. June.
91 03013 46 |22 103 | 1 506 20 | 575 85 028313 41 (22 71 |1 451 21 573
86 1301 2493 (22 59 | 1515 22 | 57'6 87 1301|2487 |22 37 |1 456 22 | 574
89 | 2299 | 2321 |21 86 |1 486 23 | 572 87 | 2304|2352 (21 11:3 | 1 409 20 | 574
87 | 3296 2223 (20 115 | 1 455 22 | 570 92 | 3301|2271 (21 18| 1 348 16 | 570
9% 4293 | 2206 (20 10| 1 403 20 | 56'8 99 | 4301|2310 |20 721 328 11 570
94 | 5291 2355 (19 81 |1 356 17 | 566 100 | 5297|2435 [20 06 |1 311 7 | 568
99 | 6290 3101 19 92 1 322 12 | 565 104 | 6 308 |3 113 |19 117 | 1 320 5 | 566
104 7298 | 83387120 76 |1 322 7 | 567 97 7310|3368 ({20 711358 8 | 564
103 8302 | 3481 |21 53 |1 332 5 | 568 95 8304|3472 |21 25 |1 414 12 | 570
100 | 9301 | 3 476 |22 26 |1 374 7 1571 88 | 9296 |3 464 |21 11-2 | 1 466 17 | 57°1
92 (10 281 | 3 381 |22 83 |1 427 12 | 57:3 85 (10 287 | 3 349 |22 36 | 1 493 20 | 572
97 |11 277 38 225 (22 103 | 1 472 17 {575 83 (11 282 | 3 225 {22 63 |1 510 22 | 573
Sun’s Declination N, 19°, Sun’s Declination N. 23°,
July. ‘E August,
86 | 0301 | 3 50|22 82 (1416 20 | 573 98 | 030003 98 |22 98 |1 347 11 57'1
89 1279 | 2514122 61 |1 363 16 | 57:1 94 1301|2514 (22 771322 7 | 570
106 | 2291 | 2393 |22 25 |1 332 11 | 573 98 | 2287|2406 |22 14 |1 335 4 | 570
" 101 3309 2333 |21 641319 6 | 571 | 100 | 3291|2292 |21 42 |1 360 8 | 568
103 | 4296 | 2 328 |20 821 325 5 | 569 97 | 4298|2256 |20 58 |1 401 13 | 567
107 | 5296 | 2 458 (20 11| 1 364 8 | 571 90 | 5292 |2 358 |19 581450 18 | 566
101 6288 | 3128{19 103 |1 409 13 | 569 99 629913110 {19 34 |1 483 21 | 568
96 7285 | 337720 34 |1 451 17 | 56:9 88 7300|3430 |19 116 | 1 513 22 | 572
88 8289 | 3509 |20 119 | 1 492 20 | 570 92 8285 | 3 567 {20 106 | 1 50-1 23 | 571
88 | 9292 | 3 487 |21 81| 1 508 23 | 57°0 89 9296|3524 |21 841476 22 | 573
83 [10 289 | 3 38822 23| 1495 23 | 571 89 |10 305 | 3 394 |22 30 |1 432 19 | 572
91 (11 293 | 3 217 122 62| 1 457 22 1572 92 {11 298 13 260 122 86 |1 384 16 | 57-
Sun’s Declination N. 21°, Sun’s Declination N. 14°,
MDCCCXXXVI. 2H
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Tasre I.  (Continued.)

September. October.
“6% A t gnterval Interval {M f "6% A In:e o | Interval |M f
Bt o n B
BE’ Sogl;‘%f’?me ';hee E\Yggz’s Height blelt\evregl Nf;?n(’)s gg:;n g%‘ Sollztl;ﬁf?;z t}?:l‘)lyoeg:’s Height b‘elt»e::;l Me::n?s %ﬁ?ﬂ
E% | of Moon’s Transitand| of Tide. | Moon’s |Declina.| ‘ppy. g g of Moon’s | Transitand| of Tide. | Moon’s |Declina-| pay.
3 Transit. |the Time of] Transits, | tion. : ; & Transit. |the Time of| Transits. | tion.
o high water. <) high water.
h m h m ft. in. h m ° ’ h m h m ft. in, h m o ’

100 029113 95 {23 03 |1 357 5 571 96 03003 90 {22112 1 427 12 57°5
99 1298|2530 |22 751 373 8 57-2 96 1302|2523 |22 63 |1 464 16 575
94 2301|2372 {22 08| 1 407 12 570 89 2304|2335 |21 951480 20 57-0
88 3288|2267 |21 11| 1 446 17 569 87 3290|2189 |20 109 | 1 491 22 569
92 4300|2162 |19 103 | 1 466 20 565 89 4299|2101 {19 11-2 | 1 474 23 567
81 5304|2276 |19 181 493 22 56-8 90 5302|2217 {19 16| 1 445 22 566
84 63023 95 |18 118 | 1 476 23 566 87 631443 50 |19 11]1 411 20 56+7
87 7299|3469 |19 110 | 1 443 22 568 90 731413419 |20 19| 1 366 17 566
89 8299|3580 {21 00| 1 423 20 57-0 95 8300 | 3 554 |21 36| 1 344 12 56-8
94 9297 | 3536 [21 110 | 1 394 17 57-3 103 9288 |3 518 |22 22| 1 338 7 569
94 |10 296 | 3 431 |22 65 |1 366 12 57°3 105 110 292 | 3 4056 |22 91 |1 356 5 574
96 |11 293 | 3 266 |22 113 |1 354 7 574 102 |11 298 | 3 262 |22 115 | 1 387 7 575

Sun’s Declination N. 3°. Sun’s Declination S. 9°.

November. | December,
87 0286 |3 51 |22 731 499 20 575 87 0289|383 37 |22 62| 1482 23 572
86 1286|2478 |22 31 |1 507 22 573 85 1305 | 2460 |22 151 454 22 | 572
85 2292|2309 21 105 | 1 489 23 572 89 2 312 |2 313 |21 10:3 | 1 404 20 | 574
87 3298|2214 |21 11]1 452 22 573 93 3306|2276 (21 161 355 16 571
89 4303|2177 |19 115 | 1 400 20 568 101 4294|2264 |20 52| 1324 11 57°1
88 5288|2281 |19 64} 1 361 18 566 | 107 5300|2371 |19 1149 | 1 309 7 569
163 62933 33 [19 58| 1325 12 566 101 62943 62 (19 109 |1 319 5 567
95 72993360 |20 471 319 7 567 103 7283|3312 |20 53 |1 349 8 567
97 8292|3476 |21 181 331 5 569 102 8297 | 3 448 |21 36 |1 411 12 569
96 9297|3465 |22 181371 7 572 88 9299 | 3 448 |21 107 | 1 455 17 571
93 11029313353 |22 611 413 10 57°1 89 (10 284 | 3 338 {22 33 |1 482 20 571
88 |11 286 |3 21-2 |22 96| 1 463 16 573 | 88 |11 2803 213 |22 35 |1 491 23 572
|
Sun’s Declination S, 18°, : Sun’s Declination S. 23°. :

The argument, Moon’s Transit, is the fifth transit previous to the time of high
water, therefore all the infervals must be increased by 48 hours. The fifth column
contains the interval between the moon’s transit in the second column and the fourth
afterwards, both transits being the mean of the same as the number of observations
given in the first column.

Tasre 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 the London Docks, for each month in the year.
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Tasre III.  (Interpolated from Table I.)

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

,g:g’s‘i’f 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.
030 2270 | 2301 | 2287 | 23-05 | 2286 | 2258 | 22:68 | 22-82 | 23:02 | 22-93 | 22-59 | 2252 | 22-80
130 | 2255 | 2270 | 2274 | 2245 | 22-49 | 2231 | 2250 | 22-64 | 2262 | 2252 | 2225 | 2212 | 2266
2 30| 2193 | 22:08 | 21-86 | 21-88 | 2172 | 21-94 | 22-20 | 2210 | 22-07 | 21-80 | 21-87 | 21-87 | 21-94
3 80| 2141 | 2136 | 2097 | 2095 | 20:95 | 21-15 | 21-54 | 21-34 | 21-07 | 20:90 | 21-09 | 21'14 | 2116
4 30 | 2045 | 2020 | 1978 | 1948 | 2009 | 2060 | 2067 | 2048 | 1986 | 1993 | 1996 | 2042 | 2017
530 | 1951 | 1914 | 18977 1908 | 1969 | 20:05 | 20-09 | 1947 | 1915 | 1913 | 19:51 | 19:99 | 1949
630 1959 | 1908 | 1900 | 1933 | 1978 | 1998 | 1986 | 1928 | 1898 | 19-08 | 1948 | 1991 | 1944
7 30 20-19 { 2000 | 1993 | 20-17 | 2064 | 20-58 | 20:30 | 1997 | 1992 | 20-13 | 2040 | 2047 | 20-22
830 | 21113 | 2088 | 20-95 | 21-32 | 2144 | 21-20 | 21-01 | 20-91 | 21-00 | 21-30 | 21-16 | 21-30 | 21-14
930 | 2170 | 2175 | 21-86 | 2228 | 2222 | 2193 | 2168 | 2170 | 2192 | 2220 | 22-15 | 21-89 | 21°94
10 30 | 22-21 22:43 | 22:46 | 2286 | 2270 | 22:31 | 2220 | 2225 | 22:54 | 2277 | 2251 | 22:28 | 22:46
11 30 | 2258 | 2286 | 2296 | 2318 | 2285 | 2253 | 2252 | 22:72 | 22:04 | 22-96 | 2280 | 2230 | 2277

TasrLe 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.

TMrg:)l‘Sli’ts. January, |February.]| March. | April. | May. | June. | July. | August.| Sept. Oct. Nov. Dec ’11“;-1::32
h m m m m m m m m m m m m m h m
030|—24|-31|—01|+12|-11|—20|—~ 07|+ 41|85+ 33 |— 10|~ 23| 030
130 —-25|—-07|—01|+06|—03|—09 |+ 14|+ 18 |4 34|+ 28|— 22|~ 35 1 30
230 |+ 22 |4 07| — 10|~ 20|~ 30|+ 02 | 41 |+ 53 |+ 21 [~ 15 |~ 43 |~ 35| 230
330 |+ 45| —06|— 41|~ 50|~ 28|+ 20|+ 82|+ 40 |4 14 |— 64 |— 37 |4+ 25 3 30
430 |4+ 63|-—-06|—72|— 74|~ 06|+ 87 4114 |4 42| — 52| —113 |— 37 |+ 50| 4 30
530|100 | — 25 | — 86 | — 48 |+ 21 |+ 97 | +120 |+ 22 |— 65 |—123 | — 51 |+ 32 | 5 30
630 |4+ 09| — 19 [~ 024+ 09+ 17|+ 21|+ 45|+ 23|+ 06|— 47— 51 |— 23 6 30
730 |4 02|+ 04 |4 56|+ 18 |— 26 |— 34 |— 16| +32 |4 71|+ 15 |— 38 |— 82| 730
830 |— 17 |+ 29 |+ 56|+ 02| — 39 |— 49 | — 10|+ 48 |+ 60 |+ 34 |— 43 |— 72| 830
930|407 = 01| 00— 08|—13|— 26|— 03|+ 34|+ 47 |+ 27 |— 24 |— 41| 930
1030 | — 15 |- 22|~ 16|+ 01 (4 04 | — 25 |4+ 14|+ 23 |4 58|+ 31 |— 20| — 36|10 30
113 |—40|~36|—-07|4+01|{—=08|—01]|—06|+ 39|+ 43|+ 40|~ 12 |- 131130
TaBLE V.

