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-NATIONAL ACADEMY OF SCIENCES,
S Washington,-D. C., March 10, 1875,
Sir: I have the honor to submit herewith the first volume of the report of the scientific
results of the ¢ Expedition to the North Pole,” prepared by Dr. Emil Bessels, under the dxrectlon
of the National Academy of Sciences, in accordance with the law of Congress.

Very respectfully, your obedient servant,
JOSEPH IENRY,

DPresident National Academy of Sciences.
“Ion. GEORGE M. ROBESON,
: . Secretary of the Navy.
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WASHINGTON, D. O., March 1, 1875,

SIR : qumg been ordered by the Secretary of the Navy to report to you the scientific
results of the late United States Arctic Bxpedition, I herewith submit the. first volume of the
report, containing the ¢ Physical Observations.”

Some portions of the volume have been prepared in a somewhat hasty manner, in order to
render the information collected immediately available for the use of the English expedition about
to be dispatched to the same regions. But as in most cases the complete original records are also
. pubhshed such farther use can be made of them as may be desirable. -

I have the honor to be, sir, very respectfullv, &e,,
EMIL BESSELS,
' Chief of Scientific Department United States Arctic E’wpedmon
Prof. Josern HENRY, LL. D,
President of the National Academy of Sciences.
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PASSAGE.

The United States steamer Polaris, a fore-
topsail schooner of three hundred and eighty-
seven tons, commanded by the late C. F. Hall,
left the Washington navy-yard at 124 30m
p. ., June 10, 1871, bound for Brooklyn, where
she dropped anchor June 14 at 7" 30™ a. m.
After having been made ready for sea she lefi
this port the evening of the 29th, making New
London Harbor the following morning, where
she remained until July 3. Making sail at
day-break she left the harbor, and, after having
passed Rave Rock at 5" 20™, shaped her course
for New Foundland, reaching St. John’s Har-
bor near noon July 11, where she remained
till the 19th.

The first port madein Greenland was Fisker-

The Polass: naes, in latitude 63° 5’ N., longitude b5° 32’.5
W., where the vessel dropped anchor in the afternoon of July 27, and remained till day-break July 29,
Coastingalong the steep cliffs, Holsteinburg, in latitude 662 57/ N., longitude 53° 53".7 W., was reached
on July 31 at 10" a. m. Thence she started again Angust 3 at 2" p. m., arriving, 24 hours later, at
Goodhavn, in latitude 69° 14.7 N., longitude 53° 34’ W. Here she had to await the arrival of the
United States steamer Congress, a supply-vessel dispatched from New York. Having coaled up
and taken the stores on board, she left Goodhavn August 12 at 2" p. m. and dropped anchor at
Upernivik, in latitude 720 46’ N., longitude 56° 2/ W., the following day at 11" 30™ p. m. She put
to sea again on the 21st at 8" 30m p. m., reached Kingigtok Island at 11" p. m., where she stopped
for two hours, and then she made her way to Tassiussak, latitude 73° 21’ N, longitude 560 5.7 W.,
dropping anchor at 5" 30™ a. m. on the 22d. Leaving this place, the most northern settlement of
white men on the globe, at 2* 15™ p. m. on the 24th, her course was shaped to the westward across
Melville Bay. With the exception of a number of bergs scarcely any ice was met with, and at
noon the next day she found herself in latitude 75° 56’ N., longitude 69° 26".5 W., passing Conicai
Rock at a distance of about 12 miles at about 1t p. m. and Cape Dudley Digges one hour later.
At eight in the evening Granville Bay was opened, and at 9" the vessel was surrounded by broken
ice, through which she steamed without any difficulty, passing Fitz Clarence Rock at 112 10m, Her
position at noon on the 27th of August was latitude 77251’ N,, longitude 73° 4’ W., and at 3" p. m.
she doubled Cape Alexander, thus entering Smith Sound. At 4" 37™ Port Foulke was passed,
at 6" 50 Cairn Point, and at eight in the evening she found herself abreast of Van Rensselaer
Harbor, shaping her course more to the northward and heading for Cape Frazer, a prominent land-
mark on the east coast of Grinnell Land, which was doubled at 8" 30™ a. m, August 28, after a
boat had landed to examine a small bight in the coast. Her position on the same day at noon was
latitude 80° 3 N, Tongitude 69°°28' W, Half an hour later Cape Norton Shaw, the south cape of
Scoresby Bay, was sighted, and at 2" 30" she doubled Cape McClintock. Tollowing the trend of
the coast at an ave rage distance of from 8 to 10 miles she passed between Hans Island, latitude
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800 48/ N., and the main land at 12" 30™ a. m., August 29. As a dense fog was settling, the vessel
was made fast to an ice-floe at about 8" a. m., and when it began to clear toward noon she was
cast off again.. A meridian altitude of the sun placed her in latitude 81° 20/ N. (longitude 640 34/
W.), which was the northernmost position determined astronomically at sea. From here Robeson
Channel appeared to be land-locked toward the north, but steaming on for about 5 miles the
land toward the east and west began to recede, and the channel was opened again. The atmos-
phere being most of the time hazy or obscured by dense fog, the vessel steamed north at an aver-
age speed of about 6 knots, keeping somewhat nearer to the east coast of the channel than to the
‘west coast, and passing but little ice. As the fog grew denser and denser, and as considerable ice
appeared, she was made fast to an ice-field about 6 miles in length at 9" 35" a. m. August 30,
where she remained till 7* 15" in the evening. At 8 55™ a hoat crossed over to a little bay, now

“known as Repulse Harbor, but was prevented from landing by the swift tidal current. As it was
growing thicker the vessel was moored to a floe at 11 30™ p. m., getting under way once more at
6" a, m., on the 31st. At 7" 50™ she had to be made fast again on account of fog, and when it
cleared toward 9 o'clock she was under steam again. In the course of the afternoon aunother
attempt was made toland at Repulse Harbor, which proved more%successful ; but as the little bight
-was filled with ice, and as it was open to the north winds, it was not consxdmed to be fit for an
anchorage.

. Since the pack north of Repulee Harbor apparently stretched across the channel, the vessel was
headed west, when she found herself in latitude 82° 16/ N., longitude 60° 3’ W., with the intention
to attempt to get north along the coast of Griunell Land. Dense fog prevailing after 5 o’clock, she was
made fast to a loe at 5 30®, where she bad to remain till 9* 25™ thenext morning (September 1), but
scarcely had she been under way for 35 minutes when it grew thick again, and she had to be tied
up onee more, getting beset a short time afterward when the tide began to run flood. It continned
to be more or less foggy until the evening of September 4, the vessel drifting apparently south
during the whole time she was made fast to the floe. When it cleared, at about 8" p. m., the
remainder of the provisions that had been previously landed on the floe was taken on board again ;
the vessel was cast off at 8" 45™ and stood in for the east coast of the chaunnel.

At 12% 30 a. m., September 4, she anchored in Polaris Bay, in latitude 81° 36’4 N.,
longitude 620 15/ W.,in thirteen fathoms of water, under the protection of a large berg and
some grounded ice, named Thank God Harbor, where she was prepared for winter-quarters, As
a place of such character can scarcely be termed a harbor, since the iceberg, named Providence
Berg, broke to pieces under our own eyes, and as the fragments are very likely dissipated by this
time, we are perforce compelled to adopt the name Polaris Bay as the only oune ﬂpphcable to the
permanent features of the locality.

A heavy gale from the northeast broke thc ice on November 20 and, setting it adrift, the ves-
sel swung to her anchor and against the berg in question, which latter, in the course of the winter,
was pressed farther and farther toward the shore. The Polaris, lying between the two and resting
on a projecting tongue of the berg, heeled over at every low tide, sometimes as much as thirty
degrees. The perpetual strain thus produced started her stem and sprang a leak, which erippled
all further progress of the expedition. .

During the latter part of June, 1872, the Polaris was sawed out and bore up for home August
12. In making her way through Xennedy Channel she got beset three days later, and drifting
south to about latitude 8° 1’ N., longitude 75° W., the ice round her snddenly parted during
the night of October 15. 'While in this rather precarious position, a portion of her crew and most of
her provisions were landed on the floe, to which she was moored. Under the cembined influence
of a strong southwest gale and a swift tidal current she parted her hawsers and got separated
from the portion of the crew that had been landed on the floe. The following morning she found
herself north of her previous position, almost abreast of Life-boat Cove, where she was beached, -
in Jatitude 78° 23/.4 N, longitude 72° 51/ W. In the spring of 1873 two boats were built of a por-
tion of her timber, and leaving Polaris House June 3 the fourteen survivors were picked up by
the Scoteh whaling-ship Ravenscraig on the 23d in the vicinity of Cape York. After having been
able to get clear of the ice of Melville Bay, the Ravenscraig crossed over to the west side of Baffin
Bay, and in steaming through Lancaster Sound she fell in with the whaling-ship Arctic, from Dun-
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dee, on July 7. A portion of the officers and crew of the'Polaris was transferred to Captain
Adams’s vessel, and afterward, when Captain Allen met the Intrepid, the officer in command of
the latter kindly took another portion on board: The track of the Arctic, as far as it refers to
the meteorological observations taken on board of this vessel, is laid down on the map accom-
panying this volume. |

CONDITION OF THE ICE.

A critical examivation of the history of arctic exploration demonstrates the fact that the scope
of the different discoveries made by means of vessels is in inverse proportion to the extent of the ice
toward the region of departure, while that of sledge-traveling is governed almost solely by the
condition of the ice, whether smooth or hummocky, stationary or drifting, compact or intersected
by lanes of open water. It will farthermore be seen that the extent of the ice is not ounly subject
to great changes duaring the different seasons of one and the same year, but that it also varies
in different years, according to the normal or anomalous march of the temperature of the lo-
cality in question, to the direction of the prevailing winds in the vicinity, and to other influences
only partly known, and whose study would well repay for the time spent in their investigation. -

As we propose to give some results relating to this subject in the second volume of this publi-
cation, where we shall dwell more in detail on the glacial system of Greenland, and of the arctic
region in general, we shall limit ourselves here to the observations nrfade during the expedition.

In steaming north, after having left Tassiussak, the first pack was met with between 11" and
12" p. m., “August 27, in about latitade 79° 3’ N., longitude 720 W., stretching apparently
across the sound. TFollowing a lead, the vessel soon found herself in tolerably clear water, extend-
ing along the coast of Grinnell Land. After having passed the eightieth para]l}el the quantity of
‘ice diminished, and but very few bergs were scen north of this latitude. Daring the forenoon of
August 29 some old floes made their appearance, to one of which the vessel was made fast for sev-
eral hours on account of dense fog. Having been unmoored, she steamed north again, meeting
larger quantities of ice only occasionally, till she found herself north of latitude 820, when she fell
in with heavy fields and high hummocks, intersected by minor lanes of water, and stretehing across
Robeson Channel near latitude 82¢ 16/ N. From the deck of the vessel the barrier appeared -
more or less solid, but dense clouds of frost-smoke hung to the north of it, and from the crow’s.:
nest a considerable body of open water could be seen. . '

As it seems, Robeson Chaunnel, Hall’s Basin, Ilennedy Chaunel, Smith Sound, and Smith
Strait are never entirely frozen over ; at least, it was always possible to detect open water in one or
the other direction, both during our stay at Polaris Bay and at Polaris IHouse. If we take the
brevailing direction and force of the wind into cousideration, and if we remember that the different
channels above mentioned are narrow, and, comparatively speaking, very deep, thus giving occa-
sion to a swift tidal current, we can scarcely expect anything else. During the winter and spring
of 1871779 the only stationary ice near our winter-quarters was found along the shore, extending
in a narrow belt from a few miles north of Cape Lapton, along the shores of Polaris Bay, to the
mouth of Petermann’s Fjord, and growing very hummocky near Cape Lucie Marie. South of Cape
Morton, along the northwest coast of Petermann’s Peninsula, it was found a little smoother in
April, 1872, although intersected by lanes of water, while there was scarcely an ice-foot along
John Brown Coast, and a traveling party, trying to reach Cape Constitution, was stopped by open
water, and had to return. As far as the observations made at Polaris Bay and Newman Bay go, the
ice in the channel was adrift during the greatest portion of the time ; it was stationary only on a
few occasions, during March, when the temperature was low, and when there was not much
wind, Owing to the combined action of curreuts and winds, the ice forming in deep channels,
fanked by steep shores, will always be found hummocky; and, indeed, that of Robeson Channel
and Hall’s Basin was of the worst description. It was rougher than that of Smith Straits; the
bad condition of which prevents the natives living near Cape Alexander from crossing the strait,
scarcely 30 miles wide, and from communicating with the Eskimos inhabitating the region of
Ellesmere Land, near Cape Isabella. ‘

It would lead us too far to give a detailed account of the condition of the ice during tho time
spent at the winter-quarters of the expedition. It will Le suflicient to state that, during spring
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and summer of 1872, the sea in Hall’s Basin and Robeson Chaunel was in such a condition that,
during the navigable season, the lanes of open water intersecting the ice were scarcely wide enough
to permit a boat to be launched, while they were.too numerous and the ice too rough to encourage
sledge-traveling. In HalPs Basin the drift of the ice was in most instances southerly, accelerated
by northeast winds and the flood-tide, which runs stronger than the ebb. The influence of the
latter is less marked, and it was only when the returning ebb was accompanied by southerly winds
that the ice drifted with the same velocity in a northerly direction as in the opposite one. During the
stay of the boat-party at Newman’s Bay the prevailing direction of the drift was likewise southerly,
with the exception of a few occasions during the timne of spring-tides, when a <10w motion in the
opposite direction could be noticed for a few hours at a time.

In a number of instances a strong westerly set was observed during the latter part of June
and during July. While it was apparently calm, the ice could be seen to drift in great quantities
from Polaris Bay to the coast of Grinnell Land, disappearing, as it seemed, in Lady Franklin Bay.
As the set was so strong, and as the same ice was never seen to return, these observations led to
the supposition that the bay in question was actually a strait. This view is supported by the
observations made from the height of Polaris promontory, whence Mount Grinnell could be seen to -
be isolated from the main laud looking like an island, behind which an ice-horizon could plainly
be distinguished.

During the latter part of the summer of 1872 the condition of the ice was less favorable to
navigation than during the preceding year. As stated before, the Polaris, when on her way home,
was beset in Kennedy Channel, and drifted out of Smith Strait. ,From the 16th of August till the-
middle of September lanes of open water of greater or less extent could be noticed almost daily
along the coast of Grinnell Land, but it was impossible to reach them with the vessel. The pres.
ence of open water along the west coast of a channel swept by a.southerly current appears to be
rather abnormal, as, according to theory, we might reasonably expect the contrary. The observa.
tions on hand that might throw some light on this subject are, unfortunately, too few to enable us
to offer an explanation, but we shall see hereafter that the open water cannot have been pro-
duced by high temperatures of the sea, as the latter were never much above the freezing-point.
The only possible assumption we can make is that the depth of the water along the coast is more
considerable than in the middle of the channel. In this manner the current would attain a greater
velocity near the shore. It would carry the ice south as far as Cape Frazer, where the coast takes
a more westerly trend, and where an accumulation along the shore is prevented by causes that are
too obvions to be dwelt upon.

We shall now consider in brief the condition of the ice in Smith Sound, based-on observations
made during our stay at Polaris House, from October, 1872, till June, 1873,

A glance at the map accompanying this volume will show that the position of our second
winter-quarters is but a few miles north of Port Foulke, the harbor of the Hayes expedition in
1860 and 1861, and the state of the ice in our case was very similar to that observed by Hayes ten
years before; Smith Strait and a portion of Smith Sound being partly open during the greater
portion of the winter and spring. If we are justified in drawing conclusions in regard to the state
of the ice in Kennedy Channel, or perhaps Hall’s Basin, from the motion of the ice in Smith
Sound, we might judge that there must have existed a solid barrier stretching somewhere across
one of these straits, as with scarcely any exception southerly winds would block the sound, while
northeasters would produce much open water, 1f this barrier did not exist, then the areaof ice (,arrwd
north by the southerly (mostly southwest) winds mast have either been greater at the time than
the area of open water, or we might suppose that the winds north of Smith Sound blew from such
a direction at the time as to counteract the influence of the southwest winds, under the force
of which the ice drifted north.

The open water found by Hayes during 1860 and 1861 was attributed by Petermann * to tlie
influence of the Gulf Stream; but we shall demonstrate hereafter that there is nothing whatever
to sapport this view; that there is not the slightest trace of a warm current in the vicinity of
Smith Sound; in fact, that the only permanent current existing there is setting south. Anycurrentsin
the opposite dlrecblon, as mentioned by Inglefield and others, are merely produced by the ﬂood

* Dr, A, Petermann : Das Noerdlichste Land dor Erde. Petermann's Geogr. Mittheilungen, April, 1867, p. 186.
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tide, or perhaps by the difference that might exist.at certain times between the specific gravity of
water of Baffin Bay and that of Smith Sound. Before going any further we take occasion torepeat that
the open water fonnd in Smith Sound and north of this region is solely due to the effect of the
winds and to the considerable depth of the narrow channels, giving origin to swift tidal currents.
Had the meteorological observations made by the Hayes expedition been published when Peter-
Imann wrote the paper alluded to, the learned geographer would never have been tempted to show
that the Gulf Stream sweeps the eastern shores of Smith Sound. .

It only remains now to give a short description of the ice as found during the journey of the boat-
party from Polaris House to Melville Bay. At the same time we think it advisable to dwgll
awhile on our observations made in regard to this subject in Lancaster Sound and vieinity, when
on board the Arctic. The latter can be done very briefly, as the bihourly meteorological observa-
tions made on board that vessel (compare the chapter ¢ Meteorological Observations taken at Sea,”
P 24) contain all the details that can be desired.

When the boats lett Polaris House June 3, 1873, they coasted at a distance of from 1to
4 miles from the shore in clear water, meeting floating hummeocks only occasionally, although

“the pack was in sight nearly all the time to the west. In regard to the condition of the latter, it is
scarcely possible to pass any opinion, as ice sighted from a distance may appear as a solid bamer,
while in reality it may be intersected by numerous lzmes of open water, through which vessels can
pass without any difficulty.

Arriving at Oape Saumarez the solid land- ﬂoe was met with stretching in the meridian of this cape
almost as far south as Northumberland Island. To the northwest of this island and of Hakluyt Island,
a considerable pack had accumulated, through which the boats h had to force their way in order to
effect a laifding on Hakluyt. Owing to the ice that blfdcked the strait running about northeast
and southwest between these two islands, and to the pack that had accumulated to the south of
them, the progress was very slow, and the boats were detained from the evening of June 4 until
the morning of the 12th, when the ice dispersed. Between 8" and 9" p. m. of this day Blackwood
Point was reached, the boatq meeting more or less loose ice during the whole of their passage, the
most being encountered off Whale Sound, which was still covered by the solid floe, which stretched
from a little north of Cape Parry along the shore and across Booth Sound to Blackwood Point.

- Tor about 8 miles south of this latter locality the coast was perfectly clear of ice, beyond which
the fast land-floe was encountered stretching to the northwesternmost extremity of Sounders Island
and then in the direction of the meridian to the eastern portion of the north coast of Wolstenholme _
Island, while Dalrymple Rock was accessible. The floe appeared again at the southeast point of ‘
‘Wolstenholme, stretching southwest to about longitude 720 5'.  As the boats’ track from Wolsten-
holme Island to Cape York led always along the margin of the land-floe, a glance at the map will show
how far the latter, which was. very level, extended from the coast.

Conecerning the region of Lancaster Sound and vicinity, the season of 1873 must be termed a very
favorable one to navigation, During July and the first half of Angust there was scarcely enough ‘
ice in Lancaster Sound to prevent a vessel from sailing anywhere between longitudes 80° and 90°
W. The only unbroken floe-ice met with stretched across the mouth of Admiralty Inlet, while
Prince Regent Inlet was open enough to permit the Arctic almost to reach latitnde 720 N,  'When
off Pond’s Inlet, July 14 and 15, thie fast land-floe could be noticed to.extend from a short dis-
tance south of Cape Burney to Cape Bowen; but we learued afterward that some vessels of the
whaling-fleet found the mouth of the inlet clear at the beginning of August. On the 18th of this
month the Arctic was in latitude 72° 43' N., longitude 69° 24’ W., working south through more or
less'ice, a short distance east from the land- floe, whicheextended nom Oape Adair to Agnes Mon-
ument in the shape of a belt, from 8 to 15 miles wide on the average. ‘The river Clyde seemed to be
open, but the floe was met with again at Cape Hewett, extending along the whole coast to a
short distance south of Cape Kater. On the 25th the vessel steamed north through loose ice until
the 30th, and ‘when in latitude 71° 32/ N., longitude 66° W., her course was shaped westerly ; she
had to force her way through heavy ice, gaining the open wwter at about noon the next day. The
last ice seen during the rest of the passage was a huge berg met with at midnight of the 31st in
about latitnde 70°. 5 N., longitude 610.3 W,
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DENSITY AND TEMPERATURE OF THE SEA-WATER AND REMARKS ON CURRENTS.

Density and temperature.~Trom the day the expedition left the United States a series of obser-
vations was begun to determine the density of the sea, and, in connection with these observations,
the temperature of the water was measured likewise, The observations in question were taken
more frequently than the meteorological observations proper, and were made at more or less irregu-
lar intervals, aceording to the opportunities offered. After having crossed the arctic circle, the
. density of the water was determined at least every other hour, and when near theice or among the
- same, or when the vessel crossed alternate bands of cold and warm water, the observations were
taken more frequently, sometimes as often as every ten minutes.

The instruments used were very delicate hydrometers, made expressly for the expedition by Mr.
Tagliabue, of New York. They were graduated from 0.990 to 1.050, giviug direct indieations to
the third decimal, and as the length of each division was about.0.35 centimeters, the fourth deci-
mal could easily be estimated with accuracy. The readings were taken on board the vessel, and
although the eylinder into which the hydrometer was immersed, when in use, was not suspended
on gimbals, as might have been done, the accuracy of the readings was scarcely affected, as there
is usually but little swell among the ice. In order to eliminate the influence of capilarity, the
observer in reading off sighted the scale of the hydrometer below the surface of the water, which
was done repeatedly, and the mean of several readings taken, which never differed as much from
each other as to amount to a whole unit in the fourth decimal. We were satisfied to measure the
temperature of the water but once, that is immediately after it had been brought up on deck, and
we assumed the temperature to remain the same until the specific gravity was ascertained. Usually
the water was hoisted by means of a buckgt, but in some instances, when there was teo much ice
packed round the vessel, a water-bottle was let down and filled about 3 feet below the surface.

The following table contains the observations made in Smith Sound during the drift of the vessel
in 1872, Unfortunately, by far the greater portion of those taken during the passage north are
lost. Those of the determinations referring to the surface-water were made by Mr. Meyer and the
writer, while the specific gravities at the different depths were ascertained by the latter. It may
be well to mention that the column headed ¢ Specific gravity reduced” contains the densltles,
referred to 59° Fahr.,* and corrected for the expansion of the glass hydrometer.
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10 9 ST I O U, U Pty e e P Do.
11 30.7 | 31.0 |ecen oot [N DU PO, T Do.
Aug. 13 0 a.m, [ 30.8 | 31.4 | 10265 | 1.0249 |.ceeeoo|imem]iucunna|a-n P Considerable ice.
| 1’ 30.6 ) 31,0 |ooinii]eine i ]icnmme e mnafenme e e ceamae Do.
i 2 30,6 [ 30.8 |eeemiid i iiene e e e e Do.
3 3 U= A A (RN IFUURA IRROIP Y PR PRSP ORI Do.
4 36.1 130.9 [ 1.0265 | 1.0249 |cmeesiifemncifommmmnni]ineannns Heavy pack.
5 36.5 | 308 |eceeaaa]vamnaan. .- ) DN DO DO . Do.
6 34.1 1 30.8 |oeee caai]eme e RPN PR PR P Do.
7 B B s | O I e Do,
8 -1 40.6 | 30.0 | 1.0260 | 1.0244 33.1 1 1.0259 | 1.0243 Do.
9 304 1 30,6 [eems caii]vennacnifinveonan]onnmne]emamasuifiaranan. Do,
10 o1 EC T N N RORRROR NSRRI PR [P D PP Do.
11 TS VI {1 AR DRI (AR PRPPN PRPRT e . Do.

*Die Zweite Deutsche Nordpolfabrt, in den Jahren, 18G9 und 1870. Leipzig, 1874, Zweiter Band, Zweite Abtheil-
ung, p. 678,

As our manuseript was already finished, and partly in the hands of the printer, when this volume was published,
we could not make as extensive use of it as we might have done under other eircumstances.
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3 Surfa::aof the & Depth. @
5 | & 5
o N " -
5 & g © &g . 2 © &
Date, 3 5 £ 2] 8 = ag z 3 S §n§ Remarks.
El 2 3 g o= oo - 8 o R
B 5 . ) @ % 5=l 5 @ o =
= 0 < =] 1<% o & 3 = =" o @ ‘S
k= & B S g R 2 g g = 3
= — & & & wm 2 % & ) &
o o
Aug.13| 8048 66 05 Noon. |37.9|30.8 | 1,0263 | 1.0247 |evvv coar]imcma]oncanmai]vocnannn Heavy pack.
1rpom, [ 42.9 [ 3008 [ieeeaieifienecacifommamees]iaconifoneeici)icnaonn Do.
2 44,6 30,4 |eoet i i aa e raeeei ] cammacann tai e eaeaas Dao.
3 N PO R Do.
4 139313101 1.0255.] 1.0230 |eevuemcitimeme e e e, Do.
5 PO DU Do.
[T - 05 S 1 205 ) R UPRPIIVIN IURpRPpIRny (PSR, PURCR (RN Dao.
7 1..0281 | 1.0265 Do.
8 1. 0255 | 1. 0239 Do.
g 1, 0258 | 1. 0242 Do,
10 1.0261 | 1. 0245 Do,
A 1] 1.0261 | 1,0245 Do.
ug. 14 0 a.m. 30.6]929.8]1.0935 | 1.0219 |ecrecoci)oeecn |eaeuenaitaeaan., Do.
T 3081996 e ceod i iaeeaeivacaai]ieemme i emieaann Do.
2 1836 20.8 e e e e e e e Da.
3 [ D Do,
4 131.5101380.0 1.0252 | 1.0236 [eecveeni|iomcni]iomaaai]iieaaan Do.
5 0 18261 80.0 { e o N e e e e e Do.
O S VSV B N R BN INUUIURUE BSOS DU PRI Do.
O I - Ot S 1) T A U SO IR SR SRR PP Do.
8  134.81380.0)2.0956 ] 1.0241 |ecur ool iaaea]eaan] e Do.
[ T -1 0 N B 1) 0 < 15 IO DU DR DUIUI PRI IO Do.
10 [ 86.7 180.7 e eacdromeeeaivmceceediimeaiceameaaafsona reon. Da.
5% A I T 0 2 1) O SIS SRUPRUI DU PRSI PONIPIINY PR Do.
DT P O e R N B el ETEPT T Da. .
18 pim, | 87.4 [ 30,8 | 1.0256 | 10241 [<cecencu]mmafimmanranfevannns Considerable ice.
P S TN I AT S D TR SO NN IS SO 0.
3 38199 el T e e e But little ice.
4 U856 929071 1.0262 1 1,020 [ecer ceoilimie fiamnvene]imen e Do.
5 35,2 0802 e e e eae e e e e e Pack ice.
. [ TS N ¥: VO N I 5 D 1A O RPN IFPIOIPPUP DU (MR U O PP 0.
h /R B 1N S 0 17 N N DURRUPI UPUPRNI ORI PRI I But little ice.
8 1351 31,01 1.0261 11,0245 |eeenecenid ol e e Do.
G 38,0 816 (e soeilonescnas]iasenens]samacelomsaseactisennnan Do.
10 ---.|{Very heavy pack.
80 02 [ 68011 11 sren Do.
Ang. 15 0 a.m. | 33.4 30,0 1.0252 | 1.0236 |.oenoonlinei ool Do.
1 8201908 |Louiionidioeeciereeac e i een e e Do,
RO IR VT 3 3N 1 0 2 SIS PN R PR PR S Do.
3 Do,
4 ... Do.
5 30, 4 Heavy pack.
6 31.4 Do.
7 32.2 Do.
] 33.6 . Do.
9 34.0 Do.
10 34.4 Do,
11 39.8 .| But little ice.
80041 68 06| Noon. 36. 6 Do.
- 1"p.m, | 37.3 | 31.4 Do,
2 35.8 | 31.5 Do.
3 35.4 | 30.4 Do.
4 35.2 1 30.3 Do.
5 34,9 | 30,3 1on e anemeifieecmnas]cemmee|cneneaitee neeaa. Considerable ice.
G 37.1 [30.4 (... Do.
7 36.6 | 30.2 Do.
8 36.1 | 31,7 Do.
9 34.6 | 30.8 Do.
10 33.6 | 30.5 Do.
; i1 33,0 | 30.6 ;. Do.
Aug. 16 0 a.m. |32.3|30.8 Do.
1 33.7 | 30.5 Do,
P 32.1130.7 Do.
. "3 32,7 | 30.0 |.... Do,
- 4 33.4 | 30.4 . Do
7959 | 6807 11 36.1 | 30.7 Do.

2m

* Sounding of 203 fathoms doubttul, as the line was too heavy compared with the lead.
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k- Sarface of the | Depth &
ot sea. o S =
S = =
: £ .1 9 © [ S © 2
. . = | 3% . =1 R 2T
Date. $ ,§ §§ ‘2 = 2 EL,;:‘E §° "E ) 5 E"‘g Rewmarks.
= = o° - K] = o =]
2 ) s | & | & oz | £ T 12| ez | §
3 g a 3 8. ) 2, g 8 & 5p 2,
| A & = & w0 & @ & | @® n
o o
Aug. 19 &b p,m Heavy pack.
9 Do.
10 Do.
79431 7004 11 Do.
Aug. 20 0 a.m Do.
1 Do.
2 Do.
3 Do.
4 Do,
5 Do.
6 Do.
7 Do.
8 Do.
9 ‘Do
10 Do.
1! Do, "
~ Noon. ‘Do,
14 p, m. Do.
2 Do.
3 © Do.
“ 4 Do.
. 5 Do.
7942 039 6 Do.
7 Do.
8 Do.
9 Do,
10 Do.
11 Do,
Aug. 21 .0 a.m. Do.
1 Do,
2 - Do.
3 Do,
4 Do.
5 Do.
6 Do,
7 © Do,
8 Do,
9 Do.
10 Do,
- 11.30 Do.
11.4 Do.
11,50 Do.
o 79391 70 17 Noon. Do.
0b10p.m. Do,
0 20 Do,
0 30 Do,
0 40 Do,
0 50 Do,
3 30 Do,
Aug. 23 8 a.m. Do.
. 9 . Do,
10 Do,
11 Do,
79371 6910 Noom. Do,
70 p.m. Do.
Aug. 25 8 a.m. Do,
9 Do,
10 Do,
- Do,
7936 69 02| Noon. Do,
1 p, m. Do.
2 Do,
3 Do,
4 Do,
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Table—Continued.
3 Slwﬁl:; of the| & Depth. - $
— L By gy B
S < = p S
] . 2 & © 2o ) S ) = ‘
Date. s ’,é’_) f-;f-‘;? § @ 5 35§ A .3 s '€c§ Remarks.
z = 5 | 8 | °% | &% | & | B | oF | &%
S0P 0§ |§ FlEi3 | ElElcElcs
] § E - e | @ = et | g
H A S = g | w ) 2 & | =w )
N o )
Ang. 25 50 .| 3L.6 Heavy pack.
6 31.4 . De.
7 30.0 . De,
8 8.7 .1 Do,
9 8.5 .0 Do.
}O 7.6 . 8 Do,
. 1 26, 1 .1 Do,
Aug, 26 0 a.m. | 256 .2 Do.
1 25.6 .2 Das,
2 26.6 | 30.1 Do,
-3 7.8 1 30.2 Do,
4 25,81 29,31 1.0249 | 1.OR33 |.oooneefianini]iiiaain e aana, Do,
5 26.5 | 20,6 {ennnearlecasvonsloann PO I R [P Coneiderable ice.]"
G - 7.6 1203 1 oo cooifienn alilin PR O B DU Do, -
7 20,1 1 294 Jcvrvneafieve vaeennecaeifiomme]rvnomman|emcannan Do.
8 30.8 | 30,9 1,0203 } 1,O187 {.... voei] wvnn.f-r e . .. Do.
9 31.2 ) 30.0 Do,
10 32.5 | 30,1 Do,
. 11 33.1 | 30.9 Do,
7936 | 6901 Noon 32.6 | 29.9 Do,
1vp.m. | 33,31 380.1 Heavy pack.
2 34,6 | 30.1 Do,
3 S 7 ¢ I 0 T¢ R I U Y [NRIDISIONP TPy DU UREPY R Do.
4 35,0 [ 30,2 | 1.0244 | 1.0228 |..oceii]immani]eneanens] aainn Do,
5 BisT SR (1 10: 28 U BRSNS DURNPRIIP PP PP I AP Do,
6 35.6 | 30,8 .o iee]icneeei ] ceci i e neferancene e anan Do,
7 33,9 30,3 L e e e et rraa e re e e e e - Do,
8 34,6 30.2 1 1.0213 | 1.O197 | . ivuei| vonailimancnnr]ornannns Dan
9 316 1 30,1 [oensceeelimeenncdroacann |tomaniecanee eeveanan Do,
10 BT 300T | e vae e cmes]caen ceaifnnne, PRI DO Do,
A " - 11 L2 1 30,0 [neececiferaaveaefenamaneinmna] caveeas] aoranas Do,
Aug. 27 0 am. | 31,61 20.6 | 1.0230 | 1.OR14 | oo iilirmnc]ionmaeee] cuanenn Da.
1 30.0 , 65 s Do,
2 29. 6. Do,
3 29,4 Do,
- E] 28. 8 Dao,
5 30.6 Do,
6 32.0 . Do,
¢ 7 33.4 . Do,
8 35.6 | 30, Do,
9 35.4 1 80,8 | oo e U PR Do,
. 10 36,61 30,3 Jianeveee]irrinrarlonacvmnfiaaas L8 [PRITS Do, .
: n S B ) I U DS DUORRI DU PRI DO Do, .
TU36| 6901 Noon. |39.61{31.1]1.0175 | 1.OIH9 | evrveer] conefioencanafiadnnnns Da,
Ihpom. | 38,4 80,6 {.ciiaanioeevanr|ommmennalieanat| oo i e Do.
2 400 | 80,6 | conennne]|riacenane] vevena]| avavi|iovensos|rovonan. Do,
3 15 % 208 0 W I IR IO e TR O (P Do,
4 29.0 1 30,9 10195 | 10179 {oereeeii]ieras |eeiaenan]s c e Do,
5 b5 3¢ S T I Y O N AR (SR IV AR IR PRI Do.
6 40.0 | 8001 | cneaen Jinneneni]inennnne] vacaileanenanafiaennan. Do,
7 35.4 | 314} evicei]|ianannn. L9171 30.1 | 1.0286 | 1.0270 Do.
8 30.5 | L1 L0194 | LLOI7E {.ooe i rme cmne cima e e Do.
9 0.6 1 30,9 | coumeoi]imemnrca] vecceaiticcnnifionmenail innann.. Do,
10 28.7 [ 80.8 ... ... SN PRI PRSI RS ST Do,
Ao © 11 7.9 30,9 |eerecieitomee i iemucnad]en RO (ORI Do,
ng. 8 0 a.m. [ 27.6 7302 11,0222 | LO206 {.oonooiud oo ool Do,
S0 1 27.6 1305 i........]. P SRS SO B N I Da.
2 206 ;30,4 ...l e Do,
3 986 | 3004 |-t e Do.
4 97.5 1 311 | 1.0194 | 10178 |, ..o oo Do.
5 Q7.8 18008 |oe e e ieaeeai | iieccini [ immen] cemer e iaaman s Do,
6 99,7 | 0.5 eI R IO IS Do,
7 998 | 80,5 [ emo b oo Do,
8 32.6 {311 { L0198 | 10182 |ceonvuns]ommnnlonnn i Do,
9 336 | 313 [ieconii] eeeen e en e Do,
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= = 8 3 o = = 3 o &~
I"E . 'E‘D S =9 2 © E B = -2y © 5 =5
T8 E B |5 2% : g Fla0|E
o= = = I3 2 w w 4] et w w0
o 7/ o o o [ -
Aug. 28 108 a,m | 35.4 | 3100 foeeianln oo it ieed e e ea e i e e Heavy pack.
11 R 750 ¢ I DY U (RS RN (AR FTSRPA PO N E Do.
79361 €9 09 Noon. 38.9 1 31,4 |- 10126 | 10110 {.eee ocvi]iimnaitonee donifamaaans, Do.
Wp.om | 40.3 . Do.
2 40.3 | ¢ Do,
3 41.3 © Do.
4 39.5 Do,
5 40.0 Do.
6 35.6 Do,
7 33.5 Do,
8 - 32.1 Do.
9 31.4 Do,
10 20.8 Do,
11 20,8 Do.

Taking the mean of the specific gravities, 'm mcasured at the surface of the sea in the region
traversed between latitudes 81° and 79°.4 N, and lon gitudes 62° and 76°.8 W., from August 12 to
August 28, we obtain the value 1.02155, bemg rather less than what we should expect to find a pri-
ori. This diserepancy appears less striking if we take into consideration the time during which
the above observations were made, and remembering, furthermore, that tliey were all made in a
rather narrow channel while the vessel was surrounded by ice, we can scarcely expect anything.else.
As during the period of time over which the above observations extend, the mean temperature of
the air was only on two days a few tenths of a degree below the freezing-point, it was warm enough
daring the rest of the time to melt portions of the ice surrounding the vessel ; and hence we fiud
the specific gravity of the sea to decrease. :

If we calculate the daily means we obtain the values given in the column of speclﬁc gravities,
opposite to which the number of observations will be found.

S o ) 2y
G 5 [
© S n . cs I
Date. Specific gravity.| §% Date. Specific gravity.| &%
28 2 g
. E 25
Z Z
Angust 12 ........ 1. 02060 1 Augnst 1 ......... 1. 02270 3
13 aeeen.. 1. 02450 6 23 e .t 1. 02020 2
14 e, .. 1. 02330 6 P S 1. 02070 4
) 15 RN 1. 02370 6 6 ......0. 1.02198 6
16 coen.... 1, 02350 2 Py O 1.01836 | 5
19 ........ 1. 02540 1 1. S, 1.01502 6
20 peeennn. ‘ 1. 02563 6
i

The lughest mean of the seriesisthat of August 20, namely, 1.02563, Wlnle thelowest is 1.01502,
derived from the observations taken August 28. The absolute maximum density of the water of
Smith Sound determined in any case was found at noon on Aungust 20, amounting to 1.0288.

- On examining the observations made during each of the above-uamed days separately, we per-.
ceive that the specific gravity of the sea is subject to considerable changes, which become more
striking if we consider that, in some instances, the vessel scarcely changed her position during
24 hours. Supposing the sky to be clear, and the temperature of the air to be above the freezing.
point, we might reasonably expect that the maximum density of the ice-covered sea would be attained
some time after the occurrence of the minimum temperatare of the day, and wvice versa. A closer
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exam_ination of the above observations demonstrates, however, that in some cases the gpecific’
gravity was greater in the course of the afternoon than during the night, when the temperature of
t‘he air }Jad reached its minimum; for instance, on August 20, when the density gradnally increased
from midnight till noon. It will be easy to perceive that irregularities of this kind are either due
to currents, to the change of the tide, to the influence of the wind, or to a combination of these
thre.e causes. We shall demonstrate hereafter that two tidal waves meet near Cape I'razer, one
coming from the north and the other from the sonth. In the formerinstance the lighter water from
Robeson Channel and Hall’s Basin and in the latter the heavier water from Baffins Bay will flow
towards the region in question, where the greater portion of our observations were made, and most
likely the irregularities will be partly due to this circnmstance. »

The observations on record that might be used to demonstrate the change of the specific gravity:
of the sea-water with the depth are but few in number, and are, in consequence of this, of but little -
value. The following table will show how they run: -

Date. Surface. Depth. Difference. Date. Surface. Depth. Difference.

—— 4 b
Fath. ' Fath. L

Angust 13.... 1.0244 69 1.0243 | —0.0001 [ August 21.....] 1.0226 40 | 1,0256 | --0.0030

13,0000 1.0242 | 203 | 1.0265 | --0.0023 1. ... 10226 500 | 1.0245 | -4-0.0019

13,000 1.0242 6 1. 0239 —0, 0003 1. ....] 100226 62 41,0246 -+40..0020

13,001 1.0242 18 | 1.0242 | =0.0000 L 2. 1, 0226 74 1.0265 | ~+0.0039

3.0 1.0242 30 1. 0261 40.0019 - 21..... 1.0226 |- 86 | 1.0256 | --0.0020

13....] 1.0242 50 . 1.0261 0. 0019 91..... 1.0226 10 | 1.0248 | 40,0022

21....] 1.0226 ,10 1.0247 | --0.0021 | 2l..... 1.0226 94 | 1.0269 | -0.0043

21.... 1.0226 20 1.0260 | --0.0024 23, ... 1.0236 83. | 1.0279 | +40.0043

2t.... 1.0226 30 | 1.0253 | -0.0027 Qr..... L0178 91 | L0286 | ~-0.0101

In general, the above values are in conformity with theory, as we perceive tho specific gravity
to increase with increasing depth; but it would require a much more extensive series of observations
to show whether the discrepancies, as shown by the above table, are produced by under-currents,
or whether the observations indieating a less specific gravity with inereasing depth are at fault.-
We scarcely think the latter to be the case, as great care was always takeu in bringing up the
water-bottle, the valves of which were in perfect working order all the time.

Currents.—If we examine the current-system of Davis Strait and vieinity in its latest repre-
sentation on Berghaus’ Chart of the World, which embodies an admirable amount of details in the
-most elegant manner, we perceive the west coast of Greenland to be swept by a-warm current. This
warm current is represented as part of the Gulf Stream, consisting principally of two branches,
the westernmost crossing the parallel of Cape Farewell between longitude 50° and 60 W., while
the other sweeps the northwest coast of Iceland, whence it takesa westerly and southerly direction,
and passing round Cape Farewell it joins the branch first mentioned. Sweeping the west coast
of Greenland, it can be traced to Cape York, whence it sets west toward the entrance of .Jones
Sound, taking a southerly direction near Coburg Island, and disappearing near Lancaster Sound, '
from which we notice a cold current to issue, sweeping the shores of Baffin Land and Cumberland.
In setting south it is joined by another cold current issuing frem Hudson Strait, and, designated
as Labrador Current, continues its way along this coast. :

- In addition to these two main currents, we notice two subordinate cold ones, one running
across Davis Strait, near the 70th parallel, while the other, a branch of the East Greenland ice-
Stream, runs along the southwest coast of Greenland, between the latter and the warm current
before mentioned, to about the Arctic Circle, one of its branches joining the Labrador Current
hear latitude 60°. ' :

_ The materials on which the direction and velocity of these currents are based are derived from -
dxtferenj: sources, most of which are given in Petermann’s elaborate paper on the Gulf Stream,* but
evidently some portions were laid down by theory only. '

It may be advisable, before going any further, to investigate briefly how much reliance can be
placed in general in current-observations, made under ordinary ecircumstances in the arctic seas.

* Der Golfstrom und Stand punkt der thermometrischen Kenntniss des Norduﬂahtischen Océans and Land

' gobiotes.
Ia Jahre 1870 von A, Petermann. Geograph. Mittheilungen, Vol. XVI, 1870, Heft 6 und 7. e
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The vessels craising in these waters-are either discovery-ships, whalers, or a few trading-ves-
sels of the Danish Commercial Company visiting annually the settlements on West Greenland.
With but a few exceptions, the discovery-ships are usnally under strict orders to make certain
points, and are, in such cases, not allowed to deviate from their course or to stop.to make investi-
gations; while the whalers, after they reach ‘the ice, scarcely take any astronomical observa-
tions for determining their position, and invariably leave their log-line on the reel until they have
again reached lower latitudes. If a discovery-ship is mot bound by orders, her commander
may then alwayshave a certain aim which he can follow and to which he will make everything else sub-
ordinate; and unless this aim be the study of the 1)115 sics of the sea, we can scarcely expect any
‘acenrate observatlons of this kind.
»  Cases like the latter are of rather rare occurrence, and there are but a few on record, the
“intention of the commanders of arctic exploring-vessels being in most instances to make such dis-
coveries as would most strike the public mind. Unfortunately, however, the public cares very little-
whether a current sets north, south, east, or west, and this is one of the reasons that the number -
of reliable observations is so small. This small number was only made because nothing else could
be done at the time, or because they had to be made, the vessel being beset in the'ice, and at its
mercy. But even if a vessel starts purposely to make the observations in question, she will, in a
great many instances, have to encounter physical obstacles that render the observations less reli-
able, and often it will be quite impossible to make any.

The direction and velocity of currents are usually obtained by taking the difference between
the position of the vessel, as found by dead reckoning, and the position as determined by astro-
nomical observation ; a less common method is that of making aectual experiments which require
considerable time and care. Owing to unavoidable errors of the dead reckouning, the former mode
is far from accurate under ordinary circumstauces, and it decreases in value if the vessel has to
make her way through ice, when the log is rendered almost useless, and when she has to change
her course so frequently that in some instances it is alinost 1mposuble to keep an accurate reck-
oning. .

. Those observations obtained when the vessel is beset in the ice and dnftm are more valnable ;
but it is only under favorable circumstances that they give an dccurate idea of the true velocity
and direction of the current. If there are bergs scattered through the pack, the direction and
velocity of the surface-current, as determined by two astronomieal observations, may be consider-
ably affected by under-currents acting on the submerged parts of the icebergs. Tf there is any
wind blowing, it will act on the exposed portion of the berg ason a sail, and thus in many instances
solely determine both the rate and direction of the drift. The latter may also Le greatly affected
by the action of the tide, especially if the vessel is beset in a narrow channel.

" It is easy to perceive that if we were to examine critically the different observations on record
we should have to reject a large number, while others would be of very little value, as_in many
cases it is quite impossible to determine how much of the drift is due to a permanecut surface-cur-
rent, how much to the tide, to the wind, or to under-currents.

'l‘he value of the few observations made by the expedition, and rccoxded hereafter, is very
small, and we propose to deduce nothing more than general resnlts, We shall first consider’
the drift of the vessel through Kennedy Channel and Smith Sound, based on the following table
compiled from the log by Mr. Bryan : '

'§ '§ 'éo g WIND.
B 2
Date. | = 'g e “g £ .
: 3 = EF S ‘g ov to.Gh a. m. 6 2. m. to noon. Noon to G4 p. m. 68 p. m. to O
. o / o . . X ' '
Ang. 14 | 80 02 |........ Midnight.] Light winds SW. . oeee i i i e eeeee s teenen e e
B g N ¥ - Light breeze NE
16 | 80 01 |.e...... [JE 0 ¢ DN DN DEPRRPR DRI St RIS BONDIP PR
16 7969 [...ena.. Noon.....| Calms «ocuee vvmaifiemenrvnnncaeeann. Liglit breeze 8. ..o icveuniavnaniienn.
171 7957 |........ Noon..... Calms o.ooce vaenn. Fresh breeze N ..| Light breeze N ...i| ceeeiacvnaanan.
18179 44| 69 50 |6 a. m....| Light breeze N cars Calins ...... . ight breeze N
18| 7941 70 19 16 P |icreas cnaoanmnomcmn [amnanceneccceeeeieaeecir it e [ ramare caven s .
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Date.

22

24

x~r o o

Light wind NE....

Light Lreeze 8.,
continued dur—
ing afternoon.

