PHILOSOPHICAL TRANSACTIONS.

1. On the Laws of the Tides on the Coasts of Ireland, as inferred from an extensive
series of observations made in connection with the Ordnance Survey of Ireland.
By G. B. Arry, Esq., F.R.S., Astronomer Royal.

Received November 30, 1844,—Read December 12, 1844.

IN the spring of 1842 I was informed by Colonel Corsy, R.E., Director of the
Trigonometrical Survey, that in the operations of the Survey of Ireland it had become
necessary to adopt a line of reference for the elevations ascertained in the running
of various lines of level through the country ; and that it was his intention to institute
a series of observations of the height of the water in different states of the tide, in
order to refer the levels to the mean height of the sea, or to its height at some definite
phase of the tide. Colonel CoLy stated also that he was desirous that the observa-
tions should be made subservient to improvements in the theory of the tides, and
requested my assistance in sketching a plan of observation which would be most likely
to contribute to that end.

In reply, I made the following suggestions :—That great care should be taken in
the accurate determination of time at every station, and that for this purpose the non-
commissioned officer of the-Royal Sappers and Miners who had the care of the
observations at each station, should be entrusted with a pocket chronometer, and that
an officer should, at least twice during the series of observations, visit every station,
carrying, for comparison, an itinerant chronometer whose error on Greenwich time
was accurately known from astronomical observations. That stations should be
chosen on the eastern as well as on the western coast, in order to determine the
difference of level, if any, between an open sea and a partially inclosed sea. That on
the north-eastern coast, stations should be selected at smaller intermediate distances
than at other parts of the coast, with the purpose of removing, if possible, the doubt
which appears to exist as to the progress of the semidiurnal tide-wave through the
North Channel. That, where practicable, several stations should be selected on each
of the large rivers or estuaries, in order to ascertain the nature of the modification
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2 MR. AIRY ON THE LAWS OF THE TIDES

which the tide-wave undergoes in passing up a contracted channel of comparatively
small depth. That the series of observations should be so arranged, that, at every
station, one complete tide (from high water to high water, or from low water to low
water) should be completely observed on every day, its observations being made at,
small equidistant intervals. That supplementary observations, applying only to the
neighbourhood of the low water or high water omitted in the observations of the
complete tide, should also be made, for the development of the principal facts of
diurnal tide. Finally, that the zeros of the tide-gauges should be connected with the
principal lines of level, so that every observation should be referred to the same
hydrostatic level.

These suggestions were adopted in their utmost extent by Colonel CoLBy. The
collection of observations was placed in my hands in the winter of 1842. The whole
number of observations exceeds two hundred thousand ; the circumstances of place,
simultaneity, extent of plan, and uniformity of plan, appear to give them extraordinary
value; and extent of time alone appears wanting to render them the most imnportant
series of tide-observations that has ever been made. ’

Having under my immediate direction a large number of computers, employed at
the Royal Observatory under the authority of the Lords Commissioners of the
Treasury for the reduction of the Greenwich Lunar Observations, I requested the
sanction of their Lordships for the employment of a part of this force on the reduc-
tion of these tide observations. With this request their Lordships were pleased to
comply ; and the investigations and results which I have now the honour to lay before
the Royal Society are the fruit of this liberality.

The following is the order in which I propose to arrange the parts of this memoir :—

Section I.—Account of the stations, levellings, times, and methods of observation.

Section II.—Methods of extracting from the observations the times of high and
low water ; of supplying deficient times and heights ; and of correcting the times first
determined. '

Section III.—Theory of diurnal tide as related to observations only; and deduc-
tion of the principal results for diurnal tide given immediately by these observations.

Section IV.—Theory of diurnal tide as referred to the actions of the sun and moon.

Section V.—Discussion of the height of apparent mean water, as deduced from the
heights of high and low water only, corrected for diurnal tide; with reference to
difference of station, and to variations of the phase of the moon, and of the declina-
tion of the moon. _
~ Section VI.—Discussion of the range of the tide, and of semimenstrual inequality
in height, apparent proportion of solar and lunar effects as shown by heights, and
age of tide as shown by heights; from high water and from low water.

. Section VII.—Establishment of each port, and progress of semidiurnal tide round
the island.

Section VIIL.—Semimenstrual inequality in time; proportion of solar and lunar
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effects as shown by times, and apparent age of tide as shown by times; from high
water and from low water.

Section IX.—Formation of the time of diurnal high water ; progress of the diurnal
tide-wave round the island ; comparison of its progress and range with those of the
semidiurnal tide.

Section X.—Method of expressing the height of the water, throughout every indi-
vidual tide, by sines and cosines of arcs; and expressions in this form for every tide
in the whole series of observations, except those at Courtown.

Section XI.—Discussion of the height of mean water deduced from the analysis of
individual tides ; with reference to difference of station, and to variations of the phase
of the moon, and of the declination of the moon.

Section X1I.—Discussion of range of tide, or coefficient of first arc in the analysis
of individual tides; and of semimenstrual inequality in range, apparent proportion of
solar and lunar effects, and age of tide as deduced from range.

Section XIII.—Establishment of each port, as deduced from the time of maximum
of the first periodical term in the analysis of individual tides.

Section XIV.—Semimenstrual inequality in time, proportion of solar and lunar
effects from times, and apparent age of tide as shown by times; deduced from the
time of maximum of the first periodical term.

Section XV.——Comparisoh of the results as to mean height, range, semimenstrual
inequality in height, age of tide obtained from height, establishment, semimenstrual
inequality in time, and age of tide obtained from time, deduced from high and low
waters only, in Sections V., VI., VIL., VIIIL., with those deduced from the analysis of
individual tides in Sections XI., XII., XIII., XIV.

Section XVI.—Remarks on the succeeding terms of the expressions for individual
tides, as related to the magnitude of the tide, to the position on the sea-coast, to the
position on the river, &c.; comparison with the terms given by the theory of waves ;
discussion of the quarto-diurnal tide.

Section XVII.—Separate discussion of the tidal observations at Courtown.

Section XVIII.—Examination into the question of tertio-diurnal tide.

Section I.—Account of the Stations, Levellings, Times, and Methods of Observation.

The following are the stations of observation :—

1. Kilbaha.—A small bay in the Shannon, on its north side, very near to the Loop
Head ; latitade 52° 34/, longitude 9° 52' west of Greenwich. The gauge was a gra-
duated post erected in the sea at a short distance from the pier; it was kept upright
by large stones at its base, and by guys with large stones lashed to them.

2. Kilrush.—A small town on the north bank of the Shannon, about sixteen miles
above Kilbaha ; latitude 52° 38/, longitude 9° 29'. The gauge was a graduated scale
nailed to the Revenue Pier.

B 2



4 MR. AIRY ON THE LAWS OF THE TIDES

3. Foynes Island.—An island in the Shannon, about fifteen miles above Kilrush ;
latitude 52° 87, longitude 9° 9. The gauge was a pole in the narrow channel on the
south side of the island.

4. Limerick.—The tide-gauge was on the face of Mead’s Quay, the lowest (on the
course of the river) of the quays at Limerick ; latitude 52° 38/, longitude 8° 39'.

5. Casleh Bay.—A small bay in the north side of Galway Bay, near its entrance;
latitude 53° 14/, longitude 9° 34'. The tide-gauge was a pole in the water near the
Coast-Guard Station. :

6. Galway.—The tide-gauge was nailed to the pier, at the entrance to the New
Dock; latitude 53° 17, longitude 9° 2.

7. Old Head.—A station on the south side of Clew Bay ; latitude 53° 47', longi-
tude 9° 47'. The gauge was at first nailed to a small quay; it was afterwards fixed
in the water.

8. Mullaghmore.— A station on the south side of Donegal Bay; latitude 54° 27,
longitude 8° 26'. The gauge was nailed to the south pier of a small port called
Classybaun Harbour.

9. Buncrana.—A station on the east side of Lough Swilly, about ten miles from its
mouth ; latitude 55° 8/, longitude 7° 27'. The gauge was fixed in the water, opposite
to a fortress called Ned’s Point Battery.

10. Port Rush.—A small harbour near the entrance of Lough Foyle; latitude
55° 11', longitude 6° 40'. The gauge was nailed to the northern pier.

11. Carrowkeel.—A station on the western side of Lough Foyle, about twelve
miles from its mouth ; latitude 55° 7/, longitude 7° 11'. The gauge was nailed to a
large post permanently fixed in the water. ‘

12. Ballycastle.—A small port opposite Rathlin Island ; latitude 55° 12/, longitude
6° 14'. The gauge was a pole in the water.

13. Glenarm.—A small port between Ballycastle and Belfast; latitude 54° 56/,
longitude 5° 56'. The gauge was nailed to the pier.

14. Donaghadee.—Latitude 54° 39', longitude 5° 32'; near the south side of the
entrance to Belfast Lough. 'The gauge was nailed to the pier.

15. Ardglass.—A small harbour opposite to the Isle of Man; latitude 54° 15/,
longitude 5° 35'. The gauge was nailed to the pier.

16. Clogher Head.—A headland a few miles north of Drogheda ; latitude 53° 48/,
longitude 6° 14'. The observations were made at a small harbour called Port Oriel,
on the north side of the Head, but very near to it. The gauge was nailed to the
pier.

17. Kingstown.—The harbour on the south side of Dublin Bay ; latitude 53° 18/,
longitude 6° 9'. The gauge was nailed to the wharf, on the landward side of the
harbour. "

18. Courtown.—A small barbour ; latitude 52° 38, longitude 6° 14'. The gauge was
nailed to the wall of a canal which forms the opening from a small river into the sea.
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19. Dunmore East.—A small port on the west side of the entrance of Waterford
Harbour (the confluence of the rivers Barrow and Suir); latitude 52° 9/, longitude
6° 59'. The gauge was nailed to the pier.

20. New Ross.—A town on the river Barrow; latitude 52° 24', longitude 6° 56'.
The gauge was nailed to the bridge.

21. Passage West.—This is the western side of the narrow channel by which the
waters of the river Lee, at Cork, principally enter into the broad harbour of Cork.
Its latitude is 51° 53/, longitude 8° 21'. The tide-gauge was nailed to the face of the
steam-boat wharf.

22. Castle Townsend.—A small harbour at very nearly the southernmost point of
Ireland ; latitude 51° 30/, longitude 9° 20'. The gauge was a pole in the sea.

Of these stations it may be remarked that Kilbaha, Kilrush, Foynes Island, and
Limerick, are four stations in succession on the same river; that Dunmore East and
New Ross are on the same river ; and that Port Rush and Carrowkeel are nearly in
the same circumstances : Casleh Bay and Galway are in a relation nearly resembling
this. Kilbaha, Casleh Bay, Old Head, Mullaghmore, Port Rush, Ballycastle, Glen-
arm, Donaghadee, Ardglass, Clogher Head, Kingstown, Courtown, Dunmore East,
and Castle Townsend, are all on the open sea; Kilrush, Galway, Buncrana, Carrow-
keel, and Passage West, are somewhat removed from it.

The zero of the tide-gauge at each place was referred as early as possible in the
course of the observations to a permanent mark (usually a copper bolt driven into
the face of a rock), and these marks were all connected by a system of levellings,
and thus the zeros of the tide-gauges were all referred to the same mark, namely, a
copper bolt fixed in the upper surface of the heelstone or hinge-stone of the gate of
Buckingham Lock, Dublin. To give the means of recovering this important zero,
in the event of its loss, the following references were made to several public buildings
in or near Dublin :— '

Elevation of
the mark above
Building. Position of the mark on the building. the bolt at
Buckingham
Lock.
feet.
Four Courts ...... Pavement or floor of portico at principal entrance .................. +0-928
General Post-Office .|Pavement or floor of portico ..... ..........oiiiiiii i +3:145
Bank of Ireland. . .. |Pavement or floor of colonnade at principal entrance ................| 46113
Custom House .. ..|Pavement or floor of portico at principal entrance.................... +2:195
Carlisle Bridge ....|Copper bolt driven horizontally into the stone-work of the battlement,
3:900 feet below the top of the battlement, and 2:840 feet above the
centreof theroad. ... ...... . ... ... i i il + 8705
Queen’s Bridge . ... |Copper bolt driven horizontally into the stone-work of the battlement,
4-450 feet below the top of the battlement, and 1:580 foot above the
_ ) centre of theroad ........... ... ..o i + 8019
Trinity College .. ..|An arrow cut on the stone-work at the principal entrance in College Green,
‘ 3:300 feet above the surface of theground. . ...................... +4:026
Poolbeg Light House|A mark on the surface of the base-course, under the south window (the
mark lower than the bolt at Buckmgham Lock) .......cooiiil. —0:020
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It will be seen, in the sequel, that results are obtained relating to the relative
levels of the surface of the sea at different places, which if established must be deemed
highly important. In order, therefore, to show what confidence is due to the results
of relative level, I think it necessary to give, for every instance in which the means
of doing so exist, the amount of discrepancy between the results for the difference of
level between the same stations when the space between them was traversed by dif-

ferent lines.

3 : =
&y Difference of level | & E -1
R S Bg
3E 5 |sEp|iEg
Description of marks whose difference of level is ascertained, and courses of the lines of levelling. é.E 'E 0 § & é; § 2 gé
= B.5 5.8 g58 h-ho-
g5 83 | §3 | B= | 5ER
B5| k& | 58 |28 |87
< & e =
ft. ft. ft. ft.
1 Bolt in the front of the hotel, New Ross, above} By Monasterevan ....coceceecvvuniiiiiiiineiieniiiinn 101 | 10-698| 11-826| 1:128 11:262
‘ the bolt at Buckingham Lock, Dublin......... By Gorey.ceevvvurneniines 84| 11-469| 11397 0072 11-433,
2 Mark at Lord Glengall’s house, Cahir, below } By Borris-in-Ossery ... 72| 48:203| 48-482| 0-279| 48-342
: bolt in Monasterevan Church....c.oevveiiiannes By Waterford ......... 110 | 48-796| 47-053| 1:743| 47-924
Bolt in Penrose Quay, Cork, below mark on} { By Cahir ....... 95| 3471 38257 0214 3-364
3. William Street Bridge, Waterford .............. [ | By Dungarvan 85| 3973] 4:015| 0042 3994
4 Mark on Mead’s Quay, Limerick, below nmrk]r {By Nenagh ....... 50 348-344347°465) 0-879/347-904;
' at Court House, Borris-in-Ossery...coceeueenns By Holycross.. 68 [347-661/347-940| 0-279/347-800
~ | Mark on Tralee Bridge, below mark on Holy- By Limerick....cccvveenes 105 |272°575273-262] 0687272918
b Cross Bridge..ceiieeiiiiiiiceniiiiiseniiiiiniin By Cahir and Mallow... 122 272-389/272:920, 0531272654
6 Bolt in Loughlea Church, above the bolt at} {By Ballinasloe...coeveet. 108 [268:558/268-:993| 0-435268:775
{ Buckingham Lock, Dublm ....................... By Nenagh .. 130 [268:762|1268:519| 0-243|268-640,
7. Mark on Oranmore Bridge, above mark on By Nenagh 76| 7:573| 7981, 0408 7777
Mead’s Quay, LimericK.cocveveeriieiiiiienene By Kilrush eieiieennnis 109 8341 7:886| 0455 8113
3 Bolt in the Market House, Armagh, above the By Dundalk and Newry..ooeviviunrieiveeiiinnnsenennns 82 146-771\147-146) 0-375/146-958|
{ bolt at Buckingham Lock.........ccoeuvinniinn. By Navan, Cavan, Newtown Butler and Monaghan| 118 [147:061/146:561| 0-500{146-811
Boltinthefrontof Commercial Buildings, Belfast, } { By Armagh, Portadown, and Lisburnn ....cecvvene. 58| 5477| 5489 0012, 5-483
{ below bolt on Sugar Island Bridge, Newry.. By Downpatrick and Newtown Ards ... 62| 4970 6:109, 1:139| 5-539
10. Bolt in Port Rush Pier, below bolt in Commer- By Glenarm and Ballycastle ............. 83| 6327) 5086 1241, 5708
cial Buildings, Belfast .......................... By Antrim and Coleraine ................ .| 62| 6334] 6-893| 0559 6514
1L Bolt in Castlebar Gaol, below mark at Kin- } By Longford, Ballysadare and Ballina ... ... 140 | 98:589] 98:341] 0-248| 98:465
{ TG PR TINN By Ballinasloe and Tuam ............. e 122 98-795| 99:110] 0:315| 98:952
12. Bolt in Commercial Buildings, Belfast, below Bv Newtown Butler and Armagh....ccccovevniuinnin. 156 | 0-486, 1-:087 0601, 0786
{ the bolt at Buckingham Lock........c.eveeenes By Newry, Downpatrick and Newtown Ards ...... 125 0269 1-122| 0-853| 0-695
13 Mark at Londonderry Bridge, above bolt at By Newtown Butler, Monaghan and Strabane ...|168| 2-828| 2-:351| 0-477| 2-589
{ Buckingham LocK....oveuiivniirainenniiniinn., By lines round the east and north coasts............ 243 | ceeriivd] ciriiiied] veeeanns 3647
14 Mark at Cliffony, near Mullaghmore, above bolt By Newtown Butler and Ballyshannon..... e[ 139 | 93-998| 93:117) 0°881] 93557
: at Buckingham Lock............. cereerericaranies By Kinnegad and Ballysadare .........ceecevenininns 145 | 92-520) 94-314] 1-794| 93-417,

lines.

| means by different

= [ Difference of the

} 0135
}0336
}0-147
}0-056
} 0908
}0-487
} 0091
} 1-058
}0-140

On these results, the following remarks are made by Colonel CoLsy.

The discordance in No. 10 is unusally great; but as it appears from an examina-
tion of the levelling that the error in discordance is of gradual accumulation and
does not arise from any one mistake, the mean of the two results is adopted for Port
Rush, and a part of the difference between this mean and the result on either line,
proportional to the distance of any point on that line from Belfast, is adopted as a
correction for the apparent elevation of such point.

In No. 13, second line, the comparison of forward and backward levelling is
omitted, the principal part (namely that from Dublin to Port Rush) being contained
in Nos. 10 and 12. 'The mean of the two results for Londonderry was adopted upon
this depend the zeros of Carrowkeel and Buncrana.

The station at Limerick being important, its relation of height to that at Dublin
was ascertained by four different lines. The following Table contains the results of
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reduction of the tide-observations.

7

The first result, or that by the shortest line, was adopted in the

Depression of the Bench-mark at Mead’s Quay, Limerick, below the bolt at Buck-

ingham Lock, Dublin.

Approxi- | Depression | Depression| Mean of

Line along which the levels were carried. mate length| by forward | by back | results for-

in miles. | levelling. | levelling. W‘]‘J"’iﬁnd

feet. feet. feet.

From Dublin by Monasterevan and Borris-in-Ossory ; the difference
of level from Borris-in-Ossory to Limerick being the mean of

those found by Nenagh and by Holyeross ........... ......( 127 10629 0:651 0-640
From Dublin by Cork, Mallow, and Tralee; the difference of level
from Dublin to Cork being the mean of those found by Monas-
terevan, Borris-in-Ossory, Cahir and Mallow, and by New Ross,

Waterford and Dungarvan..............c..ooiiiiiiont 317 0-032 0-744 0 388
From Dublin by Gorey, New Ross, Waterford, Mallow and Tralee:

the difference of level from Waterford to Mallow being the mean '
of those by Cahirand by Cork ..............o it 312 0249 | —0°350 | —0-050
From Dublin by Ballinasloe, Oranmore, Liscanor and Kilrush .. .. 233 0399 0-889 0:894

In order to give the means of verifying the principal results of the tide-observations
at any future time, I subjoin a statement of the positions of the hench-marks at the
different tide stations, and of their difference in clevation from the bolt at Bucking-

ham Lock, D

ublin.

Tidal Station.

Descripﬁon of the permanent mark.

Elevation of
the mark
above the

bolt at Buck-

ingham Lock.

| Kilbaha
Kilrush
Foynes Island. .
Limerick

Casleh Bay....

Galway ......

Old Head ....
Mullaghmore ..
Buncrana ...
Port Rush ...,
Carrowkeel. ...
Ballycastle .. ..
Glenarm
Donaghadee
Ardglass. . ....
Clogher Head. .
Kingstown . ...
Courtown ...

Dunmore East .
New Ross ....
Passage West. .

Castle Townsend

.. |Copper bolt driven vertically into one of the facing-stones of the quay

Top of copper bolt driven vertically into one of the facing-stones of the pier ..
Top of copper bolt driven vertically into one of the facing-stones of the pier ..
Top of copper bolt driven vertically into the solid rock
Copper bolt driven horizontally into one of the facing-stones at Russell's Quay
Top of copper bolt driven vertically into the solid rock, close to the Coast-Guard

Watch House.. ..
Copper bolt driven horizontally into one of the facing-stones at the entrance to

the New Dock ........
Copper bolt driven vertically into one of the facing-stones of the quay
Copper bolt driven vertically into one of the facing-stones of the south pier. . ..

.............................................

.........................................

--------

. |Copper bolt driven horizontally into the scarpwall of Ned's Point Battery .. ..

Copper bolt driven vertically into one of the facing-stones of the quay
Copper bolt in the wall of the Police barrack cee
Copper bolt driven vertically into one of the stones of the quay
Copper bolt driven into the solid rock on which the pier is built ...........

ce P e s e s s e es s s 0

Copper bolt driven vertically into one of the facing-stones of the pier, near the steps
Mark on one of the facing-stones of the pier
Top of copper bolt driven vertically into one of the facing-stones of the pier ..

............................

.|Top of copper bolt driven vertically into one of the facing-stones of the entrance

to the harbour
Top of copper bolt driven vertically in
Mark in one of the facing-stones of the quay .. ......... NN
Top of copper bolt driven vertically into one of the coping-stones at the edge of
the pier .. ......
Top of iron bolt driven vertically into the rock in which the Coast-Guard sig
staff is secured

.............................................

...........

G0 e s se e te BBes s s e e e s @@ e e st e e o e e s .

nal-
.........................

feet.

+1

+2

+1

2:814
1:974
2:920
0850

0-004

3-000
0-870
1-749
8-203
6-:900
4820
2:268
9:388
0-321
0-838
2:567.
2:796

4459
3711
4178
6-463

0739
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The results for height in the subsequent sections of this paper are all referved to a
point thirty feet below the bolt at Buckingham Lock, Dublin. ;

At each of the stations the course of observation was as follows :—The observer
adopted, as the tide which was to be completely observed, either the interval from
high water to high water, or that from low water to low water, according to the con-
venience of the hours. Thus, having begun, for instance, with commencing a tide
at the morning high water, when the high water occurred at convenient hours both
in the morning and the evening ; as the tides in the succession of days fell later and
later every day, the termination of the tide at last fell inconveniently late in the
evening, and the observer then began his observations about six hours earlier in the
morning, so as to commence with low water and to terminate with low water. Aftera
time it became necessary, in consequence of the evening low water occurring incon-
veniently late, to commence again with high water ; and thus there was in every few
days a change in the arrangement of observations. '

The observations were generally commenced about half an hour before the com-
mencing high water or low water, and were generally continued about half an
hour after the terminating high water or low water. Thus, of the four principal
phases which occur in each day (two high waters and two low waters), three were
effectually observed in the day series of observations. As there were at each station
at least two observers, one of these persons made observations for an hour or more
in the night, partly before and partly after the remaining high water or low water;
and thus all the high waters and low waters were observed. This system had the
advantage of giving all the phenomena of diurnal tide, and giving one semidiurnal
tide completely observed in each day, with little distress to the observer. Its only
disadvantage is, that the observations at different stations do not always apply to the
same portions of corresponding tides; but there appears to be no method of securing
this precise correspondence of observations except by incessant observations day and
night, or by self-registering tide-gauges. Each observer registered the height of the
water on his tide-pole at every five minutes by his watch.

The watches were for the most part chronometers or lever watches. An officer
visited each station at least three times, and the greater number of the stations four
times, carrying a good pocket chronometer whose error on Greenwich time was
known. Two itinerant chronometers were thus employed. The error of each of
the observers’ watches was afterwards computed for every day of observation from
these comparisons, and this error was applied to form the corrected Greenwich time
of every observation, in a column purposely left in the sheets of observations.

At two stations only, Ballycastle and Glenarm, the means for registering the time
proved imperfect. At the former, in consequence of the failure of the watch, the
time wastaken from the town-clock, and corrected for the longitude of the place;
it is supposed that this time may be sometimes ten minutes in error. I much regret
that the extraordinary phenomena of the tides at Ballycastle are thus developed with
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less certainty than could be desired; at the same time I have no hesitation in ex-
pressing my belief, that the credit of the results hereafter to be given is not sensibly
injured by this circumstance. At Glenarm, from a similar cause, it became neces-
sary to refer to the post-office clock ; but the observations do not appear to have
suffered materially.

The observations began about June 22, and were discontinued about August 22.

Section I1.—Methods of extracting from the observations the times of high and low
water ; of supplying deficient times and heights ; and of correcting the times first
- determined.

The determination of the height of the water, at high or low water, from the
observations, was a matter of no difficulty. In two or three instances of low water,
when the water had dropped below the zero of the tide-gauge, the observations were
incomplete till it again rose to the zero; in these, the observations were supplied by
comparison with other low waters which had been completely observed.

The determination of the time was far more difficult. The examination of these
observations has made me very distrustful of the results which have been deduced
from observations of time only. The difficulty of fixing on the precise time of high
or low water will appear from this statement, that sometimes twenty or twenty-four
successive observations (occupying 1 40™, or 2%) are registered with the same decimal
of a foot for the height. The most perplexing case is that where the change of height,
in respect to change of time, follows or may follow different laws before and after
the principal phase. Thus at Limerick, after low water, the water sometimes rises
as much in ten minutes as it had previously dropped in two hours ; it therefore appears
right here, if several successive observations about low water are registered at the
same decimal of a foot, to suppose that the real low water is little before the last of
those observations. At some other stations this circumstance does not happen uni-
formly ; and then, when it does happen, it becomes difficult to say whether there is
a difference of law before and -after the low water (in which case the real low water
ought to be taken nearer to the last observation), or whether the surface of the water
at the last observations on the same division has been depressed by accident (in which
case the real low water ought to be taken nearer to the first observations). I will
not undertake to say that, in marking off the times of high and low water, I have
followed a uniform method in these difficulties; but I have certainly followed a uni-
form plan for each station ; and this is all that is important.

Occasionally, though rarely, observations of high and low water were interrupted
by the roughness of the sea and other accidents. It was highly desirable to supply
these, because (as will be seen in the next section) differences of the heights and of
the times to the fourth order were to be taken, and thus the omission of one height
or time would entail the loss of five results in these differences of the 4th order.
The following is the process by which they were supplied. It very soon became

MDCCCXLYV. c
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evident to all who inspected the collected heights at high and low water, that irregu-
larities in the heights at any one station were sensible with no important difference
of magnitude at the neighbouring stations. This will be abundantly shown in Sec-
tion XI. On this assumption, a comparison of the height or time at one station
with that at each of the neighbouring stations, for a few tides near to that at which
the observation was deficient, would give the means of supplying the omitted height
or time. But it was necessary to bear in mind that all the observations were affected
by diurnal tide, and that the diurnal tide might vary sufficiently from port to port
to render it unsafe to use comparisons of evening tides for the correction of morn-
ing tides, &c. The process adopted therefore was the following:—The results,
both for times and for heights, were divided into four groups. One comprehended
the high waters which next followed the moon’s transit; these were called High
Waters of the First Division. Another comprehended the low waters which next
followed those high waters; these were called Low Waters of the First Division.
The remaining high waters and low waters were called respectively High Waters and
Low Waters of the Second Division. Each of these groups was treated separately.
When a height or time of high or low water at any station was to be supplied, the
observed height, &c. at that station was compared with the mean of the observed
heights, &c. for at least two neighbouring stations, in at least two tides preceding
and two tides following, in the same group; and the mean difference thus found was
applied to the mean of the observed heights, &c. at the stations compared, on that
day for which the tide was deficient. I have no doubt that the results thus supplied
are sensibly as accurate as those which were actually observed.

On consideration of the difficulty of determining the times of high and low water,
which has been already explained, it appeared necessary to endeavour to smooth
down some of their irregularities, without at the same time endangering the conclu-
sions as affected by difference of diurnal tides and of semidiurnal tides at the different
stations. The following is the method employed :—FEach of the groups already men-
tioned was separated into four subdivisions, determined by the proximity of stations.
One included Kilbaha, Kilrush, Foynes Island, Limerick, Casleh Bay, Galway, and
Old Head. The second included Mullaghmore, Buncrana, Port Rush, Carrowkeel,
and Ballycastle. The third contained Glenarm, Donaghadee, Ardglass, Clogher Head,
and Kingstown. The fourth contained Dunmore East, New Ross, Passage West, and
Castle Townsend. [Courtown was omitted, because, as will be hereafter seen, no
times of high or low water could be fixed for it.] Then each subdivision was treated
separately. For each tide the mean of the times for all the different stations was
taken (Buncrana, Ballycastle, and Glenarm, being excepted; as, from the small
range of tide at these places, the determinations were more uncertain than at others).
Then for every station (including those already named) the difference of the time from
the mean of times was formed. Thus, for any one station, a difference from mean
was obtained for each day. Let these differences for successive days be called
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D,, D,, D;, D,, D;, &c. Then the means of the adjacent numbers were taken,

D,+D, Do+D; D3+D, D,+D;
2 2 ° 2 7 2

&e. s
and the means of the numbers in this series were taken, forming
D, +2D,+D; D,+2Dy+D, D;+2D,+D;
4 ? 4 ’ 4 > &e.

D,+2D,+D,

Then the number 1 was considered to be the just difference from mean

for the second day in the series: it was applied to the mean of times for that day,
and gave the adopted time for high or low water for that day, at the station under
‘consideration ; and so for the succeeding days. In regard to the legitimacy of this
process, it is to be observed that it does not suppress the inequalities affecting, in
different degrees at different stations, the semidiurnal or diurnal tide, provided the
period of such inequalities is of several days. Nor does it suppress any accidental
inequality which affects the whole tide-wave coming from the Atlantic upon a large
extent of coast. The only failure is, that, as

W:DZ+W=DZ+% (2nd difference) ;

when the second difference of D is large, an error is introduced. So long as the tides
at the different stations follow anything like similar laws, there is no fear that this
error will be perceptible. The only place where there is any probability that it can
become sensible is Ballycastle; and here it will be very far below the irregularities
of observation.

Section IIL.—Theory of diurnal tide as related to observations only ; and deduction of
the principal results for diurnal tide given immediately by these observations.

The remarks with which I shall immediately proceed apply equally to times and
to heights, and equally to high waters and to low waters; but, to avoid unnecessary
repetitions, I shall speak only of heights at high water.

Suppose then that, for any station, the heights at high water, both of the First
Division and of the Second Division, have been collected and intermingled in the
order of times. It is evident that the diurnal tide at any one of these heights will be
found approximately by taking half the excess of that height above the mean of the
two heights immediately preceding and immediately following. The number thus
found will, however, be in error by one-fourth of the second difference of the semi-
diurpal tide. This error may be eliminated, leaving only an error depending on
fourth differences, by taking half the algebraical excess of that apparent diurnal
tide above the mean of the diurnal tides next to it.

The process may however be put in the following algebraical form :— Suppose the
successive high waters to be affected with inequalities represented by @.cos n— 3.4,

c2
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a.cos n—2.4, a.cos n— 1.4, a.cos nd, a.cos n+1.4, a.cos n+42.4, &c., where n increases
by unity for each successive high water. If we take the 4th, the 8th, the 12th, &e.
differences of these numbers, we shall have for the differences standing opposite to

a.cosnd,
.0
a.cosnd X 16 sm4§:

. o0
a.cos nd X 256 sms?

. .oh
a.cos nd X 4096 sm“’?-

Now if the inequality occupies many tides in going through its changes, that is, if ¢
.0 . .

is small, the powers of sin; will be very small, and these differences will therefore

become smaller and smaller till they are nearly insensible. There is one value of ¢,

however, for which they do not become smaller, namely, that which makes s'mg

nearly =1, or 4 nearly =180° or in which the successive numbers a.cosn—1.,
@.cosnd, a.cosn-1.4, &c. have nearly equal magnitudes with a change of sign at
every step. It is evident that this is the case of diurnal tides. Consequently, on
taking the successive differences in this manner, the diurnal tide will ultlmately be

the only inequality sensible.
If then we stop at the fourth differences, we may say that the diurnal tide

diffe hth diffe
__f———m———-——-————ourth e . if we stop at the eighth difference, the diurnal tide — cighth difference e;ence;
16 s1n4§~ 256 sin8—2—

and so on, the expressions becoming more accurate as we advance further in the
order of differences. Remarking, however, that the diurnal tide goes through all its
changes in not fewer than 57 high waters, and that ¢ therefore differs from 180° by

6
little more than 6°, or that sing

3 nearly, we may consider the

1
O
= cos 3° nearly =1—g55

. 0 .
powers of sing as equal to unity; and thus we have

Diurnal tide =—11—6>< 4th difference,

1 .
or =gz=X 8th difference,

&e.

The first of these formulee was used throughout, both for heights and for times, and
at both high and low waters.

Let us now consider the relation between the diurnal tide in height and that in
time. Let 4 be an angle increasing uniformly with the time, and increasing by 360°
in a tidal day, its origin being the time-of high water in the semidiurnal tide. Let a
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be the diurnal tide at the first high water, b that at the first low water, ¢ the semi-
range of the semidiurnal tide. And suppose a and b to be so much smaller than ¢
that their squares, &c. may be neglected. The height of the water above its mean
height, on the law of elevation usually assumed, will be a.cosd+4b.sind+4c.cos 24.
This quantity will be maximum or minimum, or there will be high water or low
water, when —a.sin d+4b.cos d—2c.sin 20=0. The first approximation to the value
of 4 will be obtained by considering the large term only: from this we find

2¢.sin 20=0, from which §=0, or =g—, or ==, or=?ﬂ’ nearly. Substituting these values

successively in the small terms, and supposing them liable to a correction « in the
large term, we have,
For the first high water, 4-b—2c.sin (042x)=0; or, nearly,

’ b b
b—4cx=0; whence r=7p and I=0+a=,

For the first low water, —a—2c.sin (7-+22)=0; or, nearly,
a

N 4 3 a
4(:, and 0=§+.’L‘—“2‘+ZE-

( —a+4cx=0; whence o=
For the second high water, —b—2c.sin (274-22)=0 ; or, nearly,

v ~b b
~b—4cr=0; whence r=—— and d=r+or=7r—_

For the second low water, +a—2c.sin (8#-+22)=0; or, nearly,
b B 5
+a+4cr=0; whence .r:-&gs and éz-g—f—c-

It appears therefore that the diurnal equation in time at the High waters of the
First Division has the same sign as, and is a certain multiple of, the diurnal equation
in height at the Low waters of the First Division; and that the diurnal equation in
time at the Low waters of the First Division has the same relation to the diurnal
equation in height at the High waters of the First Division; and similarly for those
of the Second Division. The factor by which the diurnal tide at low water in height

is converted into diurnal tide at high water in arc is ;- ; and, observing that = in arc

corresponds to about 12" 24™ in time, the factor for converting diurnal tide at low

. . . . . . . . 44 186
water in height into diurnal tide at high water in minutes of time is 31er‘.‘5=55 and

that by which the diurnal tide at low water in minutes of time is converted into

T

diurnal tide at high water in height is i@%' The same factor applies for converting

diurnal tide at high water in minutes of time into diurnal tide at low water in height.
But the high and low waters of the First Division must be used together, and the high
and low waters of the Second Division must be used together.

This theory cannot be expected to apply with accuracy to any place far from the
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sea (as Limerick or New Ross), where the law of the height of semidiurnal tide, as
depending on the time, differs sensibly from that of cos 24.

Upon investigating the magnitude of the diurnal tides, by the method detailed a
short time since, it appears that, at most stations, the diurnal tide in height was given
with great regularity ; but that, at the greater number of stations, the diurnal tide in
time was not very regular. In order to compare the diurnal tides by means of the
theory above, as well as for the purpose of ascertaining their magnitudes with some
accuracy, it was necessary so to combine them that a mean of many determinations
could be made available. This was done in the following manner :—

First, it is to be remarked that in this and all the following investigations the high
and low waters of the first division only are used ; these being evidently sufficient
for the complete solution of any problem of diurnal tides.

Next, it is well known, or may be anticipated from the investigations of the next
section, that on examining successively the diurnal tides at high water (first division)
on successive days, they increase, diminish, change sign, and increase and diminish
with the changed sign, in nearly the same manner as the sine of an arc increasing
proportionally to the time; and that the same remark applies to the diurnal tides at
low water.

The first thing to be done in investigation was therefore to ascertain when the
diurnal tide vanishes. This was done by taking the five diurnal tides nearest to the
estimated place of evanescence and combining them by the method of minimum
squares, on the supposition that the diurnal tide ought there to alter by uniform steps ;
an assumption sensibly correct.

The next thing was, to take the mean of all the diurnal tides between two vanishing

points. Supposing them to be expressed by the law a.sind, the mean of all these

Sum of the values of esin ¢
Number of values

. « 1s s 1 .
values is > which is approximately expressed by — qﬁ. smf):gf,

and hence the caefficient a, or the maximum diurnal tide, must =gx the mean of

the diurnal tides between two vanishing points.
The following results have been obtained by these methods :—
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Diurnal Tide in

Height at High Water.

First Division.

15

. | A
Approximate time . Foynes | Lime- | Casleh Mul- | Byp. | P arrow-| Bally- | Glen- nagh-| Ard- |Clk Kings- | Dun- Castle §
at Kilbaha,  |Kilbaha. Kilrush. Islgx‘d. rick. | Bay. |Galway I-ﬁ:ls:id. lagh- cr:xg. R\grlf. Ckeei‘fv castle. arr:ll. ngeg,h gl;(;s. C}fé}:ﬁr tow%f. ore g:;vsv l;:;::tg:e Towns-
1842, more. East. end.
hrs.| feet. feet. feet. feet. feet. feet feet feet feet. feet. feet feet. feet. feet. feet.
June 22. 17..... O g g 1 O S P N P T [ I ST
23, 18|eecrnn.|—0231..... J=022 |, ....... —072|—1-05 —078|—075 |—063 | —024 | —0-21 |.........}4-0:02
24, 19|—040|—029|.........[.........] — 026 | — 030 | — 064 |— 073 —~078|—063|—0-59 |—0:19{—0-18|—016 |- 002
25.. 19|—037 |—026 | —0'41|—0-30 | — 0-31 |—0'34 |—0:61 | —0-99 —076|—069 |—061{—013| 0-00|—0-16] 000
26. 20|—053|—050—047|—046 | —049 |—0-42 | —0-68 | —0-99 —074|~071|—0:63 |—0'13|—0-16 | —0-14| 0-00
27. 211-030|—040|—041|—042|—038|—0°40 |—0'60 |—0-91 —071|—073 |—072 | —0-14|—017 | =017 |~ 004
28, 22|—030~0:30—036|—0-26 | —0-34 |—0-38 |—0-40 |—1-16 —0:79 |—0-78 |—0-75 | —0-14 | —0-18 | —0-10 [4-0-01
29, 22|—018 —024|—-026|—024|—0-23 | —027 |—018|—0-88 —0'64|—067 |—055|—0-09 | —0-12|—0-02 [40-04
30, 23[—009—016'—0'13|—0-24 |—0-12|—0°11 |—0'14 |—0-61 —048 |—0-52 |—0:39 —0-18 | —0-12 |~ 0-07 |4-0-01
Juy 2. 0[-001|—004—003|—028 | —0-02|—023 | —020 —0-24 —0:32|—034 |—025{—0-14 {015 |—0:09 |~ 014
3. 140234004 40-05 —019 [40:09 |—0-13 | 4009 [—0-38 +0-05 |+40-02 |4-0-08 —0-25 | —0-13 | 4-0-01 |—0-13
4. 214026 4017 |--0:09 : —0-02 | 4020 |4-0-03 | 4007 |—0-24 +0-19 4017 |4-0-16 | —0-20 | —0-06 |4-0-05 |4-0-13
5. 3|4021|—006 +O'10‘+0'25 +023 {4011 (4002 |4-0-05 +0-14 |+40-17 | 4015 | —0-04 |4-0-06 | 4-0-11 {4-0-13
6. 4/4011/—012 4012 40284016 |40'19 (4028 |4-0-41 +0-21 |+4-0-21 |4-0-20 |4-0-01 |4-0-06 | —0-03 |4-0-04
7. 440074013 +0'221+O'46 +002 |40-12 |4-0-21 |4-0-41 +0-37 |4-0-17 |4-0-28 | 4-0-11 |4-0-08 | — 0-03 | — 0-05
8. 5402440284042 4064 |4-014 (4018 |-4-020 | 4031 +0-51 |+0°47 | 4045 |40-18 |4-0-31 | 4002 | —0-08
9. 640374031 +0‘47H—0'72 4046 |+0-32 |4-0-55 |4-0'76 +0-27 |4+0-58 |+-0-51 4-0-11 [4-0-24 | }-0-11 |—0-06
10. 71 0-29 4-0-21 |4-0-22 +0-23 |4-0:22 |4-0-20 | 4-0-42 |4 0-69 4034|4052 |4039 4003 |011 +0:06 |4-0-03
11. 84016 |+024 4023 "-}-0‘22 4010 |4-0-21 |4-0-34 |--0-84 +0-41 |-}-0:56 |40-43 ‘—]—0'11 40224016 |—002
12, 9:4-026 4031 4028 4016 4027 | 4020 | 4-0-47 |-+-0-83 +0-69 |-+0-75 +0'56;+0'19 +0-28 1 4-0:16 | —0-02
13. 9 |+0:11 (4012|4009 | —002 |4-0:04 | —0:09 |}-0-29 |4-0-82 | 4050 | 4040 | 4045 | 4044 |40-80 |+0-71 | 4056 |+0:66 |+0-42 +0-11|4-0-17 |4-0-11 |— 001
14, 10 (4004 4-0-09 +0'06‘—0'05 —005|—008 |4-0-21 | 4093 |0-44 |4-0-28 | 4025 | 4027 | 4069 |+0-62 |+0°49 |4+052 |40-37 +0-16 +4-0-12|—006 —0 07
15. 11 4-0-03 |—0-01 —0’08}-*—0'03 —0-10|—0-07 (4015 | 4062 |+40°34 |4-0-29 |4-0-16 |4-0'27 |+0-56 | 4049 |4 0-48 |4-0-33 +0-38 4013 | —003 | —001 |—0-01
16. 12/—0'12|—0-18 -—0'23;-—-0'17 —024 | —0'29 | —020 |+0-27 | 4027 |40-20 |4-0-02 | 4029 |+027 {4023 |-+0-21 | 4028 |+0-11 4013 | 4+-0-01 | — 001 | —0-02
17. 13|—027{—020|—-028 —047|—030|—0-37 |—0'50 |—0°01 {[4+0-02 | —0:02 | —0-05 | 4001 | —004 | —0-09 | +0-08 |—0-04 —009'~001 |—002 |—006 |—004
18. 14|—0-33!—032 -—0‘35}—0‘54 —024,—038|—027|—032{—029 |—023 |—028 | —025 | —023 |--0-24 | —0-22 |—0-26 |—0-23 | —0:09 |—0:12|—0-12 | — 008
19. 15|—-037|—018 —0-41'—040 |—0-32|—0-31 |—0-37 | —0-52 | —0-44 | —0-41 |—0-48 | —0-38 | —0-28 | —0-28 | —0-42 | —0 36 |~ 029 — 016 |—0-31 | —-0-18 |- 012
20. 16 |—0-41|—036 —0-41 —0-38|—0'39 |—0-41 |—0'57 |—074 |—0'61 | —0°55 |—0-64 |—0-50 | — 034 | —0-44 |—0-50 | —0-50 |—0-39 | —0-20 | —0-35 | -0-19 |~ 0-13
21, 17 |—042 —034|—-039 —041 |—041 |—041 |—055|—079|—068—062 |—062|—058 |—043 |—0-51 |—0-58 |—052 |—0-46 |—0-21 |—0-27 |—0°19 |—0-10
22, 18|—0-42 —0'39.—0'38|‘—0'38 —0°40|—039 |—-0'50 |— 086 |—073 | —0-64 |—074 |—0-61 | — 048 | ~052 |—0-60 |— 053 |—0-54 | —0-28 | - 0:33 | —0-25 | —-0-15
23. 18 (—0'43 ——0‘40!—0'425—0‘37 —0:42 |—035 {— 050 |— 090 |— 075 | — 040 |— 071 |—0-63 |—0-58 | —0'62 | —0-62 | —0-66 |—0-53 | —0-19 | —-0-29 | - 024 |- 012
24, 19|—042{—-039 —039 —042|—043 |—039|—059 |—096 |—064|—056 |—0-58 | —059 |—0-64 |—0'68 |—0-69 |—0-83 |—0'49 | —0-25 | —0-28 | —0-19 | —0-09
25. 20|—0-37|—036 —0'385—0'38 —038|—033|—057 |—087 |—057 | — 052 |— 046 | — 053 | — 0'65 | — 0°65 | —0-67 | —0:66 |—0-50 | —0-20' | —0-21 |—0-16 |—0-10
26. 20|—0-33|—0'36 |—033 —032 |—0'33 |—010 |—045 |—0'87 |—0'59 |~ 047 |— 037 |—0°50 | — 058 | — 060 |— 065 |—0-63 |—0-55 | —0-16 | —0-26 |—0-18 | —003
27. 21|—022|—-025 —0'24'—0'32 —025 —021|—045|—-072|—049 |—033 |—0-37 |—046 |— 049 | — 058 | —0-56 |~ 071 |—0-54 | —0-14 | —0-23 | —0:10 {—0 01
28. 22|—014—015|—-016—024|—019|—023 |—025 |—055 |— 042 |—0-21 |—0°16 |—0-33 |— 045 | —0-59 |— 050 |—0-51 | —0°48 | — 0-08 | —0-18 |—0-03 | —0-01
29, 22|—009|—003—002—007|—010|—005|—005 |—050|—039 |—024 | —0-23 |— 029 |—0-22 | - 0-34 |—0-31 |—0-18 |—0-22 | —0-19 | —0-17 | —0-05 | 40-04
30. 23/4001| 000 4002 —009; 0:00|4005| 000{—011|—037|—047|—036|—030|—011|—-016|—024|—021 |—0-17 [—0-14 |—0-15 -—0'06[—{-0'01
August 1. 04011 4011 40:07 |—0-04 |4-0-14 |+0°10 |4022 | 4009 | —0-30 | —0-27 | —0-32 | —0-02 |4-0-16 |4-0'10 |— 0-02 | —0-04 [4-0-03 | —0 04 | —0-09 | — 007 | —0-0}
2, 1|+021|4008 40204024 | 4025 |4-0-18 |4-0-57 |+0:09 |4+0-01 |4-0-08 |4-0-03 |-0°31 | 4035 | 4-0-30 |+0°16 |+0-21 |4+0-24 | —0-06 | —0-06 | —0-07 | —0-04
3.  2|4026|+4+007 4014|4022 |4-0-21 |40°12 |-4-0-54 |4-0-10 |+0-08 {4-0-03 | — 003 | 4-0-21 |40-27 | +-0-20 |+40-20 |+0-21 |+0-24 {0 04 |4-0-02 |—0-04 [ —0-02
4. 3|+027|+014 (4019|4022 |4-0-21 |40-07 | 4043 |4-0-29 |+0:33 | 4025 |4-0-23 |4-0-31 |40 20 | +-0-18 |4-0-15 |+0-19 [+0-21 |4-0-29 |-}-0:12 |4-0-11 |4-0-12
5.  4|4020|+4009 4028|4034 |40-26 |+0-17 |4-0'61 |+0°69 |40-57 |+0-56 | 4063 |0:58 |+0:56 | +-0°52 |+0:42 |+0°55 (+0-49 |4-0-28 | 4013 |40-20 40-20
6. 54014 4011|4020 (4029|4017 |4-014 |4-0'44 |+0'72 | 4051 |4-0'44 | 4032 | 4045 | 4053 |4-0-53 |4-0-54 |+0°52 |+0-47 |4-0-15 |40-22 |4-0-17 4011
7. 64016 |+4+019 40294036 |40-20 |40-21 |4-0-54 | 4068 | 4081 {4070 |+0-64 |+0-65 |-+0°65 |4+-0:62 |+-0°66 |1-0-49 |+0-51 |+0-28 |-0-24 |4-0-17 40 04
8. 6|4+033|+4+038 4044|4049 | 4045 |-4-0'39 | 4069 | 4096 |4-0-83 | 4074 |+0-89 |40-72 | 4097 |4-0-94 |40-85 |+0-¢5 |-40-69 |+0-29 | +0-34 |4-0-23 4003
9, 7|+031|4+033 40354036 |40-34 (4030 |40-48 |4-0:90 (4051 [4-0-41 | 4058|4044 |+0-81 [0-80 |4-0-59 | 4053 |+0-54 |+0-18 |4-0-29 +0'22‘+0 03
10. 8|4016 |-4+0°'16 |40-22 | 4019 |4-0-11 |4-0:10 |4-0-27 |4-0-80 |-}-0-50 |}-0-41 |40-44 |4+0-31 | 4087 |4-0:77 |4-0°56 | 4052 |4-0-61 |40-16 |40-16 |0-09 | —0 04
1. 9|+009 (4010|4010 |4008 | —0-01 |40-07 |4-0-11 | -0-72 | +0°42 | 4+-0-19 |4-0-15 |40-14 |4-0-84 | }-0-74 |4-0-71 |4+0°56 |40-53 |40-01 |-+0-12 {4003 . —0 07
12, 10({—0-03 |—002|+40:02|—0:09 |—0-11 {—0-01 |4-0-08 |4-0-47 |-0:15 |4-0-07 |—0-06 |-+-0-14 |4+068 | 4-0-57 |+0-57 +0-38 | 4055 |—0-03 |— 008 | —0-06 |—0-08
13. 11{—013|—012|—0'14|—0'24 |—0-21 |—015 |—006 |4-0°15 |—0-01 |—0-08 |—0-21 {4-0-19 |40-33 | 4-0-27 |40-30 | +0-20 | 4022 | —0:06 {— 005 [ —0-06 | —0-04
14, 12|—031|—023|—026 |—036|—028|—-025|—028|—-009 {—009 —0'03 |—0°19 |4-0-11 |-+ 012 |-0-03 [+003 [+0-01 |+40-04 | —0-09 [—0-07 | —0-09 |4 0-02
15. 13|—032{—020{—0-33|—0'43|—0-35 |—0-33 |— 067 | — 046 | —0-27 | — 025 |—0-31 |—0'17 |—0:09 | —0-15 |— 025 | —0-14 |— 014 |—0-19 [—0-11 [—0-10 | —0-06
16. 14|—0-27|—001 |—0-31 |—033 |—032|—032|—044 |— 053 |—0'39 |—0'37 |—0'48 |— 031 |—0-22 |- 025 |- 039 | —0-26 | —0-22 | — 016 | —0-18 | —0-14 | — 009
17. 15|—0'33 |—0:04 [—0:35 |—040 | —0-39 |—0-38 |—043 | —0'69 | —0:61 | — 055 |—0-63 | — 042 | —0'39 | — 041 | —0'50 | — 041 |—0:36 | —0-06 [ —0-20 | —0-23 | —0:09
18. 16[—029|—014 |—025|—034|—026|—0'24 | —0°44 | —0-84 |—0:66 | —0°59;|— 055 | — 054 | —0-34 | —0-29 | —0-32 | — 034 {—0-26 | — 019 | —0-17 | —0-15 {—0-03
19. 17|—028|—024|—028|—041|—0-29|—0:29 | —0-38 | —0-96 | —0-84 | —0-74 |—0'57 |—0-85 | —0-62 | —0-54 | —0'64 |— 066 | — 054 |—0-21 |—0-22 | —0-17 | — 0-07
20, 18[—032|—023|—037|—046|—038|—035|—062|—-103|—087 [—072|—075|—077 |—0'75|—069 [—071 | —079 [—066|—0-23 |—0-28{—019| 000
21, 19(—037 |—0:31 |—040{—045|—038|—043 |—0'54 | —0-88 |—0-70 | — 059 [—0-55 |- 057 | —0 57 | —0:63 |—0-58 |— 066 | —0-59 {—0-23 |—0-29 | —0-21 |—0 03
22, 19|—0-31—020|—0:35|—0'40 | —0-35 |—040 |—0:50 | —0-80 |— 060 | —0:55 |—0:50 |— 050 | —0-50 | ~ 050 |~ 0-50 | —0:50 | —0°45 | —0-16 | —0-20 | —0-15




MR. AIRY ON THE LAWS OF THE TIDES

Diurnal Tide in Height at Low Water. First Division.