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

1‘{{_‘;‘;“;;:‘ January, |February.| March. | April. May. June, July. | August.| Sept. Oct. Nov. Dec. ,}Yﬁgﬁ’)‘;’g
h m feet, feet. feet. feet. feet feet, 1| feet. feet. feet. feet. feet, feet. h m
030 —10 421|407 4+25|4+06| —22| —-12| 402 | +22|+13| —21| —28 0 30
13| —11 | +4+04| 408 —21 | —17| =35 | —°16| —02 | —-04 | —-14 | — 41 | — 54 1 30
230 —01|+14| —08| —06| —22| 00|42 |+16|+13| —14| ~-07| —:07| 230
330 +25|+20| —19| —21 | —21 | ~01 | 438 | + 18| —+09 | —26 | — 07 | — 02 3 30
43| 4+28| 403 —~39| —69| —~08| 4+43| +50]| +31| —31| —24| —21 | 425 4 30
53| 4+02| -3 —-52| ~41| 420 +56| 460 —02| —34| —36| 402|450 5 30
630|415 | —36 | —dd | — 11| 434 | 454 | 442 | =16 | — 46 | — 36 | 404 | +-47 | 6 30
78| —03| —22| ~29| —05 | 442 | +36| 408 | —25| —30| —-09 | +-18 | +25 730
830 —01 | ~26| —°19| +°18| 430 | +06| —13| —23 | —-14 | 416 | 402 | +°16 8 30
930 | —24 | —19 | —~08 | 434 | 28| —01 | —26| —24 | —+02 | 4+°26| 21 | — 05 9 30

1030 | —25 | —03| 00| 440 | +24 | —-15 [ —26 | —21 | 408 | 431 | +05 | — 18 | 10 30

1130 | —<19| +09 | +19| 41 | +08| —24| —25 | —05 | 417 | 19| ++03 | — 47 | 11 30

2H2
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Showing the Interval between the Apparent Solar Time of the Moon’s Transit and
the Time of High Water, the Height of High Water, and the Interval between the
Moon’s Transits at the London Docks, corresponding to the Apparent Solar Time

MR. LUBBOCK ON THE TIDES.

TasLe VI.

of the Moon’s Transit, for every minute of her Horizontal Parallax.

Hor. Par, 54, Hor. Par, 55,
s igh rval Moon’: 5 i ¥
N(‘)lgslst?:a(:f %g?lgi:. Interval. Hemg ¢ Intg * Depﬁnai N(‘)llz?g::a(.)f ’I%:ggi:. Interval. He:)xtg he Inbg{_val ll)vfe‘():i)i'rll;.;
tions. Tide. Transits. tion. tions. Tide. Transits. tion,
h m h m ft. in. h m o h m h m ft. in. h m o
232 0297 |3 47 (22 24 |1 303 152 149 02933 50 |22 381332 144
225 1294|2465 (21 94 |1 302 14-8 155 1287|2480 {22 13| 1 334 14-7
221 2292|2289 {21 291 309 157 178 2294|2320 {21 621 325 137
202 32882124 [20 57 |1 302 14:6 181 3295|2177 |20 771 330 15°1
190 429912 95 |19 60 |1 312 15-6 214 4299|2124 (19 77 |1 334 151
159 5284|2216 [18 86 |1 310 16-1 215 52992273 |18 113 | 1 329 14-8
169 62943 39 |18 95 |1 309 154 223 6289 |3 43 {18 109 | 1 332 154
176 73111 | 3404 |19 80 |1 303 154 206 7288|3407 |19 86 |1 331 15-0
194 8303|3559 {20 451 30-1 15-0 189 8293|3538 |20 88 |1 328 14-6
217 9297|3526 |21 44 |1 304 152 159 9289|3524 |21 63| 1326 14-8
222 110299 | 3397 |21 108 | 1 301 14-8 163 {10 290 | 3 40-1 |21 11-3 | 1 328 14-5
223 11129213232 (22 2611 301 144 158 |11 294 13 232 {22 33 |1 331 144
Sun’s Declination 15°, Sun’s Declination 15°,
Hor. Par. 56, Hor. Par. 57,
123 02913 45 |22 67 |1 364 145 88 02913 61 |22 99 | 1400 14-7
107 1298 2473 |22 30 |1 361 14:0 105 13082501 |22 511403 14-9
130 22962335 |21 89 |1 367 149 96 2311|2332 |21 118 | 1 392 14-2
125 3304|2232 {20108 | 1 360 141 113 3299|2259 |21 30 ;1403 149
141 4289|2198 (20 01 |1 365 14-9 128 4308|2222 {20 43 |1 406 154
153 5306|2320 {19 33 | 1 569 151 135 53042359 (19 711404 15-8
150 63003 73 (19 311 362 146 143 62923 73 |19 551404 151
143 72933397 {20 50 |1 369 152 135 72903403 |20 30| 1412 154
146 8 283 | 3540 {20 109 | 1 374 152 116 8306|3516 {21 18| 1 410 15-2
128 9288|3512 (21 811377 15:4 108 9294 |3 500 {21 104 | 1 406 147
117 |10 282 | 3 384 |22 38 |1 377 143 100 {10 278 | 3 384 |22 31| 1 409 14-8
113 (11 292 | 3 241 {22 64| 1 369 14-6 98 |11 289 |3 202 {22 10:1 | 1 403 141
Sun’s Declination 15 . Sun’s Declination 15°,
Hor, Par. 58/, Hor. Par. 59"
87 03103 55 [22109 |1 443 150 96 02823 77 (23 10 |1 479 144
93 1285|2483 |22 87 |1 441 147 97 1306 | 2 511 [22 102 | 1 466 14-0
107 2301|2381 {22 19| 1432 14-3 109 2304|2380 |22 421471 14-6
114 3310|2301 (21 53| 1 436 150 150 331002322 (21 84 |1 473 14-8
140 4295|2278 ({20 621 430 14:3 217 43202322 (20 95| 1 480 15-4
166 5298|2403 (19 112 | 1 446 15:2 283 5297|2427 (20 201 484 15-3
166 6293|3101 {19 75| 1 449 156 281 6299|3136 (20 18| 1 492 15-3
141 7281|3379 |20 63| 1 451 14:6 224 7272|3378 20 90| 1 494 150
123 8272|3528 |21 34| 1456 156 147 8269|3476 (21 72| 1 491 144
103 9284|3478 (22 131 454 150 121 9270|3469 (22 26| 1 500 152
92 |10 301 | 3369 |22 71 |1 444 14-8 97 110 292 | 3 364 |22 104 | 1 486 14-3
90 |11 293 | 3 225 |22 10:7 | 1 448 147 90 |11 277 |3 249 |22 114 | 1 487 147
Sun’s Declination 15°, Sun’s Declination 15°,
Hor. Par. 60", Hor. Par. 61/,
112 0292 |3 65 |23 46 |1 523 14-8 214 0297 |3 80 |23 611558 | 145
112 1307|2536 |23 14 |1 511 14-8 196 1281 (2536 ({23 32| 1 551 14-8
170 2318|2413 {22 701 505 14:3 112 2227|2430 (22 901531 153
211 328422337 (22 071 500 150 5 3 802344 (211061556 186
101 4230(2345 (21 27 |1 488 154
7 5 7383|2467 |20 86 |1 464 145
4 6425 | 3 317 |20 32 |1 552 16-0
90 7374|3391 |21 191 547 15:1
205 8322|3478 |21 93 |1 545 15:0 2 8570 | 3 4956 |22 50| 1600 | 165
171 9268 | 3447 |22 641 529 139 98 9381|3434 |22 98 |1582| 155
123 |10 283 | 3 352 |23 00| 1 533 14-6 184 (10 304 |3 348 |23 18| 1 574 | 144
107 |11 2933211 (23 35| 1 518 139 217 11 294 | 3 209 |23 49 |1 571 14:6
Sun’s Declination 15° Sun’s Declination 15°,
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Tasre VII. (Interpolated from Table VI1.)
H. P. 54'. H. P, 55'. H. P. 5¢". H. P. 57, H, P, 58" H. P. 59" H., P. 60", H. P. 61"
’, i i i igh i i i i
'Hgg‘slits. Interval. H%tght Interval. H%‘th Interval. He:’ltg e Interval. H%tg * Interval. H(:)ltg e Interval, He(:)xtg e Interval, H%l e Interval, He;tg he
Tide. Tide. ide. Tide. Tide. Tide. Tide. Tide.
hm{hm ft. h m ft. h m . h m ft, h m ft. h m ft. h m ft. h m ft.
030(3 46 (2220 (3 48 {2231 |3 42 |22:55 (3 58 |2282 3 582291 |3 722308 |3 632338 |3 79 2351
130 |2 463 |21-78 |2 476 | 22:02 |2 472 |22:25 |2 50-3 | 2243 |2 480 |2271 |2 512 |22-85 |2 537 |23:12 |2 53-2 | 23-26
2 30 |2 287 (2123 |2 31-8 | 2151 |2 334 | 2174 |2 334 [21-99 |2 381 |22-16 (2 381 |22:35 |2 416 (22-60 |2 41-8 | 22:68
330 |2 122 [2046 (2 176 | 2063 |2 23-2 {2090 |2 25:9 |21-25 |2 30-2 |21-45 |2 32:3 | 2172 |2 336 |22-04
4302 951950 |2 124 | 1964 |2 20:6 |20-00 |2 22-3 | 2037 |2 27-9 | 20:51 |2 320 | 20-82 | 2 35°1 | 2114
530 (2 223 |1871 |2 274 | 18-94 |2 31'8 | 1928 |2 85-8 | 1960 | 2 40-4 | 19-93 | 2 428 | 2017
630 |3 431880 (3 5:0(1892 {3 7:3 (1926 |3 77 |1946 |3 10-4 | 1963 |3 13:6 | 2015
7 30 |3 399 [1965 |3 41-2 |19-73 |3 40-0 |20-43 |3 40-7 | 2026 |3 386 | 20-55 |3 386 | 2078 |3 37:0 | 21-07
8 30 |3 559 {2037 |3 539 | 2074 |3 542 |20-93 |3 515 | 21-14 | 3 530 | 21:33 |3 47-8 | 21:64 |3 477 | 21-75
9 30 |3 526 (2137 |3 523 |21°53 |3 51:0 | 21-68 |3 49-9 [21-87 |3 47-6 | 22:13 |3 466 | 2225 |3 444 | 22.57 |3 439 | 22-72
10 30 |3 397 [21-90 |3 39:9 |21-95 |3 380 | 22:33 |3 37-8 [ 22-28 |3 369 | 22:59 |3 363 |22-87 |3 34:9 [23-01 |3 349 {2315
11 30 |3 229 |22-22 |3 23-0 | 2227 |3 23-8 | 22-54 |3 19-8 | 22:85 |3 22-3 | 2289 |3 24-4 |22:95 |3 209 | 23:29 |3 20-7 | 2341
TasLe 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.

.}‘igggi:_ H.P.5¢.|H. P.55. | H. P.56’. | H. P. 57". | H. P, 5¢’. | H. P. 59". | H. P. 6¢. | H. P. 61",

h m m m m m m m m m

0 30 — 12 ~ 10 - 16 0 0-0 4+ 14 + 05 + 211

130 — 40 — 27 — 31 0 — 23 + 09 + 34 + 29

2 30 — 47 - 16 0-0 0 + 47 + 47 + 82 + 84

330 —137 — 83 -7 0 + 43 + 64 + 77

4 30 —12:8 - 99 - 17 0 + 56 + 97 +12-8

5 30 —135 — 84 — 41 0 + 46 + 70

6 30 — 34 — 27 — 04 0 + 27 + 59

7 30 — 08 + 05 - 07 0 - 21 — 21 — 37

830 | + 44 + 24 + 27 0 + 15 - 37 — 38

9 30 + 27 + 24 + 11 0 — 23 - 33 — 5% —' 60

10 30 + 19 + 21 + 02 0 — 09 — 15 - 29 - 29

1130 | + 31 + 32 + 40 0 + 25 + 46 + 11 09
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.