CURRENTS.
Table—Continuved.
@ © A
';_,3 'E - :g WIND.
ol T 3 g
ey 8 =B ) : K
3 2 S E 0b to 6% a. m. 6" a. m, to noon. | Noon to 6% p. m. 6% p. m. to 0.
o o i
-------------------------- Light Deeze N «uoul.ccce caeens covnenleneeen cneennns vnnsns] Light wind 8.
. and SW.
7942 |........| Noon..... Light wind 8 ..... .| Wind 8W....... Atb 4 p. '&n., light Light breeze N.
. reezs
79421 7039 1 6p.m.i| e SRR RO f ..............................
S79°39 170 172 Noou..... Light airs N..ouceufieoonniioennivoann, Light breezo N ......................
.......................... Lightairsand calms] 8 a. m., light |....co.... o0 a0 Fresh breeze SW.
- breeze S.
79 87 oo Noon.....| Fresh Breeze SW. |.occenoeaneereonsloeasieime i ionnn veenvaeain —man
np to 4 p. m,
fheiln calms and .
. ight airs.
79871 69 10 16 Pt e dee e e oeem e e
7936 | 6907 |6 a.am....| Calms voneen oun.n Fresh breeze N
79 36 §........ BTN} S DR RU PR
7936 ..l Noon. .... CAlMS cevvee vema]ceeeencncacecnenes Light breeze SW.
*T9 36 | ... ... Noon. ...} Light breeze SW..| ... oo vl nght breeze S..:.. Light breeze E.
.......................... L](rhf, Wind8 B evet]veecns vomcaeioeea.| Calms oo il Light wind 8,
79 36 | 69 09 | Noon and Llnrht; Winds 8 .o fiancan reiea e Light breeze E ....| ..o eann. S
6 p.m, :
79 34| 69 01 | Noon and | Calmis .o cvee vevanslvis ceensinsssmmee]inesmenssensesisiiniafasnscnsnnons P
6 p. m.
7935 |l e CAIMS i cneeee]anan tecemeneae mnne Calms ..... » tesseeltsemnerncnet onean.
R SRS DU CaliNS «ooide vemecideee ot oen cansanast Light breeze S .:.. Calms and light
) winds 8,
........................... Light puﬁp from |ooeeervcee wiee-aa.) Light airs 8W._oooiiiooi oo iioa
several points, . . N
........................... Light airs SW.and {:.............-...| Light airs BW. ....| Freshibreeze SW
calms, . )
70 34| 68 56 | Noon and | Fresh breeze SW...| Light winds SW. | Light winds SW. ..\ ... ...
- 4 p. . ’
933 Noon..... I"Light wind. SW. |.o.comeviais aaitiforanones B LR T PER TR T cenun
. until  evening,
i then from the N.
g 79 33 §68 59 Noonand| Light airs N...... ‘Calin all the af- |ieeoee e cmen ciiiii]enladvdaant .. R
79 32 4 p.m. ternoon, : o
79.32 1° 68 59 | Noon and | CAlmS «.vve cevaciliarens idedionnanns Light winds 8. ceieroees cemnnn iunen.
4'p. m. ’ '
T -p we..| Light winds SW.. | cooeamiancaaaaily Light breeze N ....| Fresh breeze N,
779730 69 22 | Noon and | Fresh breezo N.un- |..oc.. .. e cvmevana]oeeraaecaeaaaais Light breeze N,
"5 p.om. til late in after- ‘
noon, . . .
O N D nght WINAd N ovmcen|ocaaoe e it enas Ca]rm ----- Ceeaaians Light Lreeze N.
S Tr o FEE TN F e, Light wind N..ooclioieeniviiinianne, L}ght breeze N ....| Fresh breeze N,
027 ..., Noon. .... Fresh breezo No oo ]oiooen ioiiininannn Light breeze N .__.| Light wind N.
.......................... Tresh wind N.oooouleveens canansmeewa.] Fresh breeze N ool o0 oo, Lol o0
7920 ..., In after- | Fresh breeze N. ..:ofecee cveniannve oo Fresh breeze N oo b ool i L,
noon by
double
altitudes.| * :
7921 1 70 06 | Noon and | Light wind N....oficoeieaiiianenoan. Calm oo it e e,
afternoon. o
-------- ceemeiimen o] CAIMIB Jociil i inba e i re caree fece e cnecveee e ea co2l| Light brecze S
.......................... Fresh wind S.c.eiifoieaneinnasneaena| Light breeze S. oo .0 o . ..
7920 |........ Noon..... ‘Lightairsandcalg) .. ooo. ool onn «Light wind NE.... ... o R
I TR T NSRRI o T }4 w}lt {)reele §t Gt %‘i_gm ll;reeze g R U
........ oon:....| Light breeze t..|#Calms ...... ....| Lig reeze S.....| Light breeze N,
.......................... liht breeze N ....| Fresh Lreeze N., 5 k ‘..{:_. -nl-eu-e. N
coutinued all Y
the afternoon,
.......................... Frosh brecge N ... Breeze N., eon- |.o.oo. ..o oo .
tinued all the )
. afternoon. '
.......................... Lightll’)recze\I}IE... cecemennenenennene Lightairs Noooou il oo L
SR T RS [t Light breeze N. ..o ]oveeeeivmetaamens]iccmeslvmnen s oo, Lig D
79,06 |........ Noon..... nght wind NE, |....... e S TS N hhtbluzum .
: continned during '
afternoon.

ceme erre cmem amemne
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Table—Continued.
s .| B 24 WIND, .
2, 24 w2
Date. | 2% 2 %’ ° ‘§
- N i N ' . p
a3 g Eg 08 to6b a. m. | 68 a. m. to roon. | Noonto 6 p. m. 6h p. m. to Ob
=1 = @ ‘ : .
o o 7 .
S1311¢5271 1 IR DU PORRN Fresh breezeSE ... |. ... ... ... Light breeze S oot
P27 A R (RO O P Light winds SW.. oo iiiiiaian. ¥ resh breeze SW ... Strong breeze SW
DB eccmmenfiemcnncs]onne canaae Fresh breeze W....| Light wind SW.. nght wind WSW .ot viecee e,
b8 I RIS DR EP SR, Light wind NE....| Fresh breeze N. {.cccviicanaenioiiailiioear cinaiinniads
. E., all through
afternoon. . =
30| 7902 1........ Noon..... Fresh breeze NE...| Light wind NE..| Calm..............| Light airs NE.
Oct. 1| 79 00 |........ Noon..... Calms .e.ove venne. Light airs from |...ccieoiiiianiann. Light breeze NE.
the N.
2 Light wind NE. ... ..o .aeiiiet. Light breeze NE. ..{..cclciniena...
3 Calms ool semai] meme e Light breeze N ..o |ecceesviccne cnnann
4 Light aits NE ..o iieeaeconnnnnaana.. Light airsand calms|..oceevimneninnan.
5 Light breeze NE...| Light breeze 8. | Fresh wind N...... Calms.
. aud calm, !
6 .{ Calms. and light | Light breeze S...| Calms ...... ..., Light breeze NE.
puffs from N.
A PR RN P Liﬁht airs N. and | Calms ... ..o . |ieiacn ioma iao oot Fresh breeze NE.
E, .
8 7848 |.ceanan. Noon..... Fresh breeze NE. ..l .o iiinaniine. Light airsand ealms).....L oo voo..
¢ I SRR DORRUPIN DORPPR Light airs NE .o ]emiii it ime ccet e e c e ceccee caan vman | ieecanicnca caacas
L P Light aits NE .. ... fceeneiana e Light airs NE ..... Fresh breeze NE
B 1 S ORRPRUS IR P Strong breeze NE. .| .o .. ... Fresh breeze NE...|. ..o aeo.
121 7828 .. .cau.a. Noon. ... Presh breeze NE. . l.ooeos i ain L Fresh breeze NE .. j.ooviieiiaiin ot
) [ . Fresh breeze NE. ... onl. Strong breezo from ..................
i . : the NE.
1 Fresh breeze N .. ..| Earlyin morning | Fresh breeze W....| Wind light
wind shifted to .
. NW.
1 Light wind SE ....! I'resh breeze SE .| Gale from SE. or |......cocovuiann..
! SW. :

As the meteorological observations made during the latter part of August, 1872, are lost, the
notes on the winds, contained in the above table, must necessarily be of a very general nature, so
- that they will ouly show whether the wind might have accelerated the drift or not, without furnish.
ing the means of determining the approximate rate of acceleration, which might hwve Leen d(,du(,eu
with reasonable accuracy if the anemometric observations were on haund. v

From midnight of August 14, when the vessel got beset, till the evening of the 18th, between
latitudes 80° 2/ and 79° 44/ the mean direction of the drift was almost SW., or more accurately S.
420 W, Between the 14th and 16th it was either calm or light winds were blowing from N ., SW.
and from 8., most likely too light to affect the drift, the rate of which during'the two days in qu(,b’ :
tion was b mﬂea, decreasing to 1 mile during the following 48 hours, and rising to 14.4 between
the 17th and 18th. This latter velocity is the greatest on record, and 'as fresh northerly breezes
were experienced during the time we may reasonably suppose that they accelerated thie rate of -the
current, the more so as its direction remained the same as. during the three preceding days. | { Most
likely this increased velocity is also partly due to the action of the spring-tide, the moon being full
at 8t 53=.2 on the 18th, and as a rule the set of the flood was experienced to be stronger than that
of the ebl, the former being southerly. During the afternoon of the 18th a prime vertical observa-
tion was obttuned 50 that the position of the vessel could be fixed as accurately as the low altitude
of the sun permitted. At 6" p. m. she found herself in Jatitude 790 41’ N., longitude |70° 19/
W., and from this time during the following 48 hours the direction of the drift suddenly changed
to about W, 17 N., the velocity decreasing to about 2.3 _miles. Between noon of the 20th and
noon of the 21st the direction changed again, it being almost due SE., the velocity having increased
but slightly, and all the wind recorded during this time being from the north. - Another chdnge of
both direction and velocity took place between the 21st and 23d, the former becoming E. 908, and
the latter having increased from 3 to 6.5 miles, while the rebultmg direction of the wind during this
time was almost at rlght angles to the set of the current. :
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‘While up to this time the rate of the current was never less than 1 mile during 24 hours, we
see it to decrease to almost one-half of this velocity during the period from August 23 to Septem-
ber 6, the wind being very light duaring the whole time with the exception of two instances when
fresh breezes from SW. are recorded. ’ :

The whole difference of latitude made during this fortnight was only 5 miles, the direction of
the set being very variable and apparently quite independent of the wind. This rather remarkable
change will most likely find its explanation in the action of the tide. We shall see hereafter thas
the tidal wave is'propagated from the north to Polaris Bay, while it reaches Van Rensselaer, Har-
bor, which is the northernmoss station in Smith Sound where tidal observations have béen made,
mmﬂmWWMMMWmm It is evident that the two waves must meet somewhere between these
two stations ; and until actnal observations prove the contrary, we shall ook for the line of junction
between latitudes 790 30’ and 79° 37/, where the drift of the vessel was reduced to a minimum. -~

Between September 6 and 8, the dirgetion of the set was about W. 100 S., the rate increasing
again to 2.5 miles and remaining the sama until the 14th, although the resnlting direction ehanged
to almost SW., the wind being north during the greater portion of the time.. From the latter day
to October 2 the direction was nearer to that of the meridian than in any of the other instances,
the velocity decreasing from 2.5 miles to 1.5; becoming as small as 1 mile between September 24
and October 2. : ‘ o

The vessel continuing to drift toward the coast followed its trend very closely from the Sth
till the 13th, the velocity increasing to 8.5 miles, most likely accelerated by the wind, which was
from the northeast. The last observation on record is a meridian altitude of the sun, taken on the -
12th, and placing the ship in latitude 78° 28’ N., about 6 miles off Cape Hatherton. Increasing
her distance from the shore, as a glance at the map will show, she began to drift to the west side
of the channel, taking a somewhat northerly direction, partly caused by a fresh breeze from north:
east, which finally changed into a southwest gale. Toward evening she was carried north to the
vicinity of Life-boat Cove, at the rate of at least 3 miles an hour ; but most likely this speed was
1ot only due to the influence of the wind, but also, and perhaps prineipally, to the flood-current,
1t being the time of spring-tide. : ‘

In the same latitude, a little to the eastward of our position, Inglefield experienced a northerly
set of 72 miles,* which we do not hesitate to assign to the same cause, asS a permanent carrent of
such a velocity does not exist at. this place. In spring, 1873, when traveling from Polaris House
to the Eskimo settlément, Sorfalik, where we remained a short time, we paid: special attention
to the motion of the ice, which, during the time of slack-water, was invariably toward the south.
The same direction of the set, only at a. greater rate, could be noticed when the tide was ebbing;
while, when it rose, the ice drifted in the opposite direction at a speed of about 4 miles an hour.

From the precedin g observations it becomes evident that the resulting direction of the current
is southerly, even between Port Foalke and Cairn Point, where Petermann sapposed the exist.
ence of a branch of the Gulf Stream. That there is no warm current north of Cairn Point may be
seen from the observations on the temperaturs of the sea as measured hourly or at greater intervals,
and given at the commencement of this chapter, from which is derived the following table, giving
botli the mean temperatnre of the sea and that of the air, together with their differences, for the
‘petiod from August 12 to August-29, when the vessel was between latitudes 81° 5’ and 79° 6’ N.:

o o [ Q@
| & Eq | g s | ¢
W =2 o S w @ 2
Date. 5% Ho g Date. '3 g2 5|
R £t 28 b5 Pty =t} =
£ E & g§° RS =
e & A = = )
2 el o] ) ) [+ o
Avgust 12.... . 31.63 31.15 —0, 48 August 21....| 37.24 30.35 —6., 89
13.... 35. 82 30, 69 —5.13 23.... 38,23 30. 92 -—7.36
14.... 34,67 30.45 —4,22 25.... 34.21 30.63 | —3.68
160001 34,95 30, 40 —3.85 26.... 31.10 30.10 —1.00 :
16.... 33. 38 30. 52 —2. 86 R7.... 34.11 30,52 —3.59 -1 -
19.... 35,10 30.10 —5.00 2B8....] 33.17 31.28 —1.89
R0.... 35,19 [ 30,17 —5.02 L

* Compare Petermann’s paper, Das Nirdlichste Land der Erde, Plan No. 3 of the accompanying map, loc. cit. *

sm ~ v
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) It is evident that there is not any Gulf Stream between the latitudes above mentmned but is
there any farther south in Smith Sound ? " If so, it will have to enter Smith Sound from the south
and we shall bave to look for it along its eastern coast, as, on account of the rotation of the earth, it
will be deflected toward that direction, We must confess that we have no actual observations on
currents to offer ; but as the Gulf Stream is partly characterized by a high' temperature, the fol-
lowing theomometrical record kept during the boat-journey* from Polaris House to Cape York be-
tween June 3 and 21 will show whether there exists a warm current in the region traversed or not:

g.le. 2.le. R
ES|EE ' ES I EE R
) @ | B o ga | ga : sa | &8
“Date. | Time. | 52 |- 52 Date. Time. 52l 50 Dato. Time. | 2 | 52
, a8 | &5 egd | &2 . e3 | &2
Eoay | S ' ST - Sty | Bud
20 | ¥e 0|30 38 | ©o

o le = = I 1
h. o |" o h. o "o t h. o |v o
June 312 p.m..; 20,5295} June 11| 3 p.m..} 30.0 ; 42.8 1 June 15 ] 6 p.m..| 32.0 | 38.0
4112 p.m..} 20.5 | 29.5 121 2 p.om..| 29,71 35.2 16 2 poin..| 29.4 | 30,7
51 8 a.m..} 29,31 29.0 13 3 pom..| 30.2{85:1 : 17 | .8 pome.| 9.6 | 30.5
5111 p.m..j 29.4 | 29,2 14 1 p.m..30.4 47 4 8] 6 avm..] 30,1 | 34.0
61 2pm.. 29.2 | 2.0 16 Hha,m.) 310 33,5 181 8 p.m..] 30,0} 32.8
7] 8a.m..|20.0 2.2 15110 a.m..| 3.5 | 39,0 1912 a.m..| 29,8 | 31,2
81 7am..[20.0)27.0 15112 a.m..| 32,0 | 41.2 201 8 pown..| 29.3 | 283
9] 6 pom..|20.01R20.0 151 2 p.om..| 3161 39.5 21111 pom..| 29,0 | 7.5

10 1 p.m:.j 29.8 ) 38.0 . 15 4 p.m..;3L5 ] 38.2

As the temperature of the sea was either at that of the fieezing-point of fresh water, or even
below 32° F., as shown by the above table, the existence of the Gulf Strcam along the shore
between Cape York and Polaris House is quite out of the question. Buat might not a warm cur-
rent enter Smith Sound westward of the track of the boats? '

To this question we can positively answer, no, for we found the temperature of the sea in no
instance above 31°.6 when crossing from Cape York to the coast of North Devon, during the first
part of July. Had there been any traces of a warm current, we should have found them beyond
doubt, as we usually took observations every hour, or even as often as every half-hour, when the
color of the water showed any changes.

According to these observations, the Gulf Stream does not extend north of latitude 750 5 "’ but
_ how far it reaches cannot yet be stated, as our own meteorological observations bearing upon this

subject are lost, and the material thus far published is scarcely sufficient to settle this question
definitely. In McClintock’s Meteorological Observationst we find the following remark made on
- the 7th of July, 1857, the Fox being in latitude 60° 6’ N., longitude 15° 1 W,: *The temperature
of the sea-surface xaned from 56° to 61° during the day. At noonthefollowing day the position, by
observation, was 10/ to NE. of the dead reckoning. The yacht, therefore, was probably on the
northern hmlts of the Gnlf Stream.”  An examination of the same register shows, however, tliat
afterward higher temperatures were noted till the vessel had passed the parallel of Upernivik when
the water again became colder. Some wanuscript observations, kindly furnishéd by Captain von
Otter of the Swedish navy, seem to indicate the same conditions; and until we shall have some more
complete data, we shall hold theé opinion that the Guif Stream does not enter Melville Bay.
In order to solve the Gulf-Streat question in a satisfactory manner, the observations on the
temperature of the sea ought to be accompanied by determinations of the specitic gravity of the
" water, becanse in many instances the high temperature alone is not sufficient to prove the existence
of the Gulf Stream. We have shown that there is no warm current entering Smith Sound, and
still we found that on several occasions the teinperature of the water at olaris Bay was dstonmh
ingly high. On the 2d of Aungust, at 3" p, m., we measured 5109 along the shore, a little south
of our anchorage and opposite a ravine nameéd the Second Ravine, ‘Lut at the same time the wi (Lter‘
wds almost fresh,

*The track may be found on the accompanying mnp and the positions as taken during the time aro given iu the
chapter containing the astronomical observations,

-t Fourth number of Meteorological Papers published by nuthouty of the Buard of Trade, 18(‘0 London : Eyre and
Spottlswoode, 1860, p. 4. .
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mv“:}v:n?ade similar observations along the Greenl(md coast between Disco Island and Uper-

whi cll was lllbevery instance we noticed that these warm spots were almost destitute of animal life,

whe abundant where the percentage of salt was normal.. It is easy to percewe how and
I‘% this high temperature is communicated to the water.

sy ste£%§?t of -the observations on record’that might. tend to complete our knowledge of the

oo urrents do not contain anything new ; they werely help to prove what others proved
re,namely, a southerly setin Baffin Bay-and Davxs Strait. -

LlonsTé;LfOngmg table contains the approsimite rate of the current, deduced fLom the dbserv b

for longi :nd y Mr. Meyer during the drift of the floe-party. As tbere were but four observatlonb

more ul ! ul f’ taken then, we used, in some instances, a graphic process to approximate the velocity

osely. In doing so, we were guided by the general trend of the coast and the prevaﬂmg
d1“’0“0!1 of the wmd to wlnvh the drift seems to be mostly due:

ENEREN ENE
=4 = =8 - o W
Date. | =% -gj - Date, =5 *Sc’i - E
. ; =<1 g -3 ‘E,.q t; =] g B ?E:l :
[ — ==} [N = a
. o o Miles. ' o
] Oct: 15| 7810 | 7500 |.....-.. Mar. 31| 59
Uee. 7 174 04 67 53 4.9 1 April 4| 56
Jan, 5| 72 07| 60 41 5.2 1 91 55
‘ 20 70-02. 60 0L, 8.5, 12 ¢ 55
27} 69 32 60 03 4.8 13 | 55w
Feb. 6] 6850 . :n..-. 4.7 | 14 | 565
Mar, 12 7‘4j 151 H4
: 1416 6.5 16 |- b4
171 6347 ... ..-. 10.7 4 21 | 53.57
22 . 62061, ... . 10.2 26| 53 30
251 6L 59 ... 19.0

S99 53 04

TIDAL OBSERVATIONS AT POLARIS BAY.

The regular tidal observations made at Polaris Bay, and recorded he.reafter, were commenced -
November 6, 1871, and continned, with the exception of a few owissions, oceasioned by physical
obstacles beyond our control, unml Juaue 6, 1872, thus comprising a period of dbout seven lunations,
It was our intentlon, at first, 6o coutmue t,he ouscrmcwns till we left onr wmter -quarters, but as over
half of the ship’s crew was ‘absent on a boabynu*uew during June and July, and as the ice stipporting
the tide gange Legan to deu«w about the middle of June,the observations had to be discontinued.

The gauge used, and represented -in the following diagram, was of the most simple construc-
tion, and performed admirably, as an ex-unination ‘of the record will show. It was mounted over
a 8quare hole eut through the ice near the vessel, abunn a quarter of a mile from shore, where the
tide-wave had free ducess. It consisted of a pulley and rope supported by a tripod,  The rope,.to
which a wooden scale was fastened, divided into feet and inches, was carried through a bl:)uk
‘attached to the tripod, - Oue end ofthe rope-was anchored to the bottom by ‘three thirty-two pound
shot, a,ud a cOuutLrpoxbe was wttuchcd to the othcr end to l;evp the rope properly ﬁtretched
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77

plihit

— & 7 = T = P

The apparatus was frequently tested by takmg series of scale- readings, w1th correspondmg
soundings, a number of which may be found in the following table:

Soundings, with corresponding gauge-readings.

Date. | Time. ﬁ‘;‘gﬁlﬂé Sounding.||  Date. Time. gggﬁfé, Soundirg.|| Date. | Time. gg‘gﬁ)eg'_ Sounding. |
: ) R . Feet. Teet. h. . Teet, Feet. h. |  Feet. | Feet.

Dee. 19} 8p.m..| 6.75 71.75 | Dec.28 | 8p.m..| 3.62 68,75 || Jan, 4 | 8p.m..| 6,67 72.37
211 8p.m..{ 6.62 71.50 29 [ 8p.m..| 3.75 6~. 83 6| 8p.m..| 6.50 - 72,46
22 8p.m..| 6.00 71.08 .3l 8p.m..| 4.00 69.17 6 8p.m..| 658 72.54
251 8p.m..} 500 70,00 |} Jan, 1| 8p.m..| 4.08 69.92 71 8p.m..| 6,29 7217
20| 8p.m..| 4.37 69. 50 218p.m..| 533 70,67 8 [ 8p.m..{ 596 71.33
7 1 8p.m..] 3.71-| . 69,00 ’ 3|8p.m..] 5,79 71,08 i, : ' e

It will be seen that the greater portion of the observatwns was, taken hourlys in some mstances, -
however, the readings were taken half-hourly, or near the turn of the tide, at intervals of ten min- -
utes.. As there was sc‘u’cely ever any perceptlble swell, amid the ice, the scale could be read oﬂ" to
a fraction of an inch.- o

“The gauge being too far distant from the obbervatorv _to permit of the suentlﬁc members g
of the expedition taking the observations withont. much mconvemence, the readings were taken -
by two of the seamen, H. Siemens and H. Hobby, who were relieved from the regular duty and:
devoted themselves with great zeal and care to their task. The observations were controlled and.
transcribed by the writer every evening, when the time- -piece, made useof in taking the readmgs,' :
~ was also compared, and set if found necessary. - It is supposed that none of the following observa-

- tions'were taken more than two minutes earlier or later than recorded.
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3
Dae. NOVEMBER, 1871
e ——————————
Time. 6 7 8 9 | =te - AL o |12 13 14
< | Feet.| Inches.| Feet.| Inches. | Feet. | 2 Tiélies. | Teet. | Tnches, | Teet.| Inches.| Fect. | Friches.| Feet:| Inches.| Feet. | Inches.
A ) B o ol R o el Bl ol e 6 | 02,0
L3 boonel o) 151 8 10003 0| 3 414055 |45 10.0.] . 5 6 | 03.0
208 05| 2| o802 | 075 0l.2 g liogis |3 4 6 07.0
B3 sl 2| oris|ie [lo2g|ieiliesis] T 1 |e0r0dre “3: 41 025
414 ) 080 2| 090 |0r0] 1| 105] 1 o} 10.5) 07 1 2| 080
S (4 090 3| o002 | o0l 20001 0 {0701 0 | 00,0 0" 1] 015
S 141053 | 0402 10|2]| 0ms| 1 0 | 151 0 0| 0 0 | 030
T 410800 3| os0| 3| 6ol 3| 060| 2 1| 090/ 0| 050 0: 0 | 04.0
8 14| ons| 3 [“os0| 3 | 10| 4| 030]3 2 | 08B| 2 1000] 1" 0 | 085
2t aloss| 3] ool sl ogs| 4 1054 ‘4 1005|3831 055 2 ‘1 1.0
01310003/ 060| 4] 00|55 |02n0|5 5 | 0LO| 4 | 1.5 | 4 3 | 10.0
12 100 3 | 030f 4 (o000|5]| c.ols 5| 080 6 | 00.0] 6 5| 030
Noon.| 2 1"09.0 2 | 11.0| 3 | 090 4| os0| 4 4| 08.0| 6 | 04.95 6 | 6 | 03.0
b2 b osol g | 7ol 3 0s0| 3| 070] 3 41105 5 1 100 6 6 |.08.5
212|002 | oro|2 | 1ol 2| o85|2 ‘3| 07.5| 4 | 0807 6 6 | 05.5
310000 21 .050) 2| 065] 2 | 02.5| 2 ‘9.1 07.01 3 | 0404 4~ 51 03:0
4 181 055| 2| o080/ 2| o60] 1| 105] 1 9 | 045 2 | 0LO| 3 3 | 11.0
5 13 105| 3| ool 2| 0ol IR g |,045[. 1| 035] 2 2 | 00.0
6 141 030] 3| 0003 | 03 05.5 | 1 9u104:5 |14 OLB I 1} 060
T L4 ool a4 {0301 ; Vg ceivoeis i1 06,6 1 1| 020
8141 085| 4 | 080l 4 3 '3 000 2| 050} 2 1| 05.0
1 4 ) 085 4 | 090] 4 4 40020 3 | 1LO| 3 21,035
10 1.4 [ 030 4| or.5] 4 5. 5 |-020] 4| 11.5] 4 317050
L. 8| 080 4 | 020] 5 5. 5 {00.0] 6 | 00,0} 5 41070
Date. NOVEMBER, 1871 | DRCEMBER, 1871,
bt
, , , H ,
Time.| 13 16 /) 17 28 19 20 - 21 3 . 4
Leet.| Tnches. | Feel, | Inohes. | Heot. | Tnohes. | Feet. Tnches.| Feet. | Inohes, | Feet, . |- Teet. | Inches.| Feet. | Inohes,
® 15 051|080 4 g il O | 3 | 15| 4
o | 2| 100/ 5 | 060| 5 | 010 4| 0LO| 3 | 0403 4] 0104 4
5 510751 5 {80 5 | 0.5 4 | 0n.0| 3 | 090} 3 51°.00.0 5
W | 210900 5. 040 5 | 07.5]:4 | 11.0] 4 | 035/ 3 51 035| 5
5 | 3] %0l 4] og0| 5| 00,0| 4| 11.0] 4 | 07:0] 4 51035 5
e | T 100 3 000 4| 01.0| 4| 0r0] 4 | 0601 4 4 | 11.0| 5
77 Ll ool 11 09.0] 3 {000/ 3 | a10] 4] 030/ 4 4 0L6 5
g | 9 (040l 0| 11;0f¢2 | 00| 8| 00.5] 3 |15 4 3 07,0 4
g 9 0s0] 0| ovol 1| o060l 2| 0553|0504 |39 o201 4
10 b0t od o0 ario |1 0a 02 0058 | 000/ 3- 217150 4 L
n | 2 wola | aol 1| osol e | cole] 0sl 3 31 00,07 84
Noon,| & 100,01 3 |.05.0 2 | 070 2| 040 2 | 065) 2 3 1045 3
2l 06014 | 115 | 8 | 0803 |00.0] 2 09.0| 2 |4 | 015 4
2 61 055 6 0054 | 09.0] 3 [ 0303 020 2 41 11071 5
3 | S| 0mal e orsl s |ioso) 4] os0| 3 | 09.0) 2 5 1072.5] 5
1 | §|-000)6 | 000l 6 | 020|5 | 050| 4| 0503 61 00,0| 6
5 | 4| 10.0]6 | ool 6| oLs| 5| 10]5]) 010| 3 6 | 025 6
6 | 5 | %909.5 | 0LO| B | 07.5| 5| 11:0| 5 | 055 4 6. {026 6
7 | 3] %0131 qu5l a4l 095 5| 055 5 | 08.0).4 5 1-1.0| 6
g8 | 1| %ol 3000} 9 | 10| 4| 100|5| 0808 51 04.0] 6
o | 7} %01 2 00} 3 ) oLs| 4| 0n0)5 ) 030} 5 4 17090/ 6
10 2 ,(1)1.‘0 S8l 040121086 3 05.0 | 4 08,0 4 , 410351 8
u | 5| 901 2 b-os0f 2 | orol 3 ) oocof 4 | onol 4t 020f .l 3 1115 4
B T U O I 3 I T 2 10.51 3 07.0f 3| 060 joe.ccfneci] 8 | 1LB | 4




22 HYDROGRAPHY.
Date. DECEMBER, 1871.
. :
Time: 5 6 v S 9 10 11 12 13
Teet.| Inches. | Feel.| Inches. | Feel.| Inches. | Feet.| Inches. Incles.| Feet. | Inches. 1.| Inches. | Feel.| Inches. | Feet. | Inches.
Oh 4 08.0| 4 03.51 3 09.5| 4 05.0 04.0 6 03,61 7 04.0| 8 01,0} 8 01.5
1 4 09.0] 4 00.51 3] 0451 3 07.0 07.0] 5 02,0 6 04.0) 7+ 05,0 8 oLb
2 S5 02,0 4 01.0 | 3 01.5.] 3 00,0 08.0 |. 4 00,0 & 00.0 | 6 02,0 7 04.0
3 5 06.5| 4 04.51 3 03.5]| 2 10.5 15| 38 03.61 3 051! 4 06.0¢ 6 Q1,0
4 5 10.5] 4 11,6 |- 3 08,5 3 00.0 04.51 2 08,0 2 09.5| 3 10,01 41 06.0
b 6 00.0] 5 03.0) 4 03.0} 3 1.06.5] 3 05.0 | 2 09,0 | 2 .] 04.0] 2 04.0] 3 02.0
6 5 1101 5 050! 4 10.0 | 4 02.0 4 07.0{ 3 05,6 | 2 05,0 2 03.51 2 006, 5
7 5 08.0| 5 06.0{ 5 03.5| 5 00.0| 5 01,0} 4 04.5 | 3 03,6 1 2 02,561 2 06,0
8 b 03.0| 5 04,0 5 06,01 56 10.0 | 6 03.0| b 05,0 4 10,0 3| 09.0] 3 02,0
9 4 10.0 [ 5 00.0] 5 05,0 6 03.0) 7 00,0 6 09.5| 6 020 5 03.0 4 07.0
10 4 06.51 4 07.0 | 5 03.0.| 6 03.01 7 05.0 | 7 08.4 7 09,0 6 11,0 | 6 01.0-
11 4 05.5 4 04.0| 4 09.5 5 10,0 | 7 02,5 | 8 00,0 | 8 06.0 ] 8 02,6 | 7 07.5
Noon.| 4 04,0 4 00.0} 4 04,0 5 0.0} 6-| 07.5) 7 07561 8 06.6| 8 10.25 8 | 09.5
1 14 085} 3 10,0 ] 3 11.0 | 4 05.0 | 5 08.51 6 07.5 ] 7 0.5} 8 07.01- 9 02.0°
2 5 0.0} 4 01.0 | 3 08.01 3 {-11.5| 4 07,6 5 | 07.0| 6 | 10.0| 7 09.5| 8 10.0
3 5 08,51 4 03,0 3 08,56 3 08.01 4 00.0] 4 08.0| 5 06.0 | 6 09.0| 7 | 10,0
4 6 02.01 4 10,0} 4 | 0LO| 3 08.5| 3 09.0] 4 00,0} 4 05.0| 5 04.0 -6 | 04.0
5 6 | 07.75] 5 04.0 ) 4 08,0 4 02.01 3 1.5 3 09.0 ] 3 09,01 4 0L.51 6 07.0
6 6 09.25| 5 08,0 5 04.0 | 4 10.0.{ 4 07.0{ 4 00,0 | 3 07.6 | 3 07.56| 4 03.0
71 6 08.75 6 00.0| 5 1.0} 5 10,0 3 1 06.0 4 10,0 4 03.0| 3 07.5 1 3 08.0
.8 6 02.51 6 00,0} 6 02,0 6 04,01 6 06.0 | 6 00,0 5 05.0} 4 04.47 3 1.0
9 5 07.0] 5 10,0} 6 03,0} 6 1.6 7 | 03.0} 6 11.0] 6 07.5] 5 07.0°] 4 09.0
10 4 Lo}y 6 | 03.5 & 11.0 | 6 10,6 | 7 06.0 | 6 06,0 | .7 06,0 6 | 0801 5 10.0
11 4 05.07 5 06.61 5 | 05| 6 04.0 {1 7 02.0| 7 | 080 8 01.0} 8 0L.1]| 7 00.0
Date. DECEMBER, 1871.
| Time. | 14 13 16 1?7 18 19 20 21 22
. Inches, Inches. | Feet.| Inches. | Feet, | Inches, Inches. | Fect. | Inches, Inches. | Fect.| Inches. Inches.
on 09,56 | 7 00.0 5 05,0 3 07.0 3 01.0 3 06.0 | 4 01,0 4 06.5 00.0
1 8 06.0 | 7 06,0 ¢ 04.0( 4 06.0 3 08,01 3 07.51°8 | 1.6 4 00,0 03,5
2 8 00.0) 7 09.5| 6 10.51 5 04.5| 4 05.5 | *4 04.0 L 3 11.0.1 3 | 09.0 :.08,:0
3 7 00.0{ 7 07.0{ 6 1..51 6 09.5| b 0.0 | 4 09.5 | 4 0L 3 09,5 05,0
4 ] 07,6 | -6 08,0 6 06,0 | 5 10,5 ] 5 05.0 | b 02,0.} 4 10,04 00,03 8 05,5
5 | 4 0.0 5 { 04.5¢1 5 | 06.5( 5 05.0{ 5 05.51 5 07.5( 6 05.0 [ 4 04:5:1 -3 | 115
6 2 10.0 3 1L, 0 4 06,01 4 06,5 b] 05,0 b 09.0 5 «08.5 5 01.54 4 1 :05,0
E A 04.0 ] 2 1.5 3 04,01 '3 06.0 | 4 07.51 5 09.0 | 5 1164 5 068.51-6 1035
o8 2 05,51 2 08,0 2 06.5] 2 07,0 4 00,0 ] 5 05,6 6 00,0 | v 02,01 6.1 11:56
918 04.51 3 00.0 1 2 04.0 | 2 02.0{:3 {~04.5| 4 1.5 5 {03671 6 [ 0304 6 06.0.
10 | 4] 0.0} 3 10,0} 2 06.5 [ 2 02.0] 3 | 01.0] 4 04,0 b5 04,0 | 6 | 00,51 6 1 07,5
11 6 03.0] 5 04.51 3 06,5 | 2 06,013 00,0} 4 0L.0| 4 11,0 6.} 08,5) 6 106,0
Noon.| 7 07.5] 6 03.5| 4 07.0 . i feeenan. 3 02,0 4 0.5 4 06,51 6 02.0 | 5| 11.0
8| 0601 7 { 07.5{ 5 10,0 {.....0. ..., 310901 4 | 030 4 (0601 .4 | 080 5 { 07.0
2 | 8 08.5i 8 |-10.0 | & 08.0 | ioifaaan.. 4 06.0 | 4 08.01 4 04,0 4 04,01 4 07.0
3018 03.5({ 8 | 05,6 7 | OLS [.cvuuleuancan ) 07.5 | b 02.0 4 07.5 | 4 03.5] 4 02,5
4 7 1-04561 7 10.0 -7 03.01 6 06.0 6 0.5 6 00.01 5 02.5 | 4 05,5 ] .4 1010
5 5 | 1.5 .6 09,0} 6 07.5| 6 04.0 6 06,0 { 6 07.01 6 0.0 5 01.0 ] 4 04,0
-6 4 09.51 5 06.0 | 5 07.0] 5 1.0} 6 07.0, %7 00.0|' 6 04.6 16 06.0.1 5 | 00.0
7.1 .4 0.0 4 05,0 4 |~9060]| b 0.0/ 6 04.0| 7 00,0 | 6 08.0] 671010 5 {. 07.0
8 | .3 05.0 3 10,0} 3 06,0 4 0.5 5 09.01 6 09,01 61 0857 6 05.51 6 00. 0
9 3 07.0 (.3 07.0.{ 2 11,07 .3 05,0 4 1.5 6 00.0] 6 ] 040 6 07,516 06.:5
10 4 1.06.01 3 08.0 ] 2 08.5 |3 00,0 - 4 02.01 5 04.01 5 10.0] 6 0451 6 07.0
11 b 08.01 4 05,0 2 10,0 ] 2 11,0} 3 03.0] 4| 0RO} 5 02.5] 5 09,5 6 | 025"




TIDAL OBSERVATIONS. | 23

DECEMBER, 1871.

|| Tie. 23 24 25 . 26 o7 | . o8 29 | 30 31 !
f‘f{l‘!
o Beol. | Inches. | Feol, | Inches. | Feet. | Inches:| Feet.| Inches.| Feat, | Tnches. Hm&. 'Inchee. | Feet, | Inches: | Feat. | Inches. | Feet, | Inches.
1 ] 06.5 | 6 04.51 6 09.01 7 02.5 |7 02,0 6 10,0 "6 5 1.6 5 04.5
o | 41080} 5 | o80| 6| 010/ 6] 0| 7 | 00| 6| 85| 6 6 | 01.5) 6. | OLS
5 4 00,0 4 1.5 5 | 04.0] 5 10,0 ¢ | 05,0 6 :f 06.0{ 6 6 1 09.51.6}|.065
e | 3] 00 4] oxol 4 | 060] 4] 085) 5] 005 | 085 6 6 ] 045 6 | 075
5 | w2 | 0450 3 | 065| 3 | 06.5| 3 | 09.0| 4 | 03.5| 4| 085| 5 5.1°03.5 6. 025
6 1 31001 3 ) 050 3 | oLol 3| 020, 3| 00| 3| 06.0| 4 4.1 095 5 | 045
7 | 410000 3 e65) 3| o5 3 | 00.0f 3 | 00 0| 2 | 1003 3] 030 4] 035
8 4 05,01 4 03.51 3 06.51 3 0.5 2 2 07.51 2 3 00,04 3 04,0
o 510401 5 [ o000 4] 055 3! o5l 3 2. | 15| 2 2 17096 2 | 10.5
10 S Lovol 6 | 000! 5 | o556 8| o5 4 3. 100/ 3 2.0 1L5] 2 | 110
11 61 0200 7 | 000} 6| or.5| 6 | 05| 5 41080 4 3 10,0} 3-[ 025
N 61085 7 | os0] 7| o45] 7-1 0051 6 6 ] 03.0 5 4 |08,56" 4 | 01:5
‘Wl 800l 7 | oals| v | oss| v | 065 7 | 045| 7 | 025 6 6 | 00,01 5 | 025
g | 21050 6 | w0l 7 | 065] 7| ox1] 7| 0ns] 7] 09.0] 7 7|00 6.} 025
3 S ool 6| 000l 6| vsol 7 | o] 7 | 045|700} 7 7 1,06:54 7.1 00,0
1 4105 5 o5 5 | 100 6| 020) 6| 0.0 7] 0257 7 |'0r.0) 7 05.5
5 | 41054 | 35| 4| 00| 5 | 00| 5| 06.5] 6 6 71 0L0%7 | 045
¢ | 400y a0l 4 | onof 4 | 035 4| 060 5 5 61 020} 6 | 030
7 | 2105 3] 1us! 3| 090] 3 | 100] 3| 090 4 5 5 102515 | 085
8 201000 4 ) 07,00 4 | 00| 3 | 09.0] 3 | 07.0] 3. 3 41 6.0 471 w5
o | o { 1LOL 5 | 060 5 | wou] 4 | 045] 3| 085| 3 -3 3| 0.0 4 100.0
w (S s 6 ool 5 1a) 5 | 030 4| 085 4 3 31 07.0] 8 | o0
ol T ol 6| 05| 6] omo| 6 | 020l 5 | 05.0] 4 4 4.1 00,01 3 | 07.0
60 1.5) 6 | w5l 7 | onel 6| 100] 6| o2 515 5 4 10704 4 | 0LO.
Date. JANUARY, 1872. .
Time, 1 9 g - 4 S5 6 7 .8
b Leet. | Inches ‘ ) : 7 " d s ) iee
et ches. | Feel, shes. | Feet. | Inches. | Feet. | Inches. | Feet. | Inches, | Feel. | Inches, |  Feet. | Inclies. | Veel. | Inches.
e L 00 Bl B B 0 e Bk 1 1 Bl e e
H.,& 5 04.5 | 4 10,0 ] "4 02.0 3 08,0 | 3 090 3 09.0 | ¢ 1.5 5 | euo
1] 2 0.5 5 020! 4 a5t 3 10.5] 3 0.0 3 | o0aH7] 3 Su 4 | 06,0
200 g | OO0l 5 06,5 4 | 15| 4 | 020{ 3 | o0%5| 3 | 0501 4 | o195
930 3 1 035} 5| 05| 5| oxo| 4 | 055| 3| 105] 3 | 046/ 3 3 | 07,0
Woo| o] 5|6 | OL5| 5 | 0n5| 4 | OnG| 4 | OLO| 8 | 050/ : 5 | ono
3ol 8 06.0 1 ¢ 04.0| 5 | 09.5| 5. . 0LO) 4 045 3 06,75 - 2 2 b 10,8
00| g 6 6| o45| 5| 1L5| 5 | 046 4 [ 036| 3 | 0363 2 1 09.0
agy| 8 04,5 ¢ 05,0 6 02,0 5 0.5 5 00:3 | 4 00,0 ¢ 2 | 0875
Al 500l S oLsi 6 | ozl 6| o6l 5 | 0975 5 | 0L3| 4| o040 3 2 | 09.66
530 2 08,5 | ¢ 05| 6 | 06| 5 | 1L75| 5 | 07.3] 4 | 038 : 3| 00.5
600 2| 045] 5 1L750 6. 0L6.| 6 00.6 1 6 09.5( 5 | 00,57 3 3| 0d.0
630 o 10.6 § -5 07.0] 5 11,253 6] 0LG6| 6 00,07 5 04,750 4 3| 0.0
v00] 41 %45( 5| oxo| 5 |-080| 6| OLB[ 6 | OLO| 5 | 08.0{ 4 4 | 0L5
730 3 1.5 4 10.01 5 03.56] 6 00.0| 6 0L5| 5 | 1LO| 5 41 oos
800 3| 0ol 4 | os0| 4| exo| 5| 0.0 6 | OLI| 6 | OL3| 5 5 | 0366
830 5 | 95 4 | ous5| 4| ox5| 5 [ 06.0] 6 | 0001 6 | 030/ 6 6 | 1100
gwol 3] 50 3 05| o4 | o3 5 | 030 5 | 10.0f 6| 037 6 - 6 | o468
930 5 | OL6] 3| o5 4| oLs| 4] 1L5|-5 | 083| 6 | 0375 6 6 | 1093
2000 | S| 0295 3 | o70| 4 | oows| 4 [ 090] 5 05.2| 6 {030 6 7 | i
1039 3] 0dem : 07,0 3 | 11.0] 4 | -065| 5 | 0kLO| 6 |- OLB| 6 7 | 070
il 100, mw 07.25 ¢ 08:0 | '3 10,5 4 05,07 5 0.7 5 11750 - 6 7 | ons
Az 1.5 | 3 10.75) -3 1051 4 045 ] 4 10.5| B 09,0 6 03,71 7| 05.%
RN R 03,25 4 03,5 3 51 4 03.75 4 03.0{ 5 06.0( ¢ 2.0 7| 05.0




24 HYDROGRAPHY.
Date. JANUARY, 1872.
Time. 1 2 3 a 5 6 v 8
h. Feet. | Inches. | Feet. | Inches. | Feet.| Inches. | Ieet. | Inches. | Feet. | Inches. | Feet, | Inches. | Feel.| Inches. | Feet. | Inches.
Noon. | 4 10,0 4 06,0 4 01.75 4 04.0 4 05.25] b 02, 5 08,7 7 02,25
0.30 5 04.0 4 10.5 4 04.25, 4 04.5 4 03.75] 4 10.5 5 04,7 6 08.75
1L.00! 5 03.0] 5 1. 0L.75 4 08,25 - 4 06,0 -4 02.5 4 07.75{ 5 05.0 6 03.75
1.30 6 0,5 5. (. 07.0 5 00.0 4 07.5| "4 03.0 (" 4 05.5 4 020 5 09,75
2.00| 6 06.5] 5 |. 10.0 5 05.0 4 10.5] 4 03.5 4 04.0 4 06.0 5 03.0 1
2,30 6 11,25 6 | . 03.6 5 09.0 5 0L.5 4 05.5 4 03.5 4 03.0 4 09.75"
3001 7 01.25( 6 03,0 6 01.75| 5 05,25 4 03.0 4 03.5| 4 05.0 4 1050
3,30 7 U3.6] 6 11,0 6 04.5 5 09.5 1. 4 10.25) 4 05.0 3 11.5 4 | 01,0
4.00 7 04.0 7 01.0 6 06.75 6 00.75] 5 0L.5 4 08.0 3 11,561 '3 11.0 -
4.3 7 03.0( 7 01.5 6 03.25) 6 04.0 5. 05,0 4 - 10.0 4 00.0 3 10.5
500 7 0.0 7 01.0 6 09.25 6 06.250 5 08,25 5 01.75 4 02.5 3 | 11,0
5,30 | 6 09.5| 6 1.0 6 09.0 6 07.0 5 11.5 5 05.0 4 06.5 4 00. 25
6.00f 6 04.5| 6 07.0 6 08. 2n .6 " 08.0 6 02.5| b 08.0 4 10,0 4 02.5
6.30 | 6 00.0| 6 04.0f 6 06.25 6 09.0 6 05.5 5 11,75 5 02.25 4 08.0
7.001 .5 06.0 | 5 07.0 6 03.75] 6 09.0 6 06.0 6 03.0 5 06.5 5 01.0 .|
7.301 5 00.5f 5 07.5 6 00.5 6 07.5 6 06,0 6 04.75] b 11.5 5 06.5
800 4 0.0 5 04,0 5 09.5 6 03,0 6 06.0 6 07.0 6 03.5 5. 11.5
‘8301 4 03.5( 4 11.0 5 05.0 6 01.5 6 05,5 6 07.25 6 05, 75 6 04,0
9,00 | 4 00.5| 4 07.0 5 00.5 5 10,0 G 03,0 6 03,0 6 07.5 6 09:0.
9.301 38 10.5] 4 04.0 4 03.0 5 06.0.1" 5 1.0 6 05.25/ 6 08.75, 6 | 11.5.}
10.00 | 3 09.75( 4 0L.0 4 03.5 5 01.5 5 06.75| 6 02,5 6 .08.5 7 01.25:
10.30 ] 3. 09.0 4. 00,0 4 00.4 4 09.0 5 0L.5 5 10,0 6 06.5 7 0LS - (]
11,00} 3 1.0 3 10.5 3 09.5 4 05.0 4 08.5 5 04.0 6 03.75 7] 0O,
111,30 | 4 02,0 .3 11.0 3 07.6 4 0L 5 4 04.5 4 11.0 5 ©11.0 6 [ 10.0 -
Date. JANUARY, 1872.
Time. 9 10 11 12 13 14 15 16 1% :
Feet, I nches Teet. | Inches, | Feet. | Inches.| Feet.| Inches. | Feet, | Inches. | Feet.| Inches. | Feel, | Inches, | Feet. | Inches.| Feet,| ITnches.
0b 6 | 06.0 7 06.75 7 08,51 .7 03.0 6 00,25 b | 05.5| a'| 04.04 -8 { 06,01 2 |11.0
1 5 07.0] 6 08,0 |- 7 07.01 7 03,0 6 09.25] 6 06.0] 5 07.51 4 107,07 23~.07,1.
2 4 05,0 5 06.5 6 09.0 7 04.75| 7 02.0 7 03.0 6 06.0.1 5 05.5 |4 103,75 |].
© 3 3 { 0LO| 4. | 03.33 5 04.0] 6 05.5{ 6 1.0 | 7 05,01 6 11.256( 6 0L.5 1 5 100.0
4 2 07.66] - 3 02.0 3 11.0 4 1.0 5 09.75] 6 10,0} 7 00,0°| -6 | 05,0 5 25
5 2 05,6 2 1 07,0 2 09.51 3 05,0 4 4.5} 6 0.6 6 04.0°| -6 04.01:5
6 | 2 10.5 ] 2 05, 66| * 2 01.5 ] 2 04,0 3 on. 0 4 03.0] 5 02,0 5 07.6.1 5
7 3 09.0f 2 10.5( 2 02,01 1 1.0 2 0.0} 3 02.0 4 | 00.9] 4 07.6 {5 .
8 5 00.0} 3 1.6 | 2 10,0] 2 0.0 1 10,0 2 04,57 3 01,5 |3 08.25 4
9 6 05,04 5 04,66, 4 01.0| 3 00,0 | 2 00.0 | 2 025! 2 [-085] 3 00.6 |3
- 10, 7 05,561 6. 11.0} 5 09.01 4 05.25) 3 | 0L.O| 2 09.0) 2 | 07.75 2 10,07 "3
11 8 00.25/ 8 00.0 | 7 04.01 5 11,0 | 4 06.5| 3 11,0 38 04.5| 2 116 | 3
Noon. | 9 0.0 8 06, 66/ 8 06.0 | 7 06, O 6 02.5 1" 5 02,0 4 07.7: -3 07.51 3
1b 7 05.51 8 04.5| 8 09,33 8 | 04.5 | 7 06.0 | 6 08,01 5 08.5:] 4 06.51 3
P 6 05,01 7 |.080)] 8 06.0 | 8 06.0{ 8 03.51 7 09,25 6 06,51 5- 1 06.5.| 4
315 :.:025] 6 6.5 | 7 04.0] 7 11.75 - 8 04.5] 8 0201 .7 08.75( 6 | 04.5).5
-4 4 025} 5 07,0 5 11.0{ 6 1051 7 | 06.0] 7 1.6 7 08.01 6 10.0 1.5
53 3 09,0 3 11.5 4 06,25 5 03.5 6 03,25 6 11,25 7 04,5 6 10,0 6
6. 3 08.01 3 05,51 3 06.0 | -4 00.0 ] 4 10.5| 5 0.0 6 05.0| 6 05.01 6
7. 4 04.01 3 06.01 3 00.01.3 | 00,0} 3 08.5] 4 08.6] 5 04,5 |5 07.25, 5
8 4 b | 0307 4 03,0 3 020 2 .| 10.25 2 11,0 3 07.0| 4 . 0251 4 | 07.5]| 5
9 6 02.5 5 04.5] 4 05.0 -3 0.5 2 09.0 | 3 00.0 .3 04.5.] 3 08,51 4
10 7 01,5 6 04,07 5 | 020 4 0.0 37} 00.5] 3 00.0| 2 1L,0| 3 |- 0L0}| 3
11 47 1 06,75 7 04,01 6 05.25 6 00.5| 4 03.0] 3 06,0 ] 2 11,6 | 2 11,01 3
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Date. JANUARY, 1872.
lime. | 18 19 20 21 22 23 24 25 | 26
on I"«:el. Luches. | Teet. | Inches.| Feet. | Inches | Feer | Inches. | Feet. | Inches. | Feot. Inches. | Feet.} Tuches. | Feet.| Inches.| Feel. | Inches.
L 2 ws 2 b atesl 3 | 10,0 4 [~08.0| 6 | 065 6 | 045 6 | 08.0] 7 | 060 7 | 050
9 3 00,01 2 10.5] 3 05.0 | 3 1.0} 4 09.5] 5 0,01 6 06.0 | 7 05.0 |- 7 | 056
g 3 st 3 oo s | 025 3 | oues| 4 | onesl 4 | 105 65 | 0776 | 5] 6 [10.75
3 |4 0066 3 | o375 3 | ozo| 3 | oa5| 3 | 082 4 | 020] 4 | 072 5 | 0.5 6 |00.0
5 4 08,01 3 09,66 3 07.01 3 0.5 3 00, 66 3 iz 3 1. 09,00 4 07.5 1 41080
e Y| 0Loy 4 | o254 | 005 3 [ on0| B |-06.75 3| 0451 8 | 05| 3 | 1L75 3 |08.25
7 5 03.0} 4 07.5] 4 06.5 1 4 02,01 3 1,03 3 006 3 1036 3 07.5 3 |-01.75
8 | 91 0266 4 | 1w.es 5 | ono| 4 | 1066 4 | 0628 3 | 1Lo| 3 [ vrol 3 | 02 3 [00.2
g | 411066 4 | 1L5] 5 | 050! 65 { 060] B | 0dH| 4 | 090] 4] 050 4 F 04 3 |u5
w | 21504 10l 5 | 00.0] 6 | 0066 6 | 0350 5| 0.0} 5 | 065 5 | 04.66 4 | 020
| 3ol 4| 0675l 5| 0r7sl 6 | 040 7 | 00,06 | 070 6| 03 6| 080 5 [ 0466
N 300625 4 | 025 5 | uses] 6 | o35 | 7 | omen..ofi.l] 7] 0701 7 | 0825 6 | 0833
0?.} 3105010 3 | 10.5] 5 | 0LO| 6 | 00.0 |7 | 029...od.c..... 8 | 0Ll 803,78 7 {090
g | 3| 05660 3 | 09.0] 4 | 0775 5 | 60| G | 0775 7 { 00.0| 8 | OLO| & [05.0( 3 [01.0
3 310451 3 | 0900 4 | va7n 4 10,51 5 | 10,250 6 . .0dw} 7 05,75 8 101,018 1 00.0
11 4935 3 1000] 4 | 0L5] 4 | 042 5 | OL5!1 5 | 035] 7 | 0501 7 | 03.0] 7 |03.06
s | 411050 4 | o030 4 | 020| 4| 05| 4 | 07.5] 4 | 0i5| 5 [ 0033 6 [ OLO) 6 040
3 5 1°035) 4 | 09.0] 4 | 05,75 4 | 0256 4] 00| 4 | 00| 44 070 4 | 1L0O] 5 | 020
7 | 510575 5 | o5) 4 | 100750 4 | od0] 4 | 030) 3 1 1L5| 4 | 0301 4 | OnG| 4 1020
8 o 02,2505 04,5 5 | 0451 5 01,23 A 1 UL5 1 4 03,51 4 U401 401 000} 3 ,().._9
g | % | 0doo 5 | 055| 5| 030 5 | 07.6] 5 | 10.0] 5 | 000} 4 | 1LOY 4 | 060 3 | 065
q0 | A1 V801 5 | o8 5| 0856 | 0000 6 | 05,5 | vhO| 5 [ 1001 5 | 0375 3 [10.0
o |31 ws 4 110) 5 | 080 6 | 0Ls] 6 | 0706 | 025 1.6 | 080 6 | 0295 5 0L
31045 47 030| 5 | ool 6 | 00.0] 6 | vz 6 | V7.5 7 | 0R7H 6 | 115 5 | 0975
\ . ° .
Date, JANUARY, 1872. S FEBRUARY, 1872.
DR PO ———— - s J— v,
e~ ) o .‘_'____“_._ T
Feel.| Diches, | Tieet. | Tnehes.) Foe g i Jes. | Feet. | Inchen. | Feet, | Tnches. | Feet. | Inches, ! Feel. | Inches:| Feet. | Tnehes
| T | M| Pl | Tnche | et e e Tt 5 P T T T
e 6 1 115 6 | 065! 6 | 0575 G | 0551 & | OR0| 4 ] 0BD|..] e 31 00.0] 3 |07.7
3 b 11.0] ¢ 08,25 ¢ 10.5°] 7 00.0.] 6 05.25{ 5 05,0 |oeeid un vl 4 OLO 3 005
1| 8| ool 6 | o205 6 | 10075 7 | 0| 6 | 1LO| 6 | OLS | ....f..oof 4 | LG 4| 0266
5 AL 5T 0| 6 01.66] 6 10.51 6. 1.5} 6 05,0 | L)) B 03.6 | 4 110.0
6l 2] 8s) 3] 0on| 5| oro| 6| 000] 6| 065] 6 | 040 ... ceeiew| 6L OLBL 51055
7 2 0851 9 {080l 3 10.0 1 4 10,0 5[ 080 5 | 10.0]..... B B N N R
8 2000383 o | o5l 2 Lol 3 10,25 4 08,0 | 4 1.6 ... ool G 10301 6 1040
o | 21 040) 9| o0 2 | ono| 3 | 0375 3 | 09.5] 4 | OL5 ... v |8 [ 1900 6 | 05,0
o | 3L oLTsl 2 | 060l v | 10098 3 | 025 3 | 040 3 | 060 |.....0.... | TH 1030 6 |ud0
1 | 100t 3 | oas] 3 | oses| 3.] 06,0 3 5040 3 § 0375|000 471 10,01 6 | 005
Nowu | 2 | 00| 4| osiesl 4 | ories| 47| 03025 3 [ 090 3 | 06.0] 3 | 09.5| 4 | 07.75 5 |08.25
Sl 8 10 6 000 5 | Tol 5 | 0sC| 4 1 050] 4 | 000) 3 | 10.5] 4 | 06.66 5 |03.5
o | Zo1rusesl 7| golof 6 | 1000 6 | 070 H | 05| 4 | 035 4 0351 4 | 05| 4 |10:5
3| Pl 0ns| 7 | 050 7 | 0nsl 7 | 0nu| 6| UdB| 5 | 070 4 | U%75 4 | 11.66 4 | 080
gl Toroes 7 | ees] 8 o00) 7 | 10.0) 6 1L5) 6] 030 5 | 045| 5 | 055] 4 |09.5
Cn S0 6 | oeus| 7 | 06.0] 7 | 0R2sl 770 020] 6 | 0801 6 | 00.5] 5 | LLO| 5 | 0266
6 | 31100 65 | 050 6 |deesl 7 | 00| 6| 1075 6 | 080 6 | 05| 6 | 030| 5 |0:5
gL 31 06.66] 4 | o275 5 | 03.83) 6 | 00.0] 6 | 03.0] 6 | 055] 6 | 065 6 | 06.0| ¢ |00.0
SRRl 3 oas| 4 | 020) 4 | 100 5 | 030 | o] 6 04Ul G | 06,25 6 | 045
gt 21000 2 o] 05,33 4 1 00,0 4 7 022 . il B 08S L 6 ) 025 6080
‘10 3 i 02,5 P 09,0 3 0251 3 4 060 3. 04. bl Cedsaas :1 08,5 b} 07.0 6 1.04.0
e lonasl s | iss | 8| ool 3 | od0] 3 | oii9sl.... cewer] 3 | 1LO| 4 | 10.66 5 | 09.0
S 10201 4 | og2s 4 | 00| 3 | 100 3 | 020 |..... ceeenwe] 3 1 05,00 4 | 03,25 4 |15