Approximate time| . ime- Mul- . . . . " N her | Kings- | Dun- v Castle
i Kilbaha, | Kilbaha.|ilrash. | Tind: | “Setc | Bayr Gaway. | sond. | 1581 | crams, | R, | hook, | castle, | st | sdonr| s, | Head. | o | mOre | Rovu. | \ese | Towns-
1842. more. East. end.
hrs. feet. feet, feet. feet. feet feet. feet feet. feet feet. feet. feet. feet. feet feet feet. feet. feet, feet
June 22. 23 e . . 4040 v ST e )
23. 23 2 0 - " " +0°56 |+0-54 |40°59 |—0-18 |4-0-03 |.........|4+0-03
25. 0 . X . X 2 : +0-55 |+4+059 |+40-58 |—0-15 |40-03 | —0-12 |4-0-03
26. 1 g g . g g " +0-35 4036 | 4032 [—0-31 |—0-19 |—-0-12 | —0-03
27. 1 g g 2 . g } X +0-38 | +0°41 |40-25 | —0-26 | —0-10 | —0-08 [4-0-01
28, 2 - g - - - i . 2 +048 [40'42 | 4004 | —0-17 | —0:06 |—0:08 | 0-00
29, 3 g q R . - . g * +0-33|+037 |+0-31 |—0-23 | —0-17 |—0-04 {40-01
30. 4 g g . 2 - ° . 3 +0-30 {4032 |+0-32 |—0-11 |—0-11 |—0-01 |+0-07
July 1. 5 R g . . : g § X -2 +0-31 |+0-38|40-35 |—0-11 | —0-10 [—0-10 | —0-05
2, 6(4+022[4019 40324047 4018 4026 |-+0°34 |4041 |—0:05 |—006| 000 —0-11|40-19 {4021 |40-18 |+0-18 |4-0-22 |—0-13 | —0-08 | —0-07 |40-04
3. 740244016 4+0-23 4029 4013 |4-0-13 | 4025 |4-0-28 |[4-0-06 |+0-03 |4-0-04 |+0-05 |+0-27 |40-32 |+0-28 | 4018 |4-0-29 |4-0-01 |+0-:07 |40-03 | 4-0-13
4, 840204018 |4+010{—012 4016 |4-0-11 |+0-28 |4-0-08 |40-03 |0-02 |+-0-06 |+0°15 |+0-43 |4-0-35 |4-0-29 | —0-04 |4-0-16 |4-0°11 |40-25 |4-0-11 |4-0-06
5. 9(—014/—005/—021!—055'—019|—0-28|—0-04 |40-17 |—0:17 |—0-09 |4-0-01 |—0-04 |4-0-10 |40-01 [—0-11 -—.0'17 —0-17 (+0-04 | 0-00| 000|4-008
6. 10{—0:34|—040|—-049 |—072 ' —045|—048|—0-26 [40-35 |+0'05 [—0-05 |—001 |—004 |—0'17 |—0'16 |—0-16 |—0-09|—0-18| 0:00 |—0:05 |—0-04 |4-0-02
7. 11|—040|—060|—074—116 —0'52  —0-61 |—0-27 |4-0-40 |[4-0-11 |4-0-11 |4-0-03 |4-0-06 | — 0-34 | —0-39 | —0-20 —0:37 | —0-42 [4-0-05 | —0-17 |+4-0-01 | —0-09
8, 12|—0'16|—071|—0-90 | —1-37 —0'65 | —0-68 |—0-56 |-+-0-09 |— 003 | +0-07 |—0-06 |4 0-02 |—0-62 | —0 64 | — 064 | —0-64 | —0-64 |4-0-06 |—0-19| 0-00 |—0-27
9. 12(-034|—042|—061|—057 —046 |—056 |—062 +0-02 |+4+0-26 | 047 | 4020 |4-0-37 | — 039 |—0-40 | — 0-38 | — 0-38 | — 0-32 |4-0-08 |4-0-03 |4-0-07 | —0-17
10. 13|—0-23|—0'08 \—0-51 —0-61 | —046 |—0'57 | —0-73 {—0:05 [+0-12 [40-22 |4+0-16 |40-14 |—0-51 | —0-44 | —0-34 | —0-34 | —0-27 |4-0-05 |40-23 |4-0-38 | 4003
11. 14|-060 |—0-47 |— 058 |—0-79 |—0-67 |—0-68 —0-82 |—0-46 |+0:09 |}0-24 |4-0-17 {4015 |—0-70 |—0:63 | — 058 | — 0-66 | —0-56 |-0-09 |+0-06 |4-0-12 | —0-05
12, 14|—0'44 {029 |—055 —0'53 | —0:50 |—0-63 | —0-61 |— 043 |—0:09 | 4033 |4-0-35 [+0:07 | —0-57 [ —0:50 | —0-49 | —0-49 | —0-42 |4-0-10 |40-19 |4-0-16 | —0-03
13. 15|—-039|—0-41/—055 —050 —039 |—0-48 | —0-55 | — 036 |+0-10 |4-0-11 +0-25|—0-21 |—0-64 |—0'56 [—0-58 |—0-61 [—0-56 |0-19 |—0-10 |40-09 |— 009
14. 16 |—0-27|—-022|—0-29 —0:27'-027 |—0-29 | —0-44 | —0-44 +0:09 |+4+0-05 |4-0-13 |—0:28 |—0-39 | — 0-38 | — 044 | — 047 | —0-44 |4-0-15 |+0-09 |4-0-07 | —0-25
15. 17 |—0-20{—0-30 |—0-16 —0'14'—0'24 —020!—037|—044| 000|—0-01 |40-04 |—0-30 |—0-28 |—0-23 |—0-26 | — 014 |—0-31 |4-0-16 |40°10 |4-0-11 | —0-26
16. 18 |—0:07 |—96:09 |—0-05 |4-0-05 1—0‘]6‘—0'39 —0-39 |—0:45 {4001 |—0-10 |4-0-04 |—0-27 | — 024 |—019 |+-0-14 | — 023 | —0-21 |4-0:06 | —0-07 | —0-04 | —0-38
17. 20,4013 |4012 | 4014 |40-14 |4-0-11 40:03 | —0-12 |—020| 000 |—0-06|+4+0:01 |—0-03 |—0-01 |4-0-02 | 4008 |—0-03 | 0-00 |4-0-01 |—0-02 |—0-08 |—0-02
18. 21 |4+0-26 |40-28 | 4-0-27 +0'26[—|—0'28 +0-25 |4+0-18 [—0°19 |[—0:09 |—0-10 |4-003 |—0-08 |—0°11 {4-0-17 |40-10 |40-11 |4-0-11 | —0-09 | — 0-07 |—0-02 | 0-00
19. 2240334034 [40-36 |4+0-39 4036 |4-0-41 |40-33 |[—0-25 |—0-15 |—0-13 |— 004 |— 0 13 |40-09 |4-0-31 |+40-23 | 4026 |4-0-24 | —0-06 | —0-14 |—0-05 |~0-01
20. 22|40-41(4-0-39 |4045 |+0-40 :-{-0'45 4046 |+052 |—0:07 |—014 | —0°18 |—0:12 | —0-14 |+4+0-42 | 4-0-44 |+0-36 |+ 025 |4+0-32 |—0-09 |— 015 |—0-07 | —0-02
21. 23|40'43 4039 |4+0-46 4032 4051 |4-0-44 | 4056 |-4-0-01 |—0°16 |—0-25 | —0-21 | —0°19 |+0-45 |4-0-46 |0-36 |+ 0-31 |4-029 |—0-10 |—0-11 [—0-05| 0-00
23. 014039 4035|4036 +0'27[~|—0'42 +0-33|4048| 0:00|{—0-21|—034 |—0-24 |— 026 (+0'47 | 4046 |+0-38 |+0-25 [4-0-27 |—0-18 |— 018 |—0-11 | —0-06
24, 0/4-0-41 (4023 (4040 |40 31 4045 |+0-41 | 4048 |—0°01 |—0-28 | ~0:40 | —0-32 |—0-31 |+ 044 |4-0-44 |+035 |4-0-21 |4-0-31 | —0-20 | — 013 |—0-11 | —0-01
25. 1[4-0'36 {+025 |40-46 |+032 4046 |+ 046 |+0-47 {4005 |—0-31 | —0-41 |—0-34 | —0-22 |4-0-38 |4-0-38 |4-0-30 |+0-31 |4-0-27 | —0-24 | —0-15 | —0:07 |+4-0-08
26. 1(4-0-33 4030 (4041 |+4+026 4045|4041 4040 |+0°06 | —0-24 | —0-33 | —0-25 |—0-13 | 4031 |4-0-32 |+0-30 |4-0-32 +0-27 |—0-15 |—0-15 |—0-07 |4-0-04
27. 24035 |+029 40-38 4035 {4042 |4+047 |+0-34 |—0:03 | —0-19 | —0-28 |—0-25 | — 009 |4+0-23 |4-0-26 | 4028 |4-0-30 |4-0-26 |—0-15 |—0-14 |—0-11| 0-00
28. 24031 (4036|4037 |4055 |40°41 |4-0-52 |+0 39 |4-0:04 |—0-14 | —0-23 | — 023 | — 0-04 |4-0-26 |4-0-28 |4-0-31 |+ 035 |4-025 |—0-28 | —0-17 |— 010 | —-0-03
29. 34028 (4031|4030 |+0-39 4028 |+0-41 |-0-35 [—0:05 |—0-19 |—0-18 |— 012 |4 002 |4-0-19 | 4-0°19 |4-0-26 +0-28 |4-0-27 |—0-15 |—0-18 | —0-10 |4-002
30. 414027 |[4-021 |4-0-32 +O'48‘+O'23 +0:29 |40-39 |40-21 |+0:04 |4-0:04 [4-0-11 |+0°11 |40:20 |4-0-19 | 4027 |+40-31 [40-27 | —0:06 | — 005 | —0-01 |—0-05
31, 5|40194015|4+0-28 4041 |4-0-18 |[4-0-17 |40-43 |4-0:34 {4015 |4-0:07 |4-0-22 |  0:00 |+40-09 | 4018 |4-0-25 |40-27 +0:19 |—0:04 |4+0:01| 000|—0-11
August 1. 6—0-02 {+0-07 |4-0:09 (+0-10 |4+-0-01 | 0:00 |40-21 |4-0-32 |4-0-11 |4-0-01 (4001 | —O-11 |4-0-14 |40-17 |4-0-11 +0-12 (4011 |4-0-06 | 4005 | 060 |—0-03
2. 8|—015|—008|—009|—0-21|—0-14 {—0-08 |4+0-01 (027 |4+0:16 |4-0-06 |4-002 |+0-02 |+0-25 | 4-0-16 |4-0-10 |+ 023 |4-0-06 |40:09 |-+0-09 | 0-00| 000
3. 9|—031|—029|—-0-30—048—022|—0-16|—0-12 |4-0-14 |4+0-03 | - 007 |—0:04 | 0-00 {012 |4-0-02 | —0°12 |+4-0-26 | —0-21 [4-0-01 | —0-04 |—0 03 | - 0-04
4. 9|—037|—039|—044|—0-75|—033 |—002|—036 |—0-01 |—0:01 |—0:09 [40-12 |—0-10 |—0-26 | — 035 | — 040 | — 036 | — 039 |—0-03 | —0-09 | —0-02 | —0-02
5. 10|—051|—0'45|—060{—070|—0'58| 0:00|—037 [—0-04 |40-11 |4-0-19 |40-26 |+0'06 |—0-55 | —0:58 | —0-50 | — 0'42 | — 0-43 |40-11 | —0-04 |40-08 |4-0-01
6. 11|—045|—032{—057|—047 |—049 |—042 |—0-49 |4-0-18| 0°00|40-08 |4-0-11 |4+0-08 |—0-71 | —066 | —0-62 [—0-69 |—0-50 |0-08 | —0-01 | 4-0-08 | —0-01
7. 121—071|—052|—0'68|—0-35 |— 060 |— 064 |— 072 |—0-23 | —0-03 |4-0-27 |40-20 [+0-15 |—1-04 | —0-88 | —0:82 |—0-64 |—0-64 |+40-06 |—0:09 |40:06 | —0-06
8. 12|—048|—051|—049|—011|—0'61 |{—0:42 |—0-61 |—0-17 |4+0-34 |40-55 | 4047 |+0-50 |—0:66 | —0-58 | - 055 | — 040 |—0-39 |40-04 |40-13 {40:02 | —0-06
9. 13|—034|—0-34|—034|—0-16|—0°40 | — 041 |—063 |—0:03 | 4026 [ 0-44 (4029 |40-26 |—0-53 | —0'46 | —0'45 |— 041 | —0-41 |-4-0-08 |4-0-12 |40-07 | —0-04
10. 14|—0-28|—030 |—0-28 | —0-12 |—0-29 |—0-26 |—0°57 |4-0-02 (4033 [-0-26 |4-0-31 |4-0°13 | —0-42 | —0-34 | — 036 | —0-36 | —0-38 |--0-11 |4-0-08 |4-0-07 | — 0-09
11. 14{—0-15|—024|—-0-18|—0-18 |—0-15 [—0-08 | — 057 |—0-10 |4-0-37 |4-0-40 |4-0-36 |+0:07 |—0-23 | —0-19 |—0-19 |—0-17 |—0-17 |40-24 |4-0-10 |40:09 —0-17
12, 15|—004|—014|—0-09 | —0:19 |—0:05 | —0-20 | — 051 |—0-09 {027 {40-27 |4-0:16 | —0:03 | —0-09 | —0-07 | —0-09 | — 013 | —0-14 |4-0-20 |0-04 |-0-06 | —0-06
13. 16 |40:05 |—0-08 |+0:04 |4-0-05 {4006 |+4-0:10 | —0-27 | —0-07 |4-0-09 |4-0-03 |40-01 |—0-03 | —0:02 |+4-0-03 |—0:01 | —0-03 |— 006 |40-10 {0:04 | 4+0:04 |40-04
14. 18|40-17|4018 |4+0-26 | 4040 [+0-21 |{4-0-25 |40-04 | —0:04 |4-0-08 | —0-02 | —0-01 |+40-08 {4018 |4-0-24 |4-0-21 |++0-10 |4-0-13 |4-0-01 | —0-04 | —0-02 |4-0-01
15. 194023 {4028 |40-27 | 4030 |4+0-27 |+0-29 |+0-20 | —0-04 |—0-07 | — 009 —0°13 |-+ 0-07 (4020 |40-26 | 4+-0-21 |+0-10 |4-0-20 | —0-05 |—0-09 |—0-05 | — 0-02
16. 20 |+0-34 4037 {4035 | 4038 |40-41 |4-045 | 4039 |+0'02 |—0-11 |—0°10 |—0-14 |4-0-16 (4039 [40-41 |4-0-32 |+0-21 |4-021 | 0:00 |—0-05 |—0-04| 000
17. 21|4085|+4037 |4040 | 4046 | 4040 |40-38 {039 |—0-02 |—0°14 | —0-16 |—0-20 |40-09 |4-0-52 |4-0-50 |+4-0-38 |40:31 |4-0-19 [—0-16 | —0-13 |—0-06 | —0-01
18. 22|+40-39|4042 4049|4056 |+043 | 4036 |+0:50 |—0-11 |—0-09 |—0-10 | —0-10 |+0-07 |40-59 |40-54 |40-39 |+ 040 |4-0-32 |—0-08 |4-0-02 |—0-02 |+4-0-08
19. 22/40-38|4-043 |4-0:48|4-0'46 |+042 | 4047 |4+065 |—0:05 |—0-12 | —0-32 {— 0-22 | —0-01 |+4-0-59 |4-0:66 |-0-54 |4 0-54 | 4049 |—0-15 |-0-02 —0-07 {4001
20. 23|4-0'42|+0:34 4043 | 4028 |4+0°42 (4047 |40-38 | — 007 | —0-33 | — 045 | - 043 —026 |40-39 |-0-45 |40-34 |4+0-33 |+0-32 |—0:25 |—0-16 |— 010 |4-0-01
21. 23|4036 |40-27 |4+-0-37 |40-30 |4-0-35 [+0-36|+4-0-18 | —0:06 |—0-33 | — 043 | —0-46 |— 0-41 | 4030 |4-0-28 |40-21 |4-0°17 (4011 |—0-28 | —0-18 |—0-05 | 0-GC
23.  0(4+0-82|+4025 4035 |+025 4033 |+0-40 4025 | —0-07 | —0-33 | — 043 {— 045 | — 035 {4040 |4-0-35 | -0-26 |4-025 [+0-20 |—0-28 |— 015 —007 {40-08




ON THE COASTS OF IRELAND.

Times of Evanescence of Diurnal Tide in Height,

d. d d d.

. High water.| July 173 |July 1497 |July 30-72 |Aug.12-03
Kilbaha ... ... { Low water. 459 1701 31-84 1315
. [ |High water. (1+8) 1517 3146 1227
Kilrush .......... | |Low water. 430 17:03 32-29 13:68
High water. 1-98 14-74 3074 12-31

Foynes Island ... ... { Low water. 427 16-98 32:64 1319
S High water. (1-9) (14-7) 31-30 11-86
Limerick. ... .. { Low water. 400 1686 32-54 13-05
High water. 2:34 13-98 30-82 11°55

Casleh Bay........ { Low water. 410 17-21 32:41 1310
High water. 3-83 13:71 30°77 11:99

Galway .......... { Low water. 424 17+50 32:56 1304
High water. (4:8) 1562 31:36 12-38

Old Head ........ { Low water. 522 1811 | - 3346 1480
High water. 461 17-63 3253 1417

Mullaghmore. ... .. { Low water. (70) (20:0) | (350) (160)
B High water. 5:38 1756 33:32 13-74
UDCTADA wocee. .o Low water. (74) (200) (85°0) 1563
High water. 509 17-26 3343 13-47

Port Rush ... { Low water.|  (7-4) |  (200) |  (35%0) 14:92
] High water. 4-96 16-66 3326 1269
Carrowkeel........ { Low water. (74) (20+0) (350) (14-9)
High water. 3-80 17-68 32-37 1451

Ballycastle ... { Low water.|  (64) | (190) | (340) | (139)
Glenar High water. 2:80 18:11 3172 1562
CNBIM vz eereee Low water. 5:92 18:78 34-24 13-84
High water. 2:82 17:91 3185 1535

Donaghadee ...... { Low water. 534 17:92 33:18 1356
Ardelas High water. 376 18-00 32:82 15°10
raglass . c.ceeen. Low water. 557 16-11 33-47 1371
High water. 3-51 17-46 32-48 15°05

Clogher Head....... { Low water. 482 | 1823 | 3434 | 1460
. High water. 3:70 1762 32-22 15-44
ngstown ........ { Low water. 510 18°41 3325 14-16
High water. 6:01 17-44 33-40 12-39

Dunmore East .... { Low water. 3-56 18:31 3213 1588
High water. (6-0) (17-4) 3367 | 1295

New Ross ........ { Low water.|  (35) | (188) | (321 | (158)
o High water. (5°0) (16+4) 3376 12-27
Passage West...... { Low water. (2:5) 1691 (31°1) 14-75
. High water. (34) (15°7) (32:24)| (12:15)
Castle Townsend.... { Low water. (35) (17+0) (315) (13-95)
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18 : MR. AIRY ON THE LAWS OF THE TIDES

The numbers inclosed in brackets are supplied by conjecture, where the irregula-
rity of the tides made it difficult to discover with accuracy the times of evanescence.
A small error in these will produce very little ervor in the result for maximum coeffi-
cient. The numbers at Castle Townsend (where the diurnal tide is very small) are
the means between those for the adjacent stations, Passage West and Kilbaha. Cour-
town is omitted, as the peculiarity of the tides there made it impossible to take diurnal
tides at high water and low water in the same manner as for the other stations.

The times when the moon’s declination vanished are June 28489, July 12414,
July 26%18, and August 850. In stating these, however, I inust warn the reader
that these are not the only elements on which the time of evanescence of diurnal tide
depends, as will appear in the next section.

Attempts were made to determine, in the same manner, the times of evanescence
of diurnal tide in time. The irregularities were however so great that in most cases
it was useless to attempt to assign the day: in the following instances only did the
results appear at all trustworthy.

Times of Evanescence of Diurnal Tide in Time.

Mullaghmore .. ...... Low water. | July ?‘19 July 2d0°76 July 3(’11'96 !Aug. 1d4'27
Buncrana ... ...... Low water. | 330 | 2041 | 3077 | 1602
Port Rush .......... Low water. | 469 | 2132 [ 8182 | 1658
Carrowkeel.......... Low water. ‘ 1-37 ‘ 19+01 \ 30-50 \ 16'39
Ballycastle .. ........|Low water. ‘ 511 18:16 } 36-43 ’ 15°05
Domaghadee ... {IL&' G031 S3es|  1ens

It will be remembered that the time of evanescence of diurnal tide in time at low
water ought to coincide with that for height at high water, and vice versd. The
comparison of this table with that for height is not very satisfactory.

The maximum values of diurnal tide were deduced in all cases by the process ex-
plained a short time since, adopting for the times of evanescence the days given in
the first table (or that from heights), and using the high water evanescence in height
with the low water diurnal tide in time, and vice versd. The following are the re-
sults :—



Maximum Values of Diurnal Tide, First Division: deduced from heights.

ON THE COASTS OF TRELAND.

High water. Low water.
July 1—14. | July 14—31. |July 31—Aug.12.)| July 4—17. | July 17—32. | Aug. 1—13.
ft. ft. ft. ft. ft. ft.
Kilbaha .. .. +0:28 —049 +0-30 —0:47 + 052 —0:50
Kilrush ........| 4020 —0:58 +0°25 —0°52 +0-42 —0-47
Foynes Island.. .. +0-30 —045 +0-33 —0:74 +0:52 —0-58
Limerick. . .... .1 +030 —0:49 +0-36 —0-96 +0°49 —0°53
Casleh Bay...... +0-27 —0-41 +0-30 —0-64 +0-52 —0-55
Galway ........ +0-24 —0°42 +0-25 —0-77 + 057 —0-35
Old Head ...... +06:46 | —061 +0-64 —0-69 +0°58 —0-74
Mullaghmore .. .. +0-83 —0-80 +0:85 —0-30 +0-14 —008
Buncrana ...... +0-64 —0-75 +066 +0-05 —0°16 + 025
Port Rush ...... +0+50 — 057 +0-60 +014 —0-28 +0-35
Carrowkeel, . .... +0-44 —093 4-0-60 +0-17 —019 +0-33
Ballycastle .. .... +0-50 —0-66 +0°58 +0:05 —016 +0-16
Glenarm........ +0-74 —0:66 +0°82 —0°60 + 042 —0-55
Donaghadee . + 064 —0'74 -+ 074 —064 +0-41 —071
Ardglass........ +0-55 —0-74 + 069 —0:60 +0-38 —0°58
Clogher Head +0-64 —069 +0-60 —0°55 + 036 —0-57
Kingstown . ... .. +0:53 —0:57 +0-64 — 055 +0-36 —0°52
Dunmore East ..| 4017 —0°24 +0-25 + 013 — 022 +0-11
New Ross ...... +0-22 —0:33 + 025 +0:05 —0:22 +0-05
Passage West....| +008 —0-20 +0-17 +0:13 —0°11 +0-06
Castle Townsend..] —0°02 —0-09 +0:05 —0:16 —0:01 —0'08

19

These results are on the whole satisfactory. There are, however, some general
differences of magnitude among the different columns, which I am not able at pre-
sent entirely to explain. I may remark that the moon was in perigee on July 9 and
August 7, and in apogee on July 25. ‘

Maximum Coefficient of Diurnal Tide in Time, First Division.

Low water. High water.
July 1—14. | July 14—31. |July 31—Aug.12.| July 4—17. |July 17—32. l Aug. 1—13.
m m m m m m
Kilbaha ... ....| <+ 531 — 269 + 425 — 622 + 370 —0-98
Kilrush ........ + 1-34 — 1-87 + 175 — 592 + 3870 —3-18
Foynes Island....| + 410 — 400 + 5°11 — 563 + 170 —3-84
Limerick. ....... +12:23 — 886 + 815 — 391 + 069 —563
Casleh Bay...... + 251 — 2:40 + 318 — 873 + 606 —4-29
Galway ........ + 503 — 697 + 308 — 873 + 364 —4-98
Old Head ...... + 287 — 296 + 0-66 — 432 + 413 + 026
Mullaghmore ....| + 393 — 777 +10-56 —10-48 + 206 —509
Buncrana ...... +10-90 — 151 + 790 — 042 + 034 —1:73"
Port Rush ...... +21-43 — 485 41677 — 1:88 + 728 —3:14
Carrowkeel...... +17-93 — 335 +14:92 — 560 + 271 —068
Ballycastle .. .. .. -+ 28-28 —31:00 +17-26 — 342 + 1805 —1:96
Glenarm........ — 176 — 7°82 + 409 + 066 + 268 —2:20
Donaghadee . + 004 — 658 + 057 — 527 + 1472 —4:52
Ardglass........ + 172 — 441 + 270 + 0-07 — 447 —0:35
Clogher Head + 3-80 — 510 + 1-86 — 0-01 — 2:47 —310
Kingstown ...... + 432 — 546 + 565 — 435 + 052 —392
Dunmore East . + 0-54 — 297 + 331 + 3-86 — 024 —2:40
New Ross ...... — 1:76 — 048 + 345 + 254 — 2:05 —4-99
Passage West....| + 271 + 268 4+ 0:96 + 0-23 + 070 —0-51
Castle Townsend..| — 6+57 + 212 — 1:26 — 249 + 137 —367

i~}
[\
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After the statement which I have given (in the second section) of the difficulty of
fixing upon times of high and low water, it will not be surprising that considerable
irregularities exist among these numbers. Their agreement nevertheless is sufficient
to show that the diurnal tide in time of low water is great at Limerick, and very
great at all the stations from Buncrana to Ballycastle. At Mullaghmore and Bally-
castle it is also great at high water. The increase in numbers at low water from
Kilrush to Foynes Island and Limerick, would seem to show that diurnal tide in
time at low water increases considerably in ascending a river. It would appear,
however (as seems, & priori, probable), that this holds only when there is at the same
time a considerable diurnal tide in height, of such a nature that a depression of height
accompanies a retardation of time. This is supported entirely by the analogy of the
course of low water at ordinary semidiurnal tide : where, as will appear in this paper,
and as is known from other observations, and as also appears from theory*, the pro-
gress of the phase of low water up a river is slower as the water is shallower at low
water. At New Ross, considered with relation to Dunmore East, the diurnal tide in
time of low water is not sensibly increased; and here there is no large diurnal tide
in height. The large numbers in the neighbourhood of Ballycastle do not depend
on this cause.

' Maximum Coeflicient of Diurnal Tide in Height, First Division, as inferred from
Diurnal Tide in Time.

High water (from times of low water). Low water (from times of high water).
July 1—14. # July 14—31. |July 31—Aug.12.|| July 4—17. | July 17—32. | Aug. 1—13.

ft. ft. ft. ft. ft. ft.
Kilbaha .. ...... +0-46 —0-18 + 0-37 —0-59 +0-28 —0-13
Kilrush ........ +011 - 014 +0°12 —062 “+0:30 —0:37
Foynes Island. . ..} 40-41 —0+40 +0-61 —068 +019 .| —050
Limerick........ +1-88 —1-16 +1:35 —061 +0:06 —0-81
Casleh Bay...... +0-24 —0-16 +0:30 —092 +0°46 — 045
Galway ..... .. + 060 —0-51 +0-45 —0-87 +0-28 —068
Old Head ...... +0-28 —0-19 +0-07 —0°40 +0-24 +0-02
Mullaghmore ....| 4016 —0-42 +1:02 —0-78 +0-17 - 033
Buncrana ...... +0-97 —0-15 + 075 —0°15 +0-04 — 025
Port Rush ...... + 077 —0-13 + 073 —0-14 +0°-14 —0-13
Carrowkeel...... +0-97 —0-20 +0-85 —0:25 + 011 —0-08
Ballycastle ...... +0:75 —0-42 +0-50 —0-11 +0:28 —0°08
Glenarm........ —0-07 —0-31 +0-25 +0°05 4013 —0°13
Donaghadee ....| 4006 —0-46 +0-10 —0°39 +0-11 — 045
Ardglass........ +0°27 —0-40 +0-33 —0°04 +0:37 —0°11
Clogher Head .. +0-45 —0-45 +0:32 —0:03 —0-19 —0-41
Kingstown .. .. .. + 0-44 —0-40 +0-57 —0'39 + 046 —0-38
Dunmore East ..| 4004 —0-20 +0-34 +0°31 —0-02 —0-20
New Ross ...... —0-19 —0-06 +0-37 +0-26 —0-20 —0°43
Passage West. ... +0-26 +0-17 4+ 0-09 +0°02 +0:08 —0-04
Castle Townsend..| —0-45 +0-12 —015 —017 +0-09 —0-24

These numbers ought, upon the theoretical expressions for the tides given in an
earlier part of this section, to agree with the numbers in the first table in page 19.
* Encycl. Metropol., Tides and Waves, Art. 208. ‘
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Upon comparing them it appears that there is a very good agreement of the. numbers
of the littoral stations, at both high and low waters, as far as Mullaghmore or even
Buncrana; and, for high water only, as far as Ballycastle. There is then great dis-
cordance till we arrive nearly at Kingstown; in a short time after this the diurnal
tide becomes so small that we are less surprised at apparent discordances. From
the number of the instances in which the agreement is, upon the whole, pretty good,
I form my opinion that the discordance between Buncrana and Kingstown is not
accidental. I have little doubt that in this channel between Ireland and Scotland
(which every accurate determination shows to be a critical part for the tides), the
law of diurnal tide assumes a form differing much from that supposed in the investi-
gation. It is, however, practically almost impossible to trace this law from obser-
vations. '

The results for diurnal tide used in the subsequent investigations are those in the
table of pages 15 and 16 deduced from observed heights only.

Section IV.—Theory of Diurnal Tide as referred to the actions of the Sun and Moon.

The present section will contain little more than the account of a series of failures
of investigations. But the examination of these is usually so instructive that I think
it desirable to state the heads of each of the unsuccessful attempts.

In order to explain the theoretical difficulties of this investigation, the following
remarks may not perhaps be misplaced.

It is not possible to separate the effects of the sun and moon by comparison of a
mass of observed diurnal tides near one solstice with a similar mass at the opposite
solstice. For, although (in consequence of the opposite state of the moon’s declina-
tion at a given phase of the lunation) the lunar diurnal tide is different in sign, yet
the solar diurnal tide is also different in sign; and thus the two diurnal tides are
mingled in the same degree at both solstices. The same applies if the observations
are at any opposite seasons of the year.

It is possible to separate the two effects by comparing diurnal tides near a solstice
with diurnal tides near an equinox ; as, in the latter, the solar diurnal tide vanishes.

Generally, it is possible to separate them by comparing two masses of diurnal tides
observed at intervals of three months; as for the high (or low) waters corresponding
to a given right ascension and declination of the moon in the two masses, the sun
will have widely different positions in hour-angle, and therefore its effects at those
two instants will be widely different.

The proportion of the effects of the sun and the moon cannot be ascertained from
a single series of observations, extending through a period so short that the sun’s
position may be considered invariable. This will be shown by showing that the two
effects, of the sun and of the moon, in producing diurnal tide at high water, follow
sensibly the same law, and when added together give a compound effect following
the same law. Thus: the time of high water bears a nearly invariable relation to the
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time of moon’s transit ; and therefore, at high water, the lunar diurnal tide is always
in nearly the same phase, and has no variation except from the variation of its coeffi-
cient. The magnitude of the diurnal tide at semidiurnal high water may therefore
be represented by coefficient X sin 3 ; and that at semidiurnal low water by coefficient
X cos3; where 3 is constant. This coefficient is proportional to the sine of the
moon’s declination at some time previous, or (nearly) proportional to the sine of the
moon’s right ascension for some time previous, or to the sine of the moon’s hour-
angle from the sun altered by a constant. For the solar diurnal tide, the coefficient
is constant, but the phase varies every day. Asthe time of high water bears a nearly
invariable relation to the time of moon’s transit, the phase of solar diurnal tide at
high water must depend upon the moon’s hour-angle from the sun altered by a con-
stant, and therefore the magnitude of solar diurnal tide will be proportional to the sine
of the moon’s hour-angle from the sun altered by a constant. Thus, putting ¢ — ©
for the excess of the moon’s right ascension above the sun’s, the lunar diurnal tide at
the time of high water will be represented by a.sin8.sin{ ¢ — ® +A}, and the solar
diurnal tide at the same time will be represented by b.sin{ ¢ — ® +B}; and these,
when added together, give a result of the same form, c.sin{ ¢ —®+C}. And it is
impossible to say whether this term, as given by observation, is entirely due to one
or other of the two actions or to both combined ; because we have no & priori means
of saying what is the coefficient a or b of either of the separate terms; or what is the
relation of the time of either high diurnal tide to the time of transit of the body which
causes it, upon which A and B will depend. Everything here said with regard to
semidiurnal high water applies also to semidiurnal low water; the only difference
being that the angles 8 and B must be increased about 90° for semidiurnal low water.

The unknown quantities in the problem of diurnal tide are the following :—The
interval anterior to the time of observation for which the moon’s place is to be taken
as governing the diurnal tide at the time of observation; the constant coefficient by
which the sine of moon’s declination for that anterior time is to be multiplied; the
moon’s hour-angle at the time of lunar diurnal high water; and the three similar
quantities for the sun: in all, six unknown quantities. To determine these we have
only the four following results of observation (or results equivalent to these four):
the time of evanescence of diurnal tide at semidiurnal high water; the maximum of
diurnal tide in high water, and the two similar quantities for low water. These.are
insufficient for the determination of the six unknown quantities; and we must try
how we can reduce the latter number.

First, as the sun’s declination is considered constant, the anterior interval for the
sun’s place is unimportant. And in fact, though the sun’s declination during these
observations (June 22 to August 25) was not invariable, yet an alteration of one day
in the time for which its declination was taken as ruling the diurnal tide would not
have been important. For the moon it would be very important.

Secondly, it seems probable that the moon’s hour-angle at the time of lunar diurnal
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high water does not differ much from the sun’s hour-angle at the time of solar diurnal
high water. The assumption of any constant difference, either =0 or having any
assigned magnitude, reduces two of the unknown quantities to one.

The number of unknown quantities is thus made the same as the number of data,
and the solution can therefore (speaking in a strictly algebraical sense) be effected,
in general. :

The following is the method by which the equations for the four unknown quanti-
ties may most conveniently be formed :—

From the ordinary facts of the tides, it seems probable that the coefficient of lunar
diurnal tide may depend on the moon’s declination at a few days, perhaps not
exceeding five, anterior to the time of the tide. Let d; be the moon’s declination at
one day preceding the time of tide, d; the moon’s declination at three days preceding
the time of tide. Then we may express the coefficient of lunar diurnal tide by
p.sind;+g¢.sind;; where by varying the proportions of p and ¢ the coefficient may
be made to depend on the moon’s declination at any day near them; and by varying
the magnitudes of p and ¢ in the same proportion, the magnitude of the coefficient
will be altered in that proportion.

The coeflicient of solar diurnal tide may be represented with sufficient accuracy by
r.sin D,, where D, is the sun’s declination one day preceding the time of tide.

Let 4 be the solar hour of the tide. This is the same as the hour-angle of the sun
to the west of the meridian. The phase of the solar diurnal tide will depend upon this
angle diminished by some unknown constant s; and the elevation of the solar diurnal
tide may be represented by S.sinD,.cos A—s.

Let ¢ be the moon’s time of transit. Then the moon’s hour-angle west of the
meridian is A—¢. Therefore if the phase of lunar diurnal tide depended on the
moon’s hour-angle in the same manner in which the phase of solar diurnal tide de-
pended on the sun’s hour-angle, the elevation of the lunar diurnal tide would be
represented by (p.sind,+¢.sind;)cos h—¢—s. But we know by the retardation of
the period of spring tides, as well as by the theory of tidal waves affected by friction *,
that in semidiurnal tides the lunar wave is more advanced in its phase with regard
to the moon’s hour-angle than the solar wave is with regard to the sun’s hour-angle.
We may conjecture, by analogy, that the same holds for diurnal tide. . Putting « for
this difference of advance of phase, the elevation of the lunar diurnal tide will be
represented by (p.sind,+-g.sind;)cos h—t—s+a. And the compound effect of lunar
and solar diurnal tides, expanding the cosines, will be

S.sin D,.(cos A.cos s+-sin A.sin s)
+(p.sin d;+¢.sin d;) (cos h—t+e.cos s+-sin h—t4e.sin s).

Let S.cos s=w, S.sin s=x, %zy, %:z ; and the expression becomes

* Encyclopedia Metropolitana, Tides and Waves, Art. 326.
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sin D;.cos haw+sin Dy.sin h.x+-sin d.cos h—tF-a.wy+-sin d,.sin h— - a.ay
+sin d,.cos h—t+e.wz+sin ds.sin h—t+-w.2z.
It is to be remarked that, when w, «, y, and 2, are ascertained (with an assumed
value of ), the following more intelligible results will be extracted from them :—
S=+/w?F22= solar coefficient of the sine of the sun’s declination, for solar diurnal
tide. ‘
s=the angle determined by the equation tan szg; it is the constant angle which

is to be subtracted from the sun’s hour-angle west at the time of observation, in order

to give the angle on whose cosine depends the height of solar diurnal tide at the
instant of observation.

Then, the lunar diurnal tide
=(p.sind,+q.sind,) cos h—t—s+a=S.(y.sin d,+2.sind,).cos h—t—s+a;
and, {putting / for the moon’s longitude measured from the intersection of its orbit
with the equator, I for the sine of its inclination, and & for the mean daily increase
of longitude from transit to transit =13° 38'}, y.sin d,4z.sin d;=I(y.sin {, 4z.sin [,)

_I( -sinl,4sin /; + 5 Y.sinl -sml) =I(z+. cos d.sin / ,+2—y.sind.cos L) ; o,

if tan n=z-+—ytan 9, this quantity becomes =I.2+y.cosd.sec 7.sin l47; or, making

n=n.3, it becomes =1.x+y.cosd.sec 7.sin ,,,,=z+y.cosd.secnsind,,,: and therefore
the lunar diurnal tide =S m cos d.sec 7.8in d,,,.c08 h—t — s+a.

M Effect of moon for given declination

'S = "Effect of sun for same declination — 2 T¥-C0S d.secy.

M=S8.z+y.cos d.sec 7= lunar coefficient of the sine of the moon’s declination on a
certain anterior day, for lunar diurnal tide.

2+4n= the time, in lunar days, earlier than the moon’s Greenwich transit next
preceding, for which the moon’s declination is to be taken as governing the diurnal
tide. This is correct for the time of high water, first division, and requires an altera-

. . . -y, o !
tion for other times. nis = —13" 397 and tan 7= _+y tan 13° 38.

s—eo = the constant angle which is to be subtracted from the moon’s hour-angle,
in the same manner as s from the sun’s hour-angle.

The factors of the unknown terms w, @, wy, wz, 2y, and 2%, in the algebraical ex-
pression for the elevation produced by diurnal tide, were computed for high water
and low water, first division, at Kilbaha, for every day throughout the observations.
These computations would apply equally to the other stations, it being understood
that certain constants (which the reader will easily investigate) depending on the
longitude of the station and the time occupied by the passage of semidiurnal tide,
are to be applied to the angles « and s. The hour-angles used for the moon were
found by comparing the moon’s time of transit at Greenwich with the time of Kil-
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baha tide. The declinations were those for the times of transit at Greenwich one
day and three days previous to the transit next preceding the tide in question. For
the low waters of the first division, which follow the high waters of the first division
by th of a tidal day, the right ascensions and declinations ought to be taken for tran-
sit over the 6" meridian ; this was done most conveniently by correcting the coeffi-
cients when combined in groups, by the following formulee. If the computed terms
containing w and « for the moon are W.w+X.2 {W and X containing y and s}, then
the corrected terms as altered for the change of right ascension, are

(Wcos ?I—[—Xsin Z) w- (Xcos %- Wsin %)x

And if the computed terms containing y and z are Y.y+Z.z (Y and Z containing w
and z), then the corrected terms as altered for the change of declination, are

(Y.sin (28 +%) _y s?n §->y N (Zsin (23 —_ ) sm —8)

sin 20 sin 29 sin 28 sm 2

No notice was taken of the changes of parallax; nor were the hour-angles referred to
the moon’s place one or three days previous (as in strictness of theory they ought);
but as the observations extend over two whole lunations, it was supposed that the
effects of these omissions would nearly disappear.

The factors of the unknown quantities were computed on the supposition that
«=0, and also on two other suppositions. It is easily seen, however, that the factors
for any assumed value of « can be readily formed from those which hold for «=0;
and this computation is made most conveniently for the groups.

The numbers for high water were divided into groups related to the changes of
sign of the factors of w and 2. These groups were then combined in the order
1st 4+ 2nd — 3rd — 4th 4 5th + 6th— &ec. to form one equation, and in the order
Ist—2nd —3rd+4th4-5th— &c. to form another equation. The numbers for low
water were treated in the same way. In subsequent operations, the groups were
formed and combined in different orders.

But, in whatever way the groups were formed, they were so combined as to form
four equations, each of which has the following form :

Aw+B.a4Cwy+Dwz+E.xy+F.az=G.

To solve a system of four such equations is evidently no easy matter. Two me-
thods of solution were principally relied on.