,}rggg';ig 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 feet. feet. feet. feet, feet. feet. feet. .
030 | —62 | — 51 | — 97 0 400 | 486 | 456 | 46
130 — 65 — 41 — 18 0 + 28 + 42 + 69 + 83
230 | — 76 — 48 — 25 0 + 17 + 36 + 61 + 69
330 — 79 — 62 — 35 0 + 20 + 47 + 79

430 — 87 — 73 — 37 0 + 14 + 45 + 77

5 30 — 88 — 66 — 32 0 + 33 + 57

6 30 — 66 — b4 — 20 0 + 17 + 69

7 30 — 61 — 53 + 17 0 + 29 + 52 + 81

8 30 — 77 — 40 — 21 0 + -19 + 50 + 61

930 | — 50 — 34 - 19 0 + 26 + 38 + *70 + 85
10 30 — 38 — 33 + 05 0 + 31 + 59 + 78 + 87
11 30 — 63 — 58 — 31 0 + 04 + 10 + 44 + 56
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TasLe X.

Showing the Interval between the Apparent Solar Time of the Moon’s Transit and
the Time of High Water, the Height of High Water, and the Interval between the
Moon’s Transits, at the London Docks, corresponding to the Apparent Solar Time
of the Moon’s Transit for every three degrees of her Declination north and south.

S8 1° 30/ N. to 1° 50’ South Dreclination. "f% 1° 30’ to 4° 80’ North Declination. |
88 o=} .
28 A2
g % Moon’s Interval Hegfg‘ht Intg:‘val Hor. | Suns § % Moon’s Interval Hi.:%ht Intg:‘val Hor. | Sun’s
3 6 Transit. . Tiie. Transits, Par. Decl. Z 8 Transit. . Tide. Transits. Par, Decl.
hm h m ft. in. h m / ° h m h m ft. in, h m / °
48 03123 99 1221121 342 | 572 44 48 0291 |3 87 23 081345 | 572 46
42 127812581 {22 75| 1331 | 571 91 47 1257)2521 [2211:3 1348 | 57°5 89
51 2267|2410 {22 1.7 1333 | 573 | 141 56 2288|2373 (21 11:7 | 1 319 | 568 | 141
45 32762313 |21 6811317 | 570 | 183 49 3307|2313 |21 5413177 | 568 | 186
47 | 4264 | 2 310 |20 67| 1311 | 566 | 210 41 430212291 |20 75| 1310 | 568 | 209
43 | 5305 | 2 443 |19 117 | 1 305 | 56:6 | 22-8 42 53805 | 2407 |19 107 | 1 320 | 569 | 225
41 6283 |3 70 |19 115 | 1 314 | 566 | 22'8 47 6309|3100 {20 07| 1317 | 566 | 225
44 7250|3317 |20 41]1 318 | 566 | 215 50 7337|3363 |20 86 |131:3 | 566 | 210
47 8258|3501 {21 63| 1333 | 570 | 193 50 8340 | 3 499 (21 65| 1342 | 571 | 178
49 9279|3475 (22 3821|1345 | 573 | 142 44 9340|3501 |22 65| 1339 | 569 | 142
49 110 267 | 3 394 |22 95 |1 351 | 573 91 49 (10 304 | 3 388 |22 93 |1 348 | 571 9-2
52 |11 2923 262 |23 22 |1 350 | 572 45 50 |11 267 |3 258 |23 14 |1365 |576 50
1° 30’ to 4° 30’ South Declination,
44 02873 80 |23 001359 | 574 47
54 1307|2507 |22 91| 1 344 | 573 9:0
43 | 2295|2381 (22 19 |1329 | 570 | 142
49 3302|2302 (21 541319 | 569 | 187
47 | 4330 2 288 |20 101 |1 319 | 568 | 21-3
46 5299|2447 |19 107 | 1 307 | 566 | 226
48 6298|3101 |20 08| 1326 | 569 | 226
45 7 3140|3377 |20 751320 | 568 | 218
45 8319|3453 |21 43| 1347 | 570 | 183
46 | 9297|3468 |22 44 |1 354 | 574 | 146
46 10 273 |3 392 |22 91 |1 353 | 573 93
52 111 307 |3 249 (23 20 {1 357 | 575 51
4° 30/ to 7° 30’ North Declination. 7° 80/ to 10° 30’ North Declination.
57 | 03013 83 |23 05| 1365 | 575 64 52 0290|3 73 |22 11-1 |1 356 | 570 90
55 1380212507 |22 95| 1351 | 572 89 53 1298|2508 |22 741857 | 571 99
48 2325|2381 (22 0813841 | 573 | 147 51 2289|2376 {21 112 | 1 345 | 566 | 138
49 | 33162295 {21 59 |1 331 |570 | 183 49 33102263 |21 25 |1335 | 567 | 174
43 | 4266|2301 {20 62| 1 314 | 565 | 206 49 | 4301|2271 |20 501 323 | 566 | 196
50 | 5269|2398 {20 13| 1 3149 | 566 | 220 49 5317712373 |19 11'°8 |1 337 | 564 | 21'1
52 62923 78 |19 11-1 |1 324 | 566 | 221 48 6287 |3 86 |19 105 |1 332 | 566 | 21-2
48 729813312 |20 921337 | 569 | 204 52 7289|3395 |20 69| 1347 | 567 | 195
47 8305|3507 |21 37 |1839 | 571 | 179 52 8290|3496 |21 25 |1 345 | 566 | 164
51 9293|3509 |22 20| 1361 | 573 | 187 52 9 286 |3 511 |22 14 |1 351 | 567 | 127
57 |10 314 | 3 384 |22 82 |1 356 | 573 89 52 1310 310 | 3 395 |22 80 |1 372 | 572 99
52 |11 3200 |3 249 {22 104 | 1 357 | 569 67 50 |11 2793239 (22 90| 1362 | 570 9-1
4° 30’ to 7° 30’ South Declination, 7° 30/ to 10° 30’ South Declination,
50 03013 75 |23 121365 | 576 7:0 54 | 02963 77 |22106 |1 375 |576 90
47 1278|2534 (22 891 350 (571 82 52 1298|2499 |22 85 |1 368 | 574 99
50 2267|2389 |22 421350 | 6574 | 135 52 | 2298|2392 |22 111362 | 574 | 130
44 3276|2280 |21 78 |1322 | 566 | 172 48 | 3287|2277 |21 611357 |572 | 156
48 4301|2295 (20 89 {1325 | 569 | 207 53 4316|2315 |20 59| 1338 | 568 | 196
50 5289|2421 (20 04| 1330 | 569 | 218 50 | 5311|2427 {20 50| 1347 | 570 | 21-0
45 6274|3131 {19 102 | 1 322 | 565 | 22:0 50 6309|3127 |19 89 |1 334 | 567 | 211
46 7298|3351 (20 55| 13388 | 571 | 209 45 7299|3409 |20 80 |1 367 |'57-2 | 197
44 8283|3453 (21 541 348 | 570 | 179 51 8 284 | 3 446 |21 63 |1 347 | 568 | 158
51 9297|3470 {22 25|1855 |572 | 141 51 9 281 |3 466 |22 28| 1379 | 574 | 140
51 |10 303 | 3 381 |22 74| 1368 {574 80 53 |10 286 | 3 386 |22 73 |1 382 |575 93
51 |11 298 | 3 243 |22 1183 | 1 36:1 | 572 67 55 |11 287 |3 155 |22 118 | 1 392 | 576 95
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TasLe X. (Continued.)
%% 10° 30’ to 13° 30’ North Declination. "Eé 13° 30’ to 16° 80’ North Declination,
2% &5
S ai; Moon’s | oo Hegtght Int:;val Hor. | Sun’s | § 5 Moon's | ol H‘ﬁght Intgfgval Hor. | Sun’s
Z 8 Transit, J Tide, Transits. Par. | Decl. Z 8 Transit. . Tide. Transits. Par. |, Decl.
h m h m ft. in. h m 7 ° h m h m ft. in, h m ’ °

60 028413 61 |22 1101383 | 572 | 1I'6 60 03123 62 |22 981393 | 569 | 155
59 1298|2525 |22 681377 | 573 | 120 64 1297|2499 |22 611394 | 569 | 142
57 2289|2385 (22 031366 | 568 | 117 59 2284|2357 {22 051380 | 567 | 133
59 3283|2271 (21 81|1356 | 568 | 149 62 3274|2276 |21 081387 | 566 | 128
55 4294|2237 (20 441353 | 569 | 177 63 431212218 |20 2¢7|1369 | 564 | 160
55 5301|2375 |19 821328 | 564 | 195 66 52892380 |19 68| 1379 | 566 | 167
55 6289|3100 |19 79 |1 342 | 565 | 191 62 62823 39 |19 451372 | 562 | 169
52 7284|3364 |20 44| 1368 | 567 | 182 65 7285 (33899 (20 21 |1371 |565 | 154
56 | 8297|3477 |21 22 |1 359 | 566 | 158 72 8293|3529 (21 231390 | 566 | 135
58 9303|3495 (22 16 |1 3838 | 571 | 130 61 9303|3485 |22 05| 1385 |566 | 130
52 (10 295 |3 380 (22 61 |1 382 | 570 {113 71 110 28:3 | 3 386 |22 49 |1 394 | 567 | 141
59 111296 |3 230 (23 001381 | 569 | 120 67 |11 295 |3 254 |22 90| 1 404 | 570 | 160

10° 30/ to 18° 20’ South Declination. 13° 30’ to 16° 30/ South Declination.
57 027913 81 {23 06| 1409 | 576 | 121 58 028813 84 [2211:2 |1 425 | 576 | 150
61 12882531 (22 771397 |578 | 118 63 1279|2534 |22 83| 1433 | 580 | 137
59 2306|2368 |22 26 |1384 |574 | 132 63 2326|2381 {22 02| 1415 | 577 | 134
63 | 3294)2268 |21 54 |18371 | 570 | 145 61 3315612296 |21 381411 |574 | 132
53 4301 | 2247 |20 44 | 1368 | 570 | 175 71 430712262 120 591371 | 571 | 147
52 | 5290|2428 (19102 | 1372 | 570 | 194 66 5303|2387 (19 8013895 |569 | 170
52 627413100 |19 921370 | 570 | 198 64 6314|3103 (19 77 |1386 | 570 | 167
57 7286|3385 |20 40 |1 877 | 571 | 180 59 7292|3375 (20 62 | 1409 | 571 | 154
59 8297 {3501 |21 56 |1882 |572 | 153 60 | 8294|3510 {21 29 |1425 | 575 | 142
55 9328|3493 |22 02| 1404 | 575 | 121 59 9294|3455 {22 10 | 1416 | 576 | 134
54 (10 289 | 3377 |22 83| 1402 | 575 | 123 64 10289 3374 |22 65| 1418 |575 | 138
54 1]1 293 {3208 (22 63 |1 407 | 577 | 11-9 68 |11 293 |3 236 |22 106 |1 433 | 579 | 152