P

e
m\




26 HYDROGRAPHY.
Date. FEBRUARY, 1872.
Time. b3 6 ki 8 9 10 11 12 13
_ -
Fect. | Tnches. | Fect. | Inches. | Feet. | Inches. | Feet. | Tnches. | Feet. | Inches. | eet. | Inches. | Feet., | Inches. | Feet.| Inches. | Feet. | Inches.
ob 4 0.6 1 6 0.0 | b 10,0 | 6 11,76 7 04.25) 7 04.571 6 08.0 5 3 4 | 07.7
! R 0.0 4 | 030! 5 00,25 6 04.6 ) 7 03.0] 7 08.5| 7 06.0| G 11,66 5 | 11.0
2 3 04.0 | 05,0 3 11,04 5 02,0 6 03.0 7 04.95 7 08.0 | 7 07.25) 6 | 10.0
3 : 0.0 3 00,0 3 00.0 | 3 10,0 | 5 02.5] 6 03.0 " 7 0.6 7 07,75 7 | 0L.5
4 : 07.5| 2 11.6 | 2 07.¥5 2 11.66] 3 09.75 4 08.5| b 1.0 6 10,07 6 | 08.0
5 4 05,0 | ¢ 02,6 | 2 05,51 2 05,33 ¢ 1.0 3 03.66; 4 06.0} 5 06.01 6 00,0
6 4 ILS | =+ 09.0| 2 09,0 | 2 03.76] 2 03.76] 2 03.561 2 1.0 4 00,0 4 }08.0
7 5 0.5 | 4 07.6 1 ¢ 05.0 2 09.01 2 04.0 | 2 00,0 | 2 00.25| 2 08.01 3 | 04,66
3 G 03,2 5 U7.66] 4 10,260 3 09.5 | 2 10,0 2 03.5] 1 10.0 | 2 01,0 2 | 05.75
9 6 06.0 | ¢ 05.0 | 6 00,0} 5 03.0 4 00,0 3 02.5) 2 04.0 | 2 02,0} 2 020
10 G 05,26 6 1.6 6 1.5 6 0.0 5 09.51 4 05,0 3 04,33 2 10.0| 2 | 05.33
11 6 0.0 6 10,75 7 06,0 | 7 04.0. 7 045 6. | 09.0{ 4 | 10.33 4 0L.5| 3 |02.0
Nowm. | 5 03.0 |- 6 06.0 1 7 06,0 | 7 09.5 | 8,1 05.33 8 00,0 6 07.00 5 09.5| 4 1060
I LI uLO} B 10,07 6 11,33 7 8.5 8 07.0] 8 09.0] 8 00.6 | 7 0L5| 5 | 10.0
2 4 07.0 | 4 1.5 5 10,33 6 11.0| 8 02,0} 8 08,0 8 06.0 | 8 00.0! 7 |00V
R 4 4 02.75, 4 10,250 5 10,0 | 7 02,0 | 7 1.5 8 03.0:| 8 01.0| 7 |06.0
4 ] 03. 66|« 09.0] 3 09,25/« 4 04.5| 5 03.5| 6 08. 66| 7 02.6| 7 07.0 7
-5 4 07.0 3 08.0 3 03.5] 3 04,33 4 01.0] 6 01.75 6 09.0| 6 .51 6
6 H 01,260 4 00,0} 3 04,07 2 09.66| 3 00.0| 3 09.0| 4 02.01 4. 11,66, 5
7 5 07.75) 4 07.0 ] 3 10,0 | 2 11,0 | 2 06,0} 2 10. 25| 00,33 3 05:25| 4
8 6 01.0| 5 04.0 | 4 0851 3 | 07.6) 2 10.5°] 2 08.75| 2 06.0 | 2 07.0 | 3
9 6 4.0 5 1.0} 5 08,75, 4 08.75] 3 10.3 ] ¢ 03.56) 2 07.0 | 2 04,0 | %
10 6 2,0 6 03,75, 6-| 06.0] 5 1.5 5 03.0 4 03.5| 3 03,0 2 07,75, 2
11 5 00.5 | 6 03.51 7 00.0| 6 1.0 6 06.0| 5 06.0 | 4 05,01 3 05.0 | 2
Date. FEBRUARY, 1872.
Time. ‘14 15 16 B 4 18 19 20 21 22
Feet,| Inches. | ect, | Inches, | Feet. | Inches. | Feet.,| Tnches. | Feet,| Inches. | Feet, | Inches, | Teel. | Inches. | Feet. | Inches. | Feet, | Inchis,
o: | 3 10.33) 3 03.5 | 3 05.0.| 3 05.5 5 02.5| 4 10.51 5 05.0| 5 08,5 | 5 | 080
1 5 00.5( 4 0.0 4 00,0 3 06.75) b 00.56 | 4 07,61 4 10,0 5 02,0 5 |0295
2 5 10.5 5 03.0 4 07,0 3 11.5 4 10.5 4 06.0 4 04.0 4 04.0 4 03.5
3 6 05.75 b 10,0 5 03,25/ 4 05.01 6 02,0 4 05.01{ 4 00.0.] 3 10,51 3 | 06,0
4 6 06.5 [ 0L.5 5 08.5 5 00.0 5 07.33; 4 05.5 3 09.5 3 07.0 2 09,5
5 6 02.0! 6 01,0 b 10,66 5 05.0 5 1.5 4 07.0{ 3 10,250 3 06.0 | 2 | 05.25:
6 5 04,0 | 5 09,0 5 09.6| 5 07.56] 6 04,561 4 10.5 4 04.5 ] 3 08.0 | 2 | 050
7 4 01,61 4 1.5} 6 04,5 5 08.5| 6 06.0 | 5 03.5| 4 11.75; 4 0,0 2 |08.5.
3 3 00.56 | 4 00,75 4 09.5] 6 07.6| 6 06.0{ 5 09.0] 5 08.5| 5 00.5 {- 3 | 05.0
9 2 05.5 1 3 06.0 | 4 02,0{ 5 04.0 | © 05.66f 6 (01°0] 6 07,0 5 09,0 4 {080
10 2 | 06,0 = 03.75; 3 10,25] 5 0.0 | G 02.0 -6 03.0 6 105 6 04,01 5 |07.5
11 3 1.00,0] 3 04.25) 3 09,25 4 10.5 | 6 00.0| 6 02,25 7 00,0 6 | 070} 6 |05.0
Nooun.| 3 09.5 1 3 11,750 3 10,0 | 4 08,25] b 08.0] 5 1LO0| 6 10,0 6 02.25/ 6 | 08,0
1b 4 10.5 ¢ 4 10.0 | 4 01.0{ 4 U8, 66| 5 05,6 6 06.25/ 6 01,5 6 11,5 6 | 06.0
2 b 10,01 5 09.0) 4 8.6 6 0.0} 5 04.5| 6 00.25{ 5 05,61 b 03.0| 6 | 00,0
3 6 07.5 6 05.75 5 03,0 5 06.25| 5 05.5 4 07.0 4 10.0 4 05,75 4 10;0
4 6 10.561 6 09.75] 5 0801 5 10.25) 5 07.66] 4 05.25| 4 06,0 3 09,01 3 |09.5
5 6 07.01 G 10,0 5 1.5 6 0.0 6 10,0 | 4 05.5{ 4 7 0501 3 04,51 3 015
6 1'H 10.5 1 6 05.25{ 5 10,33 6 04,0 6 00.5 | 4 07.5 ] 4-| 08,0 3 03.0 | 2 10.66
7 4 08,56 5 09,0 5 06,0 | 6 06.0 | 6 01.5 | *5 00.0 | 5 02,75 3 05,0 3 1005
8 3 07.5| 4 10.5 | 4 11,75 6 05.0 | 6 00.75 5 04.0] 6 08.5 4 0,0 3 | 080
9 2 10.56 | 4 00.5 ( 4 04,25 6 02.5| 6 11,75, 5 09.0( 6 00,5 4 09.25/ 4.-1°06.5
10 | 2 07.33 3 06.33 3 10,0} 5 10.25] 5 08.75 5 10.0| 6 03.0! b 0401 5 | 055
11 -] 2 08,0 3 03,75| 3 06,6 5 05.33] 5 03.25] 5 09.5| 6 0.0 | 5 08.25, 6 | 00.0




TIDAL OBSERVATIONS. 27

Date. . FEBRUARY, 1872. MARCH, 1872.
~
D
Time, 23 24 25 26 27 28 29 6. - 7
eel. | Inches.| Fect. | Inches.| Feel. | Inches. | Feel. | Inches. | Feet. | Inches. | Feel.| Inches. | Fect.| Tnches. | Foct, | Laches, | Feet. | Luches,
ov g 0.0 6 04.0 | 6 09,75 7 02.0 b 06.0 | 4 09,5 | 4 03.0 4 0351 5 | 020
1 5 11,0 6 03.338| 7 A5 | -7 06. 5 6 05.5 1} 10.0 H 00.9 3 07.0 06.0
2 5 0L2 b 08.66] 6 1.0 7 06.0] 6 08.6| 6 5.0 5 1.0 3 02,0 3 |65
3 4 | 00,0} 4 10,0} ¢ 0.6 6 10.5 | 6 06,75 6 4.5 6 03.0) 2 1.0 2 |07.0
4 R 00.6 1 3 03,0 4 10,01 5 03.0| 5 05,0 5 (08,5 6 0.0} 2 10.5 1 2 | 00.H
5 2 05,01 ¥ 08,66 - 3 09.561 4. 03.0| 4 02.0 ] 4 08,61 b 05,0 2 1 LLO] 2 juouo
G 2 (V02,0 2 03.0( 3 00,0 3 02,0 { ¢ 00,01 3 oh 0| 4 0464 3| 05,6 2 075
7 2 1 0325 % | 0206 2 | 09.5] 2 | 07.0|'2 | 0L0] 2 | O45| 3 | 035] 4 [wdo| 2 |[1L0
8 3 00,0 2 07.0 { 3 0.5 2 07.0] 1 10.25 1 09.5 | 2 06,0} 57 0207 4 {00.66
9 4 02.5 3 08.0 3 11.5 3 01.0 P 01.5 1 09.5 2 02.5 b 0.5 5 01. 66
1o 5 04,25 5 0.0 | 5 02,0 4 00,01 3. { 01.01{ 2 04.01 -2 04,01 -6 U} O I O O N I ¢
11 6 05,51 6 03.0] 6 09.0{ 5 04.5 ] 4 05.0 | 3 04,0 3 0L,5) 6 01,0 | 6 | 04,0
Noow.| 7 00,0} 7 00.5} 8 00.0] © 7.5 | b 07.0 |. 4 10,0 1 4 03,01 6 00,0 6 | 035
b 6 11.66] 7 04.5| 8 07.0| 7 04.0| G 08.5| 5 10,51 6 05,0 5 05,250 6 | 0=.75
2 6 05.0 7 7 02.0( 8 06.5{ 7 05.6 1 7 02.0] © 08,75 6 02.0 ) 4 6.5 5 {000
3 5 04,26 6 03.0 | 7 09.0 7 00.0| 7 00,0 6 10,0 [ooeriloeeaan s 3 09,75} & 09,5
4 4 02.5 4 1.5 6 04,0 6 00,0 6 02,0 6 03.0 |..... .. 3 04.7H] 2 10.0
f{ 3 03,25 3 10.6| 5 01.5| 4 7.5 | 4 10.5 ] 5 03,0 |..... .- E 05.0 | 2 104,26
6 2 08.6 | 3 00.0{ 4 01.25) 3 02,5 3 07.5( 4 . 3 06,01 2 | 0630
7 2 09.6 1 2 08.66! 3 04.6 | 2 03.0| 2 v4. 0| 2 3 00,0 2 | 06,0
8 3 04.0( 3 00.0.| 3 05.0 | 2 00.0 ) 1 08.0 | 1 4 02,0 ¢ 05.5
9 3 1. 10,5 3 09.0 | 4 0L5f 2 03.0] 1 05.6 | 1 4 08.51 4 | 055
10 5 00.56( 6 40,6 5 LS5 3 0.0 2 04.0( 2 . R 5 02.G| 5 [03.756
.11 5 11.0| 6 00,0 | G 02.0] 4 05.9 | 3 07.5 1 3 00,0 }..... veeaeae] B 03,0 5 109.75
Date. ‘ MARCH, 1872.
. ,
T
Time. 8 9 10 11 12 13 14 15 16
) .
| Feer, | Inches. | Iect. | Inches. | Feet. | Inches. | Feet, | Inches:| Feet. | Inches. | Feet.| Inches. | Feet.| Inches.] Feet.| Inches.| Fect, | Inches.
ou 5 10,0 6 00.5] 6 00,61 5 10.25 5 00.01 4 08,75 3 08.5 | ¢ 02.0] 2 | 105
1 D 02,0 6 08,75 . ¢ 03.25 © 06.0] 6 07.0] 5 10,0 4 11.0§ 4 00.25] 3. 09.56
? 4 01,0 | 4 08.0 | b 09.51 6 03.75, 6 1L.750 6 05.75 5 10,0 & 00,01 4 (07,75
3 2 { 1,0/ 04.5| 4 | 06.5| 6 [ 00,0] 6 | 10,0] 6 | 06,5| 6 | 00.56| 5 | 07.0| 5 | 020
4 1 1L0| 2 | 03.6| 2 1.5 4 | 06.0} G | 00.33 6 | 020 6 | 0.5 | 5 | 08.01 5 |06.0
5 1 05,0 1 03.01 1 08.0 ] ¢ 00.0 | 4 03.0.] 4 1.5 | 6 05,0 5 06.0 | 5 |006.0
6 1 05,0 0 1.0 0 1.0 1 1.6 2 08.5 3 08,5| 4 03.75 4 1.5 5 | 04.0
7 1 08,01 1 00.,0! .0 10,0 1 00.0] 1 10,6 | 2 06. 661 3 04,75 4 00,0] 4 |11.0
3 2 10,6 1 11,0 1 05.0 1 04.0 1 07.0 2 00.0 2 06.0 3 03.0 4 03.0
9 3 1.0 3 0.6} 2 10,01 07.6 | 1 10,6 | 2 00,0} 2 00.6 | 2 09,07 3 109.56
10 5 01,5 4 11,66) 4 03,5 3 00,5 2 1 11,0} 2 00,66 2 0.0 2 08,0 3 | 06.0
11 6 00,0! 6 04.0{ 5 1.0 4 06.0 | 4 03.0 | . 05, 66| 2 06.0 | 2 10,5 | & 06.0
Noon. | ¢ 03.01 6 09.0 6 10,0 6 00,33 5 08.0 | 4 10.0| -3 08.0| 3 08.51 3 | 08.0
1 G 02,01 6 09.0) 7 03.5] 6 10,75 6 00.0 ] -6 00,0 4 09,75 4 05,01 4 }020
? D 04,51 6 00,75 7 02,0 | 7 00,0 7 02.5] 6 09,0 © 09.0| 5 02,0} 4 107.5
B 4 08.51 4 0.5 b 10.6| 6 07.066{ 7 0.0 G 09.5 | 6 00.0| 5 03.6 5 |060.0
f -3 09.5 1 3 04.0 | 4 04,0 5 0401 6 04.5| 6 04,0 | 5 10,0 | & 04,25 6 | 04,0
o 2 06.0] 1 11,0 ¢ 09.5) 3 10,0 ] 4 09,0 5 05,01 b 04,0 5 03.01 56 104,0
6 1 06.0 | 1 02.925] 1 08,6 | 2 0.0 3 02,33 3 | 09,0} 4 04.5 | 4 0,01 65 103.0
7 1 07564 1 | 01,0 1 04.561 1 06.0] 2 02,0} 2 09,01 3 040 4| 00.0] 4 {085
8 2 04,756 1 05,0 1 08,01 1| 045 1-| 09.0] 2 00,0 2 05.0 | 3 02,0 3 [10.5
-9 3 05,0 | 2 05,0 2 06.5] 1 06.5§ 1 09,61 1 08,6 2 00,0 | 2 08.56 | 3 1050
10 4 08.5| 4 00,66 3 05,6 2 1,0 | 2 00,61 1 10,0 2 00,0 2 07.5 1 3 | 03.0
11 5 1 070 b 03.51 4 07.0 4 03.0] 3 050} 2 06,6 | 2 03,6 2 07.5| 3 1025
|r—— :




28 HYDROGRAPHY.
Date. MARCH, 1872,
Time. 17 18 19 20 21 22 23 24 25
Feet.| Inches. | Feet. | Inches. | Feel.| Inches. | Fest.| Inches. | Feel. | Inches | Feet. | Inches.| Feot. | [nchens. | Feel,| Inches. | Feet. | Inches,
ob 3 04,25 3 01,0 3 07.5 4 01.0 ] 4 05.0 1 4 10.01 5 05.01 5 09.0| 5 | 10.0
1 3 09,01 3 02.0{ 3 05,70 3 0g,0 | 3 09.5 | 4 2.6 5 (1} N ] 06,07 5 (110
2 4 03.0 3 04.0 | 3 04.25) 3 05.0 3 4. 0 3 5.5 3 11.0 4 05,0 5 02.5
3 4 07.57 3 | 07.75, 3 03.7¢1 3 03.0] 2 10,0 | 2 07.5 | ¥ 10,0 3 0.0 4 |00.5
4 5 00,0 4 00,5 | 4 04.75 3 03.0 2 06.6 1 2 00.7561 2 00.01 2 04,01 2 [07.5
5 H 02,5 | 4 04.0| 3 07,014 3 07.0 ] 2 06.5 | 1 10,5 | 1 06.5| 1 05,0 1 |06.0
G 5 0’5 4 06.0 4 0.0 4 v 0| 2 05| 2 0.0 1 05.0 ] 1 01,51 0 |00.5
7 5 00,0 4 07.0 | 4 06,0 4 7.0 3 02,56 | %2 07.56 1 1 w.ol 1 03,0 0 §00.0
8 4 03,56 4 | 07,0} 4 | 10,0 5 0.6} 3 09.5 | 3 06.0 | 2 10,0 2 [F02.3) 1 |09.0
9 | 4 05,0 4 06.66] 4 [-10.5] 5 06.0 | 4 05,26 4 06.0 1 4 gi.0 | 3 05.0 . 2 1000
10 | 4 02,25 4 05,01 4 1.6 6 08,0 4 08,6 | o 01.5| 5 0.5 4 8.5 4 {0L5
11 3 1051 4 01.5] 4 08.5] b 07.0 ] 5 04,0 | 6 | 0b,0}) B 09.51 5 09.5] 5. 04,5
Noon.| 3 09,01 3 | 10,0} 4 05.07 5 0.5 5 3.0 5 06.0 | 6 00.5| 6 03.250 6 | 03,0
i 3. 1,07 3 09.0 | 4 0.5 | 4 07.5 ] 4 09.0} 5 03.0) 5 0.5 6 03,000 6 |05.25
2 4 02,6 3 07.5{ 3 w.5; 4 2.0 4 00.0{ 4 04,0 4 09.0! 5 07.756] 5. | 09,0
3 4 06,6 | 3 7.5 " 3 09.25 3 07,0 3 04,51 3 0.0 3 07.0 | 4 01,01 4 |08.0
4 4 07.0 | 3 8.5} 3 09.01 3 06.0 | 2 8.0 2 03, 66| 2 7.0 | % 09,01 3 [02.5
5 4 07.5 3 09,51 3 09.6 | 3 006. 66} 2 03.0 | 1 09,75 1 10,0 1 07,01 1 [09.0
6 4 07.5 1 3 .o} 3 10,0 3 03.76] 2 05.01 1 09.76) 1 06.0 | 1 00.75 0 | 11,0
7 4 05,5 4 00,0 4 0.5 4 0.0 3 015 2 03.5 1 1 u7.h ] 1 01,33 0 ) 07.75
8 4 00,25 4 00.51 4 03.0| 4 04,5 3 9.6 | 3 00.0 | % 07.5 1 10,07 1 | 02,0
9 3 07.0 L4 00.5 4 06.5 4 08.5 4 05.5 3 11.0 3 09.5 3 00,5 2 04,0
10 3 04,0 ‘ 3 11.0 [ -4 7.0 4 11.66] 4 1L.75 4 08.5 | 4 0s.0( 4 03.0( 3 |11.0
11 3 02,0 ’ 3 08.5 1 4 06.0 | 4 10,0} 5 0.5 5 03,0 5 05.0 5 02.51-5 104.254
Date. MARCH, 1872. APRIL, 1872,
L]
Time. 26 - 27 28 29 30 31 1 2 3
Feet, | Inches. | Feet, | Inches. | Feet,| Inches. | Feet,| Inches.} Feel.| Inches. | Feet.| Inches. | Teel.| Inches. | Feet.| Inches.| Feet.| Inches.
(i 6 | 039 5 09.5] 5 03.0 4 06.0 3 08.0 | 2 09.5 | 2 05,66 2 056 3 [00,0
1 6 06,0 [ 05.5 6 03.5 5 08.0 4 10,25 3 10.0 3 01, 66| - 2 07.0 2 08.5
2 6 0LO} 6 06,0 6 07.5] 6 05,0 5 1.0} 4 09.6 ] 3 11,0 2 1L5].2 | 080
3. 5 01,0 | 5 09.0 ) 6 03.5) 6 06.0 | 6 03.0} 5 04.0| 4 [ 0651 31 065 2 [10.5
4 1 3 08.0 ] 4 05,75 5 0.5 5 10,0 6 00,01 5 07.0 5 01.25) 4 | 01,07} U5, 0
5 2| 04,0 3 00,0 | 3 1.6 | 4 09.5 5 03.0| & 04.5] 5 01. 6] 4 06.7/ 3 li1Ls
6 1 05,6 1 09.5 ] ¢ 06,25 3 06.0 | 4 03.0{ 4 1.5 4 10,0 | 4 1L.51 4 1045
7 1 01,6 1 01.256) 1 07,383 2 05.0 3 .51 4 01,75 4 03.01 5 01,0 | ' 5.1 00,0
8 1 05,561 1 00,5} 1 04,0 1 09.6 | 2 06,25 3 04,0 3 09.0( 5 0L0| 5 [05.0
9 2 05,0 1 09.26) 1 07.75) 1 08,76 2 03,0 2 10,01 3 04.5 1 4 07.61. 5 1060
10 3 1 0975 3 | 0L.0O] 2 | 07295 2 | 040) 2 | 045 2 | 080} 3 | 020, 4.3 02,750 5 1.045
11 5 03.0) 4 06,00 | 3 1.0 3 05,0 3 00.5 | 2 10.0 | 3 0.6 3 09,756 471150
Noon. | 6 04,01 5.| 07.66] 5 010 4 06.0 1 3 10,0 37} 04.25, 3 02,01 3 05,66 41030 41"
1h 6 1.5 6 05.5{ 6 020 5 05,5 4 09. 25/ 4 00.0( 3 05.6 | 3 035 3 11,6
2 v 6| 03,75 6 | 07.0| 6 | 07.0] 6 | 06.0| 5 | 050 4 | 060} 3 | 09.561 -3} 040/} 3 |lozlp
3 5 07.5 ] 6 00.0 | 6 02,567 6 02,0 5 08.01 4 11,0} 4 01.25) 3 05.0 | 3 0.5
4 4 01.66] 4 09,0 5 03.25 5 08.0| 5 07.0| 5 00.01 4 04,25 . 3 07.51 3 jot7
5 | L 06.0{ 3 01.6 3 11,25 4 07.01{ 4 1.5 4 1.6 4 06,6 3 1.6 1 3 104,29
6 1 03.33) 1 08,5 2 06,0} 3 04,0 4 00.0; 4 06.0 1 4 06.5 | 4 03,750 371 11,0
7 ot 09.01 0 10,0 | 1 04,0 { 2 01,0 2 11,25 3 00.5.| 4 03,66 4 05,75 - 4 | 05,0
-] 0 10,75 0 07.6| 0 1.6 1] 04,0] 2 01,0} 3 00.0| 3 10.5 | 4 05,75 471 11.0
9 1 09,66/ 1 01.5 1 00.0 1 02.0 1 08.5 2 05.0 3 04.0 4 04.0 5 02,0
10 3 00.6 | 2 03.75 1 005! 1 07.0; 1 07,0 .2 7 0L0| 2 10,01 3 1.0 & 00,0
11 4. 06,5 3 11.0 3 00. 0 2 06,26 2 00.0 2 01,0 2 06.5 3 d5.5 4 07.5
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Date. " APRIL, 1872.
Time. a 5 - 6 ki 8 9 10 11 12
Feet.| Inches. | Feet, | Inches. | Feet. | Inches. | Feet.| Inches. | Feel. ! Inches. | Feet.| Inches.| Feet.| Inches.| Feei,} Inches. | Feet.) Inches,
o 3 1.5 4 10.0 H 10,26 6 09.33 6 1.0 6 04.26) 5 1.5 5 01.20| 4 05.5
1 3 04.5 3 11.0 4 03,5 G. 04.0 G il.0 G 10,7950 6 09,5 6 02,0 5 06.5
2 2 09,25 3 00,76] .« 05,5 6 03.01 5 1.0 6 08.0 6 L6 6 07,66 6 | 03.5
3 2 06.0 2 04,66 2 07.25 3 09,66/ 4 05.0 5 08.5 6 03.5H 6 06.0 6 04.75
4 2 07.5 2. 01,5 1 10,5 2 07.25) 3 01.0 4 02.5 5 01,0 53 07.33| 5 0.5
5 3 L5 2 03.5] 1 3.5 1 09.75 1 10.5 | 2 08.0 1 3 06,56 4. | 05.01{ 4 | 08,5
6 3 1.5 3 5. 1] 2 02,5 1 07.5 1 03.5 1 07.0 1 2 05.0 3 00,66, 3 10,25
7 4 10.0 4 0.0 3 05,0 2 05. 0 1 03.0 1 01,0 1 07.0 2 05.0 3 05.0
.8 5 08,0 b 02,0 4 03.0 3 0.6 | 1 10.5 1 04,75 1 | 06.0 1 07,70 2 02.5
-9 6 0L.5 |- 6 00.0 5 03,0 4 06,5 3 Lol 2 05.0 ] 2 00,31 1 09,0 2 01.33
10 6 02,25 6 07.0 | 6 04. 66| 6 00,0} 4 u7.0 1 3 08.6 | ¢ 02,0 2 07.0 2 | 06,5
11 |- 5 10.75] 6 06, H 6 11,66 © 11.0 [{] 0u. 0 5 02.5 4 07.0 3 10.0 3 04.75
Noon,| 5 06,0 6 04.01 6 11,25 7.1 U35 6 ilLo] 6 03.61 5 08.51 5 05,0 4 | 05.5
1h 4 11,26 5 - 00.5 6 03,5 6 1125 7 015 6 19.0 6 06. 0 5 11.0 5 03.5
2 4 03.0 3 11.5 4 1.5 5 1.0 6 06. 5 6 08.0 [ 08.5 6 04.0 5 07.5
3 3 06. 0 2 11.0 . 11.0 4 05.0( 6 03.5 (-5 04.5 6 2.0 6| 0LGG 5 11.5
- 4 2 05,01 2 02,0} 2 06. 0 2 11.66] 3 10.6 | 4 04.0 4 1.5 & 0.0 56 | 0595
5 2 0,5 2 00.0 1 09,0 1 V9.5 2 03.5] 2 10.5 K 05.5 1 3 11.0 4 06.5
6 3 0351 05,0 1 07.26) 1 03.5 1 03.5 1 07.5 | 2 02.5 2 07.0 3 05.5
7 3 11.0 3 03.0 2 00,0 1 05.5 0 11.56 1 | 00,0 1 02.0 1 08.0 2 05.0.
8 4 09.5( 4 04.0 [ 3 01.0.f 2 04.0 1 04,0 1 07.5 1.0 151 1 0.6 1 {100
9 ) 05.5| & 05,0 | 4 04,0 | 08.0| 2 03,33 1 10,6 1 05.0] 1 04,61 1 109.0
10 5 03.0 6 01,5 i) 08.0 5 00.0 3 09,0 3 02,75 2 06.0 2 02.5 2 02.0
11 5 [.06.250 6 03.75] G U6, 66 * 6 02.5| 6 L5 4 03.0 3 09,75 - ¢ 04,0 2 | 110
Date. APRIL, 1872.
Time, 13 14 15 16 17 i8 19 20 21
Feet.| Inches. | Feet. | Tnches, | Feel. | Inches. | Feel.| [nehes, | Feet.| Inches. | IFFect.| Inches.| Feot.| Inches. | Feet.| Inches.| Fect.y I'nches.
ob 3 11.5 3 06,5 3 02.5 2 09.5 3 01.25, 3 05,5 3 07.75] 3 A0 5) 04.0
1 5 00.0 | .4 04,75) *3 a9, v K 01.5. | ¢ 08. G 3, 0175 3 01.0 3 05..0 4 07.66
2 5 09,0 5 02,0 4 04.0 3 05.5 3 01.66) 3 00,0 2 03.0 PJ 08.0 3 08.0
3 6 00| 5 09,0 4 10,0 3 |- 00.56 | 04.5 1 3 0.6 2 03.0] 1 1.6 ] 2 ]08.256
4 6 00.0 5 10.26) B 02,51 4 02,5 3 08,756 3 04.0 } 2 02.0 1 08.5 2 01.0
5 5 05.51 5 0.0 5 03,25, 4 05.0] 4 02,25 3 08.0] 2 04,21 1 0776 1 | 10.0
[ 4 03,0 5 { 02,0 b n.o 4 08,0 4 | 07.0 4 0175 2 11.5 2 01.0 1 1.5
7 ¢ 09,250 4 | 07,0 4 00,250 4 03,33 4 10,56 4 ug. 0] 3 07.5| 2 10,61 2 | 08.0
8 3 01.0 3 1.5 4. | 0366 4 08,5 4 1.5 5 00. 66 4 03.0 3 00,75 3 09,0
9 2 07.0 3 05.75] 7 10,0} . 4 02.5 4 11.5 5 01.5 5 08.5 4 07. 66/ 4 10,5
10 21 .09.5] 3 | 0361 3 06,0 3 09.75| 4 09.0] 5 02.0( 5 | -00.0]| 5 02.25 5 | 09.0
il : 05:5 | ¢ 05,0 ] 3% 045 3 06,0} 4 03.6 | 4 1.0 4 1.0 5 05.61 6 0256
Noon. | - 4 02,6 | 09,760 - ¢ 05,51 3| 0425 3 1L0 | 4 uh 0| 4 05.6 1 .5 02,250 6 |062.D
1n 4 10,75 4 04.5 | 3 1 033 .3, 04.0 3 06,5 3 09.75] 3 08.0 4 05.0 5 05.5
2 H 05.66) 4 10,0 | 4 01, 25( ¢ 5.0 1. 3 4.0 3 03.0( 2 1.0 3 06.0{ 4 |03.66
b 15 07.75] b 00,75 4 03.66; 3 06.5 3 03.75) 2 10.75) 2 02.0 2 05,5 3 01.0
4 5 06,01 5 01.75; 4 05,5 | ¢ 03.0 1 3 04,75 ¢ 0.6 1 03,66 1 0.5 2 0L
5 4 11.0 4 11.5 4 05.606] 3 11.0 3 07.0 2 1.0 1 03.33 1 03,0 1 07.0
6 4 o5 | 4 04.01{ 4 02,51 4 00.0| 3 10.0 {3 02,25 2 00,75 1 03,51 1 [06.75
7 3 | "02.66] 3 Us.01 3 10,0 4 00,01 4 01,01 3 07.0 ) 2 08,0 2 07.7) 1 [ 1L75
8 2 07.25] 3 ul1.66) 3 05,76 3 09.5 | 4.1 0.5 4 00,0 | ¢ 05,51 3 05,750 3 | 00,75
9 2 04.5 | 2 0. 0 . 05,0 i 06,75 4 01.5] 4 03.0 4 01,0 4 03.5 4 03.0
10 2 05,7 2 03.0 | 2 08,04 3 04.0 | 4 00.0 [ 4 030 4 04.5( 8 01,0 5 [02.75
11 2 1.0 2 09,6 2 09,0 + 02.6 | 3 03,75 4 00,75 4 04,5] 5 05.0f 6 | 00.0
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Date. APRIL, 1872,
Time. by 23 24 25 206 PL g 28 29 30
Feet, | Inches. | Feel.| Inches. | Feet.| Inches.| Feet.| Inches. | Feel.| Tnches. | Toel. | Inches. | Feet. | Inches | Ieel. | Inches. | Feet. | Inches.
[ 6 00.0 7 04.5 6 06.0 6 05.51 6 07.0 4 05.75 3 08,0 2 11.25] 2 06,5
1 5 06.5 7 00. 0 G 07.0 6 11. 66, 6 04.5 5 07.25] 4 1L.5 E 11.25) 3 01.5
2 4 06.5 5 09,76, 5 1.0 { *6 02,0 6 06,5 G 03.25 5 1.5 4 10,75 3 09,26
3 3 02.75) 4 04. 0 4 08.0 5 08.25 5 11.0 G 03.0 6 02.%5 5 06. 5 4 07,0
4 2 04.0 2 10.75) * 03.5 4 03.5 4 11.0 5 06,75, 6 00,0 5 | 09.5 b 00.75
5 1 08.0 1 09.5 2 01.0 2 09.5 1,3 06.5 4 04.5 5 05.5 ) 09.0 5 03,25
[{] 1 07.0 1 05,75 1 03.5 1 08.5 2 03.0 3. 02.0 4 04.25 b 02.56 5} 03,25
7 2 00.5 1 10.0 1 01.2560 1 02.0 1 04.5 2 00.756] 3 04.5 4 05.0 5 00,5
8 3 02.5 2 08.0 1 07.5 1 .05,0 1 02.8 1 06,0 Py 06,0 ..o beoaen 4 08,5
9 4 06.90 K 10.0 2 10.0 2 05,07 1 08.0 1 05,5 2 01.0 3 00.0 3 1.0
10 5 08,0 153 00. 0 4 02,0 3 05,0 2 07.5 2 02.0 1 02,5 2 03,26 3 02.5
11 6 06.0 5 11.0 5 05.01°5 01.0 3 10.5 3 02.0 2 09.0 2 09.5 2 10. 66
Noon.| 6 08.8 6 05. 5 6 03.5 5 11.0 4 10.25] 4 03.5 3 06.0 3 01.5 2 03.0
1h 6 04.0 G 03.75] 6 06. 5 G 04.5 5 09.0 5 01.0 4 05.0 3 0%, 64 3 00,0
2 5 02.0 53 04,0 5 11.0-| 6 03,0 5 11.5 5 07.25] 5 01,0 4 02,756 3 U4.5 -
3 3 09.51 3 10.75) 4 07.5 5] 03.0 5 05.0 15 08.0 H 04,0 4 07.5 1 3 b, 0
4 2 06.5 2 I 05.56 3 01.0 3 09, 5 4 04,0 5 01.5 5 03. 0 4 10.0 4 01,0
5 1 7.0 1 02.01 1 07.0 | 2 0.6 L. faeaans 4 00.0 | 4 07.77| 4 09.75 4 | 03.5
6 1 04.0 0 07.5 0 06,0 0 10,75 1 07.0 P 02,5 3 02,0 4 04,5 4 04,0
-7 1 10.25] 0 08.0 0 03.5 0 03.751 0 07.26) 1 | 06.25 2 07.5 3 07.5H 4 05,5
8§ | 2 | 1.2 1 | 0700 | 095 0 | 05.66 0 | 040 0 | IL5| 1 | 10.5]| 2 | 10.5| 3 | 095
9 | 4 | 05.5| 3 | 0LO| 2 |[-02e5l 1 | 0325 0 | 07750 0 | 1L5| 1 | 0G.3s| 2 | O0R75 B 10275
10 b 10.25{ 4 05,0 2 03.0 | 2 07.6 | 1 .51 1 06.5 1 1 07.2 2 0.0 2 | 095
11 | 6 | 1.6} 5 | 0.0 5 | 0325 4 | 05,0, 3 | OLO| 2 | 06.0| 2 | oLO| 2 | OL75 2 |06.5
Date. MAY, 1872.
Time..| 1 2 3 a 5 6 v S 9
Feet, | Inches. | Feet, | Niches. | Feel, | Tuches. | Feel, | Tnehes. | Feel. | Inches | Feel,| Inches, | Feet. | [nches.| Teet. | Inches. | Feel, | Inches.
ob 2 056.5 7 2 11.0 3 10.0 5 01.0 5 08.76] 6 04,25 6 07,66, 6 10,76 6 07.0
1 p 06,25, 2 08.5 1 .01 4 02,01 4 10,0 5 08.01 6 03,66 6 0.7, 7 00,5
2 2 11,0 2 07.0 | 2 07,75 3 05,260 3 09,0 4 05, 0 5 1 04.0 [§) 02,5 G 07.5
o 3 04,75 2 08,5 2 05,0 | ¢ 03,0 2 08,25 ¢ 05.0 | 4 01,95 4 1IL6 ] D 09,0
4 4 05.0 3 01,5 2 06,56 2 05,25 2 01,0 2 05,0 2 00.5 1 3 00.25| 4 07,0
5 4 03,01 3 09,6 | 0.6 07.76] 1 1.6 1 10,01 1 0.0 £ 05,25 4 04.75
6 5 01.5 4 03, 0 4 00,0 3 04,0 2 04,25 1 10,256 1 06,0 1 09.5 ] 2 05,0
7. H 02.5 5 03. 0 4 10,5 4 04,5 3 02.5 2 06, 0. 1 045 1 { 045 2 01.0
8 5) 01.0 H 06,25, 5 07.25 o 03.25, 4 05,75 3 06, 0 92 07.0 2 05, 0 2 035
9 4 08.0 5 05.256] 6 00,0 6 00,75 5 07.0 4 07.56 3 1.0 3 05, 6l 2 01,75 |
10 4 01.5| 6 01,75 6 00,0 | 6 05,250 G 03,0 5 03,61 5 010 4 051 41 04,0
11 3 06.5 4 06,25 5 02,0 6 04,0 6 05,66, 6 03,20 6 00,0 5 09.01:56 05,0
Noon.| . 3 01.5 3 10,0 4 (47,0 5 09,0 6 02,01 © 05, 66| 6 05.75 . 6 04.5 6 03.25
112 1105 3. 01,756 3 03,5 4 08,0 5 02,25 5 |- 10,0 6 0L 5 6 05.25] 6 [07.0
2. 2 10.5 | 2 08, 2h 2 11,0} 3 07.5 1 4 0.6 4 06,01 5 02,750 6 09,25, .6 04,0
3 2 11.5 2 06.5 2. 04,75 2 07.5 2 ©10.0 ‘ 02, 0 3 10.0 4 06,015 | 05,25
4 3 02,0 2 07.5 2 02,66 1 11,56 1 10.0 2 10.0 | . 2 05,28 3 05.25] 4 00,95
D, 3 06,25, 3 00,0 2 05.6 1 10,0 1 04,0 1 U2.0 1 053.0 1 1.5 2 10,5
6 3 10.250 3 07.75, 3 00,0 2 01,5 1 05,5 1 00, 0 0 175 1 03.5 111,25
7 4 03,0 4 U8.5 : 10.5 2 10,75, 2 04.5 1 06,5 1 01.5 1 01.5 1 07,45
8 4 04.0 4 10,0 4 08.5 : 10,75] 3 04,01 2 07.0 2 00,0 1 08,612 00,5
9 4 03.0 b 00. 66| 5 05.5 5 02,5 4 06,0 3 10,956 3 03.0 2 10.0 21090
10. 3 10.0 4 10.33] 5 09.3 5 10,5 15} 08.56 5 02,25 4 04.5 4 |- 01.0 3 09,5
i1 3 04.01 4 05,33 5 03,0 6 00,0 6 04,250 6 02,75, 6 00,0 5 05.660 4- | 07.5
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Date. MAY, 1872.
Time. 10 A1 12" 13 14 15 16 17 18
Feet.| Inches. | Feet.| Inches.| Feet.| Inches.| i'cet.| Inches.) Feet.| Tnches.| Feel.| Inches. | Feet,| Inches.| IPeet.| Inches.| Feet. | Inches.
on 5 0361 5 07.5 | 5 01,0} 4 02,01 3 05,75 3 03.56 ¢ 2 10,75 3 0.0 3 |04.0
1 7 0178 6 07,01 6 0.0 5 00,01 4 02,0 ¢ ¢ 08.756] 3 00,0} 2 10,0 2 J1L7
P 7 01,25/ 7 00,2560 6 05,0 5 03.0 ) 00.75 4 02,75 3 05,0 2 09.5 2 08,0
3 6 06.7¢ 6 10.5 6 09, 0 (] 00,0 5 03.5 4 07.5 3 08.5 3 01.5 2 006. 25
4 5 06,0 6 LS| 6 7| 4.0} 6 00,0 | b 05.25 4 1.6 | 4 02,01 3 06.0 1 2 |08.5
i) 4 04,5 5 02.5 5 07.0 5 07.5 5 04.%5 4 11,0 4 07.25 4 00, 5 3 05.5
G 3 03,5 4 006 4 07.01 5 00,0 4 1L75) 4 09.75 4 10.6 | 4 06.25( 4 {000
7 2 7.0 3 03.5 3 04,0 4 | 03,25 4 04,5 4 04.5 5 00,0 4 10.5 4 07.5
ol 2 06,01 2 10.5 § 3 0.0 3 07.75 10.95 3 1.6 | 4 11660 5 01,61 5 00,0
9 3 00,01 3 |.00.0} 2 10,5 2 03,26, 05,6 | ¢ 10.5 1 4 07.25, 4 11,61 5 | ul.56
10 . 3 11,25 3 06, 25; 3 01.75 2 02,75 02.5 (. 05.25{ 4 00, 5 4 07.25{ 4 1.5
11 4 1.5 4 05,0 3 09,75 2 06,6 | 3 02,0 3 04.5 | 3 07.0| 4 00.51 4 |06.0
Noon. 5 10.5 5 03.0 4 06,0 3 00, 66! ¢ 05,5 3 01.5 3 02.25] 3 06,75 3 09, 33
ih 6 04.5 5} 10.5 o 02,70 4 07.5 3 11.0 3 02,0 2 175 3 00.5 2 11.0
2 G 05.5 G 0.6 5 06. 0 5 00,33 4 03.5 3 05,0 2 11,0 2 08,33 27 05.0
3 " *11.0 5 1.5 ) U6, 25| 5 02,75 4 07,201 ¢ 03,01 3 60,25 2 07.5 2 01,25
4, 4 10,0 5 03.0 1 5 0.0 5 L5 1! 4 08,0 3 10,74 3 ] 035 2 09,01 2 010
5 3 08,25 4 02,75 4 03,33 4 07,75 4 06,75, 4 00,66] 3 07,0 = 02,0 2 106.0
6 2 08, 0 3 02.5 3 od, Gtf 3 10.5 4 02,75 4 01,0 3 1.4 3 07.0 3 00.75
7 2 0.0 2 0=.0 ] % 07,75 04,0 8 0, 66| 3 11.66; 4 | 00.75! 4 00,0 3 [09.0
8 -2 01.25] 2 04,26 2 03.5 2 09,5 3 04.0 3 07,25 4 02.5 4 09.0 4 05.0
9 -2 06,0 | 2 06,5 | 2 03.66| 2 07.01 3 00.33 3 05,0 3 10,251 4 05.5 | 4 | 0975
1w 3 4.0 3 02,0 2 07.5 2 07,76 2 11,25 3 01.5 3 07. 0 4 02.5 4 10.0
i1 4 05.6 1 4 00.0] 3 03.6 | 2 1175 3 00,0 2 1.5 3 03,250 3 09.75) 4 06,0
Date. MAY, 1872,
Time. 19 20 21 Time. 29 Time. 22 Time. 23
Feet, .| Inches. | Feet, | Inches | Feet. | Inches. h. Feet, | Inches. k. m.| Feet. | Inches. o om. | Feet, | Inches.
Qb 3 09.5 4 05.75) ~ b 08,75 0 7 00.5 5,20 1 01, 66 4, 00 7 0375
1 b 01,5 3 08.5 4 10,5 1 6 06,0 5,30 1 01,0 0,10 7 04,25
2 2 05.75 2 00.5. 3 10.5 2 b 06.0 5. 40 1 0u, 66 0,20 7 04. 95
3 2 04,75 @ 02,0 9 09. 0 b 4 01,5 5,50 1 00,5 0,30 | 7 04,0
4 2 03.5 1 08.7H 1 11.5 4 ] 10.5 6. 00 1 00,5 0. 40 7 03,75
5 2 06. 0 1 08.25 1. 09,0 5 2 M, 5 G.10 1 00,75 0,50 70 035
6 3 02.5 2 03.75 2 00,5 6 2 02,25 tr, 20 1 1,25 1.00 7 03.0
7 3 1.5 : 03.75, 2 11,0 7 2 00,5 6, 30 1 02,0 1.10 7 02.0
8 4 08.0 4 0.0 .4 00,75 R 3 08,0 6. 40 1 03.0 1.20 7 00, 66
9 ) 02,25 4 11,34 5 01.5 9 4 09,75 6,50 1 04,25 L. 30 6 11.25
10 5 02.75 5 04, 25| D 10.5 10 5 10. 0 7.00 1 05, 5. 2,00 6 05,75
11 4 11.56 53 0175 G 02.25 11 [§} 06.0 7.3 1 1 11.0 2,30 5 11.25
Noon, 4 02. 5 4 1.5 n 10.5 || Noon. [ 07,5 8, 00 2 06,0 3,00 5 04, 25
1h 3 03.0 4 00. 0 5 00,0 12, 30 @ 05. 75, 8,30 3 02,0 3.30 4 07.95
2 2 103,33 2 10,0 3 0.5 1.00 6 00,75 9. 00 4 00.0 4,00 3 10.75
3 1. 07.5 1 10,250 2 04.5 1.30 5 07.0 9,30 4 03.5 4,30 3 03.95
4 1 03.5 1 00,0 | -1 04,75 2,00 4 11,25 10.00 b 06.0 5.00 Q 09, 25
B 1 05,33 0 11.0 1 02.0 2.30 4 02,25 10,30 6 2.5 5.30 2 05.25
6 2 01.0 1 03,26 1 06. 0 3.00 3 06, 0 11, 0y 6 09,0 5. 40 2 04,25
7 P] 1.0 2 01.0 2 05.0 3.30 2 10,25 11.30 7 01,25 5,560 2 03.5
8 3 10,75 3 03.33 2 *08.5 4,00 2 02,25 - 11,40 7 02,25 6,00 2 03.0
9 4 07.56 |« 4 05.33 b 0L, 75 4.30 1 08,261 11,50 7 03,25 6, 10 P 02.0
10 5 - 01,0 5 05.5 6 U1.5 5. 00 1 (1270 R PN U, 6.20 2 02.5
11 b 00.5 5 10,33 6 10,76 5,10 1 02,25..... [P IR I 6,30 2 02,5
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Date. MAY, 1872.
Time. 23 Time. 23 Tin:e. 23 Time. Pz § Time. 24 Time. 29
hom. | Feet.| Inches. || h. m, | Feel,| Inches. || k. m. | Feet, | Incies. | b, | Feel. | Inches, || h.om. | Feet.| Tuches. || k. m, | Feet.| Luches.
6.40 | 2 02.9 1.00 7 02,0 8,00 2 | 0L0 2.30 7 00. 5| 10.30 153 06.0 6. 30 1 07.0
6, 50 2 03.7 .10} 7 01,25 8,30 | -2 09,751 3.00 [ 05,201 11,060 [} 1.0 G. 40 1 06.2
7,00 2 05. 6 1.%0 7 00,0 9. 00 3 06,5 3.30 5] 09,0 [ 11.30 6 06, 26i| 6.7 1 05.8
7,10 2 06.1 1.30 6 10.75] 9.30 4 04,0 4,00 4 11.75) 12,060 (1} 120 7.00 1 0575
720 2 ] 07.9 2. 00 G 04,75/ 10, 00 ) 01.5 1| 4.30 4 04.5 || 12.30 7 02,251 7.10 1 02,5
7.30 2 09, 6 2,30 5 09.0 |1 10.30 3 10.5 5,00 3 02,72 12. 40 7 03. 0 7.20 1 03.5
8.00 B 02.5 3,60 4 11.5 || 11,00 6 07.0 5.30 3 02,5 || 12,20 7 03.2 7.30 1 05.8
8, 30 3 09,0 3.30 Iy 01,5 || 11,30 7 02.0 6, 00 2 09. 5 1. 00 7 03,331 7.40 1 06.5
9.00.) 4 04,5 4. 00 3 04. 0 6. 10 2 03.795) 1.10 7 03.5 7.50 1 07.5.
9.30 5 00,0 4.30 2 07.5 May 24. 6,20 | 2 05,0 1,20 7 | 03.33 8.00 1 09,0
10. 00 5 06,75 5.00 2 00, 5 i 6,30 2 07.0 1.0 7 03.0 8.10 1 10,5
10. 30 G C1.25( 5.30 1 07. 66 0.00 7 07.5 6, 40 2 06.75) 1,40 7 02.2 8. 20 1 1.8
1,00 | 6 06,8 5. 40 1 07.33] 0,10 7 08.5 i 6. 50 2 06,75 1.50 7 7 0L 1 H. 30 2 01.8
11,10 | 6 03.3 ] 5.507 1 05,330 0.0} 7 09.25) 7.00} 2 06 2,00 6 1Ly 8.00 | 2 |071.95
11.20 6 09. 8 6. 00 1 04,5 0.30 7 10,00 7.10 2 06. 5 2. 10 6 10,0 0. 30 3 03.75
11, 30 [} 153 6, 10 1 | 04.0 0. 40 7 10.75] 7.20 2 06, 76) 2,20 [ us. 3 | 10,00 | 4 01.75
11. 40 7 00.7 6.20 )1 03,75 0.50 7 11.0 7.30 1 2 07.20) .30 6 07.2 || 10,30 4 11.33
11,50 | 7 01.4 6. 30 1 03, 66| 1,00 7 11.0 7.40 2 08,20 3,00 i) 10,24 1£.00 5 08.0 - |
12,00 7 02,0 6. 40 1 03.5 1.10 7 11.0 7.50 2 09,251 3.30 5 01.5 || 11.30 6 05. 33
12,10 7 02.6 6. 50 1 03,75 1.20 7 10.75] 8.00 2 10. 5 4.00 4 04.0
12.20 1 7 02,9 7.00 1 04,33} 1.30 | 7 10,0 8. 30 3 03,250 4.30 3 06, 0 May 25
12,30 7 02. 9 7.10 1 05. 0 1.40 | 7 09,0 9,00 3 09,0 5, 00 2 10— —
12,40} 7 02,9 7.0 1 06.0 1.50 7 07.75) 9.30 4 03,25 5.30 2 3.0 0.00 7 00, 33|
12,50 7 02,75} 7.30 1 €7.25| 2.00 | 7 06.0 | 10,00 4 11.0 G. 00 1 10. 66)| 0. 30 7 06. 25
Date. MAY, 1872.
|
Time. 25 Tine. 25 Thine. 25 Time. 25 Timg,. 26 CTime, | 20
7
h. m. | Feet. | Inches.| h.m. | Feet.| Inches.|| h. m, | Feet. | Inches. || h. m. | Feel,| Inches.|| h. m, | Feet. Inches | It.om. | Feet.| Inches.
0.40 | 7 02,0 | 720 2 { 03.0f 220 | G 1L2 (10,00 | 3 0L 75 3.30 7 5.0 1L30] 4 |10.0
0.50 7 09,25 7.30 2 07.75) 2.30 6 10.2 | 10. 30 3 10. 0 4. 00 6 09,0 | 12,0001 5 03.75
1.00 | 7 10.0 7.40 { 2 U7, 75| 2.40 6 09.0 | 11.00 4 06.5 4,30 G 02,51 1230 5 09,5
1.10 7 10.76[ 7.50 2 07,75 .50 13 07.5 | 11.30 5 03.33! 5,00 5 06.0 1. 00 6 01.33
" 1.20 7 11. 25 8.00 2 03,0 3. 00 6 05. 33 5. 30 4 1.5 1. 30 6 04.5
.30 7 1.5 8.10 2 Vo) 3. 30 5 10,0 May 26. 6. 00 4 03. 5 1.40 6 05, 66
1.40 | 7 11, 75| 8.%20 2 04.5 4, 00 51 02 75— - G. 30 3 03.5 .50 6 06.0
1.50 7 1175 8.30 2 10. 25} 4. 30 4 06. 75( 0. 00 6 00, ¢51 7,00 3 03.75 2.00 G 06, 25
200 7 11.25) 9.00 : 03.0 5, 00 3 0. 0 .30 6 07. 25 7. 30 2 L7 2100 6 U6, 756
2,10 -7 10,26 9.30 | ¢ 06.5 | 5,30 | 01,75 1.00 | 7 02,011 7.40] 2 el 2,200 6 | 07,1
2.20 7 09.5 || 1, 00 4 0L.75(1 6. 00 2 06. 33| 1.10 7 03.0 7.50 2 0L 2,30 6 07.3
2,30 7 05,0 || 10.30 4 083,25 6.30 2 012 1.20 7 04. 5 8. 00 P (). b 2. 40 G 07.0
3.00) 7 02.56 || 11.00 5 02,75, 7.00 1 09.0 1. 30 7 056. 75 8. 10 2 U2 B0 [ 06, 8
©3.30 6 07.26) 11.30 5 09.0 7.10 1 08. 33|, 1.40 7 06, 25| 5,20 2 09,25 3.00 6 06,25
4.00 5. 1L5 ¢ 12.00 6 03.0 7.20 1 07.75| 1.50 7 G7. 0 .30 2 0200 3010 6 05.5
4,30 5 02,25 12, 30 G 07.5 7.30 1 07,33 2,00 7 07.5 8. 40 2 0,25 3.20 6 04, 66
5,00 4 08,0 1.00| © 10.66y 7.40.1 1 07.25)| 2.10 | 7 7.5 | 8.6 2 00.5 | 8.30 {26 | 03,0
5.30 3 175} 1.10 6 1.33) 7.50 1 1 07.25)| 2.20 7 07.5 9, 00 2 1.0 4,00 |75 10.0
6.00| 3 | 050 L2014 7 00.0 i 8,001 1 07.5 || 2,380 | 7 07.5 4 9.10 2 Lo 4.30 |- 5 | 03.75
6.30.] 3 00.0 1.30 7 00,25 8.10 1 7.66)| 2.40 7 (7. 256)] 9,20 S 00,0 5,00 4 08,33
6.40 | 2 10.25 1.40 7 00.8 8,20 1 7.8 2,60 7 06, 76{ 9. 30 : 010 b, 10 4 0,0
6.50 | 2 09.75)| 1.50 ) 7 | 00.75] 8,30} 1 09.21 3.00} 7 06.0 |} 10,00} 3 9. 5 6.001 3 | 05.66
7.00-0 2 09,0 2. 00 7 00.5 || 9.00 2 01.0 3.10 7. 05.0 || 10,30 3 10.5 6. 30 2 10.0
7.10 1 2 08.25) .10} 7 00.14 9.30] 2 06.6 | 3.20 | 7 04.0 || 11,00 | 4 | 04.5 7.00 1 2 1050
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Date. MAY, 1872.

