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.
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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



ON.THE COASTS OF IRELAND. 13

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



26 MR. AIRY ON THE LAWS OF THE TIDES

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,
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