The first (and easiest) was, to make trial-substitutions to a great extent. The
numbers —2, —1, 0, 41, 42, were substituted for w; the same numbers were
substituted for #; the same numbers were also substituted for y and for z; and every
possible combination of these numbers was used ; making 625 trial-substitutions in
each of the four equations. And when there seemed a probability of success, the
substitutions for one or two of the numbers were greatly extended. Calling the re-

MDCCCXLV. E
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sults of one substitution in the four equations g, g/, g", &" (the numbers resulting
from the tidal observations being G, G/, G", G"), it was then necessary that

g G g
g~ G g— G’ g -G
By search among the quotients of the substitution, numbers were found approaching
! .
as near as possible to %, &c.; then, supposing w unaltered, the variations of the quo-

tients were found, which corresponded to changes of 1 in @, ¥ and = ; from these, by
solving three linear equations, the corrections to x, ¥ and ¥ were found ; and then a
common multiplier for w and x was found by comparing the result of each corrected
substitution with the tidal numbers G, G/, &ec.

The other method was, to put the equations in the following form :

wX (A+Cy+D.s)+2X (B+Ey+F.z2)=G.

Between two of the equations, w and x were eliminated, and a complicated equation
between y and = remained ; another equation of the same character was obtained
from the other two of the original equations; and these two equations were solved
by trials. ‘

By these methods (but principally by the former) the equations were solved for
=0 and o= —2" for all the stations as far as Mullaghmore. Beyond that station
it was found totally impracticable to solve them. Values of w, 2, y, x were some-
times found which seemed nearly to satisfy the equations, but when an attempt was
made to correct these values, the corrections became absurdly large, and the cor-
rected values gave results much further from the truth than the original results.
And for those stations at which the operation was successful, there were special re-

sults of inadmissible character. Thus, when ¢=0, -g was found =430 for Kilbaha,

and =145 for Mullaghmore; when o=—2", 1—\8/[— was found =340 for Kilbaha and

=082 for Mullaghmore. These discordances seemed to show that « must be posi-
tive; but in no case could a solution be obtained with a positive value for e.

On examining carefully the numbers given by observation, I was led to the follow-
ing considerations, which seemed likely to throw considerable light on the subject.

On inspecting the table in page 17, it will be evident that at the first stations, as
far as Old Head, the disappearance of diurnal tide at high water does not occur on
the same day as the disappearance of diurnal tide at low water; the former always
occurring earlier than the latter. But at the stations from Glenarm to Dunmore
East, the disappearance of diurnal tide at high water sometimes precedes and some-
times follows that at low water ; and may be said, roughly speaking, to occur on the
same day. This circumstance fixes absolutely the value of «. For, when the diur-
nal tide at high water and that at low water vanish at the same time, the inference is,
that at that time the lunar diurnal tide and the solar diurnal tide have equal values
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with opposite signs four times in their diurnal period. If then their phases at the
first of those four times be represented by ¢ and + respectively, and their coefficients
by @ and », we have

wsin ¢+ sin =0, w sin (¢4-90°) 4 sin (4 4-90°) =0,

wsin (p4180°) 4+ sin (4 4180°) =0, wsin (p+270°)4»sin (¢+4270°)=0.
The solution of these equations is either p=—v, ¢p=1/; or p=y, p=-44180°. Con-
fining our expressions to the former (by which we lose nothing of generality), we
have this result; that, upon that day, the solar diurnal tide and the lunar diurnal
tide are in the same phases at every part of the day. Observing then that « is the
angle which is to be added to the moon’s hour-angle west, in order to give it the
same relation to the phase of lunar diurnal tide which the sun’s hour-angle west has
to the phase of solar diurnal tide, it will be seen that & must be equal to the excess
of the moon’s right ascension over the sun’s right ascension (altered by 12" if neces-
sary) on the day on which the diurnal tide vanishes both at high and low water.

In order to investigate the value of « with accuracy, the following process was
used :—If from the table in page 17 we form the numbers “ day of evanescence at low
water — day of evanescence at high water,” at Glenarm, or Donaghadee, &c., it will
be seen that the four numbers at the same station have values alternately greater and
less. This is owing, I conceive, to parallax, or some other cause which is periodical
in one revolution of the moon nearly; and a correction is probably necessary, appli-
cable with opposite signs to the alternate values. Thus, comparing the second with
the mean of the first and third, half the difference is one value of the correction;
comparing the third with the mean of the second and fourth, ‘half the difference is
another value of the correction ; and the mean of these may be used. Thus corrected
values of the “ day of evanescence at low water — day of evanescence at high water”
were obtained. Taking the means of the corresponding corrected values for the six
stations from Glenarm to Dunmore East, we have,

d » . d f bY f ’ h m.
About July . 441, the mean value is 076, { aﬁ(,iAthsV?;c:ss gurtgcénzo?ss} 20 46
About July . 1786, the mean value is 0'73 5 I 5 8 33
About August 192, the mean value is 0'47 " 9 s 19 58
Abont August 14'56, the mean value is 000 ’ " " 7 13

From the regularity of the progress of the numbers in the second and third columns,
it appears certain that the value 7" 13™ for « must be very near the truth.

From the reasoning -above it will appear that, in the case of simultaneous eva-
nescence of diurnal tide at high water and at low water, we have no means whatever
of ascertaining the values of w and ¢ on that day. Or, if we take the expressions on
page 22, we have for diurnal tide at high water,

a.sinfB.sin{ ¢ — ©® +A}+b.sin{ ¢ — O +B},
and at low water,
a.cosf.sin{ ¢ -O+A}+b.cos{ ¢ — ©+B};
E 2
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and, on the same day when both vanish,
Bmust = ('— ®'+B and asin{ ¢'— ®@'+A} must =—4;
by which the expression for diurnal tide at high water is changed to
a.sin{ ¢'— ®'+B}sin{ ¢ —©+A}—a.sin{ ¢('—O'+A}sin{ ¢ — O +B}
=a.sin(B—A)sin{ ¢ —0— ¢« '—0Q'},

and that at low water is changed to
a.cos{ ¢('— ®@'4+B}sin{ ¢ —©+A}—asin{ ¢'— O'+A}.cos{ ¢« —O+B}
=a.cos(B—A)sin{ ¢« —0— ¢'—G'}.

The maximum of the compound diurnal tide at high water will then be a.sin(B—A),
and that at low water a.cos(B—A). From the observed values of these maxima we
may obtain the values of @ and B—A ; but we cannot from these obtain either A or B,
or a.sinf3, or b; and thus the separation of the solar and lunar diurnal tides is in
this case impossible.

As it seemed probable that the same value of « (7" 13™), which was inferred from
these stations, would apply to the other stations also, I changed the equations for
w, x, Y, %, to the form corresponding to =7 13=. But, on attempting to solve
them for Kilbaha, Kilrush, &c., I was entirely baffled. T could not in any instance
approach to a solution.

As a last resource I resorted to the following method. Although the observations
cannot be supposed competent to furnish more than four unknown quantities, yet
they may be combined, and with sufficiently favourable coeflicients; for the determi-
nation of the six quantities w, x, wy, wz, xy, xs: as the equations will be simple,
values can cei‘tainly be found for these quantities ; and then the accuracy of the re-

wy xy
w2’

sults will be tested by ascertaining whether the following equations hold ;

%:%z In this manner then equations were formed and solved for the principal

stations; but at none of them was there any approach towards satisfying the equa-
tions of condition which I have just given; nor even upon reducing the results to a
common phase of the diurnal tide-wave, by means of the intervals of diurnal esta-
blishment to be given in Section IX., and taking the mean, was there any approach
towards satisfying those equations. This is the last attempt that I made, and I con-
fess myself, on the whole, completely unsuccessful.

The following considerations may perhaps explain the failure of all these attempts.
We have seen that when the days of evanescence, of diurnal tide in semidiurnal high
water, and of diurnal tide in semidiurnal low water, coincide, it is absolutely impos-
sible to extract from the equations a result relating to the distinction of solar and
lunar effects. It may therefore be inferred that, when the days of evanescence
nearly coincide, the determination of the quantities sought will be nearly impossible,
or will be liable to very great errors. Now, at all the stations the interval between
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the days of evanescence for semidiurnal high water and for semidiurnal low water is
small, and therefore it appears that in the case of the Irish tides in question, the
difficulty of separating the solar and lunar effects is inevitable.

A treatment of the phenomena of diurnal tide which does not lead to a distinction
of the solar and lunar effects must be considered as imperfect. And it has been ex-
plained that, though from a short series of observations the distinction cannot be
extracted, it can with certainty be obtained from a long series of observations.
With a full avowal of the completeness of my own failure and with a statement at
the same time of what science requires and what it may reasonably expect, I may be
permitted to explain an expression which I have used in my tract on Tides and
Waves, Art. 564, where I have said that a determination by Mr. WHEWELL is worth
little. My intention was to express that the distinction of the solar and lunar effects
was theoretically important, that it might be obtained from the observations there
referred to, and that it was not obtained. In stating that Mr. WHEWELL's determi-
nation was worth little, my expression was thus far incorrect, that a general rule for
the order of diurnal tides, though liable to some inaccuracy, was really obtained by
Mr. WaEweLL., I regret that I should have made a statement which could thus
seem to be insufficiently founded, and still more that I should have expressed it in a
phrase which could be interpreted as lightly esteeming the deductions of the writer
to whom we are indebted more than to any other for the knowledge which we pos-
sess regarding the laws of the tides.

Section V.— Discussion of the height of apparent mean water, as deduced from the
heights of high and low water only, corrected for diurnal tide; with reference to
difference of station, and to variations of the magnitude of the tide and of the moon’s
declination.

The heights at high and low water were corrected for the diurnal tide in height
found in Section IIl. The age of the semidiurnal tide as deduced from heights
having been found (by the process of the next section) to be about two days, the
times were taken from the Nautical Almanac, at which the moon’s hour-angle from
the sun was 3" 9, 15", 21" and two days being added to these, the times were de-
termined which were to be used as separating the large tides from the small tides.
The groups of observations thus marked off were the following :—

1st Group, June 2f18 ]23 to July % l]%, small tide.
2nd Group, July 6 16 toJuly 13 3, large tide.
3rd Group, July 13 3todJuly 20 9,small tide.
4th Group, July 20 9toJuly 28 9, large tide.
5th Group, July 28 9to August 5 0, small tide.
6th Group, August 5 O to August 11 16, large tide.
7th Group, August 11 16 to August 18 15, small tide.
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For each of these groups the mean of the heights at high water was taken, and the
mean of the heights at low water was taken. Then the mean of the determinations
of each of these classes in the 1st, 3rd, 5th, and 7th groups was taken, and thus was
obtained a mean height at high water and a mean height at low water in small tides.
The mean of these two means gave the Apparent Mean Height in small tides (so called
in order to distinguish it from the Mean Height which will be found in Section XL.).
By-a similar treatment of the 2nd, 4th, and 6th groups, the mean height at high
water, mean height at low water, and Apparent Mean Height, in large tides, were
found. The results are as follows :—

Small Tides. Large Tides. Excess of Appa-
Statt Meantoli\’{ Appa- H;f;}l:;t %fnefa‘;ge
ation. Mean Mean Apparent Mean Mean Apparent || remt Mean ..
height at | height at Iﬁ)eag height at | height at }I)VII):af\n Heights. i;iisﬁgg%%?gﬁ
high water.| low water.| Height. |high water.|low water.| Height. in small tides.
ft. ft. ft. ft. ft. ft. ft. -
Kilbaha ........ 19-34 11-92 15°63 2179 957 15:68 1565 +0:05
Kilrush ........ 20-50 12:06 16-28 22-96 977 16-37 16:32 +0-09
Foynes Island....| 21-82 11-68 1675 24-39 913 16-76 16+75 +0-01
Limerick........ 23-22 999 1661 26-38 7°40 1689 1675 + 0°28
Casleh Bay...... 21-81 1412 1797 24+43 1152 17-98 17:97 +0-01
Galway ........ 21-54 13:42 17-48 24°34 10:70 17°52 17:50 +0-04
Old Head ...... 21'18 14-28 17:73 23:60 1204 1782 17-77 +0-09
Mullaghmore ....| 21:22 14-78 18:00 2342 12:92 1817 18+08 +017
Buncrana ...... 2068 1390 17:29 2323 11-47 17:35 17-32 +0-06
Port Rush ...... 1895 16-23 17:59 20-35 1513 17-74 17-66 +0-15
Carrowkeel ....| 20-00 1587 17:94 21-66 14-72 18-19 18:06 + 025
Ballycastle ...... 18-39 1648 17-44 19:17 16-21 1769 17-56 +0-25
Glenarm........ 20-08 15°11 1760 20°60 1467 17:64 17:63 +0-04
Donaghadee ....| 21'73 13-83 17-78 2312 12-56 17-84 17-81 +0-06
Ardglass........ 22:54 12-64 1759 24:64 10-68 1766 17:62 -+ 007
Clogher Head....| 21'85 12-30 17-08 2391 10-28 17:10 17:09 +0-02
Kingstown ...... 2104 13+69 17-37 22-59 12:05 17:32 17-34 —0:05
| Dunmore East ..| 1972 11-82 15°77 21:57 10:08 1583 15-80 +0:06
New Ross ...... 2123 11-92 16-58 23:31 10-42 1687 16-72 + 029
Passage West....| 20-07 1167 1587 22:01 10-15 1608 15:97 +0-21
Castle Townsend..| 1890 12:22 15:56 20°44 10-87 1566 15-61 4010

The.column which first demands our attention is the “ Mean of Apparent Mean
Heights.” The Apparent Mean Height increases in ascending the Shannon from:
Kilbaha to Limerick, and in ascending the Barrow from Dunmore East to New Ross.
There is no difficulty in perceiving that such an effect must result from the mixture
of a river-current with a tide, when the motion of the water is impeded by friction.
But the Apparent Mean Height increases also from Kilbaha and Castle Townsend in
going northward along both the eastern and the western coasts. And this occurs
both at large tides and at small tides, with comparatively very little difference of
amount. This conclusion will be fully supported by the results deduced by a more
elaborate process from the whole mass of observations in Section XI. The details
of levelling in the first section will scarcely permit us to ascribe any large part of
this seeming difference of Apparent Mean Height to error in the instrumental process.
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I vegard this as a most important result, and I cannot with confidence offer any ex-
_planation of it.

The last column seems to show that the Apparent Mean Height is greater for large
ranges of tide than for small ones, or that in spring tides the increase of elevation of
the high water is greater than the increase of depression of the low water. A similar
result has been found in the Thames. It does not appear to admit of explanation
with our present theoretical knowledge. But in a period of two months it is impos-
sible to separate the effects of varying range from those of varying declination of the
moon and other varying circumstances. '

For investigation of the effect of the moon’s declination on the apparent mean
height, the following process was used. It is to be remarked that (setting aside the
differences of the moon’s distance) the effect of southern declination is the same
as that of northern declination ; and the effect is proportional nearly to the square
of declination; and therefore the groups into which our observations are to be di-
vided are to be classified by large declinations (of either kind) and by small declina-

. . . . . s o e 1
tions ; the separating time being nearly that at which the moon’s declination =—75X

moon’s maximum declination. The times being thus found, one day was added to
each, and thus the following separation of groups was made.

1st Group, June 28 :l; to July g 12, small declination.
2nd Group, July 3 14 to July 10 2, large declination.
3rd Group, July 10 2toJuly 16 8, small declination.
4th Group, July 16 8to July 23 10, large declination.
5th Group, July 23 10 to July 30 22, small declination.
6th Group, July 30 22 to August 6 12, large declination.
7th Group, August 6 12 to August12 15, small declination.
8th Group, August 12 15 to August 19 16, large declination.

For each of these groups, the mean of the heights at high water was taken, and
* the mean of the heights at low water ; and the mean of these gave a mean Apparent
Mean Height in each group. The mean of the results from the 1st, 3rd, 5th and 7th
groups, was used for small declinations, and the mean of the results from the 2nd,
4th, 6th and 8th, was used for large declinations. At Ballycastle the first group was
wanting. Thus the following Table was found.
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Excess of Apparent
A%E:;ﬁnt A%,Pigflnt Mean Heigﬁ:ﬁpwith
Station. Height Height large declination
with small | with Jarge | ,aPove Apparent
declination.|declination.| Mean Height with
small deelination.
ft. ft. ft.

Kilbaha ...... 1564 15°66 +0-02
Kilrush ...... 16-29 16-35 +0:06
Foynes Island .| 16-71 16-81 +0-10
Limerick...... 16:70 16:79 + 009
Casleh Bay....| 17-94 18:00 +0-06
Galway ...... 17:46 17:53 +0-07
Old Head ....| 1775 1779 +0-04
Mullaghmore ..| 18:05 1813 +0-08
Buncrana ....| 17:31 17-38 +0:07
Port Rush ....| 17-64 17:70 + 006
Carrowkeel....| 1798 1811 + 013
Ballycastle ....| 17-51 1760 4009
Glenarm...... 17-56 17-69 +0-13
Donaghadee ..| 17-77 1786 +0-09
Ardglass. ... .. 17-59 17:70 +0-11
Clogher Head. .| 1700 17-18 4018
Kingstown ,...| 17:26 17-45 +0-19
Dunmore East .| 1577 15-82 +0:05
New Ross ....| 1672 16-69 —003
Pussage West..| 1599 1593 —0-:06
Castle Townsend| 1560 1559 —0-01

In like manner, a series of groups was formed, determined by the increase or de-
crease of the moon’s declination without regard to its sign ; one day being added to
each of the times when the moon’s declination was 0, and when it was maximum
either north or south. Thus the following separation of groups was made.

d h d h
Ist Group, June 22 11 to June 29 21, declination decreasing.
2nd Group, June 29 21 to July 7 0, declination increasing.

3rd Group, July 7 OtoJuly 13 3, declination decreasing.
4th Group, July 13 38 toJuly 19 19, declination increasing.
5th Group, July 19 19 to July 27 4, declination decreasing.
6th Group, July 27 4 to August 3 9, declination increasing.
7th Group, August 3 9 to August 9 12, declination decreasing.
8th Group, August 9 12 to August 16 0, declination increasing.
9th Group, August 16 0 to August 23 11, declination decreasing.

The mean of results from the 1st, 3rd, 5th, 7th and 9th groups was used for de-
creasing declination, and that of results from the 2nd, 4th, 6th and 8th, for increasing
declination. At the first six stations, and at Ballycastle and Passage West, the first
group was deficient. Thus the following Table was formed.
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Apparent Apparen Excess of Apparent

. Mean Height Mealr)lp?{gigtht Mean Height with de-

Station. with de- with in. | creasing declination

creasing creasing b Appgren.t Mean

declination. | declination. qught w113h increa-

sing declination.
ft. ft. ft.

Kilbaha .. .... 1565 1564 +0:01
Kilrush ...... 16-37 16-27 +0:10
Foynes Island . 16:76 16-74 +0-02
Limerick...... 16-84 1664 +0:20
Casleh Bay....| 1796 | 17-95 +0-01
Galway ...... 17-50 17-47 +0:03
Old Head ....| 1785 17-37 +0-48
Mullaghmore . . 1823 17-99 +0-24
Buncrana .... 17-47 17-27 +0-20
Port Rush ....| 17-82 17-57 +0:25
Carrowkeel. . .. 1819 - 1792 + 027
Ballycastle .. .. 17-68 17-45 +023
Glenarm...... 1778 17-59 +014
Donaghadee ..| 1791 17-77 +0-14
Ardglass.... .. 1772 17-59 +013
Clogher Head..| 17:17 17:05 +0-12
Kingstown ....| 1741 17-35 +0-06
Dunmore East . 1587 15°76 +0°11
New Ross ....| 1685 16:61 +0-24
Passage West .| 16:05 15-89 - +0°16
CastleTownsend! 1565 1557 +0:08

- It would seem from this that, if the apparent mean height depends upon the moon’s
declination, it is greatest when the moon’s declination has decreased nearly to the
point where the argument of declination is 135° or 315° (which makes the declina-

tion =—-=X maximum declination). Thus at the middle of the observations, it is

greatest about July 22. Now on July 22, the magnitude of the tide, though above
the mean, was not maximum. From this circumstance, and from the decided supe-
riority in magnitude of the excess found by classifying the tides by the moon’s decli-
nation, over the excess found by classifying the tides by the magnitude of the tide,
it appears extremely probable that the excess does really depend on the moon’s de-
clination. In that case, the greatest apparent mean height will occur about four
days after the day of greatest declination.

Section VI.—Discussion of the range of tide; and of semimenstrual inequality in height,
apparent proportion of solar and lunar effects as shown by heights, and age of tide
as shown by heights ; from high waters and from low waters.

The numbers from which we shall extract the results of this section are contained
in the table of page 30. The means of the heights are made subservient to the
accurate determinations of specific heights in the following manner. If 4 is the dif-
ference of right ascension of the sun and moon, S and M their respective singie
effects, then (neglecting declinations, &c.) the actual height may be represented by

2
A+M«/{l +§ cos20+%§}- If we expand this and integrate from = — 45° to

MDCCCXLYV. ‘ F
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#=-45° and divide by g—: we obtain the expression for the mean of large tides. If we

integrate from 4 =45° to /= 135°, and divide by ;> we obtain the expression for the

. . I 2 88
mean of small tides. The difference between these, which will be found to be S-—g—'l\s/lg
is the same as the difference between the second and fifth columns in the table of p. 30,
if high water is under consideration, or as the difference between the third and sixth
columns, if low water is under consideration, or as the difference between the 2nd co-
lumn —3rd, and 5th column — 6th, if the range is considered. The second term of the

. . 4 .
formula may sometimes be omitted : and then we have —S = difference, and S=7

difference, S being the solar effect in the elevation or range under consideration. If
we add this to the mean elevation, which is represented by A+M nearly, we shall
have A4+M+S which is the absolute maximum ; and if we subtract it, we bave
A+4+M—S, which is the absolute minimum. The same applies to range, with this
difference only, that the constant A will be eliminated in subtracting the heights at
low water from those at high water.

In order to obtain the value of MS—: we may remark that the difference of the two

S 28
M3
means divided by half the sum is ﬁa—lwl;—i— ; and if we call this 3, we easily find
~(1+13r)

M_45f1+12< ) -» in which the last term is small.

Neither of these expressions is perfectly correct, because they assume that the tidal

day is always of the same length.
By means of these formulee, and the numbers on page 30, the following Table is

formed.
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Difference of mean g{:}{’%’; Corre-
tilciglsg:ttxfilﬁllsgail difference| Range in Range in| Mean Il‘f:;' spond- |[Absolute Absolute| Half
Station. tides. at high || mean of | mean of | Differ- range, | divided | 18 maxi- | minj.. | differ-
vy;ter to %g({ge :}gall ence. | S by mean value of || mum | muym | ence,
High Low dla tef:?vce ides. ides. range, - range. | range. | or S.
water. | water. | water.
ft. ft. ft. ft. ft. ft. ft. ) ft. ft. ft.
Kilbaha ...... 2:45 | 235 1-04 || 12:22 | 742 | 480 | 982 | 0:49 | 0+41 138 58 | 40
Kilrush ...... 2:46 | 229 1407 11319 | 844 |4-75 |10'82 | 044 | 036 | 147 69 | 39
Foynes Island .| 2:57 | 2:55 1401 |/ 1526 |10-14 | 512 |12°70 | 0-40 | 0-33 || 16°9 85 | 42
Limerick. ... .. 316 | 259 1-22 | 1898 |13:23 | 575 |16:11 | 0:36 | 0-29 | 20-8 | 11-4 | 47
Casleh Bay....| 262 | 260 | 1-01 | 12:91 | 7-69 |5:22 |10-30 | 0-51 | 043 | 14-7 59 | 44
Galway ......| 280 | 272 103 || 1364 | 812 |552 {10°88 | 051 | 043 || 156 61 | 47
Old Head ....| 242 | 2-24 1-08 || 11-56 | 6-90 | 4:66 | 9:23 | 0-50 | 0-42 13:1 53 | 39
Mullaghmore .. | 2:20 | 1-86 1418 |/ 10-50 | 6-44 |4+06 | 847 | 0°48 | 0-40 | 119 51 | 34
Buncrana ....| 255 | 243 1-05 || 1176 | 678 |4:98 | 927 | 0:54 | 0°46 | 13-6 50 | 43
Port Rush ....| 140 | 1-10 127 || 522 | 272 |2:50 | 3:97 | 063 | 055 60 148 | 22
Carrowkeel....| 166 | 1°15 1-44 6-94 | 4:13 |2:81 | 554 | 051 | 043 7°9 31 | 24
Ballycastle ....| 0:78 | 0-27 2:90 2:96 | 1491 |1-05 | 244 | 043 | 036 33 15 | 09
Glenarm...... 052 | 0-44 1-18 593 | 497 [ 096 | 545 | 018 | 014 6-2 47 | 08
Donaghadee ..| 1:39 | 1-27 110 | 10-56 | 790 {266 | 923 | 029 | 023 || 11-3 71 | 21
Ardglass. . .... 210 | 196 1-07 | 13:96 | 990 {406 |11-93 | 0-34 | 0-27 | 151 87 | 32
Clogher Head. . | 2:06 | 2:02 1-02 || 1363 | 955 |4:08 |11:59 | 0-35 | 0-28 148 84 | 32
Kingstown ....| 1:55 | 1:64 095 | 10-54 | 7-35 (319 | 895 | 0-36 | 0-29 11:6 64 | 26
Dunmore East .| 1:85 | 1-74 1-06 || 11-49 | 7°90 | 359 | 970 | 0:37 | 0-30 | 126 68 | 29
New Ross ....| 208 | 1-50 1-39 11289 | 931 |3-58 1110 | 0-32 | 0-26 14:0 82 | 29
Passage West..| 1-94 | 1-52 1-28 {1186 | 840 | 346 |10:13 | 0-34 | 0:27 | 12-8 74 | 27
Castle Townsend| 154 | 1:35 1-14 957 | 668 |2:89 | 813 | 0:36 | 029 || 105 57 | 24

The numbers in this table present several subjects for our consideration.

First, it is to be remarked that the difference between the numbers of the second
and third columns corresponds to the number in the last column of the table on
page 30 (it is, in fact, the double of that number) ; but the exhibition of the numbers
in this form serves, in some instances, to point out their origin more distinctly. At
Limerick, for instance, it appears that a large tide produces less effect on the low
water than on the high water; and the reason evidently is, that the height of low
water there depends more upon the freshwater current of the river Shannon, than
upon the state of the water in the sea, whereas the height of high water depends
mainly on the sea. The same explanation applies at New Ross and at Passage West.
It does not however apply to Mullaghmore, Port Rush, Ballycastle, or Glenarm ; nor,
with perfect certainty, to Carrowkeel. I must refer to Section X. and some of the
succeeding sections, for a statement of the laws of the individual tides at these places ;
and shall only remark here, that much remains to be done with the theoretical treat-
ment of the motion of waves, before the tides on the north-eastern coast can be fully
explained.

The next column which deserves particular attention is that for yr- From the

agreement among the numbers at the littoral stations on the western coast (Kilbaha,
Casleh Bay, Galway, Old Head, Mullaghmore), it seems certain that the value of

”13[' » in this part of the Atlantic, is pretty exactly 0'42. At Brest, in a position equally
F2
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S . .
exposed to the open sea, Laprack found §7;=033. I imagine that, as regards the
sun’s position in declination, the present series of tides may be supposed to give a
value for _I\SI differing very little from the mean, but rather too small than too great.

If so, here is an undoubted discordance. Yet it is remarkable that the series of
numbers in this table presents a still greater discordance under circumstances where
we should hardly expect it. The littoral station of Castle Townsend is fully open to
the Atlantic; and those of Dunmore East, Kingstown, and Clogher Head, are more
and more subject to the effects (whatever they may be) of the inclosure of the Irish

Channel. Yet all these stations, including Castle Townsend, give for 1\% a value of

about 0-28.

In speculating on the causes of these discordances, it is important to observe, that
the relation of the successive changes of a progressive tide may be considered in two
different ways. One of these ways is applicable properly to rivers and similar chan-
nels; it consists in assuming that each semidiurnal tide is nearly independent of
every other semidiurnal tide, and that the quantities of the second and higher orders
of the range are sensible*. The other is applicable to open seas, where the vertical
oscillation is insignificant in comparison with the depth, and where the alteration of
the horizontal surface, by the shoaling of the shore, is perfectly unimportant; here
the principle of the superposition of small movements applies, and the solar and
lunar tides may be considered as perfectly independent. Thus considered, the dis-
cordance to which I have alluded may be stated thus: the lunar tide at Castle
Townsend is less than that at Kilbaha, in the proportion of 8:13 to 9:82, but the solar
tide at Castle Townsend is less than that at Kilbaha, in the proportion of 2-4 to 4-0.
There can be no doubt that in the lunar tide, the difference between 8:13 and 9-82
depends (among other circumstances) upon the periodic time of the tide, inasmuch
as a tide infinitely slow would produce the same effect at both stations; and there-
fore we must not be surprised that the solar tide, whose recurrence is more rapid
than that of the lunar tide, should undergo a larger proportional alteration, like that
between 24 and 4°0.

In another section I shall show that between Dunmore East and Kingstown, the
tide is suddenly and completely reversed, high water at one of these stations corre-
sponding exactly (in time) to low water at the other ; while from Dunmore East to
Donaghadee, there is scarcely any perceptible difference of phase. It is worthy of

: . . S .
remark, that during these changes and coincidences, the value of M 18 unaltered.

The remarkable change in the values of T\S/T at Port Rush, Ballycastle, and Glenarm,
depends also, without doubt, upon the difference of the modifications produced in the

* Encyclopadia Metropolitana, Tides and Waves, Section IV., Subsection 3.
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solar and in the lunar tides, by the narrow channel which, beginning with Islay (op-
posite Port Rush), continues to the Mull of Galloway (opposite Donaghadee). But I
profess myself totally unable to explain with greater accuracy why, in passing from
Mullaghmore to Ballycastle, the principal reduction of lunar tide takes place between
Mullaghmore and Port Rush, while the principal reduction of solar tide takes place
between Port Rush and Ballycastle.

The successive diminution in the values of 3 from Kilbaha to Kilrush, Foynes

Island, and Limerick, as well as the reduction from Dunmore East to New Ross, and
that from Port Rush to Buncrana and Carrowkeel, are to be explained from the other
consideration which I have described as applicable to rivers. In fact, in these cases,
from the very greatly contracted current-way at low water, the effect of variation in
the depression of the ocean low water is very small, and therefore the effect of semi-
menstrual inequality is sensible almost only in the high water, and its whole effect
‘on the range is therefore less than it ought to be.

Before dismissing this table, I shall remark, that the very great diminution in the
range of tidein the North Channel, makes it impossible for us to believe that the
tide in the Irish Channel is supplied from the North Channel, however much the
consideration of the times in the next section may lead us, in the first instance, to
imagine so.

I will now proceed with the age of the tide as shown by the heights. The method
employed was the following :—

The mean heights having been found from the preceding tables, the heights for
every day (corrected for diurnal tide) were examined, and the time was ascertained
as nearly as practicable at which the height coincided with the mean height. These
times were then compared with the times at which the moon’s hour-angle from the
sun was 3" 9b 15" and 21"; namely, June, 26% 6"; July, 4 16 114 3, 18¢ 9b,
264 9b; August, 3¢ 01, 94 16%, 169 15", High waters and low waters were treated
separately. At each place eight comparisons were obtained for high water and eight
for low water: excepting that in the high waters, no comparison was made at Old
Head with July 119 3", and 184 9t (the times of mean height being very uncertain) ;
nor at Ballycastle, with July 18¢ 9" and 26 9" (for the same reason), nor with June
26¢ 6 (the observations having commenced too late) ; nor at Glenarm, Donaghadee,
or Kingstown, with July 1849" and 26 9" (the times being uncertain). The results for
each place being collected, and the means being taken, the following Table was
formed :—
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Age of Tide as inferred from Heights.

Station. High water. | Low water. Station. High water. | Low water.

d h d h d h d h
Kilbaha ........ 2 2 2 0 Ballycastle .. .... 2 2 217
Kilrush ........ 1 21 2 3 Glenarm........ 1 7 2 6
Foynes Island....| 2 2 2 4 Donaghadee . ... 119 217
Limerick........ 2 2 2 7 Ardglass........ 2 5 2 11
Casleh Bay...... 2 0 2 2 Clogher Head.. .. 2 4 3 4
Galway ........ 2 2 2 2 Kingstown ...... 1 20 2 13
Old Head ...... 115 2 6 Dunmore East .. 2 1 2 14
Mullaghmore . . .. 1 22 2 8 New Ross ...... 2 2 2 14
Bunerana ...... 2 1 2 5 Passage West. ... 121 2 7
Port Rush ...... 117 2 5 Castle Townsend . 121 29
Carrowkeel. . .. .. 117 2 6

In the Encyclopedia Metropolitana, Tides and Waves, Art. 545, 1 have given
reasons for believing that the true age of the tide is that given by the heights. From
the inspection of this table it appears certain that the age of the tide on the western
coast of Ireland is almost exactly two days. The different results are upon the whole
very consistent. Yet there are some discordances which I cannot entirely explain.
The most distinctly marked discordance is this—that the age given by the Low
Waters is, in every instance except one, greater than that given by the High Waters.
I have shown, I think, with certainty, in the Encyclopaedia Metropolitana, Tides and
Waves, Articles 452 and 544, that the cause of the principal part of the apparent age
of tide is friction. It appears to me not unlikely, that, on carrying out the theory of
friction in combination with the consideration of oscillations bearing a finite propor-
tion to the depth of the sea, the apparent age of the tide might be found greater for
low waters than for high waters. But I have not examined the theory so far as to
feel myself warranted in positively assigning this as the explanation.

Section VII.— Establishment of each port, and progress of semidiurnal tide round the
» island.

The process used in this investigation is very nearly similar to that by which the
table in page 30 was formed. The mean interval from the moon’s transit at Green-
wich to the time of tide was found (by the operations of the next section) to coincide
with the actual interval nearly at the following times:—Port Rush and Ballycastle
(high and low), June, 224 9%, 304 20b; July, 74 19", 14¢ 21%, 214 23b, 309 16" ; August,
64 41 134 51, 204 16" : Kilbaha, Kilrush, Casleh Bay, Galway, Mullaghmore, Buncrana,
Carrowkeel, Glenarm, Donaghadee, Ardglass, Clogher Head, Kingstown, Castle
Townsend, (high and low), 14 8" later ; Foynes Island, Old Head, Dunmore East,
Passage West (high and low), Limerick (high only), 20" later than the last; New
Ross (high and low), 23" later than the last ; Limerick (low only), 22t later than the
last, or 4% 1" later than at Port Rush and Ballycastle. The intervals from the moon’s
transit to the time of tide being taken for every tide (the high water, 1st division,
being referred to the upper transit, the low water, st division, to the transit over the
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meridian 6® west, the high water, 2nd division, to the lower transit, and the low water,
2nd division, to the transit over the meridian 18" west), groups were formed divided
by the times above mentioned, and the mean of the intervals was taken for each group.
Thus the following Table was formed :—

High water. Low water.
Station. Mean of | Mean of Mean of | Mean of Mean of
large small Mean. large small Mean. both.
intervals. | intervals. || intervals. | intervals.

h m h m h m h m h m h m h m

Kilbaha ........ 511 4 23 4 47 5 6 4 12 4 39 4 43
Kilrush ........ 5 22 4 31 4 56 5 20 4 28 4 54 4 55
Foynes Island....| 6 15 5 30 5 52 6 0 5 12 5 36 5 44
Limerick........| 6 46 6 0 6 23 7 14 6 17 6 45 6 34
Casleh Bay...... 5 21 4 30 4 55 511 4 14 4 42 4 48
Galway ........| 5 28 4 40 5 4 5 11 413 4-42 4 53
Old Head ...... 5 22 4 47 5 4 5 22 4 45 5 38 5 4
Mullaghmore ....| 6 2 5 9 5 35 5 53 5 7 5 30 5 33
Buncrana ...... 6 45 5 39 6 12 6 34 5 36 6 5 6 8
Port Rush ...... 7 29 6 0 6 45 7 14 5 59 6 36 6 40
Carrowkeel. ... .. 8 11 7 2 7 36 8 1 7 4 7 32 7 34
Ballycastle .. .. .. 8 37 6 14 7 25 8 47 7 38 7 55 7 40
Glenarm. . ...... 11 1 |10 26 | 10 43 11 7 |10 22 | 10 44 10 44
Donaghadee ....| 11 21 10 42 11 1 11 23 10 36 11 0 11 1
Ardglass........ 11 21 10 40 11 0 11 25 10 38 |"11 2 11 1
Clogher Head..,.| 11 41 10 54 | 11 17 11 34 10 47 11 10 11 14
Kingstown .. .... 11 52 |11 6 |11 29 11 29 | 10 41 11 5 11 17
Dunmore East ..| 5 32 4 47 5 9 5 41 4 56 518 513
New Ross ...... 6 17 5 36 5 56 6 55 6 9 6 32 6 14
Passage West....| 5 38 4 55 5 16 5 52 5 9 5 30 5 23
Castle Townsend.| 5 16 4 29 4 52 519 4 30 4 54 4 53

On inspecting the intervals for Castle Townsend, Kilbaha, Casleh Bay, Galway,
Old Head, and Mullaghmore, it appears evident that the semidiurnal tide approaches
the western coast of Ireland very nearly from the west, or possibly from a direction
a little south of the west. On examining the intervals at Port Rush, Ballycastle,
Glenarm, Donaghadee, their regular progression seems at first to show that the tide
wave enters the Irish Sea by way of the North Channel. But the objections to this
supposition are most serious. Theoretically it is certain that (even without regarding
the effects of friction) when a tide-wave passing through a narrow channel enters into
a wide one its vertical range will be diminished*. But here the mean range in the
narrow channel at Ballycastle is only 23 feet and at Glenarm 53 feet: this tide-wave
therefore could not possibly produce a tide of more than one or two feet in the Irish
Sea ; whereas, from Ardglass southward to Kingstown, the range is from ten to twelve
feet. It seems therefore that this supposition may at once be dismissed ; and the
only supposition which.can be substituted for it is, that the tide-wave enters the Irish
Sea by St. George’s Channel. But here a most remarkable circumstance occurs. A
reference to the table above will show that the high water at Kingstown occurs six
hours and a few minuates later than that at Dunmore East, or, in other words, that

* Encyclopedia Metropolitana, Tides and Waves, Art. 264.
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the high water at Kingstown coincides precisely with the low water at Dunmore East,
and vice versd. Moreover, between these two stations occurs the station Courtown ;
and here, as will appear in Section XVII., the semidiurnal tide is nearly insensible.
The difference in the times at Dunmore East and Kingstown does not therefore arise
from a slow transmission of tide; but arises from a sudden inversion of the wave, the
point which separates elevation from depression being not far from Courtown. And
the question now is, whether, on the supposition that the tide-wave enters the Irish
Sea by this southern entrance, it is possible to explain the existence of this neutral
point and the inversion of the tide beyond it.

The explanation which I have to give rests upon a proposition long known to me
as a matter of theory, but for which I never expected to find a practical application. -
In the Encyclopeedia Metropolitana, Tides and Waves, Art. 307, I have shown that
when the tidal wave enters a gulf (considered as a canal of uniform breadth and
depth, stopped by a transverse barrier), the expression for the elevation of the water at

the time £ at a point whose distance from the sea is «, is

vos masin nt+B.cos ma—mz ;

where # is the constant proper to the periodic time of the tide-wave, %:J & X depth,

and a is the whole length of the canal. This expression shows that the vertical
oscillations are siinultaneous throughout; the coefficient in each place being

cos g C0S ma—ma. Now if the canal is so long and so shallow that ma is greater

than g; then, on taking ’a:=a——-2-% the coefficient vanishes; and on taking x greater

than a—é% the coefficient changes its sign. This case then agrees, as regards the

simultaneity and the inversion, with the case of observation before us, and all that is
necessary for its complete application is, that the virtual head of the channel be sup-
posed to be at a distance from Courtown equal to that which a progressive wave

would pass over in 3h 5™ (which would make mazg). Without professing myself

able to enter into details upon the depth of the water and the form of the supposed
channel, I express my belief that this solution does accurately apply here: and I re-
gard it as one of the most remarkable cases that has ever been noticed in the obser-
vations of tides.

Assuming then that the tide of the Irish Sea is explained, we have only further to
explain the apparent passage of the tide through the North Channel. This is merely
a case of the proposition in Art. 310 of the Tides und Waves, relating to a canal join-
ing two tidal seas, from which it appears that there will always be in such a canal an
apparent passage of the tide-wave in the same direction at every part. To represent
the circumstances completely, it would be necessary to introduce the consideration of
friction,
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The only remaining result of the table in page 39 which deserves attention here, is
the difference of the times occupied by the rise of the water and by the fall of the
water. In the river stations (Limerick and New Ross) the fall of the water occupies
a longer time than the rise. This, as a consequence of theory, is explained in Art. 206
of the Tides and Waves. At most of the other stations, the rise appears to occupy a
very little longer time than the fall. This, however, as it depends on the estimation of
the times of high and low water, is subject to great doubt : the terms upon which such
difference depends will be investigated with great accuracy in Sections X. and XVI.

Section VIIL.—Semimenstrual inequality in time, proportion of solar and lunar effects
as shown by times, and apparent age of tide as shown by times ; from high water
and from low water.

The interval from the moon’s transit over the meridian to high water (and similarly
from the moon’s transit over the six-hour meridian to low water) is theoretically ex-
—S—sin 26

pressed by E4F, where E is a constant, and tan2F=——, ¢ being the hour-

1+ Mcos%

angle of the moon from the sun. The declinations, &c. are supposed here to have their
mean values. Investigating from this the expression for F, integrating from =0 to

9:;: and dividing by -723 we obtain the value of the mean of large intervals ; performing
the same operation from 0:125 to d==, we obtain the value of the mean of small in-

2
tervals. The difference which will be found =§-%(1 +%(%) ), is the difference be-

tween the 2nd and 3rd columns or between the 5th and 6th columns in page 39, ex-
pressed in arc; or, as 27 of arc in the estimation of 4§ and F correspond to a tidal day
of 1488™, if we put ¢ for the number of minutes in that difference, the equation is

28 1(8S)\? ., 2
2o (145 () ) =ix s

S . w24 1 L( =% )2 1y -
M—1488 X ) 1~ 9'\1488 }nea‘ ys

and then the maximum value of F in arc will be found by making sin 2F’=%, and

From this we obtain

converting F' into time by the proportion stated above. Thus the following Table is
formed.

MDCCCXLV. G
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High water. Low water.
- I\:lean oft'.
. Difference of Maximum || Difference of Maxi values o
Station. means of large Valge of semimenstrual | means of large Valge of Semimer;:;':lllﬂl S,
intervals and —. inequality || intervals and . inequality M
small intervals. M +. small intervals. M +.
m m m

Kilbaha ........ 48 0:32 385 54 0:35 42 0-34
Kilrush ,....... 51 0:34 41 52 0-34 41 0-34
Foynes Island. ... 45 0-30 36 48 0:32 385 0-31
Limerick.ov. ... 46 0-31 37 62 0-40 485 0:35
Casleh Bay...... 51 0:34 41 57 037 445 036
Galway ........ 48 0-32 385 58 0-37 445 0-34
Old Head ...... 35 0-23 27 37 0-24 285 0-24
Mullaghmore . . .. 53 0:35 42 46 031 37 0:33
Buncrana ...... 66 042 51 58 0-37 44+5 039
Port Rush ...... 89 0-57 71-5 75 049 60 053
Carrowkeel. ., ... 69 0-45 545 57 0:37 445 0-41
Ballycastle ...... 143 0-82 113 104 065 83 074
Glenarm. . ...... 35 0-23 27 45 0-30 36 0:26
Donaghadee .... 39 0:25 30 47 0:31 37 0-28
Ardglass........ 41 0-27 32 47 0-31 37 029
Clogher Head.. .. 47 0-31 37 47 0-31 37 0-31
Kingstown . ..... 46 0-31 37 43 0-32 385 0-31
Dunmore East .. 45 0-30 36 47 0-31 37 0-31
New Ross ...... 41 0-27 32 46 0-31 37 0:29
Passage West.... 43 0-28 335 43 0-28 335 0-28
Castle Townsend . 47 0-31 37 49 0-33 395 0-32

I have stated in the Encyclopesedia Metropolitana, Tides and Waves, Art. 538, that
I consider the values of 37 deduced from the semimenstrual inequalities in time to be

real and certain representations of the proportions of the sun’s effect to the moon’s
effect in the seas in the neighbourhood of each station; those deduced from the
heights being liable to the effects of many local disturbing causes which do not affect
those deduced from the times. In this view the table above deserves consideration.
The littoral stations (including those in the Irish Sea) agree in giving a value of 0-32
or 0'33, nearly the same as that found at Brest by Laprace and Sir J. W. Lussock.
But at Port Rush and Ballycastle (the first stations in the North Channel) the lunar
tide appears to be diminished in a far greater proportion than the solar tide. And
then, after this alteration of relative magnitude has been established in the open sea
of the neighbourhood, it appears to be again nearly destroyed by some local cause

. . . S .
affecting the heights, so that in the table of page 35, the value of §7 is restored to its

average value. As far as the observations can be trusted for accuracy, the two con-
clusions which I have mentioned appear at first sight perfectly certain ; for the great-

est difference of intervals from moon’s transit (on which the value of §; in this page

depends) is deduced from comparisons of the times of tides of equal vertical range,
in which therefore the stream of tide in the neighbouring channels of small depth
and width, &c. was the same, and therefore could not disturb the difference of times.
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But the value in page 35 is deduced from the comparison of high and low tides, in
which the stream of tides, &c. is different. The second apparent alteration can take
place only where the tide has arrived at such localities that the second order of the
vertical oscillation produces sensible terms. I was at first misled by the plausibility
of this reasoning.

Its fallacy, or rather its errov, will appear from the following considerations. The
semimenstrual inequality in time which theoretically is proper for giving the value

of % is that which depends only upon those differences of time which are caused by

difference in the relative positions of the sun and moon, when the magnitudes of the
tides are exactly the same. But when there also exists a difference of time caused
by the difference of magnitude of the tide (having its maximum nearly at the time
of evanescence of the proper semimenstrual inequality), then these two differences or
inequalities are combined, forming a single inequality whose time of evanescence is
different from those of both the original inequalities, and whose magnitude is greater
than the magnitude of either. Thus it appears that the gross semimenstrual ine-

quality in time must not be used for estimation of 57- A correct application of these
principles, and a consequent harmony of results, will be seen in Section XIV.
. S .
At every station except Mullaghmore, the value of §; in the table above appears

greater at low water than at high water. 'This evidently depends upon the difference
in times (as affected by magnitude of tide) for low water and for high water, which
is combined as above stated with the proper semimenstrual inequality.

Mr. WHEWELL, in his invaluable memoirs on cotidal lines, stated that there were
great contradictions in the accounts of the establishment of Ballycastle. The num-
bers above serve in some degree to explain this. The semimenstrual inequality alone,
comparing observations taken when its value was maximum positive with those taken
when its value was maximum negative, would produce nearly four hours of uncer-
tainty. More than half an hour (see the table in page 19) might be added by the
diurnal tide.