Time. 26 Time. 27 Time. 29 Timo., 27 Time. 2% Time. P31}
h.m, | Fect.| Inches.|| h.m. | Feet.| Inches h. m. | Feet, | Inches.|| . m.| Feel.| Inches. || h. m. | Feet.| Inches.|| h.m.| Feet.| Inches.
7.30 2 01.5 2,00, 6 10.5 8.40 2 032.0 3.30 5 09.8 [|11.30 | 2 10.5 6. 00 5 08.0
8.00 T 11.5 2.10 6 11.75|| 8.50 2 03.5 3.40 5 09,75 6.30 5 03.25
810 1 10,66 2.20 | 6 11,75 9.00.0 2 03.0f 3.50] 5 | "09.5 May 28. - - 7.00 | 4 |09.25
8.20] 1 105 | 2,30 7 | 0u.5 9,10 2 [ 07.5} 400} 5 09.0 ||——————|| 7.30| 4 | 04,5
830 1 10,95 2.40 7 01,25 9.20 2 07.5( 430 5 06.33; 0.060 | 3 03,33 8.00| 3 | 10.0
840 1 10.2 ]| 2.50] 7 0L.6 ) 9.30 1 2 07.51 5.00) 5 02,25 0.30 | 3 10,03 830 ( 3 {050
8501 1 10,1 3.00) 7 016 | 940} 2 07.25)] 5.30 | 4 09.0 1 1,00 | 4 04,75 9.00| 3 | 010
9.00 1 10,5 |- 3.10 | 7 0L.5 9.650 | 2 02,0 6. 00 4 03.33!| 1.30 4 11.0 9.10 2 11.75
9,10 1 11,258 3,201 7 01,51 10.00 1 2 03.75| 6.30 | 3 09,0 2001 5 05.5 | 9.20 2 |10.75
9,20 2 00,0 3.30 7 01. 25| 10.30 2 1.5 7.00 3 03.33]| 2.30 5 10,75 9.30 2 10.0
9,30 2 01,0 || 3.40| 7 00.23) 11.00 | 3 03,25 7.30} 2 09.33/ 3.00 6 03.0] 9.40 | 2 |09.5"
9.40 | 2 02,25 3.50| 6 11,5 | 11,30 | 3 08,0 800 2 04,81 3.10 | 6 04,0 950 2 |09.0
9. 50 2 03.5 4.00 6 10.0 || 12.00 4 00, 25jf 8,30 2 01.5 3.20 6 04.5 | 10. 00 2 08.5

10,00 | 2 05.21 4.30| 6 06.0 | 12.30 | 4 05,331 9,00 2 00,0 | 3.30| 6 05.5 110,10 | 2 [ 08.25

10.30 | 2 0).8 500 6 02.0 1.00 | 4 09.66]| 9.10; 1 11.5 | 3.40} 6 06.0 (| 10.20 | 2 | 08.75

11.00 | 3 05.5 1 530 & 07.75] 1.30| 5 0L.33] 9,204 1 11.250 8.50 |. 6 06.25,10.30 | 2 .| 08.25

11.30 | 4 00.66) 6,00 5 L0 | 2,00 | 5 05.0 || 9.30| 1 11,0 ] 4.00| 6 06.5110,40 | 2 | 08.25

6. 30 4 06.5 2.20| 5 07.33) 9.40 1 11.25 4.10 6 06.5 | 10.50 P] 0r, 25
May 27. 7.00{ 3 1.5 230! 5 03,21 9.50 | 1 11.66/ 4.20 1 6 06,5 111,00 [ 2 | 08.75

— = 7.30 | 3 05,75 2.40 | 5 03.8 11 10.00} 2 00.0 || 4.30| 6 06.25/111,30 | 2 |10.5
0.00 1 4 03.04 800| 3 01.25 250 & 10.2 | 10,10 | 2 00,75 4.40 | 6 06, 75( 12.00 { 3 | 01.0
0.30 | 5 05. 5 8.10 | 2 11.75|| 3.00 | 5 10.3 1 10.20 | 2 0L.5| 4.50 [ 6 05,0 112.30] 3 | 04.0
1.0 | 6 01.0 8,20} 2 10.75] 3.10 | 5 10,111 10.30 | 2 02,5 (| 5.00) 6 04.950 1.00| 3 | 03.2
1.30| 6 06,0 830 2 10.0 3.20 | 5 10.0.[111,00 | 2 05.75| 5,30 6 0L.0 1.30} 4 {000

’

Date. MAY, 1872,

<

Time. 28 Time. 28 Tinie. 29 Time, 29 Time. 29 Time, 30
h. m. | Feet.| Inches.|| R.m. | Feet.| Inches. h.m. | Feet.{ Inches. | h. m. | Feet.| Inches.|i h.m.| Feet.|Inches.|| h.m.| Feet.| Inches.
2,00 4 04.25|| 10,00 | 2 02,75 4.30| 5 11.0 || 11,10 | 2 0).5| 6,30 4 07.51 1.00| 2 | 10.0
2.30 4 08,0 § 10.10 | 2 02,5 4. 40 5 1.6 | 11,20 | 2 0. 25l 7.00 4 06.0 1.30 3 01.0
300 4 10.75/f 10.20 | 2 02,014 4.50] 6 | 00,0 {1 11.30 | 2 09.0 1] 7,30 4 04.0 2,001 3 | 04.5
3.10 5 00.0 | 10,30 | 2 01,8 5. 00 G 00,25} 11.40°] 2 09.0 8. 00 4 01.0 || 2.30 3 08.5
3.20] 5 00.8 {| 10,40 | 2 01.75( 5.10 | 6 | -00.25) 11.50 | 2 09,0 | 8.30| 3 00,0 3.00{ 4 |00.25
3.30 5 0L.5 | 10.50 2 02.0 520 | 6 00.25| 12,00 | 2 09.0 9.00 3 06,0 3.30 4 05.0
3.40 | 5 | 0201 11.00| 2 025 | 5,30 6 00.25} 12.30 | 2 09.5 % 9,30 3 02,51 4.00] 4 |09,5
3,50 5 02. 33 11. 10 2 03.0 5. 40 6 00.0 1.00 2 11. 33} 10,00 3 00.0 4,30 5 01.75
4, 00 5 02,56 It 11.20 2 ‘03.5 5,60 | 5 11.5 1.30 3 02,751 10.30 1 2 | 09.5 5.00 5 050
4, 10 5 02,66/ 11.30 | 2 04.5 6. 00 5 11,261 2.00 3 04.8 ] 11.00 } -2 07.5 530 .5 07,75
4201 5 02.5 6.30| 5 03.014 230 3 03.5 11,10 | 2 07.33)| 5.40 | 5 |08.0
4.30 5 02, 25| May 29, 7.00 5 04.5 3.00 3 11.75) 11.20 2 07.0 5.50 5 03.5
4,40 5 02.0 730 5 00,75 3.30 | 4 02.51{11.30 | 2. 06,81 6,00 5 1.09.0
4.50 | 5 01.66) 0.00} 2 07.0 8,00 4 07.75|  4.00 4 03,0 {| 11.40'| 2 06,7 6.10 5 09.25
500 5 0.0 0.30} 2 1.0 | 8.30.| 4 | 03.01 4.30| 4 03,251 11.560 | 2 .| 07.0lf 6,20 &5 |09.5
5. 30 4 11,25 1.00 3 04,251 9,00 3 09.75]] 4.40 4 03.5 6.30 5 09.5
6, 00 4~‘ 03.5 .30 3 | 0901 9.3 3 05.75| 4.50 | 4 03.0 May 30. 6,40 5 |09.5
6.30 | 4 04,01 2.00| 4 03.25(/10.00 | 3 02,0 500 4 09.2 6.50} 5 |09.5
7.00| 3 11.33|| 2.30 | 4 03.0 (10,19 3 01.0 || 5.10| 4 00,33 0,00 2 107.2 7.00 (.5 09,2
7.3 3 06,5 ) 3.00) 5 01.25110.20 ] 3 00.25/! 5.20] 4 0J.66f 0.107 2 | 07.2 7.10] 5 (09,0
.00 3 [.020 3.30| 5 05,0 110,30 2 11,54 5.30| 4 | 09.66f 0,20 2 | 07.5 7.20| 5 [0B5

- 8,30 2 10,0} 4.00| 5 08.5 |1 10,40 | 2 10.75|| 5.40 ) 4 00,54 0,301 2 (07.75{ 7.30| 5 |07.75
9.00| 2 006.25| 4.10 5 09.75(| 10.50 | 2 10,0 (| 5.50 ] 4] 09.250 0.40 | 2 08,5 8.00| &5 |050
9.30 | 2 04,03 420 5 10.25/ 11,00 | 2 09.51 6,00} 4 09.0 11 0.50 2 | 09.0 8.30 &5 |0L0

bnm
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Date. MAY, 1872. JUNE, 1872.
Time. 30 Time. 30 Time: 31 Time. 31 Time. 1 Time. 1
h. m. | Feet.| Inches.|| h. m. ) Feet.| Inches.|| h.m. | Feet.| Inches~|| h.m. | Feet.|Inches. | .h. m. | Feet.| Inches.|| h.m. | Feet.| Inches.
9.00] 4 09.0 i 4.00| 3 07.0 ]l Noon.{ 3 01.5 || Noon.] 3 05.5 0.00} 3 10.75) Noon.| 4 00.75
9,30 4 04,5 || ‘4.30 3 10.5 0.30] 2 10.75| - 0. 30 3 02.25| 0,30 3 06. 6 0.30 3 06. 0
10.00 | 4 00.0 5. 00 4 01.5 1.00 2 10.0 1.00 2 11.75) 1.00 3 03.6 1.00 3 83 0
10,30} 3 07.5 | 530 4 05.5 1.30 | 2 09.5 1.30 ] 2 10.0 1.30 | 3 01.0 1.30; 3 0.0
11.00 | 3 04.5 6.00] 4 07,751 2,00 2 10,0 ) 2,00 2 09.0 200 2 ) 11.75) 2.00] 2 | 08.33
11.30 3 00,75] 6.10 4 09,0 2. 30 3 00.751 2,30 2 09.0 2,30 2 11.0 2.30 2 |06.25
11. 40 3 00,0 6.20 | 4 10.0 3.00 3 04.5 3. 00 P 09.5 3.00 2 11.0 3.00 2 05. 33
11.560 | 2 11.0 6.30] 4 10,5 3.30 | 3 03.5 3.30} 2 1.5 3.30 ] 3 01.75) 3.30| 2 | 05.5
12,060 | 2 10.3 | 6.40| 4 1.0} 4,00 4 00.5 4} 4.00! 3 02,0 4,00} 3 05.5 4,00] 2 | 06.5
12,10 | 2 09.6 || 6.50 | 4 11.5 4,30 | 4 04.0 4.30] 3 05.5 4,301 3 10.25)0 4.30 | 2 | 09.5
12.20 2 09. 3 7.00 4 11.75) 5.00 4 10. 5 500 3 09.5 500 4 .] 03.0 5. 00 3 01.0
12.30 | 2 09.0§ 7.10| b 00.3 ) 5,30 6 03.25| 5.30 1 4 0L.25 5.30 | 4 08,0 6,30} 3 100,33
12.40 | 2 08.5¢4 7.20( 5 00.5 6,601 5 07.0 1] 6,00} 4 05.5 6.00] 5 01.0 6,00 3 }10.0
12.50 | 2 08,34 7.30} 5 00.75%) 6.30 | 5 |" 10.0 6.30| 4 09.'6 6.30{ 5 05.5 6.30 | 4 | 03.33
1.00 | 2 08.2 7.40 5 00.0 7.00{ 5 11,75 7.00 { 5 00.750 7.00 | 5 09.0 7.00 4 08.75
1.10 | 2 08,54 7.50| 4 11.5 4% 7.30| 6 00,75 7.30 | 5 03.5 7.30| 5 1.5 7.30 1 6 1 0L.75
1.20 | 2 08.75/ 8.60( 4 09,0 8B.00, 6 00.0 ff ROO)| 5 04.8 8, 0 6 01.0 8,00 5 ] 06.0
1.30 ] 2 09, 25l 8.30 4 07.25|] 8.30 5 09.75| 8,30 5 05.25| 8.3 6 01.0 8.30 5 |09.0
1.40 | 2 10,0 i 9.00{ 4 04,0 9.00 5 06.5 9.00'| 5 05.0 9.00) 6 00,0 9.00 ) 5 10, 33
1.50 1 2 11.8 9.30 4 00,25 9.30 5 1 02.75| 9.30 5 04.0 9. 30 5 10.0 9.30 5 11.0
2,001 3 00,0 {{ 10.60 | 3 | 09.0({10.00; 4 10.5 1 10.00 } 5 01,0 { 10,00 {- 5 07.0 1 10,00} 5 ] 10.5-
2.30| 3 01,0 § 10.30 3 07.21]10.30 | 4 04.0 {110.30 | 4 09.5 |1 10.30 | 5 03.0 || 10.30| 5 | 07.5
3. 00 3 02.5 1| 11. 00 3 {» 05.5 (| 11.00 4 0.5 (111,00 | 4 G3.4 (| 11,00 | 4 11.0 i 11.00 5 05,0
3.30| 3 05.0 | 11.30 3 03,0 11.30 | 3 09.0 111,30 | 4 02.5 | 11.30 ) 4 05,75 11.30 | & | 00.0
Date. JUNE, 1872.
Time. 2 Time. 2 Time. 3 Time. 2 Time. 4
k. m. | Feet. | Inches. h.m. | Feet. | Inches, h. m. | Feet, | Inches, h.m. | Feet. | Inches. h.m. | Feel. | Inches.
0. 00 4. 09.0 Noon. 5 05.0 0.00 5 10.0 Nooan. b5 08,78 0, 00 6 07.25
0.30 4 01,75 0. 30 4 6. 33 0. 30 5 05.56 0. 30 5 03.5 0.30 6 03.5
1.00 3 0.0 1.00 4 00.0 1.00 4 11,75 1. 00 4 03.0 1.00 5 09,0
1.30 3 06. 00 1.30 3 06,5 1.30 4 04.0 1. 30 4 00.5 1.30 5 04,0
2.00 3 03. 25 2.0C 3 01.0 2.00 4 00.0 2.00 3 07.0 2.00 4 09.0
2,30 3 01, 75 2,30 2 09, 33 2.30 3 07.0 2.30 2 09.0 2.30 4 00.5
3.00 2 11.25 3.00 2 06,0 3.00 3 03.0 3.00 2 05.5 3.00 31 09.2>
3.30 2 11,0 03,30 2 05. 33 3.30 3 00. 25 3.30 2 02,35 3.30 3 03.0
4. 00 2 10.5 4,00 2 03,75 4,00 2 10, 7% 4,00 P 00,0 4,00 3 00.5
4, 30 3 0.0 4,30 2 04.0 4,30 2 10.5 4,30 2 00.0 4.30 2 09.75
" 5.00 3 05.5 5.00 2 05.75 5,00 2 11.7¢ 5. 00 2 00. 3¢ 5.00 2 09.0
5.30 3 09, 25 5.30 2 09.75 5, 30 3 02.5 5,30 2 01.5 5.30 2 10.5
G. 00 4 02.0 6. 00 3 01.0 6. 00 3 086, 2% 6, 00 2 05.0 6.00 3 00,0
6. 30 . 4 07.75 6. 30 3 07. 33 6, 30 3 11. 2. 6. 30 2 09,0 6.30 3 03.0
7.00 5 00. 75 7.00 4 00.0 7.00 4 05.2:|* 7.00| 3 03,0 7.00 3 08.75
7. 30 5 05.5 7.30 4 06. 33 7.30 4 1.0 7.30 3 10. 7% 7.307 4 | 03.5
8.00 5 09, 25 8.00 5 00.0 8.00 5 04.0 8. 00 4 05.5 8,00 | ‘¥4 03.0
8. 30 6 00,0 8. 30 5 05.5 8.30 5 09.5 8,30 4 11.75 8. 30 5 | 02,25
9,00 6 02.0 9,00 5 10.0 9,10 6 01.0 9,00 5 07.0 9.00 5 06.5
9,30 [ 02.5 9. 30 6 02.0 9. 30 6 03.0 9,30 6 07.0 9.30 5 10.5
10. 00 6 02.5 10.00 6 04.0 10,00 6 035. 33| 10. 00 6 06.0 10, 00 6 02,0
10. 30 6 01.0 10, 30 6 05.0 10. 30 6 05.75 10, 30 6 07.5 10,30 [ 05.75
11. 00 b 10.0 11. 00 6 04. 33| 11.00 6 03.0 11.00 6 08,75 11,00 6 05.5
11,30 5 06.0 11, 30 6 02.5 11,30 6 00.0 11,30 6 08. 33 11,30 6 .04, 0
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Dato. JUNE, 1872.
Time, 41 Time. 5 Tiwme. 5 Time. 6 Time. 6
ho m. | Feet. | Inches. h.m. | Ieet, | Inches. h.m, | Feet, | Inches. h.m. | Feet.} Inches, h.m, | Ieet.| Inches.
Noon. 6 02,0 0.00 7 01,75 Noou. 6 06. 5 0.00 7. 04.0 i Noon. 6 03.0
0.30| 5 10.5 0.30 6 11.5 0.30 6 05,0 0.30 | 7 04.0 0.30 6 08.0
1.00 51 055 1.00| 6 06.5 1.00 6 02,0 1. 00 7 03.0 1,00 6 06.0
1.30 - 4 10.5 1.30 6 00.5 1.30 5 03.5 1.30 6 1.0 1.30 6 | 020 .
2.00 4 03.5 2,00 5 07.25 2.00 5 02.0 2.00 6 05.0 2.00 5 -09.0
.80 [caeen]iceanan. 2. 30 4 10,75 2,30 4 07.0 2.30 5 10.5 2,30 5 02.5
300 oeeee]ieenann. 3.00 4 05,5 | * 3.00 4 00.0 3.00 5 03.0 3.00 4 07.25
3,80 [ceeeeifiannannn 3.30 3 00.5 3.30 3 05,0 3,30 4 07.0 3.30 4 00. 25
4,00 |.oeeii]iaeennns 4,00 3 05.5 4.00 2 10.5 4,00 4 00.5 4.00 3 05.56
4,30 jeueeiifunnnenns 4.30 | -3 00, 25 4.30 2 04,7.. .30 3 07.0 430 2 | -1L5
5,00 1 1.5 500 2 10.5 5,00 2 02.0 5.00 3 02.7¢ 5.00 2 07.5
5.30 1 11,0 530 2, 095 5,30 2 00.5 5.30 3 00.0 5,30 2 | 03.5
6. 00 2 00. 5 6. 0u 2 09.7¢ 6. 00 2 00, 2¢ 6,00 2 11.0 6.00 1 2 01.25
6. 30 2 03.5 6.30 3 00.0 6.30; 2 02,7¢ 6.30 | 2 11,0 6.30 2 01.0
7.00 2 08.0 7.00 3 04.0 7.00] 2 05.0 7.00 3 01.5 7.00 2 02.5
7.30 3 03.0 7.30 3 08.5 7.30 2 10.5 7.30 3 05.0 7.30 2 06,0
8.00 3 09,75 8. 00 4 03.0 8,00 3 05, 2° 8.00 3 10.0 2,00 2 09.75
8,30 4 05.0 8.30 4 09.0 &, 30 3 1.5 8.30 4 03.9 €30 3 03.75
9.00 ) 01.0 9,00 b 03.0 9,00 4 07.0 9.00 4 08.5 9.00 3 10. 33
9,30 5 07.5 9,30 5 03,0 9,30 5 04,0 9,30 5 02.5 9.30 4 06.5
10. 00 6 03.0 10. 00 6 00.75 10,00 | & 09, 0 10, 00 5 03,0 10. 00 5 02,33
10. 30 6 03.0 10. 30 6 03.7:] 10,30 6 03.5 10.30 6 01.0 10. 30 5 10.5
1L.00 | 6 11.0 11,00 6 03.0 11.00 6 09.0 11.00 6 05, 26 11.00 6 05. 5
11.30 7 01.0 11:30 | 6 03.5 130 7 01.0 11.30 6 07.5 11.30 6 11.33
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DETERMINATION OF THE HALF-TIDE LEVEL.

The half-tide level,* which undergoes smaller fluctuations than either the mean high-water or
mean low-water level, and to which all heights should be referred, was determined by the follow-
ing method, in use at the United States Coast Survey Office : :

We first tabulated all the heights of the high vwater and low water in order of their occurrence
and placed them in the third eolumn of the appended table. Then the mean reading of two sue-
cessive high waters was placed in the fourth column, opposite the intermediate low water, and the
mean readmg of two successive low waters was placed .opposite the intermediate high water in
the sixth column. The mean between two successive readings in the fourth and sixth columuns,
respectively, was then again taken and placed in the fifth and the seventh columns, respectively,
opposite the intermediate high water or low water. In this manner two mean values weie ob-
tained on each horizontal line, the mean of which constitute one half-tide level in column eight., Ry
this process the diurnal and semi-diarnal inequality are nearly eliminated, and the sectional area ot
water above the balf-tide level at high water will, on the ayerage, correspond to an equal sectional
area of water below the half:tide level at low water.

- Aninquiry into the reading of the half-tide level is especially important for the determination of
the effect of both wind and atmospheric pressure, and also for the study of the effect of changes in
the moon’s and sun’s declipation, as may be seen from some of the following paragraphs. Ifur.
thermore, the zero-point of the scale of the tide-gauge may undergo changes, in which case the halt-
tide level readings will furnish a certain test on this point. The table made out in the manner
above stated runs as follows:

Table showing the determination of the half-tide level for the whole series of observations, from Novem-
A _ber, 1871, to June, 1872,

% e | n ( E
‘ . =1 el . =] , 4 5.—-<
Date. 2 = Mecans, Means. RO Date. & ] Means. Means. ] MO
2| 8 =3 8 g =8
[ ] = ~ 0 =

1871. Ieet, | Feet. | Feet. } Feel. | Fcel, | Feet. 1871, Feet..| Icet. | Ifect. | Feel.| Feet. | Feet.
Nov., 6| M. | 479 oo leoeiideeos loeeaieeen. Nov. 15| H. | 5.83 |...... 6.24 1 0.75|...... 3.49
61 Lo [ 275475 [ieeeeilienaai] ceaaifrannn. 15 Lo [0.33]260 |.ccacitinnn- 0,81 | 3.51

61 H. |4.71...... 4,472,690 1...... 3.58 15 H. | 6.58 |...... 6.16 | 0.87 {...... 3.52

70 L. | 2631419 0i..... 2,61 | 3.40 15| Lo | 1,42 6,12 | cenenfennn-s 0,98 ! 3,55

7] H, |3.67] ... 4,20 | 2,52 | ... 3.36 161 H. |5.67 [...... 6.17 | 1.08 ... ... 3. 62

71 L. {2420 4.20 [ceeooifean--. 2.39 | 3.30 167 Lo 0.7 | 6.21 |ocuces]ienen: 1.31 | 3,76

71 Ho [4.757..-n.. 4.37 12.25 | .... | 3.31 167 Ho | 6,75 |.eeee. 6.20 ) 1.54 |.__... 3. 57

81 L. | 208|454 ..|o.o.o. 2,47 3.40 16 L | 233 ]6.19 |.cumi]iana- 1.68 | 3.94

8] H, |4.33]..-.. 4,59 12,29 [...... 3.44 17§ H. | 5,63 |...... 6,04 | 1.83 ..., 3.94

81 L. | 2501464 oot o0 2.24 | 3.44 170 L. [ 1,33 5,90 [ccacecfiann-- 1.89 [ 3.89

8 H. |4.96|..-... 4,85 2,19 |..... o 3,52 17| H. | 6.17 |...... 532 | 1.95 |...... 3.84

91 L, -] 1.88.15.06 |- ccooafeamc. 2.03 | 3.55 17| L. | 2.58 | 5.54 Jocauei]innnns 2,12 ) 3.83

91 H. {517 {..4...1 5,18 1.88 | ..... 3.53 18] H. [4.92...... 5,48 1 .29 |...... 3, 88

9| L. [1.8815.29 |euaci]eannn. 1.66 | 3.43 18| L. | 2,00 5,42 .o e 2,36 | 3.80

9 H, {542 |...... 5,31 | 1.44 |.... .| 3.38 1 H. {592]..... 5,331 %44 |.aann. 3,89

10| L, |1,00]5.33}cccc]iann.. 1.30 | 3.32 181 L. [ 2.8815,25 |-cicculiannns 2.57 | 3.91

10 H |52 ...... 5,36 | 1,16 |..-.. 3. 26 19 H. 4,58 |...... 519 271 |...... 3,95

10| L. | 1.33]5.36 | cacnefiaran- 1.06 | 3.21 ) 19| L. [ 264|512 cccuiiionnn-. 2.78 | 3,95

10| H. |5.48 |...... 15.47 10,95 {...... 3.21 19| H. |5.67]...... 514 | 2,85 {...... 3.99

11| L. | 0.58]5.57 |iaveasfoeeaa! 121 13,39 200 L. 18,17 5,15 )eeeean]oaan-o] 2,81 3.99

11| H. | 5.67 |..-... 5,64 | 1.47 |...... 3.56 % H. | 4.634...... | 5,02 283 ..... 3.93

11| L. | 237570 | eaeac]eanenn 1.83 | 8.52 20 L. {2,501 4.00 | cuaee]iennnn 2.64 | 3,77

1| H, {5.75 [..e... 588 | 1.18 |......] 8.53 20 H, {517 {1eeneefencnn. DY I N D

12{ L. {0.00]6.05 |-ccuu]eann-. 0.87 | 3.46 21 L 238 feeeaibieiiantan B IR I
121 H. | 6.35 |...... 6.18 ] 0.56 J...-.. 3.37 || Dee. 3 M. 1520 | aoiifeanai s RS N SO

12 L. | 1L1316.32 fccajeann-. 0.63 | 3.47 31 L 2921875 | cnceiliacalinaii]ienen.

13 H. |6.20}..._. 6.46 | 0.69 |...... 3.57 30 H. [ 6.21]...... 5.84 | 3.44 ..., 4.64

13 Lo [0.25{6.60 {ccuaecefomn-n. 0.74 | 3.67 31 L. 139694 ... ..... 3,66 | 4.80

B 13 H, |6.92]..-... 6.59 10,79 |..o... 3,69 41 H. | 5.67 |-uen- 6.12 | 3,87 |...... 4.99
13 L. | 133 6.58 |eacecelann.. 0.79 | 3.69 40 Lo [3.7976.29 |..oaefnnn 4.03 | 5,17

14| H |6.25]..... 6,53 |0.79 |...... 3. 66 4| H. [ 6.92|.----. 6.33 1 4.23 |...... 5. 30

14 L. 10,95 6.48 |caueni]ean.-. 0.75 | 3.61 4 L. | 4.67]6.46 ... 4,36 | 5,41

14 H. | 671 ..-.. ] 6.87 1071 |...... 3.54 51 M. | €00 ... 6.42 ) 4.50 |,..... 5, 46

14| Lo | 117 6.27 [eaneaclinnnnn 0.731.3.50 51 Lo [ 4.3316.38 |.eaeecliaa.., 4,34 | 5.36

" *The half-tide level being derived from the means of moan values is usaally and properly enouglh called the mean
level, but as this latter term is also used otherwise, we prefer the term half-tide level to avoid any misconception ot
the term mean level. In the following discussions it will always be reforred to as the half-tide level, wlnlo the mean of
two or more levels will be called the mean level sunply



TIDAL OBSERVATIONS,

Table showing the determination bf the Lalf-tide level, £c.—Continued.

Date. § E Means. Means. | % Date. .| § -—g Means. Means., | &, %
CEA @ 'E —_
B & iz A | & =
1€71. Leet. | Feet, | Feet.| Feet. | Teet. | Feet. 1871. *| Feet, | Feet,| Feet.| Feet.| Feet. | Feel.:
Dee. 5 H, | 6.77 {.eeaen. 6.51 14,18 {...... 5.35 || Dee. 23 H. {7.00]..... A 7030877 e 5,40
61 L. [4.046.63|......0......| 4.06 | 5.35 24 1 L. 13.42 1 7.21 |ooceiifinnaans 3.72 | 5.46
6 H. | 550|...... 6,19 { 3.93 [...... 5, 06 24 H. | 7.42 .. ... 718 ] 3.67 |......| b. 42
6| L. 3831570 |egenci]oennn. 3.71 | 4.73 24 L. 39 715 et e, 3.68 1 5,37
6] H. | 6.00]|......0 5,75 | 3.48 | ...... 4.61 2| H. | 6.8 ... ] 7.221 3,80 {...... 5,38
7 L. A3 15,75 {eaeeniiaan. ) 3044 | 4059 25 L. 3,031 7.29 | il |eennns 3.46 |. 5. 37
71 H. |55801...... 5,811 3.40 |...... 4,60 250 H. | 7.71|..... 1 7.38 1 3,41 |...... 5,39
7 L. 3.67 | 5.87 |ecenai]inenn. 3.34 1 4.60 25 7 1. .75 [ 7.46 |camiifeaann. 3.39 | 5.43
. 70 H 1 6.25 ..., 6,00 ] 3.27 {..... | 4.67 26 H, 17.21 |...... 17,45 3.37 |..--.. 5.41
81 L. | 2,88 6.20 |.cumei]enann 3.27 | 4.76 261 L. | 3.00 ) 7.44 |l 3.37 | 5.41
8 H. 5,25 f.o.-. 6.43 | 3.27 |...... | 4.85 96 H., | 7.67 |...... 7.43 | 3.37 |...... 5. 40
8| L. | 3.67]6.60 |......|cen-- 3.15 | 4.¢8 06 | L. {375 7.42 |t |cuann. 3.36 1 5.39
8 H, |69 ...... 6.90 | 3.02 |...... 4, 96 7l H. | 717 |... ... 7.41 1 3.35 |.....:| 5.38
9 L. 2381 719 |eent| <ne-e. 3.04 | 5. 11 27 L. | 2.96)7.40 |..coci|ennn.. 3.31 5.3
9 H, | 7.42...... 7.32 1 3.06 |...-.. 5. 19 27| H. | 7.63|...... 7.31 5 3.27 |...... 5.29
9! Lo |3,76] 7.46 ... |.ocen 3.14 | 5.30 97l L. 1358723 cei]iannn, 3.19 | 5.21
9] H. {7.50|......] 7.60 | 3,21 |...... 5.41 281 H, | 6.831...... 7.26 | 3,10 {._...: 5.18
10 L. 2671775 vt oeian 3221 | 5.48 23 L. 2,63 7.29 |ceaoiilnnn. 3.12 | 5.20
10 H, |800]...... 7.79 0 3.20 ..., 5. 50 25 H, | 7.75 |..... 7.27 1 313 |- 5,20
10 L. 3.7 | 7.83 |eeeei]iaenns 3.12 | 5,48 23 Lo 13.6317.25 |....00 ..o, 3.1t | 5. 18
10 H. | 7.67 |...... 7.97 1 3,04 ... 5,55 29| H. | 6.75]...-.. 7.261 3.08 |...... 5.17
i1 L. 2.33 810 |ooacilaon.s. 3.01 | 5.56 29 L. 204 | 7.27 | ceeii|onena, 3.11 | 5.19
11| H. [ 854 |...... 8,21 | 2,98 |...... 6,69 99 | H, | 7.79 |...... 7.28 8.14 |...... 5.21
11 L. 3,631 8.3 ... ]oal. 2,95 | 5.63 @Y L. 3.7 | 7.29 1 ......]|.. e 3.1 5,25
12! H. 1 808 |...... 8,39 | .62 1...... 5.65 300 H, | 679 ..... 7.24 | 3,97 |...... 5.25
12 L. [ 2,21 8,46 {.oo..f.o.o.. 2,92 | 5,69 30| L. [279 718 ... L. 3.23 | 5.20
127 H. {885 |...... 8,48 | 2,92 (... 5,70 30| H. [7.58...... 7.14 | 318 |...... 5.16
12 L. 3,63 849 ... ..., 2.9y | 5.74 30 L, | 3,58 710 {..... I PO 3.21 | 5.15
13 H, [ &13...... 857 | 3.06 |...... 5.82 31 H. {6.063 |..... 707 3,23 | ... 5,15
13| Lo 1280|865 |oeoaaileann. 3.07 |5.86 A1 L | 2881 7.04 |eeeoi|oooo.. 3.23 | H.14
13 H., [9.17 |...... 8,74 1 3,08 [...... 5. U1 31 H. | 7.46 |..... 1 7.01 ] 3,23 ...... 5. 12
. 13 L. 3.67 | 883 |aeeeni]iannn. 3.04 | 5,94 31 L. (3.88 698 ..ot innn-. 3.29 1 5.13
14| H. | 850 |...... 8.72 | 3.00 |...... 5. 86 1872, .
14 [ Lo 12331860 [eeaeaifeaann. 2,94 | 5,77 || Jau. 1| H. | 6.50 |.n---. 6.95|3.35 | ...... 5.15
14 H, | 871 {cau--. 8.43 1 2,87 |...._. 5. 65 1 L. 3131 6.91 Jeceruilianan 3.40 [ 5. 15
14 1 L. | 3.42 | 8,25 |ceneeifvannns .96 | 5,60 1M [ 7.33]...... .80 | 3.44 [...... 5,20
15 H., | 7.79 |..-.... 8,281 3.04 |...... 5. G6 1 L. 3.75 | 6.87 |..... P T 3.556 | 5.21
150 Lo | 2,67 | 831 |caeaefeena-- 3.08 16,70 Q1 H. | 6.42]...... 6.8213.66 |...... 5.2
15 H, 1883 ]...... 8,10 | 3.12 |...... 5,61 2 L. .68 16,77 |.eene |aunnn. 3.70 1 5.23
16 | L. [3.5817.80 |......i... .| .04 | 5.47 Q1 M. 718 ..., 6.72 1 3.73 |...... 5.23
16 H. 0.96 |.cnn.s 7.80 | 2,95 |...... 5.e3 ] L. 3.88 | 6.67 |.... PRl R 3. 80 | 5,24
16 L. (2331710 (..., 2.7 1 4.492 3] H. {6.922 ..., 6.58 | 3.88 ...... Ho23
16 H, {7,950 {.caae. 6,03 | 2,02 [..unn. 4. 63 S la 13831649 ). ... ... 3.82 | h.16
16 L. 27L16.66 | foeanns 2.50 | 4.53 3 H. 1 6.77 {...... 6.47 1 3.76 |...... 5. 11
17| H. | 5,88 ...... 6,39 2,49 |...... 4, 44 S| L 3064|645 |eeinii|iannn, 3.87 | 5,16
17 1. 2,17 1 6.2 ..o )aan.. 2.562 | 4.30 4 H.oL6.1310...... 6.44 1 3,07 {...... 5.21
17 W 685 1...... .11 ) 2.54 |...... 4,33 40 L 431|644 eaeni]inann. 3,981 5.%1
17 L. 12921600 ... ..0..c... 2.75 | 4.38 4 ., | 6.75 | ..aua. 6.44 1 3,99 ... 5.21
18| H. {5.46 |..... L1601 12,96 |...... 4.48 O Lo 138,67 | 644 |..o.).a... 3,90 | 6,20
13 L. 3.00 | 6,02 |seenai]iannn. 3.10 | 4.56 5 H, | 6.13...... G.37 | 3.94 |..... 5. 16
187 H. | 6.58 |..... L 609 3,95 ... 4,67 50 Lo [ 4201638 |..oo..foaan. 3.87 | 5,49
19 L. 3,601 6.16 | ..o fooann 3.01 | 4.84 H H. j 6.50 |...... 6.36 | 3.80 {...... 5. 08
191 H, | 6,75 [..oo. | 6,27 3,77 |...... 5,02 6] L. 13.39]640 | cooifeaannt 3.82 | 6.1t
19 L. 4,04 [.6.37 |.aeoni|iannnn 3.86 | 5,12 [§ M. 6.3L].-.... 6.45 | 3.84 | «.... 5. 14
194 H. | 7.00 |...... 6.44 | 3.96 |...... 5,20 6] L. | 421649 . c.ufoao... 3.73 | 5. 11
20 L. 13.68]6.580 |.cvucifeaunn. 4,03 | 5,26 6 H, 16,67 |...... 6,07 | 3.63 |...... 5. 10
20 H., {1 6.00|...... 6.43 |1 4.10 {...... 5. 206 7 L. .97 16,69 {.oconifeeann. 3.55 | 5,10
20 L. | 4.33]6.35 |ccacncloanan 4,13 | b.24 7 H., | 6,63 [..... G.66 | 3.46 |...... 5. U6
€01 H. | 6.71 {.aean. 6.42 1 4.16 |...... 5. 29 7 L. 3,96 6.03 ). eaeciloaan. 3.40 | 5. 04
21 L. | 400648 |.onvi]iunnn. 4.15 | 5.2 71 H. 16,93 1...... 6.93 | 3.34 |...... 5. 14
21 ., | 625 ...... 6.46 | 4.14 t...._. 5.30 8 L. I3 V719 1oL, 3.32 | 5,26
91 L. [ 4.2916.44 |.eooaitianans 4,00 | 5,92 81 H. | 7.65 |.cuu-. 7.29 13,30 | ..... 5,30
2ty IL | 6.63 |..non.. 6.53 | 3.85 |...... 5.19 81 L. 3.8 1739 ... ..., 3.24 | 5.31
92 0 Lo | 3,42 | 663 |eaenaifinn-nn 3.80 | 5.2L IR & P I - 38 P 7.75 | 317 |...... 5. 46
21 M, | 6.63]...... 6.623.75 ) ...... 5,18 9! L. {2.461810]......0 ... 3,12 | 5.6
22 L. 4,08 ] 6,60 |..cooifienna. 3.74 | 5,17 9 H, | 9,08 |...... 8.21 13,06 |..... 6. 64;
221 M. [ 6,58 |...... 6.623.793 (...... 5.18 O L. | 3671832 ... ... 3,07 [ 5.0
Q| L. 13.386.064 |.cailianans 3.74 | 5.19 10 H., | 7.56...... 8,19 | 3,07 1...... 5. 63
231 M. | 6,71 |...... 6,75 | .75 {aaanan 5,25 10 L. 247 1806 ......]...... 3,02 [ 5.54
23 L. 4,13 ] 6.85 Jececci]innnes 3.76 | 5.31 10 H. | 8.56!...... 8.10 | 2,96 | ...... 5.563




HYDROGRAPHY.