16° 30’ to 19° 30’ North Declination. 199 30/ to 22° 30’ North Declination,
92 02953 51 |22 84| 1422 | 568 | 189 64 02803 52 (22 76 |1477 | 575 | 190
92 1304|2504 |22 15| 1405 | 565 | 174 64 1277|2483 |22 75 | 1475 | 576 | 186
95 2301 | 2346 |21 100 | 1 401 | 565 | 152 71 228912313 |21 111 | 1 460 | 573 | 156
94 3294|2237 |21 021406 | 565 | 133 65 3319|2214 {21 02 |1 464 | 570 | 11'8
94 4289|2191 (20 08| 1402 | 564 | 116 76 42872164 |19 94 |1 448 | 568 | 11'8
92 5290|2348 |19 56| 1401 | 563 | 116 74 5276|2287 |19 23 |1 460 | 570 | 107
105 6302|3108 (19 481 402 | 564 | 110 70 | 6289|3113 |19 46 |1 467 | 571 | 117
93 7296|3441 |20 03 |1 408 | 564 | 126 71 7295|3428 (20 08 |1 477 | 572 | 109
101 827713538 |21 041412 | 564 | 136 64 8299 | 3521 |21 07 |1492 | 576 | 130
84 9299 | 3510 |21 95| 1420 | 566 | 154 68 9287|3479 (21 103 | 1487 | 577 | 152
88 (10294 | 3 385 |22 63| 1426 | 572 | 185 66 110 303 | 3 353 |22 45| 1490 | 580 | 183
87 |11 2903223 [22 71| 1421 | 568 | 189 65 |11 2881|3226 |22 76| 1488 |577 | 199

16° 80’ to 19° 30’ South Declination. 199 30 to 22° 30/ South Declination.
92 | 03013 38 [22107 | 1462 | 578 | 190 67 0298 |3 59 (22 77 |1 454 | 571 | 199
80 1282|2517 |22 58| 1455 | 577 | 183 65 1307 | 2465 |22 46 | 1467 | 575 | 182
95 2280|2378 |21 1199 | 1 444 | 576 | 162 69 2300|2318 (21 961438 | 569 | 150
86 3292|2287 (21 41| 1455 | 577 | 131 68 3294 | 29229 |20 106 | 1430 | 568 | 139
94 4304|2239 |20 31| 1438 | 573 | 120 79 43002163 (19 119 | 1 426 | 565 | 115
88 5302|2373 |19 41| 1445 | 572 | 114 68 5307|2281 |19 34 |1 424 | 566 | 112
93 6297 |3 98 |19 53| 1443 | 571 | 116 75 6286 |3 69 |19 01 |1418 | 562 | 105
99 7307|3408 [20 45 |1 453 | 573 | 120 71 7286 |3 425 |19 101 | 1 419 | 563 | 121
89 8309|3541 (21 17| 1461 | 575 | 135 77 8 306 | 3 538 |20 109 | 1 432 | 564 | 129
84 9 272 |3 487 |21 105 | 1 462 | 576 | 146 68 9306|3502 (21 781439 | 567 | 156
91 |10 31-2 |3 368 |22 58| 1475 | 579 | 177 65 110 271 | 3 364 (22 21 |1 419 | 566 | 178
75 |11 287 |3 169 |22 98| 1474 | 581 | 193 72 |11 298 | 3 21-1 |22 67 | 1457 | 571 | 199
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TasrLe XIV.

Showing the Difference in the Interval between the Apparent Time of the Moon’s
Transit and the Time of High Water at the London Docks, and the Interval cor-
responding to fifteen degrees Declination, for every three degrees of the Moon's
Declination north or south.

Moon's | 0°Decl. | 3°Decl. | 6°Decl. | 9°Decl. | 120Decl. | 159 Decl. | 189 Decl. | 21° Decl. | 240 Decl. | 270 Dect. | Moon's
ansit. Transit.
h m m m m m m m m m m m h m

-0 30 + 28 + 07 + 06 0-0 - 07 0 - 29 - 290 - 44 ~ 74 0 30
1 30 + 63 - 03 - 10 - 10 + 13 0 — 04 — 41 - 70 — 49 1 30
28 | +33 | +06 | +14 | +13 | 4 06 0 —12 | —56 | —47 | —96 | 230
330 | + 26 + 23 + 02 - 16 - 17 0 - 24 — 63 - 91 —14-8 3 30
430 | + 73 + 48 + 59 + 46 + 01 0 - 2:6 - 77 —12-2 —165 4 30
580 | +56 | +41 | +31 | +10 | + 19 0 -23 | - 97 | —127 | —206 | 5 30
63 | +05 | +27 | +39 | +29 | 4+ 41 0 +31 | +27 | —05 | —43 | 630
730 | —56 | —28 | —58 | +09 | — 12 0 +32 | +39 | +44 | +31 | 730
8380 | — 13 | —47 | —39 | — 46 | — 31 0 +19 | +09 | +23 | +48 | 830

930 | +03 | +16 | +19 | +17 | + 25 0 +28 | +20 | +13 | +38 | 930
103 | +10 | +10 | +07 | +12 | —o02 0 —01 | —23 | —33 | — 15 | 1030
11 30 | 4 16 + 07 + 05 - 52 - 27 0 - 52 — 28 — 54 — 47 | 11 30

TasLe XV. (Interpolated from Table X.)

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

Moows | 09 Decl. |3°N.Decl. | 6° N. Decl. |9° N. Decl. 12 N. Decl. | 15° N. Decl. 18° N. Decl. 210 N. Decl. 94° N. Decl. £7° N. Decl.|  Mean.

h m feet. feet. feet. feet. feet. feet. feet. feet. feet. feet. feet.
0 30 22-94 23-07 23-04 22-92 22-91 22-82 2270 22:63 22-48 22:55 22-81
130 22-61 22:94 22-79 22-62 22-56 22:51 22:13 22-61 22-39 21-81 22:49
2 30 22:12 21-97 2209 21-92 22-01 2202 21-83 21-91 21-76 21-47 21-91
3 .30 21-563 2146 2151 21-22 21-23 21-03 2101 21-03 20-96 2057 2115
4 30 20-51 20-62 2047 20-42 20-36 20-24 20-05 1977 19-83 19-29 20-16
5 30 19-97 19-89 20-09 19:93 19-68 19°56 19-46 19-19 19-34 18:52 1956
6 30 1997 20-05 1992 19-88 19-66 19-38 19-40 19-39 1893 1861 19°52
7 30 20-41 20-67 20:77 20-58 20-38 20-20 20-03 2008 -| 2001 19:54 20-27
8 30 21°59 21-48 21-30 21-21 21-20 21-20 21:07 2106 20-92 2070 2117
9 30 22-29 22-50 22:17 22:14 2213 2204 21-80 21-87 2171 21-37 22-00
10 30 22-82 2277 22:76 2266 22-52 22:42 22:53 22:37 22:39 21-90 22:51
11 30 23:18 2312 22-86 2276 23:01 22:75 2260 22:63 22-67 22-28 22:79

8° 8, Decl. | 6° 8. Decl. | 9° 8. Decl. 129 8. Decl. |15° 8. Decl. | 18° 8. Decl. | 21° 8. Decl. | 24° S, Decl. | 27° 8. Decl.| Mean.

030 2300 | 2310 | 2288 | 2304 | 2293 | 2289 | 2264 | 2254 | 9253 | 22:92
1 30 2276 | 2272 | 2271 | 2263 | 2267 | 2247 | 2239 | 2227 | 2201 | 2252
2 30 , 9214 | 2232 | 2209 | 2292 | 2205 | 2197 | 2180 | 21464 | 2150 | 2198
330 2145 | 2162 | 2149 | 2144 | 21-33 | 2133 | 2089 | 2093 | 2065 | 2127
4 30 2087 | 2074 | 2051 | 2037 | 2050 | 202 | 1999 | 1965 | 1977 | 2032
5 30 1989 | 2002 | 2043 | 1984 | 1967 | 1935 | 1929 | 1917 | 1870 | 1963
630 2007 | 1987 | 1976 | 1977 | 1965 | 1944 | 1901 | 1910 | 1883 | 1954
7 30 2061 | 2046 | 2067 | 2085 | 2053 | 2087 | 1987 | 1990 | 1965 | 2028
8 30 2133 | 2147 | 2154 | 2147 | 2125 | 2113 | 2090 | 2063 | 2076 | 212
9 30 2237 | 2291 | 2225 | 2199 | 2209 | 2191 | 2164 | 2146 | 2154 | 2197
10 30 - 2277 | 2262 | 2262 | 2269 | 2255 | 2247 | 2220 | 2197 | 2216 | 2249
11 30 2317 | 2294 | 2293 | 2252 | 2288 | 2282 | 2257 | 2203 | 2242 | 2275
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Tapre XVI.

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

Moon’s 0° Decl. 39 Decl. 6° Decl. 9° Decl. | 12° Decl.
‘Transit.

150 Decl. ‘ 180 Decl. | 210 Decl. | 240 Decl. | 27° Decl. ; Mean.

h m feet, feet. feet. feet. feet. feet. feet. feet. feet. feet. fect.
0 30 22:94 23-04 2307 22:90 22-97 22-88 22-79 2264 22:51 22-54 22-86
130 22-61 22:85 22-76 22-66 22:60 22:59 22:30 22:50 22:33 2191 22:51
230 | 2212 22:05 22-21 2200 22-11 22:04 21-90 21-85 21-70 21-49 21-95
3 30 21-53 21-46 2157 21-35 21-33 2118 2117 2096 20-94 2061 21-21
4 30 20-51 20:75 20:60 20-46 20-36 20-37 20-16 19-88 1974 1953 20-24
5 30 19-97 19-89 20-06 20:18 1976 1962 19:40 1924 19:25 1861 19-60
6 30 1997 20:06 19-90 19-82 1971 19-51 19-42 1920 19-01 1872 19:53
7 30 2041 2064 20:61 2062 20-36 20-36 2020 19-97 19°95 1960 20-27
8 30 21:59 21-41 2139 21-38 21-33 21-22 21-10 20-98 2077 20-73 2119
9 30 22-29 22:43 22-19 22:20 22-06 2206 21-85 21-75 21-58 21-46 21-99
10 30 22-82 2277 22-69 22-64 22:60 22:48 22:50 2228 2218 22-03 2250
11 30 2318 23:15 22:90 22-84 2276 22-81 22:71 2260 22-35 2235 2277

TasLe XVII.

Showing the Difference in the Height of High Water at the London Docks, and the
Height corresponding to fifteen degrees Declination, for every three degrees of the
Moon’s Declination north and south.