I shall now proceed with the age of tide as shown by the times. The method em-
ployed was the same as for the heights, in forming the table in page 38. The times
were ascertained at which the interval from moon’s transit over the meridian to high
water (and similarly the interval from moon’s transit over the 6-hour meridian to
low water), corrected for diurnal tide, agreed with the mean interval for high water
(or for low water) in page 39. These times were then compared with the times at
which the moon’s hour-angle from the sun was 0", 6% 12b 18"; namely, June, 224 9,
304 20b; July, 79 19%, 149 21h, 214 230 304 16"; August, 69 4" 134 5b 204 |6h,
The high and low waters were treated separately. At Ballycastle low water six re-
sults only were obtained ; for all the other determinations seven or eight results were
compared. Thus the following Table was formed.

G2
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Age of Tide as inferred from Times.

Station. I High water. I Low water. Station. l High water. | Low water.

. . d h d h d h d h
Kilbaha ........ ‘1 8 1 5 Ballycastle .. .... —0 11 —0 19
Kilrush .. ...... 113 110 Glenarm........ +1 14 19
Foynes Island....| .1 21 2 2 Donaghadee .. .. 1 7 19
Limerick........ 1 22 4 1 Avdglass........ 1 8 115
Casleh Bay...... 114 0 22 Clogher Head. . .. 110 112
Galway ........ 110 1 7 Kingstown .. .... 0 22 0 23
Old Head ...... 2 10 2.9 Dunmore East .. 2 11 2 8
Mullaghmore . . .. 1 6 111 New Ross ...... 2 20 3 11
Buncrana ...... 1 4 1 3 Passage West. . .. 2 2 119
Port Rush .. .. .. 0 4 0 7 Castle Townsend..] 1 12 1 6
Carrowkeel. . .... 1 0 1 1

In the Tides and Waves, Art. 463 and 465, I have shown that the age of tide in-
ferred from the times of high water in a river (where spring-tide high waters pass
more rapidly than neap-tide high waters) is too small, and that the age of tide in-
ferred from the times of low water in a river (where spring-tide low waters pass more
slowly than neap-tide low waters) is too great. These propositions, at least the
second, are well illustrated at Limerick and New Ross. For the other stations I
feel myself in some difficulty. With the exception only of Old Head, Dunmore East,
and Passage West, all the ages of tide above are too small, for low water as well as
for high water. This requires us to assume that all the phases of the tide-wave (low
water as well as high water) are transmitted over the sea more rapidly in the spring-
tides than in the neap-tides. I conjecture that some theory of friction may possibly
explain this. It cannot be explained by supposing the second power of the small
movements sensible; for on that assumption the age of tide given by low water
would be increased.

It is worthy of remark that at Ballycastle the effects depending on the position of
the sun and moon appear to precede their cause.

Section IX.—Formation of the time of diurnal high water ; progress of the diurnal
tide-wave round the island ; comparison of its progress and range with those of the
semidiurnal tide.

In page 20 I have given a table of the maximum values of diurnal tide, at high
water and at low water. The diurnal tide being supposed to follow the law of sines,
its maximum coefficient will be found by taking the square root of the sum of the
squares of those two values, and the time after semidiurnal high water at which

diurnal high water occurs will be found by taking the angle whose tangent
value at 1 t . . .
=::11111::t h(i)g“lrl‘:’vz; I;,, and converting that angle into time at the rate of 360° for a

lunar day. The maximum diurnal tide for semidiurnal high water and that for semi-
diurnal low water may be conceived to hold for any day near to the day of absolute
maximum. Thus the following Table is formed.
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July 9. July 23. August 6.
. Interval from Interval from Interval from

Station. Coefficient of | Semidiurnal }}igh Coefficient of semidiurnal h_lgh Coefficient of semidiurnal h‘ig'h

diurnal tide, | Water, first divi- | Giyenal tide, | Waber, first divi-§ g, 0,01 tiqe, | Water, first divi-

sion, to diurnal sion, to diurnal * | sion, to diurnal

high water. high water. high water.

ft. h m ft. h m ft. h m
Kilbaba ........ 055 20 44 0-71 9 5 058 20 36
Kilrush ........ 0-56 20 4 0:57 9 0 0:53 20 25
Foynes Island .. 0-81 20 9 0-69 8 14 0-67 20 31
Limerick........ 101 19 50 0-69 9 11 064 - 20 50
Casleh Bay...... 0-69 20 12 0:66 8 44 0-63 20 28
Galway ........ 0-81 19 49 0-71 8 37 0-43 20 55
Old Head ...... 0-83 20 56 0-85 9 18 0-98 21 18
Mullaghmore.. .. 0-89 23 25 0-82 11 34 0-86 24 18
Buncrana ...... 0-64 019 0-76 13 4 0-70 1 26
Port Rush ...... 0-52 1 5 063 14 2 0-69 2 4
Carrowkeel. ... .. 0-47 128 095 13 1 0-68 1 58
Baﬂyca.stle ...... 0:50 0 24 068 13 11 060 1 4
Glenarm........ 0:96 22 8 079 10 3 0-99 22 19
Donaghadee . ... 0-91 21 44 0-85 10 16 1-03 21 40
Ardglass.. ...... 0-82 21 34 0:84 10 23 0-91 21 55
Clogher Head. . .. 085 22 2 0-79 10 21 0:83 21 42
Kingstown . . .... 0-76 21 38 0-67 10 3 0-83 21 58
Dunmore East .. 0-21 2 37 0-33 15 10 0-27 1 38
New Ross ...... 0:22 0 51 0-40 14 33 025 0 47
Passage West .. .. 015 4 2 022 14 13 0-17 1 20
Castle Townsend.. 0-16 18 3 0-09 12 41 0-10 20 52

A glance at this table will show how different are the velocities of the diurnal
tide-wave and the semidiurnal tide-wave. From Kilbaha to Port Rush, the diurnal
tide travels in a direction so different, or with a velocity so small, that it loses 53
hours in time upon the semidiurnal wave. But it passes through the North Channel
with such speed that at Donaghadee it has regained about 45 hours, Its course how-
ever will be better understood by forming the actual time of high diurnal tide, or
rather its interval after the moon’s transit. I have treated the numbers in the fol-
lowing manner :—Increasing the numbers for July 23rd by 12" 24™, or half a tidal
day (because the moon’s declination then was in a direction opposite to that on July
oth and August 6th), I have three comparable intervals from semidiurnal high
water to diurnal high water. I take the mean of these, and apply it to the mean
interval from moon’s transit to semidiurnal high water in the table of page 39. I
also take the mean of the three coefficients. Thus the following Table is formed ; in
which it is to be remembered that the coefficients are to be taken positive for July
9th and August 6th, and negative for July 23rd.
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o . Interval from Cooff ] Interval from
. oefficient of | moon’s transit . oefficient of | moon’s transit
Station. diurnal tide. | to diurnal high Station. diurnal tide. | to diurnal high
water. water.
ft. h m ft. h m
Kilbaha ........ 0:61 0 51 Ballycastle .. .... 0:59 8 25
Kilrush ........ 0:55 0 45 Glenarm.. ...... 0-91 8 15
Foynes Island. . .. 0-72 122 Donaghadee .. .. 0-93 8 14
Limerick........ 0-78 2 31 Ardglass........ 0-86 8 18
Casleh Bay...... 0-66 0 38 Clogher Head. ... 0-82 8 36
Galway ........ 0-65 0 40 Kingstown .... .. 0-75 8 30
Old Head ...... 0-89 135 Dunmore East .. 0-27 7 33
Mullaghmore.. .. 0-86 4 39 New Ross ...... 0-29 7 30
Buncrana ...... 0-70 6 56 Passage West .. .. 0-18 7 47
Port Rush ...... 061 8 16 Castle Townsend.. 0-12 125
Carrowkeel .. .. .. 0-70 8 55

Comparing the coefficients in this table with the column of mean range of semi-
diurnal tide in page 35, we can discover no analogy between them. 'The range of
diurnal tide is not at all reduced in the North Channel, where the semidiurnal tide
is so much diminished ; nor (as will also be shown hereafter) is it particularly dimi-
nished between Kingstown and Dunmore East, where the semidiurnal tide is nearly
or quite obliterated ; but it is much diminished at Castle Townsend, where the semi-
diurnal tide is pretty large.

On examining the interval from moon’s transit, it appears evident that the diurnal
tide comes from the south, or very nearly from the south. It appears also that it
does not pass in either direction through the North Channel, but that the strait is
filled simultaneously, or nearly so, at both ends. It appears also that the wave travels
very quickly from south to north in the Irish Channel; so quickly indeed that it is
probable that the tide is simultaneous throughout. But between Castle Townsend
and Passage West it loses more than six hours, or a quarter of a diurnal tide. Iam
totally unable to explain this. The case is very greatly different from that discussed
in page 40, where the change of phase was almost exactly half a tide. I must leave
the solution of this difficulty to some more advanced theory of waves.

I may appropriately close this section with a statement, in the form commonly
used by nautical persons, of the most prominent effects of the diurnal tide at the
several stations.

Assuming that the maximum diurnal tide, with positive sign for the semidiurnal
high waters 1st division, occurred about July 9 and August 6, and with opposite sign
on July 23, it appears that the maximum takes place when the moon’s right ascen-
sion is about 9. This is not very accurate ; first, because the solar diurnal tide is
neglected ; secondly, because the days adopted are not purely for maximum at semi-
diurnal high water, but partly also refer to low water. Using however 9", it appears
frora the table in page 39, that the semidiurnal high water at Kilbaha follows the
moon’s Greenwich transit by 4* 47™; and, therefore, when the diurnal tide is great-
est, the semidiurnal tide at Kilbaha occurs at 13" 47™ Greenwich sidereal time, or
13" 7@ Kilbaha sidereal time. If this happens at noon, the sun’s right ascension
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must be 13" 7™, or the day must be about October 12; if it happens at six in the
morning, the sun’s right ascension must be 19* 7™, and the day must be about January
6. In the same way the day may be found for other hours. The coefficient may be
taken from the table in page 28, doubling the mean of the quantities in the ‘three
high water columns (without regard of sign) for the difference of two tides.. Thus
the following Table is formed.

.Day when | Day when | . | Day when | Day when
d?ég?;?e the zxce§s of the (ay)'gcess of 3 d?&g?:iscte thie gxcess of the gxcess of
Station. of two high| Roon tide imorning tide Station. of two high| Toon tide \morning tide
waters on 9ver mld-‘ OVCI'. eve.mng: waters on over mld-‘ over. evening
same day. | Pight tideis | tide is same day. |Vight tide is|  tide is
: greatest. greatest. greatest. greatest.
ft. ft.
Kilbaha ... .... 0:71 | Oct, 12. | Jan. 6. || Ballycastle.. ..., 1116 | Nov. 24. | Feb. 16.
Kilrush ........ 0-55." | Oct. 14. | Jan. 8. | Glenarm........| 148 | Jan.7. | April 10.
Foynes Island ..} 072 | Oct. 30. | Jan. 22. || Donaghadee ....| 1-41" | Jan.138. | April 17.
Limerick........ 077 | Nov.7. | Jan.30. || Ardglass........| 1:32 | Jan.13. | April 17.
Casleh Bay.... .. 065 | Oct. 14. | Jan. 8. | Clogher Head....| 129 | Jan.16. | April 20.
Galway ........ 0:61 | Oct. 17. | Jan. 10. | Kingstown ...... 1416 | Jan.19. | April 23.
Old Head ...... 1-14 | Oct. 17. | Jan. 10.. | Dunmore East ..| 044 | Oct. 21. | Jan. 5.
Mullaghmore ....| 165 | Oct. 26. | Jan. 18. || New Ross ...... 0:53 | Nov. 2. | Jan. 24.
Buncrana ...... - 1:37 | Nov. 5. | Jan. 28. || Passage West....| 030 |} Oct.21. | Jan. 14,
Port Rush ...... 1-11 Nov. 14. | Feb. 3. Castle Townsend.., 008 .| Oct. 13. | Jan. 7.
Carrowkeel. ... .. 1:31 | Nov. 26. | Feb. 18.

Section X.— Method of expressing the height of the water, throughout every individual
tide, by sines and cosines of arcs, and expressions in this form for every tide in
the whole series of observations, except those at Courtown.

The times of high water (and similarly those of low water) having had their prin-
cipal irregularities smoothed down by the operations described in Section 1I., and
being corrected for the diurnal equation in time ascertained by the operations of
Section IIIL., present a series of times, which are liable perhaps to something like
constant error from the method involuntarily adopted by the computer in fixing on
the time of high water, and which are affected by the peculiar form of the tidal func-
tion at each station, but which nevertheless follow at intervals equal (with very con-
siderable accuracy) to the true tidal day of the place. This being understood, it will
be seen that the following process entirely corrects any error of the supposed times
of high or low water in its exhibition of the time of maximum of the first tidal argu-
ment, and is entirely free from the effects of such error in the exhibition of other
quantities.

The whole number of observations, equidistant in time, made in the course of one
tide, being about 150, if we divide this duration into sixteen equal parts we shall
have at least nine observations in each part; and the mean time of these nine ob-
servations cannot in any case be more than 24 minutes from the middle of that part.
It appears evident here that we may use the mean of all the heights in one portion
to represent (with smaller error than unavoidably occurs in the observations) the
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mean which would have been obtained if observations had been taken at infinitely

small equal intervals. The same remark applies in a stronger degree if the whole
duration be divided into twelve parts.

Let us use the term phase for an angle proportional to the time which increases by
360° in a complete tide; and let it be assumed that the height of the water can be
expressed by the following formula :

A,+A, sin phase +A, sin 2 phase 4A, sin 3 phase +A, sin 4 phase
-+ B, cos phase +B, cos 2 phase 4B, cos 3 phase 4B, cos 4 phase,
and suppose that the complete tide, or 360° of phase, is divided into sixteen equal
parts and the mean height in each part taken.
The mean height in the first part will be,

8 8 R 4
Agt+-A (cos 0—cos g) +2~WA2<cos 0—cos %75) —l—é—j—‘_A3 (cos 0— cos %) +;18;A4 (cos 0—cos g)
8y /.. : 8, /. 21 . 85, /. 3% . 8., /. A7 .
+;B1<sm % — sin 0) +3.B; (sm —g —sin O) +§;B3(sm g — sin O) +5.Bs <sm —g—r-— sin O).

The mean height in the second part will be,

8 w 2% 8 2w 47\ . 8 3r 67 8 47 8
A0+;A1<cos§ — cos g) +5.4, (cos§— — COS g) +3,43 (cos—§ - cos~8~) + ;A (cos§ — €08 g)

. 2 . 8 .4 . . 6w . . 8« .
+§B1 (sm -é—r — sin %) +§“;—rB2<sm —B-W — sin %’) +3—8—WB3(sm §8— — sm%) +%B4 (sm -Sg — sin iléf) ,
and so on.
Now if we group these in the following manner,
(1st+5th+9th+13th) 4+ (2ud -+ 6th410th 4 14th)— (3rd +7th+11th 4 15th)
— (4th4-8th4-12th+ 16th),
the sum will be if A,

If we group them in the following manner,

(1st+5th+9th4-13th) — (2nd4-6th+10th 4 14th) — (3rd 4+7th 4 11th415th)
-+ (4th48th+12th4-16th),

the sum will be 22 B,.
w

If we unite the adjacent means and group them thus,

(Tst42nd4-9th+10th) 4+ (3rd+4th411th+12th) — (5th6th413th 4 14th)
—(7th4-8th415th4-16th),

the sum will be 2= A,.

If we group them in this manner,

(1st+2nd+9th+10th) — (3rd+4th+11th+12th) — (6th46th-4-13th-414th)
4 (7th+8th415th416th),

e 32
the sum will be — B,.
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If we unite the adjacent numbers already formed by union, so as to have the sum
of four adjacent means together, and combine them thus,

(1st+2nd-3rd+4th) + (5th+46th -+ 7th-+8th) — (9th+10th+11th+12th)
— (13th+14th+15th+16th),

. 32 32
the sum is — A+ - As.

If we combine them in this manner,
(1st4+2nd4-3rd4-4th) — (5th4-6th - 7th 4 8th) — (9th410th 4 11th--12th)
+(13th+14th+15th416th),

. 32 32
the sum is —B,—3-B;.
Then if we divide the complete tide into twelve equal parts, and take the mean

height in each, we shall have
Mean height in the first part =

A, +;ci-_Al (cos 0—cos %) +§%A2 (cos 0—cos g) + 5,3—,,,A3 (cos 0~—cos -g) + Z;A4 (cos 0 —cos %’)

. . . 2 . 6 . 3 . 6 . 4 .
—|—$Bl (sm 7é——sm 0) +§6;B2(s1n —éf—sm O) +3—;B3(sm —63—-sm O> +;1;B4(sm g—sm O>,

and so on. And combining these in the following manner,

(1st+5th+9th) 4 (2nd+6th+10th) — (3rd+7th4-11th) — (4th4-8th+-12th),
the sum will be 2—:A3, or the sum X g = g;g A,.

And if we combine them in the following manner,
(1st45th+9th) — (2nd 4-6th410th) — (8rd+7th+11th) - (4th+8th 4 12th),

24 32

. 4
the sum will be — Bj, or the sum X 3 = ~B;.

By applying one-third of these to the expressions last found, we shall obtain —3;2 A,

and ‘%? B,.

The mean of all the means, either in the division by sixteen or in that by twelve,
is Ay

The whole of these operations (after taking the means of the original observations)
are performed with great facility, and without the possibility of mistake, by means of
a printed skeleton form, of which a specimen will be given shortly.

The next thing to be considered is, how we shall correct these numbers for the
effect of diurnal tide, which is included in the observations, but from which our
formula for semidiurnal tide is to be freed. Suppose that the tide begins with high
water, and suppose a to be the effect of diurnal tide at that high water, b the effect
of diurnal tide at the low water following, or that which occurs in the middle of the
tide. Then the complete effect of diurnal tide is represented by

phase phase

a.cos—— +b.sin"—;

MDCCCXLV. H
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and the question now is, how this function can be represented, through the course of
one tide, by a formula similar to

Ay+A, sin phase +A, sin 2 phase 4 &c.
+B, cos phase + B, cos 2 phase + &c.
For this purpose I have taken the mean value of the function for each sixteenth part,
and for each twelfth part, of the entire circle of phase, and have combined these num-
bers according to the rules just laid down. The result is that

, 32, . . ‘ 16
T'he sum — A, is increased by — X 0-3980 X a.
- 32, . . 16
I'be sum — B, is increased by ~ X 0:0392 X b.
The sum > A2 is increased bv— X 0-8284 X a.
325, .. 16
The sum — B, is increased by —— X 01648 X b.
The sum %;2 A1+§;2r A; is increased by176 X 2a.
32 32 o s 16
The sum — B, —3- B; is increased by —— X 0-8284 X 4.
\ 24, .. 12
The sum — Aj; is increased by — X 0:5360 X a.
- 24 . . 1g
he sum —- B; is increased by —— x 0'0704 X b.

The mean, or A, is increased by + > 2.

The corrections are to be applied with opposite signs, in order to free from the effects
of diurnal tide the results given by the observations.

Another cause for which a correction is due is, the difference of height at the be-
ginning and at the end (the correction for diurnal tide being previously applied). If
the whole rise ¢ be supposed to have come by uniform degrees, the effects produced

. 32 32
in the sums - As "{A2’ po A +3 A;, and A3, are —c, —2¢, —4c, and —c. The

corrections must have opposite signs.
In this manner (confining ourselves for a moment to the consideration of 4 phase)

. 32 32 . .
we have such expressions as — A, and — B,. And the quantity which we wish to ob-

tain is A, sin 4 phase + B, cos 4 phase, which may be converted into one of this form,

A/ AZ+B2X sin .4 phase +¢, where tan p=7x —5 The coefficient is

= \/(3;2— A4)2+(3—f B4)2.
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As. in the analysis of all the tides, this transformation was to be performed about
6000 times, it was highly important to devise an easy method of effecting it. For
this purpose the following mechanical arrangement was contrived. Upon a nearly
square piece of pasteboard were carefully traced two scales at right angles to each
other, with graduations of equal parts proceeding from the point of union. Upon
the edge of another narrow piece of pasteboard was traced a graduation whose parts
were to the parts of the former in the proportion of 3'2 to 3:1416. The commencing
point of this graduation was made the centre of a quadrant, of which one radius was
in the line of graduation produced. The divisions of the quadrant, proceeding from
the line of graduation, were marked from 0 to 90° and also from 360° to 270°. The
method of using it was; to insert a needle at the centre of the quadrant, and to
plant its point upon one of the lines of the large pasteboard at the graduation corre-

sponding to%rgAU then to plant a second needle in the other line of the large paste-

board at the graduation corresponding to 3—”2 B,, and to turn the graduated edge of the
long piece till it touched this second needle; the reading of the graduated edge, with
a shift of the decimal point, gave 3% \/{(3—: A4>2+(§;2— B4)2} or v(A2+B.?); and
the division of the quadrant cut by the straight line on the large pasteboard gave ¢.

. 32 32 . ’ .
When the signs of -~ A, and — B, are the same, the reading between 0 and 90° is to

be taken; when different, that between 360° and 270° is to be taken; and in either

32 . . .
case, when — A, is negative, 180° is to be added or subtracted.

Applying the same process to the four combinations of A, and By, A, and B,, A,
and B;, A, and B,, we have the height of the water at every instant expressed by
the formula

Ay+C, sin (phase +¢,)+C, sin (2 phase +¢,) + C; sin (3 phase +¢,)
+C, sin (4 phase +¢,),
where the phase is an angle which is measured from the assumed commencement of

. . C a1 whole duration of tide
the tide, and may be converted into time by multiplying it by 360° - It

is evident however that the argument (phase 4 ¢,) commences at the time when the
water would be at its mean height before attaining its greatest height, if the oscillation
of surface were supposed to depend on that term only. The time of high water, on the
same supposition, would be given by making phase +¢,=90° or phase =90°—¢,;
converting the expression, when found, into time by the rule above. Or the time of
low water, on the same supposition, would be given by making phase +,=270°, or
phase =270°—9¢,. It is convenient to choose, of these two expressions, that which
gives the smaller quantity. The quantity so found is to be added to the Greenwich
time of assumed commencement of tide, and it gives the Greenwich time of high
H2
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water or low water, on the supposition that the fluctuation depends entirely on the
argument (phase +9¢,). Since the Theory of Waves, as applied to Tides, leads us to
refer every angle to that argument, and induces us to suppose that the term connected
with that argument is the only one which is immediately created by the tidal
forces (the others depending numerically on it almost in the same way in which the
coefficients of successive multiples of anomaly depend on that of the simple anomaly),
it appears to be proper to consider the times of high and low water thus found as the
genuine times of high and low water. For the sake of distinction I call them the
Analysed Times.

As it is convenient to use the time of one phase only, I have, when the analysis
gave the Analysed Times of two low waters, taken their mean for the Analysed Time
of High Water.

Now if we put phase +¢,=p, ¢,—20,=c,, ¢;— 30, =c;, §, — 4¢,=c¢,, our expression
for the height at every instant will be

A¢+C, sin p+C,8in (2p+c,) + Cy sin (3p+¢;) 4 C, sin (4p+-cy),
and this, with a statement of the time at which the argument p has the value of 90°
(or the Analysed Time of High Water), gives a complete knowledge of the form of
every tide.

I annex a specimen of the printed skeleton form in which the calculations described
in this section were made (the figures, and the words in italics, being inserted for
each special tide). And I subjoin the whole of the results for the twenty-one stations.
Each line is the digested result of about 170 observations.
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Height of the Water in each individual tide at Kilbaha, excluding diurnal tide,

Analysed time of high
water, corresponding to A, C;. Cs. Cq. Cs. c3. Cy. C4e
2=90°
182, h m | f. ft. tt. ] . ] . R
s T | T S IR T I B
2 1 39} 1640 | 510 | 014 146 | 019 215 | 006 115
25. 18 59 ) ) ) ) .
pog 13} 1579 | 505 | 013 199 | 009 318 | 001 40
26. 19 27 . . " . .
a2 46} 1550 | 471 018 170 | 003 291 | 0-05 140
27. 20 0 ) . ) ) )
o 20} 1565 | 420 | 008 158 | 007 204 | 009 82
Zf)' 23 43’} 1552 | 376 | 013 199 | 005 192 | 002 99
gg' f}) 3;} 1565 | 325 | 010 210 | 0-08 244 | 002 55
30. 22 25 | 1570 | 293 | 004 144 0-06 227 | 003 151
July 1. 10 57 .
1. 2329 | 1551 | 243 | 006 216 | 008 231 0-02 52
2. 12 2 . :
3. 035 | 1596 | 282 | 002 232 | 007 225 | 006 109
3. 13 11
4. 146 | 1641 | 336 | 012 212 | 007 281 | 0-04 55
4. 14 13
5. 239 15:49 395 0°12 216 0+09 262 0-03 37
5. 15 6
6. 332 | 1543 | 473 | 0410 187 | 0409 288 | 004 230
‘75: 15 g‘l‘} 1600 | 532 | 004 153 | 001 210 | 001 289
g' 1? 4§} 16:05 586 003 225 009 255 004 88
8. 17 22 _ ) ) _ ,
o 42} 1596 | 633 | 0-14 132 | 004 217 | o002 44
9. 18 16 , , , , _
o R t| 1598 | 680 | 017 142 | 014 248 | 008 61
10. 18 46 ' ) )
o 10} 1612 | 680 | 026 155 | o014 305 | 007 154
" 12 33} 1579 | 648 | 020 175 | 002 121 | 007 140
12. 20 31 ) . , ) '
o 55} 1546 | 588 | 029 211 010 226 | 0-03 67
" 2; izls} 1526 | 497 | 017 200 | 009 220 | 002 122
14. 22 24 | 1539 | 436 | 008 205 | 011 256 | 001 176
15. 10 58
15 2332 | 1601 | 372 | 019 196 | 006 328 | 008 298
16. 12 10 |
17.. 0 48 | 16:00 | 347 | 009 237 | 004 247 | 004 4
17. 13 27
18. 2 5 | 1580 | 370 | 015 238 | o011 265 | 004 207
18. 14 36
19. 3 6 | 1572 | 415 | 009 276 | 005 288 | 003 148
19. 15 32 . . . . .
1 59} 1576 | 448 | 003 152 | 007 215 | 005 210
20. 16 20 ) _ ) , )
20. 16 38} 1554 | 493 | 011 161 | 000 219 | 004 137
g; 12 53} 1556 | 535 | 008 182 | 002 350 | 004 174
22. 17 28 , ) _ ) )
e I 45} 1551 | 550 | 013 166 | 001 112 | 003 28
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expressed by the formulaA;4-C,sin p4C,sin (2p+¢,) 4 Cssin (3p+c¢;) +Csin(4p+-c,).

1558 580 0-15 135 010 22% 0-04 88

Analysed time of high .
water, corresponding to Ap. C,. C,. . Cs. ey Cy. Cy
»=90°
1842 h m ft. ft. ft. . ft, L ft. .
July 23. 18 21| - ¢ e ] . _ . ,
on 6 18} 1547 | 555 | 014 152 | 005 226 | 002 | 28
24. 18 32 ) . _ . _
gl 52} 1558 | 547 | 020 140 | 003 128 | 003 56
25. 19 51| 1sus | & : o | :
- 22} 1548 | 519 | 018 154 | 001 214 | 003 27
26. 19 39 _ _ , ) .
o 55} 1531 | 481 | 016 175 | 002 209 | 005 77
27. 20 12 ) _ i ] .
o 27} 1528 | 428 | 012 187 | 007 196 | 004 236
gg‘ Qg ??} 1517 | 369 | 015 189 | 006 226 | 002 47
29. 2132 | 1532 | 330 | 015 149 | 009 267 | 002 66
30. 9 59
30. 22 26 | 1525 | 273 | 004 204 | 005 232 | 003 158
3. 11 6
31, 23 46 | 1545 | 257 | 006 182 | 005 199 | 002 338
August 1. 12 27
2. 1 8 | 1575 | 290 | 003 218 | 003 76 | 002 132
2. 13 43
3. 218 | 1538 | 362 | 001 261 | 005 240 | 0406 60
3. 14 45
4. 311 | 1545 | 455 | 007 205 | 0-09 215 | o011 104
4. 15 34 , _ ) _ ) )
18 54} 1568 | 530 | 003 192 | 010 218 | 004 197
5. 16 18 ) s o _ )
5 12 42} 1570 | 632 | 005 | 135 | 008 | 233 | 005 0
6. 17 2 . . . . .
o 1 22} 1580 | 730 | o021 170 | 0-04 7 | 004 184
g' 1 33} 1589 | 763 | 018 148 | 005 127 | 007 100
8. 18 27 i . . . .
- 18 48} 1594 | 762 | 0:32 168 | 003 266 | 005 91
9. 19 10 76 | 7 . 161 . 00
N 34} 1576 | 708 | 024 010 221 7 74
0. 19 55 X . ) . .
10- 19551 1563 | 612 | 029 168 | 006 193 | 005 71
" Qg 42} 1564 | 501 | 019 178 | 007 206 | 006 72
Y2, 21 45 | 1541 | 406 | 013 227 | 013 242 | 0-04 159
13. 10 22
13. 2258 | 1527 | 324 | 010 244 | 011 309 | 0-02 180
14. 11 43
15, 027 | 1527 | 279 | 012 221 | 007 269 | 001 0
15, 13 9
6. 150 | 1541 | 316 | 006 235 | 010 268 | 002 316
16. 14 19
17. 248 | 1559 | 371 | 005 238 | 005 279 | 000 51
17. 15 10
18, 331 | 1564 | 432 | 009 203 | 005 270 | 001 24
ig' 12 i"]’} 1576 | 476 | 008 121 005 178 | 002 108
19. 16 29 . : . . 2i2 | 003
1910291 1574 | 529 | 013 165 | 009 242 189
20 lg "]3;3} 1554 | 573 | 011 177 | 006 232 | 004 163
21. 17 26 ) i ) , 154 | 004 .
e 38} 1524 | 586 | 016 149 | 005 5 27
22. 17 54}

23. 612
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Height of the Water in each individual tide at Kilrush, excluding diurnal tide,

Analysed time of high
water, corresponding to A, Ci. Cq. Cs. Cs. [ Cy [
p=90°
182 h om ft. ft. ft. . ft. . ft. .
e R I A S N Y YO N A
3‘;: e ;g} 1720 | 553 | 021 105 | 008 155 | 006 141
25, 19 14 _ _ , ) , v
oo 1D agt| 1662 | 547 | 012 19 | 005 261 | o1 175
Q
gg' “7’- g;} 1629 | 518 | 020 124 | 007 231 | 010 | 146
gg: 23 i‘;} 1640 | 463 | 016 150 | 0405 153 | 004 107
28. 2052 | 1648 | 423 | 042 | 116 | 017 139 | 003 97
29. 9 17
29. 21 41 | 1636 | 380 | 016 106 | 005 194 | 005 130
30. 10 7
30. 2233 | 1652 | 339 | 011 8 | 001 30 | 003 230
July 1. 11 4 ;
1. 2335 | 1630 | 312 | 0410 135 | 009 186 | 0-00 130
2. 1213
3. 050 | 1674 | 322 | o010 84 | 006 208 | 001 240
3. 13 21 i
4. 152 | 1725 | 375 | 016 150 | 007 201 | 0-02 269
4. 1419
5. 245 | 1651 | 450 | 012 136 | 009 237 | 001 333
g' 1; gg} 1620 | 513 | 015 314 | 017 177 | 0-08 23
6. 15 57 . ) ) :
o 12 24} 1675 | 571 | 017 58 | 006 | 257 | 002 181
g‘ "; ?ﬁ} 1690 | 630 | 011 80 | 011 258 | 006 134
g: ‘g iﬁ} 1663 | 687 | 020 | 77 | 012 155 | 005 205
lg: ’g 33} 1686 | 7117 | 031 99 | 009 254 | 013 184
10. 18 58 ) , ) )
o 22} 1702 | 715 | o023 103 | 002 239 | 005 210
}; 13 43} 1670 | 682 | 017 100 | 004 76 | 005 119
}2 93 gg} 1635 | 613 0-24 152 009 161 0-01 44
o 2}) i;} 1600 | 543 | 018 | 125 | 006 | 194 | 003 | 179
14. 22 25 | 1610 | 478 | 010 159 | 013 264 | 0-05 170
15. 10 58
15. 2330 | 1663 | 418 | 018 151 | 007 267 | 002 318
16. 12 11
17. 051 | 1670 | 399 | 007 190 | 003 201 | 002 218
17. 13 28
18. 2 4 | 1660 | 411 | 011 140 | 009 241 | 004 201
18, 14 36
19. 3 8 | 1645 | 464 | 005 128 | 003 254 | 007 167
19. 15 30 , _ _ _ . e
1. 13 57} 1646 | 501 | 010 60 | 008 173 | 005 136
20. 16 24 ) . . )
20 102200 1624 | 543 | 093 100 | 004 1z | 003 167
el. 17 8 _ ) , ) .
o 19} 1629 | 582 | 012 100 | 0-04 194 | 003 144
o 17 10 1698 | 602 | o020 111 | 004 179 | 003 193

The value ¢,= 314° for July 5 and 6 is correct.



ON THE COASTS OF IRELAND.
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expressed by the formula Ay+C;sinp+C,sin (2p+c,) + Cssin(Bp+c¢3) +C,sin(dp+-¢,).

Analysed time of high
water, corresponding to Ao C;. C,. Cq. Cs. o3, Cy. [
p=‘90°.

1842 h m ft. ft. ft. . ft. . ft. .
July 23.. 18 12 . . . . N .
July 23. 18 28} 1631 | 602 | o0-21 120 | 009 228 | 005 | 205

o5 5 48} 1636 | 587 | 026 | 100 | 006 | 184 | 003 | 123

25. 19 15 , . o ) X .

s M9 aah| e | a6y | 026 | a2 | 004 | 206 | 007 | 146

26. 19 50 ) ) i . ) o

ol 6} 1598 | 529 | 015 153 | 002 211 | o001 95

27. 20 18 , ) ) ) .

o 33} 1595 | 482 | 019 129 | 007 16; 0-08 146

Zg' 23 ;’g} 1580 | 420 | 020 143 | 006 204 | 002 | 259

29. 21 33 | 1602 2 | o023 118 | 010 215 | 002 119

30. 10 6

30. 2238 | 1598 | 310 | 009 142 | 004 224 | 001 253

31. 11 15

31. 23 51 | 1614 | 289 | 012 117 | 009 210 | o001 29
August 1. 12 31

2. 110 | 1659 | 333 | 011 143 | 006 226 | 0-04 206

2. 13 52

3. 233 | 1632 | 415 | 016 124 | 008 223 | 0-02 213

f’ lg Jz} 16:34 | 489 | 013 117 0-06 234 0:03 266

g" IZ ‘15;} 1664 | 586 | 011 115 | 003 285 | 010 185

2’ ‘g 43} 1668 | 687 0-22 82 007 195 006 151

6. ]7 30 . . . Lrd . . [

o 1 50} 1680 | 759 | 0-25 71| 011 219 | 0-06 128

g' 1 32} 1676 | 796 | 0-34 91 | 010 208 | 008 199

g' ”73 fg} 1669 | 795 | 025 116 | 011 217 | 003 231

lg' 13 32} 1651 | 7449 | 024 113 | 010 198 | 0-02 123

10. 20 23 , ] oa ) ) -

10 2 49} 1636 | 662 | 029 127 | 016 197 | 007 78

%; 2; ;;} 16-38 | 550 015 138 011 183 0:06 116

12. 22 7 | 1617 | 458 | 011 150 | o011 213 | 007 175

13. 10 41

13. 23 14 | 1598 | 376 | 013 148 | 008 240 | 007 212

14. 11 59

15. 043 | 1607 | 329 | 012 153 | 006 235 | 002 284

15. 13 25

6. 2 7 | 1624 | 369 | 010 148 | 005 265 | 003 190

16. 14 37

17. 3 7 | 1653 | 430 | 011 117 | 003 123 | 001 231

17. 15 28 . . . 15 :

s 50} 1639 | 470 | 015 31 | 015 208 | 008 17

18. 16 10 . . ' . .

o '3 31} 1655 | 583 | 014 84 | o011 170 | 001 209

;g 1§ 5;‘} 1653 | 580 | 024 112 | 006 216 | 007 164

20. 17 16 ‘ , . ) .

20 1704 1681 | 620 | 013 60 | 008 211 | 003 65

21. 17 50 . _ ) ) i

2 Lol 1600 | 632 | 02 109 | 012 150 | 004 130

22. 18 13 , ) ) ) ,

22 18 31} 1642 | 636 | 018 68 | 014 176 | 008 72

MDCCCXLV.



58 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Foynes Island, excluding diurnal tide,

Analysed time of high
water, correspgnding to Aqe C,. C,. g Cs. 3. Cy cy.
1842. h m ft. ft. ft. o ft. o ft. o
June Zg 1 53} 1757 | 638 | 036 122 | 015 160 | 008 289
26. 20 26 . . . s
27, 8 45} 17:05 | 6-01 0-49 116 015 166 0-06 232
27. 21 0 . . . . .
25 9 20} 1721 | 552 0:42 128 0-11 168 0-04 107
28. 21 34 | 1708 | 522 0-39 116 0:12 143 0-02 274
29. 9 52
29. 2212 | 1703 | 457 0-38 107 0-08 160 0:04 71
30. 10 37
30. 23 3 1725 | 416 0-28 113 0-06 163 0-04 152
July 1. 11 34
2. 0 4 1714 | 391 0-34 122 0-09 146 0-03 268
2. 12 40
3. 116 17:43 | 388 0-39 127 0-16 192 0:04 351
3. 13 55
4. 233 1804 | 438 0:34 126 013 182 0:04 331
4. 14 56 . . . )
s 3 20} 1737 | 5°00 0-21 111 0:19 189 0-03 280
5. 15 52 . . <
& 4 24} 16:88 | 5°81 0:43 115 013 185 0-02 167
6. 16 54 . ) . )
521 } 1748 | 650 0-41 109 0:19 163 0-03 329
g: 1(7; 42} 1767 | 713 0-34 113 0-22 165 0:11 25
. 18 30
o 6 50} 1740 | 768 | 054 115 | 037 165 | 007 | 279
9 19 20 . . . . . .
oo ¥ 44} 1738 | 803 0-50 128 0-28 199 | 015 271
10. 20 2 .
N Phapy| 170 | 794 | w60 | w02 | ewr | 179 | wo2 | %
ié: 23 ‘1’“?} 17°43 7:66 0-57 116 0-24 167 003 4
12. 21 38 17440 | 722 0-51 114 0:30 159 0-06 287
13. 9 59
13. 22 20 1677 | 657 055 119 019 175 0-09 282
14. 10 47
14. 23 14 16771 | 565 0-41 128 0°14 189 0-02 30
15. 11 46 -
16. 0 18 17416 | 497 036 131 012 175 0-07 33
16. 12 57
17. 135 17°35 | 472 0-32 144 013" 162 0:03 348
17. 14 11
18. 2 47 17°29 | 491 035 137 015 186 0:04 310
18. 15 21 )
19, 3 50} i718 | 525 0:32 125 |, 0:10 183 0-01 290
19. 16 151 .. . . 0
20, 4 42| 1718 | 5T 0-44 120 0°14 155 0-03 280
20. 17 8 . . . .
21, 5 26 } 17:00 | 628 0-47 120 014 168 0-03 264
21. 17 48
2o 6 4} 1702 | 665 0-47 116 018 179 0-02 284
22. 18 22 .
23 6 39} 1708 | 682 0°59 109 0:29 165 0:05 220
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expressed by the formula Ay+C,sinp+C,sin(2p+c,)+C;sin (3p+c¢;) +C,sin(4p+-c,).

Analysed time of high
water, corresponding to A, C,. C,. [ C,. % Cy ¢4
»=90°
1842. b m ft. ft. ft. R tt. R ft. ]
July 28. 18 55 X . . ) .
o s 11} 1699 | 689 | 061 113 | 021 172 | 002 10
24, 19 23 . ! ) . .
o 43} 1706 | 680 | 060 115 | o018 159 | 004 306
25, 19 55 - ! ] i .
o 19 ]2} 1693 | 650 | 0-61 116 | 022 160 | 002 307
?,(;‘ g ﬁf} 1677 | 611 | 058 123 | 016 159 | 000 | 202
27. 20 54 | 1678 | 580 | 0-55 110 | 015 152 | 005 92
28. 9 11
28. 21 27 | 1660 | 519 | 047 110 | o010 139 | 006 135
29. 9 47
29. 22 6 | 1678 | 452 | 046 113 | 009 186 | 0-01 210
30. 10 33
30. 23 0 | 1668 | 386 | 035 119 | 006 173 | 004 61
3. 11 39
August 1. 0 17 | 1689 | 364 | 0-39 127 | 013 190 | 003 335
1. 13 1 ‘
2. 145 | 1720 | 407 | o038 137 | o012 198 | 005 304
2. 14 24 .
3. 3 2 | 1700 | 489 | 044 131 | 012 189 | 003 269
o 12 3;} 1716 | 566 | 034 115 | 013 171 | 000 122
4 16 37 . ) ) ) i
D } 1738 | 659 | 043 121 | 022 165 | 002 287
& lg ?’{} 1738 | 771 | 035 107 | o029 160 | 001 35
g' 12 ;g} 1753 | 829 | 0-64 102 | 037 162 | 004 259
g 1? gg} 1757 | 858 | 074 112 | 045 165 | o1 249
g' 1 42} 1756 | 851 | 02 14 | 039 171 009 283
lg‘ 23 ig} 1748 | 812 | 071 114 | 034 167 | 009 261
10. 21 7 | 1713 | 756 | 064 11 | oes 167 | 001 77
1. 9 28
11. 2148 | 1722 | 666 | 059 118 | 025 159 | 004 292
12. 10 14
12. 2239 | 1693 | 540 | 040 122 | 013 166 | 0-03 77
13, 11 9
13. 2339 | 1672 | 440 | 033 140 | 005 183 | 000 133
14, 12 23
15, 1 7 16°72 391 0-36 140 0-12 209 0°02 387
15. 13 50
16. 233 | 1677 | 430 | 032 145 | 0-09 204 | 003 356
16. 15 9 ) . ) ) )
o 39} 1706 | 480 | 0-33 124 | 008 177 | 001 175
17. 16 5] . . . . o .
o lasof| Y| 4T | om 115 | o1 173 | 0-02 259
18. 16 51 ) . X . ) )
o 12} 1728 | 615 | 050 13 | 019 163 | 0-02 109
19. 17 35 . . . . .
o 1T A } 1725 | 660 | o047 106 | 022 181 004 307
20. 18 3 ) ' ] , ]
a. 18 19} 1704 | 699 | 0-60 109 | 023 167 | 0-04 54
21. 18 25 . ] . ) )
2 6 47} 1673 | 710 | 057 111 0-24 175 | 003 350
22. 19 0 ! ] ) . . i
poli: 18} 1710 | 706 | 059 111 | 030 167 0-02 22

12



60 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Limerick, excluding diurnal tide,

Analysed time of high .
water, corresponding to Ao C,. C,. co. Cs. [ Cy. ¢y
2=90°
1842 h. m ft. ft. ft. . ft. . ft. .
June 25 20 ig} 1841 | 782 | 078 90 | 068.| 153 | 022 | 199
2. 21 3 | 1754 | 793 | 123 86 | 0-84 19 | 045 | 155
27 917 .
27. 2130 | 1772 | 707 | 1-02 96 | 064 129 | 024 | 174
28. 9 46
28. 22 1 | 1750 | 662 | 101 103 | 051 | 124 | 017 | 167
29. 10 19 _
20. 2237 | 1724 | 592 | 087 97 | o048 | 129 | 020 167
30. 10 59 .
30. 2320 | 1812 | 533 | 071 108 | 034 | 142 | 010 | 153
July 1. 11 50 . .
2. 020 | 17708 | 503 | 076 ' | 118 | 027 151 | 008 | 225
2. 12 56
3. 131 | 1778 | 511 | 092 | 121 | 043 146 | 025 | 203
3. 14 16
4, 3 0 | 1845 | 567 | 097 | 125 | 038 172 | 018 | 221
5. 1® 53} 1728 | 718 | 079 106 | 046 155 | 028 191
6. 17 23 , .. ) ) e
b 50} 1811 | 797 | 072 97 | 069 143 | 040 | 204
7. 18 15 1Q. . . 4 . . G
I 33} 1865 | 832 | 067 95 | 086 148 | 024 | 221
o “7’ Qg} 1836 | 921 | 087 90 | 083 136 | 035 | 173
9. 20 0 | 1818 | 978 | 0:90 66 | 084 123 | 062 | 138
10. 8 23 _
10. 20 45 | 1840 | 983 | 1-02 64 | 0-84 119 | 063 | 133
1. 9 6
11. 2127 | 1800 | 967 | 1-09 69 | 089 115 | 053 | 135
12, 9 54 ;
12. 2220 | 1857 | 869 | 1:03 80 | 093 130 | 047 160
13. 10 37
13. 22 54 | 1745 | 806 | 089 o1 | o082 | 126 | 054 161
14 11 19
14. 23 44 | 1691 | 722 | 087 108 | 066 139 | 0-29 166
15 12 14
16, 044 | 1714 | 627 | 089 124 | 036 172 | 012 | 244
16. 13 21
17 158 | 1755 | 594 | 073 | 128 | 030 156 | 011 206
17. 14 35 -
18. 311 | 1738 | 610 | 076 119 | 058 | 160 | 013 195
18. 15 50 , n _ _ _
o 20} 1738 | 659 | 070 | 120 | 043 | 153 | 015 | 213
19. 16 48 _ _ , . . .
2. 18 15} 1745 | 717 | 087 | 106 | 049 | 143 | 016 | 189
20. 17 36 , .. . . .
o LRV 1746 | 775 | 08 94 | 064 141 | 029 167
21. 18 21 .. . _ _ _ . _
2o 6oyl 1750 | s12 | 102 90 | 073 135 | 038 | 157
22. 18 58 ) ax _ - ,
il 15} 1758 | 835 | 103 87 | 075 | 130 | 046 | 168




ON THE COASTS OF IRELAND,
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expressed by the formula Ay+ C,sinp4C,sin(2p+c,) +Cssin(8p+c,) +C sin(4p+¢,).