.. Table showing the determination of the half-tide level, &ie.—Continued,

Date.. |- & = Means, Means. . g :;,;‘ Date. g 5 Meaus. Means.
U 8 — Q
A& tm A | &

1872. "Teet. | Feet, | Feet.| Feet. | Feet. | Feet. 1872, Feet. | Icet. | Feet- | Feet. | Feet,
10 | L. 3.46 [ 813 foaefoano.. 2,881 56.61 || Jan, 28| L 2,67 | 7.16 (veeeuifeann.. 2.50
11 H., | 7.71 |...... 8191279 |...... 5.49 29 H 6.90 I...... 7.30 | 2,62 |......
1t | L. .13 1824 |.. ...} 2.68 | 5.46 3 291 L 2.68 | 7.45 |.ecuaifennnn. 2.76
11 H, {877 |......|8.23 | 2.56 |...... 5. 40 29| H. | 800 [...... 7.54 | 2.89 {......
11 L. 3.00 8.2 |............ 2.51 | 5.36 29| L. | 3.21 1 7.62 |.oooieaean. 3.06
120 H, | 7.67|...... 8.156 | 2,46 ..... 5. 30 30 H., [ 7,25 )...... 7.60 | 3.21.] .....
12 Lo | L92|808 [eeeean|eounn. 2.42 | 5.25 30 |- L. 3.21 1 7,58 |eeeon| oo, 3.24
121 H, [850}......]7.96 | 2.38 |...... 5.17 07 H, | 7.92...... 7.61 | 3.7 |....
12 L. 2.8 | 7.83 ... ..., 2.36 | 5.10 30 L. B33 744 |eemvei]eannn. 3.30
13 H (717 |...... 7.80 | 2,34 [...... 5,07 31 H, {6.96)...... 7.20 | 3.33 |......
131 L. L8311 7.77 |oeeei)ane. 2,31 ) 5.04 31 L. 3.337.06 J.ooea|nann, 3.27
13 H, | 838...... 7.84 12,29 |...... 5. 06 31 H., | 7.17 |...... 6.9313.211......
13| L. 275 | 7.90 | onoifieaant 2.38 | 5.14 31 L. 3101679 |ewoeoifannn. 3.21
14 H. [ 7.42{...... 7.85 | 2.48 [...... 5.16 | Feb. 1 H., {6.42...... 6.67 | 3.20 |......
14 L. 221 | 779 | eeeaifiennn. 2.54 | 5.17 1 L. 3.31 | 6.64 |.caoaiiaann. 3.18
14 H, 817 |...... 7.69 | 2.60 |...... 5.15 1 H. | 6.67 |..--.. 6.61 | 3.15 |......
14 L. 3.00 | 7.58 jevenci]iceu.. 2.71 | 5.15 1 L. ¥3,00 | 6.48 [ fooaan, 3.7
15| H. |7.00 |...... 7.47 | 2.821...... 5.15 91 H. [*6.30 {...... 6.4513.39 |......
15 L. 2,65 7.36 | f...... 2.80 | 5,08 21 Y. (*3.7916.42 |... ... ..., 3. 406
15 H, | 7.73|...... 7.22 1 278 |...... 5.00 2 H. | 6.64 |...... 6.43 | 3.652 1......
15| L. 2,021 7.07 |caenifaaao-. 2.8314.9% 3 L. 3.2516.43 |eenani]| cann. 3.71
16| H., |6.42 |...... 6.85 | 2,87 |...... 4. 86 3 H. [6.33 {.....- 46,43 ( 3.90 {.....7
16 | L. 2.8316.62 |ceeeci]iaen-. 2.87 | 4.75 3 L. 4.55 1 6.42 [.oooi]iaann. 4.00
16 H. 16.83)...... 6,48 | 2.8%...... 4,67 31 H. | 6.52]...... 6.45 | 4,10 | .....
16 L. 2.9216.33 ] ccueifiean-. 3.00 | 4.66 4 L. 3.65 | 6.47 |oecuei]ienen. 4,13
171 H. [ 5.8 |....-. 6.17 | 3.12 |...... 4,65 41 H. [ 6.4 ]...... 6.46 | 4.16 |......
17 L. 3.35 | 6.02 {..oenifiaoan. 3.12 | 4.57 4 L. 4,67 ] 6.46 |.ooni]iaana. 4,08
17 H. | 6.2l ...... 5.87 | 3.11 §...... 4. 49 4 H. | 6,50 [...... 6.48 { 4,00 |......
18| L. | 2.8 5,73 |ceveeitiaana. 3.13 | 4.43 D] L. 3331650 ... caann 3.91
18 H., [ 5.2 [...-.. 5.56'] .15 {...-.. 4.35 5 H, | 6.50 |...... 6.46 | 3.82 |......
181 L. §13.42 15,36 |caecer|eannn. 3.15 | 4.26 5| L. 4,31 | 6.41 |cecei]iannns 3.72
18] H. |5.48...... 5,201 3.15)...... 4,22 5] H., 1633}......16,83|3.63}......
19 L. 2.8 5,22 |...oo.].cnan. 3.23 | 4.23 6| L. [2.96]06.64 [ceenefivunn. 3. 46
19 H., 4.9 ] ... 5.21 1 3.31 ]...... 4,926 6 H. 696 |..-... 6,64 |'3.31 |......
19 L. (375521 | cceifenaaa. 3.40 | 4. 30 6| L. | 3.676.63 [ceccar]ccenn. 3.19
19 H, | 5,46 |...... 5.41 | 3.48 |...... 4.44 G H. | 6.31 |...... 6.97 | 3.06 |......
2] L. §8.20]5.60 {.eeef.on... 3.57 | 4.5Y 77 L. [ 2.46]6.90 |..cociiona.. 2.97
20 H, [58,75]...... 5.67 | 3.67 |...... 4,67 7 H. | 7.50 |...... 7.08 | 2,87 {......
20 L. 413 | 5.73 {eeeu|caa ol 3.73 | 4.73 7 L. 3.20 | 7.95 Jecmafeanannn 2.84
21 H. [571|...... 5871379 ...... 4,83 7 H. [|7.00 |...... 7.32 12,80 |.....
21 L. 3.45 1 6,02 | oo )aen .. 3.79 | 4.90 ] L. 2,30 7.89 |aeeen oeuoes 2.68
201 H. | 6.33{...... 6.12 [ 3.79 .. ....| 4.96 B Ho | 7.79 |cvaun. 7.48 | .66 |......
21 L. 4,13 6,23 [eeceuitecann. 3.81 | 5.02 8 L. 281 { T.B7 [vevmge]reenes 2. 56

211 H, 16,13 {...... 6.46 | 3.84 [...... 5,15 9| H. |7.3 |...... 7. 77 2,06 [......
221 L. 3,56 1.6.70 Jeeuesl) e 3.93 ] 5.31 9 L. 2.3 ] 7,96 Jeaaofooae, 2.48
2V M. 1 7.9270...... 6.82(4.02 | .... }5.42 9 H. | 858 |..-... 7.80 { 2,40 |......
P L. 4,50 [ 6,93 |vacaci|eennn. 3.98 | 5,46 9 L. 2,60 | 814 1......]..... 2.33
22 H. | 6.60{...... 7.0513.94|..._. 5.49 100 H, | 7.7 {...... 81929 | .....
23| L. 13.38]7.16|.ccecifiaann. 3.80 | 5,48 W | L. |2.00] 823 |caeaes|inennn 2.31
23 H. {*7.73 |...... 7.18 1 3.67 |...... 5. 42 10 H. .| 875 |...... 8,22 12,36 [......
Q31 L. 13961720 | ..o, 3.65 | .32 10| Lo 273821 [eenai|ianann 2.32
24 H. | 6.67 |...... 7.29 | 3.63 |...-.. 5. 46 11 H. | 7.67 §...... 8.1512.28 |......
24 | L. 18329 7.88 e foenan. 3.70 ] 5.54 11 L. | 1.83 18,08 [eencea]encnn. R.22 | 5,
24 H. 810 ...... 7.59 | 3.77 |...... 5. 68 i1 H, | 850 ]..2...]1808]2.16...... 5. 18
4| L. | 4.25 1 7.80 {..c..fenenn. 3.85 | 5.83 11 L, [ 2560|807 [veeaue|iaune:] 2,23
5 H., [ 750 |...... 7.8813.94¢...... 5. 91 12 H, | 7.656 ...... 7.97 12,29 |._....
1 L. [3.63[7.96 |-cee-feeann. 3.83 | 5.92 12| L. {208]7.86 [caaeeefennns. 2.25
2] H., | 8.421...... 7.95 | 3.81 |...... 5. 88 12 H., | 808 }...... 7.73 12,20 |......
25 L. 4,00 | 7.94 ... ... 3.66 { 5.80 12 L. 2,833 7.60 {eeeceifennna. 2,23
%6 | M. |7.46 |...... 7.8 | 3.51 |...... 5. 68 13 M, 713 ..., 7.46 ) 2,25 |......
61 L. | 3,02 777 Jeeeee|ianon. 3.39 | 5,568 13| L. [ 2.17 ) 7.31 |eaeee]ooan. 2.31
26 | M. | 8.08(...0.01 7.64]8.28|...... 5.43 13 M. | 7.50 |...... 7.17 | 2,36 |......
26 L. 3.64 { 7.2 |oeeecifunnan. 3.09 1 5,31 13 L. | 2566 7.02 1 ..c...j...... 2. 44
7 H. [6.96 |...... 7.41 1 2.91 {...... 5. 16 14 H. {6.54 |...... 6,86 2.51 {......
27 1 L. | 2.28]7.29 |eeeecifeann-. .73 | 5,01 14| L. | 2.46 | 6.70 foooolleaaa.. 2.52
27 H. 17.63}...... 7.23 ] 2.85 |.. ... 4.89 14 H. {6.88|...... 6.61 253 |......
4 L. [ 283716 |.cccci)ieaans 2.50 | 4.83 14| Lo {261 ]6.90 jeevene]icnan. .75
28 H. | 6.69|...... 7.11 1 2.45 |...-.. 4.78 15| H. | 6.13 |...... 6.49 | 2.96 |......
1 L. [ 2.08(7.05 |coeuecfnaann 2,41 ) 4.73 15 L. | 3.31]6.48 |eeenureaan.. 3.13
23 H., | 7.42 |...... 7.11 | 2.37 |...... 4.74 15 M. | 6.83]..c... 6.42 | 3.31 |......

* Interpolated.

Half-tide




TIDAL OBSERVATIONS,

Table showing the determination of the half-tide level, d:c.—Continued.

wo
w .

t . 3 t < .

$ | 5 oans. | ©3 g | .8 25

Date. 7 g . Means. Means. & E Date. 2 B Means. Means., o g

. @ & — &~

I - = A & =

1872, Feet, | Fect. | Feet. | Tect. | Feet. | Feet. 1872, Feet. | Fect.| Feet. | Feet. | Feet
eb. 15} L. |3.3116.36}...... Y P 4,83 | Mar., 10| H. }6.27 |...... 6.64 | 0.58 |......
16 ] H. | 5.801...... 6.12 | 3.54 |...... 4.83 10 | I. [0.08 678 ceeeiina... 0.65
16| L. 1377 15,88 |eeeveilnnnn. 3.58 | 4.73 10 M. |7.30 |...... 6.84 1073 |......
16 H. | 5.8 |...... 5.84 [13.61 {..._.. 4,73 10 L. 1.38 [ 6,90 |..... Y PP 1.04
16 Lo 3,46 15,79 [oeomei]eeann. 3.85 | 4.82 11 H, {6.50|...... 6.82 | 1.35 |......
17 H, | 571 ...... 595 4.09 |...... 5,02 11 L. 1.33 | 6.75 |ececefoacn.. 1.35
17 L. 1472 |1 6.10 |eooeii]ianan 4,44 | 5.27 11| H. {7.00._._.. 6.87 1.3 |......
17} H. | 6.50|...... 6.30.{ 4.80 |...... 5. 50 11| Lo [ L3816.99 ) .ucoufeann.. 1.42
181 L. 4,88 1 6.50 |.coeei]ecann. 4,96 | 5,73 12| H., {6.98 | ..... 7.03 | 1.48 |......
131 H. | 6,50 {...... 6.41 | 5.13 |......] B.77 12| L. LOB [ 7.07 {eevanionnnn. 1,57
18 L. 5.38 /6.3l jieeeni)inenn. 5,01 | 5.66 12 H. |[7.17 |...... 6.96 | 1,66 |......
18 H, {613 |...... 6.25 1.4.90 |...... 5.57 12 L. 1.75 1 6,85 [cemmus|ineaen. 1.77
19 L. [ 4.42 6,19 {eaneei]nnan. 4,66 | 5,43 131 H. |6.54(...... 6.76 | 1.87 |.cun..
19 H, 1625 |...... 26,11 | 4.43 |...... 5,27 13 L. 2,00 | 6.66 |.cemeafiacnn. 1.86
19 L. |4.44 | 6.04 |eenee|eannn. 4,27 | 5.15 . 13 H.-[6.79 |...... 6.54 11,85 f......
191 H. | 5.8 |...... 6.23 | 4.11}......] 5.17 13 - L. L7L 16,41 |eeecai]innnns 1.86
01 L. 13.796.41 {......leoon.. 4.11 | 5.6 14| H. [6.04 |...... 6.22 | 1.87 | .....
20 H, [7.00|...... 6.52 | 4.10 |..-... 5.31 14| L. 2,04 16,02 |cecnei]inunn. 1.95
200 L. | 4,42 16,62 | ..coi]ieann. 4.03 | 5.33 4] H. {6.00|...... 5.93 1202 ......
0% H. [ 6.25 |...... 6.52 [ 3.96|.---.. 5,24 14| L. {200 ]5.83 {ccaece|imaun. 2.18
21 L. | 3.50 | 6.4 .. ....]caee. 3.67 | .04 15| H. | 5.67 |eu-... 5,42 | 2,33 |......
21 H, | 6.58 |......] 6,27 | 3.37 |..--.. 4,82 15 L. .67 | 5,01 |.covefiannn. 2. 49
21 L. |3.20 16,13 |ecece]iaun-e 3.10 | 4.62 15| H. | 4.35 |...... 4.97 [ 2,65 |......
21| H. | 5.69 {...... 6.16 | 2.83 |......| 4.4Y 15| L. [2.63 4,92 ]..ccci]eaan-. 2. 86
22| L. | 2,42 6,18 (.o ] <--ae 2.74 | 4.46 161 H. {5.60 |...... 5.17 | 3.06 {..u...
22 | H. | 6.67 |...... 6.30 | 2.65 |...... 4. 47 16 | L. |3.50 | 5,41 1..ccufiounn. 3.921
22 L. 2.8 [6.42 1.0 |.ccc.. 2.59 | 4.50 16| H. |5633|...... 5.34:13.354......
231 H. | 6,17 |...... 6.50 | .53 |..vn.. 4.51 16| L. 13,21 |5.27 [ceeeeiliann.. 3.42
23 L. 2,17 1 6.58 |.eacei| vnann- 2.48 | 4.53 17 H. [ 5.21|..... .| 5.09 | 3,48 |......
s} H, {7.00 |...... 6.62 | 2.44 |...... 4,53 17 L. 3.75 1 4.92 | ceeeni]ann. 3.50
231 L. | 271 | 666 |ieucui]iunnns 2,45 | 4.56 17 H. | 4.63 |...... 4,76 | 3.41 |......
21 H |633|...... 6.76 | 2.46 |...... 4,01 I8 L. | 3.08 74,60 j-cccoionnn. 3.38
2 | L. | 222 |6.8 |-ceeui]icean 3] 2.47 | 4.66 18| H., | 4.58 |......| 4.46 [ 3.35 |......
| H, [ 7.38|..-... 7.05 | 2.47 |...... 4.76 18| L. [3.63 4,31 .aece]iann.. 3.41
24 L. Q721 7.2 |eeveefianenn 2.61.| 4.93 13 H. |4.04|...... 4,40 | 3.47 |....-.
25 M. | 7.13 (..., 7.55 | 2,75 {...... 5.15 19 L. 3.31 | 4.50 |eeeeoi]ianan. 3.50
9] L. | 279 1 7.8 [eaeeai]iennns 2.92 | 5,39 191 H., {496 |...... 4,63|3.53 |......
25 H. | 858 |.c.-.. 7.96 1 3.08 |...... 5,52 19 1. 375 | 477 Jeemceilannn. 3.51
25| L. | 3.38 806 |.cancutienn.. 3.03 | 5.54 19| H. [4.58]...... 4,95 | 3,50 |......
2 | M, | 7.54 |...... 7.78 | 2.98 |.C... 5.38 2 | L. |3.25]512 .ccofieaan. 3. 44
| T | 2588|750 ......| ... 2.63 | 5.07 2 | H. |5.67]...... 5,22 3.37 {......
1 H, | 7.46 |...... 7.28 | 2.29 |...... 4.78 201 L. }3.60 1532 .....d...... 3.20
20 L. | 200 7.06 | ....f.co-.. 2,11 | 4.58 20 H. [ 4.97 |...... 5.2313.02 |......
27 H. 1667 [......] 6,99 {1,92]...... 4.46 21 L. [2.54 5,15 ]......0.. .. 2.71
27| L. | 1.85(6.92 .o iunan- 1.79 | 4.35 21 Ik 1 5.33 ... 5.19 [ 2.39 {.eunn.
2 | H. | 717 |...... 6.86 | 1.65 |..enue 4.9 -8l L. |22 5.2 |iceei]inans, 2,23
27 L. | 1,46 [ 6.79 | ceuuifienn-- 1.64 | 4.22 21 H. |5.13 |...... 5.27 12,06 |......
23 [ M. | 6.42 |...... 6.71.11.62 {...... 4,17 22| Lo (L8 |5.31 | ecuaiiiann.. 1. 95
98 | L | 179 [ 6.62 {eoeai]ieants 1.68 ] 4.15 22| H. [5.50 ..., 5.39 | 1,84 |coua..
23 H. 16.83 |...... G.68 1 1.73 i.nenns 4.15 22 L 1.8 [ 5.46 {.oeei]ianann. 1.73
28 1 L. 1.67 | 6.54 jeeueci] cane 1,831 4,19 23 I 5. 42 ...... 5.59 | 1.61 |......
291 H, |6.26]..._.. 6.30 ] 1.94 ]..-... 4.17 Q3 L 1 A2 15,73 {eceaciiaann. 1.54
Y| L. | 2.21 | 6.20 [aveaiiieanan 2,07 ! 4.16 23 1 H 6.04 |..oeae 5.8L | 1.46 |......
29 H, [ 6.25 [oocoilimnen, 2,21 .ecen. 4,923 23 L 1.50 [ 5,89 {.oeucileean.. 1.3y
20 | Lis | 221 |iaenes]|canenefcronne]ovoanifanomnan 24 .H 5,75 |eunnn 5,90 | 1,31 |......
Mar., 6| L. ["2.88 | ool acai]aceunfaacnn- 24 | L. | L13 6.0 {eoeaiyeeen.. 1.20
[ H., {608 |ccacifiaean. 3.14 |.oeaiitiiaaa, 241 H 6.27 |...... 6.05 | 1.09 |......
6 L. 3.40 | 5,066 }.aueei} weuas 2.92 1 4.90 24 L 1.06 1 6,09 |.ereca] caae. 0., 81
¢l H Is95]...... 5.73 | 2.70 |..en.. 4.21 95 | ML | 5.921...... 6.14 | 0.53 |.._._.
70 L. [2.00]5.79 |ceeeci] aeens 2,41 | 4.10 95 | L. {0.00]6.18 |..coouleae . 0.43
71 M. |633]...... 5.76 | 212 |..o... 3.94 95 H. [ 6.44 |...... 6.32 1°0.32 |._._.
7| Lo 1295|570 . o] oeee 1.98 | 3.84 25| T. | 0.65 | 6.47 |veuees]oonn.. 0. 61
7 H. {508 |...... 5.68 | 1.83 |..n-.. 3.76 26 H 6.50 |...... 6.58 10,89 |......
81 I. 1.42 | 5.66 [..cooifenne-s 1.65 | 3.4D 20017 L LI13 16,69 |eaeees]oennn. 0.91
81 H, [6.2 |...--. 500! 1,46 |...o..0 3.68 3! H 6.83 |...... 6.69 10,94 |......
8 L. [ 1.50 | 6.24 {oneeeu|iouen- 1.33 1 3.74 6] L. [0.75 [ 6.069 ..o |...... 0.92
9! H. 6,04 |...... 6,27 1 L2 j.aeen. 3.74 27 H 6.50 |...... G6.61 0.89) .....
9| L. [0.92]6.39......ticeua. 1.10 { 3.75 | L 1,04 1 6.54 | ..o |.oo... 0.86
9 H., | 6,75 |...--. 6.45 1 1.00 |.uaun. 3.72 1 H 6.58 |..cnn. 6.57 10,83 |......
91 L. 1.08 | 6.5 [..ac.. P 0.79 | 3.65 7| L 0.6316.60 |eovenilianns. 0.91
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HYDROGRAPHY.

- Table showing the determindation of ‘the half-tide level, de.—Continued.

& = g & g

Date... 2 D~ | © Means. Means, | o & Date. 3 = Means. Means. - | @& ©

s | g 52 S | 8 ' GRS
A& = ; Al A =

1872, Feet. | Feet, | Feet,| Uect. | Feet. | Feet. | 1872, Fect. | Feet.| Ieet.| Feet, | Feet, | Feet.
Mar. 28| H. |6.63 |...... 6.60 | 0.98 {.oceen 3.79 | Apr. 15 | L | 5.97 |...... 5.04 (3,02 {...... 4,03
e 23] L. [ L33(6.60 ). ....]cea.. 1.04 | 3.82 15 L. | 3381487 ..o ]oaeenn 3,02 | 3.95
98| H. [6.58 [...... 6.57 | 1.10 {..---. 3.84 15 H. | 4.47 |...... 4.72 1 3.02 |...... 3.87
281 L. | 0.8 | 6.54 [Loenniteann.. 1.20 | 3.87 15| L. | 2.67 1 4.58 |.conoifo.. 3.02 | 3.80
«9 ) M. | 6.50 |._._.. 6.52 | 1.30 |...... 3.91 16| H. | 4.69 f...... 4.46 1 3.01 ]...... 3.73
20| L. 1173 16,50 |icncesennn-- 1.38 | 3.94 160 T [3.30]4.34 . coueifeann.. 3.11 | 3.73
291 H. | 6.50 |..... 6.44 | 1.45 {....-. 3,94 16| M. | 4.00|...... 4,41 3,21 0. . ... 3.61
99 | L. | 1.1716.37 ..o 1.58 | 3.98 17 L. | 3.07 ] 4.48 |......]..... 3.20 | 3.84
30| H. |6.25 | ..... 6.17 | 1.71 |...... 3,94 17 M. | 4.96...... 4.51 | 3.19 |.._.. 2.85
300 L, 225596 |eaceafonnnn. 1.81 | 3.83 17| T {3311 4.54 [cee]eaana. 3.17 | 3.86
80 | H. | 5.67 j...... 5,791 LOL |...... 3.85 17 H. [4.13 ..., 4.5913.15 |...... 3, 87
307 L. |1.58|5.6210......0..... 2.02 | 3.82 13| L. |3.004.63......0...... 3,02 | 3.83
31| H. |5.58]...... 5,46 | 2,12 |._.... 3.79 18| H. | 5.13...... 4.66 | 2.89 |...... 3,78
31| Lo |2.67 5,20 .. ...0...... 2.25 | 3,77 18] L. [2.79]4.69 ...l 2.69 1 3.69
317 H. |5.00]...... 5.18 | 2,87 |...... 3.78 18| H. | 4.25 |.oo... 4,66 | 2.48 |...... 3.57
- 81 L. [208]5.07 |..ecnt]u..... 2.49 | 3,78 19 L. | 217 14.62 ) caii]een--. 2,20 ] 3,41
Apr. 1| H. |56.14]...... 4.95 | 2.60 |..---. 3.78 19| M. | 5.00]...... 4.66 | 1,93 .enana) s 3. 20
1) L. |3.13 |4.83 ... .|...... 2.70 | 3.76 19 L. 11,69 | 4.69 |.oooii|monn. 1.80 | 3.24
1| H. | 4.54|...... 4821279 | ..., 3, 81 19| M. | 4.33)..-... 4.80 [ 1,67 [e...-. 3.24
2 L. |2.46 4.8 0.....0...... 2.83 | 3.t2 90| L. | 1651492 . ccuuc]iamnn. 1.66 | 3.20
, 20 H. 1508 ]...... 4.79 | 2.87 |...... 3.83 20 H. |5.46]......0 5,18} 1.66%]....-. 3.42
2 L. [3.29 478 [eeeii]ienen. 2,93 | 3.8 201 L. | 1,67 |5.44 |.ooo.f.onen. 1.70 | 3.57
2 H, [4.45|...... 4,88 192,08 . ... 3.93 o | H. | 5.42)...... 5.63{ 1,75 |.oone- 3. 69
S0 L [ 2.67 (4,99 feeemaifeon... 2.94 | 3.96 201 L. [ 1.83 5.8 |ieecec]enacin 1.72 | 3.77
3| H. | 550 |...... 5.16 | 2.90 |..-... 4,03 cet H.Le.2t|...... 5961 1,69 ...... 3.83
3] L. [3.135.383 ...l 2.86 | 4.09 200 Lo ! L56]6.10 |veemesfecnn-n- 1.63 | 3.87
3| H. 1517 |...... 5.51 | 2.81 {...... 4,16 20 H. 16.00[...... 6.23 | 167 |...... 3.90
4 L. | 250 5,68 |.ceeoulinnn.. 2.64 | 4,16 922 L. [ 1.68]6.86 |oecuui|oenn-. 1.51 | 3.94
4 H. [6.19(...... 5.80 | 2,46 |...... 4,13 220 H. ] 6.73 |..o-.. 6.71 ) 1.45 |..._.. 4.08
40 L. (242593 [oeoiifeen.. 2.37 | 4.15 g | L. [ 1,83 7.05 foeeoidiean., 1.43 | 4.24
4| H. |5.67 | ..... 6.0312.27...... 4,15 23| H., 1 7.38|...... 6.99 | 1.40 |...... 4,19
51 L. [2.1316.121......]...... 217 1 4.15 931 L. {148 (6.9 l...ooiinao.. 1.23 | 4.07
5| H. [ 6.58|......]6.28]2,06]|...... 4.17 23| H. | 6.46 |...... 6.72 1,05 {...... 3.890
51 L. 200644 [.coooi]on..-. 1.96 | 4.26 930 L. | 0.63]6.52 |.ccan]oan... 0.96 | 3.74
51 H. 16.31|...... 6.56411.85 |.----. 4.20 241 H. | 6.68 |...... 6,54 0.86 [...... 3.70
61 L. | 171 16.64 |eeuaeifemnn-. 1.75 | 4.20 241 L. | 1,10 6.56 |.eevufiannn. 0.798 | 3.67
6| H. {6.97 [...... 6.76 { 1.65 [..---. 4.20 o4 H. [ 6.54{...... 6.66]0.69 |...... 3.67
6 L. | 160|687 |...coufo..... 1.63 | 4.9 24 | L | 0.29]6.75 |.coeni]eannan 0.71 | 3,73
71 H. |6.78 |...... 6.95| 1.61 |..---. 4,928 95| H. | 6,97 {...... 6.71 | 0.73 |...... 3.72

71 L. | 1.6317.03......1...... 1.54 | 4.29 951 L. | 117 | 6.67 Jearacafeenann 0,73 1 3.7
71 H., |7.29 |...... 7.07 ] 1.46 |..-... 4,26 251 H. | 6.38 |...... 6.57 10,74 1...... 3.65
T4 Lo {L2917.10 |......]...... 1.36 | 4.23 951 1o ] 0.31)6.46 |eeceaufonannn 0.75 | 3.61
81 H. 16,92 ...... 7.06 | 1.27 ... 4.17 95 ] M. | 6.54 ... 6.35]0.77 |...... 3.56
8| L. L2702 {.coe|annn. 1.19 | 4.10 96| L. | 1.2316.25 |.cucealinocn 0.77 | 3.51
8 Ho [7.13 |......[7.02 110 |...... 4,06 o6 H. 5,95 e, 6.18]0.78 {...... 3.48
8| L. [0.96 | 7.00 |.cuemu]eann-. 1.06 | 4.04 95 L. | 0.33}6.11 |eceeee]eaanan 0.84 | 3.47
9] H. 16.90|...... 6.94}1.02|...... 3.93 270 H. | 6,27 |.cn--. 6.04 10,39 ..., 3,47
9| L. | 1,08 [ 6,86 |.eouaniiuonn 1.03 | 3.95 97 | L. | 146§ 5,97 |caao|oneaan 1.05 | 3.51
9| H. [6.83|...... 6.88]|1.04( ..... 3.96 97 | H. | 5.67 l...... 5.95 | L.2L jeveen. 3.58
91 L. [1.00 {689 |.ceeoefonm-.. 1.14 | 4.02 970 L. 10,955,938 | oo o 1.15 | 3.54
10! H. | 6.96 j-cu... 6.86 ] 1.25 {.auu-. 4,06 98 1 - H, | 6,19 ..o-.. 5,84 | 1,08 |...... 3.46
10 L. ]1.50]6.83}......]...... 1.24 | 4.04 24| L. | 1.21|5.76 |ececce|onann- 1.23 | 3.49
10 H. [6.93§...... 6,76 { 1.23d....-. 400 |, 2| M. 1533 ...... 5.66 | 1.37 {...... 3.51
10| L. {0.96|6.67 [-coooi]ennn-. 1.926 | 3.97 231 du | 1.53 | 5.56 |eveces|iacens 1.74 | 3.65
11 H. | 6.64 |...... 6.58] 1,30 j...... 3.94 207 H. |579]......15.43 | 2,11 |..._.. 3,77
11] L. [1.65|6.48 [ccunufonnn.. 1.39 | 3.93 2 | Yo 12,691 5.8L [cesoui]ianinn 2,25 | 3,78
11| H. {6.33{...... 6.42 | 1.47 |..o... 3.95 9y | H. | 4.83 |...... 5.18 | 2.38 |...... 3.78
11| L. {1.29 [6.36 {-cecue|vmn-.. 1.58 | 3.97 99| L. | 2.03]5.05 |ceuaifonanns 2.27 | 3.66
121 H. | 6.40 |...... 6.27 | 1.70 |ocne-. 3.98 301 H. | 5.27 |....c. 4,96 | 2.16 |.5.... 3.56
12) L. 2111618 |..coo].o.-..] 181} 4.00 30| Lo | 225 486 cancufonnnnn 2,926 | 3.56
12| H. 15,96 |...... 6.10 | 1,93 | ..--. 4,01 30| M. .| 4.46 |-.--.- 4.85 [ 2.85 {unenn. 3. 60
12| Lo [1.75]6.02 focunai]eaan.n 2.05 | 4,03 || May 1! L. | 246 | 4.83 {.caoci|onannn 2.51 | 3.67
131 H. [6.08|..... 5.94 216 |..-... 4.03 1] H | 521 }ienan. 4.80 | 2.67 |...... 3.73
13| L. [2.58|5.86 .0 cccc]ecann. 2.32 | 4.09 1] L. | 2.8 477 |eeaee |eeeeat 2,70 | 3.7
13] H. 565 [.a---. 581|245 |..-... 4,04 10 H. | 4.33 }eeins 4.85 | 273 |...... 3.79
1B L. [ 288 5.75 |cceeileaenn 2,66 | 4.20. 21 L. [ 208402 (. (........ 2,64 3,78
141 H, | 5:85 [eues, 5,621 2.8 |..... 4,23 2 M. |5.52 ..., 5.10 | 2.56 |...... 3.83
141 L. 320550 |iececiloecnn. 2.91 | 4.20 21 L. 1254598 j.cieni]eannns 2.52 | 3.90
14| H. {5.15]...... R.35 1293 ...--. 4.17 2| H. [5.05)...... 5.40 | 2.48 {...... 3.94
ML | 267|520 feeaeeifucanns 3.00 | 4.10 3] Lo | 2421652 |oionefenann, 2.40.| 3.96
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TIDAL OBSERVATIONS,

Table showing the determination of the half-tide level, de.—Continued.

- 2. ~ & S

‘Date. g | Means, Means. | & & Date. 2 3 Means. Means. | o &

S § 32 S g =2

- N [} Jas| Ay [~ )
1872. Feet:| Feet. | Feet. | Feot. | Feet,| Feet. 1872. Feet,
May 3| H. [6.00]...... 5,71 | 2.32 |...... 4.01 | May 20| L. 0.92
31 L. 2.22 | 5.8 ..o f...an. 2.32 | 4.11 20| H. | 5.86
3 H. | 56781 ..... 6.00 | .83 |...... 4. 16 21 L. 1.75
41 L. 2,44 | 6,11 |......f ..... 2,93 1 4,17 21 H., | 6.19
4| H., [6.44 .. ... 6.16 | .13 |...... 4.15 21| L. 1,17
41 L. 1.83 16,22 ..cccifiann.. 2.01 | 4.12 Q! H. |7.04
4] H. {6.00|...... 6.23 1 1.89 |......| 4.06 Q| L. |2.19
51{ L. 1,96 | 6,23 |.eeveifuaunn. 1.77 | 4,00 22| H. | 6.63
51 H. {647 |...... 6.32 |1.64 |...... 3.98 22| L. 1.04
5 L. | 1.33 ] 6.41 |.ccoaoifinninn 1.61 | 4.01 QW | H. |7.3
51 H. {6.35]...... 6.41 | 1.538 |...... 3.99 231 L. 221
6| L. 1.83 | 6.41 |..cvni]onn.s .1 1.50 | 3.95 | H. |7.24
6| H |6.47 .. ... 6,48 |14l ... 3,95 23| L. |1.29
6 L. 100 | 6.55 | cvveloannnn 1.33 | 3.94 24 H. |7.92
71 H. |6.64-|...... 0.56 | 1.25 [...... 3.90 24 | L. 2.54
70 L. [ L50)6.56 . .....).ccn.. 1.24 | 3.90 24 H. |7.20
7] H. 6.48|...... 6.62 1 1.24 |...... 3.93 241 L. |1.46
71 L. 0.986.69 |eacoifennn.. 1.29 | 3.99 2 | H. | 7.98
8{( H. |6.90 .. 6,68 11.341...... 4.01 251 L. |2.65
8] Li {L71}16,67 |...o..l.ceo.. 1.38 | 4.02 25 H. | 7.06
8 H. |6.44|...... 6.70 | 1.42 |...... 4.006 2| L. | 1.60
8| L. 1,13} 6.74 |...... e..-.1 1.B1 | 4,12 26 H, |7.63
9 H., [7.04]...... 6,77 | 1.60 |...... 4.19 - 1 L. | 277
9| L. 2,081 6.8L }...oi]ieins 1.72 | 4,26 26| H. | 6.61
91 H. |6.58] ..... 6.84 | 1.84 |...... 4,34 2] L. [1.84
9 L. 1,60 | 6,86 |..ccus]ocenn. 1.94 | 4.40 71 H. |7.13
10 H. {7.15 |...... 6,83 (2,05 |...... 4,44 prd L. | 2.63
10| L. [ 250 | 6.80 | ..cc.| .--.. .17 | 4.49 7 H. | 5.86
10| H. | 6.46 |...... 6,77 1 2.30 |...... 4,53 7| L. | 1.9
10| L. [ 210|674 {.coeee]iaenn. 2,39 | 4.57 281 H. | 6.54
11 H. |7.02]...... 6.66 | 2.49 |...... 4,57 28 L. 2.69
11 L. [ 2881 6.087 |veeeelineans 2.55 | 4.56 28| H. | 5.21
11 H. |6.13]...... 6.51 | .61 |...... 4.56 28 | L. 2,156
11 L. | 2.35)6.44 |......]...... 2.61 | 4.53 9 | H. |6.02
121 H. {6.75 [...... 6.29 | 2.61 |...... 4,45 29 L. 2.75
12| L. [2.8 6183 |.cceei]innn.. 2,60 | 4.37 2 H. |4.81
12 H. 15,62 ..... 5.95 | 259 [...... 4,27 29| L. | 2567
12 L. 2.30 [ 5,76 |.ceneufineunn 2.43 | 4.09 30 H. | 5.79
13| H. [6.00|...... 5,69 | 2.26 |.aeu.. 3.98 30| L. | 268
13 L. 2,23 15,61 [ccaeoi} aaann 2.3313.97 30 H. | 5.06
13| H. | 56.234...... 5,47 | 2.40 |...... 3,94 31| L. {279
13 L. 2.58 1 5.83 |.eeai| coaat 2.64 | 3.99 31 H. | 6.06
14| H. |5.44(...... 5,19 | 2.87 {...... 4,03 31 L. |27
14 L. 3.17 [ 5,00 |cccuei|ieennn 2,96 | 4.01 31 H. | 5.06
14| H. | 4.67 |...... 4,93 13.05 ...... 3.99 [ June 1 L. (292
14 L. 2,94 [ 4,81 |......|aaen 3.07 | 3.94 1 H. | 6.83
15 H. [ 4.96|...... 4,67 1 3.08 |...... 3.87 1 L. | 2.4
15] L. (3,13 ] 4,82 |.cevcefinenns 3.06 | 3.7 1 H. | 592
15 H. [4.08 | ..... 4.53 13.04 {...... 3.79 24 L. | 2.92
15 I, 296454 |......]...... 2.99 | '3.76 2| H. |6.21
161 H. {5.00...... 4.67 | 2,94 1. ... 3.75 21 L. | 231
16} L. |2.92)4.60|......]...... 2,90 | 3.75 21 H. | 6.42
16 H. |4.21]...... 4.57 | 2.85 [..c... 3.71 31 L. | 288
17 | L. .79 1 4.54 |eeeneifianaa. 2,78 | 3.66 3| H. | 6.48
17 H., [4.88]...... 4,68 | 2,71 |...... 3. 69 3| L. |2.00
17 | L. | 2.63 4.8 ......0..-.... 2,64 | 3.73 3| H. {673
w17 H |47 |...... 4,88 | .57 |..-.. ;3,72 4| L. |7
18 L. 1262494 ... .0.ocnes 2,44 | 3.69 4 H. | 6.48
18| H. {56.13}...... 4.96 {2,830 | .....| 3.63 4 L. | 1.92
181 L. 2,08 4.98 ... )., 2.24 | 3.61 5| H. |7.15
18 H. |4.83]...... 5.00 | 2,18 |...... 3.59 51 L. 2,79
19| L. |2.20]5.03 [.co..ifiannn, 1.99 | 3.56 ‘5 H, | 6.54
19| H. | 5.8 |...... 5.09 | 1.79 |...... 3.44 5| L. | 202
19| L. 1,29 | 5,16 ..o eeaas 1.64 | 3.40 6| H, |7.33|.
19| H. {5.08]...... 5,20 1.49...... 3.34 6] L. | 292
20 L. 1,69 | 6,24 |......)...... 1.40 | 3,32 6 H. | 6.67
90 H. [5.40 |...... 65,43 {1.30 |...... 3.37 6! L. {208
6 H
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EFFECT OF CHANGES IN THE ATMOSPHERIC PRESSURE UPON THE HALF-TIDE LEVEL OF THE SEA.

Both theory and observation prove that the atmospheric pressure exercises a considerable
effect upon the half tide level of the sea. Supposing that, on & certain day, the atmospheric press-
ure be the same at Polaris Bay and at other localities, situated a certain distance north and south -
of this place, and let the pressure increase at Polaris Bay while it remains the same at the othrer
places, it is clear that the water in attempting to reach its equilibrium will flow off in the dlrectlon
where the pressure is least, thus causing the half-tide level at Polaris Bay to fall.

From the complex nature of cases of this kind it will be seen that the solution of such prob.
lems is rather difficult. In accordance with theory, observations made at different locali-
ties demonstrate that a rise of the barometer is followed by a fall of the tide-level and vice versa.*
The results obtained vary, however, very considerably as to the ratio between rise and fall. This
ratio was found to be for—

London, (Sir John Lubbock) ..... .. .ccii. it i e e 1: 7
leerpool (Sir John Lubbock) ......................................... 1:11
- Bristol, (Bunt) .... ... ... oL, e eereeeaieeeaeaa.a eeeer e 1:13.4
Fiume, (Stahlberger) ............ ... ..... ee e teeeeaceaaaanaaeaan ... 1:13.1
Port Leopold, (Sir J. C. Ro88)...voeivvier v venn cuse memevas e 1:13
Petropanlowsky, (3)....coceeenn oot S PR 1:13
Algiers, (Aimé) ...... ...... . e eeeiiceaneieaaeas Caeiaes 1:13.1
Port Foulke (Ch. A.Schott).. ..o iont. Vet e, 1: 409

From the above compilation it would appear that the ratio 1 13, which is nearly the same
as that between the specific gravities of sea-water and mercury, is about a normal one,

The result of our investigation depends entirely on the record of the barometer-readings as con.
tained in the ¢ Table for the reduction of tides, No. 1,” to be given hereafter. The half-tide levels
as deduced on the preceding pages were also transterred to that table to facilitate the reduction.
The -barometer-record given there is the mean of two readings: one taken about 1 hour before, .
the other 1 hour after, the epoch of high water or low water, We proceeded with the investigation
as follows: First, we ascertained the mean barometric pressure for the series from all the tabulated
readmgs, by summing up all the columus of barometric readings and finding the mean. The result
for each separate month is given in Table A.

TABLE A.
Sums and average values of barometer-readings for each month.

[ U by ©

3 -~

28 3 a5

4 o g4

= < [N

Mouth. g g”,d ” .Eﬂ ° g g

Gt et 42 &0 o

o g . = & ga

ggg | B SSE

% 2 <

Inches. Inches.
November, 1871...ccvevuenes -... 1603, 4856 . B3 30. 2544
December, 1871 . ... oo . .. 3327. 548 112 29.7102
January, 1872, ... eoiineinaann.. 3572, 376 120 29,7698
February, 1872 . .. oo vencano... 3227.516 108 29, 8844
March, 1872 ... ... ool cielaail, 2900..649 96 30,2151
April, 1872 . .ol 3473, 166 115 30, 2014
May, 1872 .o ct icveee v e 3603, 957 120 30, 0329
June, 1872 . .o aa 688, 592 23 20,9388

Sums. ........ eeencn e 22397. 292 747 20,9829
20in 0829 —— mean of all the readings.

* Compare Az Arapdly a Fiumei Obslben irta Stahlberger Emil. Budapest,1874. Kiadja a Kir. Magyar Termés-
zettudomdnyi Tdrsulat. (The Tides at the Road of Finme, by E. Stahlberger. Budapest, 1874, Royal Hungarian
Soclef.y of Nat, Sciences), containing the latest and mest careful investigation on this subject, derived from automatic
records, :
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* The mean of all the readings is 29179829, that derived from the average monthly values being a
small fraction higher, but as these latter values have different weights, we prefer to make use of the
former only. The next step was to separate the half-tide levels into two groups of values correspond-
ing to atmospheric pressures above and below the mean pressure of 29'2,9829, The difference between
the mean height and the recorded height of the barometer was set down in another column oppo-
site the corresponding half-tide level.* All the columns were finally added up and the eans
taken, Table B contains the result for each month separately :

A TaBLE B.

Half-tide levels coﬁ'espond@'ng to elevations above and depressions below the barometric mean 29'0,9829,

) 1 [ 1 ’ i
Pl & | Bst g | & ESE
2 3 w35 & ] wd©
2, | 3 g2e 12, °% g5
- Month. s5 | 5% | BEE | c3 | E4 | GEB
’ g® = Sd g - b BdE g
2 =] 3=x g 2 ° 8=83
g 2 BePE | B : Esad
Zi 15} &} z w Q
) Feet Inches. Feet. Ihches.,
November, 1871. ....... 48 172.27 -+ 14. 149 3 10,89 — 0,074
December, 1871 .. . 19 89.35 -+ 4.596 91 . 484,58 — 35.390
January, 1872.... 18 82.01 4 2.732 102 535, 08 — 28,023
February, 1872 . 46 214, 06 + 9.474 | 62 320 64 — 20.122
March, 1872 ... 74 284, 02 + 24,731 19 78.99 — 2.863
April, 1872..... 94 357. 22 -+ 26.990 21 87.27 — 1.869
May, 1872 ... 66 254.04 + 19418 53 232,49 — 13.544
June, 1872. _. 8 36.49 4+ 0.297 12 54,15 =~ 0,915
SUMS .ee voieeeenaecs| 373 1,490. 36 —+102. 387 363 1,804, 09 —102.800 -
Means..ceaeviiceinneioefenneane. 3. 9955 4 0.2745 fl........ 4, 9679 - - 0,2832
Means of half-tide levels*a,nd corresponding barometer elevations . .... 3. 9955 4 0.2745
Difference .ccuei vece van.. e en e eeieeeene o e e -+ 0.9724 — 0.5577

From the mean values of the above table it appears that a change of 0®.5577 in the height
of the barometri¢c column caunses a change of 0%.9724 in the half-tide level. This makes the
ratio between rise of barometer and fall of level 1:17. 4. This result is probably affected by
incidental irregularities in the variation of the half-tide levels and mainly by the wind, which, as is
well known, not only affects the barometric eolumn ditferently as it blows from different quarters,
but which, by its mechanical force, also exerts a directly elevating or depressing influence upon the
half-tide level. In looking over the half-tide-level readings, there is apparently a break in the read-
ings between November and December, 1871, and likewise after February, 1872, A careful compari-
son of the barometrical record aud that of the wind with the half-tide level readings, however, tends
to show that this is not actually the case, but that the real cause lies entirely in the change of the -
non-periodical effects during the different months. To support this view, we give for comparison in
Table C the monthly average values of ‘half-tide levels taken from Table B, and the differences be-
tween the average monthly barometric pressure and the mean value 2929829 from Table A. The
average declination of the moon for each month is also added, being taken from the tables accom-
panying the discussion of the effect of the moow’s declination on the variation of the half-tide level.
In the next colnmn is given the monthly average level reduced to the mean barometric pressure of

*In some instances it occurs that only the height of the barometer, or only the half-tide level, could be recorded in
the * Table for the reduction of tides, No, 1.” In such cases these single values were not taken into account in the separa-
tion of values, thereby producing the difference in the number of values enumerated in this and in the preceding table.
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29,9829, using the ratio 1:17.4. The last column contains the differences between this reduced
level and thelevel 4%.44, which latteri s the average level during calms, reduced to the average press-
ure of 292,9829,

TABLE C.
Monthly average half-tide levels and corresponding barometric elevations and depressions.

) © 4O Lo e LA @© et i

g oy | B32 £8€ |58 | €38

s 5e 8 B FEE |T3RZ | goo

P B2 | BoSE | 388 |BE B 33%

Month, S < SgE 2o | oela Ee 2

& 2= P28 8 28 | BREES | 9.

2 a® S8%5 5 Yog |EgaR g

- = =0 BH2g8 Sa L 82, , 0B

g g% | 59558 | 228 |S2gE| €3

= S < 2 RN ;1 e m = =} am =]
Feet. Inches. ° Feet. Feet.
November, 1871 . ........ .... 51 3,60 -+-0. 2724 15.1 4,07 —-0.37
December, 1871 ............; 110 5,22 —0.2718 15,56 | 4.75 +0.31
January, 1872 _... .. ... .... 120 5.14 -0, 2122 14,3 4.77 +-0.33
February, 1872 ... .......... 108 4.95 —0. 0976 15.3 4,78 40.34
Mareh, 1872 (... ... ..., 93 3.91 -0, 2321 15.5 4,31 —0.13
April, 1878 . ____. ... ..., 115 3.87 -0, 2194 16.7 4.25 —0.19
May, 1872 ... cceei e 119 4,09 —+-0. 0509 15.2 4,18 —0. 26
June, 1872 ..cceeceen cannnn 20 4.53 —0. 0432 15.2 4.46 0. 02

B 13 TR SN ORI PO PO N SR . 4.45 £.00

The relation between the changes in the height of the barometric column and the half-tide
level is expressed very strikingly in the above table. The half-tide levels for November and
December differ by nearly equal amounts from the mean level of 4%.44; we likewise find the
barometric elevation of the first month almost exactly equal to the depression in the second
month. The mean of the two half-tide levels is 4f.41, differing but 0%.03 from the average level
4744, JIn every instance the half-tide levels corresponding to depressions of the barometric
column are abov e 4%.44, while those corresponding to elevations of the same are below 4%.44. -The
results are unaffected by change in the mooun’s declination, as this is nearly the same for each
month.

The differences in the last column change sign with the barometer values and -apparently indi-
cate that a variable ratio is required for each mouth to reduce them to a minimum. A part of these
residuals, however, is traceable to uneliminated portions of the depressing or elevating influence
of the wind, which in its average monthly effect seems to have gone hand in hand with the effect
of the atmospheric pressure. But there is still another and very important fact not to be over-
looked in this connection. While the ratio 1:17.4 may represent approximately enongh the aver.
age atmospheric pressure for the whole period, it does not follow by any means that it is a constant/
or even a nearly constant value. On the contrary, it is very clear that it must undergo considerable
variations under different conditions. For instance, a great change of atmospheric pressure may,
perhaps, produce very little or no effect on the halftide level when the pressure changes equally
over a very large area of water at the same time, while the effect of a smaller change of pressure,
when confined to a comparatively small area, may be considerable. From this, it follows that it is
not merely the high or low barometer which will cause a depression or elevation of the half-tide
level, but that the amount of the effect will depend very largely on the difference of atmospheric.
pressure at the place of observation and at other localities not far distant. Evidently the con-
dition of the ice is another factor affecting the action of the atmospheric pressure.

As we presumed the ratio 1:17.4 to be affected by the wind, we also investigated the pressure
effect solely from the barometer-readings corresponding to the half-tide levels during calms, From
104 readings we find the average half-tide level to be 4%.26, corresponding to an'average pressure
of 300866, If we reduce this level to the mean pressure of the series, 29%,9829, we obtain 4,26 4
187 x 0.1037=4%.44, which coincides very nearly with the mean half-tide level of the whole series,
We then separated the values as we did before into groups of barometer values above and below
the mean of 30™.0866. The results are given in detail in Table D.
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TABLE D.

Eﬁ'ect of changes in the atmospheric pressure ujodn the ha@f-t@'dé level of the sea.

[Compiled from the half-tide levels and barometer-readings recorded in the table for the reduction of tides, No. 1, for days of calms.]