Moon’s | go Decl, |8° N.Decl. | 60 N. Decl. | 6° N, Decl. | 12° N. Decl. | 150 N, Decl.|18° N. Decl. | 210 N. Decl. | 240 N. Decl. | 27 N, Decl.| Moon’s
Transit. Transit.
k m feet. feet, feet, feet. feet. feet, feet. feet. feet, feet. h m
0 30 + 012 | 4+ 025 | 4+ 022 | 4 010 | 4 009 0 - 012 | =019 | — 034 | — 027 0 30
130 + 010 | 4 043 | 4+ 028 | 4 011 + 005 0 — 038 | + 010 - 012 | — 070 1 30
2 30 + 010 | — 0:05 + 007 | — 010 | — 001 0 — 019 | — 011 — 026 | — 055 2 30
330 | + 050 | 4 043 | 4 048 | + 019 | 4 020 0 — 002 000 | — 007 | — 047 3 30
4 30 + 027 | 4038 | + 023 | + 018 | 4 012 0 - 019 | — 047 | — 041 | — 095 4 30
5 30 + 041 | 4 033 | 4+ 053 | + 037 | 4 012 0 - 010 | — 037 — 022 | - 104 5 30
6 30 + 059 | 4+ 067 | 4 054 | 4+ 050 | 4 0-28 0 4+ 002 | 4 001 | — 045 | — 077 6 30
730 | 4 021 | 4 047 | + 057 | 4 038 | 4 018 0 - 017 | - 012 | — 019 | — 066 7 30
8 30 4+ 039 | + 028 | 4+ 010 | 4 001 0:00 0 - 013 | — 014 | — 028 | — 050 8 30
9 30 + 025 | + 046 | + 013 | + 010 | 4 009 0 — 024 | — 017 | — 033 | — 067 9 30
1030 | 4 040 | 4 035 | - 034 | + 024 | 4+ 010 0 + 011 | — 005 | — 003 | — 052 | 10 30
11 30 + 043 | + 037 | 4+ 011 + 001 | 4 026 0 — 015 — 012 - 008 | — 047 | 11 30
0° Decl. | 8° 8. Decl. | 6° 8. Decl, | 9° S. Decl. |12° S, Decl. | 15° 8. Decl. | 18° S. Decl. | 21° S. Decl. | 24° 8. Decl. | 27° S. Decl.
0 30 + 0-01 + 007 | + 017 - 005 | 4 011 0 — 004 | — 029 | — 049 - 040 0 30
130 - 006 | 4+ 009 | 4 005 | 4+ 004 | — 004 0 — 020 | — 028 | — 040 | — 066 1 30
230 | 4+ 007 | 4 009 | + 027 | + 004 | + 017 0 — 008 | — 025 | — 041 | — 055 | 230
330 | 4+ 020 | 4 012 | 4 029 | 4+ 016 | 4 011 0 000 | — 044 | — 040 | — 068 3 3
430 | 4 001 | 4 037 | + 024 | 4- 001 | — 013 0 — 024 | ~ 051 | — 085 | — 073 4 3
530 {4+ 030 | + 022 | 4~ 035 | 4 076 | + 017 0 — 032 | — 038 | — 050 | — 097 5 30
630 | 4 032 | 4+ 042 | 4 022 | 4 011 | 4+ 012 0 - 021 | — 064 | — 055 | — 082 6 30
730 -~ 012 | 4+ 008 | — 007 | + 014 | — 018 0 - 016 | — 066 | — 063 | — 088 7 30
830 |+ 034 | 4+ 008 | 4+ 022 | 4+ 029 | + 022 0 — 012 | — 035 | — 062 | — 049 | 830
930 | 4- 020 | 4 028 | + 012 | 4 016 | — 010 0 - 018 | — 045 | — 063 | — 055 9 30
1030 | + 027 | + 022 | 4 007 | 4+ 007 | + 014 0 — 008 | — 035 | — 058 | — 0:39 | 10 30
11 80 | 4 030 | 4 029 | -+ 006 | 4- 005 | — 036 0 - 006 | ~ 031 | — 085 | — 046 | 11 30
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TasrLe XVIII.

Showing the Difference in the Height of High Water at the London Docks, and the
Height corresponding to fifteen degrees Declination, for every three degrees of the
Moon’s Declination north or south.

Moon’s | (o Decl. 3° Decl. 8° Decl. 90 Decl. | 12° Decl. | 15° Decl. | 18° Decl. | 210 Decl. | 24° Decl. | 270 Decl, | Moon’s
Transit. Transit,
h m feet. feet. feet. feet. feet. feet. feet. feet, feet. feet. h m

0 30 4+ 0:06 | 4+ 016 | 4 019 | 4 002 | 4 0:09 0 — 009 | — 024 | — 037 | — 034 9 30
130 + 002 | 4 026 | 4 017 | 4 007 | + 0-01 0 — 029 | — 009 | — 026 | — 068 130
2 30 + 008 | 4 001 | 4+ 017 | — 004 | 4 007 0 — 014 | =019 | — 034 | — 055 2 30
3 30 + 035 | 4+ 028 | + 039 | 4+ 017 | 4 015 0 — 001 | — 022 | — 024 | — 057 3 30
4 30 + 014 | + 038 | 4+ 023 | 4+ 041 - 001 0 - 021 | — 049 | — 063 | — 0-84 4 30
5 30 + 035 | 4+ 027 | 4 044 | + 056 | 4 014 0 - 022 | — 038 | — 037 | — 101 5 30
6 30 + 046 | 4 055 | 4- 039 | 4 031 | 4 020 0 - 009 | — 031 — 050 | — 079 6 30
7 30 + 005 | 4 028 | 4+ 025 | 4 0-26 0-00 0 - 016 | = 039 | — 041 | — 076 7 30
8 30 + 037 | 4019 | 4+ 017 | 4 016 | 4+ 011 0 - 012 | — 024 | — 045 | — 049 8 30
9 30 + 023 | 4 037 | + 013 | 4+ 014 0:00 0 - 021 | — 031 | — 048 | — 060 9 30
10 30 + 034 | 4+ 029 | 4 021 | 4 016 | 4 012 0 4+ 002 { — 020 [ — 030 | — 045 | 10 30
11 30 —|-'0'37 + 034 | + 009 | 4 003 — 0:05 0 — 010 | — 021 | — 046 | — 046 | 11 30

Tasre XIX.

Showing the Difference in the Height of High Water at the London Docks when the
Moon’s Declination is north or south.

6° Declination. 21° Declination.

Moon’s

Transit, North. South. |Difference.| North. South. |Difference
h m feet. feet. feet. feet. feet. feet,
0 30 + 13 | + ‘11 — 02 — 28 . + 32
130 | +°19 | 4+ 14 | — 05 | — 21 | — 22 | — 01
230 | — 05 | 414 | 419 | — 21 | — 24 | — 03
330 |+ 21 |+ 84 | +13 | — 18| — 13 | + 05
430 | 4+ 13 | + 34 | 4+ 21 | — 49 | — 40 | + 09
530 |+ 35 | 4 49 | + 14 | — 29 | — 35 | — 06
630 |+ 44 | 4 39 | — 05 | — 27 | — 33 | — 06
730 | +381 |+ 2 |~ 09| 32|31+ 01
830 | 4+ 11 | + 22 | +-12 | -2 | — 33 | — 13
930 {4+ 21 | 4+ 22 | 4 01 | — 27 | — 39 | — ‘12
10 30 + 25 | 4 ‘19 - 06 | — 05 - 27 — 22
1130 |+ 10 | +20 | 410 | — 18 | — *34 | — -16

The preceding Table has been formed by considering the quantities given for ¢°
and 21° as arithmetic means between those given in Table XVII. for 3° 6°, 9°, and
18°, 21°, and 24°, so that they may each be considered as resulting from the average
of about 150 observations. This Table does not seem to confirm what is stated by
Larrace, Méc. C€L. tom. v. p. 162. “ L’action de la lune pour élever la mer & Brest,
est plus grande lorsque sa déclinaison est australe, que lorsqu’elle est boréale.”
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(Continued.)
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Showing the Interval between the Moon’s Transit in the first column and the fourth

Showing the Difference in the Interval between the Moon’s Transit in the first column
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column and the fourth succeeding for every minute of the Moon’s Horizontal

Showing the Difference in the Interval between the Moon’s Transit in the first
Parallax, and that for Parallax 57'.

256

< 2B :
+ g CPPRNDBIOOND £ s | eocoooossosee
= § |ERS S0 HS = = L | Fmmnananannan®
W < HIRRNNNDIH A Si|commmvnonnang -
o= S ol gt el el o o o e et e e © = -
a
. o < = B < PPN LDPOIFD
= = 8 PRIPHADOPBSNNS D - 8 | gmSSohANNAA®R
S . o
R cheied = I i = 3 & |+ttt
: - =2
= < e R
. an -
o = T | eyerasaosee s .5 : | gmooryaeeseye
2 | soswa - E . |5 | 235588559333 g3 8| FERSRSSeRaESS
3 ® Y e e
.......... o
s +++ ++ o =
s . w -
= © 2 |3 | anoercaneanya = B g | ppraeneyonnen
<t L.Qb»u .m a m““MM“MMM.MM%M S w A L0 F O 1001010 O F 10
23 e h o
3 | epeo¥opamyny = o S 3 o | 4ttt
: B B At o o o LA | 80 :
m S |3 | aoozonagnzee o 3 |gprengreconyn
=) R |egxmdhdadddhdsn = T a D YD G2 < D Y
< o - ST I III I - : + N
= PR DM FAIB R PP ID = a 0 S e e el % ) ++++++++
o EHNHDANHHDHHDH - % . o m et
.=
- n = ] = ]
e RN R W o a0 |3 | evroocooroee W m = g | e
SRS OOO ™=
- L4 s 1% A |EQTBISERIISST RS > m cococcooosoo
~ T o m.m VSt el poed o ot o o o et o et m o]b. o]
5 ST " 2
& gooocoocoococoooe = : — N
: B g2 |3 ]| eyoyoovansay BT T | sroasonneenys
= o 8 | eSS conasiass 3 2 3 a AN RADN—ADS AN
a8 o 0 6 63 6% 0B 5.0 63 on B & & [ o L
Nm m-A; = Wv = Sl o o e e el el el el e < m a0 5] P11
8 LR APROD AT = 9 = 2 ¥
. WA WD DD D . o= :
MoLE S0 |3 | cavecanneons =B 3 | oaresseresa
: 1 T T O O O O AR - 8 | LR IRIROIOLS o O 3] RN R Y L )
w 5 o5 0 03 0 65 0 0 0 o o 05 &S 23 8 | L rtId
=R & St et et e e e ] i e e - @ = | I
< [ Q
3 PREBAB N NS o & o 2 .
o EOOO DO O TS = 3 DI PENH RIS FOND o= R T | e¥IVIRRLRRVIZ
] ¥ s R RS e I R e = ] O DRHO RO HHD
o tvrrrerirt o3 A B Q = - TR
. _— - O
<
¥ . 8 © L O
s SZRzYYeesey B ; 5w 3 N IS WS D WO P
PO BN A A A A N ) = NOHRWNDNLNSNFODm Q S | g oW o TS ST
o geErsaanss58S 5w g |lepamiodiaiEd = oo g | BroRomnnndaba
: I R I S AR =t I bt =2 S 1ol 1ttt
o] =] S | St et el D = = o
I L~
s2= =]
EETs ) . g a = >
SEED SoOODDODODDOOD ] MmN RN R D S O HAD A N FBB G
mmmm FRnananmasaas = g m&o.om.oo.k.b&..l.r&b.&na Uhm © = 2 Eed o0 © 015 00 © KN 1N 15 15 ©
BEfi [comamynonnno o hnd oD B 65 03 T3 o B o3 09 0D 0 &3 0B =) 8 Y
<RET —— a0 S e e an m D < |
=
.m . -w _Im w3
w s
=E === = =8 coocooooSIS2
W 2 | ERBIIIIIIKKEKSI > nnuv S fE|ERIRARARRRBRD
= & | acmamvmennoS = = Bl | R ¥ne~oag g
[72] (9]




MR. LUBBOCK ON THE TIDES. 257

TasrLe XXVIIIL.

Showing a Comparison between the Semimenstrual Correction at London in the
Interval and in the Height, as deduced from theory and observation. See
Plate XVIII.

Interval, Height.
Moon’s v + constant. k.
Transit. Theory. | Observation.| Theory. Observation,
h m h m h m feet. feet.
0 0 3 135 22-76
0 30 3 53 3 57 2277 22-80
1 0 2 570 22:70
130 2 495 2 496 22:58 22:66
2 0 2 413 22:35
2 30 2 350 2 351 22:09 2194
3 0 2 290 21-73
3 30 2 250 2 251 21:35 21-16
4 0 2 230 2090
4 30 2 215 2 214 2047 20:17
5 0 2 280 2010
5 30 2 360 2 339 1975 19-49
6 0 2 510 1958
6 30 3 90 3 88 1947 1944
70 3 240 19-64 :
7 30 3 410 3 398 19-85 20-22
8 0 3 470 20-25
8 30 3 520 3 520 20-63 21-14
9 0 3 500 21-10
9 30 3 480 3 489 21:50 2194
10 0 3 430 21-89
10 30 3 370 3 372 22-22 2246
11 0 3 290 22:47
11 30 3 220 3 221 22:66 22:77

The argument in the preceding Table is the apparent solar time of the Moon’s
transit two days previous to the tide required. The constants employed in the cal-
culation are

log (A) = 95841774 D = 1669 log (E) = 0-6468993.
See p. 224.