Analysed time of high :
water, corresponding to A, C;. C. 5% Cs. c3. Cy. ey4
o p=90°
1842. h m ft. ft. ft. o ft. o ft. . o
July 23. 2 i’.}.} 1755 | 840 | 099 85 | 076 | 138 | 048 | 163
24, 20 8 17+42 8:50 0:97 76 0-83 111 0°52 138
25. 8 23 : ,
25. 20 37 17:34 8-32 0°94 75 0:70 111 0:46 144
26. 8 51 : :
2. 21 5 |. 1710 787 0°95 85 067 113 0-46 147
27. 918 '
27. 21 30 17:19 731 103 88 0:74 122 0°29 160
28. 9 43 '
28. 21 55 16.86 | 671 111 91 059 115 0:40 183
29. 10 14
29. 22 33 17+21 572 097 96 0°51 135 017 165
30.° 10 56 ,
30. 23 19 16-94 4-95 0:75 110 0:29 142 0°06 214
31, 11 57
August 1. 0 35 17-11 4:60 076 119 024 145 0°15 224
1. 13 31
2. 2 26 17-44 431 073 113 0°35 165 0°16 264
2. 14 48 . . . . e
3. 3 25} 17-12 | . 588 075 132 0-39 160 0:08 186
3. 16 3 . : : . :
4 4 38} 17:65 681 0:63 105 0°49 143 0°31 185
4. 17 10 . . . ) ax
5 b 30} 18-09 8:10 . 081 86 0-72 148 035 171
5. 18 5 . . . . : =
6. 6 29 1802 | 930 1-09 75 081 127 051 146
g' 1; fg} 1841 | 962 1417 67 0:94 . 115 055 144
7. 19 45 17-99 | 10-38 0+99 . 35 0-74 101 064 117
8. 8 8
8. 20 30 18-05 | 10:36 0°93 40 077 100 066 118
9. 8 48 .
9. 21 6 18:16 995 0-96 52 0°91 107 069 122
10. 9 27
10. 21 47 17473 917 0:91 64 0:90 118 063 129
11. 10 5
11. 22 23 17477 8:24 088 85 0°89 122 |. 042 152
12. 10 43
12. 23 3 1718 | 6-89 0-87 107 062 139 0-22 146
13. 11 31
13. 23 58 1687 | - 556 079 130 0:37 169 0°09 201
14. 12 43 /
15. 1 28 16-86 4:95 067 134 028 160 0:09 210
15. 14 8
16. 2 47 16-85 550 075 125 039 165 013 204
16. 15 29} . . . . .
17. 3 56 17:20 6-08 065 109 0:37 161 010 141
17. 16 29 . . . . o 5
18. 4 56 17-33 | 6-87 080 106 046 143 0-24 ;90
18. 17 20 - . ] . o .
19. 5 4]} 17-73 7:64 0:94 96 062 ;35 0°30 195
19. 18 7 . . . . .
20. § 21 } 17-84 8:05 110 89 079 143 038 172
20. 18 36 . . . . .
21, 6 52} 17-58 8:49 103 80 074 133 049 150
2l..19 9 . y . . ;
. 2]} 1718 | 871 | 098 76 | 074 18 | 051 126
22. 19 35 . . S ; ) .
23. 7 53} 1763 8:52 1412 78 0-82 131 .043 150




62 ‘MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Casleh Bay, excluding diurnal tide,

Analysed time of high
water, correspgnding to A, Cy. Cq. % C;. ¢35 C, o4
1822 h m ft. ft. ft. . ft. . ft. .
T E e IRt IR ERA B ISR A R
o M2t 187 | 570 | 017 | e;1 | 010 | 233 | 003 | 354
24, 18 31 _ . . _ _
o g 41} 1875 | 542 | 012 | 148 | 017 | 182 | 0-04 85
25. 19 1 ' , ' e _
i 15} 1814 | 529 | 004 | 269 | 008 | 245 | 008 | 341
26. 19 37 : _ , : :
o g 56} 1785 | 488 | o-21 | 180 | 005 | 118 | 004 87
27. 20 15 _ _ . , _
28. 8 35} 1808 | 428 0:15 197 0-09 230 0:07 329
28. 20 58 . _ _ _
29, 9 13(| 1780 | 882 | 011 | ee7 | 005 | 195 | 005 | 334
2. 21391| 00 | 5 . o6 .
50, 10 9f| 1793 | 333 | 013 | 192 | 006 | 240 | 003 16
30. 2232 | 1810 | 304 | 004 | 166 | 007 | 224 | 004 | 317
July 1. 11 5
1. 2337 | 1774 | 277 | 005 | 254 | 010 | 188 | 001 | 213
2. 12 16
3. 055 | 1826 | 290 | 0-03 | 203 | 006 | 229 | 003 5
3. 13 26
4. 157 | 1883 | 343 | 007 | 196 | 007 | 268 | 005 | 158
4. 14 22 ,
5. 247 | 1788 | 406 | 0-07 | 208 | 008 | 252 | 006 | 341
5. 15 14
6. 840 | 1780 | 492 | 006 | 142 | 013 | 280 | 003 | 110
.16 3
- 30} 18:35 | 549 | 003 | 179 | 002 | 173 | 007 | 352
. 165
o 1?} 1839 | 618 | 007 | 288 | 025 | 239 | 009 | 347
. 173
o 4 5;} 1822 | 676 | 008 | 134 | 015 | 209 | 006 | 349
. 1816
10, 6 40} 18:21 | 709 | 020 176 | 017 235 | 010 51
10. 18 59 _ . _ )
T 23} 18:37 | 706 | 017 | 165 | 013 | 246 | 002 | 267
11. 19 46
o 9} 1816 | 675 | 020 | 199 | 008 | 245 | 007 | 354
12. 20 4
P 2} 17:94 | 606 | 029 | 165 | 015 | 216 | 001 | 332
. ele
A 52} 1757 | 512 | 016 | 195 | 014 | 180 | 006 | 345
14 2235° | 1758 | 449 | 015 | 235 | 015 | 240 | 011 58
15, 11 12 |
15 2348 | 1825 | 374 | 014 | 256 | 007 | 358 | 004 79
16. 12 24
171 0 | 1827 | 357 | 017 | 270 | 014 | 239 | 008 | 128
17. 13 38
18. 216 | 1820 | 380 | 014 | 247 | 014 | 234 | 002 93
18. 14 47 |
19. 318 | 1808 | 434 | 007 | 288 | 004 | 261 | 001 | 294
19. 15 42 ,
2. 4 5 | 1798 | 479 | 011 | 191 | 005 | 160 | 004 9
o 42} 1788 | 512 | 001 | 275 | 010 | 247 | 002 | 258
21. 16 55
oo 2 “} 17:83 | 555 | 007 | 208 | 006 | 228 | 008 10
20, 1 V |
e 1 ig} 1787 | 570 | 015 | 150 | 013 | 206 | 008 | 343




ON THE COASTS OF IRELAND.
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expressed by the formula A;4-C, sinp+C,sin(2p+¢,) +C;sin(3p+c¢;) + C,sin(4p+-c¢,).

Analysed time of high
water, corresponding to A, C,. C,. (% Cs. 3. Cy. ¢4
p=90°
182. b m ft. ft. ft. R ft. s ft. .
July 23. 18 211 uo5 | 5m0 | 021 154 | 008 230 | 003 289
24. 618
24. 18 32 ] ) ) . .
2e. 18 52} 1786 | 566 | 019 141 | 005 208 | 007 329
2 1? QZ} 1771 | 637 | 021 163 | 006 258 | 004 12
26. 19 41 ) ) ) . ) i
oo D s 1rse | a7 | 0as 176 | 007 | 196 | 003 329
27. 20 13 _ ) , _ .
o 28} 1757 | 444 | 016 193 | 008 191 | 006 296
gg' Qg 53} 1744 | 375 | 018 179 | 004 196 | 005 313
29. 2128 | 1762 | 335 | o008 157 | 007 233 | 004 318
30. 9 59
30. 2229 | 1750 | 279 | 005 240 | 0404 170 | 005 84
31, 11 8
31, 2347 | 1771 | 264 | 006 190 | 009 240 | 0404 17
August 1. 12 30
2. 112 | 1810 | 287 | 009 25 | 012 244 | 003 67
2. 13 49 :
3. 226 | 1773 | 370 | 004 204 | 009 271 | 003 88
3. 14 53
4. 319 | 1792 | 480 | 008 206 | 016 258 | 001 333
g' li 41 1817 | 5352 | 005 259 | 008 246 | 0-08 34
5. 16 30 ) ) -
o 10301 1815 | 666 | 018 168 | o023 187 | 005 91
6. 17121 1000 | mss | o . .
o Tl 1829 | 78 | 07 121 | o2l 206 | 003 331
g' ’_(7). ??} 18:32 | 786 | 029 137 | 014 208 | 013 343
S' 1? 33} 1818 | 790 | 033 172 | 014 226 | 009 11
9. 19 21| jooo | . : . :
o 45} 1808 | 727 | 028 | 159 | 018 | 206 | 014 | 333
10. 20 3 ) ) ) )
0= 29} 1796 | 630 | 0-29 169 | 019 198 | 012 337
11. 20 56 . , o1 ) 005 .
12, %0 Jg | 1799 | 816 9 194 | 014 192 348
12. 2151 | 1783 | 414 | 005 151 | 008 232 | 009 359
13. 10 30
13. 23 9 | 1758 | 326 | 011 275 | 013 290 | 0-08 90
14. 11 55
15. 040 | 1764 | 290 | 006 217 | 005 241 | 005 93
15. 13 21
6. 2 2 | 1773 | 328 | 009 268 | 010 282 | 002 297
16. 14 32 ‘
17. 3 2 | 1795 | 381 | 005 254 | 001 268 | 002 350
17. 15 23 : ) X ) .
o 1B 1799 | 429 | 005 17 | 006 219 | 002 238
}g' 12 03} 1812 | 488 | 008 149 | 013 167 | 004 | 302
19. 16 44 . . . . . ‘
o1 58} 1812 | 547 | 016 166 | 011 244 | 004 338
20. 17 81| 1 ) ) _ )
o 24} 17-82 | 587 | 008 150 | 008 236 | 006 8
21. 17 40 ) : ) ) )
o 52} 1754 | 602 | 011 166 | 007 200 | 008 352
22. 18 8 ) v ) .
7% 13 26} 1791 | 600 | 014 155 | 011 248 | 008 322




64 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Galway, excluding diurnal tide,

Analysed time of high
water, correspgnding to A C,. C,. o C;. [ Cy. ey
1842 L m ft. ft. ft. . ft. . ft. .
i | e
25 6 42} 1859 | 540 0-07 106 0-47 177 | 0 06 149
25. 19 4 . . . . .
6. 7 18} 1784 | 546 017 173 0-06 231 | 014 352
26. 19 40 ) ) ) .
27, 59} 1744 | 506 0-21 183 0-07 175 0:08 354
27. 20 20 . ) . ) )
o8, g 40| 1774 | 440 018 200 015 199 0-14 24
22 411 y739 | 394 | 014 | 214 | 006 | 169 | 020 | 331
29. 9 21
30. 2236 | 1770 | 312 | o009 | 188 | 008 | 217 | 013 | =297
July 1. 11 11
1. 2346 | 1758 | 298 0-02 162 0-16 206 0-07 188
2. 12 22
3. 057 | 1794 | 313 0-07 233 0-11 247 0-08 347
3. 13 32
4. 2 7 | 1851 | 359 0-08 140 0-07 245 0-05 170
4. 12 32 _
5. 257 | 1756 | 422 0-08 226 019 | 235 0-04 22
6w
7. 4 41f| 17798 | 558 | 0-09 96 | 005 237 | 008 316
7. 17 4 . . y .
8 & %} 18:09 | 6-34 0-06 156 0-30 208 0-12 336
8. 17 37 . . . .
9. 5 57} 1791 | 703 0-06 90 011 203 012 2
. 18 24 . .
13. 6 48} 1787 | 732 0-18 158 0-25 223 0-27 28
10. 19 8 . )
. 7 32} 17:91 | 7-38 0-27 178 0-18 249 018 358
11. 19 55 . )
12, 3 18} 17-72 | 699 0-29 177 0-06 221 0-25 359
12. ,
15 % 43} 1760 | 618 | 028 | 186 | 0-28 | 193 | 019 | 347
14. 2240 | 1713 | 460 | 016 | 226 | 0w5 | 254 | 013 26
15. 11 15 _
15. 23 50 | 1761 | 3-87 0-22 263 0:16 1 0-06 64
16. 12 24
17. 058 | 1771 | 367 0-27 215 0-21 221 0-07 101
17. 13 37
18. 215 | 1761 | 3-88 0-06 210 0-19 246 0-08 61
;g: li 3;} 17°52 | 482 0:03 112 0-04 202 0-09 48
20. 16 26 , )
o1, 4 44| 1731 | b22 0:05 117 011 207 0415 32
2l. 17 3 . . . . . |
92, % 19} 17:36 | 572 014 185 0:07 223 017 13
22. 17 33 .
23, g so (| 1743 | 586 017 143 0-20 194 0-23 317




ON THE COASTS OF IRELAND.
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expressed by the formulaAy+C, sin p+C,sin (2p-+c,) +Cssin (3p+c¢;)+Cysin(4p+c)).

Analysed time of high
water, corresponding to Ap. C;. Cy. [ Cs. c3. Cy. o4
p=90"
1842, h m ft. ft. ft. o ft. o ft. o
July 23. 18 5 . X . p . .
P 21} 1733 | 601 | 020 162 | o022 208 | o011 331
24. 18 34 . ) i ) _
ol 54} 1732 | 588 | 018 131 | 007 166 | 0-21 308
25. 19 71| yrme | & : o .
%6 7 25} 1722 | 552 0-27 149 008 226 0:15 339
26. 19 33} . “ . o . .
o B ASh 1696 | 50 | 012 | 201 | o 203 | 008 319
27. 20 12 . . ) ) .
o A 27} 1698 | 465 | 018 193 | 018 182 | 005 340
'29. 2133 | 1709 | 330 | o021 | 162 | 018 | 239 | o014 | 212
50. 10 6 ' :
30. 2239 | 1704 | 287 | 006 241 | 009 239 | 014 56
31, 1120 |
August 1. 0 0 | 1725 | 272 | 003 284 | 0-08 213 | 002 15
1. 12 39
2. 118 | 1766 | 312 | 005 128 | 013 243 | 002 321
2. 13 50
3. 222 | 1737 | 393 | 007 174 | o011 245 | 0:02 99
3. 14 48
4. 314 | 17762 | 495 | 0-08 129 | 020 247 | 007 302
5. 16 26} 18:05 | 684 | 016 150 | o0-23 187 | 011 1
6. 4 50
6, 17 18 . .. . ) )
o 38} 18:02 | 793 | 030 118 | 032 200 | 016 4
7. 17 59 - . . 05 .
Lo 22} 1793 | 813 | 025 145 | 025 195 | 0-20 9
o f;} 1777 | 824 | 043 | 183 | 025 | 202 | 02 | 344
9. 19 34 . P . . .
o 3 asp| e 765 | 099 160 | 030 216 | 026 7
10. 20 13 e _ , , ,
o 39} 1756 | 650 | 040 168 | 0-29 199 | o021 342
e, 22 '3 | 1721 | 452 | 009 | 166 | 022 200 | 004 | 83
13. 10 43
13. 2322 | 1720 | 343 | 013 259 | 011 276 | 009 124
14, 12 7
15, 052 | 1712 | 305 | 002 27 | 005 198 | 010 116
15. 13 33
16. 214 | 1723 | 338 | 003 234 | 016 290 | 005 314
A 59} 1743 | 446 | 002 154 | 011 188 | 009 291
18. 16 151 | ymor . , ) ) ,
1 40y 1779 | 518 | 016 127 | 014 175 | 018 277
19 . 5;} 1766 | 567 | 018 160 | 017 209 | 009 53
20. 17 15 . _ _ o , an
20. 11 31} 1737 | 618 | 013 154 | 007 213 | 010 330
21. 17 43 .. . . . . .
a1 55} 17:06 | 630 | 019 163 | 011 159 | 025 348
22. 18 6 . , ‘ _ , .
2 1 24} 1749 | 622 | 026 | 148 | 011 | 204 | 027 | 313

MDCCCXLV.



66 MR. AIRY ON THE LAWS OF THE TIDES

‘Height of the Water in each individual tide at Old Head, excluding diurnal tide,

Analysed time of high
water, corresponding to Ag. C,. Cq. ca Cy. s C, e
p=90°
1842, h m ft. ft. ft. 0 ft. . ft. .
June 22. 17 15 . . . . .
25 5 39 1851 | 511 0-12 133 0-08 331 008 298
23, 18 3 . . . . )
o1 6 23} 1855 | 504 0-16 146 009 23 005 315
24, 18 40 . . . . o .
25 6 50} 1849 | 473 012 | 207 017 222 0:09 44
25. 19 13 . . . 6 . . .
26 7 27} 1788 | 469 0:08 18 0°07 197 0-07 185
26. 20 3 . .0: .
o7, g og(| 1733 | 440 012 192 003 28 0-08 342
‘8. 2127 | 1773 | 358 | 009 | 356 | 006 | 174 | 002 | 116
29. 9 50 v
29, 2212 1765 | 3-07 006 348 0409 160 0:03 60
30. 10 32
30. 22 52 1791 | 268 0:04 276 012 173 0:02 328
July 1. 11 25
1. 23 58 1769 | 252 0-08 207 0°09 195 0:05 210
2. 12 35
3. 112 1802 | 265 0:05 98 0:06 230 0:04 244
3. 13 43
4. 214 1868 | 308 005 218 0:10 231 0-02 39
4. 14 42
5 3 9 .| 1786 | 371 012 161 0:15 280 0:04 57
5. 15 21 . ) )
6 3 55} 1743 | 412 019 327 016 293 015 220
g' lg ;j} 18:05 543 0-09 332 0-21 213 0-07 339
3’ 1 ?Z} 1823 | 612 | 013 93 | 014 | 222 | 009 | 316
13' l? 33} 1822 | 652 0-21 112 | 015 159 011 276
10, 19 18 . , . . v 05 .
n. 7 42} 1815 | 629 012 194 017 186 0°05 303
1. 20 71 . . . .
12, 830, 1793 | 613 015 233 0-08 358 002 | 335
;g Qg gg} 17°83 | 541 0'16 167 001 | 128 0-03 245
13. 21 51 1731 | 493 0-08 264 002 169 008 278.
14, 10 19
14, 22 47 17°52 | 4+07 0:10 206 008 270 0-06 267
15. 11 22
15. 23 56 1810 | 347 0-10 273 015 314 003 | 175
16. 12 32
7. 1 7 1808 | 321 0-16 249 025 275 011 215
17. 13 44 '
18. 221 17°95 | 337 0:11 178 0-07 251 004 356
18. 14 52
19, 3 23 17-88 391 0°02 326 0°16 289 0:07 21
19. 15 44 . . ) . )
20, 4 ]1} 1783 | 418 008 10 0-17 237 0-05 167
20. 16 35 . ) ) 1. )
21, 4 53} 17:61 4:59 0:04 120 0:07 279 0°04 118
21, 17 14 . . . . .
22, 530(| 1786 | 493 0-07 201 011 292 0:07 227
o 1 4‘1‘} 1761 | 510 | 005 | 112 | 007 | 272 | 006 | 311




ON THE COASTS OF IRELAND.
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expressed by the formula Aj+C;sinp -+ C,sin(2p+c,) +Cysin(3p+c3) +C,sin(4p+c,).

Analysed time of high -
water, corresponding to A, C,. Cy. ey Cy. [ Cy. oy
p=90°
1842 h m ft. ft. ft. . ft. . ft. .
July 23. 18 15 o ) ) ) .
ot 6 31| 1757 | 509 | 0:06 147 | 013 | 105 | 008 259
24, 18 44 ] _ ) ) .
25 7 4} 1772 | 510 | 018 118 | 005 127 | o002 273
25. 19 20 . ) ) ) )
26. 7 37 17-51 4-81 015 151 0:09 72 0:03 240
g? ]g 5; 1742 | 452 | 012 189 | 005 110 | 008 254
gg' Qg 32} 1742 | 383 | 018 184 | 018 118 | 006 284
28. 2115 | 1726 | 363 | 007 139 | 011 124 | 009 138
29. 9 39
29. 22 3 | 1735 | 295 | 006 156 | 001 267 | 005 158
30. 10 30
30. 2257 | 1729 | 247 | 002 208 | 009 267 | 005 12
31 11 2
August 1. 015 | 1756 | 230 | 004 204 | 019 267 | 001 6

. 12 57
2. 138 | 1785 | 257 | 015 201 | 0-29 275 | 012 91
2. 14 12
3. 246 | 1755 | 332 | 010 257 | o027 282 | 008 281
3. 15 2
4. 318 | 1764 | a12 | o010 206 | 011 248 | 009 262
e 43} 1832 | 497 | 015 33 | 010 | 242 | 012 | 220
5. 16 32 . ) ) ) )

o 155200 1s20 | 596 | 008 51 | 013 260 | 013 337
9. 7 26} 1798 | 7-13 017 167 0:07 120 010 180
9. 19 451 | 1. s | o . .

o, 8 gf| 1792 | 655 | 015 171 | 007 324 | 007 268
10. 20 28 . ) i ) )

1. 8 54} 1766 | 575 012 148 0-02 33 001 183
o % ;g} 1770 | 486 | 007 | 198 | 003 | 157 | 006 | 103
12. 2210 | 1757 | 371 | o021 199 | 026 229 | 005 253
13, 10 47

13. 2323 | 1744 | 300 | 006 225 | 013 238 | 003 83
14, 12 11 ‘

15, 058 | 1733 | 248 | 008 239 | 018 276 | 003 157
15. 13 37

16. 216 | 1752 | 267 | 013 172 | 019 270 | 002 13
16. 14 50 .

17. 323 | 1779 | 336 | 004 359 | 016 277 | 006 27
}g' 12 3?} 1769 | 398 008 308 | 006 216 | 001 93
18. 16 26 i , ) ) )

o 47} 1790 | 452 | 009 107 | 002 75 | 009 169
19. 17 31| : : : : 154
19. 17 17} 1807 | 503 | 017 79 | 007 278 | 003

Z;’ ]g 5;} 1718 | 527 | 031 266 | 003 159 | 010 194
21. 18 12 »

. . . . . 112 25
a2 18 24} 1767 | 552 | 027 70 | 013 91 | 0 7
22. 18 38 ) . . . ) , 04
22. 18 56} 1769 | 528 | 003 155 | 009 73 | 00 310

K 2



68 ~ MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Mullaghmore, excluding diurnal tide,

Analysed time of high
water, corresponding to A C,. Cq. . Cs. 3. Cy. %
p=90°
1842, h m ft. fe. ft. . ft. . fe. .
June 22. 17 45 . 0q. X . .
o 45} 1844 | 498 | 017 246 | 0-04 72 | 008 189
23. 18 17 ~ . _ _ . :
P 39} 1885 | 497 | 018 187 | 014 65 | 013 237
24, 18 46 . .
o5, Gs6) 1912 | 477 | 017 | 27 | 05 274 | 033 108
25. 19 34 _ . ) ] _
o 5 48} 1829 | 451 019 265 | 018 16 | 007 328
26. 20 10 . )
o7 g egp| 1801 | 410 | 013 157 | 015 30 | 010 261
27. 20 50 | 1820 | 377 | 004 228 | o011 60 | 002 175
28. 9 7
28. 21 24 | 1825 | 332 | 016 15 | 012 327 | 007 282
29. 9 49
29. 22 14 | 1808 | 290 | 011 126 | 010 283 | 0-06 131
30. 10 40
30. 23 6 | 1833 | 2356 | 009 224 | 002 244 | 012 204
July 1. 11 51
2. 036 | 1846 | 251 009 95 | 012 234 | 005 50
2. 13 3
3. 120 | 1835 | 246 | 004 178 | 008 160 | 005 315
3. 14 8
4. 246 | 1897 | 287 | o022 358 | 010 151 | 005 18
4, 15 3 07
. s 21} 1826 | 335 | 011 321 013 250 | 007 22
o1 ‘:’g 1796 | 388 | 0-04 149 | 0-04 126 | 005 265
?: ]g 31} 1887 | 427 | 026 129 | 019 355 | 004 264
. 17 18
g. g 36| 1842 | 511 033 291 | 019 275 | 011 171
g: 1 "fg 1873 | 577 | 010 172 | 009 28 | 012 173
9. 18 53 .
o 17} 1865 | 602 | 022 166 | 019 16 | 008 260
0. 19 30 )
2 Eab| 1ss7 | se9 | 013 148 | 005 64 | 010 238
A ﬁ’} 1801 | 568 | 015 | 204 | 017 5 | 006 | 188
12. 21 107 | 1804 | 541 005 333 | o0-24 33 | 006 44
13. 9 38
13. 22 6 | 1761 | 459 | 017 241 013 45 | 008 204
14. 10 32
14. 2257 | 1778 | 392 | 011 156 | 016 121 015 212
15. 11 32
16. 0 6 1815 3:16 0-25 276 0-12 152 0-09 246
16. 12 44 _
17. 122 | 1827 | 312 | o021 158 | 010 81 0-04 151
17. 14 5
18. 247 | 1822 | 315 | 009 176 | 0-04 68 | 002 112
18. 15 17
19. 2 46 | 1805 | 340 | 010 274 | o014 58 | 012 56
.16 12
;g. 4 30(| 1809 | 373 | o014 254 | 012 227 | 005 199
20. 16 57 . . . .
oo R0 g0 | s 0-01 128 | 004 75 | 002 51
21 17 4211 yu6e | 450 | 030 223 | 01 21 017 176
22. 5 58 7 17 7
22. 18 3
55 '6o0y| 17TST | 485 | 007 51| 013 | 46 | 007 | 192
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expressed by the formula Aj+C, sin p+C,sin (2p+-c¢,) 4+ C;ssin (3p+¢;) +C,sin(4p +-¢,).

Analysed time of high
water, corresponding to A C,. C,. o Cs. 3. Cy cy
2=90°
1842 h m | ft ft. ft. . ft. . fi. .
July 23. 18 39 ) . Y » . .
o 183U a1 | w01 | 005 78 |- 016 41 | 005 142
-y ’fl_’ ‘;}} 1799 | 481 | 019 117 | 010 298 | 004 120
25. 19 401\ qr6a | 465 0-14 240 | 016 59 012 207
26. 7 57
26. 20 14 ) . . . . :
P 30} 1763 | 418 | 013 114 | 011 30 | 005 159
27. 20 51 | 1777 | 380 | 007 180 | 008 352 | 008 179
28, 9 4
28. 21 17 | 1757 | 356 | 009 101 | 007 73 | 015 68
2. 9 45
29. 22 12 | 1764 | 282 | 004 190 | 0-09 136 | 005 | 324
20. 10 38
30. 23 4 | 1750 | 219 | 0-02 150 | 001 130 | 008 212
31. 11 49
August 1. 0 33 17-71 2:07 0-04 157 0:05 139 0-03 336
1. 13 20
2. 2 6 | 1824 | 245 | 005 232 | 006 113 | 0-04 30
2. 14 36
3.3 5 | 17793 | 315 | 011 168 | 017 253 | 005 285
‘f," 12 38} 1840 | 469 | 005 337 | 006 14 | 005 152
5. 17 12 o . Q| [ . 0.\
b MM ug6s | 553 | 026 112 | 009 298 04 62
6. 17 56 .
. . . ] 0:14 0-
o 16} 1873 | 618 | 012 84 301 08 90
7. 18 17 . . ; . .
e 40} 18413 | 654 | 041 340 | 0-18 227 | 026 127
8. 19 15 _ . , . ) . ;
o '3 36} 18:30 | 668 | 027 174 | 013 51 | 015 214
o 1_3 gg} 1854 | 629 | 033 138 | 017 26 | 010 194
10. 2049 | 17997 | 557 | 016 233 | 019 38 | 009 241
11. 913 -
1. 2136 | 1815 | 471 | 007 202 | 016 49 | 010 220
12. 10 2
12. 2227 | 1802 | 362 | 010 263 | 010 75 | o1 227
13. 11 7
13. 23 47 | 1779 | 288 | 005 220 | 018 164 | 0.9 245
14. 12 31 '
15, 114 | 1764 | 231 | 010 181 | 009 175 | 012 37
15. 13 58
16. 241 | 1770 | 272 | 008 225 | 007 208 | 013 3
16. 15 10
7. 338 | 1799 | 327 | 0-08 212 | 006 97 | 005 96
17. 15 56 ] o . . . 11 190
A ]2} 17:99 | 373 | 007 257 | 005 211 | 0 9
5 18 43} 18:26 | 418 | 0-02 | 188 | 013 9 | 010 | 293
19, 17 15 ) . : . . 5
2o 17 29} 1852 | 453 | 003 320 | 016 352 | 003
20. 17 26 .. - , , 1 184
o 42} 1761 | 479 | 029 216 | 015 170 | 012
21. 18 29 . . . . 52
o 1 41} 1789 | 539 | 0-29 121 | 026 1| 007
el 42} 1786 | 532 | 026 | 217 | 006 | 101 | 015 | 134




70 MR. AIRY ON. THE LAWS OF THE TIDES

Height of the Water in each individual tide at Buncrana, excluding diurnal tide,

Analysed time of high .
water, correg%gnding to A, C,. C,. [ Cs. c3. Cy. ¢4
p=90°
1842. h m ft. ft. ft. . ft. . ft. o
June%: lg 1§ 1723 | 528 0-18 184 012 263 0:04 113
Z:z. 12 gzls} 1828 | 510 0-16 145 0-19 234 0-06 158
oy ”7’ §§} 1822 | 510 | 012 | 215 | 016 266 | 0-05 259
oy 2g 23} 1793 | 469 | 011 123 | 012 | 263 | 003 158
gg 23 3?} 17-44 | 437 0-20 161 0-09 281 005" 282
o 251) 912(5)} 1766 | 369 | 013 | 203 | 015 248 | 007 | 230
2. Tooey| 1747 | mee | 009 | 164 | om | 256 | 000 | 74
29. 2248 | 1740 | 297 | 015 54 | 003 203 | 0-04 143
30. 11 17 '
30. 2346 | 1771 | 264 | 015 79 | 004 | 244 | 003 203
July 1. 12 20
2. 054 | 1752 | 242 | 012 100 | 007 243 | 002 260
2. 13 32
3210 | 1770 | 258 | 012 128 | 001 264 | 001 322
3. 14 44
4, 318 | 1818 | 304 | 017 186 | ¢11 322 | 002 97
g IZ 42} 1779 | 339 0-22 261 005 199 0:06 159
g‘ lg 22 17-06 418 0-08 280 0-05 300 0-03 279
g 17 g; 1755 | 494 | 008 | 289 | 009 | 252 | 004 167
g 12 23 1770 | 575 | 010 193 | 005 283 | 003 221
S 1? ?i} 1778 | 625 | 023 153 | 017 261 | 0-04 340
o ]g 53} 1785 | 657 | 028 163 | 011 322 | 009 296
o2 Z;} 1798 | 656 | 029 152 | 008 237 | 011 253
Y Qé éé} 1732 | 610 | 0-24 177 | 004 253 | 011 328
12. 22 5 | 1781 | 579 | 026 215 | 015 265 | 007 241
13. 10 33
13. 23 0 | 1699 | 491 | o015 | 253 | 013 | 296 | 007 | 290
14, 11 31
15 0 2 | 1681 | 406 | 013 | 227 | 002 359 | 002 208
15. 12 38
16. 113 | 1731 | 331 | 009 204 | 0-07 320 | 0-02 152
16. 13 55
17. 236 | 1763 | 315 | 007 177 | 003 263 | 005 143
17. 15 15
18. 354 | 1728 | 832 | 021 211 | 0-03 162 | 000 29
ig: 1§ 2 areg | 70 | 007 269 | 002 26 | 004 | e87
o 17 }lg} 1728 | 412 | 001 78 | 006 241 | 003 325
o 18 Qg} 17416 | 461 | 010 137 | 003 311 | 006 207
o e 3Ll 1r0s | 502 | 009 | 159 | 008 | 246 | 004 | 238
22. 19 10
23 3 o4p| M6 | 521 | 012 106 | 008 256 | 005 345
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expressed by the formula Aj+C,;sinp+C,sin(2p+c,) +Cysin(3p+-c5) +Cysin(4p+c,).

Analysed time of high
water, correspondmg to A, Cy. C,. e C,. g Cq o4
p=90° )
je  hom | ft. ft. . ft. R ft. j
aly 23. 19 41 , _ ) . .
o 7 53} 1721 | 523 | 012 149 | 007 216 | 0-08 264
oA, } 1726 | 511 | 014 118 | 009 224 | 003 259
Zg: zg 37} 1696 | 487 | 005 108 | 007 194 | 001 325
26. 21 ) ) , _
27 93} 1687 | 441 | 003 135 | 0-06 213 | 002 306
Zé‘ 2; 38} 1704 | 387 | 005 159 | 007 217 | 002 266
28, 22 1682 | 353 | 004 311 | 013 247 | 004 235
29. 10 29
29. 22 49 | 1702 | 286 | 011 58 | 008 234 | 002 179
30. 11 18
30. 23 46 | 1706 | 241 0112 27 | 0-06 190 | 002 15
31. 12 31
August 1. 116 | 1724 | 225 | 014 126 | 001 284 | 001 95
1. 14 1
2. 245.| 1768 | 265 | 018 189 | 010 225 | 005 234
g' B vrea | om0 | 014 227 | 004 216 | 003 53
3. 16 13
B 10337 160 | 3er | 005 292 | 009 195 | 005 199
LT 30 w79 | se0 | 014 249 | 0-08 233 | 0-08 272
g' lg 42 1777 | 620 | 012 210 | 0-06 102 | 014 294
6. 18 27} 1782 | 690 | 0-10 189 | 006 258 | 0-02 237
7. 6 42
7. 19 6 : . . ; . .
oA e | rae | 025 151 | 034 280 | 0-08 56
S' 12 ‘1*? 1771 | 740 | 025 178 | 011 285 | 012 309
9. 20 32} ] ) y ) )
o BB | 668 | 026 168 | 012 300 | 008 313
10. 21 16 ‘ ”
1 % s g| 1rer | 576 | 029 158 | 009 203 | 010 294
11. 2216 | 1722 | 492 | 003 254 | 006 328 | 003 310
12. 10 43 '
12, 2310 | 1732 | 362 | 010 244 | 009 266 | 004 313
13. 11 50
14, 030 | 1709 | 276 | 008 146 | 0-06 325 | 003 154
14 13 17
5. 2 3 | 1696 | 250 | 013 208 | 004 69 | o001 315
15. 14 43 , .
16. 322 | 1699 | 281 | o011 217 | 003 90 | o0-02 96
16. 15 53 ) , o , ,
R 18} 1746 | 332 | 001 172 | 0-06 244 | 004 165
}g lg 42} 17:37 | 388 | 001 169 | 003 196 | 003 209
18. 17 22 N , ) ) _
o 39} 1754 | 452 | 009 161 | 007 273 | 002 9
38 lg 53} 1770 | 504 | 001 202 | 006 185 0:05 235
20. 18 22 , ) . ) ,
20- 18 37} 1733 | 538 | 017 156 | 008 213 | 006 237
z; 1? 42} 1711 | 550 | 017 129 | 008 266 | 0-09 330
22. 19 15 . ) i _ _
23, 7 35} 1767 | 546 | 006 148 | 005 292 | 005 302




72 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Port Rush, excluding diurnal tide,

Analysed time of high
water, corresponding to Aq. Cy. Co. o Cs. g . Cy ¢y
p=90° :
182, h m ft, ft, f. o ft. . ft. .
June 22. 18 35
- ot . . . 1
2 6 et 17791 | 238 0-05 195 0-10 266 0-04 63
23. 19 3 : ) . . 0-05 132
ot 7 aq| 1862 | 222 0-03 229 014 251
24. 19 37} . 2 - 14 | 25 0-03 342
o5 5 olp| 1864 | 221 0-06 185 0 250
25. 20 16 . ) . e 0:03 ;
26 8 33} 1826 | 1-89 0-05 141 012 267 323
26. 20 21\ .
. . . 154 008 248 0-02 313
27, '8 a6j| 1766 | 162 008
27. 21 43} .99 . 1 21 012 23 001 171
on. g ot 1792 | 139 011 2 39 7
28. 22 30 . . . 55 010 4 0-02 11
o %2 55} 1752 | 120 | 009 | 2 247 7
§g' fg gg} 1741 | 103 0-08 324 012 290 0-04 226
July 1. 039 | 1795 | 087 0-07 84 0-05 310 000 156
1. 13 23
2. 2 7 | 1786 | 094 0-14 161 0-06 310 0:02 106
2. 14 58
3. 348 | 1793 | 113 011 172 0-04 338 0-01 66
3. 16 12 :
4. 436 | 1846 | 1-38 015 215 0-07 315 0:02 117
4. 16 57 ~
5. 518 | 1810 | 157 012 239 011 274 005 155
g' 1§ 42} 1785 | 176 0-06 223 012 252 0-04 104
gl' 1‘75 43} 1788 | 226 012 283 010 243 0:03 176
7. 18 27 . . . . .
6 g At 1800 | 260 006 193 015 274 0:02 150
8. 19 0 : . . 0o | 001 314
o 3 24} 1815 | 280 | 015 164 | 007 27
lg' ’g 3?} 1828 | 290 | 014 158 | 014 265 | 002 334
10. 20 28 ) . . ) - .
n 51} 1829 | 291 015 155 016 | 258 0-02 162
.21 12 . . . 60 | 0-01 55
1% 30} 1783 | 258 018 143 0-11 2 3
12. 21 52 . . y . :
1o oo} 1sns | ear | o2 | sz | 0m | 27 | ool 56
1 ?? gg} 1737 | 172 | 021 150 | 009 254 | 002 | 105
15. 029 | 1704 | 152 014 282 0:09 314 0-04 158
15. 13 12 :
16. 155 | 1752 | 121 0-07 276 0:05 335 0-04 169
16. 14 39
17. 393 | 1773 | 131 0-06 237 003 322 0-06 206
17. 15 58
18. 432 | 1751 | 1-41 0-14 227 008 285 0-01 156
18. 16 57
19. 592 | 1741 | 168 0-13 277 0:06 312 0-02 189
19. 17 40 R o< . 0. .
oo, & 4} 1756 | 182 | 0-01 29 | 006 274 | o002 176
20. 18 15 ) ) ) i .
21. ¢ 32} 17:57 | 2:00 0:05 69 013 287 0:00 180
Ql 18 46 . . . . b . 4
02, 7 23} 1747 | 214 0:02 56 012 275 0-01 253
22. 19 19 - . . . .
23. 7 33} 1757 | 222 0-11 116 0-11 274 0-03 285
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expressed by the formula Ay+C,sinp-+ C,sin(2p+c¢,) +C;sin(8p+-¢;) + Cysin(4p+-c,).

Analysed time of high

water, corresponding to Ap. C,. C,. [ Cs. C3e Cy ¢y
p=90°

1842, h m ft. ft. ft. o ft. o ft. o
July 23. 19 31 . . . - .

oe Yus(| 7T | 233 | 012 346 | 020 240 | 008 141
24, 20 10 ! . _ ) ,
e Y3 app| 1752 | 215 | 006 85 | 014 261 | 003 157
25. 20 49 ! . i ) ,
oo P Rdb 1rsr | 198 | 004 201 | 013 256 | 0-02 144
26. 21 15 , i .
o o 35} 1722 | 170 | 001 61 | 010 252 | 002 135
a7 2l ‘;’g} 1788 | 139 | 002 70 | 010 | 26 | 004 | 239
28. 22 49 | 1706 | 117 | 007 31 | 010 256 | 003 126
29. 11 16
29. 2343 | 1718 | 093 | 010 64 | 005 310 | 001 183
30. 12 29 , v
3. 115 | 1740 | 080 | 015 78 | 003 323 | 002 330
31. 14 11 ,

August 1. 3 6 | 1743 | 094 | 017 173 | 006 329 | 000 17
1. 15 41
2. 416 | 1784 | 130 | 010 201 | 009 305 | 003 241
g' 12 gg} 1734 | 139 | 020 260 0-08 222 | 004 173
3. 17 8 . ~_ . , ,
4 sar(| 1777 179 | 06 273 | 011 254 | 0-04 184
5 T4 1816 | 2es | 015 | a67 | 017 | 242 | 005 | 242
5. 1811 , i ) i )
e 13 1800 | e7e | 008 201 | 016 239 | 003 129
‘75' 157‘ 0 1819 | 317 | 007 179 | 020 245 | 003 322
g' 1? }12 1806 | 348 | 023 144 | 013 248 | 003 307
g: 158’ gi’ 1803 | 332 | 0-20 161 | 010 250 | 0-02 321
lg' 23 42} 1791 | 291 | 020 155 | 014 247 | 003 226
10. 21 27 , . . : .
TR 48} 1757 | 237 | o021 144 | 011 266 | 002 310
11. 22 19 . , _ i ,
lo T sdb| 1783 | 162 | 019 154 | 012 257 | 002 39
13. 0 1| 1768 | 127 | o011 319 | 006 302 | 004 163
13. 12 5
14. 149 | 1739 | 100 | 007 239 | 004 7 | 003 208
14. 14 35
15, 321 | 1723 | 106 | 010 244 | 001 82 | 004 181
15. 15 55 '
16. 428 | 1721 | 130 | 0-06 261 | 006 330 | 003 215
16. 16 50 ) X
ol 15} 1768 | 146 | 006 77 | 009 300 | 003 239
17. 17 33 , . , . .
1o Tt aree | 167 | 002 67 | 009 293 | o0-04 56
18. 18 211 yvgg | 203 | 004 173 | o1l 277 | 003 187
19. 619
19. 18 13 ) . _ ) _
- 1831 1816 | 216 | 009 125 | 018 226 | 0-06 305
g‘l’: 12 4‘3 1760 | 228 | 0-04 140 | 012 251 0-04 199
21. 19 17 . ) : . i
oo 3 aabl 1736 | e | 006 129 | 011 286 | 002 215
22. 19 43 . , . _ _ U
oo 7 ry| 1789 | 220 | 004 288 | o011 262 | 003 225

MDCCCXLV.



74 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Carrowkeel, excluding diurnal tide,

Analysed time of high
water, corresponding to A, Cs. C,. c3. Cs. cy. Cp. Cye
o op=90° . '
1842. h m ft. ft. ft. o ft, o ft. o

o

June ;; 13 gg } 1810 | 311 0-13 94 005 146 066 | 349
23. 20 29 ol . . ,
ar “aab| 1869 | 290 | 003 23 | 006 210 | 005 206
24. 21 7 ™~ . ’ or . .
o o 22} 1858 | 295 | 003 276 | 006 223 | 001 314
"y 2; L) 1826 | 270 | 008 97 | 005 182 | 002 37
26. 21 50 ,
o7 10 00 (| 1782 | 42 | 005 152 | 007 169 | 002 247
27. 22 42 . . . ) )
o6 10 47(| 17790 | 215 | 018 208 | 007 198 | 003 305
28. 23 3 | 1792 | 202 | 010 28 | 009 157 | 005 192
29. 11 34
30. 0 4 | 1798 | 160 | 012 5 | 006 161 | 001 57
30. 12 36

July 1. 1 8 | 1834 | 139 | 021 58 | 005 188 | 003 269
g4 4 | lsss | 188 | o021 | 125 | o1z | 221 | 004 | 33
3. 16 13 . » . 15 .
5 Naiop| 1sws | 161 | 007 211 | 015 220 | 008 45
£ 1710 e | o . : .
o 1 29} 1854 | 215 | 0-09 207 | o012 194 | 003 157
g: ]67 ;g} 1775 | 254 | 007 225 | 011 169 | 003 346
(75‘ B ;g} 1841 | 299 | 010 269 | 012 222 | 004 | 49
7. 19 281 ... i i ) .
o198 3861 | 350 | 010 13 | 014 235 | 006 346
g' Qg Qg 1852 | 360 | 009 179 | 005 196 | o002 | 341
9. 20 54 | 1836 | 380 | 012 252 | 009 198 | 006 | 97
10. 9 23 :
10. 21 52 | 1848 | 380 | 025 248 | 011 209 | 006 | 218
11. 10 13
11, 2234 | 1701 | 352 | 016 234 | 005 171 | 009 60
12. 10 57
12. 2320 | 1802 | 325 | 019 270 | 007 279 | 003 172
13. 11 47
14, 014 | 1746 | 269 | o023 290 | 0-04 290 | 009 123
14, 12 45 '
5. 115 | 1741 | ge1 | 017 283 | 003 116 | 006 86
15. 13 50
16. 225 | 1799 | 188 | 0-09 291 | 003 343 | 006 145
16. 15 5 :
17. 345 | 1846 | 192 | 0-08 12 | 005 323 | 003 281
i 1g 2? 1840 | 206 | 013 139 | 0-06 193 | 0-05 178
}g: 1(7; fg} 1824 | 233 | o012 278 | 005 239 | 005 312
19. 18 25 ) X X ) X
o 135011 ase | 28 | 008 101 | 010 228 | 010 9
o ]g 21% 1801 | 280 | 008 169 | o011 183 | 006 74
oy ]? 5 b oaree | 2er | 00z 349 | 017 200 | 000 115
22. 20 14 ] , " , ,
o 28} 1708 | 309 | 003 217 | o012 203 | 005 288




ON THE COASTS OF IRELAND.

7

expressed by the formula A;+C,;sin p+C,sin(2p+-¢;) +C; sin(3p+-¢;) +-C,sin(4p-+-c)).