For elevations of baroxsleter above 30in,087. For elevations of barometer above 301,087,
s58 | £3 T wss | g8
g =X 58 =1
gg8 g - gge 85
Date, S50 2.8 Date. 2 2.2
-2 > mf,?, . 200 D ern
€ oo [T @y 2 D 4>
52 =0 Z a3 B
2a'w 3] 2 e = 3]
= S 25} o=
Inches. Feet, TInches. Feet.
0.178 3. 40 1872—April 2. .. ......... 0.370 3.82
0.165 3.31 e it ciacnan 0,288 3.85
2 S 0. 097 4,03
0.343 6.71 [ U 0. 029 3.95
| i, 0.204 3. 85
) i S 0. 189 3.87
0.183 4, 60 18 i cnaen e 0.139 3.83
[ £ 0,299 - 3.69
0.118 4,92 19, i 0. 690 3.24
0.104 4,57 19 i 0. 659 3.24
0.031 4,82 0. e e nes 0. 600 3.29
0,129 4,73 20t inencans 0, 430 3.42
0. 042 4,50 P S 0. 220 3.67
0. 156 4,53 b 4 0.439 3.47
0,131 4.51 P 0,441 3.51
0.075 4,53 . .
0,108 4.61 Total for April ......... 5,094 54,73
0.89%4 41,72 . .
1872—May 2 ...l 0.018 3.94
T 5o 3 LI 0. 082 3.97
0 113 3 S K I P, 0,114 3.94
0. 027 3 08 17 e il cieeaann 0. 397 3.7%
0' 088 4' 00 N 18 trceiceeaineas 0. 322 3.61
0. 050 4' 08 F2 R 0,086 3.71
0. 289 5.8 Total for May ... ... .... 1019 22.89
0, 426 3.70 _
0. 388 3.75 . -
0,328 - 3.8 Total of all the values .. .. 12,422 199.55.
0, 350 3.79 .
0. 310 33 34
. 0,330 3. 94
0. 398 3,01 Total number of observa i
0. 310 3.82 10003 11 51 .5l
0.282 3.77
0. 328 379
4,889 68. 90 Mean values . ...... feeeen 0.2435 3.913
For depressions of barometer below 30,087, For depressions of barometer below 301,087,
884 =4 : g8d o]
Date. %g g 8.3 Date. %g g é,g
® = @ =
Rez | Eg 2EE | EZ
’ Inches. Feet. Inches, Feet.
1871—December 3.... ........ 0.179 4,80 1872—January 2..... e 0. 443 523"
4oL 0,387 5. 17 N 0, 499 5.16
. S 0. 487 5.30. |2 S 0.390 5. 16
B nencnes- 0,130 4,88 S T 0. 358 5.08
| SR 0. 441 5.41 [ PO 0. 400 5,14
18 e iaaaas 0. 361 - 4,56 Y R T 0.189 5. 14
P S 0.675 5,42 13, ceiianan.. 0.311 5:04 -
- 0. cmeeaeiaaa. 0.137 4,59
Total for December. ...... 2,660 35, 64 P 0.428 5. 48
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TABLE D—Continued.

- For depressions of barometer below 301,087, For depressions of barometer below 30in,087.
R 2 s g8d =2
3] 2 =P~} g
Date. . %‘g § 83 Date. . B S g 2s
g8 = g% g8 = 2%
28k £ E8B B
23 [=} oS 238 S
am - o< . a oA
Inches. Feet Inches. Feet,
1872—Jarivary 24. oo eevn e 0. 459 5,46 1872—May 3..eeenrcnnninenns 0.137 3.96
|2 3 . 0. 253 5.00 P . 0.159 4,01
3 0,343 5,07 b J 0,261 4,11
- [ 2 A, 0,012 3.95
Total for January ........ 4,210 61. 55 [ PN 0. 046 3.95
i e R 0.015 402
1872—February 8............ 0.358 5,06 Bt e 0. 004 4,01
0. e 0.573 5 31 L2 PN 0.150 4,26
F2+ 0. 649 5.39 100 i e e 0. 409 4,49
- J 0. 396 5.15 P N 0.317 4.24
’ 2 0,372 4,30
Total for February ....... 1.976 20,91
Total for May ............ 1.882 45,30
1872—March 14 .............. 0,063 - 4,00 \
7 DU 0,009 3.97
15 o 0.012 3.89 1872—June 3. ... ceicvinnnnn- 0.134 4,48
20 e 0. 041 4,22 L S 0, 036 4.52
: s N 0. 061 4,59
Total for Mareh ... ... e 0.125 - 16.08 L S 0.141 4.68
L 0, 008 4,72
187%2—April 4..eeeieiaiii 0. 069 4,16 -
T S PR 0.113 4,15 Total for Jane ........... 0. 470 22.99
> JR N 0.107 4,15
B ettt 0,142 4,20 I
| N . 0.145 4,20 Total of all the values... .. 12, 456 243. 47
e J 0. 035 3.96
P -0, 060 4.06
1 DU ©0.028 3.93 Total number of observa-
£ S 0.201 4,09 1200 11 , 53 53
13 e 0.233 4,20 :
Total for April..... ..... 1.133 41.10 Mean values ............. 0. 2350 4.594

From the means of this table we obtain the following result:-A change of (4%.594—3%,913)=
0%.681 in the half-tide level corresponds to a change of (0.24354-0".2350)=0".4785 in the barometric
column, thus making the ratio between rise and fall 1:14.2. This ratio may be considered nearly
free from the effect of the wind, and as it approximates closely to the results found for a number of
‘other places we consider it to be entitled to some confidence.

EFFECT OF THE WIND UPON THE HALF-TIDE LEVEL.

The non-periodical changes in the half-tide level, besides being due to a change in the atmos.
pheriec pressure, are also greatly affected by the direction and velocity of the prevailing wind. As
the influence exerted by the wind is entirely local, a glance at the chart will tell which winds are
likely to raise the water at Polaris Bay and which would produce the coutrary effect. It will be
seen that the shores of Polaris Bay trend for about 25 miles in -a nearly northerly and southerly
direction, curving out slightly to the westward about midway and at its northern and southern
ends. The bay is thus entirely open to all the sea-winds, and it is but natural to suppose that the
latter in sweeping through tl:e straits would drive the water Lefore them, , ‘

The changeable condition of the ice in the straits will, of course, modify the effegt of the wind.
and during those seasons of the year when the ice is more compact the effect of the wind upon the
half-tide level is probably but very slight. It was our aim to obtain as approximate results as the
nature and extent of the data at our disposal would permit. After a preliminary investigation we
arrived at the conclusion that it would be advisable to take the effect of atmospheric pressure into
aceount, as we found that this effect could not be regarded even as nearly eliwinated, when the num-
ber of observations was small. The wind-record, as also the atmospheric pressures and half-tide levels
as given in the ¢ Table for the reduction of tides, No, 1,” served as the basis for this investigation,
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The method pursned was as follows:

The half-tide levels and atmospheric presqures were classed into nine groups, correspondmg to
calms and to the winds from each of the four cardinal and from four intermediate points of the
compass. We need scarcely mention that the recorded directionsof the wind are the true directions.

The velocity of the wind, in miles per hour, and the number of observations were also set
down The values of each group were then added and the mean taken. The following preliminary
table contains the result from each group for each month separately. By this separation the dis-
tribution of the wind during each month is made clear at a glance, while at the same time it serves
as a means of controlling the correctness of the work, as it enables us to detect easily any serious
errors in the sums-of half-tide levels or atmospheric pressures.

Preliminary table for the determination of the effect of the wind upon the half-tide level.

Calms. North Wigds. Northeast winds.

Corresponding sums of—

. o @ . % ' '3 v
Months. T & ~ 2 |8 o a2 2 |8 ] - 2 |8
-] B g |2 o Mo 52 > B IR
[ @ g ° b o g © 4 [ © g S &
2 A& g |wa A o & £ |wdg Kt = & 2 |lwsg
© = E @ ISR=) P [~7=] @ c.8 © o @ o9
=l o 3 2 ] =] @ 3 2 R =] @ @ 2 B
g of | E |88l E of | £ 188 © o | & |88
= g | 8 | g R g | B 3 P 84 | 8 | g
s = g B s pot G < o 3 | B
H < > & o < > |& o < > |=
Feet. Inches. Feet. Inches. Fect, Inches. -
November, 1871. 6.71 60.517 |...... 2 3.53 30, 064 2 1 108.43 | 908,690 | 622 30
December, 1871.| 40,14 | 238,219 |...... 8 4.44 30, 331 30 1 188,65 | 1100.188 | 475 37
Jaunuary, 1872 _.|" 61,86 | 356.834 |._.... 12 34,23 | 177,368 [ 138 61l 196,75 | 1129.678 | 449 38
February, 1872 .{ 62.63 | 390,049 {...... 13 4.17 30. 482 4 11 177,90 | 1107.626 | 376 37
March, 1872 ._..| 84,98 | 666,678 {...... b2~/ 2 | PO PR PPN P 131,43 | 992.300 | 822 33
April, 1872 .. ... 95.83 | 756,136 |...... 25 3.81 30. 372 4 1 36.75 | 302,715 | 216 10
May, 1872 ...... 68,19 | 510.6u8 {...... ) | PP PR APURE RR PR ool 124,13 1 896.65% | 667 30
June, 1872... ... 92,99 | 149.965 |...... (30| RO RIS FURIP IO | SN PSRRI OO PP
Total .. .cc... .. 443,02 | 3129.006 |....-. 104 50.18 | 293.617 178 10 |} 964.04 | 6437.849 3,627 15
Means ......... 4,26 30.0866|......|.auvx. 5.02 1 20,8617 - 18 |...... 4,48 29, 9435 17 {......
© Bast winds. Southeast winds. . South winds.
November, 1871.] 45,91 | 392,404 67 13 3.36 30, 310 5 ) R R U SR
December, 1871.] 215.52 | 1184, 152 b7 40 15.76 89,039 2012 3 15.13 80,752 16 3
January, 1872 ..| 103,88 | 594.476 87 20 || 62.08 | 358.955 40 12 | 10.09 59, 837 7 2
February, 1872 . 160.93 | 956,387 | 130 32 35.98 | 208,728 21 7 20,02 | 119,482 10 4
Mareh, 1872 ...} 97,06 | 757.297 87 95 || 34.06 | 273.164 28 9 8.09 60,176 3 2
April, 1872 ..... 118,28 | 904.670 | 113 30 96,30 | 705,160 73 DD laeenoace|cacaneanen]rcncnsloncnns
May, 1872...... 31.58 | 241,019 22 8 41.52 | 332.887 30 11 3,99 | - 30.023 2 1
June, 1872 ..... 13.71 89, 998 8 £ 28| PO PPROR PRSP PR © 4,68 30,278 | 2 1
Total covuvn.... 786,87 | 510,403 | 771 171 ) 289,06 | 2048,238 | 219 68 || 61.90 7 389,548 40 13
Means ..... .... 4,60 29,9439 4.5 |...... 4,25 30. 1208 b 3 D 4,76 29, 9965 31.....

Southwest winds. West winds, . Northwest winds.

November, 1871.] 15.18 | 121,223 34 T O | D DUSORIIY BRI PO | SR PETET] CEP PR RO R P,

December, 1871.| 66.81 | 387.008 | 239 | 13| 10.84 | 59.340 | 28| 27| 1553 | €9.301| 6| 3
January, 1872...| 81.91 | 508.645 | 78| 17| 32.82| 178.127 | 16| 6| 24.68| 149.577| 5| 5
February, 1872 .| 53.31 | 295,560 | 112 | 10| 10.7¢| 59.127| 7| 2 9.42| 59.889| 7| ¢
March, 1872 «eu.eese envs|iaesnr eunelonns elenenn 4.00| 30.293| e 1| 3.8| 30.848| 1| 1
April, 1872 . .... 93,08 | 181,156 | 102 | 6| 22.70 | 181.273| 20| 6| 43.41| 332.149| 3| 11
May, 1872 ...... 184,15 | 1329,756 | 282 | 44 || 21.36 | 148.233| 10| 5| 1554 | 120488 | 14| 4
June, 1872...... 26.56 | 179.250 | 59| 6| 18.00| 119,846 | 18| 4| 9,13 | .59.857 | 11.| ¢
Total ...... wo..| 451,00 | 2995588 | 906 | 100 || 120.53 | 776.239 | 101 | 26 | 121.57 | 841.609: 111 |- 28

.
[ 2
»
»
.
*

Means ......... 451 20,9559 9 |..... o 464 20.8553 4 4...... " 4,34 30.0574 4
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From the preceding table it will be seen that the average half-tide levels for the different
directions of wind have unequal atmospheric pressures, and, therefore, the half-tide level may, in
one case, have too small and in another case too large a value compared with its value for a cer-
tain standard pressure. For this standard pressure we adopt the mean value of all the pressures
as found in the preceding investigation. This value is 29,9829, to which we reduce each average
half-tide level by the formerly deduced ratio 1:17.4.

The following table contains the average half-tide level and the barownetric elevation above
or depression below 299829 corresponding to it, for calms and for each direction of wind, and
also the level reduced as explained above. The approximate average declination of the moon,
which also affects the half-tide level, though to a small extent only, is added as a mean of correc-
tion if such should be deemed necessary.

Table showing the approximate effect of the wind upon the half-tide level.

1 * [} ‘ Gt 1 :
g < go“'rg°'§ 23 3-§ ﬁ‘;g'g% _ | Approximate (‘552‘
g < BegTe o S, | BEEEF | effect of the | By
2 = a= 9 [ Eeoaa 0B 82E wind on the | €=
| Direction of the | S & Ard °® A, 2* s 5 T8ES= half-tide:| g8
wind. 8.8 z Sotgag o AR £cSog leval. 5 g
g+ & a—scE g o8 hEEPE o
5 & 25288 | 33575 | I35 2 &2y
E 5 SESESE | S2E8F | EPESE | ni | panm | BES
ol : ¢ : §E5R8 | B | man | 2
Feet, Inches. Fect o Feet
Calms .cooce cooonn 104 4,26 +-0.1038 4,44 i N PR SN PO
{ North ....... 10 5.02 —0, 1211 4,7 17 0.33 18
Northeast . 215 4,48 —0. 0393 4,41 15 .- 17
East ...... 171 4.60 —0. 0389 4,53 15 0. 09 4.5
Southeast . 68 4,25 0. 1380 4.49 15 0.05 3
South ..... 13 4.76 -0, 0137 4.78 16 0.34 40
Southwest .. .. 100 4,51 —0. 0269 4,46 15 0.02 9
West ..ol iaenoaes 26 4,64 —0.1275 4,38 17 e 4
Northwest .... .... 28 4,34 -0, 0746 4,47 15 0.03 |........ 4

The average half-tide levels in the above table correspond nearly to the moon’s mean declina-
‘tion of 15°.5, except for north and west winds, for which we applied a correction of 0%.02 in
accordance with the results obtained from the discussion of the variation of the half-tide level due
to changes in the moon’s declination. ‘

As a basis of comparison of the effect of the different winds we use the reduced aver age half-
tide level on the days of calms, By taking the difference between this and each of the other
reduced half-tide levels we obtain, at least approximately, the rise or fall of the half-tide level due
“to' the effeét of the wind. This effect is recorded in the above table in the columns headed rise
‘and fall ; the average velocity of the wind corresponding to this effect is given in the last column,

The effect may be summed up as follows:

Strong north and south winds appear to produce a rise in the half-tide level amounting to
between 3 and 4. The weight of this result is small and a larger number of observations would
probably somewhat change the amount of the effect. The depressing or elevating effect of the wind
from the remaining directions is very small in each case, and owing to the comparatively limited
number of observations hardly pronounced enough to permit of any definite conclusions being
drawn. KEast winds appear to produce a rise of 0.9, while west winds seem (o have a contrary
effect of nearly the same magnitude. For both these winds the average velocity was less than 5 miles
‘per-hour. - The winds from NE. were the most prevailing, with an average velocity of 17 miles per
hour, and apparently depressing the level by 0.3, this result possessing the largest weight. The
month of November, with only fourteen daysof observations, shows comparatively thelargest number
of NE. winds, with a greater velocity than the average. For this month, as also for March, April,and
May, the average velocity is considerably higher than for Deceinber, January, and February. This
fact, in connection with the variation of the monthly barometric means, would seem to explaiu‘, in
a large measure, the apparent breaks in the half-tide levels during November, 1871, as also in March,
1872. To find the effect due to different velocities of the wind, our data are, of course, entirely
inadequate ; neither was it possible to ascertain the effect for the different conditions of the ice.

{



TIDAL OBSERVATIONS. : 49

EFFECT OF THE MOON’S AND SUN’S DECLINATION ON THE VARIATION OF THE HALF-TIDE LEVEL.

According to theory, the variation in the half-tide level as depending on changes of the moon's

and sun’s declination ean be expressed by the formula— ,
A sin? §,, + B sin? §,

where &, and &, denote the declinations of the moon and sun respectively. The constants A and
B are to be derived from observation, and they are greater near the equator and near the poles
than in middle latitudes. Observations made. at different places seem to confirm the depend-
ence of a rise of the level on an increase of the moon’s declination, irrespective of the sign of
the latter. The variation in the half-tide level goes through its changes from zero to maximum
declination, and the level will reach its lowest and highest values, respectively, at these epochs.

Owing to the non-periodical effects on the half-tide level, produced by changes in the atmos-
pheric pressure and by the prevailing winds, which in many cases will exceed in magnitude the
variation dependent on the declination itself, an inquiry into this subject with a view to test the
correctness of theory, as compared with actual observation, can only give perfectly satisfactory
results when the observations extend over a longer period of time than is the case with ours.

_ Another difficulty attending this investigation is that we have to deal with exceedingly small
values ; the range of the variation amounting to a few inches only. Still, we may try to obtain an
approximation to the true values, and as far as the result of our investigation is concerned it
seems to be quite within the limits of reliability. The method used in this investigation is as follows:

The half-tide levels for each day, made out as explained before, were summed up and the
means taken, These mean values are given in the table at the end of this discussion, together
with the moon’s declination for noon of each day, placed opposite the corresponding half-tide level.
In some portions of the series an increase or decrease in the levels can be detected by mere ixispec-
tion of the table ; 1n other portions the variation is obscured by irregularities, produced by the non-
periodical effects. To investigate the accordance of theory with observation, it is necessary to
separate the half tide levels into groups for different values of declination, and to see if the law of
the increase or decrease of the resulting means of these groups corresponds to an expression of the
form Z + A sin? 4, where Z denotes the half-tide level at zero declination, and the second term, -
A sin? 4, the variation or difference between the levels at declination ¢, and zero declination.
After trying a separation of the levels into groups for declinations between 0° and 5°, 5° and 109, .
100 and 159, &c., we could not obtain a satisfactory result from the means of these groups, the’
number of values in each group being evidently too small to eliminate the non-periodical effects.
To obtain as large a number of values in a group as possible we finally adopted the following
method :

By adding all the columns of half-tide levels and dividing the sum by their number we found
from 195 values the mean half-tide level L = 4%.459 to correspond to 8,, = 15° 30’, This value of
L appears to be perfectly reliable, and agrees with the mean of the high-water and low-water levels

(@i’%‘.@): 446, as deduced further on in the discussion of the semi-mensual inequality in

beight. Next, we separated the levels into groups of values corresponding to declinations below
and above the mean ¢, = 159, 5.
The resulting values are—
From 90 values L = 41365, corresponding to d,, = . 8° 06.
From 105 values L = 4%.540, corresponding to J,, = 210 40,
In order to find the variation and its range e should know the values of the half-tide levels
at the moon’s zero and maximun declination, We found—
From 15 values nearest to zero ¢, L. = 4%.319, corresponding to ép, = 1° 30’
From 13 values nearest to max. d,, L = 4%, 690 corresponding to &, = 240 58,
According to these values the variation bétween &, =1° 30’ and &, =24° 58’ would amount to
0%.371. The reliability of this result, however, is much impaired by the small’ number of observa-
- tions,* and the range is probably a httle too large. ~

* We tried to remedy this by applying corrections for the non-periodical effects, but tlns proved to be rather diffi-
cult, as it became doubtful whether the errors contained in the corrections applied could be consxderad small esough
TH



50 HYDROGRATHY.

However, as we cannot expect more than an approximation, we shall make use of the values
previously enumerated in deducing analytically approximate values of the level Z at zero Sy and
of the constant A. By the method of least squares we find for Z and A the followmg equations of
condition :

5724 A.%(sin%d,) —~ 2 (L) =0,and
A, 2 (sintd,) + Z. % (sin®*d,) — T (L.sin*dy,) =0
Solving these we obtain—.
Z = 41315,
A = 11968,
Our expression thus becomes~—
L= 47315 4 1%.968 sin? o,

‘With this formula we computed the half-tide levels for different values of &, given in the fol-

lowmg table together with the values observed:

Variations of the half-tide level, as depending on changes in the moon’s declmatwn.

Half-tide level. Variation. E’
. 3

{ =9 .

B o= o

s : | &

) = =

g & 5z | %

o= iy m Es [

g= - & S B 2

g i &8 < 8 2

3 . N . 8 -

R rJ T =) % g S

(o] = @ -+ =4 Pt

@ > = & =1 & C @

] 3 = g T 3] 3

2 2 g 2 g S g
= © (&] ) (&) A Z

© i Feet. Feet, Feet. Feet. Feet.

000]........ 4.315 |ieean. .. 40,000 {eee e
1830| 4.319( 4.316 | ~0.004 | 3-0.001 | 0,003 15
- 806 | 4.365 4,354 ~0. 050 -+0. 039 -+-0.011 90
15 30 | 4.459 ) 4,456 | ~-0.144 | 0,141 --0.003 | 195
21 40 4,540 4,583 -0, 225 +0.268 | —0.043 105
24 58 | 4.690 | 4.653 | --0.875 | +4-0.338 | --0.037 13
25 30 Jeevennas 4,679 |.vievnnnn. F0.364 |eenrnnrai]annn.

In using for the deduction of Z and A only the three values for 9, = 8° 6/, 15 30/, and 21° 40/,
which have larger weight, we find the three corresponding half-tide levels very closely represented by
L = 4340 + 1751 sin? 8,,, the whole range of the variation amounting then to 0%.280, and the
largest difference to 0%.011 only. We wade. still another test. Assuming in conformity with the
retardation of the tide, as found in the discussion of the semi-mensual inequality given hereafter,
that the greatest effect does not take place at the time of the greatest force, but about 24 hours
later, we also investigated the result by taking this retardation of the tide into account, in separat-
ing the half-tide levels and using the declination at noon of the preceding day as corresponding to
the half-tide level on the day in question. The number of groups was the same as before, and in
deducing the constants Z and A we used the mean values of all of the five groups. By means of
the method previously used we found for the expression of the half-tide level—

L = 41344 + 1%.55 sin® o,

to render the.corrected values more reliable than the values given above. In trying to eliminate the effect of atmos-
" pheric pressure, we grouped the barometer-readings in the same manner as the corresponding half-tide levels, with the
intention of reducing the bhalf-tide levels of each group to a uniform or mean atmospheric pressure. In comparing the
average atmospheric pressures corresponding to the five values of dw, we found the atmospheric pressure to decrease with
increasing declination of the moon, the range of pressure between zeto and.maximum declination amouutlng to a little
over 01, Considering the high latitude of Polaris Bay, we have renson to suppose that this result is merely acei-
dental, the more so as the effect of the moon on the atmospheric pressule is scarcely perceptible at Paris, which is about
34° nearer fo tlie equator than our arctic station. La Place deduced v millimeter from a series of observations made
at Paris from October 1, 1815, to October 1, 1823, but the probable error of this value is almost as great as the value
itself.  (La Place, Lhuvres, t. 6, p. 2BL. Lraitd de méoanique cleste, livre 13, chap, 7.) Bouvard, (Mémoires de P Aecadémic
royale des-sciences de I Institut de France, vol. 7, p. 287,) in investigating the same series of observations that La Placo
“bad made use of (only extended over two more years,) finds that the effect in question vanishes almost entirely.
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How far the computed values agree with those observed may be seen from the following table:

Observed and computed variation in the half-tide level, as dependent on changes in the moon’s declinations,
when the retard of the tzdes is taken into account.

Half-tide level. | - Variation. r§ §
I g8 |2
] . B s 8=l
S - ;O o » 2
& 3 £ 8% S &
) & @ B2 E o
= ~ w ey - =
1= “ uY o B @ gb
=] & <58 =2
e 5 > = 8 |4
< |3 | % T 2 S |3
K 4 =] > = cR= @
= 3 = B 24 5 < =2
-] 2 g @ g & g
=] =3 = =) o [=}
= o Q. S) &) A =
o | Feet. | Feet. Feet. Feet. Feet.
000 [ ....... 4,344 ..o o.. ... 0,000 |.commeneeifvannn.
130 4,334 | 4.345| —0.010; -0.001 | —0.011 15
801 4.394 4,374 -+0. 050 0. 030 -+Q. 020 83
1530 | 4.459 | 4.455 } --0.116 | -+0.111 | -+4-0.004 | 195
21 36 | 4.512 | 4.554 | --0,168 ! -+4-0.210 | —0.042 | 107
2458 | 4.647 | 4.620 | -0.303 | +40.276 | -}-0,027 13
25 30 |.enn.... 4631 faeeiinnnn -0, 287 D Y P

The result from this last table is probably more reliable than that of the former., The differences
between observed and computed values arise partly from the uncertainty of observation, and partly.
from uneliminated portions of the non-periodical effects and from the effect of the sun’s declination
TFrom all the results obtained we may conclude with some confidence that the actual range of vari
ation between zero and maximum declination amounts to very little more-or less than 3 inches.
At the same time the results of this investigation may serve as a criterion of the value of the
observations, which, considering the difficulties attending tidal observations in high latitudes, are
proved to be very reliable, as will also be seen from the results of our subsequent discussions.

EFFECT OF CHANGES IN THE SUN'S DEOLINATION ON THE VARIATION OF THE HALF-TIDE
LEVEL.

As may well be 1ma,gmed the effect of the sun’s declination on the variation of the half-tide
level is still less than that of the moon, and therefore it is more difficult to deduce, and would
require a series of observations extending over a period of at least twelve months. Tor this
reason the investigation of this effect was omitted. In the expression of the sun’s affect. B.sin?4,,
the coristant B is theoretically about 4 A. The range of the variation would therefore amount to
0%,13 ‘approximately. The process of investigation would be similar to that for determmmg the
moon’s effect.

The:table used to determine the effect of the moon’s declination is as follows:

Table for the determination of the effect of changes in the moow’s declination on the variation of the
half-tide level.

< | g8 < 1 38 T | E§ T 1 &2
Date. 3 © Date. 2 e Date. 2 ©e Date. 3 S
e s 2 : P 28 . - CEE
2 | 3 = | ig 12| 28 £ | TE
o 2T = =" i =7 = =T
1871. Feet. © 1871. Feet. © 1871. Feet. o 1871: Feel, -0
Nov. -6 |....... +17.04 || Nov. 12| 3.43| —14,81 || Nov. 18 | 3.89 | —19.86 | Dec. -6 | 4.9 | 4 4.51
71 3.34 12.76 13| 8.66 19, 40 19 | 3.96 15, 80 7 4.62 — 1,07
8 3.45 7.76 14 3.58 22,73 .20 3.90 —11.04 81| 4.86 " 8.79
9] 3.48 -2.25 151 3.52 24,48 || Dee. 3 |.oon... --18. 31 91 6,201 1237
10 3.925 — 3.58 16 3.80 24,50 4 5.22 | 14.37 10 5.50 - 17.39
11f 3,60 | ~ 9,39 17 | 3,87 —22.86 51 5,39 + 9,72 11| 5,59 | —R1.39




52 "OYDROGRAPHY.

Table for the determination of the effect of changes in the moow's declination, d:e.—Continued.
3| £ 3| g P 3| g
2 S8 2 58 | 2 58 2 58
© -1 © (o=t i ° A ° =]
Date. 3 ': ) Date. = 'z - Date. = ": 2 Date. 3 : 2
< | 3% < | 3% & E < | gg
= o3 < o= E S5 3 <3
o P = = = = = A
1871. Feet © 1872. Feet. < 1872. Feet. o 1872. Ieet °
Dec. 12| 5,69 —23.95 || Jan. 24} 563 --24.21 | Mar. 12| 430 4 895 | Apr. 25| 3,67 | —20.00
- 13| 5.8 24.74 25 | 5,88 22,48 13| 4.23 13.87 26| 3.51| - 23.32
14| 5.58 23.70 2% | 5,50 19,91 4 4.00 18. 06 27 | 3.52 25.15
15| 5.49 21,05 27 | 4,97 16. 34 15| 3.83 21,37 28 1 3.53 25,26
16| 4.84 17.15 28 | 4,77 12,03 16| 4.28 23. 69 20 | 3,75 23,78
17| 4.38 | 12.42 29 | 5,15 7,17 171 4.19 24, 92 30 | 3.57 20.79
18 | 4.57 7.23 30| 539 4 1.93 18| 3.92 25.02 | May - 1| 3.73 16.62
19| 5.04 | — 1.87 311 513 | — 3.49 19| 4.11 23,99 2| 3.86 11.62
20 ) 521 | 4 3.43 ) Feb. 1| 4.88 8. 88 20 | 4.4 21.85 3| 4.06 6.12
21| 5.21 8. 48 2] 471} 13.98 211 3.73 18.71 41 412 —0.41
22 | 5,19 13.12 3| 5.12 18.30 22| 3.61 14.69 5i 4.00 | -+ 5,93
23 | 5.29 17.18 41 5.98 22,01 || . 23 | 3.62 9.95 6] 3.9 10.56
24| 5.40 20, 51 51 512 24.92 24| 3.56] 4 4.68 7| 3,93 15.36
25 | 5.40 22.95 61 4.9 24,78 25| 3,371 — 0.91 8| 4.06 19,40
2 | 5.40 24, 38 7] 5.00 23.55 92 | 3.79 6.55 9| 4.30 22, 52
27| 5.31 24,71 8| 5.04 20, 66 27 | 3.73 12. 00 10| 4.51| -24.56
2| 519 23.91 9] 514 16.43 98 | 3,83 16,91 11| 4.56 25, 45
29| 5,21 22. 04 10| 5.21| . 11.29 29 | 3,94 20, 94 12| 4.29 25.17
30 | 5.19 19.18 11| 512| — 568, 30| 3.87 93,79 13| 3.97 23.75
31| 5.13| +415.46 12| 5.02| -4 0.05 31| 3.78 25.15 14| 3,99 21,19
1872. 3] 479 558 | Apr. -1] 3.78 24, 90 - 151 3,80 17. 89
Jan. 1| 5.18| -11.05 14| 4.62 10.70 2! 3.86 23, 04 16 | 3.74 13.70
21 5.9 6.09 15| 4.81 15.24 3] 4.06 19.76 171 3.70 8.85
3] 5.16| 4 0.7 16| 4.78 19.04 4] 4,15 15.53 18| 3.631 <+ 3.50
4| 50| — 4.7 17 | 5.16 91,98 51 4,18 10.11 19| 3.43| —2.16
5| 5.13 10.23 18| 5.68 23,94 6] 4922 —4.44 20 | 3.44 7,91
6| 5.11 15.35 19| 5.20 24,83 7| 4271 +1.36 21 | 3.89 13.44
7| 5.08 19.74 20| 5.23 24, 60 81 4.09 6.99 22| 4.2 18, 38
8] 5.33 22, 95 21} 4.74 93,92 9| 393 12.20 23| 4.54 22.29
9| 5.65 24,59 92 | 4.48 20,79 10| 4.01 16.76 24| 4,79 24.76
10} 5.55 24, 40 C 93| 4,53 17. 39 11] 3.95 20, 48 25 | 4,79 25, 50
11| 5.43 22, 40 24 | 4,74 13.18 12| 4.01 23.99 26 | 4.53 24, 44
121 5.21 - 18,88 251 5,40 8.33 13 4.09 24, 87 : 271 4.35 21,76
13| 5,08 | .14.28 26| 4.95| -+ 3.06 14| 4.18 25. 36 281 4.10 17.77
141 5.16 9.03 27| 4.32| —2.42 15| 3.91 24, 69 29 | 3.99 12,88
15| 505] — 3.51 23 | 4,17 7.89 16 | 8.76 22,92 30 | 4.05 7.45
6] 4.74| + 1.93 29 | 4.18 13.09 17| 3.85 20.11 31| 420 —1.79
17| 4.43 7.22 | Mar. 5 |....... 24,35 18] 3.72 16.38 || June 1| 4.44 | - 3.84
18| 4.3U 12. 04 6] 4.25 22. 07 19| 3.39 11.48 2| 4.43 9,21
19 | 4,31 16.28 71 3.9 18,36 20 | 3.49 6,76 3| 4,49 14.11
20 | “4.70 19. 80 8! 3.69 13,56 21| 3.8¢| + 191 4] 4.52 14,34
211 5.01 22,46 9] 371 8.07 Q27 4.0 — 4.54 51 4.63 21,72
22 | 5.42 24,14 10| 3.77 | —a.927 23| 3.97 10.23 6| 4.73 | 424.00
23| b.41| -}24.74 11| 4.11| + 3.50 24| 3.69| —15,561

‘REDUCTION OF TIDES OBSERVED AT POLARIS BAY.

In reducing the preceding original observations we made use of the United States Coast Sur-
vey blanks, kindly furnished by the Superintendent of that Office. While the blanks for the sec-
ond reduction were used unaltered, we made some changes in the last three columns of No, 1,
The column headed * Duration of tide” was dropped, and the half-tide levels for low water substi-
tated. The triple colimn; giving the direction and velocity of the wind, the atmospherie pressure,
and the temperature, also underwent some changes by leaving out the temperature and sub.
stituting the half-tide levels for high water, and instead of giving the state of the weather, as done
- in the original blank, we preferred to use the last coluinn for the moon’s parallax and declination,
For further explanation we need only state that the time of the moon’s meridian passage and of both
high and low water is mean time thronghout; that the lower transits of the moon are placed
between -brackets, and that the lunitidal intervals depending upon the lower transits are distin.
guished in the same manner.
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Tadle for the reduction of tides, No. 1.—Showing the times of high and low water, and the heights of high and
low water, together with the moow's passing the meridian of the place, the lunitidal intervals, &e.
5 ¢ | Mean time of— Lunitidal in- -Height of— Low water High water Moon’s—
g g terval. o ' 8 '
o - . .
E % ' ] . ’§ é Wind. E Wind. - 4
Date.. | £ = 5 5 I ] £ = s i = . T k. g
Gl E g e 3l 80| 2| Bl E [5|28 &4
B | E B B | B B | 8 |35 € |§]Z =% |%|=e| B8
EE | 5 | e | B e | B | 8% 8|23 g |8 88% 58"
S R M o & = =] R e < = HOIT | e 3
= s 2 i 2 as = oo A A || 3 A A |~ A
1871, | hoom. | hoom. | hoom. | h. m. | k. m. | Feel.| Feet.| Foet. |Luches. Feer. | Inches. ! o .
Nov. 5| 603 [ ieaae ] ieeaee ] ieenas i PURURIOS FURPUIPN DU DU RS PO B S N S R
[18 977 .. ..l . SO MRS DS DUISN DOENN DRSS SN DU DU DURUNR DR NN DURRE IR
6! 6561 630 |........[12 03} ....... T vt 2N DR DORNDIPS B DN PR R 30.144) NE |10 | 55,79/4-17.02
{19 15]) 20 30 | 12 30 | 13 397|[18 03] 4.71 | 2.75 |{...... 30,136, 0 10 3,58 L1400 SW 16 |......l......:.
71 738 745 23012301 19397 3.67 | 2.63 | 3.4¢ .26 0 |0 | 3.36] .310| SE |5 | 56.52/4-12.74
{20 017/ 21 00 | 1500 | 13°227|[19 45]| 4.75 | 2.42 | 3.30) .27¢| I {2 | 331 .25 0 |0 {...oolveee....
8| 892410 00 330 (13 597 19 52| 4.33 | 2.08 | 3,40{30.21¢| XL 5 3.44130, 111 B 6 | 57.404- 7.79
[20.48] 21 00 16 00 | 12'367|[19 597 4.96 | 2.50 | 3.44{20.95¢) 1 |1 | 8.52729.951 B 16 | eeifieee.n..
9| 91271000 | 400 |[13 12] 19 367| 5.17 | 1.88 | 3,55020.99:| I |5 | 3.53130.064] N |2 | 53324 2.20
[R1 36] 22 00 16 00 | 12 48 1[19 12]} 5.42 | 1.83 | 3.48{30.25 B 6 3.38 .38 b 2 I S
10 | 10 00 | 11 00 4 30 |[13 24| 19 18| 5.25 | 1.00 3.32] 415 B 6 3.26] .414] NE |21 59, 20— 3.61
[22 2571 2300 | 17 00 | 13 00 [[19 247 5.48 | 1,33 | 3.21 464; NE. (20 3,210 .4%8) NE 123 [ ... .}........
11| 105171 1130 | 5 00 [[13 057/ 19 007 5.67 | 0.58 | 3.39| .53¢| NE [25 | 3.56| .54l NE |16 | 59.97]— 9.42
[23 18] 2300 | 16.30 | 12 09°|[18 03]] 5.75 | 2.37 | 3.5%| .52 NE |24 | 3.53 .520] NE (20 |......|....._..
12 | 11 45 |....... 500 |...... 01809 [l 0.00 | 3,46 394 NE 33 |...... 30,214 NE (34 | 60.52—14,83
ceeeoe | 1200 218 00 [12 427/[18 423 6.35 | 1.13 | 3.47) .11¢] NE [23 | 3.37| cceveu]imeene]onna]ieioii]onnnnn.
13 | [0 14} 0 00 600121518 15| 6.29 | 0.25 | 3.67 02¢ NE | 9 3.5H730,04¢; NE |12 | 60.85/~19, 42
12 43 | 13 00 19 00.|[12 467j[18 46] 6.92 | 1.33 | 3.69| .09% NE 15 3.69 .026) B > N I
14 [ [1 13} 100 600121717 17 | 6.25| 0.25 | 3.61 23i| NE 1 6 3. 66 170, E -8 | 60,82—22.75
13 447 13 00 | 19 00 ([11 477[17 477} 6.71 | 1.17 | 3.50) .32(| NE [22 | 3.54 .290 NE 25 |......|l.o......
15 | [2 16]] 1 00 7301116 | 17 46 | 5.83 | 0.33 | 3.51 37x| NE (13 3.490 .3371 NE | 5 | 60.55—24.29
» 14 487| 14 00 | 20 00 |[11 447(17 44] 6.58 | 1.42 | 3.5656/ .391] NE |. 4.6 3.52 .432 NE |4 |....oofeemun..
16 { [3 207 2 00 800 (111217 12| 5.67 | 0.75 | 38.76 164 NI |29 3.062] .292 NE |3 | 60,06—24,50
: 15 61 | 15 00 | 21 00 [[11 40]i[17 40} 6.75 | 2.33 | 3.94 284 NE |22 3. 87 204) NE (19 .o o.lenannns,
17 ([421) 230 | 9.00|1039717.097]5.63]1.33| 3.8 .201] NE | 3 | 3.94 .337 NE [20 | 59.42—22.85
: 16 51 1 15 00 | 22 00 |[10 39](17 897 6.17 | 2.568 | 3.8 42(] SW |11 3.84 42 E 5 Jieeaoilenatn ..
18 [ [519)] 330 | 10 00|10 39| 17 09| 4.92 | 2.00 | 3.8 23| SW {11 3.830 .378| SW | 6 | 58.73—19.84
17 47 | 16 30 | 23 00 [[1L 117:{17 417 5.92 | 2.83 | 3.91130.137| NE |43 3.89 .2120 E 9 foaeeea...
19 | [613] 400 | 11 00|10 13|17 137 4.58 | 2.54 | 3.95 ee..| 3.9330.121 NE |38 | 57.97/—15,77
: 5 .90 ... |...... RS DO PO,
20 4 3.93120,966) NE |14 | 57,20—11,02
517 1 250 | 8,77 e el eeee| e e SN DU SO
L | [7 80]eeecccs] 200 [ eeeeci[18 577 ivveee] LBB [iccmei]inecar]vanaesivaealvacncfeacacs]incnan 56, 62|— 5, 86
Deeo T B0Y [ cmecei]iomnrei]eianacelerrnas]oncaceleanans|iacees| ivoaailianans JR FUURISE PUIE DU Y R P
RLIE | P DN NOUON ORI RO SRS DU PR, R SR DO DO PR, S DURION
PRI A IR BN P RO IO BN DU PRy R R (RO A P S SR P
(BT:1 s R R DO NN DO SN DURN DU B SO DU PO I DL NN DO
3| 445 3 30 9 00 |[11 09[16 39 5.29 | 2.92 {...... 30.07¢ NE (2 |...... 30.132| NE |13 | 54,96]4-18.31
[17 08] 16 30 | 22 00 | 11 45 ; 17 15| 6.21 | 3,96 | 4.80120.90:] 0 0 4,64(30.018] NE |7 j.ieeecilvennnnnn
41 5317 400! 10 00 |[[10 52716 52] 5.67 | 3.79 | 5,17 .70t| 0 |0 | 4.9920.828 SW |1 | 55.57|--14.37
[17 54) 17 00 | 23 30 | 1129 { 17 59| 6.92 1 4.67 | 5.41129.55% L 7 5,300 ,6000 O LU ORI P,
51 6177 500 |........ [11 06]......- 6.00 {eseeafommmeneenns]eennas ... 5.46| .578] B |7 | 56,364 0.72
[13 4071 18 00 | 12 00 | 11 43 {18 06] 6.77 | 4.33 | 5.36129.68;| W |26 H:35(20, 8770 SW 123 |ioeeilieneann.
61 7027 700! 100][1220] 18 437 5.50 | 4.04 | 5.3530.08:| SW [32 | 5.0630.246] SW | 8 | 57.27|4 4.51
[19 25671 19 30 | 13 00 | 12 28 [[18 0] 6.00 | 3.83 | 4,73} .39 SW |10 4,61 .455| NE |4 |.co..f.eoa...
7] 748 830| 20013 05] 185871 5.50 | 3.13 | 4.59 .38 NE |5 | 4.60 .33 NE |1 |58 16— 1,07
[20 121 21 00 | 14 00 | 13 12 [[18 35} 6.25 | 3.67 | 4.60] .R7(| 0 0 4,67 -.246| S E 2 I
8| 8367 930 300131819127 6.25 | 2.88 | 4.76130.205| NE |5 | 4.8530.101] B |3 | 59.13— 6.79
[21 017 21 00 15 00 | 12 24 |[18 48] 6.96 | 3.67 | 4.88120,.95%| 0 0 4,96(20,788) NW |5 . ... ...,
91 9271000 4 00 |[12 59]| 19.24 | 7.42 § 2,38 | 5,11| ,6l] 1 1 5.19 .577| NE | 3. | 60,04/—12.37
{21 553/ 22 00 | 16 00 | 12 33 [[18 697} 7.50 } 3.95 | 5,30, .631 B |12 5.411 .646! 0 [V 20 D I
1010237 11 060 | 4 00 |13 05] 18 337 8,00 | 2.67 | .48 .65 W |2.| 5.50 .562) NE |38 | 60.77/—17.39
(22 53] 23 00 | 17 00 | 12 377 |[19 05]| 7.67 { 3.75 | 5.48| .441] 1 {3 5.5520.424 E 4 [....l......
11 11123 |....... 500 [....... IB37 |eeee-. 2,331 5,560 .37 IS [ 2 IR [P N ..o} 01,24/ —21,39
(23 55}1:12 00 | 18 00 [[13 071119 07]} 8.54 | 3.63 | 5.63| .30 NE |20 5.58120.320] NE |17 [ B
12 ... 0 00 70012 37 t 19 37| 8,08 | 2,211 5.69 .363 NE [12 565 337 NE (17 | 61,39/ —23.95
12 22 | 12 00 18 30 |[12 05][18 35]( 8.85 | 3.63 | 5.74| .370 B 5 570 .384] E T S S B
13 ([100].030( -7 00| 1208 { 1838 813 2.60| 5.8¢ .28 E 2 5,82 314 NE ;6 | 61.21]—24.74
13337113 00| 19 00 {[12 00718 007} 9.17 | 3.67 5.94] (395 NE |7 5,01 .32 E 2 R P
14 | [2 05]] 100 7001112717 27718.50 | 2.33 | 5.77] .549 B 8 5,860 .480 E 2 1 60,72~23.70
14 37 | 14 00 | 20 00 [11 55]‘[17 565]; 8.71 | 3.42 | 5,60{29,.583 B 2 5,6520.580 Id T cemaan
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Table for the reduction of tides, No. 1.—Continued.

E g Mean time of— Lugzl:g:ll.m- Height of— Low water. High water. Moon’s—
b ; Wind, | = W
g 3 & ‘Wind., e ) Yind - 3
Date Eg = s g P g £ % - E ) : :
» 0 Q 2 . 8 -~ o . 2 ) N .
Tl | £ 81 815182188 & |8l 2|28 8 |5 2858
csl BB LB E L2l E S EENE |25 |BE| S |5 |GR| EB
e ) £ 3 E & L = |8 & o] & 18 e 2= 3
S5 = ° 20 Y - e < & ] G) < = = D | @ o
P o fa o S | H A oA A > | |~ 8 P~ [
1871, | h. m. | h, m. hom. | h.om.| h. m, | Feet. | Feet. | Feet. |Inches |- Fect. \Inches. ! . ©
Dec.15 | [3 08]1 2 00 800 {1193 (1723 7.79]2.67| 5.70120.538 L |14 5. 6620, 6000 B 5 | 60,00{—-21.05
15 38} 14 00 | 21 00 {[10 527[17 52]! 8.83 | 3.58 | 5.47/20.868| NE |14 5,61 .633 E 24 |.o.o..|eeen....
16 )[4 06]) 3 00 9001122717 227 6.96 | 2,33 | 4.9430.150] NE |22 5.23129,989 NE |14 |59, 13|—17.15
16 33| 16 00 | 22 00 |[11 547|[17 547 7.25 | 2.71 | 4.53| .340] NE (3t 4,6%30.2720 NE 37 |....ii]eeennnnn
17 | [4 59]| 4 00 930112711657 |5.83|2.17| 4.36] .296| NE 118 4.44) .33l N |30 | 58.21|—12.42
1724116 00 | 23 00 {11 O1}[18 017 6.55 | 2 92 4,3%30. 002 NE | 6 4,33130.152] NE 18,5).c-coulienn.n..
131 [548] H 007 11001136717 36| 5.46 | 3,00 | 4.5629.726] 0O 0 4,4529. 852 NE | 6 | 57.3%— 7.23
1811118 00 |........ [12 12] cecmand 6.58 |ieeei]ienenitiancii]inenns ... 4,671 .58 E b T IR IR e
19 | [6 333 6 30 000 12 1918 12]| 5.75 | 3.50 | 4.84129.425] SW (22 5.0¢f .38l SW (17 | 5(.51— 1.87
1855 | 18 30 | 12 00 [[11 577 17 49 | 7.00 | 4.04 | 5,12 .384] SW |40 5,200 .505 SW 31 ... |.o....L
0] [7 17} 800 10013 05[18 27]/ 6,00 | 3,88 5. 26 607 ,8W 27 5.26) 712 8§ {10 556, 80[4 3.43
19 38 |20 00| 14 00 |[12 43]) 19 05| 6.71 | 4,33 | 5.24 873 SW | 7 5,29 816 SW | 7 leeoiifieal....
211 [7 59]] 9 00 230|132 {19 137/ 6.25 | 4.00 7 5.3% 903 NW | 3 5.30; .36u] E 1 55,224 8,48
20 21 (21 00 15 00 (13 017/ 19 22 6.63 | 4.29 | 5.2z 912 E 6 5.19] .915) E S R .
22 | [8 43]] 10 00 3001339119 01]( 6.63 | 3.42 1 5.21 861l B 3 5,18 730 E 7 | 54.57|413,12
21 05 |22 00| 16 00 (13 173} 1939} 6.58 | 4.08 | 5.17 607; NE (23 5,18 4800 NE 33 |..o..j.o......
23 1 [927) 11 00 400 {1355 ([19 17]] 6.71L | 3.38 | 5.19] .342) NE |29 5.25 .267| NE (10 | 54.41|4-17.18
21 50 |22 00| 16 00 |[12 33} 18 55| 7.00 | 4,13 | 5.3} 196! NE |18 5,401 (198 B 1t ... ...l
24 ([10 13]] 11 00 5001310 [19 33] 7.42 | 3.42 | 5.46 293¢ NE |10 5.42] 412 0 0 51. 16/4-20. 51
223712300 1700 {[1247]19106.83]3.92| 5.3 521 SE 14 5.36/29,581 SW {14 | ccenfiennn...
2511101 |....... 500 |.cana.. {18 47]...... 3.03 | 5.37 616 NE |1 |..conilineaan cemeei]eeno] D4.0214-22.95
23265 112001 1800 [ 1323|1923, 7.71 | 3.75 | 5.43 .535 NI (15 5,342,567, B b R B,
25 |[11 513 030 | . 630 |[13 29319 29]| 7.2L | 3.00 5.41 449 E 12 5.41] .41} NE {14 53. 95\-4-24, 38
....... 1300 1900 1335719357} 7.67}3.75 | 539 .540] E 4 5.4 489 NE |3 |...... ........
- R7 015 0 30 7 00 [12 397(19 097 7. 17 | 2.96 5,35 .764] I3 9 538 .ony B 4 53, 9¢4-24.71
{12 403! 13 00 19 00 112 457 18 457 7.63 | 3.58 5.21) &by E 7 529 .8l B | T D D,
28( 105 030 700 [11 50318 207/ 6.83 { 2.63 | 5.200 .86l E 3 5.18] 874 SE | 3 | 54.00/4-23, 91
[13 307 13 30 20 0011225 | 18 55 | 7.75 | 3.63 5,18 .794] NE | 7 5,20 794 S F: T O B
29 154 2 00 7 00 \[12 307|[17 307} 6.75 | 2.54 5.19) .714] NE | 5 5,17 784 NE |7 54.29+4-22, 04
[14 18]7(-14 00 | 20 00 [ 12 06| 18 06 | 7.79 | 3.75 | '5.25] .610] NW |L0 520 644 SE {5 |[..ociifeeea....
30| 2421 200 8 00 [[11 42)[17 42] 6,79 | 2,79 | 5.20| .555| NE (12 5,25 .668 B |12 | 54.59{419,18
[15 05]} 15 00 2100 | 121818181 7.58 1'8.68 | 5.1H 606l ' E 6 5.16( .6070 E 12 ... il L..
311,323, 300 8-00 |[11 55]I[16 55]{ 6.63 | .83 | 5.14] .628 K |l1 5,15 .616] NE | 3 | 55.01|4-15, 46
(16517115 00 | 21 30 L1 32| 18 02| 7.46 | 3.53 |  5.1320.617| B 4 5.12|29. 589 B [T S
1872, )
Jan, 1| 413 300 9 00 [11 09][17 09]] 6.50 | 3.13 | 5.16120.593 E | 2 5,15/29.611] E |4 | 55.53/411,05
[16 35]] 16 00 | 22 30| 1147|1817 |7.33 | 3.75 5.21) .G624! E 6 4,20 .683 E b> S R S
21 457 400 945 (11 257/ 17 10 | 6,42 | 3,58 | 5.23| .6G44] 0 0 5,24 637 NE | 6 | 56,19\ 6.09
{17 197 16 30 2300111331803 |7.131| 3.83 5.24| .605 NE | 3 5.23 .624) B | S R O e aann
3] 542| 445} 1035 (11 25][17 167 6.22 | 3.83 | 5.16] .538 0 0 5,23 .891| NE (7 {56,954 0.75
[18 04]| 17 00 | 23 30 | 11 187] 17 487} 6.77 | 3.64 5, 16| .624] NE | 3 5,111 .606) I -2 (PR
41 6277 600 11 30 11 567[17 267} 6.13 | 4.31 | 5.21]20.630, I 2 5,21 .67l NE |13 | 57.81j— 4.76
(18517 18 35 |.veuuuun 1208 ....... 6.7 | ceeeilicccaafiacaralonnan. ves 65,21 .646| E [ S OIS D,
5| 715 | 7 00 100 {12 0971 18 33 | 6.13 | 3.67 5.20129.675] SE | 4. 5.16| .697 0 0 58,731—-10.23
{15 407 19 00 { 13 00 |11 457([18 09] 6.50 { 4.21 | 5.0 .702{ SW {5 5,08 729 0 |0 j.............
6 806 8 35 2 00 \[12 557 18 45 | 6.31 | 3.3D 5.11 664 SE | 4 5.14] .687] 0 0 59, 63—15. 35
[20 34721 00 [ 14 35 1254 |18 55]] 6.67 | 4.29 | 5.11] .790] SE | 3 510 894 SE |3 |......).ee.....
7 902 9 30 3 00 |[12 56} 18 54| 6,63 | 2,97 5. 10| .920] NE |7 5.06] .976] NE | 7 60. 43:—19. 74
[21 327121 30| 1545 | 1228 ([[19 117/ 6.73 | 8.96 | 5.04] .928 I3 h 5.14{ .898 0 [ A
81100310 30 400 [12 58] 18 587 7. 65 2.73 5,26/ .843] E P 5,30 .780] 1 5 61. 03)—22.95
[22 35712230 16 30 ) 12 ‘27 (18 56811 7.13 | 3.83 | 5.31] .73871 SB {3 5.46020,766|...... P P R,
911108 ....... 500 |....... 1857 {...... 2,46 | H.61;..688 1 1 |ieceenfivemec]iovann ...} 61, 35/—24, 50
{23 413( 12 00 | 18 00 (13 257/(19 257] 9.08 { 3.67 { 5.69{ .60l I 4 5.64{29.669) L ) S O S
10 .............. 600 [ 12 527118 527 7.56 | .47 H.54| .512] NE (20 5,631 .438] NE 23 61, 3524, 40
1214 | 12 00 18700 12 19718 19} 8B.56 | 3.46 5.61 .H49] NE |13 5,53 543 NE 14 ... 0. ...,
11 | [0 467...... 600 |11 46|17 46 17,71 | 2.13 | 5.46| .654] NE | 8 5,481 5200 NE 130 ! 61,01]—992. 40
13 187 13 00 19 00 {12 147 {18 1431 8.77 | 3.00 |. 6.36] .715] NE | 7 5. 40 6230 NE {2 ... _.........
120148} 100 7001142 174271 7.67.) 1.92 | 5.2 .645] NE {10 5,300 .67 NE 25 | 60,38 —18, &8
14 18 | 14 00 20 00 |[12 12}1{18 127 8.50 { 2.85 5.10] .673 NE | 4 5.17 62;] W |1 N DU
13 | [2 46]] 2 00 8001142117 427,17 | 1.83 | 5.04| .776] 0 0 5.07] .722) NE |'1 | 59,54/ —14.23
15 13 115 00 [ 21 00 [[12 14)[13 147 8.33 | 2.75 5,14 .719] NE 22 5,060 771 NE {7 |...lee.....
14 | [3 383 300 900 | 11 47| 17 47| 7.42 | 2.21 | 5.17129,701] NE (24 5.1620.625| NE 136 | 58, 55/— 9,03
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Tgble Jor the reduction qfftindqs, No. i.—Oontitlued.