TasLe XXIX.

Showing the Calendar-month Inequality, as deduced from BernouLLr’'s theory and
from observation. See Plate XIX.

January. February. March.

'}.“&g:rsl‘xts. dv dh Moon’s dy o Moon’s dy da Moon’s %:1?21:

Decli- Decli- Decli-

heory. | e [Eheory| i [P0 [Theory.| Obser [Thcory.| Obset | iaton. cory | Obser: Theory. | Obser | ntion.
h m m m | feet. feet. o m m | feet, feet. o m m | feet. feet. ° h m
0 30 0} — 2| —49| —-To| 19 0| — 3| 408 421| 10 0 0| 4+32] +07] 5 | 030
130 0| —3]—386| —11| 16 | — 2| — 1| 16| +04] 6 | — 1 0f 425|408 8 | 130
230+ 2|4+ 2| —13] =01 11 |+ 1|4 1| 16| +14| 5 0| — 1| 410{ —08| 13 | 2 30
330+ 4|+ 4|+03| 25| 6 0| —1|410f 420 8 | —3| — 4| —11|~19] 17 | 330
430|+3|+6]+10{ 428 5 | ~8|—-1|—-09+03] 14 | —9| 7] —36| -39] 28 | 130
53043 |4+10|4+08] 402 9 | —4]|— 2| —28| —35| 18 | — 6|~ 9| —49]| —52] 22 | 5 30
6 30 0|+ 1401 +415| 13 0| — 2| —45| —36] 21 0 0| —58{ —44| 23 | 6 30
7 30 0 0| —24] —03] 18 {4 7 Of —54| —221 23 | 46|+ 6| —49| —29| 22 7 30
8304 4| - 2| 43| —01 21 |4+ 7|4 8| —47| —26] 22 | 46|+ 6| —26| —19] 19 | 830
930 |+ 3|+ 1| 53] —24] 23 |+ 4 0| —45| —19] 22 | 4 2 0| —06] —08 16 | 9 30
1030 + 2| ~ 2| —66] —25| 23 |+ 2| — 2| —29| —03| 19 0 — 2] 416 00( 11 |10 30
1130 |+ 1) —4]|—60] —19] 21 | 42| — 4| 07| +09] 14 |+ 1|~ 1] 429 +19] 6 |11 30

Sun’s Decl. 21°, and Par. 8-94., Sun’s Decl, 139, and Par. §7:90, Sun’s Decl. 3°, and Par. 884,

MDCCCXXXVI. 2 L
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TasLe XXIX. (Continued.)

' April, May. i June.

Moon’s d d A d . d & d . d h. Moon’s
Transit. l\lgggﬁ’s lgooig’s 1%’[)08(;%’5 Transit.
Theory. ‘glgfg:'l- Theory. wgli);isg:. nation. | Theory. g‘zfg]l;- Theory. ‘glzfgfl' nat?icoxl:. Theory. ‘glzfg;' Theory.| ‘glzfgf" nation,

h m m m | feet. feet. o m m | feet. feet. ° m m | feet. feet, ° h m
0 30 0|4+ 1| +4-22] 425] 13 0| — 1| —17] +-06| 20 0 — 2| —24| —22| 21 0 30
130} — 2| 4+ 1] 404 —21f 17 | — 1 0| —28| —17| 22 0} — 1| —29| —35| 22 130
230 — 3| = 2| —12| —06] 20 —1{ -8 —30] —22]| 23 + 2 0] —-14 00| 20 2 30
330 —4| -5 —24| —21| 22 |+ 2| — 8| —22] —21] 22 | 4+ 7|4 2| +11| —01| 16 3 30
430 —7|—7]|—31 —69 23 | +2| —-1| —07 —08f 20 | + 9|+ 9| 436| 43| 11 4 30
5830 — 3| — 4| —32| —41| 22 | + 4| 4+ 2 10| 4200 17 | +11 | 410 55| 456 7 5 30
6 30 0|4 1| —22 —11| 20 0|4 2| 34| +34| 12 0} 4+ 2 467| 454 5 6 30
7 30 0|+ 2| —02) —05| 16 | — 8| — 8| +-42| 442 7 | =11} — 3| +55| 436 8 730
8 30 0 0| +4-20] 418 11 — 8| — 4| 441| +-30 5 | —9) -5 34| 406 12 8 30
930 — 2| — 1] 4-34| 434 6 — 7| = 1| 434 428 7 — 6| — 3] +06] —01| 17 9 30
1030 — 1 0| 4-38| 4--40 5 -3 0| +20 +-24| 12 - 2] — 2| —14| —15| 20 | 10 30
1130 + 1 0] 437| 441 7 | +1 0| —02| 408 17 0 0| —29| —24] 22 |11 30
Sun’s Decl. 10°% and Par. 87:76. Sun’s Decl. 19°, and Par. 870. Sun’s Decl, 23°, and Par. 866.

July. August. September,
0 30 0| —1}—14}—-12| 20 0| 4+ 4430 ]4-02] 11 04+ 3|46 |22 5 0 30
130 |+ 1|4+ 1[405]|—16]{ 16 042|441 |—02| 7 | —~1|+3|+39|—04] 8 | 130
230 |+ 4|+ 4 (+26(+26] 11 | 43| 4 5| +44 |16 4 0(+ 2|4+2614+13] 12 2 30
330+ 8| 4+ 8|44l (38 6 | +4| 4 4]|435|+18 8 — 3| 4+ 1[402]—-09] 17 3 30
430 | 4+ 9| 411|448 | 450 5 |+ 4|+ 4|422|431| 13 | —6|—5|—18|—31] 20 | 130
530 4+ 9| 412 {450 | +-60 8 | +2|4+ 2 00 | —-02 | 18 — 4| —7|—36|—34] 22 5 30
6 30 0|4+ 5 |442 (442 13 0| +2|—16|—-16] 21 O+ 1}|—45]|—46| 23 6 30
738 | —-6| —2{4+20|+08]| 17 0|4+ 3|—21|—25| 22 | 4+ 4|4 7|—36]—30}| 22 7 30
830 — 2| —1|—01]—-13| 20 |+ 3|+ 5|—24|—23| 23 | +6|+6|—18|—14| 20 | 830
930 — 1 0| —22]|—261| 23 0|+ 3| —19|—24} 22 | + 3|+ 540202 17 9 30
10 30 0] 4+ 1| —-271—-26| 23 0 4+ 2| —03|—-21 19 0| + 6|+4+-26|+-08 12 10 30
11 30 0| —1|—25|—-25] 22 0|+ 414101 —-051 16 | 4+ 1|+ 41441 {17 7 |11 30
Sun’s Decl. 21°, and Par. 8:66. Sun’s Decl. 140, and Par. 870. Sun’s Decl. 4°, and Par, 8776.
October. November. December.
0 30 0|+ 3|413|4+13} 12 0 —1|—42|—-21} 20 0| — 2| —77|—28| 28 0 30
130 —1|4+3{—05|—141| 16 - 21— 2| 53| —41] 22 | — 1| — 3| —70|—54| 22 130
28| —3| -2 —24}—14} 20 | — 3| — 4| —56|—07| 23 0| — 3| —583|—07| 20 2 30
38| —4|—6]—387|—26]| 22 -2 — 4| —47|—07| 22 | 4+ 3| 4+ 2|—27|—-02| 16 3 30
480 — 8| —=11]—45|—24 | 23 — 4| — 4| —=34|—=21| 20 | +3|F+5|—-01 425 11 4 30
530 —6| =12 |—46|—36) 22 | — 1| — 5| —22{402| 18 | -} 5| 4+ 3 |4+-15 |4+50 7 5 30
6 30 0} —5|—37|—36{ 20 0| — 5 |405 |04 12 0| — 2 |425 | 447 5 6 80
730 +38|+2|—=21}—09} 17 - 3| — 4| 4+14 |18 7 | -4 -8 |4+13|4+25 8 7 30
830 | + 2|+ 3|+04|4+16| 12 — 3| -4 |4+15 (402 5 - 3| - 7|—04 |16 | 12 8 30
930 | — 2| + 3 |+4+°19|426 7 — 3| — 2409|421 7 — 2 — 4| =32]|—05] 17 9 30
1030 | — 1| 4+ 3 |-4+-26 31 5 -1} -2 00 [ 4051 10 O] — 4| —53|—-18] 20 |10 30
1130 | + 1| 4+ 4|4+24})419 7 | +1|—-1|—23|4+03| 16 | + 2| —-1]—70}—47] 23 |11 80
Sun’s Decl. 9°, and Par. 8784, Sun’s Decl. 18°, and Par, 8”90, Sun’s Decl. 23°, and Par. 894,

The sun’s parallax was taken from Deramsre’s Tables for the middle of the month,
The numbers given in the column headed “ Observation” may each be considered as
rvesulting from the mean of from 80 to 100 observations.
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TasLe XXX.
Showing the Moon’s Parallax Correction, as deduced from BerNourLr’s theory and
from observation.

See Plate XX.

259

H. P. 54'. H. P. 55, H. P. 56" H. P. 57,

Moon’s d . dh. d . d h. d . dh d . a k. Moon’s
‘Lransit. Transit.
Theory. ‘g*éfg;: Theory.| ‘glz:g;' Theory. g‘;fg;' Theory.| voalzfg;' Theory. ‘(,)abt“igl;;. Theory.| ‘ggfg;' Theory., ‘%lzfgf; Theory,| ‘glzfgl‘;‘

h m m m | feet. feet. m m | feet, feet. m m | feet. feet. m m feet, feet. hm
0 30 0} —1|—66]|—6 0| —1]|—45|—-51 0} — 2| —23|—- 0 0 00 00 0 30
130 — 2] —4|—66|—65| —2| —3|—45 | —-41| — 1| — 3| —-23|—18 0 0 00 00 130
28| —4| —5|—64|—76| —3| — 2| —44 | —48 | — 1 0f—23|—25 0 0 00 00 2 30
3380 | —6| —14[—62|—-79)| — 4| — 8| —42]|—-62| — 2| — 8| —21|—3b 0 0 00 00 3 30
43| 9] -13|—-61|—-87| —6| —10|—42 | 73| — 8] — 2| —21|—87 0 0 00 00 4 30
53| — 8] -13|—64|—88| — 5| —8]—44|—-66| — 2| — 4] —22|—32 6 0 00 00 5 30
6 30 0] —3|—66|—66 0| — 3| —45|—54 0 0| —23|—20 0 0 00 00 6 30
73| +8| —1|—64|—61| 45| 4 1]—44| 53| 42| —1]|~22 417 0 0 00 00 7 30
830 | + 9| 4+ 4|—61|—77|4+6|+2]|—42|—40| 4+ 3| 4 8| ~—21|—21 0 0 00 00 8 30
930} 4+ 6| +3|—62|—50 + 4|+ 2|—42|—-34) 424 1]|—21]|—19 0 0 -00 00 9 30
1030 | 4 4| + 2] —64 |38 | 4 3| 42| —44 )33 | 4 1 0| —23|+05| 0 0 | 00 [-00 |10 30
113 | +2|4+3|—66|—63| +2| +3|—45|—-58| 4+ 1|+ 4{—23|—31 0 0 00 00 | 11 30
H. P, 58, H. P. 59", H. P. 60", H. P. 61"

0 30 1] 0 | 4+-24 | 409 0|+ 1 |449 | 426 0|+ 1475|456 0]+ 24101469 | 030
130 0| —2|+424 | 428 | 4 1| 4+ 1| 448|442 | + 2| +3|4+73|+69|+ 2|+ 34099 +4+83| 130
2304+ 1| +5|+23|4+17 | +3|+5|+47|4+36| +4]+8|4+72|4+61|+ 5|+ 8|4097|469| 230
330|424+ 4|+22|4+20| 4+ 4|+ 6| +45 |47 | + 6|+ 8|70 | 479 + 8 +095 3 30
430 + 2|4+ 6|4+22|4+14) 4 5| 410 | +45 | 445 | 4+ 7 [ +13 | 469 |77 | + 9 +0-94 4 30
53| 4+ 3| 4+5|+23|+33|+5|+7|446 |57+ 6 +71 + 8 +0-97 5 30
6 30 0| + 3 |4+24 | 417 0+ 6|+49 | +-69 0 +75 0 +1-01 6 30
730 —3| —2|4+2|4+29| —-5]| —2| 446|452 — 6| —4|+71|4+8l] -8 +0-97 7 30
830 | — 2|+ 2| 4+22|4+19| — 5| —4|+45|+50| — 7| — 4469|461} -9 +0-94 8 30
930 | — 2| —2|+422|420| — 4| —3|+45|+38| —6| —6|+70|4+70] — 8| — 6|4+095| 85| 930
1030 — 1| —~ 1423 | +31| —3| —2|4+47 | 459 | — 4| —3|+72|+73| —5| — 3|4097| 487 | 10 30
11 30 0|+ 3|+24|4+04| — 1| 45| 448|4+10| — 2| 4+ 1 |4+73 | 444 — 2| 4+ 1 |4+099| 456 | 11 30

TasLe XXXI.