Analysed time of high
water, corresponding to A, C,. C,. . Cs. 2% Cy. ey
g »=90°
1842. h m ft. ft. ft. ° ft. ° ft. °
July 23. 20 46} . o . . e
oa 8 saf| 1792 | 295 | 004 231 017 197 | 003 230
oy 2; bl 1ros | ess | 007 101 | 013 | 197 | ‘001 5
i 25. 21 43 | 1779 | 282 | 002 342 | 010 166 | 003 75
‘ 26. 9 56
' 26. 22 9 | 1755 | 262 | 015 316 | 008 181 0:00 218
27. 10 28
27. 22 47 | 1760 | 224 | 007 266 | 009 201 002 255
28. 11 4
28. 23 21 17+56 1-92 0:08 307 008 201 0-01 65
29. 11 44 _
30. o 6 | 1750 | 162 | 015 9 | 014 169 | 004 179
30. 12 42
31. 117 | 1769 | 130 | 0-20 20 | 008 187 | 005 197
; 31. 14 15
August 1. 3 13 | 1797 | 142 | 033 119 | 003 222 | 0-03 293
: 1. 15 30 A . e 013 . .
o 13 56} 1798 | 167 | 025 207 156 | 005 90
g' mg 33 1779 | 192 | 019 218 | 006 163 | 003 289
‘Z lg 32 1822 | 252 0-14 255 0-13 188 0-04 9
& 1? 43} 1839 | 307 | 014 242 | 018 202 | 003 26
5. 19 15 Q.4 . . .1 1 02
o 19| s | 367 | 012 187 | o011 208 | 0-02 104
(;' 19 52} 1859 | 404 | 010 323 | 612 205 | 004 121
g‘ Qg 32} 1860 | 4-21 0-12 144 017 201 011 337
8. 2133 | 1842 | 416 | 022 224 | 022 202 | 004 342
9. 9 55
9. 2217 | 1823 | 380 | 016 2438 | 019 227 | 013 211
10. 10 35
10. 2252 | 1779 | 332 | 010 257 | 017 215 | 002 356
11. 11 18
11. 23 44 ¥7°76 2:65 015 271 0-07 193 0-07 155
3 12. 12 7 )
: 13. 029 | 1762 | 195 | o012 305 | 004 201 | 003 131
13. 13 15
14 2 1 | 152 | 154 | 005 205 | 003 285 | 002 142
14. 14 50 v
15. 338 | 1760 | 163 | 010 146 | 003 131 003 155
o ‘g Qg 77 |o1s | ele 106 | o011 226 | 003 212
16. 17 281 100 | o .
17, 5 53} 18-09 2:08 005 149 0-05 235 0-01 341
17. 18 13 - , ) ‘ . o
1o 18 29} 1807 | 240 | 008 188 | 009 183 | 005 216
o p 53} 1824 | 22 | 002 | 224 | 0I5 | 228 | 004 189
19. 19 14] ) . ) : " )
S0, D ogy| 1833 | 309 | 009 261 0-14 203 | 007 70
g‘l’ 13 5g 1793 | 308 | 002 281 011 188 | 005 345
g; zg ;2 1766 | 318 | 005 47 | o016 176 | 005 99
22. 20 40" | 1810 | 210 | 009 149 | 024 178 | 004 110

L2



.76 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Ballycastle, excluding diurnal tide,

Analysed time of high
water, corresponding to A, C,. Cs. ¢y Cs. c3. C,. ¢4
p=90° , ~
1842. h m ft. ft. ft. R ft. o ft. R
June27. 23 3 | 1745 | 095 | 008 | 2 | 008 | 260 | 004 | 156
28. 11 48 ‘
29. 034 | 1785 | 062 | 018 73 | 009 315 | 004 268
29. 13 20
30, 2 6 | 1724 | 064 | 015 139 | 0-04 70 | 002 349
30. 15 1 v
July 1. 356 | 1757 | 069 | 009 161 0-00 284 | 005 71
1. 16 3 . . . . . '
Y aonp| 1729 | 078 | 017 | 270 | 005 157 | 004 10
2. 16 55 ] ) ) . )
o 25} 1730 | 0-94 | 012 308 | 006 251 | 000 55
3. 17 56 , , . . .
&1 17} 1794 | 094 | 013 341 | 002 3 | 002 46
4. 18 15 . ) X .
s e aa(| 1810 | 098 | o014 307 | 006 183 | 005 198
e e } 1716 | 108 | 013 | 349 | 006 | 302 | 001 | 269
6. 19 4 ) . . . )
o % 49} 1777 | 183 | 025 318 | 008 281 | 006 276
7. 19 13 ] ) . ) . .
>l op| 1mse | 12 | 006 321 015 271 006 250
8. 19 33} 1788 | 157 | 0-06 267 | 011 235 | 003 204
9 7 4%
9. 201 . . . . .
1o %8 3ay| 1800 | 162 | 009 232 | 014 252 | 004 133
10. 20 45 ) . X )
%9 lef| 1812 | 162 | 005 82 | 014 272 | 006 221
};: 2;) ?g} 1759 | 145 | 012 216 | o1 240 | 002 11
12. 2314 | 1766 | 132 | 029 314 | 009 359 | 011 205
13. 11 42 ‘
14 0 9 | 1714 | 086 | 027 293 | 019 321 | 010 143
14, 12 41
15 113 | 1687 | o1 | o023 284 | 011 338 | 008 | 76
15. 14 14
16. 315 | 1745 | 070 | 003 | 37 | 003 23 | 005 261
16. 16 10 . ) . . )
. Y4 sep| 1s1 | 1oz | 006 115 | 004 276 | 007 209
17. 17 23 ) ) . ) )
17. 17 48} 1756 | 108 | 010 290 | 003 47 | 003 | o84
18. 18 35 . ) ) ) )
o NS st s | 116 | 012 33 | 006 297 | 005 321
19. 18 55 . . . . .
19 18 5L ars0 | 113 | 02 40 | o008 323 | o011 299
20. 19 6 . . . . " o
A 13 1739 | 118 | 010 25 | 010 309 | 006 272
21. 19 3 . ) . . )
i 52 1730 | 127 | 007 11 | o006 317 | 001 325
22. 20 , . . . .
o e 16| 1734 | 129 | 010 28 | 012 203 | 002 | 291




ON THE COASTS OF IRELAND.

7

expressed by the formula Ay4-C, sinp-C,sin (2p+c,) +Cssin(3p-+c;) +- Cysin(4p+-c,).

Analysed time of high
water, corresponding to A,. C,. C,. co - Cs. 3. C,. cye
p=90°
1842. hom | ft ft. ft. o ft. . ft. R
July 23. 20 28 ] i ) ) )
i Taas(| 1729 | 124 | 006 2 | o012 300 | 004 234
oy Qg 43} 1725 | 120 | 013 339 | 014 293 | 0-04 213
25. 21 46 | 1711 | 097 | 013 329 | 009 314 | 003 182
2. 10 3 '
26. 2219 | 1698 | 083 | 013 342 | 012 319 | 000 250
27. 10 50 _
27. 2321 | 1723 | 0770 | 008 10 | 010 341 0-02 240
28. 1151 |
29. 021 | 1706 | 056 | 010 303 | 004 350 | 001 242
29. 13 10
30. 2 0 | 1717 | 063 | 012 113 | 004 171 003 343
00 1337 azan | 078 | 013 | 192 | 007 | 153 | 001 | 109
31. 15 24 ] ) . . )

Angust h, 4 12} 1707 | 092 | 019 263 | 005 214 | 003 63
;' lg §} 17449 | 091 022 317 | 006 281 0-00 273
2. 17 57 : ) i ) :

e 19} 1731 | 097 | 009 17 | 004 2 | 002 91
3. 18 2211 yywg | 106 | 011 339 | 007 293 | 007 270
4. 629

é' 1g :1,’? 1806 | 136 | 015 315 | 008 199 | 008 227
'g° “; 43 1787 |- 165 | 009 280 013 288 | 005 242
6. 19 16 ) ) ) X X

5 ' 20} 1811 | 187 | 008 274 | 017 233 | 008 189
g' 12 gg} 1783 | 209 | 012 240 | 015 244 | 004 202
5 2 fg} 1788 | 189 | 010 222 | 010 249 | 004 200
9. 2148 | 1758 | 170 | 030 301 | 016 319 | 009 239
0. 10 5

10. 2222 | 1734 | 126 | 024 303 | 018 297 | 002 23
1. 11 9

11. 23 55 | 1751 | 086 | 021 316 | 013 354 | 005 151
12, 12 41

13. 126 | 1759 | o068 | 018 15 | 007 44 | 002 0
ii' 1: 43 1754 | 077 015 96 005 55 009 322
14. 16 7 . . . . .

100U ares | 097 | 007 315 | 004 311 003 106
15. 17 20 ) . ) 0. .

15 A7 2011 1796 | 098 | om 28 | 004 296 | 0-06 323
}?' lg 4?) 1752 | 108 | 008 15 | 004 310 | 001 291
17. 18 29 . ) 05 . 4 003

7 1B ars0 | 12 | 00 358 | 005 347 | 273
18. 18 55 . . . . . 1
lo. 6 oob| 17T | 126 | 005 344 | 010 304 | 001 76
;?) 157) g} 17+98 1-27 0+09 342 0°09 293 0:03 338
g‘l’° 15; ig 1738 | 134 | 013 337 014 288 | 004 230
21. 20 20 | 1705 | 127 | 013 316 | 009 286 | 004 230
22. 8 31

22. 20 42 | 1757 | 121 023 | 316 | o1 273 | 002 137




78 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Glenarm, excluding diurnal tide,

Analysed time of high g

water, corresponding to A C;. Co. Coe Cs. c3. - Cye €4
=90°,

1842. h m ft. ft. ft. ° ft. o ft.

June 23. 23 50 | 1864 | 275 | 006 74 | 005 | 205 | 004 | 318
24. 12 5 ; a
25. 020 | 1863 | 272 | 008 114 | 008 | 238 | 001 | 346
25. 12 38 ;
2. 056 | 1815 | 272 | 005 42 | 008 | 237 | o005 | 41
26. 13 20 :
27. 144 | 1748 | 261 | 008 96 | 007 | 260 | e01 | 235
27. 14 5 :
28. 296 | 1787 | @51 | o012 | 151 | 003 | 261 | 003 | 344
28. 14 50 |
20. 313 | 1758 | 255 | 014 171 | 009 | 26 | 003 | 256
20. 15 27 , i ] o0 | .
sor 122 1732 | ede | o004 | 241 | 009 | 230 | 004 | 355
30. 16 22 . g . .

Ty Y. 4 arg| 1755 | 230 | o007 | =20 | 002 | 265 | 004 | m
1. 17 0 . N ) .
o Loar| 1759 | 219 | o018 | 332 | 014 | 243 | 006 | 144
2. 18 91| . : : : . 03 |
o Rt | 220 | 013 12 | 005 249 | 003 | 189
3. 191510| 4 y ' ! o :
3 0ot 1847 | 2es | 012 29 | 008 | 241 | 001 | 146
4. 20 101 .., » . ) s |
P 2ot g1 | 242 | 019 37| 002 | w9t | 005 | 260
o B | arsa | 265 | oas 72 | 006 186 | 004 | 282
6. 22 3 | 1778 | 264 | 012 76 | 008 | 215 | 002 | 50
7. 10 19
7. 2236 | 1700 | 288 | 015 54 | 006 | 200 | 003 | 219
8. 10 59
8 2323 | 17703 | 287 | 022 75 | 007 | 224 | 003 | 306
9. 11 46 :
10. 0 9 | 1811 | 296 | o024 76 | 015 243 | 005 | 280
10. 12 32
1. 054 | 1830 | 318 | 027 51 | o011 e24 | 001 | 215
11. 1319
12. 143 | 1787 | 303 | 025 81 | 010 | 229 | 006 | 314
12. 14 9 : e
13. 235 | 1813 | 285 | 028 68 | 007 196 | 002 | 230
13. 14 52 i _ . ix an |
Y3 e | 300 | oo 85 | 005 139 | 003 | 308
1415 57| s | o . . | ws |
e 12 25} 1713 | 282 | e10 10 | 003 | 242 | 003 | 351
15. 16 581| . . , | 06 | 03 |
e B 14y | 262 | 005 | es7 | 006 | 243 | 003 76
16. 18 0 ] ] _ ) , PO
17, G epp| 1781 | 288 | 003 | 309 | 003 189 | 003 | 268
1L a6 | 20 | 015 18 | e05 | 222 | 002 | 146
18. 20 26 ’ 03 | 03 |
19. 8 52 17:60 258 0-11 74 0+03 271 003 g 252
% SV a5 | 257 | 0009 55 | 007 | 254 | 003 | 93
20. 22 15" | 1730 | 262 | 010 | 343 | 001 | 179 | 001 [ 71
2l. 10 32 - 5
2. 2249 | 1728 | 270 | 0-08 38 | 002 | 243 | 003 | 75
22. 11 6 :
22. 2323 | 1726 | 273 | 007 31 | o004 | 254 | 002 | 33
23. 11 41




ON THE COASTS OF IRELAND.

79

expressed by the formula A+ Csinp+C,sin(2p+-¢,) +C,sin(3p+¢;) 4 Csin(4p+-¢,).

Analysed time of high
water, corresponding to Ag C,. Ca. (2% Cs. cs. Cy. C4
p=90°
1842, h m ft, ft. ft. A ft. . ft. Rk

July 24. 0 0 | 1728 | 272 | 006 61 | o005 | 268 | 003 | 171
24, 12 17
25. 034 | 1734 | 269 | 012 80 | 006 | 238 | 001 0
25. 12 54
2. 115 | 1735 | 266 | e17 | 112 | 007 | 267 | 003 37
26. 13 32
27. 149 | 1716 | 262 | o012 | 127 | o007 | 243 | 004 10
27, 14 4
28. 219 | 1723 | 55 | 006 | 148 | 006 | 204 | 000 | 350
28. 14 45 A
29. 310 | 1697 | 234 | 015 | 131 | 008 | 279 | 001 110
29. 15 26 , , , , _
2. 13 46} 1707 | 230 | 015 | 212 | 004 | 189 | 003 | 65
30. 15 561 . ‘ ) ] ,
o 3oot| 17se | 22 | 012 | es0 | 004 | 2;1 | 003 | 10
51, 17 15 _ ! . N _

August 1. b say| 1748 | 214 | 012 | 834 | 005 | 240 | 003 | 110
b 3?} 1804 | 210 | 016 27 | o004 | 276 | 002 | 193
g 192l a7e6 | 231 | 020 77 | 001 347 | 003 | 311
> Qg 810 1809 | 263 | o018 86 | 005 276 | 002 | 290
4. 2137 | 1834 | 272 | 013 50 | 007 178 | 001 288
5 956
5. 2215 | 1810 | 293 | 017 74 | 009 | 211 | 001 189
6. 10 35
6. 2255 | 1832 | 314 | 020 61 | 003 | 211 | 002 | 206
7. 11 15
7. 2335 | 1817 | 320 | 029 63 | 013 | 205 | 004 | 2n
8. 12 0
9. 025 | 1819 | 312 | 033 74 | 009 | 226 | 003 | 321
9. 12 51
0. 117 | 1826 | 315 | 030 75 | 009 | 221 | 001 1
10. 13 44
1. 212 | 1807 | 204 | 030 | 105 | 013 | 230 | 003 | 232
11. 14 36 . ’ . . .

o la bl 1806 | 310 | 013 136 | 007 | 266 | 002 72
12. 15 24 , . _ ) .

. 54} 1789 | 273 | 013 | 216 | o011 | 232 | 002 83
1810 3?} 1754 | 255 | 003 | 214 | 004 | 237 | 002 | 106
14, 17 40 : , . o .
27400 745 | 212 | 006 | 329 | 002 | 307 | 001 97
15. 19 6 P ) , ,

e 1 43} 1735 | 222 | 009 39 | 004 | 208 | 002 85
}g' ol 1y | sz | 007 64 | 002 181 | 004 169
17. 2116 | 1771 | 241 | 012 24 | 001 293 | 002 | 355
18. 9 34 :

18. 2151 | 1795 | 268 | 009 16 | 009 | 205 | 004 18
19. 10 12

19. 2232 | 1820 | 258 | 010 52 | 005 | 198 | 003 96
20. 10 48

2. 23 4 | 1769 | 270 | 009 116 | 007 | 227 | 001 247
21. 11 19

2. 2333 | 1725 | 270 | 008 78 | 004 | 232 | 003 43
22. 11 49

23. 0 4 | 1776 | 272 | 013 | 109 | 004 | 174 | 007 | 204
.......... N U O Y VRN TV R




80 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Donaghadee, excluding diurnal tide,

Analysed time of high
water, corresponding to A, C,. C,. [ Cs. c3. C,. ¢4
»=90°
1842. h m | ft ft. ft. o ft. o ft. o
June 22. 2323 | 1822 | 478 | o014 78 | 007 161 | 001 221
23. 11 45 ; v
24. 0 7 | 1870 | 490 | 006 325 | 003 221 | 002 61
24, 12 25 _
25. 043 | 1878 | 486 | 006 16 | 006 245 | 003 | 303
25. 13 2
2. 121 | 1834 | 476 | 006 356 | 009 240 | 007 31
26. 13 42 a
27. 2 2 | 1756 | 451 | 009 | 246 | 004 251 | 005 65
27. 14 20
28, 237 | 1801 | 429 | 001 260 | 004 211 | 003 322
28. 14 59 .
29. 320 | 1781 | 397 | 008 200 | 004 208 | 006 31
50 13400 a6y | 377 | 004 | 238 | 006 | 241 | 003 94
30. 16 25} . . . . 0
Juy 1. 4 59| 1785 | 386 | 008 264 | 003 | 201 | 001 218
2oITEL a3 | 330 | 007 | 308 | 005 | 222 | 001 | 251
2. 18 22 , g . ' , ,
5 e Fp| 1800 | 336 | 009 12 | 004 215 | 001 240
3. 198141 yg0 | 358 | 010 6 | 004 263 | 003 | 349
4. 788f|
22 145 | 390 | 012 24 | 005 | 277 | 003 | 258
o 9; ig 1758 | 440 | 015 | 42 | o007 269 | 004 | 126
6. 2213 | 1801 | 461 | 009 60 | 001 53 | 005 208
7. 10 32
7. 2252 | 1821 | 512 | 008 40 | 004 172 | 002 297
8. 11 14
8. 2335 | 1800 | 536 | 007 66 | 004 162 | 0-04 43
9. 11 59
10. 022 | 1818 | 554 | 005 101 | 010 | 212 | 003 | 271
10. 12 45
1. 1 7 | 1837 | 571 | 011 17 | 006 199 | 006 247
11. 13 31 A .
12. 155 | 17703 | 549 | 015 66 | 005 193 | 0-06 331
12. 14 21 , ;
13. 247 | 1816 | 522 | 009 | 34 | 007 175 | 003 317
13. 15 13 ) ) ) . .
2 1R 1780 | 506 | 007 182 | 005 236 | 004 57
14. 16 7 » . . . ; .
15, 455y 1728 | 460 | 006 204 | 003 216 | 002 9
15. 17 10 . . . . \ . ‘
o MDA ey | a5 | 007 | 290 | 005 241 | 002 49
16. 18 21
1o ‘6 51| 1796 | 3ss | om 337 | o011 230 | 006 56
17. 19 291 | Jros | s . : .
1L 19298 1793 | 385 | om 13 | 002 312 | 003 198
o % 32} 1774 | 401 | 008 71 | 001 | 27 | 001 | 236
19. 21 35 1766 | 430 0-07 333 001 41 0-03 11
20. 9 59 :
20. 22 23 | 1764 | 453 | 007 334 | 001 250 | 004 | 4
21, 10 42
21, 23 1 | 1758 | 480 | 004 | 328 | 001 132 | 002 159
22. 11 19
22. 2337 | 1750 | 490 | 007 | 328 | 003 123 | 000 31
23. 11 55 o




ON THE COASTS OF IRELAND.
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expressed by the formula Ay+C,sinp+C,ysin(2p+c,)+C,sin (8p+¢;) +-C,sin(4p+-¢,).

Analysed time of high
water, correspgnding to A, C. C,. .o C,. c3. C,. cq
1842, h m ft. ft. ft. ° ft. ° ft.
July24. 012 | 1754 | 491 | 003 17 | 002 165 | 003 136
24, 12 29
25. 046 | 1755 | 487 | 003 104 | 005 140 | 001 151
25 13 2 o
2. 118 | 1757 | 471 | 006 110 | 001 214 | 003 61
26, 13 36 - o
27. 154 | 1743 | 456 | 002 157 | 002 | 318 | 004 | 314
27. 1412
28, 231 | 1758 | 431 | 008 118 | o002 | 212 | o002 74
gg' 13 43 1728 | 408 | 009 206 | 008 233 | 005 71
29. 15 26 ) i ) ) i
s, 9 46 1739 | 372 | 008 | 251 | 008 246 | 004 112
30. 16 18 . . ) i
30 1338 ursg | 340 | 009 | 261 | 004 | 251 | o001 111
31. 17 22 , . ) ) i
August 1, & 1| 175 | 324 | oom 314 | 002 179 | 003 124
y 157’ ‘1*? 1797 | 326 | 012 9 | 003 211 | 003 147
219 g? 1778 | 369 | 012 60 | 008 69 | 002 | 325
3. 21 8 | 1798 | 411 | 003 122 | 004 164 | 000 179
4. 937
4. 22 7 | 1824 | 481 | 006 6 | 004 158 | 001 117
5. 10 23
5. 2239 | 1799 | 528 | 009 99 | o002 162 | 007 | 321
6. 11 0
6. 2322 | 1818 | 572 | 013 52 | 005 174 | 002 | 104
7. 11 44 _
8. 0 5 | 1788 | 598 | 010 68 | 006 152 | 005 | 319
8. 12 29
9. 052 | 1802 | 601 | 015 67 | 007 174 | 005 3
9. 13 14
10. 136 | 1803 | 589 | 011 51 | 006 166 | 001 135
10. 14 1
1. 225 | 17703 | 546 | 014 92 | 005 196 | 006 9
18 1 4; 1793 | 520 | o1 221 | 003 | 237 | 003 28
12 43} 1776 | 450 | 016 | 224 | 003 | 223 | 002 82
13. 16 42 ) . . i )
o 1 ]7} 1750 | 392 | 006 | 234 | 003 | 232 | 003 108
1418 01| e | s v | N :
S bl 1746 | 345 | 008 277 | 001 99 | 002 41
15. 19 22 i . i ) )
o 1 s t| s | 342 | 005 6 | 003 | 286 | 003 192
1 S9Nt rs | s | e0s |4 | 004 | s | em | 138
17. 2120 | 1774 | 402 | 005 | 347 | o003 164 | 001 43
18. 9 51
18. 2212 | 1798 | 451 | 007 | 344 | 006 168 | 005 7
19. 10 31 .
10, 2249 | 1812 | 454 | 009 25 | 009 81 | 006 36
2. 11 5
20. 2321 | 1765 | 490 | 001 141 | 005 | 202 | 003 | 341
21, 11 37
2. 2352 | 1725 | 495 | 004 30 | 006 179 | o004 182
22. 12 6
23. 020 | 1743 | 502 | 006 129 | 007 164 | 004 164

MDCCCXLV.

M



82 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Ardglass, excluding diurnal tide,

Analysed time of high |
water, corresponding to Ag. C;. C,. . Co. Cs. 3. Cs o4
p=90°
182 h m ft. ft. ft. . ft. i ft. o
June 22. 23 30 | 1835 | 630 | 0-20 8f | 012 | 178 | 004 | eif
23. 11 45
24, 0 0 | 1860 | 635 | 017 73 | 012 | 231 | 009 188
. 113 | 1820 | &11 | 015 | 110 | 005 | 216 | 003 | 103
26. 13 34
27, 155 | 1762 | 576 | 010 96 | 007 146 | 0-04 28
27. 14 14 : _
28. 233 | 1783 | 540 | 010 99 | 006 188 | 002 61
28. 14 54
29. 315 | 1776 | 499 | 014 125 | 005 170 | 001 312
=4
20 15308 rsg | et |09 | 1m0 | omn | a7 | 002 | 176
30. 16 26 . i , . .
Jay T ey 17T 488 | 009 173 | 006 196 | 0-02 195
oy } 1777 | 402 | 006 233 | 007 238 | 0-01 267
2. 18 221 ... . - ) ,
T e 55} 1781 | 406 | 0-01 42 | 004 | 210 | 002 | 204
5. 19 33} 18449 | 433 | 007 | 345 | 010 | 244 | 002 43
4. 202 _ i :
i 0} 1822 | 481 | 0-24 no| 015 | s | 014 | 176
5. 21 22 . . . . .
6 “9asy| 11| 60 | o012 77 | 006 | 222 | 005 146
709256 | 1823 | 668 | 012 | 138 | oa1 | 5 | o008 | 190
8. 1116
8. 233 1776 | 708 | 019 90 | 005 a7 | 000 | <208
9. 11 56
1. 017 | 17790 | 724 | 048 93 | 009 157 | 0-09 35
10. 12 41 :
1. 1 5 | 1829 | 762 | 015 64 | 016 196 | 016 145
11. 13 30
12. 154 | 1775 | 730 | o022 | 100 | o001 106 | 001 270
12. 14 18
13. 2 43 1787 | 678 015 69 0-08 137 0:05 109
13. 15 11 ) ) ) ) )
S s | 683 | 0416 116 | 004 |. 128 | 005 | 215
14. 16 9 .. ) : i X
15 4gyr| 1724 | 81 | 015 121 | 002 | 234 | 003 | 254
15. 17 13 i ) s _ ,
o 47} 1752 | 510 | 005 138 | 005 | 246 | o002 81
T | o | e | e e
& e aat| 1777 | 488 | 007 356 | 008 | 250 | 006 179
o 2 ?g} 1774 | 526 | 007 53 | 004 | 232 | 006 | 1m
19. 2147 | 1764 | 550 | 008 60 | 004 | 296 | 006 124
20. 10 11
20. 2235 | 1760 | 590 | 007 118 | 008 189 | 003 | 116
21. 10 54
21, 2312 | 1754 | 618 | o011 89 | 006 187 | 004 | 254
22. 11 29
22. 23 46 | 1746 | 639 | o1 132 | 006 143 | 001 112
23. 12 3 _ , . _




ON THE COASTS OF IRELAND.

Analysed time of ‘high
water, corresponding to Ay Cy. C,. cy. Cs. [ €y [
p=90°. :
18422 h m ft. ft. ft. . ft. o fr. - .
July 24. .0 20 17:48 | 640 0-10 140 008 144 003 199
24. 12 38 .
25. 055 17-48 | 634 0-16 99 0:03 174 0:03 26
25. 13 9 :
26. 1 24 1752 | 618 015 118 005 144 0-07 196
26. 13 41
27. 158 17-40 | 585 0-21 118 0-07 148 0-02 200
27, 14 15
28. 2 33 17:47 | 548 0-20 117 0:03 123 003 157
28. 14 53 . . . i .
29, 313 17.29 | 507 016 129 0:09 187 0-06 213
29. 15 33 . ) . . 21 .
20, 353 17:35 | 467 012 148 004 221 0:03 155
30. 16 21 . . . o .
31. 4 54 17-34 | 415 012 156 001 257 005 170
31. 17 28 . . . . .
Augustl, 6 7 17-38 | 388 0-07 198 0°02 255 0-01 77
: 1. 18 48 . . . ax . .
o 720 1771 | 3-98 009 351 005 234 0-03 143
a2 g s | 463 | o0 63 | 003 55 | 002 | 197
3. 21 8 17:85 | 525 013 105 0:04 168 0:05 209
4. 932 |- _
4. 21 55 1803 | 621 012 137 0-08 132 0-04 165
5. 10 18
5. 22 42 1791 | 699 0-24 99 002 | . 140 0-06 146
6. 11 1
6. 23 20 18:05 | 7-60 0-26 78 0-03 124 0-09 127
7. 11 42
8. 0 3 17-83 | 811 0-27 89 012 109 004 327
8. 12 25 :
9. 0 47 17-88 812 025 95 0-07 138 0-09 79
9. 13 9
10. 1 32 1785 | 780 0-20 87 0:07 139 0-08 57
10. 13 56 :
11. 2 20 17:81 | 713 032 91 004 88 0:03 68
11. 14 51 . . . .
2. 3 13} 17-88 | 664 0-18 133 0-08 173 0-07 73
12. 15 46 . . . .
13, 4 14 1770 | 562 0-14 132 0-06 193 0-10 127
13. 16 51 . . . R
14, 5 %} 17:42 4-81 010 139 0:03 186 001 158
14. 18 7 . . . . ‘ . -
15 652 17°36 | 422 0-04 172 002 313 0:01 253
15. 19 38 . . . _ . .
16, 815 17:30 | 429 006 95 002 84 002 182
1‘75‘ oasbtl e | 475 | 013 88 | 003 | 253 | 004 | 135
17. 21 40 17:66 520 0-08 140 002 174 0-02 149
18. 10 1
18. 22 21 17-91. | 580 013 76 0-16 211 010 99
19. 10 36
19. 22 51 17-99 | 6-00 0-24 62 005 204 003 92
20. 11 5
20. 23 18 17-57 | 645 0-27 146 0-10 236 009 340
21. 11 37
21, 23 55 17:15 | 653 0-20 117 005 166 0-03 27
22. 12 7
23. 019 17:62 | 657 0-14 111 006 111 005 210
eeve e v e ] e e e o o0 "o s es 0 0.'4}" case
M2

83

pressed by the formula Ay+4C,sinp+C,sin(2p+c,) +Cysin(Bp+¢;) +C,sin(4p-tcy).



84 MR. AIRY ON THE. LAWS OF THE TIDES

Height of the Water in each individual tide at Clogher Head, excluding diurnal tide,

Analysed time of high

water, corresponding to A, -Cq. C,. Cae Cs. 030 C,. N
=90
1842. h m ft. .| ft . ft. . ft. .

June2d. 0 6 | 1796 | 622 | o022 | 126 | o007 | 161 | 005 | <200
24, 12 24 v
25. 042 | 1793 | 616 | 025 | 113 | 006 | 166 | 003 | 307
25. 12 59 |
26, 116 | 1748 | 599 | 023 | 124 | 004 202 | 005 167
26. 13 37
27. 157 | 1715 | 558 | o027 116 | 007 145 | 002 162
27, 1417
28. 236 | 175 | 530 | 016 119 | 005 120 | 004 177
28, 14 57 ~
29. 318 | 1729 | 479 | o021 123 | 005 | 153 | 003 233
oo 153901 ypas | 450 | 019 | 137 | 002 85 | 008 178

30, 16 27 i . X .

Jaly 1. 4 53| 1726 | 418 | 013 149 | 010 190 | 003 116
by lggg 1721 | 383 | 018 178 | 010 281 | 005 156
g- 1? 231 1734 | 399 | 008 175 008 212 003 68
3. 19 32 . . 0-06 336 | 010 227 | o007 205
51 B 1res | s 2
by Qg BV azse | 490 | 010 141 | 006 52 | 004 126
5. 2128 | 1701 | 528 | 020 17 | 003 184 | 003 | 207
6. 9 53
6. 2217 | 1740 | 600 | 021 13 | on 145 | 010 106
7. 10 37 ‘

7. 22 57 | 1761 | 661 | 024 119 | 008 118 | 004 113
8. 11 21

8. 2344 | 1753 | 711 | 041 1 | 005 101 | 005 325
9. 12 7 :

0. 029 | 1754 | 736 | 0-34 1m1 | 005 75 | 002 85
10, 12 54 |

1. 119 | 1795 | 750 | 029 123 | 008 203 | 010 253
11, 13 43 ~

12. 2 6 | 1729 | 27 | 040 124 | 006 202 | 005 | 274
12, 14 31 | '

13, 255 | 1734 | 671 | 025 103 | 004 170 | 008 194
13. 15 15 _ ] . o ~ .

13 B UL 1672 | 616 | 007 | 201 | 023 124 | 007 209
14, 16 24 ) ) o » ) X

e 19200 16ss | 568 | 004 133 | 002 185 | 004 254
}g' 1(7; 23 1714 | 510 | 014 113 | 009 226 | 003 45
if} 1? 211 710 | 495 | 013 205 | 014 204 | 008 329
17. 19 44 ] e | o ) -

15 '3 %ap| 10 | w60 | o1 @8 | 016 | 19 | on 336
Y & 32 y714 | 520 | o011 | 195 | 007 | 252 | 007 187
19. 2159 | 17726 | 520 | om 339 | 013 170 | 010 | o4
20. 10 23 | .

20. 22 46 | 1715 | 561 | 018 121 | 009 306 | 005 122
21, .11 3

2. 2319 | 1710 | 604 | 022 125 | 006 | 146 | 004 | 291
22, 11 37 _ » v

22, 2354 | 1711 | 602 | 019 | 76 | 025 165 | 014 | 310




ON THE COASTS OF IRELAND.

85

expressed by the formula Ay+C,sinp+C,sin(2p+¢,) 4 Cssin(3p4-¢;) +C,sin(4p+-¢,).

Analysed time of high
water, corresponding to Ao C. C,. cq. C;. - Cge C,. o4
2=90°
1822 h m ft. ft. ft. . ft. ft. .

July 24. 032 | 1697 | 607 | 004 17 | o028 176 | o008 26
24. 12 51
25. 110 | 1724 | 599 | 025 107 | 038 180 | 014 251
25. 13 20
2. 129 | 1699 | 605 | 006 143 | 016 143 | 005 276
26. 13 46
27, 2 2 | 1694 | 570 | 036 121 | 016 214 | 005 130
27. 14 20
28. 237 | 1711 | 524 | 027 106 | 002 | 239 | 006 228
28 15 5 : ) i i
5o 5 oup| 17702 | 501 | o028 96 | 016 162 | 005 244
o 15401 1694 | 460 | 027 | 150 | 02 77 | 006 | 261
30. 16 41 i i
o o bl 16s1 | 396 | 018 227 | 012 151 | 010 238
31. 17 38 i _ i , .

August 1. 6 17 1699 | 368 0-14 203 013 195 0-05 280
o 53t 1729 | 385 | 006 | 295 | 007 | 234 | 003 | 193
5 h it 1rss | 429 | 012 | 128 | 004 167 | 001 174
5 2; ;g 1749 | 523 | 008 125 | 005 186 | 0-04 133
4. 2217 | 1695 | 606 | o052 | 230 | 015 | 236 | 008 106
5. 10 33
5. 22 48 | 17444 | 699 | 024 108 | 008 70 | 006 130
6. 11 6
6. 2324 | 1753 | 778 | 030 102 | 006 72 | 005 135
7. 11 48 :

8. 012 | 1716 | 803 | 031 123 | 007 153 | 010 178
8. 12 35

9. 057 | 1718 | 810 | 003 13 | 017 305 | 010 | 345
9. 1316 ‘

10. 134 | 1737 | 776 | 034 109 | on 8 | 010 113
10. 14 2

11. 2 30 17-54 | 6-91 063 87 019 185 010 327
11. 14 48 ) i . o .

12 310 17-26. | 639 0-32 140 0-24 103 0-09 189‘
12. 15 48 , ) i . 14 )

o S let] 1ver | ss4 | o028 88 | 019 8 | 010 339
13. 16 56 . . . . i

14. 5 31 17°36 | 464 057 103 0-14 227 003 41
14. 18 6 i ) . . i

e Rt 176 | 399 | 035 122 | 014 135 | 005 81
15. 19 46 . . . . .

o el 1 | ;1 | 028 71 | o010 | 23 | 005 27
}‘75' 23 5811 1748 | 466 | 026 ne | o012 | 35 | 006 11
17. 2150 | 1723 | 497 | 019 142 | 003 177 | 005 266
18. 10 11

18. 2232 | 1750 | 570 | 018 96 | 004 121 | o012 45
19. 10 45

19. 2257 | 1770 | 592 | 043 100 | 010 183 | 008 56
20. 11 11

20. 2324 | 1685 | 620 | 019 324 | 019 178 | 004 | 245
21. 11 42

22. 0 0 | 1676 | 627 | o022 108 | 026 171 | 007 296
22. 12 15

23. 029 | 1716 | 659 | o018 124 | 009 | 325 | 002 | 238




86 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Kingstown, excluding diurnal tide,

k Analysed time of high
| water, corresponding to Ay C. C,. co. Cs. c3. Cy 4
»2=90°

1842, h m ft.. ft. ft, o | fte o ft. o

June Zg ﬁ ?;} 17-99 | 491 0-33 147 | 006 258 006 165
24, 011 | 1814 | 470 | 035 149 | 003 39 | 001 31
24. 12 28
25. 045 | 1812 | 469 | 031 147 | 002 129 | 005 132
25. 13 3 |
26, 121 | 1772 | 456 | 038 153 | 008 351 | 003 72
26. 13 43 _

27. 2 4 | 1735 | 419 | o033 146 | 002 253 | 003 197
27. 14 28 ; _ _ . )

ol S ares | a1a | 06 152 | 005 238 | 002 33
28. 15 01\ yu40 | 384 | 027 154 | 004 153 | 004 141
29. 3 29 : ?

29. 15 50 .. . ) _ _

oo 12 15} 1731 | 348 | 025 83 | 006 144 | 004 8
30. 16 45 ] . ) )

Jy 1. 5 a0f| 1748 | 318 | 023 178 | 003 189 | 002 89
by ‘g ‘11(7) 1750 | 295 | 025 177 | 006 202 | 004 | 200
2. 18 44 ,

5 b 6o | sos | 017 196 | 002 273 | 000 264
s 1 S g8 | se1 | a8 195 | 0-04 216 | 001 40
g: 23 ‘llg 1786 | 365 | 016 182 | 001 148 | 003 184
g° ?(‘) 32 1718 | 419 0-25 171 0-02 17 | 001 4
6. 22 20° | 1755 | 466 | 031 159 | 006 70 | 004 158
7. 10 39

7. 22 57 17-87 513 035 151 0-06 33 0:03 164
8. 11 21

8. 23 43 1753 | 561 | 043 147 | 005 304 | 002 115
9. 12

0. 027 | 1769 | 568 | 050 134 | 006 314 | 004 104
10, 12 54

1. 120 | 1804 | 588 | 036 146 | 009 47 | 004 113
11, 13 43

122 5 | 1737 | 552 | 044 138 | 003 340 | 002 342
12, 14 32

13. 258 | 1740 | 513 | 033 143 | 005 55 | 003 160
13. 15 31 _ . )

Y 56} 1719 | 488 | 043 i43 | 004 17 | 004 229
}g: 1g B 107 | 435 | oss 155 | 002 334 | 002 289
15. 17 38 . _ . _ )

i 12} 1750 | 386 | 0-30 164 | 002 229 | 002 196
16. 18 51

1ol 21} 1770 | 366 | o027 180 | 001 312 | 003 128
AT a7q0 | 363 | 0er 175 | 001 337 | 003 190
18. 21 9 | 1753 | 376 | o028 174 | 003 122 | 004 151
19, 9 37

19. 22 5 | 1758 | 408 | o028 | 165 | 005 214 | 005 348
20. 10 25 :

20. 22 45 | 17-34 | 432 | 035 165 | 0-01 211 | 002 48
21, 11 4

21. 2323 | 1734 | 459 | 037 152 | 005 | 269 | 003 140
22. 11 39

22. 23 54 | 1722 | 476 | 034 149 | 002 39 | 002 53
23. 12 10




ON THE COASTS OF IRELAND.
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o

/

expressed by the formulaAj4C;sin p+C,sin(2p+4¢,) +Cysin(3p+¢;) +Csin(4p+c,).

Analysed time of high
water, corresponding to Ag Ci. Co. % Cs. % C, 4
=90
1842 h m ft. ft, ft. . ft. . ft. .
July 24. 0 26 | 17-e7 | 474 | 033 145 | 005 85 | 004 159
24. 12 42
25. 058 | 1717 | 466 | 036 142 | 006 8 | 005 91
25. 13 14 A
26. 130 | 1727 | 448 | 029 148 | 003 88 | 005 229
26. 13 48
27. 2 6 | 1723 | 428 | o032 141 | 005 257 | 0-04 23
27. 14 24
28. 242 | 1724 | 398 | 025 144 | 003 177 | o002 7
28. 15 3 _
o o 23} 1716 | 3471 | 018 150 | 003 328 | 003 116
29. 18 4; 1717 | 389 | 025 160 | 003 169 | 0-04 142
30. 16 41
o 2 14} 1712 | 201 | o022 160 | 0-04 279 | 0-06 141
31. 17 48 _ . _ . _
August 1, 6 ory| 1719 | @86 | 0o 189 | 0-01 108 | 002 70
Lo19 81| e | ‘ . .
o 3 4op| 178 | 308 | ol 214 | 005 214 | 003 65
5 28 U a7ss | 350 | 015 175 | 004 211 | 002 185
3. 2120 | 1752 | 391 | 019 147 | 003 101 | 002 168
4 942
4. 22 3 | 1775 | 473 | 034 141 003 168 | 000 187
5. 10 26
5. 22 48 | 1759 | 539 | 0-34 148 | 004 40 | o001 174
6. 11 8 .
6. 2328 | 1770 | 591 | 044 135 | 007 14 | 010 133
7. 11 47 . .
8. 0 6 | 1738 | 639 | 049 130 | 007 336 | 007 90
8. 12 29
9. 051 | 1762 | 631 | 0450 124 | 001 309 | 008 108
9. 13 15 |
0. 140 | 1761 | 605 | 033 141 | 007 6 | 005 47
10. 14 3
1. 226 | 1750 | 547 | 046 133 | 002 320 | 005 179
1. 15 7 : . ) i )
s 29} 17-56 | 401 0-46 154 | 008 22 | 010 212
12. 15 55 . _ . , _ )
12 23} 1736 | 417 | o021 141 | 009 230 | 006 128
13. 17 8 , , o . _
1210 B4 arar | sEs | 026 168 | 002 343 | o002 152
14. 18 28 ; , ) ) ,
1o et 1ree | sea | 019 178 | 005 274 | 0-04 182
15. 19 54 . . , , i .
1o 18U 173 | ses | 0o 185 | 002 215 | 002 157
{(75' Qg g; 1763 | 358 | 020 157 | 004 217 | 001 127
17. 21 55 | 1749 | 369 | 027 193 | 009 255 | 001 46
18. 10 12
18. 22 28 | 1767 | 430 | o025 165 | 000 357 | 0-01 8
19. 10 41
19. 22 53 | 1764 | 449 | 0-34 157 | 005 24 | o004 210
20. 11 9
20. 2325 | 1737 | 481 | 034 144 | 001 269 | 001 314
21. 11 44
22. 0 3 | 1684 | 494 | o028 147 | 005 308 | 006 103
22. 12 15
23. 026 | 1742 | 492 | 031 143 | 005 57 | 003 104




88 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at Dunmore East, excluding diurnal tide,

Analysed time of high

water, corresponding to A C,. - Ca. o Cs. o Ce Cy. ¢y
p=90° .

p 1842. h7 rr; ft. ft. ft. o ft. ° ft. o

une 22. 17 3
o MOOLLL 1629 | 530 | 023 16 | 007 82 | 004 | 239
o3 18 i;} 1638 | 532 | 007 | 346 | 015 | 115 | 006 | 232
24. 1853 | 1623 | 512 | 013 | 321 | 014 | 126 | 003 | 263
25. 712 | 1637 | 507 | 006 | 306 | 017 | 146 | 008 | 166
25. 1931 | 1625 | 516 | 011 | 327 | o012 89 | 003 | 314
2. 747 | 1602 | 498 | 013 2 | 014 99 | 006 | 215
2. 20 5 | 1571 | 498 | 010 | 340 | 017 | 107 | 001 158
27. 822 | 1575 | 488 | 014 5 | 014 75 | 006 | 273
27. 2036 | 1569 | 462 | 007 19 | 018 97 | 005 | 250
28. 852 | 153 | 443 | 0:07 11 | 020 74 | 003 | 206
28. 2117 | 1584 | 428 | 0:06 17 | 017 89 | 002 | 320
29. 933 | 1574 | 407 | 007 | 322 | 018 95 | 006 | 250
29. 21 50 | 1588 | 398 | 008 9 | o014 80 | 002 | 207
30. 10 14 | 1590 | 380 | 009 | 356 | 013 | 102 | 007 | 165
30. 2224 | 1584 | 356 | 010 | 341 | 007 | 113 | 003 | 267

July 1. 1057 | 1585 | 340 | 009 | 347 | 008 | 134 | 003 67
1. 2322 | 1581 | 319 | 012 | 345 | 008 | 129 | 0-01 142
2. 1151 | 1576 | 313 | 004 | 336 | 008 | 142 | 003 | 259
3. 039 | 1628 | 308 | 018 13 | 008 | 115 | 002 | 131
3. 1317 o '
4 154 | 1663 | 350 | 010 28 | 009 | 153 | 003 | 213
4 14 26
5. 257 | 1604 | 393 | 007 67 | 002 | 190 | 004 | 194
5. 15 20
6. 343 | 1558 | 452 | 009 | 360 | 009 | 114 | 003 | 244
7.°17 3 _ , _ .
A 21} 1606 | 538 | 015 44 | 016 | 120 | 004 25
5 ! 43} 1593 | 581 | 020 | 3 | 015 106 | 002 | 268
o8 22} 1600 | 621 | 012 15 | 018 90 | 002 | 204
e ;g} 1641 | 621 | 026 | 10 | 018 | 105 | 006 | 208
Pe R0 2L 153 | 600 | 015 16 | 022 7 | 001 32
12. 8esf| 17 . ? 97
12. 20 48 | 1564 | 569 | 012 15 | 024 | 105 | 005 | 242
13. 912
13. 21 36 | 1536 | 508 | 017 | 339 | 014 | 114 | 002 | 134
14. 10 4
14. 22 31 | 1551 | 452 | 018 6 | 014 | 114 | 005 | 294
15. 10 56
15. 23 22 | 1602 | 392 | 021 2 | 012 | 115 | 004 | 338
16. 11 58 . ,
17. 034 | 1620 | 355 | 019 | 3 | 007 | 136 | 003 | 262
17. 13 15
18. 155 | 1611 | 362 | 010 8 | 012 | 151 | 003 | 141
18. 14 29
19. 8 3 | 1605 | 410 | 008 36 | 008 88 | 001 49
29. 15 33} 1605 | 445 | 015 | 15 | 009 | 127 | 001 119
2. 4 0
Z(l): ]g ig} 1578 | 480 0-21 6 0-11 118 0-03 165
o ;‘;’} 1583 | 513 | 019 27 | o012 | 109 | 003 97
ey S SR TYE I I VI Y ST 39 | o017 91 | 002 | 272




ON THE COASTS OF IRELAND.
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expressed by the formula Aj4-C, sin p4-C,sin (2p+¢,) +Cysin (3p+-c¢;) +C, sin (4p+cy).

Analysed time of high
water, corresponding to Ag. C,. C,. c3. C. 3. C,. oy
»=90°
182, h m_| ft ft. ft. . | . | f .
July 23. 18 22 - ) . . .
o IR ael| 172 | 539 | 018 13 | o014 96 | 0-08 141
24. 18 55 , ) , , ,
s bl mse | 85 | 013 17 | 019 76 | 005 | 244
25. 19 30 ) , i , .
o A wsr | sa1 | 019 31 | o2l a7 | 008 | 316
gg' = lﬁ} 1565 | 490 | 012 | 339 | 015 95 | 005 | 284
27. 2033 | 1557 | 462 | 014 8 | 018 91 | 003 | 213
28. 8 49
28. 21 5 | 1554 | 422 | 020 | 322 | o2l 93 | 002 | o54
20. 922
29. 2139 | 1566 | 38 | 010 | 352 | 013 84 | 005 191
20. 10 4 .
30. 2228 | 1551 | 333 | 018 | 328 | 009 116 | 004 96
3. 11 2
31. 2336 | 1564 | 292 | 011 3 | o0 125 | 002 | 285
August 1. 12 22
2. 1 7 | 1589 | 290 | 013 7 | 005 196 | 003 | 147
2. 13 50
3. 233 | 1572 | 855 | 008 107 | 004 | 143 | 006 | 269
5. 15 71| oo | o . . .
5 12 39} 1569 | 429 | 008 50 | o1 109 | 004 52
4. 16 13 oL , _ )
= 33} 1587 | 500 | 012 23 | 020 | 105 | 008 | 347
o 1g STL 1m0 | s90 | 017 10 | o012 95 | 0-08 176
o 1T 1593 | G40 | 014 22 | 016 | 100 | 001 | 133
7. 18 34 . _ _ ) _
713801 1586 | 660 | 010 | 343 | 020 68 | 010 40
o 1? AL as99 | 668 | 009 6 | oes 80 | 011 5
9. 20 4 | 1600 | 651 | 010 | 346 | 021 108 | 001 37
10. 8 24 \ ‘
10. 20 44 1568 592 0-14 358 0-27 107 0-04 29
1. 9 4
1. 2124 | 1572 | 533 | 022 5 | 022 93 | 002 140
12. 9 47
12, 2210 | 1533 | 446 | 002 6 | 023 101 | 002 | 322
13. 10 37
13, 23 3 | 1539 | 364 | 018 | 320 | 013 128 | 001 50
14, 11 42
15, 021 | 1556 | 306 | 014 10 | 008 137 | 001 84
15. 13 6
16, 151 | 1557 | 323 | 009 14 | 007 167 | 002 131
16. 14 30
17. 3 9 | 1600 | 380 | 010 17 | 008 108 | 003 | 158
- 38} 1603 | 431 | o022 o | o012 | 127 | 005 | 120
18. 16 22 ) , :
o M dat| 1615 | 485 | 006 71 | 023 57 | 010 | 235
19, 17 5 . .03 . . . .
1017 L1 as94 | 503 | 010 | 353 | 012 | 120 | 004 | 219
20. 17 40 , . . . _
o AT sy | 588 | 008 | 347 | 015 95 | 007 | 203
21, 18 167
2. I 1546 | 560 | 014 | 356 | 018 84 | 003 | e57
22. 18 41 _ . .
2. 18 59} 16:00 | 559 | 0:06 26 | 023 80 | 003 | 326

MDCCCXLYV.