% g | Mean time of— Lm’]c:atx}\(}gll 8- | Height of— Low water. . High water. Moon’s—
8E i
e ; 7 :
= 3 ind. 3 3 Wind, | = -
Date, § § g £ g £ 5 gl § i s E & T : :
3 [ Q D - =, . - Lt % . e
| AR R R I IR R EHIE T
= E 3 £ Pl E |3 |8 € |88 |82 € |5 |28 88
g8 ] = ‘ = <& |5 | 3 |8 & | 87| Q2 |8|E8FR| =5
S| ® | & w | B | B | F g | B2l EIEE |25 |8
=] s A a M = H B A A |+ | E | A A P~ A
1872, | h. m. | h. m. ho m. | h. m, | h. m. | Feet. | Feel.| Feet, [ Inches. Feet, \Inches. ! ! o
Jan.14 1 16 03 | 15 00 | 21 30 |[11 22717 52]| 8.17 | 3.00 | 5,1829,670] B 6 5.1529,733] SW |6 f......]|- ceeapan
15 | [4 27]] 400 10 00 | 11 57 | 17 57 | 7.00 | 2.65 5,08 .758 E |11 5.15; .687] NE |12 57.61— 3. gl
16 50715 00 | 22 00 |[10 33717 337} 7.73 | 2.92 | 4.95| .850] SW | 3 5000 773 B [ S IS PR
16 | [613]] 400| 1000|1110 |17 10} 6.42 | 2.83 | 4.75 .939 NE |9 4,867 902! NW |2 | 56.60+ 1,98
17 35|16 30| 23 30 |[11 177)(18 17] 6.83 | 2.92 | 4.66| .964] SW | 4 4,67 982 NE |18 .. I PO
17 | [5567]) 500 | 1100|121 257} 17 251 5.83 | 3.35 | 4.5730.017]. W | 1 4,65{29, 990 NW | 7 | 55,88+ 7.22
1819 17 30 {........ [11 33}..-.... (1757 1 AR R PR DR 4,4930, 0550 SW [ 4 |......f... e
18 | [6 417 6 00 000 | 11 41 |[[18 037]] 5.25 | 2.88 | 4.43[30.146] SW .| 5 4,356) 220 SW (12 | 55,214-12,04
19 03118 00 12 00 [[11 19] 17 41| 5,48 | 3,42 | 4.26. .277] SW | 9 4,220 .3190 SW |1 Jocooiifeaennnnn
19 [7 257 8 00 1001257 [1819) 4.96 | 2.83 | 4.23- .315 B |17 4,26 .279 NE [20 | 54,69 416.28
19 47 120 00 |- 13 30 |[12 35]) 18 27 | 5.46 | 3.75 | 4.30{30.191] NE |19 4.44/30.089) NE (14 }......|........
20 | [810] 900 20013 13[18 35]) 5.75 |-3.21 | 4.59[20.950{ 0 0 4.67120.711) SW |12 | 54.324-19.80
20 34 | 21 00 1500 {[12 50]] 19 13| 5.71 | 4.13 4,73 747 SW [ 4 4.83 763 SE | 3 |ieveei]enencnns
21 | [8 57]| 10 30 300 |13 56.|[18 50] 6.33 | 3.45 ] 4.90{ .762 NE | 2 4,96/ .800] SE |4 | 54,0922 46
21 21 | 22 00 16 00 {13 033,19 26 1 6.13 | 4.13 | 5,02 .790|, SW | 5 5. 16 797 SW |1 |.....leo.....
22 | [9 467 11 15 40013 54 [19 03} 7.27 | 3,65 |- 5,31 .681 E 2 65.4¢| 5720 W [ 2 1} 53.99424.14
22 11 123 00| 17 00 {[13 14]} 1939 | 6.60 | 4,60 | 5.46/. .576|- W |5 5.49120,609] W | 6 |.....ifoceean
23 (10 36]|-cvv--- 500 . ..an. 19 147}...... 3.38 1 5.48| .659] o0 0 feocooi]ivmcie]emmaaatsn ..| 54,0224, 7
23001200 ] 18001349 | 19 49 *7.75 [.3.96 | 5.32. .72 W |1 5.42129,791) SE |2 l...... l ........
24 [[11 26]|..v...- G 00 [[13 24]|[[19 24]i-6.67 | 3.29 5.54 518 NW |12 5.46) 628 0 0 54,13 424,21
L 23501230 18001330719 00810 |4.25| 5.83 .39 N I51 5.68 .4060 N |30 l ........
25 |ieeua.- 0 30 600 |[13 05]/[18 357 7.50 | 3.63 5.92) .473] N 7 5,91 .406] N |25 | 54.334-22.48
(12157 13 00 | 19 00} 13 10 | 19 10 | 8.42 |.4.00 | 5.80] .753] SE | 2 5.84 .680] N |20 |...... ‘ ........
26 039 100 7 00 1[12 457]|[18 45]| 7.46 | 3.02 5,588 .907] SE |5 5. 68 819 NI | 2 54, 60 419, 91
[13 03111330 | 2000|1251 {19 21| 8.08 | 3.54 | 5.3120,958 S 3 5,46 .943 SW | 2 |...ie.aeaoan
7 126 130 7 00 |[12-277[17 57) 6.96 | 2.28 | 5.01130.013) N |5 5.16[20,966) NE | 1 | 54,97416. 34
[13 49714 00 | 2900 | 12 34 | 1834 | 7.63 |.2.83 | 4.83 .121] SE |4 4,80130.067] NW |2 |......]eo..o.oo.
28 2 12 2 00 8 00 [[12 117|[18 11]]. 6.69 |.2.08 4.73 114 SW | 3 4,78 113 S 4 1°55.34/+12.03
[14 347 14 151 20 00 [ 12.03 | 17 43 | 7.42 |- .67 4.83i30,010- SE | 3 4.74130,100] NW |2 |..occi]imennnnn
R0 | 256 2451 800 |[12-113[17 26]] 6.90 | 2,58 |- 5, 1020.753] E |°2 .|  4.9620.869 S 6 | 63.81+ 7,17
[15187 1500 | 2100 |12 04 | 18 04 | 8,00 | 3.21 | 5.34] .599 SW |2 5,21 .668 SW [ 2 |......0.. et
30| 340 300 9 00 [[11 42])[17 42], 7,25 | 3.21 | 5.41} .604] NE |1 6.40 .594 NE 12 | 56,36+ 1.93
. -[16 02]] 15 00 R1 45111 20 | 18 05| 7.92.] 3.33 5.37 .669 NE |16 5,39 .6300 NE {19 {.....d........
31 424 345 9 30 |[11 43][17 28] 6.96 [ 3.33 | 5.17| 712 NE |1 5,201 672 NI (11 | 56.97(— 2,49
[16 477 16 00 22 00 | 11 36 {17 36 | 7.17-} 3.10 5.0030.834; 0 0 5.07) .744] 0 0 |icecmiloennnnn.
Feb.1] 510 430 10 00 |[11 43]i[17 13]] 6.42 | 3.31 | 4.86129,811f NE 32 | 4,94 .870| NE |32 | 57.506— 8.88
[17-34}] 16 30 | *23.00 | 11 20 | 17 50 | 6.67 *3.00 4,88 ,781] NE |24 4,83 787 NE 37 Jeceneidinmennnn
2| 5563 * 15| *11 00 j[11 417([17 26]{*6.30 {*3.79 | 4.94[29.736| L {12 4.92 \716] NE 25 | 53.34/—13.98
(13 24 | 17 45 {..c.... .. 11 47 §....... (V2877 S IR DU FORIPIPON PO, ceal 497 L7200 E 16 [iceeaciienannns
3 650 615 000 |[11 517 18 02 | 6.83 | 3.25 | 5.07120.696| E 1 5.16; .680] K 4 | 59.10/--18. 30
[19 18 | 18 45 | 12 00 | 11 55 |[17°36] 6.52 | 4.06 | 5.21] .676 E 5 56,271 .677) E P 2 DR D
4 7 46 8 00 100 [12 427 1810 6.42 | 3.65| 5.30| .68) 1 3 5.31) . 726 B 5 59, 78]--22, 01
[20 167 20 00 14 00 | 12 14 [18 42 | 6,50 | 4.67 | 5.27120.768 E 5 5.24120,934] K < J DR P,
5 8 47 9 00 2 30 [12 447 18 44 | 6.50 | 3.33 5.20130, 020, E 5 5. 14i30, 067, 12 4 60. 35—24. 22
© 211932100 | 1500 | 12 13 {18 447 6.33 | 4.3L | 5,070 .091 L |5 508 .142 SE |4 |....oi|eeai.ll.
6] 9511000 400 [12 41 | 19 13| 6.96-| 2,96 | 5.05] .170; E 3 4,98 .201 SE ;1 60, 72/—24, 78
[92 24 | 22 00 16 45 1 12.09 i[19 26]| 6.31 | 3.67 | 4.91] .186| B 5 4,02 %05 0 (1 D S
7110565 (1115 500 [12 51719 09| 7.50 | 2,46 | 4.94{30. 143 1 3 4,97130,072( SE | 3 | 60,85—23. 53
[23 267 23 00 17 30 § 1205 {19 067 7.00 | 3.29 5.04[29,.946| S 1 5.06120.881) NE (4 ...,
8111 67 |..... 600 .......1 1905 ...... 231 5,04 790 NE 23 |oeeeniliimans]iranns ...| 60, 67.—20, 66
deeeee.. 1215 18 00 |[12 497I[18°34) 7.79 | 2.81 | 5.06| .720) 0 |0 | 5.0220.816) SE |6 |......|........
9| [0R7] 000 615120311818 7.35 | 2.31 522 5637 NE |14 5.16] 708 E 2 | 60.24|—16, 43
12 56 | 13 00 1915 |[12 33]j[18 487 8.568 | 2.50 5.23) .549) NE |3 5,10 .50l NE [18 |......f.coo....
10 | [1 23]} 100 7001120471804 7.71 2,00 | 5,27 .522 R 2 5,22 .56l NE |5 | 59,56]—11.29
13 4971 13 30 | 19 45 {12 077[18 227 8.75 | 2.73 | 5.26{ .447| E 2 5,29 .462 SE |1 j.....feoo.....
11 [2 147 2 00 8001211118 11 7.67 | 1.83 | 5.15 .672| NE | 7 5.2l .636] B |4 |58 72— 5.68
14 39 | 14 00 20.15 :[11 46]{{18 017 8.50 | 2.50 5,156 .0641) NLE 40 6512 .624 NE. 44 [.eooii]eueann..
12 | [3 03] 245 8151206 |17 36| 7.¢5 | 2.08| 5.05 .817) NI |3 65,13/ .678 NE |14 | 57.80!L 0,05
15 267 14 45 | 21 00 [[11 42]i[17 57] 8.08 | 2,33 | 4.91120.963| E 3 4,97129, 867 It 2 Jiemai]iieaunn
13 | [3 49] 300 900 |11 34|17 34 17,13 | 2.17 | 4.81/30.092 SW |20 4.85(30,037] 8W. |10 | 56.89}-} 5.58
16 12 | 15 15 22 00 |[11 R6]i[18 11]]7.50 | 2,56 4,73/130.054| S R 4,76(30,103] 1 4 |.ieaalia. .as

* Interpolated, .




56 HYDROGRAPHY,
Table for the reduction of tides, No, 1.—Continued.
8§ s |Mean time of—| Lomitidalin- fgoiop; op Low water. High water. Moon’s—
B2 val. , :
3 [
= — ) : —_ ' . + Y
= g ;;. . . . ) ' % $ ] Wm?._- % & ‘Wind. 2 =
Datedgs | B | B | 2| E |2 E e (5%l |l s BRI 2 As | 24
a | I TR S - & = 3 £ 8 I S 23 S — 0 €9
s ’ z B B B B ] g2 | 8 |& | B g= | B —~S g3
g8 o = e & |89 1 8 [ 8| & | 87| B8 R gR
85 | ® | B | | B | )L E |G |E | E 3|5 & |£ § | %
- = - ) = = = m oA /R |k | E |8 A ¥ =)
1872, | hom. { hom. | hoom. | k. m. | h. m. | Feet. | Feel. | Feet. |Inches. Feet. |Inches. / o
Feb.14 | [4 35 4 00 930114817 18| 6.54 | 2.46 30.205{ E [ 4,.6930.164] E 55, 06/4-10. 70
. 16 577 16 .00 | 22 30 {11 257[17 557 6.88 | 2.61 L2010 E |4 | 457 191 0 | 0 |.....|.. .....
15| [H%0) 430) 1000|1133 17 03] 6.13 | 3.31 30,024 E 1 4,72130.154| E 55.35]415.24
- 17 42 1 17 00 | 23 00 |[11 407[17 407 6.83 | 3.31 20,943 B 7 4,86/29.753) NW | 3 |.oooi|caaaann.
16 | [6 05)) 500 | 11O {11 187 17 18] 5.80 | 3.77 30,2371 8 |3 | 4.8330.155| NE 54.78/-+19, 04
1820117 15§ 23 45 [[11 107[17 40]) 5.88 | 3.46 30,118 0O 0 4,7330.216] 0 | O ... .]iceenn..
17 | [662) 700 {.c......| 1231 | cuil| BT |aeeno RN PRI .e- 5, 02129, 871 SW 54, 39421, 98
1916 | 19 00 | 12 15 i[12 087 17 46 | 6.50 | 4.72 29, 652| SW (17 5.50130.001) SW | 14 |......f.oo..e..
18 | [7 40} 8 00 2 00| 12 44 {[19 083 6,50 | 4.88 23,933 SW | 7 5,77 .096] SW 54.16{4-23.94
20 05| 19 15 | 14 00 |[11 357|-18 447| 6.13 | 5.38 29.326| SW | 5 | 5.5730.473] W | 5 |eccailien....
19 | [8 307 10 00 3151136619 351 6.25 | 4.42 . 630 SW |19 5.27129. 8221 SW 54, 10]4-24. 83
.1 %0 5512200 16 15 1[13 303 20 10 | 5.83 | 4.44 801 W |2 5,17] .68 NE | 4 lceooiiiieana...
201 (92073 1100 415{14 057(19 45T 7.00 | 3.79 .531| SE |4 | 5.31 .514] 0 54, 18|4-24. 60
21 457 22 00 | 17 00 [[12 407 20 057| 6.25 | 4.42 630 NE 11 | 5.2429.801) NE |18 |.cee_ |, ...
21 (10 107 11 00 500113 15 |[19 407} 6.58 | 3.50 29,897 NE 30 4.82330.003) NE 54, 3R +23.22
223412300 18 00 |[12 50 {120 15| 5,69 | 3.25 30,1021 NE ... 4,.4930.142) NE | .. |..ccoo|iea. ...,
22 110 58]|....... 500 {....-.[(1850}..5...0 242 | 4.46/......0...... (RS PRPDMS (RIS [P P 54, 69]--20.79
2392712 00 1800 | 13 26 | 19 26 | 6.67 | 2.89 30,1200 0 | 0 | 4d7|eene|eceeniliceilonenil e,
23 [11 453 0.00 | 6 15 [13 023119 17]] 6,17 | 2.17 L2430 0 10 | 4.5180.21% 0 55. 06/4-17. 39
....... 1230 | 181513 08| 18563 7.00 | 2,71 L136) NW | 4 4,53 .1621 0O P .
211 008 015 6 30 i[12 307118 45)] 6,33 | 2.22 30,108 NE (13 4,61:30.195 0 55.49/4-13.18
[12 31711300 19001252 | 1852 [ 7.33 { 2.72 20,847 NE |14 4,7629.944] NE (12 (... .| ... ...
25 0547 100! 700I[1229|(18 297 7.13 | 2.79 L4320 0 |0 | 515 .691 0 55,931 &,33
[13 167 13 30 | 19 30 | 12 36| 18 36| 8,53 | 3.3 .334) B |4 | 5.52 .25 S | 4 eeeaidiea....
261 1387 130 730|[1214)[13 14]] 7.54 | 2.58 20.8100 E |4 | 5.3320.504] SE 56. 43|+ 3.06
[14 0073 14 00 | 20 00 | 12 22| 18 22 | 7.46 | 2.00 30,269 NE |30 4,7830.082| NE RO PR
27| 223 215 800 {12 157[18 00) 6.67 | 1.8 .3020 B |3 | 4.46) .307] NE 56. 93— 2, 42
[14 45]] 14 16| 20 45 | 11 52 | 18 22| 7.17 | 1.46 .442] NE 130 4,25 300 NII | 17 |ceece|eannnnn.
28 308| 230| 830|[11 45/[17 45]} 6.42 | 1.79 .482] NE |12 | 4.17] .631| N 57.41|— 7.89
[156 3171500 | 21 00| 11 52 { 17 52 | 6.83 | 1.67 .47 NE |20 4,15] 434 NE { 9 jcvcailoenn....
29| 3557 300 915 |11 293[17 44] 6.25 | 2.21 30,189 -NE |24 | 4.17130.301] NRE 57.911—13.09
16 20 :
- 11V 3 DN SRR DU ORI DS DU DU S
[20 11eeees|ennn .. SN PO RSN ERTN PR AR S
6 9417110 30 4-00 (13 197 19 20 | 6,08 | 2.88 29, 886
[22 11 | 23 00 | 16 45 | 13 197|[19 34]| 5.25 | 3.40 | 4.29(30.040
711040 )11 15 500 (1304} 1919 16.33]2.00| 4.10] .130) NE 13 3.94| .138| NI2 59. 85|—18. 36
[23 08] 23 30 |- 18 00 | 12 50 |[19 49]] 5.08 [ 2,25 | 3.84] .153! NE [26 3.7630.187| NE 28 |.cociiiomen.n..
811135 |....... 530 [....... 18 60 |...... 1.42 | 3.65] .341] NE 22 |.cceoilicoacsfennaad]. 59, 54|—13. 56
I R 12 15 | 1815 |[13 073[19 07 6.925 | 1.50 | 3.74] .403 E |6 | 3.6830.3% 0 0 |.____.i.._ . ..
9110013 000 GO0 | 122 1 182516,040.92| 3,75 .333] 0 0 3. 74[ 384 LD 59.03/— 8,07
12 267} 12 30 | 19 00 (1229718 597 6,75 | 1.08 | 3.65[30.004f E |1 | 8.7230.200 0 |0 |._.._.|........
10 | [0 51} 1 00 645 {12 341 1819 | 6,27 { 0.08 | 3.7229,909) NE |16 3.6120.952 NE 58. 37— 2,27
1315113 15§ 19 00 |[12 24718 09]! 7.30 | 1.38 | 3.97120.841) NE 135 3,78 819 NE 1256 |......|........
10 [139] 115) 745|172 00118 307 6,50 | 1.33 | 4.0530,033| NE [22 | 4.09| .883 NE 36 | 57.62/+ 3.50
14 021 14 00 | 20 ¢0 (12 21][18 217 7.00 | 1.38 | 4.20129.848! NE {26 4,11 9731 SE |6 f......|l........
121 (2257 200 80011568 |17 5816.98 | 1.68 | 4.32] .59l NE |48 4,25 ,652 NE 56, 83!+ 8,95
{14 48°( 14 30 | 20 15 ({12 057j(17 50 7.17 | 1.5 | 4.31] .682) NE |I8 4.31 -48.5 NE 48 |..... l........
13/[311]) 300] 830 1212717 427 6.54 | 2.00 | 4.26120.836| E |4 | 4.3 .767] E 56. 08/-+13,87
' 15-347]1 15 30 | 21 15 |[12 193i(18 047! 6.79 | 1.71 | 4.14{30.012] BE 7 4.2029,9100 B 4 |, ... ...,
14 | [357] 330 915 |11 56| 17 41| 6.04 | 2.04 ; 3.98 .114] 0 0 4,.0430.109, I 55. 40/4-18, 06
16 21 {15 00 | 21 30 |[11 033((17 337 6.00 | 2.00 | 4.00| .024) 0 10 | 3.970 078 0 |0 |.ee.|om......
151[445) 400] 1000113917 39567267 3.75 .069 SE |1 3.88 .008 8 54, 87421, 37
17 09116 00 | 22 30 (11 15][17 457 4.35 | 2.63 | 3.80130.075] 0 |0 3.8 070, E |2 |.... . ........
16 | [633]] 430 1030 |11 917}17 217} 5.50 | 3,50 | 4.31[29,.964] NE | 7 4,1230, 005 NE 30 | 54, 48,-—{—23. 69




TIDAL OBSERVATIONS, o7

Table for the reduction of tides, No. 1.—Continued.

Launitidal in- Height of— | . Low water. ‘ High water, " Moon’s—

M. i .
qE, ,E, Mean time of: terval.
[ e . .
= 3 | & Wind. | 3 | & Wind. | % s
Date. 32 4 £ g s | g o g : & : . w =
@0 8 2 — s . — . o
T F | § | E | § |8 E2 |88 (5|8 8% E |58 £E
S L E B £ B | F E | % |g2 | 8B |5 % |2 € |8|=8]| £4
CF - - T S - SO A S - S S I -l - - N - - - - =
= o =) aea o— ) N [ O
= = 2 = S |B1S |4 |a& A T A& SRR 2
1872. | h. m. | h. m. hom, | hom. | k. m. | Feet.| Feet. | Iect. |Inches. Feet. |Incher. ! o
Mar16 | 17 58 | 16 30 { 23 00 [[10 573|[17 277 5.83 | 3.21 | 4.34{20.941f B |1 | 4.35129.941] NE [10 [....oifeenon...
17 | [622] 530] 11451132717 477} 5.21 | 3.75 | 4.21130.168) § |1 4.2020,007] E |3 | 54.26/4-24.92
18 477 17 30 oo ... [11 08]]....... L 00~ 3 D IR IO SO eee| 4.00030.203] W |2 |ieiee]ienaanes
18| [712]] 730! 000 (12437[17 387 4.58 | 3.08 { 3.99130.368}...__. . 3.90 ,401] E |4 | 54.22425.02
- 19 377120 30 | 14'30 }{13 187 19 437 4.04 | 3.63 | 3.86/ .348 NW |1 | 3.94] .29 SE |5 |.....ieecennn.
19 | [802] 945| 245 (14 087[19° 33} 4.96 | 3.31 | 4.00 .1765| 0 |0 | 4.
20 277 2L 45| 16 00 [13 43720 237 4.58 | 3.75 | 4.14[30.108) E |2 | 4.
20 | [851] 10 15 | 330 | 13 487([19 267 5.67 | 3.25 | 4.2:8/20.841| NE 20 | 4.
: 2L16 122 15| 1630 13 247 20 0371 4.97 | 3.50 | 4.26129.979) NE p7 | 4.
21 [[939] 11 00| 430 |13457[19 39] 5.33 | 2.54 | 3.9330.295 NE 26 [ 3.
22 02(2300] 17 15 [[13 217 20 007} 5.13 | 2.25 | 3.73) .209| NE [48 | 3.6
22 (10 25}-...... 500 |......- [19 217!.-.... 1.88 | 3.63] .534] NE 35
22 487112 00 | 17 30 | 13 58 | 19 287| 5.50 | 1.81 | 3.39{30.5¢2| NE |2 ceen
23 (11 11 000 | 545 (13 35][19 207 5.42 | 1.42 | 38.63 ... feueu-.. cen
S 1233311200 1300 1312719127 6.04 | 1.50 | 3.64]......|cceans .
24 [1156])] 000| 6 00 |[12 497((18 49]] 5.75 | 1.13 [ 3.61130.6¢7] ¥ |5 e--
. ceieea. 1122300 1800 12577 182771 6.27 | 1.06 | 3.45) .G86| T |2 4
25( 018| 045, 630 [12 49718 347 5.92 | 0.00 | 3.30{ .788 SE |3 1
(12417 1300 | 1845 |12 4271 18277 6.44 | 0.65 | 3.54] .686] B |2 2
2| 1047 100 700121918 19] 6.50 | 1,13 | 3.80| .427] B |2 4
WWIWI5] 1916 | 121171181171 6,88 0.75 1 3.80, 446 B {5 0
27| 152 130] 74512 02](18 17] 6.50 | 1.04 | 3.70] .513] 0 {0 0
[14 177} 14 00 ] 1945 |12 087 17 537 6.58 | 0.63 | 3.76] 475 0 |0 1
23| 2427 200 800 [11 43][17 43] 6.63 |'1.33 | 3.82] 4150 0 |0 0
{15 087 14 00§ 20 00 { 11 187} 17 187 6.58 | 0.88 | 3.78| .406| B 1|3 0
20| 335 230 | 845 |f11 227(17 37] 6.50 | 1.73 | 3.94| 417 0 {0 0
[16 03] 14 15| 20 40 ! 10 40| 17 05| 6.50 | 1.17 | 3.98] 408 SE |4 2
30 432 300 915|[1057](17 12]{ 6.25 | 2.25 | 3.88 (398 L. |5 3
(17 021 1500 | 21 45|10 287} 17 137 5.67 | 1.58 | 3.82] 3971l 0 {0 ‘2
31| 532 400/ 1000 |[10 58716 58] 5.58 | 2.67 | 3.77| .36¢ 0 |0 0
{1802} 16 00! 2230 | 10 287} 16 58] 5,00 | 2.08 | 3.78 ,308| SE |2 | 3 . 3% 3
Apr.l | 633 500] 1100 |(10 58716 587 5,14 | 3.13 | 3.7630.41:| NW [4 | 3.7¢[ .360] SE |2 | 59.27|—24.90
{19033 17 30 |...... B o T I 2 I 454 {oeoaaidimanant il iiian, weel 8,81 (451 NW |6 ... ... eaenn
21 7347 73| 000([1232] 17 27 [ 5.08 | 2.46 | 3.8230,457] 0 {0 | 3.8y .447 SE |4 | 59,25|—23.04
<1720 03) 19 30 | 13 00 | 31 567|[17 577 4.43 | 3.29 | 3.8 ,377] 0 |0 | 3.9 808 NW |4 |eeeoiifecen.nns
3| 8317 845 130 ([12.42] 17 567| 5.50 | 2.67 | 3.96| .23 11 |3 | 4.08/ ,184 o0 |0 |59 14—19.76
[20 597 2100 | 15 15 { 12 287 ((19 127 5,17 | 3.13 { 4.09 090 1 (4 | 4.1¢[ .046] B |5 |...olee..o..
410971000 31513017 18 447/ 6.19 | 2.50 | 4.1630.015] 0 |0 | 4.1430.005 NW |2 | 58,92/—15.53
[21 6231 22 00 | 16 15 | 12 347 |[19 16]| 5.67 | 2.42 | 4.1529,082| E |2 | 4.1829.974) 0 |0 |o.ccifeceannn
511017711030 | 400 12331/ 18 347| 6.58 | 2.13 | 4,15 ,98(] 0 |0 4.17) .993| NW |3 | 58.60/—10,11
[22417 2300 | 17 00 { 12 437({19 03]} 6.81 [ 2.00 | 4.20¢] ,94¢f 0 {0 4.200 042 0 {0 |iiiei]lieei....
61110511 15| 445 (12 34] 18287 6.97 | 1.71 | 4.20 .919| NW [ 2 | 4.20}20.927{ B |4 |58.21— 4.4
{23 297....... 17 45 | euee.. 19 047-..... 1,60 | 4.25 919 SE (4 |.cee-.f.. U SO RN PO
7111527 0001 545(1255 | 18407 6.73 | 1.63 | 4.20120,962| SE |6 | 4.2:20.916| E |5 | 57.64/4 1.36
....... 12 00 { 18 15 [[12 317|{18 46| 7.29 | 1,20 | 4.2330.08¢) NB |8 | 4.2¢130,009) SE |5 |......i......
8[015]. 080 630[1233]1838|6.92|1.2 | 410 ,22| SE |3 | 415 .172] E |6 | 57.04/+ 6.99
12 387 13 00 | 19 00 |[12 45]|(18 457 .13 | 0.9G | 4.04] .197] NW [ 2 | 4.06f 2100 SE [3 |......f.......
9(fro1) 100| 715|122 18377690108 8.9 116/ 0 |0 | 3.98 .161] NW |1 | 56, 42/412.20
13251131561 19 15 [[12 147(18 1471 6.83 [ 1.o0 | 4.02) .ote] B {2 [ 3.9t .052 0 |0 |.....l.......
10 | [148) 200] 7301235718057 6.96|1.50 | 4.04] .060 SE |4 | 4.06{ .027 0 |0 |55 8041676
14 127) 14 00 | 20 00 [[12 I2)|[18 12] 6.71 | 0.956 | 3.97 053] Sk |2 | 4.00] .067] B |2 ... .|.._.....
11 [[236] 216| 815112037118 037 6.64 ) 1.65| 3.93 ,059 0 |0 | 3.94 .06l E |4 |55 254-20,48
115007 14 15 | 20 15 (11 3931017 39} .33 { 1.20 | 3.9% .21l ® |7 | @95 (0180 B {4 (...
12/[324] 800 900120018 007 6.40 | 2.11 | 4.0030.017| SK |2 | 3.9830.042) E |1 ! 54,78423,22
15 4971 15 00 | 21 00 [[11 367((17 367 5.96 | 175 | 4.0320.950| Sk |4 | 4.01120,949) SE | 0.3/.__...|........
13 ([414] 330 915114171726 6.08{2.58| 4.00 .86 0 |0 | 4.03 .909 E |3 | 54,45424.87
1630015 15 2L 15 |1t 017)[17 01 5.65 | 2.88 | 4.20 .8s4] 0 [0 | 404 .85 W 2 |.____ caeaaeen
14{[504]] 400 100011217 17 207 5.85 | 3.20 | 4.20129,057] B {3 | 4.23120,996] 11 |3 | 54.206/-+25.36
17°207] 16 00 | 22 00 {[10 56]|[16 567 5.15 | 2.67 | 4.10:30,109] B |3 | 4.1730.025| E |4 | . ...]........
15/ [56564]) 500| 1100 | 11 317 17 317 5.27 | 3.38 | 3.95 .268 NW |2 | 4.03] .181| SE | 4 | 54.25/4-24.69
18 1971 16 30 | 22 45 |[10 367i(16 51| 4.47 | 2.67 | 3.80130,3838) W |1 | 3.78 319 8W {8 |, .. .fiees.ans
16 |.[6 447 630 |........ 12 10 | oae ] 4,69 Joen oo ee ceed] B3T3 .448) I | 5| 54.42/4-22.92
19087} 18 30 | 12 45 |[11 46]| 18 26 | 4.00 | 3.35 | 3.73(30.430] E |7 | &81B0,372 N |4 |.c.ooifeeeenens




HYDROGRAPHY.

o8
Table for the reduction of tides, No. 1.—Continued.
g caS Mean flime of— Lu%?g:im' Ht?ighb of— Low waiter. Iigh water. Moon’s—
o : - ; - g
Dat ';Eg - ) i g o Wind E $ Wind. § "5
ave. %’ 5 [ 53 = s P -t £t B ~ I . a
AN AR NEE IR RE I RPYEE IR
A g E £ E E 2 E S |gs]l 2 15| 5 |ge| € I'S{=g| 88
S5 % | & | @ 5 < 181 BBl (S| 821575
25 |- & g 20 E || B3 |§ £ 13| 3 | & 2|3 |e g
= 3 A = A M | =B~} e - =~ A
1872, | k. m. | k. m. h. m.t h. m. | h. m. | Feet.| Feet. | Fect, |Inches. Fect. |Inches. . ! o
Apr,17 | [7 3] 830} 10013 22 |[18 167 4.96 ['3.07 | 3.84]30.357| E |1 3. 8530, 21
19557120 30 | 15 00 |[12 58] 19 5627| 4.13 | 3.31 | 3.86| .28 1L |2 | 3.87] .276
18[818]) 930| 2001335 [18928) 5.13/3.00] 3.83 .22 0 |0 | 3.78 .2
20 4171 21 30 | 16.00 |[13 123/ 20 057} 4.25 ] 2,79 | 3.69] .386] 0 |0 | 3.57| .571
19 [ [904] 10 00 | 345 | 13 197|[19 27]| 5.00 | 2.17 | 3.41] .700] E |7 |.8.29 .750
21 267 2230 16 30 |[13 2670 19 497 4.38 | 169 | 3.24] .777] O |0 | 3.24) 748
20| [949) 11 00| 445|713 34 [19 417 5.46 | 1.65 | 3.2¢| .687) 0 |0 | 3.42] .51%j
92 117 2315 | 17 30 |[13 26 20 04| 5.42 { 1.67 | 3.57] .328) W |2 | 3.64 .o
21 |[10 347 11 30 | 515 13 197[19 267 6.21 | 1.83 | 3.73| .240 W |3 | 3.83 .096
22 56 23 30 [ 18 00 (12 557 19 49| 6,00 | 1.56 | 3.87| .133| SE |4 | 3.90,30,144
22 1111 197 .o--.. 600 | eeunn: [19 26))...... 1.58 | 3.9430.020 W [10 [..-... 29, 813
< 1934371200 1800|1304 |19 047| 6.73 | 1.33 | 4.24[20.625| T |2 | 4.07......
23 .uun... 000 60012 417i[18 41]| 7.38 | 1.48 | 4.07/29.980| SW (35 | 4.19/29.54(
(120811215 1815 | 12 327 18 327 6.46 | 0.63 | 3.74(30.233 SW (17 | 3.8930.18¢
24| 0331 030] 645 |[1222][18 3771 6.58 | 1.10{ 3.67| .307[ 0 |0 | 3.70, .201
[12 59} 13 00| 1900 |12 27| 18277 6.54 | 0.20 | 3.73] .188 SE |3 | 3.67] .218
25| 1927 100] 715|[12 017 (18 16]] 6.97 | 1.17 | 3.70| .257| NE [24 | 8,72 .19
[13 557 1330} 1915 |12 03| 17 4871 6.35 | 0.31 | 3.61] .338 NW |6 | 3.65] .265
21 2924} 200 800112 05318 057 6.54 | 1.23 | 3.51] .42 NE | 6 | 3.56] .377
[14 553/ 14 00 | 20 00 { 11 36| 17 36| 5.96 | 0.33 | 3.47| .526f O |0 | 3.48 .471
27| 327 230 83011 35](17 35] 6.27 | 1.46 | 3.51] .528 O |0 | 3.47] .bd¢
[15 567 14 45 | 2030 [ 11 20717 057 5.67 | 0.96 | 3.54] .402] SE {2 | 3.58 .43
28| 427 315| 10 00 {[11 19]|[18 04]| 6.19 | 1.21 | 3.49] .431 SE |1 | 3.46] .39¢
[16 5871 15 15 | 21 15 |10 487) 16 487 5,33 | .53 | .56 -313 E |5 | 38.61) .39¢
20| 5928 430} 1015 |[11 32]i[17 17] 5.79 | 2.69 | 3.7¢| .200 L | 4 3.77 .32
[17 58] 16 30 | 22 15 | 11 027| 16 477} 4.83 | 2.08 | 3.66) .303] NE |37 | 3.7 .28¢
301 627 530 1445 [[11 32]((13 477 5.27 [ 2.25 | 8.56{30.282] NE {15 | 3.56{ .33
[18 55| 18 30 |........ 12 037|......- 4,46 |emeeilemeeeemeneaenas IO T I K S 11
May 1| 72} 700| 00012 05] 17 33| 5.21 { 2.46 | 3.6730.190| NE [39 | 3.73| .187
[19 4587/ 20 00 | 13 30 | 12 38 [18 35] 4.33 | 2,88 | 3,73| .151] NE (27 3.7¢) (119
2| 8137 800| 200(1212] 18387 5.52 [ 2.58 | 3.78] .18 NE |23 | 3.85 .138
[0 373 21 00| 15 00 | 12.47 [[19 12]] 5.05 | 2,54 | 3,9030.127) NE | 8 3. 9430, 105
3|1 9017 930] 30012 53] 18 477 6.00 | 2.42-] 3.9620.946| 0 |0 | 4.01/20,928
(21 257(22 15| 1600 |13 14 [[19 233 5.78 | 2.22 | 4.11| .826 0 0 4,16 762
40948711030 40013 05] 18 59| 6.44 | 2.44 | 4.170 .703 1 |2 | 4.1 .717
(22117023 00 { 16 45 | 13 12 {[19 203 6.00 { 1.83 | 4.12{ .79% NE |2 4,060 878
51103371100 5001249 19 127] 6,47 ) 1,96 | 4,00/ ,924] NE |21 | 3.9¢]20.909
(22 56 23 301 17 30 | 12 577|(19 193{ 6.85 | 1.33 | 4.01/20.96+ NE |17 | 3.9930. 0563
61118711130 | 530 |[12 347 18 577 6,47 | 1,83 | 3.95{30.041] ¢ |0 | 3.9530.075
[23 417-re--.- 1800 ... {19 047]...... 1,00 { 3,94 080 NE [20 {.eoooifimnn..
7 leacenn. 0 00 60012421842 16.64 | 1,50 | 8.90{ ,144) NE |7 3. 903130, 139
12 04 | 12 00 | 18 15 |[12 193[18 347} 6.48 | 0.98 | 3.99] .12 NW | 5 3, 9a L 113
8/[02] 030 630|122 1826 6.90 | 1.71 | 4.02] .072] 0 [0 [ 4.01[30.033
12 527112 45| 19 00 |[12 17]|[18 32) 6.44 | 1.13 | 4.1230.027 1 |3 | 4.06[29.996
911167 100| 700[1208 1808 7.04 208 4.2620.935, 0 |0 | 4.1¢ 082
13 417113 00 | 19 00 |[11 44717 447} 6.58 | 1.60 | 4.40| .76 W |2 | 4.34) .80
10([206]) 130 745|11497118 04| 7.15 | 2,60 | 4.49] .67%¢] 0 |0 | 4.44) 712
14 317 13 R0 | 19 45 |[11 247[17 397 6.46 | 2.1 | 4.57] .58¢) NE {32 | 4.563] .593
1012567 200 8001192717297 7.02 | 2.88 | 4.56] .663 NE |38 | 4.57] .617
15 2170 14 00 | 20 15 J[11 04717 193} 6.13 | 2,85 | 4.53129,724) NB |21 | 4.56) .713
12 | [3 46] 2 30 Y 0011097117 397 6.75 | 2.88 | 4.37/30.03:] SW | 2 4,420,814
16 1271 14 45 | 20 30 {10 597|[16 44]| 5.52 | 2.30 | 4,09 .177| SW |5 | 4.27130.117
13174373 330 945]111817 337 6.00 | 2.23 | 3.97] ,169 0 |0 | 3.9 .185
17 01| 15 00 | 21 30 [[10 23716 53] 5.23 | 2.58 | -3.99| .31%| SW | 9 3,04 201
14 1 [525] 415] 1030.0 1114717 297 5.44 | 3.17 | 4.01) .354| SW |5 | 4.03] 387
17 4871 16 00 | 22 00 |[10 35](16 35]] 4.67 { 2.94°| 3.94] .332 SW |3 | 3.991 .278
15 | [6 111 430 11.45 |10 42|17 6577 4.96 | 3.13 | 3.79] .5062 SW | 8 | 3.87| .458
18 3471 17 30 | 23 30 J[11 19717 197)] 4.08 | 2,96 | 3.76[30.56;f SW | 3 | 3.79 568
16 | [6 56]] 7 00 |........ 12 267}......" 5,00 |temeeilemeeestimmans|ocnnn. cee| 3.75) 566
1018719 45 | 13 30 |[12 497 18 56 | 4.21-{ 2.92 | 3.7530.596] SW (10 | 3.71] ,610 ‘
171 {7407 7060 13011 427/(18 347 4.88 | 2,79 | 3.66] .581 SE |3 | 3.69 .513) SE |4 | 550934 8.85
20 02 12000 1500 [[12 207 19 427 4.75 | 2.63 | 3.73| .43¢] 8W |8 | 3.7 4841 0 |0 [...... ‘ ........
18 | [B24] 830 300)12287[19 0] 5.13 | 2,52 | 3.6930.481] 1 |5 | 38.63130.461) L |1 56.71‘—}- 3,50




TIDAL OBSERVATIONS. 59

Tuble for the reduction of tides, No. 1.—Continued.

‘E g | Mean time of— Lu%g;‘gg]l 10| Height of— Low water. High water. . Moon’s—
88 )
Q . .
- gg . - . . . E & Wind E ) Wind., | 5 2
ate. | g | 2 5 2 8 | 2|8 |7 || 4 12 |las! 4 M §
a8 | = B Z E s | B8 88| 8 |E|F |EB| 8 |E|=sa| AA
gs | & E @ 2 | » B3 E 3|55 | £ 3|8 B
= ) — e = = S | I A R EH 1A A ||~ =
1872, | hoom. | hoom. | hoom. | hom. | b m. | Feet.| Feet. | Feet. |Inches. Teet, [Inches. ! o
May18 | 20 47 | 21 30 | 15 30 {[13 06]| 19 28 | 4.83 | 2.08 | 3.61/30.409, 0 3.50130.465 SE | 8 |ceeeiieneoo..
19 '[9 09] 930 345 {12 43 [19 21]] 65,23 | 2.20 § 3.56| .524] E |3 3.44f .585] SE |1 | 57.57— 2,16
: 21327122301 16 15 (13 21) 1928 15,08 ] 1.29 ] 3.40] .568 NW |1 334 L8738 BE |3 |eeeeiieicioan.
20 | [9 567 10 30 4 30 | 12 58 [[19 21]| 6.40 | 1,60 | 3.32] .554] SE |1 3.37] .5200 W |1 |[58.44— 7,91
222112315 | 17 00 (13 19] 19 28 | 5.86 | 0.92 | 3.47/ .414] E |3 3.68 .3211 SE |4 |.coooifeeni.aot
21 1[10 47]( 11 00 50012 39 |[19 04]] 6.19 | 1,756 | 3,71 30 178 0 40 3.89130.021] NW | 4 | 59.23—13.44
2313 |....... 1700 | e[ 1839 1. .. 1,17 | 4.0929.843) NE |12 |.cccveileavmeilinen.. RS ORI P
22 [11 417 0 00 600 |[13 137i[19 13]{ 7.04 | 2,19 | 4.24] .766| 0 0 4.20129.717; NII |18 | 59.89/—18, 38
....... 1200 1756|1247 | 1842 | 6.63 | 1.04 | 4.30] .715 © 0] 4.26) 780 NW [ 4 |ccecifeeeeian.
23] 010 015 625 |[12 34)[18 44]] 7.35 | .21 | 4.49| .522] NE |23 4,33 .610| NE | 9 | 60.33—22,29
[12 407 1230} 1840122071830 | 7.24 | 1.20 [ 4.70; .425] NE |8 4.59 .409] NE 125 |......l........
241 111] 100 7 05 |[12 20][(18 25]| 7.92 | .54 | 4.78 .456] SW [18 4,75 4270 E |3 | 60.53—24.76
[1343] 1310 | 19 15| 11597 18 04| 7,20 | 1,46 | 4.83] .417| SW | 7 4.81) L4200 W 14 ..o f.oo.....
251 215} 145 7 45 [[12 02][18 02} 7.98 | 2.65 | 4.80| ,490; SW | 6 | .4.81] .433] SW |10 | 60.48—25,50
[14 477/ 13580 | 1945 [ 11 35|17 30} 7.06 | 1.60 | 4.75 .G29 SW |7 4.78 508 SW |4 | .. .|l
261 319 215 8 26 ([11 28]|[17 33])} 7.63 | 2,77 | 4.68] .68l SW |5 4,71} 659 SW |1 | 60.20)—24. 44
[15 507 14 30 | 2050 | 11 11717 3L | 6.61 | 1.84 | 4.57| .724} SW |3 4,160 671 SW |3 | .....|eeo.....
271 420 305 9 30 [11 16)[17 407} 7.13 | .63 | 4.37] .920; SW |5 4.46) .823 SW | 8 |59, 74|—21,76
[16 497 14 55 | 21 30 | 10 35% 17 10 | 5.86 | 1.92 | 4,24120,969 SW | 9 4,31120. 916/ SW | 8 |......l.eo.....
281 5181 410 |- 10 30 |[11 21]([17 413 6.54 | 2.69 | 4.1230.110; SW | 5 4.17[30. 048 SW | 8 | 59,17|~17.77
[17 457/ 16 256 | 2240 | 11 07 | 17 22 | 5.21 | 2,16 4 02 .188 NE |5 4,08 138 BW |6 |.eeeeiloaen....
20| 611} 5 16| 11 45 |[11 30][18 00]| 6.02 | 2.75 | 3.98 .227| SW |12 3.98) (265 8W | 7 | 58.53/—12,88
[1836] 17 25| 2335 | 11 14| 17 24 | 4.81 | .57 | 3,97|30.191] SW | 4 4.01) 1900 SW- 14 J....feee.oll
30| 700 630 )........ [11 543|...... L 0 (1 15 DR RN N PP eeeo| 3,990 L1801 SW | 2 | 57.89|— 7.45
(192371 19 30 | 12 55 | 12 30 |[18 19} 5.06 | 2,68 | 4.0530, 070 SW | 4 4.1130. 0000 SW | 2 [.cceeifenanoe.
31| 746} 7 30 .1 .30 [12 07]{ 18 30 | 6.06 | 2.79 | 4.15[20.954| SE |3 4.16[29.943| SW | 6 | 57.26|— 1.79
[20 09 20 30| 14 15|12 44 [1852]/ 5,06 | 2.76 | 4.18 .872/ SW | 8 4.29) 865 BW {9+~......]... v aens
June 1 8 31 8 15 235 |[12 06]; 18 49 | 6.83 [ .92 | 4.35] ,865 SW | 8 4.42] .8063| SW 112 | 56,654 3,84
{20 547 21 30 ; 15 15| 12 59 [[19 06]| 5.92 | 2.44 | 4.53] .863| SW |10 4.45 858 SW 12 |......|eeeooe
21 016 945 330 (1251 18 59 6.1 | 2,92 | 4.35 ,897) SW 11 4,40 .905] W |9 |56.134 9,21
[21 397122 30 | 16 15| 13 14 [[19 217 6.42 1 2,831 | 4.46| .904{ SW | 6 4.49 .936) W |4 |.eoiifeeon...
311001} 70 30 430 |[1251]19 14| 6.48 | 2,88 | 4,48 .917) NW | 4 4,4829.9531 0 | 0 | 55,064|4-14.11
[22 24723 00| 16 15| 12 59 |[18 36]] 6.73 | .00 | 4.50[20.995f W |2 4.4930,016 1 S T P
4,10 47 | 10 30 500 |[12 06]) 1859 | 6.48 | .75 | 4.4830.051] 1 | 0.5 4.5280.0581) 0 | 0 |55, 19418, 34
[23 117 . ..., 17 15 | .o...” [18 513 ...... 1.92] 4.58 .023 N I DO SR TURR R

9130, 026/ . 0 | 0 | 54,8121 72

o
—
—
[
&

vemean 11 45 18 00 |[12 347[18 49]) 6.54 | 2.02 | 4.63I20. 946 20,040 NW | 7 J...o..jieoo.l .
6{[000] 015 |- 6 15| 1240|1840 |7.33|2.92 474 931 LI |3 L9809 0 | 0 | 54.494-24.09

.9 S

015 5301328 (1843 |7.156 279 4.6130 0100 W 3
Q
I

122512 15 1315 [[12 15]|[18 15]| 6.67 | 2.08 |...... 29 848, 0 0 |...... 20.825| NW | 6 |ececaifonceonn.