Showing the Moon’s Declination Correction in the Interval and Height, as deduced

from Bernourrr's theory and from observation.

See Plate XXI.

0° Declination. 3° Declination. 6° Declination.

Moon’s | sun’s d ) dh Sun’s d dh Sun’s dy dhi l}Ioon.’s
Transit. | Decli. | Decli- Decli Transit.
O Tneory. | O [Tbeors-| e | T [heors| Ofer Theory.| DI | MO heory.| O3 Voneory.| S
h m ° m m feet. feet. ° m m feet. feet. ° m m feet. feet. h m
030} 44 0|+ 3| 443| 4-06| 46 0|+ 11 441| 416} 67 0|+ 1| 437 +19] 030
130 91 0] 4 6} -38] 4-02| 89 0 0| 437 +26f 85 | + 1| — 1] 433 +17| 130
230|141 | + 2| 4+ 3| 432 08| 141 | 42| 4+ 1| 481 01| 141 | 4+ 2 | 4+ 1| 27| +-17| 230
330|183 | + 5|+ 3| +28| 435|186 | + 5| 4+ 2| +26| +28] 178 | + 5 0| 4-22| +-39| 3 30
4301210 | + 6|+ 7} +4+32] +14|211 [ + 6|+ 5| +31| +38[206 | 46| 4 6| 27| +23| 430
530228 | + 7|4+ 6|39 +35|225 | + 8|4+ 4| +40] +27|219 | 4 7 | + 3| +36| +44| 5 30
6 30 | 22'8 O+ 1| 47| 46 225 0| 4+ 8| 447| +55] 220 0|4 4| 441|439 6 30
7801215 | — 7| —6| 439 +05{214 | — 7| —3| 437 +28,206 | 7|~ 6]+334+25| 730
830(193 | — 65| — 1§ 431 437,181 | — 5| — 5| +30] 4190179 | — 5| — 4| 426 4+17| 8 30
930|142 | —- 3 O +30f 423 144 | — 83| 4+ 2| +29) 4371139 | — 3| + 2| +25} 4+13] 9 30
1030 91 | — 1|+ 1| 436 +34] 92 | — 1| 4+ 1| 435 +29| 84 | — 1|4 1| +4-31] 21|10 30
11 30 | 45 O 4+ 2| 441| +-37| 50 0|4+ 1439 434 67 | 4+ 1| 4+ 1| 35| +09]| 11 30
9° Declination, 12° Declination. 15° Declination.

030 90 0 0| 4-29| 4-02| 11-8 0| — 1| 4-16| 09| 152 0 0 00 00 0 30
130 99 | — 1| — 1| 426 407{11:9 | — 1| 4 1| 415 01| 139 0 0 00 00 130
230134 | 4+ 1| 4+ 1| 422 —04| 124 | + 1| 4 1| 13| 407} 133 0 0 <00 00 2 30
3301165 | +3| — 2| +18| 417|147 | + 1| — 2| +°10| 4-15| 130 0 0 00 00 3 30
430196 | +5 |4+ 5| 421 +41{176 | + 3 0| 4+-12| —01} 153 0 0 00 00 4 30
5301210 | +6 | 4+ 1| 427 456194 | + 5| 4+ 2| +-16| +°14| 169 0 0 00 00 5 30
6 30 | 21-1 0|4+ 3433 +31| 194 0| 4 4| 420| 4+20| 168 0 0 <00 00 6 30
7301196 | — 6| 4+ 1| 426) +26/181 { —4| — 1| +15 00| 154 0 0 00 00 7 30
830 (161 | —3| —5] 419 416|155 | — 2| — 3| +-11| 4°11| 138 0 0 00 00 8 30
9380133 | — 2| + 2| 420 414125 | — 1| 4+ 2| 411 00| 132 0 0 00 00 9 30
1030 { 96 0| 4+ 1} 4+25) 4+°16/ 118 | - 1 0| 4-14| 12| 140 0 0 00 00 | 10 30
1130 98 | + 1| —5 | +29) +03}120 | + 1| — 3| +15| —05| 156 0 0 00 00 | 11 30
2L2
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TasLe XXXI. (Continued.)

18° Declination, 21° Declination.

MOOI\_’S Sun’s d '4/ dn Sun’s d ’\P dh Moon’s
Transit. | Decli. Decli- Transit,
nation. Theory. ?alﬁgf;' Theory. x(r)agggf;. nation. Theory. ?ggg’; Theory, eggg’;’

h m o m m feet. feet. o m m feet. feet. h m
0 30| 189 0 — 3| —20| —09]| 194 0| — 2| —-38| —24] 0 30
130|178 | — 1 0| —19| —29] 184 | — 1| — 4| —34] —09| 130
230157 { -1} -1} —14| —14|153 | — 2| — 6| —28| —19| 230
330{132 | - 1| — 2| —12| —01{128 | — 2| — 6| —26| —22| 3 30
430|118 | -—3| —3| —14| —21| 116 | — 5| — 8| —-38| —49] 4 30
5383|115 | — 2| — 2| —16] —22|{ 110 | — 4| =10 | —32| —38] 5 30
6 30| 11-3 0| 4 3| —17| —09] 11°1 0|+ 3| —34| —31| 6 30
731128 | +2|+ 3| —16| —16| 115 | 4+ 4|+ 4| —31] —39] 7 30
830|135 | +2| 4+ 2| —13| —12(130 { + 5| 4+ 1| —28| —24| 8 30
930|150 |+ 1|+ 3| —13| —21| 1564 | + 2|+ 2| —27] —31] 9 30
10 30 | 181 0 —-0| —17| 402|180 | + 1| — 2| —32| —20] 10 30
1130191 | +1| —5] —21| —-10| 199 0 —3]| —38] —21]11 30
24° Declination. 27° Declination.

0 30| 21-0 0| — 4| —-58) —37] 22:3 0| —-7| —79|— 34| 030
130193 | — 2| — 7| —54| —26|210 | — 1| — 5| —77|— -68] 130
230|164 | —3| — 5| —46| —34|178 | — 3| —10| —+67|— 65| 2 30
330|130 | — 4| — 9| —~44| —24]139 | — 6| —-15 | —62|— 57| 3 30
4301105 | — 7| =12 ] —44| —63] 92 | =11 | —17 | —61|— 84| 4 30
53| 98 —-6| —13] —50| —37| 64 | —10| —21 | —70{—1-01| 5 30
630 | 94 0| — 1| —54| —50| 66 0| —4| —75|— 79| 6 30
7301107 {4+ 6| 4+ 4| —49| —41| 87 | + 9| 4+ 3| —67|— 76| 7 30
830|130 | +7 |+ 2| —44| —45|138 | +~ 9| + 5| —61|— 49| 8 30
930(162 | + 4|+ 1| —44| —48/ 180 | 4 4| 4 4| —64|— 60| 9 30
1030 {193 | + 2| — 3| —50| —30/207 | + 2| — 2| —71|{— 45| 10 30
113012100 | 4+ 1| — 5| —58| — 46222 | 1| — 5| —79|— *46| 11 30

TasrLe XXXII.

Showing a Comparison between the Diurnal Inequality in the Interval, as deduced
from theory and observation.

The numbers in the column headed “ Theory” have been calculated by Mr. RusseLL
from the expression for d 4 in p. 223, making the constant ¥ = 10.

Observation and theory agree in this respect, that there is no difference between
the diurnal inequality for the upper and lower transits, and that it recurs after six
months with a contrary sign. I deduced the numbers in the column headed ¢ Ob-
servation” upon these suppositions from those given in Table XXI. before I had seen
Myr. RusseLL's calculations. 'The agreement is satisfactory with the expression de-
rived from the equilibrium-theory; but in order to ascertain clearly the law of the
diurnal inequality, I think it would be desirable to employ a greater number of ob-
servations.

January, February. March. April, May. June.
Moon’s 'IMOOH":
"FAR" |Observa-| heory. | Obrerva-| Theory. | Obterva- | Theory. | Obterva | Thcory. | Observa-| Thcory. o i
h m m m m m m m m m m m m m h m
0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 30
18 4+11) +1 (41 0 0 0 0 0 0] —1 0| —11] 130
230 4+ 3 +1 + 3 0 + 1 0 0 -1 -1 -2 -2 - 2 2 30
3301 4+ 3 + 2 + 3 0 + 1 -1 -1 - 2 -1 -3 - 3 -3 3 30
430 4 4 + 2 + 3 0 + 1 -1 -1 -3 - 2 — 4 — 4 -3 4 30
530 + 5 + 3 + 4 +1 + 1 -1 -2 -4 — 4 -5 -5 — 4 5 30
630 +6 + 4 + 4 + 3 +1 0 -2 -3 -5 — 4 — 6 — 4 6 30
730 + 4 + 5 + 3 + 4 + 0 + 2 - 2 -1 -5 -3 -5 -4 7 30
830 4 4 + 4 + 3 + 3 + 1 + 2 - 2 0 — 4 -2 — 4 -3 8 30
930 + 5 + 3 + 3 + 2 + 1 + 1 -1 0 -3 -2 - 3 -3 9 30
1030 + 3 + 2 + 2 + 1 +1 +1 -1 0 -3 -1 -3 — 2 11030
1130} + 1 + 1 + 1 + 1 0 0 0 0 - 2 -1 -1 — 1 |11 30

For the other months the same quantities recur with a contrary sign.
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TasrLe XXXIII.

This Table is intended to show that the deviations from the H. P. 57' corresponding
to the column headed “ Mean” in Table II., have no sensible influence, so that the
column in question may be considered as affording the Semimenstrual Inequality.

Corrections for
Moon’s | Mean | Meanof | ,._p. (@=08)in Moon’s
Transit. | Par. (a). | (@) = (b). Transit,
avy. dk
h m / 7 m feet,
0 30 571 4 3 00 | 4 07 0 30
130 573 + 3 00 | 4+ 07 130 |
2 30 571 + -1 + 10 | 4 -02 2 30
3 30 57-0 0 00 00 3 30
4 30 569 -1 + 30 | — 02 4 30
530 | 567 ? -3 | 4+ 60 | — 07 | 530
630 | 567 B -3 00 | — 07 | 630
7 30 568 -2 — 60 | — 07 7 30
8 30 570 0 — 30 | — 02 8 30
9 30 57-1 + -1 00 - 00 9 30
10 30 573 + 3 — 10 | 4 02 | 10 30
11 30 57-3 + 3 00 | 4+ 07 | 11 30

TasrLe XXXIV.
This Table is intended to show that the deviations of the Moon’s Declination from 15°,
corresponding to the columnn headed “ Mean” in Table II., have no sensible influence.