90 MR. AIRY ON THE LAWS OF THE TIDES

Height of the Water in each individual tide at New Ross, excluding diurnal tide,

Analysed time of high

water, corresponding to Ag C,. Co. (% Cs. 3. Cy Cye
p=90° )

1 1842, h m ft. ft. ft. ° ft. o ft. o

une 22. 18 14 . . . . . ;

22 180U sz | sss | 005 | 350 | 031 93 | 001 259
23. 18 55 o |- . '
or soap| 1747 | 585 | 040 | 350 | 034 92 | 017 140
24. 19 44 _ ) . . )
el 54} 1747 | 565 | 029 | 340 | 040 | 108 | 004 | 107
. 2 ;?} 1680 | 561 | ¢61 | 342 | o2 | 100 | 005 | 104
26. 20 51 | 1657 | 543 | 043 | 334 | 032 | 100 | 002 58
27. 9 6
27. 2121 | 1661 | 518 | 637 | 334 | o7 91 | o001 322
28. 938 _
28. 2154 | 1657 | 483 | o032 | 329 | 03 87 | 003 | 300
29. 10 14 :
2. 2233 | 1653 | 450 | 037 | 343 | 025 89 | on 114
30. 10 52 4
30. 2310 | 1635 | 425 | 027 | 328 | 015 85 | 003 10

July 1. 11 39
2. 0 7 | 1650 | 375 | 030 | 331 | 017 89 | 002 69
2. 12 42
3. 118 | 1696 | 369 | 026 | 354 | 019 91 | o001 222
3. 13 54
4. 220 | 1756 | 396 | 013 | 327 | 013 | 104 | 005 25
4. 14 54 )
5 a5t aza9 | asa | oes | a0 | 017 99 | 003 | 158
g 181U 1630 | 500 | 033 | 855 | o2 | 107 | 005 | 137
g: 17 i‘:‘ 1604 | 548 | 044 355 | 028 99 | 007 109
218 3 | ses | om 341 | 039 o7 | 003 | 106
3: 1; 011 1686 | 622 | o2 339 | 036 100 | 004 116
9. 1049 | 1703 | 643 | 053 | 346 | 038 104 | 007 131
10. 8 8
10. 2098 | 1774 | 639 | 051 343 | 037 93 | 006 108
11. 8 54
1. 2119 | 1704 | 634 | 066 | 344 | 035 99 | 006 56
12. 9 43
12. 22 7 | 1697 | 613 | 056 | 348 | 038 92 | 009 97
13. 10 29
13. 2248 | 1639 | 567 | 049 | 341 | 030 95 | 003 104
14. 11 12
14. 2336 | 1623 | 518 | 046 | 33 | 024 | 100 | 002 63
15. 12 2
16. 027 | 1681 | 467 | 039 | 343 | 026 96 | o0-01 327
16. 12 55
17. 123 | 1698 | 424 | 031 342 | o021 | 123 | ooz | 312
17. 14 6 , L
18. 249 | 1692 | 425 | 030 | 358 | 018 103 | 001 246
lo. 2%V 1679 | 461 | o042 | 347 | 016 | 100 | 000 | 270
s 18971 1679 | s08 | 040 | 352 | 021 | 104 | 002 | 352
Q
o D381 1664 | 542 | 046 | 347 | 025 | 100 | 001 | 116
21. 18 14 . . . . .
25, & sgb| 1669 | 575 | 052 | 347 | o029 91 | 003 68
22. 18 53 ! ) ) : . .
oa 5 ool 1664 | m87 | 050 | 81 | 03¢ | 100 | 006 116
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expressed by theformula Ay+C; sin p+C,sin(2p-+c,) +Cssin(3p+-c3) +Cysin(4 p-+-c,).

Analysed time of high

water, corresponding to Ag. C,. C,. €. Cs. <3 Cy. €4
p=90° .

J];MZ. h m ft. ft. ft. ° ft. ° ft. o

aly 3. 19 271 oo | g ) ) )

o DA 1650 | 593 | 0 351 | 031 93 | 010 109
oe 19981\ 1659 | 592 | 054 | 351 | 035 89 | 007 98
25. 20 31 | 1659 | 580 | 047 343 | 034 91 | o004 47
26. 8 46 »
26. 21 0 | 1648 | 552 | 039 347 | 031 95 | 006 134
27. 915 _
27. 2131 | 1636 | 525 | 040 346 | 025 92 | o001 | 339
28, 9 45 ,
28, 21 58 | 1620 | 487 | o027 337 | 029 87 | 002 276
29, 10 15 ‘
29, 2232 | 1624 | 449 | 039 | 328 | 023 65 | 903 23
30. 10 51 '
30, 2310 | 1616 | 395 | 029 321 | 018 82 | 002 55
31, 11 41 i

August 1. @12 | 1635 | 338 | ©32 | 320 | 013 90 | ©-01 242
1. 12 54
2. 136 | 1666 | 347 | 027 14 | 015 104 | ©:06 159
2. 14 23
3. 310 | 1640 | 417 | 020 6 | 013 94 | 005 227
j‘ ‘i gf 1650 | 490 | 030 352 | 021 97 | 002 70
: ‘\g fi 1682 | 561 | 043 341 | 035 85 | 002 314
o 1 gf 1678 | 630 | 059 | 348 | 035 01 | 007 101
g' 1';3 4; 1705 | 676 | 058 251 | 039 100 | 007 90
. 157’ g; 1715 | 689 | 039 | 353 | 041 91 | 005 79
8. 2027 | 1713 | 695 | 068 348 | 042 98 | o012 92
9. 843
9. 2059 | 1714 | 681 | 063 349 | 049 93 | 016 113
10. 9 21
10, 2142 | 1677 | 631 | 059 342 | 039 106 | 009 85
1. 9 58
1. 2215 | 1688 | 586 | 049 340 | 039 100 | 006 | 132
12. 10 36
12, 2257 | 1633 | 509 | 041 336 | 026 99 | 003 66
13, 11 22 .
13, 2346 | 1610 | 426 | ©37 | 323 | 017 103 | 085 34
14, 12 22
15, 658 | 1626 | 370 | 025 | 343 | 017 105 | 005 301
15. 13 44
16. 230 | 1628 | 382 | ©-24 | 347 | ©14 100 | 001 122
16. 15 14 ) ) } ‘ i : .
Ty 13 aab] aese | a0 | 07 343 | 013 | 122 | 004 43
17. 16 15 ] , ] i i
1Bt 1663 | 4o | 035 358 | 023 80 | 009 141
18, 17 11 i ) i . 00,
to MTaabl 1687 | 539 | 038 | 348 | 028 95 | 005 164
19- 15711 1683 | 552 | @39 | 3%9 | 026 108 | 004 185
20 18351\ 1659 | 596 | 036 | 347 | 035 93 | 008 69
2l. 19 12\| g ‘ , : ) , i
o5 9 agb| 1678 | 603 | @50 | 364 | 039 97 | 008 110
22. 19 33 . ‘. ) o . .
oo 9 3L) 1684 | 609 | 048 | 352 | 034 92 | 001 144

N 2
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Height of the Water in each individual tide at Passage West, excluding diurnal tide,

Analysed time of high .
water, corresponding to A C;. C,. o Cs. % Cy Cye
p=90°
1842 h m ft. ft. ft. . ft. . ft. .
June oy ’? lg} 1613 | 537 | 036 279 | 0-06 104 | 003 92
Zg' Qg Qg} 1552 | 502 | 031 290 | ‘0-12 80 | 0-03 68
gg' 23 43} 1555 | 464 | 032 289 | 011 60 | 003 122
28. 21 23 , . . _ , 58
oo “odot| w3 | w30 | om 295 | 016 70 | o001
29. 22 4 , . , i _ 94
o0, 1 34} 1562 | 391 | 033 305 | 006 67 | o002
30. 2320 | 1569 | 373 | 023 301 | 007 116 | 001 6
July 1. 11 33
1. 23 46 15:64 3:46 0:26 316 010 97 0-03 129
2. 12 23
3. 059 | 1611 | 338 | 025 358 | 008 158 | 0-08 298
3. 13 32
4. 2 4 | 1640 | 373 | 020 331 | 003 157 | 003 109
4. 14 34
5. 3 4 | 1573 | 420 | 014 312 | 003 123 | 003 83
g' " 33} 1534 | 465 | 019 300 | 007 101 | 003 74
6. 16 32 -
o lasgr| 1592 | 11 | 021 331 | 007 102 | 007 69
.17 22
g_ g U 176 | 570 | oes 310 | 0-09 92 | 001 88
3: 1 22} 1563 | 603 | 036 299 | 010 131 | 005 31
9. 18 52 . . . . N
- ,g} 16001 | 625 | o025 284 | 013 38 | 002 353
1, 9%} 1638 | 688 | 027 | 305 | 006 | 102 | 009 | 103
i; Qg i?} 1572 | 621 | 032 307 | o012 98 | 007 89
12. 21 15° | 1552 | 596 | 036 309 | 020 80 | 010 64
13. 939 , |
13. 22 3 | 1532 | 536 | 030 309 | 017 84 | 006 64
14. 10 31 ‘
14 22 58 | 1539 | 486 | 036 313 | 014 99 | 0-04 106
15, 11 28 . _
15, 2358 | 1605 | 431 | 034 327 | ol 108 | 002 75
16. 12 32
17. 1 6 | 1613 | 391 | o028 307 | 006 118 | 004 71
17. 13 45
18. 223 | 1609 | 399 | 022 331 | 005 130 | 001 28
18. 14 57
19. 331 | 1596 | 441 | 026 315 | 010 75 | 0-04 132
19. 15 59 ) X ) . X
o A oat] 601 | 469 | 0a 332 | 006 105 | 0-03 52
g‘l’ 12 5; 1571 | 508 | o038 315 | 010 101 | 002 7
21. 17 31 . , , ) ,
o 4(75 1579 | 538 | 035 307 | 007 102 | 005 91
22. 18 ) . ) X :
o 1R at| 1568 | 533 | 033 301 | 009 72 | 001 | 36
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expressed by the formula A+ C;sinp+C,sin(2p+-c¢,) +Cssin(3p+-¢;) +Cysin (4 p4-¢,).

Analysed time of high
water, corresponding to Aq. C. Co. Co. Cs. 3. Cy. Cye
»=90°
1842. h m ft. ft. ft. o ft. o ft. o
July 23. 18 39 . . . . .
aa Ae ) 1573 | 561 | 033 291 | 007 60 | 004 173
24. 19 7 ) . . . .
il } 1575 | 558 | 030 293 | 014 48 | 007 94
25. 19 39 _ . X ) :
i 56} 1566 | 534 | o028 | 288 | 008 67 | o008 | 103
26. 20 12 . , ) ) .
A 28} 1560 | 508 | 034 287 | 013 82 | 002 238
a7 2 gg} 1541 | 473 | o029 | 201 | 012 65 | 004 79
28. 21 18 | 1554 | 448 | 026 291 | 017 51 | 0-04 58
29. 9 37 :
29. 2155 | 1557 | 398 | 028 303 | 014 73 | 000 28
30. 10 21
30. 22 46 | 1545 | 353 | 029 302 | 008 104 | 002 325
31. 11 19 ,
31. 2351 | 1565 | 325 | 025 329 | 007 108 | 003 343
August 1. 12 33

2. 115 | 3586 | 330 | 014 357 | 007 173 | 000 262

2. 13 58

3. 240 | 1565 | 391 | o1 312 | 0-04 55 | 001 213

3. 15 8 ) _

a o oq| 12 | 459 | o3 316 | 010 150 | 003 70

4. 1613 } 1567 | 529 | 029 | 316 | 010 | 135 | 003 91

5. 433 , .

5017 11 o0 |6 . . .

o Losr] 1579 | 612 | o025 298 | 006 11 | 008 86

‘;' 1 fg} 1579 | 662 | 021 | 299 | 009 | 106 | 009 88
7. 18 34 . , ) _ ) ‘
8 6 57} 1578 | 689 0-30 294 0-08 110 | 0-06 87

8 19191 oo | @ ) ) .

o 3 40} 1595 | 693 | 030 275 | 004 140 | 009 34
o og} 1589 | 663 | o029 | 289 | 011 75 | 004 38
10. 20 46 | 1564 | 620 | 036 297 | 015 79 | 006 46
1. 9 7
11. 21 28 | 1568 | 560 | 028 298 | 017 77 | omn 100
12. 9 54
12. 2220 | 1543 | 472 | 035 312 | 015 83 | o004 131
13. 10 51
13. 2321 | 1531 | 390 | 037 314 | 011 91 | 002 25
14. 12 1
15, 040 | 1546 | 350 | 026 343 | 010 134 | 007 30
15. 13 23 | . .

16. 2 6 | 1558 | 360 | 019 329 | 005 158 | 005 24
16. 14 40

17. 313 | 1584 | 414 | 022 317 | 005 90 | 0-03 33
17, 15 44| |, . . . .

18, 4 14} 1599 4:47 0-23 339 0-08 50 0-06 152

18. 16 27 . . . : .
lo. 4 48} 1601 | 502 | 025 312 | o011 73 | 004 99
19. 17 10 . : . . .

A 24} 1580 | 530 | 034 311 | 008 96 | 009 69
20. 17 40 ) . ) . ,

it - } 1565 | 560 | 027 296 | 005 44 | 008 73
21, 18 14 ) ) . ) .

. 6 26} 1531 | 580 | 033 291 | 0-07 64 | 008 51
22. 18 40 , ) ) ) ,

oo Yo ser| 1583 | 578 | 028 295 | 010 63 | 009 54
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Height of the Water in each individual tide at Castle Townsend, excluding diurnal tide,

Analysed time of high

water, corresponding to A,y C,. Co. Cg. Cs. €3, Cy €40
p=90°
1842, h m ft. ft. ft. e ft. o ft. °
June 22. 17 1 ) ) ) i .
e AT got| 1586 | 431 | 015 283 | 007 208 | 002 170
23. 17 45 ) ) X . .
2o el wsr | 419 | 017 276 | 002 | 77 | 005 277
24. 18 36 . ) . . . . |
on leief| w72 | 4m | oer | 266 | 007 | =59 | 003 | 13
25. 19 7 ) ) o , . A R
o6, 3ol bl 1541 | 415 | o021 271 | 003 239 | 003 203
26. 19 41 ) . . ) o o
a7 '8 ob| 1321 | 398 | 023 292 | 002 18 | 002 3
27. 20 20 " ) . . . .
o bl 1m0 | 365 | 017 277 | 004 243 | 001 309
28. 21 0 . X ) : . | X
5o, 9 17b| 1580 | 337 | 016 315 009‘ 51 | 013 63
29. 21 40 ) i i . - o
o ol 1543 | 311 | 026 306 | 004 269 | 002 182
July 32: ff 33 1529 | 283 | 019 317 | 005 315 | 002 147
1. 2337 | 1544 | 270 | 016 323 | 001 221 | 002 | 266
2. 12 6
3. 035 | 1592 | 280 | 004 259 | 009 263 | 0-04 338
3. 13 12 '
4. 148 | 1604 | 301 | 015 345 | 014 295 | 002 | 35
4. 14 15
5 242 1542 | 337 017 299 0:07 328 0:04 190
5 15 12
6. 341 | 1516 | 385 | 012 312 | 008 259 | 069 | 31
6. 16 2 [
7. 424 | 1542 | 434 | 017 276 | 0-06 344 | 001 61
g' 1 gg} 1527 | 506 | 019 | 296 | 006 | 265 | 006 | 294
9. 18 10 . . _ . .
o 180 1534 | 506 | 037 325 | 017 203 | 007 34
1 S oabl 192 | mes | 018 | 280 | 004 | 313 | 006 | 309
11. 19 50 ) . o . .
1930 asss | 511 | 07 296 | 004 274 | 004 | 106
iz Qg 4§ 1512 | 477 | 024 269 | 005 264 | 009 256
13. 21 32 ) ) . - . a0
13 % sl 1wss | ase | 026 287 | 006 222 | 010 | 30
15 2329 | 1597 | 347 | 017 | 262 | 11 | e85 | 007 | 16
16. 12 6 .
17. 043 | 1565 | 355 | 018 1 | 013 77 | 013 108
17. 13 22
18. 2 0 | 1572 | 331 | 018 295 | 006 284 | 004 | 154
18. 14 33
19. 3 5 | 1566 | 361 | 019 307 | 003 323 | 005 | 202
19. 15 32 ,
20. 3359 | 1566 | 392 | o027 316 | 007 | 320 | 001 337
20. 16 26 ) ) § o ; o
o 10 2L 1547 | 416 | 025 318 | 004 52 | 004 | 137
2l. 17 2 ) y A e
21T 2L assg | 431 | 017 303 | 008 237 | 003 | 243

15+41 440 023 281 0-05 116 | 001 | 184
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expressed by the formunlaAy+4C,sin p4-C,sin(2p-4c,) +Cssin (3p+¢;) +C,sin(dp+-c,).

Analysed time of high
water, corre;ggnding to Aq. Cye Co. [ Cs. [ - Cy 7%
p=90°.
1842 h m . ft. ft. j ft. . ft. j
July 28. 18 Bl| 1545 | 443 | 015 | 79 | 013 | 125 | 006 67
24 18 g’g 1543 | 443 | 031 281 | 006 179 | 005 | 351
25. 19 14 , , . " .
oo 19 ar| 1699 | 427 | 018 293 | 008 307 | 003 281
gg' 1 42 1538 | 404 | 023 | 293 | 004 | 233 | o008 7
27. 2019 . . . ) )
o B 1s20 | 31 | o023 282 | om 211 | 003 78
28. 20 57 . X . . .
o 28 16} 1536 | 342 | 033 295 | 007 227 | 014 122
gg' o WL 1531 | 302 | 019 274 | 005 281 | 004 79
30. 2239 | 1529 | 271 | 020 318 | o001 90 | o007 118
31. 11 13 _
31. 23 46 | 1541 | 258 | 015 322 | o001 224 | 001 247
August 1. 12 27 ,
2. 1 7 | 1561 | 27 | o007 354 | 006 311 | 002 359
2. 13 44 :
3. 220 | 1543 | 320 | o008 332 | 001 110 | 002 221
3. 14 50
4 320 | 1534 | 387 | 003 295 | 003 146 | 006 52
4. 15 45 ‘
5. 4 9 | 1540 | 449 | 015 333 | 010 285 | 004 108
g' 1g 4;} 1552 | 507 | 016 263 | 009 57 | 009 300
, ‘75' lg gg 1551 | 544 | 025 32 | 006 328 | 003 100
! *;’g 1547 | 570 | 024 299 | o019 231 | 012 349
g' 18 gg 1565 | 580 | 030 282 | 007 323 | 004 300
9. 19 267 .. . ) ) .
0 DR )| 1mse | e | 029 277 | 007 163 | 001 315
10. 20 13 , o _ ) )
10 20 bl 19 | 490 | 095 318 | o014 284 | 007 | 295
1. 21 9 ) ) i _ ) )
1o %y sap| 1593 | 434 | 020 301 | 009 326 | 003 348
}g f}) gf 1522 | 360 | o021 294 | 006 283 | 002 | 216
13. 23 7 | 1519 | 318 | 026 323 | 003 24 | 002 96
14, 11 50 -
15, 033 | 1523 | 285 | 020 312 | 008 333 | 007 41
15. 13 13 ‘ :
16. 153 | 1533 | 290 | 012 317 | 003 230 | 005 18
16. 14 28
17. 3 2 | 1558 | 330 | 016 307 | 004 321 | 000 329
17. 15 27
18, 352 | 1574 | 372 | 017 311 | 003 3 | 010 74
18. 16 10
19. 428 | 1561 | 404 | 018 298 | 0-09 259 | 0-04 55
19. 12 42} 1558 | 428 | o027 | 306 | o005 | 276 | 007 | 268
g‘l" lg g; 1543 | 442 | 029 279 | 006 217 | 006 146
2;’ 1(7; 5g 1519 | 467 | o023 299 | 004 28 | 005 149
Zg ‘2 :l,j 1548 | 461 027 283 | 004 20 | 005 330
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Section XI.—Discussion of the height of mean water deduced from the analysis of in-
dividual tides ; with reference to difference of station, and to variations of the phase
of the moon, and of the declination of the moon.

The mean heights (A,) for each station, in the results of last section, were divided
into groups corresponding to large tides and small tides, the dividing places being
the same as those in section V., page 29, or following by two days the times when
the moon’s hour-angle from the sun was 3", 9h, 15b, 21b, The means for each group
were taken, and then the mean of those means of groups belonging to large tides, and
the similar mean for small tides. The results are the following, the numbers for
Courtown being taken by anticipation from section XVII. :—

Mean height. Excess of

mean height

- Mean of | in large tides

Station. mean heights.| above mean

Small tides. | Large tides. height in
small tides.
ft. ft. ft. ft.

Kilbaha ........ 1558 1572 1565 014
Kilrush ........ 16-36 16-52 16-44 0-16
Foynes Island. . .. 1706 17-29 17-18 0:23
Limerick........ 17:38 1792 17:65 0-54
Casleh Bay...... ! 17-90 18:06 17-98 016
Galway ........ 1747 1765 1756 018
Old Head ...... 17-69 17-90 17-80 0-21
Mullaghmore .. .. 18:03 1823 1813 0-20
Buncrana ......|. 17:33 1747 1740 0-14
Port Rush ...... 17-60 17-83 17°72 0-23
Carrowkeel. . . ... 1796 1817 18:07 0-21
Ballycastle .. .. .. 17+40 17:63 17452 0-23
Gleparm........ 17:65 17-83 1774 018
Donaghadee ....| 17:76 17-89 17-83 013
Ardglass........ ©17-65 1778 1772 013
Clogher Head....| 1720 17-32 17-26 012
Kingstown ...... 17-44 17-49 17°47 0-05
Courtown ...... 16:63 16+67 16:65 004
Dunmore East .. 15°80 15-86 15-83 0-06
New Ross ...... 16-58 16-89 16-74 0:31
Passage West....| 1571 1578 1575 0-07
Castle Townsend . 15-45 1545 15:45 -0:00
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The first column which deserves attention is the “mean of mean heights.” The
progress of the numbers from’ Kilbaha to Limerick, as well as that from Dunmore
East to New Ross, show well the change of mean height in ascending a river affected
by current as well as by tide. Excluding these river stations, as also Buncrana and
Carrowkeel, which partake in some measure of the same character, we have a view
of the comparative mean heights of the sea on different parts of the coast of Ireland.
And here we have the remarkable result, to which allusion has already been made,
that the mean height of the sea round the northern half of the island, as referred to
the surface of stagnant water, is considerably greater than that round the southern
half of the island. The amount of this difference of height is believed by the officers
who directed the levelling operations to be much greater than can be explained by
any allowable error in the levelling. The heights on the eastern coast are also, per-
haps, a little greater than those on the western coast. I profess myself entirely unable
to explain on mechanical principles this result.

In every instance except that of Castle Townsend, the mean height in large tides
is greater than that in small tides. Further allusion will be made to this in the
examination of the next table. I shall here only remark that I imagine this to be a
possible result of the shallowness of the sea, though theory has not yet reached so
far.

MDCCCXLY. 0
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For the investigation of the effect of the moon’s declination, the same process in
all respects was used as in Section V., pages 32 and 33, and the following are the re-
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sults :—

Excess of mean
e Bt L
o ean height | Mean height large declination Mean height Mean height | creasing declina-
Station. with small | with large above mean | With decreasing | with increasing | tion above mean
declination. | declination. height with declination. . declination. heigl_lt with _in-
* |small declination. creasing declina-

] tion.

; ft. ft. ft. ft. ft. ft.
Kilbaha ....... 15°61 15466 +0:05 1568 1559 +009
Kilrush ........ 16:40 16+46 +0-06 - 1652 16-34 +0°18
Foynes Island. ... 17:15 17418 +0°03 17-24 17:07 +017
Limerick........ 17:68 1757 —0°11 17-81 1743 +0-38

| Casleh Bay...... 17:94 18:00 +0:06 1803 17°91 + 012
Galway ..ecaes 17°54 17°58 +0°04 17:62 17°49 +0°13
Old Head ......| 1771 | 1781 +010 17°91 17+69 +0°22
Mullaghmore .. .. 18:07 1815 4008 - 1822 1806 + 016
Buncrana ...... 17-37 17:42 +0-05 17°53 17-31 + 022
Port Rush ...... 17:68 1770 4002 17-88 17°59 +0°29
Carrowkeel. ..... 17°97 1812 +0°15 1818 17:94 +0:24
Ballycastle .. .... 17°47 17-59 +0°12 17:64 17+39 +0-25
Glenarm........ 1768 17776 +0-08 17-87 1766 + 021
Donaghadee .... 17°79 17-85 +0°06 1793 1777 +0°16
Ardglass........ - 1769 17°73 + 0404 17°82 1764 +0°18
Clogher Head 17-21 17-29 4008 1729 17:20 4009
Kingstown ...... 17-41 17:50 4009 17°53 17°42 +0°11
Courtown ......| 1660 16:67 +0°07 16°70 1663 +0:07
Dunmore East .. 15°80 1588 +0°08 1590 15°79 +0°11
New Ross ...... 1674 1668 —0°06 16°85 1661 +0°24
Passage West....| 1570 15°77 +0-07 15°77 1570 +0°07
Castle Townsend.. 1542 1547 + 005 1546 1544 +0°02

Upon comparing the results of this Table with those of the Table on page 96, the
remarks made in page 33 must, I think, be considered to be. insufficiently founded.
The excess found by classifying according to the magnitude of the tide is here de-
cidedly greater than that found by classifying according to the moon’s declination.
In the river tides (from Kilbaba to Limerick, and from Dunmore East to New Ross)
the excess classified by the magnitude of tide proceeds more regularly than that
classified by moon’s declination. I think also that the change for the stations on the
narrow channel from Port Rush to Donaghadee inclines us to the supposition that
the whole is due rather to the variation of magnitude than to the variation of declina-
tion. The change of declination, being very slow, would probably produce the same
sensible change in the mean level of the deep (though contracted) sea of the North
Channel as in that of the Atlantic Ocean: though everything which depended in any
way upon the tides might be very different. Perhaps however the change for these
stations is not sufficiently decided to give great force to this argument. On the
whole, I regard the origin of this inequality as yet subject to some doubt.

The values of A, at any one station differ, sometimes rapidly, from day to day. In
order to examine these, I have subtracted from every value of A, at each place the



ON THE COASTS OF IRELAND. 99

mean of all the values of A; at that place, and have set down the excess as an irregu-
larity in the general height of the water at that place on that day. The numbers for
Courtown are taken by anticipation from Section XVII. The results are contained
in the following Table. With the view of ascertaining any possible connexion of these
irregularities with the cause of the winds, I have set down in the last columns the
character of the winds observed at the four stations Kilbaha, Port Rush, Kingstown,
and Passage West, which may be considered as nearly equidistant on the coast. [The
letter ¢ attached to the letters describing the direction of the wind denotes that it
was nearly calm ; the letter s denotes that the wind was strong.]

o2
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102 MR. AIRY ON THE LAWS OF THE TIDES

Upon inspecting these numbers, one law cannot fail to occur to us, namely, that
the irregularities are nearly the same in magnitude and in sign on every part of the
coast of Ireland at the same time. So prevalent is this law, that there are few instances
in which the irregularity at one place differs from the mean of the irregularities at all
the places at the same time by more than an inch. My ideas of the almost perfect
fluidity of water have been very much raised by this comparison. I may remark that
it embodies, in a form admitting of easy examination, the resuit concluded from rough
inspection of observations which is made the foundation of a method for supplying
deficient observations described in page 10. I may also add that it gives no small
security for the general fidelity and accuracy of the observers at the different stations.

I do not perceive any certain connexion between the irregularities and the course of
the winds, except that the water is usually highest on all parts of the coast with a
violent south-west wind.

In order to ascertain the general relation of these irregularities to those of the
barometer, I have compared the corrected mean height of the barometer at Green-
wich for each civil day with the mean height for the year (using the numbers pub-
lished in the Greenwich Magnetical and Meteorological Observations). The follow-
ing are the results:—

Excess of the corrected mean height of the barometer each day, at Greenwich, above the mean height
for the year 1842.
in. in. in. in. | in. in.

June 23.|—0°142| July 4.|—0226||July 15.|+0-378 || July 26.|+ 0042 Aug. 6.|—0°033| Aug.17./+ 0132

24.]—0°251 5.|—0°232 16.|4+0°174 27.|4+ 0187 7 ... 18.]—0041

25.]—0234 6.+ 0129 17.] ... 28.|4-0056 8.|4 0078 19.|—0-067

26. ... 7.|+0°070 18.|—0°118 29.|—0-069 9.|4+0-017 || 20.14+0°032

27.140°218 8.|—0°216 19.|—0°147 30.|40°083 10.|—0-263 2L ...

28.|40°268 9. —0-271 20.|—0-231 3Ll ..., 11.]—0-029 22.|—0°023

29.(40-097 10.f ... 21.|—0°189| Aug. 1.|+0-310 12.|4 0313 23.|—0-064
30.|—0-080 11.1—0-288 22.|+0°064 2.|+0°164 13.]40°443
July 1.|—0-168 12./—0-046 23.|40-235 3.|—0°016 4. ...
2.]—0-105 13.|4 0226 24, ... 4./1—0092 15.|+0-242
3 ... 14.|+ 0388 25.|—0°040 5./—0°036 16.|40-207

I have also obtained, through the kindness of Sir W. R. HamirTon, the barometrical
observations at the Observatory of Dunsink, near Dublin; and from Colonel CoLsy
and Captain Larcom, R.E., I have received the observations made in the Pheenix
Park near Dublin, and at Limerick. The following results are obtained by com-
paring each day’s mean with the mean for this period.

Excess of the mean height of the barometer each day, at Dublin, above the mean of all.

Dun- | Pheenix Dun- | Pheenix Dun- | Pheenix Dun- | Pheenix Dun- | Pheenix Dun- | Phoenix
sink., Park. sink. Park. sink. Park. sink. Park. sink. Park. sink. Park,
] in. in. in. in. in. in. in. in. in. | in. in. in.
June 23./—0-31 |—0-372 || July 4.|—0'53 |—0-547 July 15.|4-0-35 |4-0-388 || July 26./4-0-19 |-40-164 || Aug. 6.—0°04 |—0-070 || Aug 17./4-0-09 (4-0-059
24.|—042 | —0-454 5./—022 1 —0281 16.|4-0:04 |40-076 27./4-0-31 |4-0-302 7 ceeens —0-112 18./4-0-01 | —0-013
25.|—049 | —0-534 6./+0°06 [}-0-173 17.0 eeenee —0-196 28.{4-0-20 |4-0-182 8.{—008 | —0097 19./—0:17 |- 0-210
26.4+006 | —0-098 7.|—022|-.0-227 18.|—0:13 | —0153 29,4020 (40173 9./—010—0-111 20,|—0-08 | —0-105
27./4-0:31 |4-0:315 8.|— 038 |—0500 19.|—0-12 | —0-165 30.!4-029 |4-0-284 10.|—0-21 |- 0258 21.|4-012 |4-0-115
28.]4-0-16 |+0-148 9.|—032 |—0-365 20.|—0°11|{—-0-147 3L .l +4-0:365 11.|—001 {—0-011 22.|4-0°17 |4-0-165
29./4-0°13 [+-0:120 10./— 025 |—0:180 21./4-0-01 | —0-006 || Aug. 1.]4-0-32 |40:315 12.|4-017 {4-0:170 23.|—-007 |—0079
30.|40-02 |4-0-022 11,/ —0'43 | —0:485 22.|4-0-22 [4-0-205 2.|4009 |4-0-072 13.|4-0-42 |4+0-418
July 1.|—0-10 |—0-126 12,/ —0:09 | — 0074 23.|4-0-30 |4-0-304 3.|4-0-10 |4-0-089 4. ... +0-445
2.—0-04 [ -0-059 13./4-0°14 |4-0121 24, oeien +0-200 4./—009|—0-110 15,4037 |+0-342
8.|—025 [—0-108 14./4-0:45 |4+0-443 25./4-009 [4-0-061 5.—014|—0176 16./4-0-29 |4-0-284
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Excess of the mean height of the barometer each day, at Limerick, above the mean of all.
in. in. in. in. in. in.

June 23.|— 0407 || July 4.|—0-543 || July 15.|4 0365 || July 26.|+ 0182 Aug. 6.|—0-062| Aug.17.|+0-058

24.|—0447 5.|—0°169 16.|—0°059 27.|+0:324 7.]—0°169 18.|—0:002

25.|—0+535 6.|+0-212 17.1—0320 28.|+0:295 8.|—0°171 19.|—0-198

26.|—0:0771 7.]1—0:217 18.1—0-208 29. |+ 0:220 9.]—0:152 20.|—0'115

27.|40-360 8.|—0514 19.|—0-178 30.|4-0-337| . 10.|—0-267 21.|4 0099

28.[4+ 0178 9./—0+346 20.|—0-132 31.]/40-381 11.|—0-053 22,14 0190

29.|4+0°178 10.|—0°191 21.{4 0030 Aug. 1.|4- 0323 12.14-0:122 23.|—0-069
30.|4+0°039 11,{—0-491 22.1+0173 2.]4+ 0052 13.4-0°406
July 1,|—0072 12.]—0°104 23.{+0-308 3.140-124 14.|40-422
2.]40°022 13.14-0-094 24.|4 0206 4.1—0:051 15.{40:360
3.|—0°116 14.|4- 0440 25.|40-074 5.]—0°162 16.|40-301

The comparison of these numbers with the irregularities in the heights of the water
amply supports the law of Davssy, WHEWELL, and Bunr, that a negative irregularity
in the height of the barometer is accompanied by a positive irregularity in the height
of the sea, twelve or fourteen times as great as that of the barometer.

Section XII.—Discussion of range of tide, or coefficient of first arc in the analysis
of individual tides ; and of semimenstrual inequality in range, apparent proportion
of solar and lunar effects, and age of tide as deduced from range.

The tides were divided into groups of large tides and small tides, separated at the
same times as those particularized in pages 29 and 96. For each of these groups the
mean of the values of C, was taken, some deficient values being supplied by interpo-
lation. The moon’s parallax and the square of the cosine of the moon’s and sun’s
declinations were taken for two days preceding each tide, and the means of these
quantities were taken through the same groups.

A general result will be obtained by forming the sum of the mean values of C, for
all the stations in each group. Thus we obtain :—

Large Tides.

Period. Sum of mean values of| Mean value of q052 Mean value of moon’s | Mean value of cos?
C; at all the stations. | moon’s declination. parallax. sun’s declination.
h h ft. v
July 6. 16to July13. 38 117°43 0:8742 59 44 0:8547
July 20. 9toJuly28. 9 100-11 09076 54 41 0°8815
Aug. 5. Oto Aug.lle 16 129°11 09260 60 31 09194

Small Tides.

Period. Sum of mean values of | Mean value of cos? | Mean value of moon’s | Mean value of cos? .
C, at all the stations. | moon’s declination. parallax. sun’s declination.
h h ft. . w
June 28. 6 to July 6.16 7166 09427 55 13 08456
July 13." 3to July 20. 9 8463 0:9202 58 19 0°8666
July 28. 9to Aug. 5. 0 7340 - 0°8965 55 56 0:9012
Aug.11. 16 to Aug.18. 15 7784 08697 57 34 0:9378
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Put M for the lunar effect when the square of the cosine of the moon’s declination
is 09 and her parallax is 57'; m for the quantity by which this is increased for every
increase of 1' in parallax ; s for the mean effect of the sun (the square of the cosine
of his declination being 0'9) for one-fourth of a lunation, positive in the large tides
and negative in the small tides, which bears to the absolute effect of the sun a rela-
tion explained in page 34. The effect of the variations of the moon’s parallax and
declination upon the luni-solar tide, as is well known, is nearly the same as that on
the simple lunar tide ; and therefore it will be correct to refer the mean of the luni-
solar tides to the mean of the moon’s parallaxes and square of cosine of declinations.
The variations depending on the moon’s declinations are not strictly in the propor-
tion of the squares of the cosines of her declination, but in the present instance,
where the means of the squares of the cosines are very nearly equal, may be assumed
to be so without sensible error. Forming then an equation from each of the lines in
the Table above by these considerations; reducing them to four equations by retain-
ing the second, taking the mean of the first and third, the mean of the fourth and
sixth, and the mean of the fifth and seventh, and combining these so as to form three
favourable equations, by adding all, by subtracting the sum of the third and fourth
from the sum of the others, and by subtracting the sum of the second and third from
the sum of the others, we obtain the following equations : —

377°156= M x4024+mX0:33—5X 0008
69'61=—M X 0:008+4m X 12945 X 3'938
31'87=—Mx0036+m X 783 —s X 0°026.

From these we obtain M =934, m=4'56, s=16'37. The moon’s effect, therefore,
for the parallax 57'+4»' may be represented by 93-444'56 Xn. If the moon’s hydro-
dynamical effect varied as the cube of her parallax (which is the law of variation of
her statical effect), the formula would be 93:4+44'92 xn. The result of the movement
of the water has therefore been, to reduce the elliptic variation of lunar effect by

036 3
293 bart, or by 75 part.

Now it is shown in the Encyclopaedia Metropolitana, Tides and Waves, Art. 448,
that if the tides were created by the effect of the moon on the water in a uniform
channel surrounding the earth, and if » were the earth’s radius, % the depth of the
water, g the acceleration produced by gravity in the unit of time, »' the moon’s appa-
rent angular motion round the earth (as estimated by a spectator who supposes that
the earth does not revolve on an axis), and 2 the moon’s angular motion from her

2
perigee ; then the elliptic variation is changed by gﬁ:g—-—’tﬂ part. Thus we obtain

4 #b%h 3
3 WPP—gk— 4l
. h_3 k __101_5 5 nl?p® ; .
Making = 75> we find 7%35: %o =3 nearly ; and k=§»—g—- Observing that »'d
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=linear velocity of a point at the equator produced by the earth’s rotation, supposing
. 252 . . .
the moon fixed, we easily find 9—9——: 13 miles nearly ; and thus our observations give

Depth of the sea =k=22 miles.

If the channel were supposed to be a small circle of the earth instead of a large
one, the resulting depth of the sea would be diminished in the proportion of the
square of its diameter.

Whatever may be supposed of the error of this result, or the inapplicability of the
theory by which it is obtained to the circumstances of the seas, I may remark that it
agrees generally with a result deduced from Mr. WHEWELL's discussions of the obser-

vations at Bristol with reference to the moon’s declinations *.
IQbQ

Assuming however that we have correctly determined %]—k—=-5-a we may proceed to

remark that+ the moon’s hydrodynamical effect is represented by her statical effect

multiplied byﬁ—_:lﬁ,g——ba and by constants; and that the sun’s hydrodynamical effect
is represented by his statical effect multiplied by ﬁ”—‘l‘%? and by the same constants.

. 2 15 . .
If we consider Z—ﬂzﬁ’ then the hydrodynamical effect of the moon contains the

multiplier
1 1 15 1295

gk 1__3—_glc g Of gk 10’

5
while that for the sun contains the multiplier
1 1 114 1 98
g—k‘“l__l;é § ﬁ._g. or y._k.l_(.)
145

And therefore the proportion of the moon’s statical effect to the sun’s is greater than
the proportion of her dynamical effect to the sun’s in the ratio of 28 to 25. And as
the moon’s hydrodynamical effect, deduced from the values of M and s above (93-4

. . . . 100 s .
and 16'37), by the considerations in page 34, is nearly =g5=X sun’s hydrodynamical

. s . 1-00 . ,
effect, it follows that the moon’s statical effect =g5=X sun’s statical effect =4 X sun’s

statical effect. This conclusion differs widely from LAPLACE’s ; yet it is formed, as I
believe, on grounds as good as LAPLACE’s.

For particular results applying to each individual station, regarding the semi-
menstrual inequality in range and the apparent proportion of the solar and lunar
hydrodynamical effects ; the mean value of C, for large tides is found by taking the
mean of the three values in the three periods of the last Table, and the mean value
for small tides by taking the mean of the four values in the four periods of the last

* Tides and Waves, Art. 553. + Ibid. Art. 448.
MDCCCXLV. P
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Table ; and then treating these in the same manner as in the latter part of the table
on page 35.

: Difference |Corresponding
Station. L/Ilz::xéeoiigést: o M:;gl?igzim Difference. | Mean, or M. | divided by | value of ..
] mean. M
ft. ft. ft, ft.
Kilbaha ........ 612 | 373 | 2389 493 0-48 ' 0-40
Kilrush ........ 654 419 2:35 537 0-44 0-36
Foynes Island....| 735 4-96 2:39 6-16 0-39 0-32
Limerick.. ... . 8:98 - 621 277 7°59 0-37 0-30
Casleh Bay...... | 6385 383 2:52 509 0-50 042
Galway ........ 6:41 3-89 2:52 515 | 0-49 041
Old Head ...... 559 343 2:16 451 0-48 0-40
Mullaghmore .. .. 535 3:25 2:10 4-30 0:49 041
Buncrana ...... 584 3:37 2:47 461 054 0:46
Port Rush ...... 256 | 1:38 118 197 060 | 052
Carrowkeel...... 3:35 195 | 140 2:65 053 | 045
Ballycastle .. ,... 1:42 0-88 0:54 115 047 0°39
Glenarm...... .- 2-89 247 0-42 2:68 0-16 012
Donaghadee ....| 524 396 1-28 4:60 0-28 0-22
Ardglass........| 690 496 194 593 0-33 0-26
Clogher Head .. 6+79 481 1-98 580 0-34 0-27
Kingstown ...... 526 3:69 1-57 448 0-35 0-28
Dunmore East .. 573 391 1-82 4-82 0-38 0-:31
New Ross' ...... 6:16 4-51 1-65 5:34 0-31 0-25
Passage West. ... 594 419 | 175 507 0:35 0-28
Castle Townsend. . 479 333 1-46 406 0-36 0-29

For the age of tide as inferred from range, the times have been ascertained (by
interpolating between the times in the Tables of formule in Section X.) at which the
actual value of C; may be supposed to coincide with the mean value of C;; and the
times thus found bave been compared with the times at which the moon’s hour-angle
from the sun was 3%, 9 15% 21 namely, June 26, 6", July 4, 16", July 11, 3%, July
18, 94, July 26, 9", August 3, 0%, August 9, 16", and August 16, 15", An error is
here committed alternately 4 and —, and therefore it is proper to use an even number
of comparisons. Eight are used at every place except Ballycastle and Glenarm, where
only six are used. [It is to be remarked that in the use of the formulee in Section X.,
a number opposite to a bracket is always held to correspond to the mean of the two
times embraced by that bracket.] The means of all the differences at each station
between the times thus found from Section X. and the times corresponding to the
hour-angles 3" 9% &c., are adopted in the following Table as the age of the tide.
These* are the true ages of the tide.

Station. Age of tide. Station. Age of tide. Station. Age of tide.

d h d h d h
Kilbaha ........| 1 20 | Mullaghmore....| 2 0 | Ardglass........ 2 2
Kilrush ........ 1 19 | Buncrana ...... 1 20 | Clogher Head 2 2
Foynes Island. ... 1 21 | PortRush...... 1 11 | Kingstown ...... 2 0
Limerick......,. 2 1 || Carrowkeel..... 1 14 || Dunmore East .. 2 2
Casleh Bay...... 1 20 | Ballycastle...... 1 5 || New Ross «o.... 2 2
Galway ........ 1 21 | Glenarm........ 2 9 | Passage West.... 2 1
Old Head ...... 1 22 ||Donaghadee ....| 2 6 | Castle Townsend.., 1 23

* Tides and Waves, Art. 545.
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Section XIII.—Establishment of each port, as deduced from the time of maxvimum of
the first periodical term in the analysis of individual tides.

The preceding operations having made it sufficiently clear that the age of the tide
differs little from two days, it is proper now to refer all the phenomena of the tide
to an epoch two days earlier than the observation. A process is therefore adopted in
this section differing in a trifling degree from that in Section VII. The times are
taken at which the moon’s hour-angle from the sun was 0 6%, 12b, 184 and two days
are added to these times: the resulting times are June 24, 9%, July 2, 204, July 9, 19%,
July 16, 21, July 23, 23", August 1,16" August 8, 4%, August 15, 5% August 22, 16",
These times are assumed to divide the large lunitidal intervals from the small ones.
For the lunitidal intervals at the high waters of the First Division, the moon’s time
of Greenwich transit is taken for that transit which precedes the high water by two
days and a few hours; for the high waters of the Second Division the moon’s time of
Greenwich lower transit is interpolated. Comparing these times of transit with the
times of high water in the formule of Section X., the lunitidal intervals correspond-
ing to lunar transits two days earlier are found. The means of these are taken for
the groups separated by the times specified above. Then, the means of the large and
the small lunitidal intervals being adopted as the mean interval, a correction of 1
41™ is applied subtractively, to reduce the interval after moon’s transit two days pre-
vious, to the interval after moon’s transit on the same day as the tide (1* 41™ being
the difference between two solar days and two lunar days). The result is contained
in the following Table.

Mean of large | Mean of small | Mean of all the True
Station. intervals from | intervals from | intervals from |t biichment in
transit two days | transit two days  transit two days | Greenwich time.
previous. previous. previous.

h m h m h m h m
Kilbaha ........ 6 53 5 b5 6 24 4 43
Kilrush ........ 7 6 6 7 6 36 4 55
Foynes Island. . .. 7 49 6 54 7 21 5 40
Limerick..o..... 8 19 7 27 7 538 6 12
Casleh Bay...... 7 3 6 3 6 33 4 52
Galway ........ 7 8 6 9 6 38 4 57
Old Head ...... 7 19 6 23 6 51 5 10
Mullaghmore .. .. 7 39 6 37 7 8 5 27
Buncrana ...... 8 27 7 21 7 54 6 13
Port Rush ...... 9 4 7 50 8 27 6 46
Carrowkeel. .. ... 9 48 8 44 9 16 7 35
Ballycastle ...... 100 4 9 2 9 33 7 52
Glenarm........ 12 53 12 3 12 28 10 47
Donaghadee . 13 10 1216 12 43 11, 2.
‘Ardglass........ 13 14 12 16 12 45 11 4
Clogher Head 13 21 12 24 12 52 11 11
Kingstown .. .. .. 13 26 12 30 12 58 11 17 .
Dunmore East .. 7 14 6 16 6 45 5 4
New Ross ...... 8 5 7 1 7 38 5 57
Passage West.... 7 26 6 31 6 58 5 17
Castle Townsend.. 7 3 6 5 6 34 4 53

P2
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Section XIV.—Semimenstrual inequality in time, proportion of solar and lunar
effects from times, and apparent age of tide as shown by times ; deduced from the
time of maximum of the first periodical term in the analysis of individual tides.

Taking the difference of the means of large intervals and small intervals in the last

Table, we deduce from them the value of EI by the same formula as that employed in

page 42. The results are as follows :—

Difference of | ya1ue of Difference of | yry1y¢ of
Station. means of large | g Station. means of large | g
intervals and N ) 1nteryals and 5T
small intervals. small intervals.
m m
Kilbaha ........ 58 0:37 || Ballycastle ,... . 62 0°40
Kilrush ........ 59 0-38 || Glenarm........ 50 0-33
Foynes Island. ... 55 0-36 || Donaghadee .... 54 035
Limerick........ 52 0-34 || Ardglass........ 58 0:37
Casleh Bay...... 60 0:39 | Clogher Head .. 57 037
Galway ........ 59 0:38 | Kingstown ...... 56 0-36
Old Head ...... 56 0:36 || Dunmore East .. 58 037
“| Mullaghmore . ... 62 040 || New Ross -...... 54 0-35

Buncrana ...... 66 0-42 | Passage West.... 55 0-36
Port Rush ...... 74 0-48 | Castle Townsend.. 58 0-37
Carrowkeel.... .. 64 041

S . . ;
These are the true values of 37 *, supposing that the process for finding them has

been correctly followed. I omit here all deductions as to the absolute maximum of
semimenstrual inequality in time at each station, for a reason that will be explained
in Section XV.

To obtain the apparent age of tide as shown by times, a process was used analogous
to that in page 43 or that in page 106. The times were ascertained (by interpolating
between the times in the Tables of formulein Section X.) at which the actual interval
of analysed high water from moon’s transit two days previous coincided with the
mean interval in the Table of page 107. These times were then compared with the
times at which the moon’s hour-angle from the sun was 0", 6", 12", 18"; namely,
June 22, 9%, June 30, 20%, July 7, 19", July 14, 21%, July 21, 23", July 30, 16", Angust
6, 4%, August 13, 5" August 20, 16", The difference was counsidered to be the appa-
rent age of the tide as given by the times. The following are the results : —

Apparent age Apparent age Apparent age
Station. of tide from Station. of tide from Station. of tide from
times. times. times.

d h d h d h
Kilbaha ........ 1 7 | Mullaghmore .. .. 0 23 | Ardglass........ 1 11
Kilrush ........ 1 10 | Buncrana ...... 1 4 | Clogher Head,... 1 11
Foynes Island.. .. 1 22 | PortRush ...... 0 9 |Kingstown...... 1 3
Limerick........ 2 7 | Carrowkeel..,...| +1 0 | Dunmore East .. 2 7
Casleh Bay. ..... 1 4 |Ballycastle ..,...| —0 14 | New Ross ......| 2 18
Galway ........ 1 8 |Glenarm..,,....| +1 12 |Passage West,...| 1 23
Old Head ...... 1 6 | Donaghadee .... 1 13 | Castle Townsend..] 1 11

* Tides and Waves, Art. 538.
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The apparent age from times is at every littoral station, except Dunmore, consider-
ably less than the age from range. At Port Rush the apparent age is small; and at
Ballycastle, the diminution proceeds so far as to change the sign of the apparent age.
I cannot entirely explain this difference. It indicates that large tides arrive earlier
(with reference to the hour-angles of the sun and moon) than small ones ; but I know
not why this should happen.

Section XV.— Comparison of the results as to mean height, range, semimenstrual in-
equality in height, age of tide obtained from height, establishment, semimenstrual
inequality in time, and age of tide obtained from times, deduced from high and
low waters only, in Sections V., VL., VIL., VIIL., with those deduced from the ana-
lysis of individual tides in Sections XI., XII., XIII., XIV,

With regard to the mean heights, we have to compare the results in Section V. with
those in Section XI. And first for the mean height on the whole series of observa-
tions. The stations which appear best adapted to enable us to decide on the adop-
tion of Mean Heights or Apparent Mean Heights as our standard (that is, as most
nearly related to the height of water unaffected by tides) are those upon the Shannon.
And these leave no doubt that the Mean Heights (deduced from the analysis) ought
to be adopted. Ina current river, it is inconceivable that the height at a lower
station (as Foynes Island) should be equal to that at the highest station (Limerick),
as it would be if we relied on apparent mean heights. These are the only stations
which throw much light on this subject, for at Dunmore East and New Ross (river
stations) the two results agree; and, at the littoral stations, there is on the whole no
difference of a critical kind. ' At the two quasi-river-stations of Buncrana and Car-
rowkeel, we have on both systems discordant results, one giving a mean level higher
and the other lower than that of the more exposed stations. The extreme diminution
of the range of tide between Port Rush and Glenarm causes no sensible alteration of
the mean level, in either system of results. The greater elevation of the mean level
at the northern part of the island is equally well-marked in both. For the variation
of mean height under different circumstances of large and small tides, large and
small declinations of the moon, and increasing and decreasing declinations of the
moon, the comparison of the numbers on the two systems gives little subject for
remark, except that the difference between large and small tides in the Shannon sta-
tions seems to be more strongly marked in the mean heights than in the apparent
mean heights. This however does not well accord with the idea of a standard height.
It will be remarked that at Limerick the difference between the mean height and the
apparent mean height is nearly a foot.

With regard to the range of the tide, we have to compare the “ Mean Range” in
the 8th column of the Table in page 35 with the double of “Mean or M” in the 5th
column of the Table on page 106. Neglecting the differences of 0°01, we may assert
that, at all the stations except Mullaghmore and Dunmore East, the apparent range
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is greater than 2 C, in the formulee of Section X.; and that in the river-stations the
difference is considerable. Without accounting for the two exceptions, I may remark
that this shows that the departure from the pure form of tide depending on a single
sine is, at all the other stations, similar in some important points of its character to
that in a river tide. The nature of the tide at each station will be examined more
accurately in Section XVI.

With regard to the semimenstrual inequality in height and the apparent value of

%, we have to compare the two last columns of the Table on page 105 with the two
similar columns of the Table on page 35. The numbers are so nearly equal that we
cannot assert that there is any certain difference. The large value of % at Port Rush,

the small value at Glenarm, and the general smallness from Donaghadee to Castle
Townsend (like that in the river station Limerick) are equally marked in both.

With regard to the age of the tide as obtained from heights or ranges (which, as I
have stated before, is the true age of the tide), we must compare the results on page
105 with those on page 38. They agree, on the whole, very well; though the ages
deduced from the analysis appear to be somewhat smaller than those deduced from
high and low waters. The ages deduced from the analysis also agree better among
themselves. The diminution however from Port Rush to Ballycastle is remarkable.
The general result seems to be that on the south-western coast of Ireland the age of
the tide is about one day twenty hours.

For the establishment, we must compare the Table of page 106 with that of page
39. Only at Limerick and New Ross is the difference considerable: at these sta-
tions it amounts to about twenty minutes.

For the semimenstrual inequality in time, we must compare the numbers in page
107 with those of page 42. And here it will at once be remarked that a great and

important change has been made in the resulting values of % by the new mode of

treating them. The values at Old Head and Glenarm and the following stations are
increased, and those at Port Rush and Ballycastle are diminished, till they agree suf-
ficiently well with the others. This change arises from two causes. First, the deter-
mination of times from the analysis is vastly more accurate than that from the esti-
mation of the times of high and low water. Secondly, in Section VIIL the groups
for large intervals and small intervals were divided at each station from a consideration
of the magnitudes of the intervals themselves, whereas in Section XIV. they were di-
vided from consideration of a totally different circumstance, namely the age of the tide
as shown by the time of occurrence of the mean value of range. Strange as it may
appear, the former method was incorrect, and the latter is correct.” The former method
is affected by a circumstance which ought not to enter into the formation of this result
at all, hamely the change in the time of station-tide, not depending on the change in
the time of sea-tide, but depending on the change which the character of the tidal for-
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mula in Section X. undergoes when the magnitude of the range isaltered. Thus, the
maximum and minimum intervals of sea-tide (which are the objects of our search)
occur at the times (corrected for age of tide) when the moon’s hour-angle from the
sun is 3, 9" &c. But from hour-angle 9 to hour-angle 12" the range of tide is in-
creasing : the modification of time of station-tide as related to time of sea-tide is
therefore increasing ; a second inequality of time is therefore combined with the first,
having a different time of vanishing: the time of vanishing of the compound in-
equality is therefore different from that of the first inequality, and the maximum mag-
nitude of the compound inequality is different from that of the first. And this pro-
duces its full effect if we make our divisions of groups with reference to the time of
vanishing of the compound inequality. But if we make our divisions strictly at the
times when the first inequality ought to vanish, then, though every individual time
be affected by the second inequality, yet there are the same number of instances
affected in the same way on opposite sides of our places of division, and their effect
disappears in the final result. But as-the full compound effect is not used for our
final result, conversely we cannot from our final result infer the maximum magni-
tude of the full compound effect, or the maximum value of the semimenstrual in-
equality in time.

These considerations appear to be deserving of the utmost attention in investi-
gating the most important single result which can be deduced from the tides, namely
the proportion of the hydlodynamlcal effects of the sun and the moon.

The mean of all the values ofM— in page 108 is 0-38. It is probable that, on at-

tending more scrupulously to the age of the tide at the different stations, results
would have been found agreeing more closely with each other: but I think it likely
that the mean would scarcely have been altered.

With regard to the apparent age of tide obtained from times, we must com-
pare the numbers in page 108 with those in page 44. The general result of the com-
parison is, that the mean of the opposite ages deduced from high and low water
agrees with-that deduced from the analysis as nearly as can be expected (where a
small error in the estimated time of high or low water would produce a great effect
on the resulting age). They agree in giving a small apparent age at Port Rush and
Ballycastle. The ages deduced from range agree also in this. Now this result* is
exactly that which would follow from the supposition that a tidal wave with a large
range travels more quickly over the shallow bottom than one with a small range:
and that this holds not for the phase of high water or low water only, but for the
zero of the angle p. Or it would follow from the supposition that a wave of short
period travels more quickly than one of long period (the tidal day near conjunction
being shorter than that near quadrature). Neither of these points has been esta-
blished by theory; but the former appears to be very probable.

* Tides and Waves, Art. 463.
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Section XV1I.—Remarks on the succeeding terms of the expressions for individual tides,
as related to the magnitude of the tide, to the position on the sea-coast, to the
position on the river, &c.; comparison with the terms given by the theory of waves ;
discussion of the quarto-diurnal tide.

In order to reduce to a smaller number the numerous formula of Section X., and
to render the relations of their coefficients and arguments at once accurate and di-
stinct, the formulee have been divided into groups corresponding to large tides and
small tides, the times of division being the same as those used in the discussions of

the semimenstrual inequdlity of height. Then, for the large tides, the numbers %? A,
have been collected and their mean has been taken ; similarly, the mean of the numbers

3;2 B, bas been taken; and from these, by the treatment described in Section X., a

“term similar to C, sin (2 phase +¢,) is formed. The mean of all the angles ¢, is also
taken, and its double is subtracted from the number corresponding to ¢,. A similar
process is used for 3 phase and 4 phase. As for some tides ¢, is nearly equal to 90°
and for others is nearly equal to 270°; the expressions in the latter case are made to
admit of combination with those in the former case by subtracting 180° from ¢, and
by changing the signs of A, and B;. The small tides are treated in the same manner.
The following Table contains the result.
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Variable part of the formulee for the elevation of the water at each of the Stations in
Large Tides and Small Tides.

ft. ft. ) o ft. o ft. o

Kilbah Large tides.|6:12.sinp +0°16.5in(2p+164) +0°03.sin(3p+4231) +0:03.sin(4p+88
HDAAA e veeeeeen Small tides. 373 .sinp +0-08.sin (2p+208) +0-06.sin(3p+248) +0-01.sin(4p+120

p P P P
Kilrush Large tides.|6*54.sinp 4-0°19.sin(2p+104) +0:06.sin(3p+195) +0°03.sin(4p+167)
e Small tides. [4:19.sinp +0:12.sin (2p+128) +0°06.sin(3p+210) +0:02.sin(4p+175)
F Island ‘Large tides.|[7°35.sinp +0°55.sin(2p+111) +0°26.sin(3p+162) +0:03.sin(4p+277)
oynes Island.. «« - 9 |Small tides. [4-96.sinp +0'37.sin(2p+124) +0-11.sin(3p+175) +0:01.sin(4p+327)
Limerick Large tides.|8:98.sinp +0°90.sin(2p+ 75) +068.sin(3p+125) +0-38.sin(4p+160
TMETICK. « v veee Small tides. 6°21.sinp +0-74.sin(2p+111) +0°40.sin(3p+145) +0°15.sin (4p+182
P P P
Casleh B Large tides.|6°35.sinp +0°16.sin(2p+165) +0'12.5in(3p+214) +0°06.sin(4p+ 348
asiell Day. ... ... Small tides. |3:83.sinp +0:07.sin(2p+219) +0:07.sin(3p+288) +0'03.sin(4p+ 35
Gal ) Large tides.|6°41.sinp +0°18.sin(2p+4157) +0:18.sin(3p+204) +0°16.sin(4p+349
AIWAY eewereeens Small tides. 389.sinp +0°08.sin (2p+204) +0:12.sin(3p+233) +0-04.sin(4p+ 38
Old Head Large tides.|5°59.sinp +0+08.sin(2p+154) +004.sin(3p+196) +0:04.sin(4p+282
A eeveenen Small tides. [3:43.sinp +0:04.sin(2p+216) +0:10.sin(3p+257) +0:01.sin (4p+237
Mullagh Large tides.;5'35.sinp +0°06.sin(2p+160) +0:07.sin(3p+ 14) +006.sin(4p+184
utiaghmore . . ... ... Small tides. [325.sinp +0:04.sin(2p+217) +0-03.sin(3p+134) +0-02.sin(4p+ 254
B Large tides.|5'84.sinp +0-14.sin(2p+165) +0:08.sin(3p+262) +0:04.sin(4p+295)
Unerand e.ee.-e 9 19mal tides. 3:37.sinp +0:04.sin(2p+199) +0-04.sin(3p+256) +001.sin(4p+237)
Port Rush Large tides.|2.56.sinp +0+08.sin(2p+153) +0°12.sin (3p+257) +0+01.sin(4p+207
Ort HUSR - oween Small tides. (1.38.sinp +0:04.sin(2p+220) +0-07.sin(3p+287) +0:02.sin(4p+172
Large tides.|3'35.sinp +0+07.sin(2p+238) +0°11.sin(3p+205)
Carrowkeel........ {Small tides. [1°95.sinp +0°01.sin(2p+319) +0°06.sin (3p+199) +0°01.sin(4p+152)
Ball il Large tides.|1'42.sinp +0:07.sin(2p+308) +0:07.sin(3p+276) +0:03.sin(4p+218)
ALYyCaste e vvnne Small tides. |0:88.sinp +0:06.sin(2p+338) +0:03.sin(3p+311) +0:01.sin (4p+293)
Glenarm Large tides.!2°89.sinp +0°17.sin(2p+ 76) +0'07.sin(3p+227§ +0-01.sin(4p+310)
Sheeresers s ] |Small tides. (2°47.sinp 4 0:05.sin(2p+ 50) +0:04.sin (3p+237

D hadee Large tides.|5'24 .sinp +40:07.sin(2p+ 56) +0:03.sin(3p+174) +0-01.sin(4p+327)
onaghadee ...... Small tides. [3:96.sinp +0°03.sin(2p+318) +0:03.sin (3p+230) +0-01.sin(4p+ 85)
 Ardel Large tides.6°90.sinp +0°18.sin(2p+ 98) +0:04.sin(3p+145) +0:03.sin(4p+125
Taglass e veeenn.t Small tides. [4-96.sinp +0:07.sin(2p+117) +0-04.sin(3p+217) + 0:03.sin(4p+ 161
Clogher Head Large tides.6'79.éinp +0:26.sin (2p+109) +0'08.sin(3p+166) +0-01.sin(4p+233)
gher Heat...... Small tides. |4'81.sinp +0°13.sin(2p+143) +0°07.sin(3p+180) +0°02.sin (4p+ 241)
Kingstown Large tides.|526.sinp +0-38.sin(2p+143) +0:02.sin(8p+ 7) +0:02.sin(4p+118
GSIOWIL v vvevee Small tides. [369.sinp +023.sin(2p+165) +0:01.sin(3p+225) +0:02.sin(4p+171
Large tides.|5'73.sinp +0:14.sin(2p+ 12) +0-15.sin(3p+ 94) +0:01.sin(4p+288)
Dunmore East ... {Small tides.[3'91.sinp +0:11.sin(2p+ 3) +008.sin(3p+103) +0-01:sin(4p+198)
New Ross Large tides.|6°16.sinp +0°47.sin (2p+348) +0:26.sin(3p+101) +0°03.sin(4p+116)
T e Small tides. [4°51.sinp +0°30.sin(2p+346) +0-16.sin(3p+ 95) +0:01.sin(4p+ 63)
Large tides.|5:94.sinp +0°29.sin(2p+298) +0:09.sin(3p+ 87) +0:04.sin(4p+ 73)
Passage West...... {Small tides. [4'19 .sinp +0-24.sin(2p+316) +0:07.sin(3p+ 95) +0:02.sin(4p+ 43)
Large tides.[4-79.sinp +0-21.sin(2p+297) +0:04.sin (3p+259) +0°02.sin(4p+331
Castle Townsend.... { Small tides. [3:33.sinp +0°16.sin (2p+310) +0-03.sin (3p+302) +0:03.sin (4p+ 73)

MDCCCXLV,
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In order to institute a comparison of these numerical results with the formulae given
by theory, it may be convenient to premise the following expressions :—
If the tide were created in a uniform channel, forming a great circle round the
earth, the expression for the height of the water would have the form
A.sin p+4B.sin 2p+490°,
where B would have the same sign as A if the velocity of the tide-wave were greater

than ,\/ i—/‘, k being the depth of the channel.

If the tide at the mouth of a gulf be a pure tide, or one in which the elevation is
expressed by «. sin p, then the elevation at any point in the bay will be expressed by
the formula

A.sin p+B.sin 2p+490°,
where (in the case of a gulf sufficiently long to have a tidal node) A and B have dif-
ferent signs from the mouth of the gulf to the node, and afterwards have similar
signs, "

If the tide at the mouth of an indefinitely long river be a pure tide, then the eleva-
tion at any point in the river will be expressed by the formula

A.sinp-B.sin 2p,
where B has the same sign as A if the section of the river be a parallelogram, but
may have the opposite sign if the section expand very much at the top.

vertical oscillation of the water
depth of the water

In all cases?; is a quantity of the same order as

I shall now proceed to examine the results deducible from the last Table.

The stations Kilbaha, Casleh Bay, Old Head, Mullaghmore, may fairly be consi-
dered as littoral stations on the open Atlantic ocean. And their formulee agree among
themselves almost absolutely to the second term, and in a great measure to the third
term. They show clearly that the Atlantic tide there is not a pure tide. But the
form of the argument does not agree with either of the two first formulee just cited,
which alone can apply to it. At Castle Townsend, which is nearly as much exposed,
but on a different side of the island, the formula agrees pretty well with the first of
those above, supposing the depth of the sea very great.

At Dunmore East the tide has nearly assumed the form of a river tide.

Proceeding from Kingstown (where the character of the tide is similar to that at
Kilbaha, &c.) to Clogher Head, Ardglass, and Donaghadee, the argument of the
second term undergoes a progressive change, its phase being less advanced. As the
epoch of the first term is absolutely the same at these stations (the tide being simul-
taneous at all of them), it appears that the wave represented by the second term is
progressive. It seems therefore that it does not originate in the peculiarities of a
gulf-tide (contained in the second formula just cited), but that it has been created
either on the open sea or in the shallower water between Ireland and Cornwall, and
now travels on as an independent wave.
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From Mullaghmore to Port Rush, the second wave appears to travel with the
same speed as the prineipal wave. In passing through the narrow channel to Glen-
arm, its phases appear to increase much more rapidly than those of the principal
wave; or, it appears to travel more slowly, or in the  opposite direction. This how-
ever is probably only an instance of the forced progression of the phases of wave in
the channel connecting two tidal seas.

The general relations however of the waves depending on 2p at the different littoral
stations will be seen more clearly from the following process :—Take the establish-
ment of each station from Section XIII., and convert it into degrees at the rate of
1440° for a tidal day, and subtract the angle thus found from the angle added to 2p.
It is evident now that our phase p' at every station is referred to the same origin,
namely to the time of the moon’s transit at Greenwich. The expressions thus ob-
tained for the quarto-diurnal waves are the following :—

Station. _ Large tides. ' Small tides. ~ Station. Large tides. Small tides.

f:. N . ft. o it o,
Kilbaha ....[0:16.sin(2p'+244)|0:08.sin(2p' +295) Donaghadee .. [0:07.sin(2p'+ 122)(0-03.sin(2p’'+ 41
Casleh Bay. . |0°16.sin(2p'+235)0-07 .sin (2p' + 296 )|| Ardglass. . .... 0-18.sin(2p' 4-163)0:07.sin (2p' + 199
Galway .... 0'18.sin§2p’+223 0‘08.sin§2p'+277 Clogher Head. . [0:26.sin(2p' 4 167)(0:13.sin(2p' +218)

NN

Old Head .. [0°08.sin(2p'+208)/0-04.sin(2p' +278) | Kingstown ... .. 0-38.sin(2p'+195)/0°23.sin (2p' +235)
Mullaghmore [0+06.sin (2p' +198)[0-04.sin (2p'+263 )| Dunmore East . 0:14.sin(2p'+ 72)0-11.sin(2p'+ 71
| Port Rush .. [0-08.sin(2p'+113)0-04.sin (2p'+190)| Passage West. . [0:29.sin(2p'+ 344 )0-24.sin(2p' + 10;
"| Ballycastle . . 0-07.sin§2p’+203 0-06.sin§2p’+245) Castle Townsend0:21.sin(2p'+ 7)[0°16.sin(2p'+ 27)

N

Glenarm .. ,. [0°17.sin(2p'+156)005 .sin (2p' +147)

The expressions for Courtown, the station intermediate between Kingstown and
Dunmore East, are (as I remark by anticipation from the next section) intermediate
between those for Kingstown and Dunmore East, but nearly coinciding with the
former.

The variations in the values of the constants attached to 2p in the Table of page
113, seem to make it impossible for us to attribute this term to the local circum-
stances of each port, and the consideration of the Courtown tides in the next section
will confirm this. The order of the numbers attached to 2p' in the last Table shows
that it may be considered as a progressive wave, beginning at Kingstown nearly, and
travelling both ways round the coast as far as Donaghadee. But whether such a
thing is mechanically possible, or whether it can be true that the quarto-diurnal wave
(which necessarily is created by the semidiurnal wave flowing over the shallower
seas between Ircland and Cornwall) can show itself as a great swell oppositevKings-
town, and can then be propagated even opposite to the semidiurnal wave and round
the island, are points which I cannot explain.

On the whole, Iam not able to pronounce with any confidence on the origin of
this wave, but I have no doubt that, having been created, it travels along indepen-
dently, and thevefore that its existence is not due to the local circumstances of the
several stations. ‘

Q2
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In regard to the river stations, I may remark that the Shannon does, in conse-
quence of the barriers to the tide at Limerick, resemble a gulfin its tidal character ;
and the second of the formulee above ought therefore to apply to it; and, as will
easily be seen, it does apply with considerable approximation. The river Barrow,
upon which New Ross is situated, is not obstructed in the same manner, and there-
fore we might expect the third formula to apply, and it does apply very nearly.

I omit discussion of the third and fourth terms, because theory, in a shape appli-
cable to cases of nature, has not yet been extended sufficiently far. I may however
observe that, as I have shown with regard to the tide at Deptford*, and to those at
Southampton and Ipswich+, so also at Limerick, and in some measure at Foynes
Island and New Ross, the third term is almost as important as the second, and the
fourth is one of considerable magnitude. :

I may also call the attention of the wave-theorist to this circumstance, that the
difference between the coefficients for large tides and for small tides does not appear
sufficiently great in relation to the difference between the coefficients of the first term
for large tides and small tides. The coefficient of the first term being considered as
of the first order, that of the second term would consist of a series whose leading
term was of the second order, &c. The departure from the proportions given by
this consideration may depend upon the succeeding terms of the series.

It is also to be remarked that there is an undoubted difference between the argu-
ments for large tides and for small tides. This seems to show that each sine is ac-
companied by a cosine, and that their coefficients have, for their leading terms, terms
of different orders in respect of the first coefficient of semi-range.

Section XVII.—Separate discussion of the tidal observations made at Courtown.

The observers at Courtown soon discovered that it was impossible to adhere to the
instructions sketched in Section I. The tide was sometimes apparent as a semi-
diurnal tide, but with considerable irregularity; at other times, the character of
semidiurnal tide was (to common observation) completely lost, and in its stead there
was a small tide four times a day; in all cases the tide was small. In this state of
things, the course which they adopted was, to observe continuously whenever the
semidiurnal tide was not distinctly marked, and to follow the usual rule (with some
extension of observations) when it was well-marked. In this manner a tolerably
complete and very important set of observations has been secured. In several cases
the observations have been interrupted by the discharge of water from the sluices
for scouring the harbour of Courtown ; in some instances there has been no difficulty
in filling up the observations by conjecture, in others I have been obliged to adopt
the limits of the tide (in the form of analysis) to these interruptions.

In order toupply the method of analysis explained in Section X., it was necessary
to fix upon precise limits for each tide. But as no limits could be obtained at Cour-

* Philosophical Transactions, 1842, p. 4. , + Ibid. 1843, pp. 49 and 53.
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town (as at other stations) from the observations themselves, it was necessary to take
them from another station. The station selected for this purpose was Ardglass.
The limits and the divisions into twelfths and sixteenths for Ardglass were therefore
adopted for Courtown, as far as the continuity of observations permitted. Where
(as is just mentioned) it was necessary to change the limits, this was done if possible
by altering the limits and all the divisions by three or six of the twelfths (correspond-
ing to four or eight of the sixteenths); in other cases they were all altered by a defi-
nite time. Then the means of the heights in these observations were treated in the
usual way. - ' :

A correction for diurnal tide was indispensable (the diurnal tide being, at some
times, as large as the semidiurnal). For obtaining this from the observations there
were two means. One was, by means of the investigations connected with tertio-
diurnal tide to be detailed in the next section. These gave the diurnal tide for the
beginning and the fourth parts of each of the whole day’s group used there. These
were the diurnal coeflicients proper to be used in the semidiurnal groups composing
each day’s group. But the corresponding diurnal coefficient applicable at the times
of any Ardglass high or low water was easily deduced from them by taking the sum
of the products of the coefficients next it by the cosines of their respective distances
from it (considering 360° as corresponding to a tidal day). Another method was, to
select from the observed heights those which corresponded to the times of Ardglass
high water and Ardglass low water, and to treat them by the method of fourth differ-
ences explained in Section III.; as these heights ought (in relation to each other) to
be perfectly free from the effect of semidiurnal tide and of all tides occurring at por-
tions of a semidiurnal tide. Using then these two methods, and adopting the mean
of their results when both could be applied, a number of diurnal coefficients were
obtained from the observations themselves. On comparing these with the diurnal
coefficients at the neighbouring stations, it was found that the coefficients at Courtown
might very well be represented by the mean of those for Kingstown and Dunmore
East at the same time. Accordingly, for all the times for which no diurnal tide
could be safely extracted from the observations, the mean of coeflicients for Kings-
town and Dunmore East was used ; and from these, when necessary, the coefficients
for other times were deduced by the operation described above. The process then
pursued was exactly the same as in other cases, except that no correction was at-
tempted for rise of water. The results are the following, which differ in form from
preceding results only in this circumstance, that the origin of phase is the time of
mean water at Ardglass preceding high water, and that therefore an angle expressed
by a number of degrees must be added to the phase to formn the argument of the
first variable term.
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Height of the water in each individual tide at Courtown, excluding diurnal tide,

where the origin of p is at the same time as at Ardglass (p. 82.and 83),

Analysed time of high )
water, corresponding to Ag. C;. e C,. ©g. Cs. [ Cy. C4e
p+e=90.
1842. h m ft. ft. o ft. ° ft. ° ft. o
June 22. 20 13 | 1693 | 0-74 109 | 043 176 | 003 320 | o002 103
23. 8 30 .
23. 20 46 | 1730 | o074 91 | 036 133 | 005 93 | 002 265
24. 9 25 ‘ .
24. 22 4 1755 | 050 73 0-36 102 004 180 0:04 20
25. 10 11 . » '~
25. 22 18 | 1703 | 078 83 | 033 127 | 008 253 | 005 337
26. 10 13
26‘ 22 9 . - . ) ¢ o .
o o adp| 1655 | 046 107 | 033 122 | 003 178 | 004 | 200
27. 22 5 16 . : . y . .04, :
27. 22 51l 1658 | 038 125 | 029 128 | 0-04 »160 004 152
Zg v o9l 1666 | 017 133 | o022 130 | 003 238 | 003 298
oo o3 ior | 1664 | 025 112 | 005 | 130 | 005 106 | 001 217
o %o ser| 1671 | 017 199 | 024 130 | 003 275 | 002 314
50 291 1659 | 018 199 | o028 148 | 003 164 | 003 60
T Y %h st 1669 | 036 251 019 126 | 0-02 59 | 003 237
wy 1 21 14 1665 | 0-23 239 0-19 138 004 164 . | 004 227
o 5 o1t | 1666 | 028 256 | 023 128 | 003 280 | 003 333
2 12 4; 1688 | 0-09 58 | o018 83 | 003 296 | 005 137
s 1; ?‘15} 1759 | 013 51 | 015 106 | 004 127 | 005 200
s 22 31} 1740 | o012 | 201 | o021 143 | o012 114 | 004 358
2' 1? 32 | 1682 | 051 74 | 029 134 | 005 50 | 004 350
6. 195211 1vo1 | o7 63 | 052 120 | o011 207 | 005 43
7. 812
o % ‘;Z} 16:65 | 1-29 81 | 044 | 132 | 010 | 138 | 005 | 260
9. 21 32 | 1662 157 82 0:37 134 011 87 007 231
10. 9 58
10. 22 25 | 1762 | 118 77 | 016 96 | 009 101 | 008 66
11. 10 40 : _
11. 22 56 | 1648 | 126 82 | 034 116 | 010 100 | 006 202
12, 11 24
12. 2351 | 1659 | 093 86 | 042 127 | 001 1 | 003 199 -
(13. 959)| .... R R
13. 20 7) : DU EDOUSEEY ERSR : .
14. 6 15) . . “ow .
140 16 23) | oo | e | oo Lo b
15, 231 | 1608 | o027 58 | 043 121 | 004 282 | 007 345
¥y 1 ‘2’3 1658 | 004 339 | o024 136 | 0-06 329 | o0-02 192
16. 20 45 | 1705 | 026 288 | 033 106 | 008 101 | o1 178
17. 936 | 1711 | 0-09 278 | 015 150 | 011 328 | 010 358
17. 22 4 | 1689 | 010 283 | 0-38 135 | 001 160 | 003 164
ig = 255’ 1690 | 0-01 155 | 035 115 | 017 106 | 0-08 231
lo. ‘2 iat| 1681 | 018 130 | 037 142 | 010 40 | o012 113
1o 19 15H] 1682 | 07 93 | 029 115 | 016 304 | 006 304
o 1 sot| 1670 | 021 53 | 035 125 | 014 122 | 010 131
20, 19 a1p| 1680 | 08 68 | 022 151 | 0-04 294 | 003 341
ar 3 aah| 1661 | 057 93 | 036 138 | 005 169 | 005 233
21. 20 2 ) . . ) .
o 2ol 1647 | 074 91 | o028 141 | o0-04 131 001 12
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expressed by the formula A,+Csin(p+-¢;) + Cosin(2p+-c,) +Cssin(3p+-¢;) +Csin(4p-¢y),
and p increases by 360° during one complete tide at Ardglass. '

Analysed time of high

water, corresponding to Aq Cy. 0. C,. o C;. cz Cqe [
p+e;=90°%
1842. h m . ft. . ft. . ft. s ft. .
July 22. 20 40 | 16-32 | 0-80 89 0-34 135 0-05 152 0-01 158
23. 8 54
23. 21 9 | 1632 | 089 .96 0-37 145 0:06 79 007 158
24. 9 18
24, 21 28 | 1651 | 074 103 0-23 125 012 211 0-05 198
25, 9 41
gg- f(l) i"; 16:37 | 073 105 0-35 128 0-07 248 002 270
o0 29 oot | 1636 | 0-80 102 0-21 155 012 106 0:02 75
o 10 3a) | 1641 | 060 111 0-27 124 0:06 168
ar 93 131 | 1634 | 061 106 0-25 129 0-04 130
oy 0 op| 1642 | 039 108 0-30 117 0-04 155 0-03 341
oo, o8 3ot | 1687 | 035 109 010 127 0-06 171 0-04 161
5o, 10 ab| 1644 | 03 158 0-23 128 0-07 148 0-01 222
59, 21 o5y | 1086 | 024 163 0-22 132 0-04 254 0:05 341
o Pahab| 1638 | 025 208 0-24 109 0-02 61 0-03 43
o0 00 3eb | 1631 | 025 233 0-24 134 0:05 10 005 0
50 S38§ 1625 | 041 247 018 116 0-01 105 0-03 245
51 00 sab | 1621 | 043 259 019 150 0-01 249 0-02 18
August 1. 9 8 | 16:37 | 048 266 0-27 118 0-02 87 0-02 107
1. 21 6 | 1653 | 034 287 0-21 148 0:02 46 0-02 36
2. 920 | 1657 | 036 305 0-25 149 0-01 226 0-02 78
2. 19 45 | 1642 | 0409 9 0-26 150 0-05 30 0-03 122
3. 736 | 1632 | 022 31 0-31 159 0-02 63 0-02 39
3. 18 27 | 1648 | 035 83 | 020 148 0-06 110 0:03 177
4, 6 44 | 1647 | 060 82 0-26 170 0-09 45 0:09 131
4 1917 | 1676 | 0-88 79 0-35 152 0-04 274 0-07 27
5, 8 1 | 1673 | 113 69 0-41 156 0-04 216 0-05 .| 80
5. 20 0 | 1658 | 1-23 80 0-33 140 009 53 0-08 55
6. 818
6. 2036 | 1665 | 153 78 0-41 110 0-11 128 0-05 3
7. 9 5 .
7. 21 34 | 1646 | 189 75 0-45 141 0-03 169 006 127
8 9 56
8. 2218 | 1664 | 170 74 0-52 127 0-07 118 0-01 225
9. 10 4 :
9. 2150 | 1731 | 160 114 028 225 0-21 48 009 226
10. 10 45 '
10. 23 40 | 1656 | 1-32 82 0-33 127 011 269 0:09 215
11. 11 57 '
12. 0 14 | 1662 | 059 88 0+41 142 0-02 329 0:03 141
12, 1315 | 1663 | 058 72 0-22 120 0-05 222 0-03 59
12. 23 49 | 1626 | 009 125 0:29 120 0-06 356
}g 2?) ?g} 1629 | 011 209 0-31 123 011 | 29 0-01 247
e 41§ 1620 | 025 274 0-27 117 0:07 88 0-11 187
T on 5i| 1629 | 03s 260 0-39 150 0-05 354 001 218
15, "9 sa | 1632 | 034 287 0-35 126 0-06 243 0-03 235
2 o) aob| 1635 | 039 277 0-21 130 0-04 27 0-02 208
&3 Cet| 1655 | 013 307 017 148 0-03 157 0:02 350
16 29 st | 1681 | 025 300 0-24 113 008 94 005 178
17. 630 | 1678 | o0-21 78 0-14 122 0:05 169 0-02 47
17. 18 41 | 1658 | 019 84 028 120 0-07 250 0-08 325
18, 7 24

18. 20 7 17:07 017 64 0-30 122 0-05 76 0-04 90

. s es e e DAY ev o DRIy ceee
e LY seoe seee so s se e v v e

sese DY Yeve

20. 2020 | 1657 | 092 | 89 | o023 123 | 004 124 | 002 | 267
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Upon inspecting the numbers in the column headed c,, it will be perfectly evi-
dent that there is an error on August 9. ‘The semidiurnal tide on that dayis (com-
paratively) large, its whole range exceeding three feet; and there is no instance
throughout all the observations of an irregularity equal to that which corresponds
to an anomaly of 30° with that range. T have no doubt that all the observations are
recorded too early by one hour, an error which would easily be committed at begin-
ning, and which, where the observations are entered on forms ready prepared, would
be retained to the end. Correcting on this supposition, the three successive times of
high water would be August 9¢ 10" 34m, August 9¢ 22 50, and August 10% 11" 15m;
and the values of ¢;, ¢, ¢3, ¢;, for August 9¢ 221 50™ would be nearly 84°, 165°, 218°,
and 106°.

Next I would remark that there is undoubtedly an error of the same kind in the
tide of July 4-5; but as the tide is then very small, I have not ventured to state pre-
cisely the alteration which I would propose.

Thirdly, observing that where the tide is very small, the hours on successive days
occur earlier, in each of the instances where the order is well-marked (as from June 27
to July 3, from July 27 to July 31, and from August 12 to August 14), there can be no
doubt that the same thing must hold during the interruption of observations about
July 13 and 14; and thus it will be seen that there are certainly four high waters
lost at that time. I have inserted four numbers by simple interpolation, to show,
within two or three hours, the times of the lost high waters.

It is also to be remembered that nothing can be inferred from such tides as those
of July 15-16 and July 18, where the coefficients are 0°04 and 0-01.

Bearing these remarks in mind, and giving particular attention to the second half
of the observations, which, both for the regularity of the system pursued by the ob-
servers and for the agreement of the results, is greatly superior to the first, we arrive
at the following conclusions :— .

The angle c, increases continually, and its increase amounts to 360° in about four-
teen days. When its value is not far from 360°, its increase is extremely rapid. One
of these jumps occurs between August 2¢ 9" and August 2¢ 19*, and one between
August 16¢ 22% and August 179 6"; one also between July 2¢ 9" and July 2¢ 16%;
another takes place between July 17¢ 22" and July 19¢ 5%, but (the results being at
that time somewhat irregular) the time cannot be precisely pointed out. It is evi-
dent from this that the Courtown tides are more numerous than the Ardglass tides
by one tide in fourteen days nearly.

The mean solar time of high water does not increase constantly as at other stations,
but oscillates backwards and forwards. Thus, from July 19 to August 18 (in which
period the tides at other stations have gradually retarded by twenty-four hours), the
evening tides always occur between 5% 18™ and 13" 15™, and the morning tides
always occur between 18" 27™ and 24" 14™, each time having twice oscillated be-
tween its extreme limits in that period.
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From these circumstances it is plain that the time of high water (confining our
remarks to the term C; sin (p+c,)) respects mainly the time of the sun’s transit and
not that of the moon’s transit; and therefore, at Courtown, the solar tide is greater
than the lunar tide. This is, I believe, the only place on the earth in which such a
result has been distinctly obtained. The observations of Sir Epwarp BELCHER* show
that at Otaheite the solar tide is as nearly as possible equal to the lunar tide.

The times following lunar syzygy by two days were June 24, 9%, July 9, 19", July
23, 23" August 8, 4", August 22, 16"; and about these times the luni-solar tide is
greatest at all the other stations. About these times also the soli-lunar tide at Cour-
town is greatest.

The solar hour of high water at Kingstown, at the highest tides, is about 12 30,
that at Dunmore East is about 6" 40™. These are the two stations nearest to Cour-
town on the north and south sides. The solar hour of high water at Courtown at the
same times is about 9" 30™. At these times the effects of the sun and the moon are
simultaneous as to phase, so that we may treat the result as if there were only a single
wave. It would seem then that the transition from a tide of elevation at Dunmore
East to one of simultaneous depression at Kingstown, and vice versd, is not effected
entirely by a node dividing the elevated wave from the depressed wave. It appears
that there is also a small progressive wave. The geometrical representation appears
to be this; that there is a large stationary wave, having a node near Courtown, and
making high water simultaneous in all parts of the inland sea or Irish Sea, and syn-
chronic with low water in the exterior sea; and that there is mingled with it a very
small progressive wave. As to the mechanical explanation of it, I can offer nothing
positive. But I would suggest for the consideration of wave-theorists, whether, in
the case of a gulf (as the Irish Sea) having a small outlet (like the North Channel),
it be possible that the fluctuation may be represented correctly on mechanical prin-
ciples by a combination of the stationary wave peculiar to a gulf with the progressive
wave peculiar to the channel.

Returning now to the consideration of the magnitude of the tide, it is evident that
the coeflicient of the lunar tide has been diminished in a far greater degree than that
of the solar tide. There is one explanation of this which is very plausible, and which
I bave no doubt is the true one, namely that the node for the lunar tide and the
node for the solar tide do not coincide (which, on account of the difference of the
periods of these tides, we should expect & priori), and that the node for the lunar
tide is much nearer to Courtown than is the node for the solar tide. It is clearly
possible that, by varying our choice of stations, we might vary the proportion of the
two effects in any degree whatever. Nay, by choosing a station between the two
nodes, we might have the solar and lunar effects to conspire when they are opposed
at other places, and vice versd ; and thus a station would be found where the spring
tides occur at the same time as neap tides at other places. This does not occur at

* Philosophical Transactions, 1843, p. 55, &c.
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Courtown; but the reader, in reflecting on this, will see the importance of our com-
pafison of the time of the largest tides at Courtown with the time of the largest tides
at the other stations.

We shall now proceed to examine the second periodical term ; which will be found
not less remarkable than the first.

On glancing over the values of ¢, (first correcting that on August 9 as I have sug-
gested), the reader cannot fail to be struck with the general uniformity of the num-
bers. It is quite evident that this term has no respect to the sun’s transit, but that
it respects only the moon’s transit, or the commencement of the luni-solar tide. If
we look also to the coefficient C;, we find that its magnitude is considerable, some-
times exceeding that of the first term. It is clear therefore that this term does not
originate as a derivative from the first term, produced by the local circumstances of
the port. It does not change greatly, but nevertheless has on the whole larger values
about the times of large tides than about the times of small tides. If we divide the
observations into two groups, onre corresponding to large tides and the other to small
tides (the limits being the same as those for the other stations) ; and if we correct as
before for the establishment at Ardglass (to which station the Courtown tides have
been referred); and if we collect the expressions for the second periodic term at the
three stations, Dunmore East, Courtown and Kingstown ; we have this sequence of
expressions.

Kingstown. Courtown. Dunmore East.
ft. o | ft. | ft. o
Large tides ....|0:38.sin (2p'+195)|0-35.sin (2p'+198) | 0-14.sin (2p'+72)
Small tides. . .. ... | 0:23 . sin (2p' +235) | 026 . sin (2p' +202) | 0-11 . sin (2p'+71)

It appears here quite evident that this term at Courtown is only the representation
of the same quarto-diurnal tide which shows itself along the whole coast. This wave
(whatever its origin may be) appears to have its greatest range and its beginning of
phases at Kingstown, and to spread both ways, diminishing in range as it goes.

The succeeding terms at Courtown are insignificant.

We have now a clear representation of the apparently confused phenomena of the
tides at Courtown. Both the semidiurnal tides are very much diminished, the lunar
so much that its range is rather less than that of the solar tide. The quarto-diurnal
tide exists in nearly its greatest magnitude. The geometrical representation is per-
fect ; the mechanical explanation is not complete. In both respects, as regards what
is reduced to law and what is yet incomplete, the Courtown tides must be regarded
as the most remarkable that have ever been examined.

Section XVIIIL.— Examination into the question of tertio-diurnal tide.

The observations at Courtown, as has been mentioned, and as appears from the
Table in pages 118 and 119, were continued without interruption, day and night, for
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a considerable time. . The observations at Dunmore East, as appears from the begin-
ning of the Table in page 88, were also continued without interruption for several
days. These circumstances appeared to me to offer a convenient opportunity of exa-
mining whether the tide occurring three times in the lunar day, which is pointed out
by theory, is sensible in the seas around Ireland.

The calculations for this purpose were made in the same manner as the other cal-
culations described in Section X. The means for the twelfth parts of semidivrnal
tide, or for the twenty-fourth parts of diurnal tide, having been already found for the
operations in Section X., the means of the first and second, of the third and fourth,
of the fifth and sixth, &c. were taken ; and these were evidently the same as the means
for the twelfth parts of diurnal tide. They were then treated by the use of the
printed skeleton form shown in Section X., in the same manner as the means for the
twelfth parts of semidiurnal tide. Thus the diurnal tide and tertio-diurnal tide were
obtained ; and a consideration of the principles on which that process is founded will
show that the result is in no way affected by the semidiurnal or quarto-diurnal tide.
The constants additive to the phase, at Courtown, were corrected where necessary to
adapt them to the supposition that the phases are measured from the mean water
preceding High Water, First Division, at Ardglass; those at Dunmore East are re-
ferred to the same state of tide at Dunmore East. The angle p in the following Table
increases by 360° in a tidal day. The day which is set down is that whose astrono-
mical commencement occurs in the tidal day (the limits of the tidal day will be seen
in Section X.).

Courtown. ) Dunmore East.
Day. t Diurnal tide. { Tertio-diurnal tide. Day. Diurnal tide. Tertio-diurnal tide.
t ft. o | ft. o ft. o | ft. .
June 29. 0:57 .sin (p+250) | 0-08 .sin (3p+188) | June 24.| 0:33.sin (p+208) | 016 .sin (3p+253)
30.] 0-31.sin (p+253) | 004 .sin (3p+ 86) 25, 0-35 .sin (p+207) | 0-08.sin (3p+304)
July 1. 0:43.sin (p+ 264) | 0:02.sin (3p+177) 26,/ 0-20 .sin (p+192) | 0°11.sin (3p+220)
17. 0-20.sin (p+350) | 0-14.sin (3p+207) 27.0 0:27 .sin (p+170) | 0:10.sin (3p-+210)
18.] 0-05. sin (p+201) | 0-06 .sin (3p+236) 28, 0-33.sin (p+161) | 009 .sin (3p+182)
19.] 0-24 .sin (p+ 265) | 005 . sin (3p+279) 29.] 0:32.sin (p+150) | 0:00
20./ 0-36 .sin (p+ 261) | 023 .sin §3p+ 187) | July 1. 0:19.sin (p+187) | 0007 .sin (3p+349)
26. 038 .sin (p+256) | 0:06 . sin (3p+179) 2. 0°17 .sin (p+178) | 0:03.sin (3p+ 99)

27.] 0-43.sin (p+ 253) | 005 .sin (3p+132)
28. 0-49 . sin (p+ 240) 0-06.sin(3p+158§
29.] 0-29.sin (p+ 248) | 0:08.sin (3p+ 84
30. 0:25.sin (p+276) | 0:08 .sin (3p+ 87)
81 0-15.sin (p+287) | 0:10.sin (3p+ 98)
Aug. 2! 0:16.sin(p+ 10) | 0:01.sin §3p+306)
3. 0:10.sin p+105§ 0°08 . sin (3p+315)
4. 038 .sin (p+106) | 0:02.5sin (3p+ 3)
5. 053 .sin (p+ 87) | 0-11.sin (3p+328)
12, 0-34. sin (p+ 57) | 0:12.sin (3p+346)
13.! 011 .sin (p+ 357) | 0:07 . sin (3p-+ 238)
14. 0:09.sin (p+ 46) | 0:11.sin (3p+211)
15. 0:05.sin (p+286) | 0:07 . sin (3p+264)
16. 026 . sin (p+ 286) | 004 .sin (3p+ 70)
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The diurnal tide is here shown pretty well, and the times of its changes of sign agree
well with those found in Section III. But the numbers for tertio-diurnal tide appear
to me perfectly lawless. I think that they must be regarded as principally the effects
of accident.

On the whole, I am inclined to believe that, as far as evidence goes, the tertio-
diurnal tide is not sensible on the coast of Ireland.