Corrections for
Moon’s Mean Mean of | g/, (@’ — &) in Moon’s
Transit. | Decl. (@)/.|(a)! = (b)’. : Transit.

av. dh.
h m o m feet. h m
030 | 147 -5 00 | + - 0 30
1 30 15:0 — 2 00 | 4 -01 130
2 30 15-1 | + 03 00 2 30
3 30 15-2 0 00 00 3 30
4 30 15-6 + 4 + 27 | — 02 4 30
5 30 158 °‘ 4+ 6 | 420 | — 03| 530
6 30 156 - + 4 00 | — 02 6 30
7 30 155 -+ -3 — 20 | — +03 7 30
8 30 152 0 — 27 | — 02 8 30
9 30 153 4+ -1 00 00 9 30
10 30 14-8 — 4 — 03 00 | 10 30
11 30 14-7 — b 00 | 4 -01 | 11 30

TasLe XXXV.
Showing the Correction d+} for the Sun’s Parallax in the different months of the
year, according to BErNouLLI’s theory.

January. | February.| March. April. May. June.
December.| November.| October. |September.] August. July.
’ . X 7. oon’

%g%gii. 87794 8790 8784 876 870 8766 'Kazgig'
h m m m m m m m h m
0 30 0 0 0 0 0 0 0 30
130 -1 -1 0 0 0 0 130
230 | —1 | —1 0 0| +1 | +1 | 230
3 30 - 2 - 2 0 0 + 2 + 2 3 30
43 | —8 | —2 | —1 | +1 ] 8] +3 | 4830
538 | —3 | —2 | —1 | 4+1}| 31 +31|5830
6 30 [ 0 0 0 0 0 6 30
78 | +8 | +2 | +1 | =1 | =8| =3 | 780
830 | +3 | +2 | +1 | —1 | —3 | —3 | 830
930 | -2 | 42 0 0| —2 | —2 | 9350
10 30 + 1 41 0 0 -1 -1 10 30
11 30 + 1 41 0 0 0 0 |11 30
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TasLe XXXVI.

Showing the Correction d % for the Sun’s Parallax in the different months of the year,
according to BErNouLLT’s theory.

January. | February.| March. April. May. June.
December.| November:| .October. {September.) August. July.

X o U 11 /14 . 144 Moon’s
Moon's | 8794 | 890 .| 8784 | 8776 | 8770 | 8766 | pooo®
h m feet. feet. feet. feet. feet. feet. h m
0 30 + 09 | 4 06 [ 4 03 | — 03 |~ 05|~ -08 0 30
130 | +08 |+ 05 |4+ 03 |—08|~-05|—-08]| 130
230 |+ 06 |4 04 | 402 | 02| —-04|—-06]| 230
3 30 + 03| + 02 {4+ 01} ~-01}~-02 |- -03 3 30
4 30 — 01 00 00 00 00 | 4 -0 4 30
5 30 — 07 | =05 | —-02 |+ 02|+ 03 |4 05 5 30
6 30 — 08 | — 05 - 03 | 4+ 03 | 4 06 | 4 09 6 30
7 30 — 07 | = 05 - 02 | 402 | 4 03 | 4 05 7 30
8 30 ) 00 00 00 00 | 4 -01 8 30
9 30 “+ 03 | 4 02 | 4 01 — 01 02 | — 03 9 30
10 30 + 06 | 4+ 04 | 402 | — 02| —--04 |~ 06 |1030
1130 | 408 | 405 | + 03 | — 08 | — 05 | — -08 | 11 30

Index to the Tables.

In all the Tables the Interval is to be increased by two days, the argument being
the transit two days previous.

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 London
Docks (together with the Interval between the Moon’s Transits), corresponding to
the Apparent Solar Time of the Moon’s Transit, in each month of the year, from
13,370 observations made at the London Docks between the first of January 1808
and the 31st of December 1826.

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 the London Docks,
for each month in the year.

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

Table 1V., 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, the Height of High Water, and the Interval
between the Moon’s Transits at the London 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.)
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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, the Height of High Water, and the Interval
between the Moon’s Transits, at the London Docks, corresponding to the Apparent
Solar Time of the Moon’s Transit for every three degrees of her Declination north
and south.

Table XI. (Interpolated from Table X.), showing the Interval between the Appa-
rent Solar Time of the Moon’s Transit and the Time of High Water at the London
Docks for every three degrees of her Declination north and south.

Table XII., showing the Interval between the Apparent Solar Time of the Moon’s
Transit and the Time of High Water at the London 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 at the London Docks, and
the Interval corresponding to fifteen degrees Declination, for every three degrees
of the Moon’s 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 at the London Docks, and
the Interval corresponding to fifteen degrees Declination, for every three degrees
of the Moon’s Declination north or south.

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

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

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

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

Table XIX., showing the Difference in the Height of High Water at the London
Docks when the Moon’s Declination is north or south.

The variation of the interval and in the height in Tables X. to XIX. inclusive, is
partly due to the change of the sun’s declination, which is given in Table X. but not
afterwards repeated, because interpolation for the even half-hour is not required.

Table XX., 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 London
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Docks (together with the Interval between the Moon’s Transits), corresponding to
the Apparent Solar Time of the Moon’s Upper and Lower Transits, p.M. and a.m.

Table XXI., 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
and the Difference between the Height of High Water and the Mean Height. This
Table has been formed by Interpolation from Table XX., in order to ascertain the
amount of the Diurnal Inequality.

The moon’s parallax in Table I. and Table X. is throughout very nearly, but not
exactly 57', and the moon’s declination in Table VI. is very nearly, but not exactly 15°.
In strictness the interval and the height ought to have been brought up to what they
would have been upon those suppositions. I have neglected the small quantities which
would have been thus introduced on account of their minuteness, and on account of
the great additional labour they would have occasioned. ‘

Table XXII., showing the Interval between the Moon’s Transit in the first column
and the fourth succeeding Transit for each month of the year.

Table XXIII., showing the Difference in the Interval between the Moon’s Transit
in the first column and the fourth succeeding Transit for each month of the year
and the Mean of all.

Table XXIV., showing the Interval between the Moon’s Transit in the first column
and the fourth succeeding for every minute of the Moon’s Horizontal Parallax.

Table XXV., showing the Difference in the Interval between the Moon’s Transit
in the first column and the fourth succeeding Transit, for every minute of the Moon’s
Horizontal Parallax, and that for Parallax 57'.

Table XXVI., showing the Interval between the Moon’s Transit in the first column
and the fourth succeeding Transit for every three degrees of Declination.

Table XXVII., showing the Difference in the Interval between the Moon’s Transit
in the first column and the fourth succeeding for every three degrees of Declination,
and that for Declination 15°.

When the moon’s transit is at 2b p.m., for example, o' is greater than e, +J is nega-
tive, tan 2 4 is negative, and +/ the variable quantity to be added to the apparent
solar time of the moon’s transit or the interval (in the perfect sphere) is negative.

Table XXVIII., showing a Comparison between the Semimenstrual Correction at
London in the Interval and in the Height as deduced from theory and observation.
See Plate XVIII.

The quantities in the following Tables, deduced from BernouLLr's equilibrium
theory, are taken from the Tables calculated by Mr. Jongs, and given in my paper in
the Philosophical Transactions, 1836, p. 58, with the exception of the sun’s parallax
correction, which influences in a slight degree the calendar-month inequality. This
correction, omitted before, is now given in Tables XXXIV. and XXXV,

The theory correction has been calculated by Mr. Jones with the following con-
stants : log (A) = 95841774 D = 1669 log (E) = '6468993.
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Table XXIX., showing the Calendar-month Inequality,as deduced from BErNoULLI'S
theory and from observation. In making this comparison the inequality is supposed
to arise from the corrections d J and d A due to the declinations of the sun and moon
and to the sun’s parallax, the moon’s parallax being 57' throughout. See Plate XIX.

Table XXX., showing the Moon’s Parallax Correction, as deduced from Ber-
NouLLr's theory and from observation. In this comparison the declinations of the
sun and moon are supposed equal to 15° throughout. The actual declinations are
given in Table VI. for each category, in order to show that this supposition is ad-
missible. See Plate XX.

Table XXXI., showing the Moon’s Declination Correction in the Interval and
Height, as deduced from BerNouLLr’s theory and from observation. See Plate XXI.
The quantities in this Table are influenced by the sun’s declination, which is given for
each category in Table X.

The parallax and declination corrections have been calculated by Mr. Jongs from
the expressions

Asin2¢

1+ Acos2¢ h=D++ E{Adcos (24 —2¢) + cos2}.

tan 2 4 =

Table XXXII., showing a Comparison between the Diurnal Inequality in the In-
terval, as deduced from theory and observation.

Table XXXIII., showing that the deviations from the H. P. 57/, corresponding to
the column headed “ Mean” in Table II., have no sensible influence; so that the
column in question may be considered as affording the semimenstrual Inequality.

Table XXXIV., showing that the deviations in the Moon’s Declination from 15°,
corresponding to the column headed “ Mean” in Table II. have no sensible influence.

Table XXXYV., showing the Correction d + for the Sun’s Parallax in the different
months of the year, according to BErRNouLLI’s theory.

Table XXXVI., showing the Correction d A for the Sun’s Parallax in the dif-
ferent months of the year, according to BErNouLLI’s theory.

Conclusion.

The expressions which we have employed in calculating from theory the semi-
menstrual, parallax, and declination corrections, are virtually those of BeErNouLLI.
These expressions are in a form well adapted for computation, so that nothing would
have been gained by employing expressions less exact.

The approximate expression which Mr. WHEwWELL deduced empirically from my
former discussion of the London Dock observations for the moon’s parallax correc-
tion of the interval is

P = (P—p){B+ Bsin(2p —28)}*
* Philosophical Transactions, 1834, p. 87.
MDCCCXXXVI. 2 M
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The second term agrees approximately with BernouLrr's theory, as Mr. WHEWELL
remarked. I consider that the first term was due to the variation in the interval
between the moon’s transits, and it has vanished, or nearly so, in the present dis-
cussion, because we have employed a different transit. I account in the same
manner for the first term in the moon’s declination correction of the interval, which
Mr. WaeweLs deduced empirically from my former discussion, and which has also
vanished in the present discussion for the same reason. This term perplexed me for-
merly in comparing the results I obtained from BerNouLLr’s theory with those I ob-
tained from observation*®, being far too great to be attributed to errors in the obser-
vations, or in the mode of their discussion, so that I ventured to express an opinion
that BerNouLLI's theory was insufficient. I discovered the true origin of this term
about a year ago{. I conceive that the comparisons which accompany this paper
establish the accuracy of BernouLLr's theory nearly in as great a degree with respect
to all the other corrections as with respect to the semimenstrual inequality, so that
little remains to be gained by treating the problem more rigorously.

One point at least, however, I think deserves further elucidation. The mass of the
moon which would result immediately from the constant (4), which I have deduced
from the London and the Liverpool observations, is greater than that which has been
derived by other methods. Larrack appears to have arrived at a similar conclusion
from the Brest observations ; but the arguments which he has used in order to remove
this difficulty do not seem free from obscurity.

* Bee Philosophical Transactions, 1834, p. 144.
+ See London and Edinburgh Philosophical Magazine, December 1835.

ERRATUM.
Page 224, for ¢ = 15° read ¢ = — 15°
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