<
e
e
woa




60 " HYDROGRAPHY.

Table for the reduction of tides, No. 2.—Showing the interval between the time of the moon’s upper and lower
transits and the time of high and low water ; and also the heights of Iigh and low water,

UPPER TRANSIT,

= 4 . - ] . . = | ]
ol B |E.|® | R ECEE g [m |2
£ | S5 A. |5 £ |52 |5 £ | 28|&. |5 & |88 |3 |3
2 B | wa | B ] 28 | wg | B z 2% | =4 | z 28 | wg | £
E =B 32| £ |E |53 8 | SE |53 £ |=E| 28
+~ — ~ ~
= | S| EF |2 = |SH|5F (5| » (28| 5F |5 | = |28 |4aF |2
g | 55 | » 3 g za | .2 8 g 3 | 2 8 g 58 | X g
S = @ 3 S = ® S =] = @ ] S 3 o S
= A = z = .4 as v = A o P = | o z
h.m b, m. Feet. h. m. h. m. Feet. h. m. h. m. Feet. k. m. o m. Feet,
043 1217 6.2 |.... 144 | 1116 5.83 [.....f 248| 1L 12| 5.67 |..... 3501 1039| 5.63(.....
022 1208 813 |.....ll 133 112} 850 |.....0| 237 1123 7.79|..... 333} 1122 6.96|.....
015 1246 | 7.63 . 105] 129 | 7.75 . 242 12181 7.58 [.....| 3928| 11382 7.46.....
014 11 46| %.71 |.... 154 1206  7.79 |..... 218 11421 7.17 |... 313 1147 7.42 ..
039) 1251 8.08..-. 118 1142] 7.67 ).... 212 1203 7.4210... 340 11 920§ 7.92 .. ...
0561 1204 7.71|..... 192 ] 12384 7.63 . 256| 1204 800 |.... 392 | 1134 7.13
008 1252 7.38.... 149 1211 7.67 . 239 1206 7.65 1. 308 1152 5, 83 .
0541 1236 858 (... 133 122 | 7.46].... 293 1152 7.17 {..-. 334 11566 6.041....
092 | 1234} 6.27 [..... "115( 12 00| 6.50.... 202 1168 '6.981..... 335| 1040 | 6.50]....
018 [~1242] 6,44 o 104 1221 688 (... 248} 1212} 6.54(..... 300 1200| 6.40|.....
038) 1222| 6,90 |.. 152] 1208 ] 6.68|.....| 242| 1118| 6G.58.....] 349] 1141 | 6.08|.....
033 1227 6.54 ... 125) 1285 | 6.96|.....[| 212| 1203 6.64|.....[| 32| 112 567 |.....
004 | 1226 690 |.....] 12 | 1203 638 |.....] 22| 1136| 506].....[ 321 | 110} 6.75.....
0521 12081 704 ...l 14| 1149 715l es1l o129 | 7.02..... 319 1111 6.61|.....
010] 1220 7.24 ...l 111{ 1159 | 7.29).....| 215| 1185| 7,06|..... :
0920 | 1295 7.9 15 12| 1203( 7.20| 15 230 ] .1147| 7.02| 15 392 112 | 6067 14
[0 28] [12 23] [7.19]) 15 |} [1 27 [12 08) (7.28] 15| [2 28] [1l 461 [7.047 15 [329] [1127) [6.88] 16
0571 2448 14,44 |....l| 256 24 11| 14.48|.....| 458 2333 14.06 |.....| 657 2863 | 13665 ....
098] 1224 7.92| 30 128 1205 7.24| 30 2920 1146 7.03| 30 399 | 11271 6.78| 30
L 451 1039 4,92 ..... 5471 1013 ] 4.58 |..... 6517 1339 4.71 |..... 738| 1322 4.7 |.....
445) 1451 6.921 |..... 531 11929] 6.92..... 639 1121 4.63|..... 702 1228 6.00
433 1127 | 5.88(..... 524 1136 5,46 [.ee.n. 617 | 1143 | 6,77 |..... 748 1312 6.25 ]
413 1147 7.331..... 542 | 1118 6.77 |..... 611 1219 6595 |..... 738 1322 | 6.25|.....
4571 1133 7.13 |..... 535 1125 5,83 ..... 655 1305 6.00]... 715] 1145 6.50|....
403| 1157 | 17.00|..... 510} 11 20| 6.67 {..... 627 1208 6.75|..... 703| 1257 4.96].....
450 11101 6.42 |..... 558 | 1147 6,54 |..... 619 ] 1141) 5.2 ..... 7471 1313 5.75.....
42| 1136 7.17 |..... 5421 1118 5.89 |..... 6501 1155 | 6.52]... 746| 12141 6.50 {.....
412 1148 | 6.54|..... 500 1121 5.50]..... 62 1231 571 ..... 716} 1244 | 6.50.....
45771133 6,13 |..... 5581 1182| 5.21 |.... 647 | 1243 | 4.58|..... 737 | 1408] 4.96].._..
04921 1139 5.67 |..... 5321 10981 . 5.00 |.... 633 1057 4.54]..... 734 1156 4.481.....
4321028 | 5,67 |.... 5200 11 31| 5.927 |..... 619 ] 1211 | 4.69 |..... 703| 13221 4.961.....
439 1121} 585 |.... 5231 11 02| 4.3l ... 627 | 1203 4.461..._. 755 13851 6.13(....
4927 1048 5.33..... 501 IL14| 5,44 |..... 634 122 | 5.00(..... 722 1238 (. 4.33(.....
S412) 1118 6.00 |..... 5481 1042 | 4.96 |..... 6111 1114 4.81]..... 718 | 1142 4.88.....
42| 1035 5.86 |..... 5181 11 07| 5.21 |e.... 700| 1230 506].....
_ 746| 1244 5.06.f.....
431] 1120 6.19] 16 5321 1113} 5.63) 16 631 1208) 5347 15 798 1249 5.43| 17
[4 31] [11 123 [6,23] 15 |} [5 313 [11 15] [5.82] 16 || [6 307 {11 50] [5.44) 17 | [7 R7]| L12 34) [5.43) 156
902| 2232 12.42 |..... 1103 2298 | 11.45 |.....| 13 01| 2358 10.78 |..... 1455 25923 11.96 |.....
431} 1116] 6,21 31 531} 1114 573} 3J 630] 1159 539] 32 798| 1242 b5.43| 32
8241 1236  4.96..... 912 12481 5.42|..... 1000 1300 548 |..... | 1145) 1215] 600
836 12241 6.96|..... 9927 1233 7.50 |..... 1061 1200 575 |.....] 1123) 1237 | 808|.....
821 13391 6.63|..... 905| 1355 | 6.71 |..-.. 1093 1237  7.67 |..... 11251 133 | 7.67 ..
L8061 12541 6.67 |..... 950 | 1310  7.42|..... 1037 13923 771 ..... 1108 1252 7.561.....
834 1356 6,33 /..... 902 1298 6.731..... 1003 12927 7131 ... 1100] 1330 810].....
847 | 1213 | 6.33 |..... 9021 | 1364 7.27|..... 1011{ 1349 7.75|..... 1150 1310 8.42|.....
8051 1355 6.25]..... 951 1209| 6.311..... 1055 1205| 7.00)..... S1157.) 1203 7.5 ...
8651 1405 7.00|..... 945 | 1315| 6.58 (..... 1034 | 13926 6.67 |..... 11922 1308 7,00 |.....
827 1348 5.67]..... 941) 1319} 5.9 |..... 1040 1250) 5.08)..... 1135 122 ] 6.04 ..%..
831 1229 5,17 |..... 915) 1345 5.33|....- 10 02| 13 58| 5.50 |..... 1183 1257 | 6.27(....
841 1319 5.00..... 92 | 1234| 5,67 |auen- 1048 ] 13 12| 6.04 |..... 1105] 1255| 6,78 |.....




TIDAL OBSERVATIONS. 61
Table for the reduction of tides, No. 2.—Continued.
TUPPER TRANSIT-—-Continned,
N A ; S A, ; ~ ] ; - = ;
ERCENE | x| 8 B> | NN
i3 54 ) e 3 Ba | = Be ] 5e = P ] 58 W ]
e - 3 . = B P4 . < = = 3 . 3 B + 38 . <
a 2% oy w a 2% o > & R oy > 2 =R o B
a og °8 3 & —E °& 3 ) —E oz g ] g °2 3
B8 = el @ =" = 3 @ =] =] 2 0 a < + 8 @
w | 2H | 2B 1S @ o5 | 2F | 3 o =% | 9B 13 m sH | 2E |2
7 | E5 |2 9| &.lE5 |2 |v) % |EE|L |8 7 | 5E |2 |%
=3 =] . =3 = . [=] =i ~ =] =] .
=1 B @ S o = @ 3 =3 =4 @ 3 =1 o @ 3

=} = os] = = =3 = 4 b= = = Z = — = z
L. m. I . Teet. koo m. | howm. Teet. k. m. ko m. | - Feet. k. m. k. m, Feet,

813 12 47 5,00 |..... 9 26 13 34 H.46 §..... 1017 | 12 43 6.31 |..... 11652 12 38 6.92 [.....

802 1228 5.13 |..... 9 01 13 14 5,78 |..... I 10 11 13 19 6.21 |.... 11 43 12 32 6. 46

847 | 12 43 5.23 |..... 948 1312 6,00 |..... 10 56 | 13 04 6.73 }..... 11 18| 12 42 6. 64

8 31 12 59 5,02 |..... 932 | 1258 3,40 ... 10 33 12 57 6,35 f.een. 11 13 12 47 6., 63

916 13 14 6.42 |.....l 1021 1239 6.19 |..... 1135 | 12 40 7.33
»l -10 01 | 12 59 6,73 |.aenn
10 47 13 28 7.15 |.....

8 28 13 05 5,80 | 15 92| 1308 6.20] 16 1027 | 13 00 6. 563 18 11 20| 12 48 7.09 | 16
[8 28] [13 06] [5.69]) 18| [9.31] (13 05] [6.25} 17 { [3i0 31} {12 58] [6.71] 16 [| [11 203 (12 417 [7.05]) 16
16 56 | 26,11 11.58 |..... 1857 | 2613 1245 |..... 20581 2558 1324 |..... 2253 | %20 14 14 |.....

8 28| 1306 579 | 33 929 | 1307 6.23 | 33| 1029 1259 | 6.62| 34| 1120 12 44 7.07 | 3R

LOWER TRANSIT.

014 12 46 6.92 I..... 113] 11 47 6,71 |..... 216 | 11 44 6,58 |.... 320 | 11 40 6.75 |...

0 40 11 50 6.83 [..... 1 00 12 00 9.17 |..... 205 1155 871 [..... 303| 1052 8.83 |...
046 12 14 BT feeen 130 1230 6,75 }oeun- 2181 11 42 6.79 |..... 305} 1155 6.63 |.....

015 12 45 7.46 |..... 1431 12 12 8.50 {..... 246 12 14 8.38 |..... 3 51 11 09 6.50 |.....

027 12 33 8,68 |..... 103] 12206 6. 96 [..... 23] 1211 6.90 |..... 338 112 8.17 |.....

0 31 12 29 7.13 |..... 149 12 11 6.69 |..... 214 11 46 8.50 |..... 3 18 11 42 V1% X PR

001 1229 6,75 123] 12 07 8.75 |..... 200 1215 6.67 |..... 303 1142 . 8.081.....

0 51 12 24 7.30 116 12 14 7.54 |.unn. % 45| 11 45 6.42 ..... 349 11 26 7.50 ...,

041 12 19 6. 50 139 12 21 7.00 {..... 22| 1205 7.17 |eeen. 331 11 29 6.25 |.....

015 12 45 7.13 |ea... 1928 | 1202 6.50 |.acn. 2 17 11 43 6.63 |... 311 12 19 6.79 |..ees

008) 129 6.68 |-.... 101 12 14 6.83 |..... 236 11 3Y 6.33 |..... 357 1103 6.00 |.....

0 59 12 01 6.97 |....- 143 12 12 6,71 |..... 2 55 11 35 6,27 |..... 308 11 22 6.50 [.....
0243| 1217 6.44 |..... 166 | 12 05 6.54 |..... 206 11 24 6.46 [..... 324 11 36 5.96 |.....
040 | 1220 7.92 |..... 116 11 44 6.58 |..... 256 1104 6.13 |..... 366 1119 G.19 [.....

0 00 12 15 6.67 |..... 143 12 02 7.08 {..... 247 | 11 28 7.63 |..... 346 | 1059 5.52 |.....

; : 350 1115 7.13 ).

028] 1223 7191 15 127 12 08 7.281 15 228 11 46 7.04 | 15 32| 1127 6.88 | 16
4211 1039 6,17 |.... 510 1111 5,92 f..... 627 1203 479 {..... 715 1230 3.67 |.....

421 1109 5.29 |.c..- 5 08| 10 52 5,67 |.cun. 613 1217 5,067 |..... 7 03] 1157 5,17 |.....
406 11 54 7025 |ouue. 554 11 06 6.00 |..... 640 | 1220 5,50 |..... 72 1305 5.50 [.....

4 59 11 01 6.55 {.cn.. 5 48 12 12 6.58 |..... 6 33 11 57 7.00 {..... 717 12 43 6.7 |.....

435 1125 6,42 |..... 519 11 26 6.22 |..... 604 1156 6.13 |...c. 759 1301 6.63 |.....
427 1033 7.78 |emne- 513 1( 11 17 6.83 |..... 6511 12 09 6.13 |..... 7 40} 12 55 G.31 |.....

402 11 43 6.96 |.c... 5571 11 33 6.21 |..... 641 1119 5,48 [..... 72 1235 5,46 |.....
447 | 11 43 6.42 |..... 534 11 41 6. 30 G 24| 11 51 6.33 |..... 718 | 12 42 6.42 |.....
431} 112 6,88 |.eeu. 52 | 11 40 6,83 6057 1110 5,88 Je.ons 740 1135 6.13 }.....
445 1115 4.35 |. ... 533 | 10 57 5.33 6 52| 12 08 6.50 |.eue- 7 12 13 18 4.04 |.....
4 03| 1057 6.25 [.uaen 502 10 58 5. 58 6221 11 08 4,63 [..aa. 7031 12 32 508 |.....

414 | 11 01 5.65 |.ev.- 504 10 56 5156 |..... 602 10 58 514 {..... 732 12 58 4,13 | ...

458 ] 1132 5,79 |ee... 554 10 36 4.4% |..... 644 | 11 46 4,00 J..... 748 1212 5,62 |.....
437 1023 5,23 |..... 558 11 32 5.27|..... 655§ 12 05 5.21 |..... 7401 12920 4.57 \.....

449 1121 6,54 |.eun. 525 | 1035 4.67 |..... 611 1119 4,08 |.... 7R3 1207 G.06 |.....

545 | 11 30 6.02 |..... 656 | 12 49 4.21 |.....
. 636 1154, 579 j.....
4311 1112 6.231 15 531 1115 5821 16 630 | 1150 544 17 TR 1234 5431 15




62 HYDROGRAPHY.
Table for the reduction of tides, No. 2—Continued.
LOWER TRANSIT—Continued.
- = v - = @ - o o s =t .
E | m | E E | m |8 Eo|® | E E | = |
£ | B8 | A |5 £ |88 | A, |8 & |25 A, |8 £ |25 |A.|%
7] - - - - - I ~3 .
< = & = B +
- 22 | Sk |8 - S8 | @k | S p S8 | =k | B w Sg | Ak |2
7 | E5 | ® |9 g | E5 |4 |®| 7 | %532 2| 7 1= E - I
g a P 3 g 3 © S S = @ S S =] @ S
- A o P = = = P2 = S| H = = | s P4
h. m.| h.m. | Feet. h. m. h. m Tecl. |* h. m . m, Feet. h. m. h. m, | Feet,
80L| 1350 | 4.331..... 936 132 | 52 [....|| 162 | 1305 | 567 |.-...|| 11 13| 1242 | 6.35|.....
848 | 1312 5.17|..... 901 | 1259| 7.42|..... 1053 | 1307 | 8.54 |..... 1055] 1205 | 8.85(....
812 1318 | 6.95..... 955 1305] 800|..... 1013 ( 1247} 6.88 |..... 1101 1329 | 7.1 |....
843 | 1317 6.58|..... 9271 1233 7.00..... 1035] 132 ] 9.08 |..... 1501 128 7.17 (.0,
834 1256 | 6.63|..... 932 1258 -7.65|-.... 1036 1321 | 6.67 |-.... 1141 1219 856 ....
810 | 1250 | 5.71 ... 946 1314| 6.60 |..... 10247 1251 7.50 |..... 1095 1305 | 7.50 |.....
857 1303] 6.13!..... 919 | 1241 | 6.69 |..... 1010 | 1250 | 5,69 |..... 112 1249 | 7.79 | ...
816 1244 | 6.50|..... 920 | 1240 | 6.2 [..... 10568 | 1302| 6.17 |..... 1145 1230 | 6.33 |.....
830 1330 5.83[..... 911 1319 6.08 |..... 1011 1304 6.33 |.--.. 10 08| 1307 | 6.9 |.....
802| 1343 | 4.58!..... 939 1321 513 |.-.c. 10925 | 1335 5.42..... 11 11| 1249 5.75|.....
851 | 13241 4.97 |..... 952 1288 | 6.58|.....) 1041 1234 | 6.97 |..... 1156 | 1249 | 5,92 (...
803| 1242| 550 |..... 904 13261 4.38(..... 1034 1255 6.00 ... 1129 1231 7.29 | ...
859 1301| 6.19|..... 949} 1326 | 5.42|..... 1011 | 1249 | 6.47 |-.... 1119] 1241 7.33 ...
818 | 13 12| 4.25(..... 995 1305| 6.44 |..... 1056 1234 6.47 |..... 1141 ] 1219 6.48. ....
837 | 1253 | 6.00|..... 909 1321) 5.08]..... 1047 | 1313} 7.04 {..... 1141 1234 | 7.3 |....
824 ] 13.06 | 4.83|..... 056 | 1319 5.86 (... W24 | 120 6.481..... 11 1t | 1234 6.54 {.....
809 | 1206 6.83..... 939| 1251 | 6.48|..... '
854 1251 6.21 ...
828 1306| 569 18y 931 1305| 6.95] 17| 10.31| 1258| 671} 16| 11 20| 1241 | 7.05| 16
UPPER TRANSIT.
—_ . ] —_ U:Y - % — A
JERIN |5 |8 T 1L L SR
£ | Bg | 2 I 4 | o 2 = 28 | o 0 = g8 | o =2
8§ | 8% | °F | & g | ES | 5 | 5| & | E5 | °8 |5 & | 88 | °§ | &
g = E -] 2 g = E = =z g =3F -‘ag 2 = i B w8 2
@« Sk < E © @ TE = B o @ =i =B © @ ek <k 3
| z9 o % = £L b ] ] £9 od “ = =8 ol o]
Sl |5 || 8|8 (=2 || & |5 (5 |s| 218 |28 |23
= A = “Z 2| A k= = = A ] = = | = Z
h.m.| h m. | Feet. hom. | h m.| Feet. | hom.| . m,| Feet. hom,| h. m, | Feet
043 1717] 0.2 |..... 144 17 46| 0.33 |..... 248 1712| 0.75 |..... 351 1709 | 1.33|.....
022 18 38 2.50 |..... 133 17 27 2,33 |..... 237 1723 2.67 |..... 338 17 22 2.33 |.....
015| 1845| 3.58 |..... 105| 1855 | 3,63 |.....| ‘242 1818 3.58|.....|| 38| 1802| -3.58 |.....
014 1746 | 2.13|..... 154 1806} 3.75 |..... 918 | 1742 1.83|..... 313 1747 a2.21|.. ..
039] 1921 3.54 |..... 118 1742 1.92 |..... 212| 1748 2.67 340 | 1805| 3.33|.....
056| 1804 | 2.00]..... 12| 1834 2.83 256 1804 | 3.21 392 1734 27| ...
008] 18352 | 2.72]..... 149| 1811 | 1.83 239 1736] 208 308| 1752 1.67.....
054 18361 3.38|..... 138 1822 2.00 2931 1822 1.46 | 334 1741 2,04 |.....|
02| 1819 0.08|..... 115| 1830 1.33 202 1758| 1.58 33| 170 | L17|.....
018 1827 0.65..... 104 1811 | 0,75 |.... 248 1742 | 2.00 300 1800| 2.11|.....
038 1837 1.08|..... 152 17563 0.63]..... 242 1718 0.88|..... 349 172 | 958 ...
033 18927 0.29..... 12| 1805 1.50|..... 212 1803| 1.65|..... 3251 1705| 0.9 |....
004 1892 | 1.71]..... 127 1748 0.31 ... 24| 1736 033 ... 391 | 1739 9o.88|. ...
052 1808 | 2.03..... 141 1804 | 2.50 )..... 231 1729| 2.88|..... 319| 1731) 1.84|.....
010 18 30 1.29 |..... 111 18 04 1.46 |..... 2151 17 30 1.60 |.....
020 4395 | 1.82] 15| 129| 1806| 1.81| 15| 29| 1744, 194 15| 39| 1735 | 2.16| 14
[0 28] [18 31)] [1.86] 15 | [1 23] [18 05]] [1.98] 15 || [2 28] [17 45] [R2.14] 157 [3 203 [17 39]| [2.31] 16
057| 3656 3.68|....] 252| 3611] 379 |.....| 457| 3529| 4.08|.....] 657 3510| 4.47|....
028 1828 1,841 30 12| 18 05 .89} 30 221 17 45 2,04 | 30 329 17 37 2,2 30
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Table for the reduction of tides, No. 2.—Continued.
UPPER TRANSIT—Coutinued.

- B @ - 13 @ - B @ = E d
E.l2 |8 E |2 | E |2 | £ - R -
b= 25 o K -1 8 5 “ K b 25 G ® # g 8 . K]
K] =R oy E a =h= o8 E & 2% o8 E & g1 o & E
E gl |28 |2 8 | g% | =% | &| E |32 |25 |2 B | 3% |28 |3
o < E < © @ ok o B ° ot < E g S @ Tk <k S
" pp] b0 s = Eg | o 5 €2 oo ) q Es bo g
g N e g g s S 3 g S e 9 g > °
S 2 S =] B @ =] =] =] @ S ] =] @ S
= A 2~ Z = = = 7 = = = = = s H z
. .
hem.| hom h. m h, m Feet, h. m. h. m. hom.| howm | Feet.
4 51 17 09 | 2.00|..... 5 47 17 13 2.64 6 51 19 39 7 38 19 52 2,08 |.....
4 45 1715 3.96 §..... 5 31 17 59 4. 67 6 39 17 51 7 02 18 58 3.13 |....
433 16567 217 {..... 524 17 36 3.00 6 17 18 43 7481 19 12 2. 88 .
413 1817 | 3.75 |..... 5 42 17 48 3.64 6 11 17 49 7 38 19 22 4.29 |.....
4 57 1803} 3.8 L..... 5 35 17 26 3.35 6 b5 19 05 715 18 45 3.39 {.....
4 03 17 67 | 2.651)..... 5 10 17 50 3.00 6 27 18 33 703 18 27 3.75 |....
4 50 17 10| 2.83]..... 5 58 18 02 3. 25 6 19 17 11 7 47 19 13 4,13 |.
42 17 36 . 542 | 17 18 3.77 6 50 18 10 746 | 18 44 3.33 |....
412 17 18| 2.46 |..... 5 09 17 21 3.50 6 29 17 46 7 16 18 44 5,38 [....
4 57 17 03} 3.31 |..... 5 58 17 47 3.76 G 47 19 43 7 37 20 23 3.75 .
421 17 39} 2.671..... 5 32 16 5H8 2,03 6 33 17 27 734 17 56 2.67 ...
432! 1713} 1.58|..... 5 2¢ 17 31 3.38 619 18 20 703 1952 3.31 |....
4 39 17 21 3.20 ..... 5 24 16 47 2,08 G 27 17 33 755 2005 2.79 |.....
4 27 16 48 .- 5 01 17 29 3.17 6 34 18 56 72 18 38 2.58 |.....
412 17 33 eea 5 48 17 57 3.13 G 11 17 24 7 18 19 42 2.63 |....
420 17 10 - 513} 17 22 2.15 700! 18 30 2.79 [.....
] 746 | 18 49 2,92 |.....
4 31 17 24 16 b 32 17 31 3.15 6 31 18 19 7 98 19 03 3.28 17
[4 31]] [17 25] 15 || (531 (17 307 [3.15 [6 307| [18 06] {7 27)| [18 59)| [3.331 15
902 3449 ceen 11 03| 35 01 6. 30 1301 3625 14 55 | 38 07 6.61 |.....
4 31 17 25 31 5 31 17 31 3.15 630 | 13 12 728 19 03 3.31 | -32
824 | 19 36 . 912| 1918 1. 00 10 00 | 19 00 1145 18315
8 36 19 24 ———— 9 27 18 33 2.67 10 61 18 09 11 23 19 37
821 1939 . 9.06 | 18 &6 4.13 10231 18 37 12| 193
8 06 18 54 .- 9 50 19 10 3,902 10 37 19 23 11 03 18 52
834 19 206 902 1858 2.73 10 03| 1857 11 00| 19 00
8 47 19 13 | 2,96 {..... 9 2 19 39 4.50 10 11 19 49 11 50 19 10
805 20 10 e 9 51 19 09 2. 406 10 55| 19 05 11 57 18 18
8551 20 05 R 9 45 20 15 3.20 10 34 19 26 11 22 18 53
840 1920 2.881..... 941 1919 2,00 10 40 | 18 50 11 351 18 25
8 27 20 03 i 915} 2000 2.20 10 02 19 28 11 33 18 27
8 31 18 44 s 9 26 18 34 2,13 10 48 19 12 11 05 18 40
841 ] 19 49 . 92| 20 04 1. 67 1017 1828 11562 |, 18 38
-8 13 18 47 .o ‘9 01 18 59 2.44 10 11 19 49 11 43 18 32
8021 1928 9481 19 12 1.96 10561 19 04 11181 18 42
8 47 19 28 . 0 32 19 28 0. 92 10 33 18 57 11 13 18 42
831 185689 2.921..... 916 19 14 2.88 10-21 | 18 39 11 35| 18 40
’ ’ 10 01 18 59
10 47 18 43
8 29 19 97 16 92 | 19 18 2 56 10 271 19 02 11 29| 18 47 206 | 16
[8 28] [19 17) 18 || [9 317 [19 17] [2 63] [10 31] [19 08 11 297 [18 467 [2.07]| 16
16 57 | 38 44 .. 18 67 | 38 35 519 R0 581 3810 @ H8 | 3733 4,13 |.....
829 19 22 34 921 19 18 209 1029 19 05 1129 | 18 47 2.06 | 32
LOWER TRANSIT.
014 18461 1.33{..... 113§ 1747 1.17 216} 17 44 1,42 320 17 40 2:33 |.....
040 1820 | 2.63]..... 100 18 00 3.67 205 17 55 3.42 308 17 52 3.08 |....
0 46 1814 3.00{..... 1 30 17 N 2.54 218 17 42 2,79 305 16 655 2.88 |.....
0156 18467 3.02)....- 148 1812 2.85 246 1814 2.75 3561) 1709 313 5.,
0 27 1848 2.50 {..... 103 17 57 2.28 223 17 26 2.568 3 38 17 52 3.00 {.....
031 1820 2.79]..... 149 1811 2.08 214 1801 2,50 318 17 42 3.21 |.....
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Table for the reduction of tides, No. 2.—{'ontinued.

LOWER TRANSIT—Continued.

= B o = B o 4 E z 8 4 g
B2 |8 E |2 | & Eol2 B L lELl2 B
£ 28 | =2 # 25 1. | B £ 1 88 | w. | B b= 28 | . | &
g £%5 o8 | B | 25 | <8 | & g £ °8 | & 2 = °% | k
= =k L @ 8 5B . 2 B = FE Fr~4 % H = E 5 ]
o < E < B 2 " Tk =B S @ < E <z < o Tk Qp |2
‘o o =] [ = :-;3 =} -1i] [ H ::3_0_‘ "] [ = =8 & Gy
o q’_‘ o Q. o E'_' - [] o E - O. 1= o o= O.
S =8 @ S S- 5 @ 3 © = ot S S = ot S
b= A = A b= e} = “ = = m Z b= =i s} =
h. m. Teet, heo m. | h. m. Feet. e om. h. m. | . Ieel. h. m. h. m. Feet.

18 59 1.08 |..... 1231 18 22 RT3 1..... 200 18 00 1.85..... 3 03 17 57 2.33 [.....
18 09 1.38 |..... 116} 1814 ) 2.568)..... 245 17 45 1.79 |..... 349 18 11 2,56 §.....
13 19 .13 |..... 13| 1821 1.38 |..... 225 17 50 1.75 [..... 331 17 44 2.21 i.....
1845 0.96 {..... 1281 18 17 1.04 |..... 217 17 43 1.33 |..... 311 13 04 1.71 |.....
18 37 1.10 |..... 101 18 14 1.00 |..... 236 | 17 39 1.29 |..... 367 17 33 -2.00.....
18 16 .17 |..... 148 | 18 12 0.96 |..... 265 | 17 35 1.46 |..... 308 17 37 1.73 1.....
18 32 L3 ..... 155 18 05 1.23 |..... 206 17 39 2,10 |..... 34 17 36 L75 |.....
18 25 2.54 {..... 116 17 44 1.60 |..... 256 17 19 2.35 |....- 3 56 18 04 1.21 f.....
18 15 2.08 [.... 143 18 02 2.65 |..... 2 47 17 38 .77 |... 346 16 44 2.30 |.....
3560 1740 2,63 |.....
18 31 1.86 | 156 123 1805 198 15y - 228 17 45 2.141 15 320 17 39 2.41 | 16
421 17 39 2,58 [..... 5191 17 41 2.88 {..... 627 1803 .75 1..... I 7 15| 19 45 .42 (. ...
4 21 16 39 2.92 1. ... 508 | 16 52 .79 |..... 6 13 18 47 3.17 |..... | 7 03| 18 57 2.38.....
4 06| 17 54 .71 |..... 554 18 06 4,33 |..... 640 | 18 20 3.83 |..... 72 | 18 35 3.67 {.....
459 1801 2.92 ..... 5481 18 12 3.50 {..... 633 18 27 3.88 [..... | 717 19 13 4.00 }.....
43 ] 17 10 3.68 {..... 519 17 16 3.88 ... 604 | 17 26 4.31 |..... Il 759 19 01 3.42 ...,
427 17 33 2,92 ... 513 18 17 2,02 |..... 651} 18 09 4,21 |..... 7 40 | 18 55 4,29 1 ...
402 17 28 3.33 |..... 557 18 03 2.88 ..... 641 | 18 19 2.88 |..... 721 1835 .3.21(.....
4 47 17 13 3.31 |..... 5 34| 17 26 3.79 |..... 6 24 17 36 4,55 |..... 7 18| 18 42 4.67 |.....
4 35| 17 55 2.61 |..... 520 17 40 3.31 |..... G 05| 17 40 3.46 |..... 7 40| 19 35 4.42 |
4451 17 45 2.63 |..... 533 | 17 27 3.21 |..... 652 | 19 08 4.88 ... 712 19 33 3.31 |.....
403 17 12 2.25 |..... 502 16 58 2.67 |..... 6 22| 17 38 3.08 |..... 7 03| 17 57 3.29 |.....
44| 17 01 2,38 |..... 504 16 56 2,67 ... 602 16 58 b A K N U 732 18 28 3.00.....
4 58| 17 17 2,69 |..... 5564 16 51 2.67 |..... 6441 1816 3.07 {.... 7481 19 12 .54 |....
4 37 16 53 .58 ..... 6 568 | 17 47 2.2 |..... 65651 18 35 2,83 |..... 7401 1920 .52 |.....
449§ 17 41 2,69 |..... 52| 16 35 2.04 |..... 611} 17 19 2,96 |..... 7231 1352 2.9 |.....
5 46 18 00 2,75 |eean. 6 56 18 34 2,79 |.....
63| 1819 2.68 |.....
4311 1792 281 15 531 17 30 3151 10 630 18 006 3.44 | 17 7% 1859 3331 15
801} 1959 .50 |..... 936G 19 24 .33 |..ea.f] 10256 ¢ 18 06 2,37 |..... 11 18} 18 42 1,13 |.....
8 48 19 12 1.88 f..... 9 01 18 59 3.7 {.oene. 10 53 19 07 3.631..... 11 55 18 35 362 1{.....
812 18 48 367 [eaan. 9051 19 05 375 loeaa | 1013 18 47 3,08 [.....] 1101 1029 3,00 .....
8 43 19 17 3.38 }..... 9 27 19 33 3.42 {..... 10 35 19 26 3.67 |..... 11 51 19 09 2.96 |.....
834 1911 3.96 |..... 932 1838 3.88..... 1036 19 24 3.20 |..... 11 41 ] 1819 3.46 |.....
810 18 50 3.46 f..... 9 46 19 14 3.38 j..a.a. 10 24 19 06 3.20 |..... 11 26 18 35 336 ...,
857 19 03 3.55 |..... 919 1996 3.67 [..... 10 10 | 18 60 242 (..... 1120 1834 2.81 (.....
8 16 18 44 4,31 |.enn. 9 20 19 40 3.50 j..... 10 58 19 17 2,17 |..... 11 45 18 45 2.2 | ...
830 19 45 3.79 |..... 911 19 34 3.40 |.... 10111 19 49 2,95 |..an. 11 08¢ 19 07 1.50 |.....
802| 1928 385 |.ean. 939 1921 1.88 |..... 1025 | 19 20 1.42 [..... 11 11| 18 49 1,13 |.....
8 51 19 39 .64 |..... 9 52 19 08 2,00 |..... 10 41 19 04 1.60 |..... 11 56 | 18 34 0.00 j.....
803 1912 3.13 [..... 904 19141 1.65 |....- 1034 19 26 1.568 |..... 11 29 | 18 46 1.29 |.....
8569 19 16 2,42 |..... 9491 19 26 1.83 ..... 1011 1919 1.33 |..... 11 19} 18 41 1.48 ...
818 | 19 27 217 |..... 9251 19 20 1.834..... 10 56 | 19 04 1.00 |..... 11 41| 18 34 0.98 |....
837 19 23 2,22 feaan. 9 09 19 21 1.69 |..... 10 47 | 19 13 2.19 {..... 11 41 18 44 2.21 |(.....
821 1921 2.20 |..... 956 19 04 175 §.o... 10 24 | 18 51 1.92 [..... 1111 18 49 2,02 (.....
809 | 19 06 2.44 {..... 939 18 36 2.00 |.... .
854 19 21 2.31 |....
8281 1917 2.96 | 18 9314 1917 2.63 | 17 1031 19 08 2.33| 16 11 29 | 18 46 2.07-} 16
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SEMI-MENSUAL INEQUALITY.

The. preceding ¢ Tables for the reduction of tides, No. 2,” contain all the observed lunitidal
intervals and heights of high water and low water depending on the preceding upper and lower
_transits of the moon. The few interpolated values are marked by asterisks. None of the observed
values were rejected. To obtain the values for the elucidation of the semi-mensual or half-monthly
inequality in time and height, all the columns in these tables were summed up and their means
taken. The mean values for upper and lower transits corresponding to the same or nearly the same
hours of transit were again added, separately, for high water and low water, and their average
values found. These latter constitute the values of the semi-mensual inequality in time and height.
They are given in the following tables for high water and low water separately in the third, sixth,
and ninth columns. The means of the twelve values of intervals and heights are the corrected or
mean establishments, and the mean heights of high water and low water, respectively.

Semi-mensual or half-monthly inequality in time.and height of high water.

[} n B

: ga LN Height of high | &2 2

Mean hour of moon’s &g Lunitidal interval de- =8 o szter follow- E'E"E

transit, S pending on— s 88E ing the pre- | 82—

, c2 2T ag ceding— £ g

3 ] ) =

B o oS g bc%‘ﬁ .
Eis SEgy e
T Upper tran-| Lower tran-| 5 8% | Upper | Lower | 5.3 8,8

=P 2,
Upper. Lower. g =@ ppn-;it;. sit. g-ﬁ B2 | transit. | transit. § gag
k. m. h. m. hom. h. m. h. m. ko m. Feet. Feet. Teet,
029 0 28 028 12 25 12 23 12 24 7.25 . 7.19 7.22
129 127 128 12 03 12 08 12 05 7.20 7.28 7.24
2 30 2 28 2 29. 11 47 11 46 11 46 7.02 7.04 7.03
3 28 329 329 11 26 11 27 11 27 6. 67 6. 88 6.78
4 31 4 31 4 31 11 20 11 12 11 16 6.19 6.23 6,21
5 32 5 31 5 31 11 13 11 15 11 14 5.63 5.82 5.73
6 31 6 30 6 3t 12 08 11 50 11 59 5.34 | - 5.44 5,39
728 | 7 7 7 28 12 49 12 34 12 42 5,43 5.43 5.43
8 28 8 28 8 28 13 05 13 06 13 06 5,89 5. 69 5.79
9 26 o931 9 29 13 08 13 05 13 07 6,20 6. 25 6.23
10 27 10 31 10 29 13 00 12 58 12 59 6.53 6.71 6.62
11 29 11 29 11 29 12 48 12 41- 12 45 7.09 7.05 7.07
Mean establishment of high water veceeeeeceaeeeaa ol V12 14 M%ghhs;gtl;?t?f. 6. 39

Semi-mensual or half-monthly inequality in time and height of low water.

| 5 & SEE | Hoight of Jow | EES

Mean hour of moon’s & f§ Lunitidal interval de- E éf,’é w%terfollow- f,%”%

transit, & pending on— ‘o9 ing the pre- | S~

' 2"5 ETEE | ceding— 58
g g s B .508‘2 .
&2 SES% Esog
88 U tran-| Lower tran-| 8= 208 | Upper | L 28

828 pper tran-| Lowe g pper | Lower | 22 &
Upper. Lower. § |& sit. sit. g.ﬁ 2 | ¢rausit. | transit. g ; & g
h. m. h. m. k. m. h. m. h. m. k. m. Feet. Feet. Feet,
029 0 28 023 18 25 18 31 18 28 1.8 1.86 1.84
129 123 126 18 06 18 05 18 05 1.81 1,98 1,89
229 2 28 229 17 44 17 45 17 45 1.94 2.14 2.04
3 28 3 29 - 329 1735 17 39 17 37 2,16 2,31 2.24
431 4 31 4 31 17 24 17 25 17 25 2,71 2.81 R.76
b 32 5 31 5 31 17 31 17 30 17 31 3.15 3,15 3.15
6 31 6 30 6 30 18 19 18 06 18 12 3.36 3. 44 3.40
7 28 727 7 28 19 08 18 59 19 03 3.28 3.33 3.32
8 29 8 28 8 29 19 27 19 17 19 22 2,91 2.96 2.93
9 26 931 9 29 19 18 19 17 19 18 2.56 2,63 2,59
10 27 10 31 10 29 19 02 19 08 . 19.05 2.01 2.33 R, 17
11 29 11 29 11 29 18 47 18 46 18 46 2. 06 2,07 R.06

: p : Mean height of

Mean establishment of 10W Water ....ceeerueceneenes. 18 23 low water . .. .53

9H
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The recapitulation of the results obtained so far from the preceding tables is as follows
From 379 observed high waters and from 380 observed low waters we find—

Mean establishment of high water...... ....... oooiiiiiriiiieeann oo o aeeaL. 19h 14w
Mean establishmnent of low water. .................... S PP £. I
Meaun duration of the fall of the tides.. ............. e e e e e e 6 9
Mean duration of the rise of the tides .......cov v vt i ont e iaen e T 6 15.4
Mean height of high water ...... e et i e 6. 39
Mean height of low water ................... S 2 .63
* Mean between mean high-water and low-water levels 639 + 2.53 "2' 288 L. 4 .46
Mean rise and fall of the tide 6.39 — 2,53 ..... . S 3 .86
Mean Bigh-Water SPIINES - ... ooeot vttt e e e e et e e e e e 7.24
Mean 1owW-Water SPIilgS oottt it et et it e imeeeeee e 1.84
Hence spring-tide range.......... e e e e eae ey aeeaas e e ce eee.. B .40
Mean high-water Deaps. .... v iiir oottt it i et e e e e et 5.39
Mean Jow-Water NeaPS .- c. ittt ittt e ittt et e ae e ciaeeecee e aaans 3 .40
Neap-tide TANGE . ..ot ene ettt eae et e e e e e e e 1.99
Highest high water in the whole series ...... ... . . i i 9 .17
Lowest high water in the whole sertes .... ................ ... e . ee. 3.67
Extreme fluctuation in high-water level ...... . .. ... e e et aiaeaaa. 5 .50
Highest low water in the whole series......... . ... ... ... . ... ciciiiianae D38
Lowest low water in the whole series ... ... ... ot it i i ciee e 0 .00
Extreme fluctuation in low-water level..... ... ... . o i e 5.38

We shall now proceed to the investigation of the semi-mensual inequality as deduced in the
precediug tables. The inequality or variation of the intervalsor heights during the semi-lunation
is usually expressed by the differences between the mean establishments or mean helghts and the
intervals or heights for each hour of the moon’s transit.

According to the “ wave theory” (Encyclopadia Metropohtana, drmcle “Tides and Waves,”
by G. B. Airy), the semi-mensual inequality in time can be expressed by the formula—

_ Sp.sin 2 [m — 8 — d] I
‘ tanz[(”"’1]"’"Mz-}-Sz.coas.‘Z[m-—as-—az] )
and that for the height by—

=4+ VMZ+ S +2M;.5;.co82[m —s —a] (1I)

In equation I, the effect of the sun and moon on the elevations of the tidal spheroid is repre-
sented by S; and M,, respectively; (m — s) if expressed in are is the angular distance of the moon
from the sun; or it is the time which has elapsed since the moon has apparently passed the merid-
ian of the place. ¢ is the angular distance of the pole of the tidal spheroid from the moon. This
pole follows the moon at a certain distance or interval of time = «, which is to be found from obser-
vation.

The mean lunitidal interval or mean establishment 2 correspouds to an hour-angle of the moon -
of [m — 8] —a. This angle « is called the angle of retardation, and from it the age of the tide or
the time elapsed between the moon’s transit, which originated the tide, and the appearance of the
tide itself, becomes known.

Determination of the Constants for the Inequalities in Time.—From the preceding tables we
found—

Mean establishment of high water 12t 14™ =1

Mean establishment of low water 18 23 =2,

*In the investigation of the variation of the half-tide level as depending on the changes in the moon’s declination, we
-found for the mean half-tide level corresponding to the mean declination of -the moon the value 4%.459, which dlﬁ‘ers
from the above by 0%001 only.
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The angle « if expressed in time, is that hour-angle of the moon’s transit which correspouds to
the interpolated mean establishment or interval ; consequently,

For high water, the mean establishment 122 14™ corresponds to a transit of the moon at 04.53® =«
For-low water, the mean establishment 18" 238" corresponds to a transit of the moon at 0".42™.6=qa

The Values of S; and M, are deduced theoretically from the greatest range of the mequahty by -

making M‘ 2 equal to the sine of the difference between the least and greatest lunitidal intervals.

Practically, however, it is preferable to deduce the range of the inequality graphically, as the num-
bers in the table are not free from incidental irregularities.
The values thus found are—

S P
For high water, Y sin [1*57™] = 0.43862 = TOBE
. Sp _ o rrnmam] 1
For low water, M, = sin [1P58™] = 0.49242 = 30307

Substituting the enumerated constants in equation I we have—

0.48862 sin 2 (m? st — 53m)
1 + 0.48863 cos 2 (m" — st — 53™)
sin 2 (mbd — gt — 53™)
"~ 2.04658 cos 2 (mk — st — 53%)
— 180 23m]=— 0.4-924? sin 2 (m® — §* — 42‘“:6)
‘ 1 4- 0.49242 cos 2 (M! — §% — 427,6)
: sin 2 (m® — s* — 42m.6)
' ' = T 2.0807 -+ cos 2 (mh — 58 — 427.6)
With these formule we computed the semi-mensual ineqhalities in time to the nearest minute.
The result is given in the following table, and also graphically in the annexed diagram.

For high water, tan 2 [¢* — 128 147]= —

For low water, tan 2 [¢®

Semi-mensual inequality in time.

FOR MIGH WATER. FOR LOW WATER,
o o o o : .
g3 = Tneguality £% E . . Inequality.
E=p=] i . B a 2%
ud | Ag : s wE | Eg ;
S2 oS S 3 g 5@ =3 rd 3 &
&5 | 85 | ¢® £ g 88 | 28 | ¢ £ | 8
s2 | 55| 5 | B | F |=E| 8% 5 | 2| &
52| 25| 2 | B | € | g8 |25 kB | B | E
=% | © ) S A =% | © S o A
h. m h, m . m. m. ko m. h. m m. m m
Q28 12 24 +4-10 + 8 +2 028 18 28 45 + 5 4.0
12} 105} =9 —-11 +2 12 | 18 05 -18 —14 —4
220 | 11 46 —98 -30 4.2 229 17 45 —38 —34 —q
3291 11 27 —47 —A47 40 32| 17 37 —46 —47 | 1
4 31 11 16 —58 -58 40 4 31 17 95 —58 —59 [ -1
5 31 11 14 —60 —54 | —6 5311 17 31 —52 —~51{ —1.
6 31 11 59 —15 —L20 1 45 6 30 18 12 —11 —12 . 1
7 28 12 42 --28 431 —3 72| 19 03 --40 438 -2
8 28 13 06 452 +-57 ] 8 29 19 22 -+59 +59 40
929 | 13 07 +4-53 +56 | —3 929 19 18 --65 456 -4-0
10 29 12 59 ~-45 444 1 41 1029 19 05 42 4421 J-0
11 29 12 44 | _ 430 +27 | 43 11 29 | 18 47 —-24 424 | 40
Mean .| 12 14 | Mean error...| J.2.6 | Mean.| 18 23| Mean error...] 1.2

v The result, especially that for the low-water inequalities, appears satisfactory, the largest‘dif-
" ferences being not more than 6™ and 4™, respectively.
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Semi-mensual inequality in time.

TFor high water. For low water.

O 95T SRR A EapT e g S RN E g L 0 { R ob () e e T D G e e - Tl B
Determination of the Constants for the Inequality in Height.—In the expression for the inequal-

ity in height as given in equation 1I, the value Mi, or the ratio of the solar to the.lunar tide, is
3

deduced from the observed mean high-water and low-water springs and neaps as follows :

Feet.

Meanyhighzwater\ SprNgs iosias " otk o mihy DSl S el o 2 loge Zig i SRRy ="7.24
Mean:10W-water SPLIN Z8:5re s im S aie s i S aisesinitheiuis sio'sre & 7w srale s win s wreima BT, ceeee =1,84
Hencerotfectrofmoon-antid Sun Ma = Bams sisisnse oo sk o sileis i foiirbee oo lilsl 7 slalofaie io’s = 5.40

—_

Mean:=hipgh-waterneaps issii ittt L S ea s Tl Jonasad Al A S0 S Sl TS o = b5.39
I T 0 (O ) W 115)1) ) i e e e Mo M N oA R g N oy AT =l R 8 L AL = 3.40
Hence effect of moon minus effect of sun, My — Sy ......... IR et e = 1.99

The sum and difference being given we obtain—
M, — 540 .5 199 _ 30,605, and $;— 5.40 = 199 _ 10705
5
Hence theratio o2 — 1700 _ g 4614,

M, 3.69
This ratio is exceptionally large in comparison with the values of %‘L deduced for other places;

3
however, it seems to be quite in accordance with the large time values of % The ratio deduced
% 2
from the heights is usually smaller than that deduced from the times, which is also the case with
our values, although the difference is not great.
For the computation of the inequality in height of high water, S; was made equal to half the

* difference between the observed mean high-water springs and high-water neaps, or—

S 7.24—-5.39 — 0.925
With the ratio above found, we get, then—
30095 £ ooiany
7T 7y

Sy = 0.8556, My? = 4.0192, S2 + M;? =4.8748, and
2. Sy, My= 3.7087.
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The angle of retardation « is determined from the heights by making « equal to that hour-angle
or value of (m—s)?, which corresponds to the maximum height; or, by taking for « that value of
(m — s)» —6» which corresponds to the minimum height. It is best however, to take the mean of
the values thus found, which in our case is 0" 56™ =a,

Substituting the constants determmed above in equa.t;mu II weo ol)t;am for: lngh watex-——

=+ v LZT48 - 3.7087 . cos 2 ((mh — st) — 08 56™) (A) -
where b expresses the elevation of the pole of the tidal spheioid above a fixed level

In the computation of the low-water inequality in helghb we take for Sy half the difference
between the mean Iow water neaps aud low-water sprmgs, which makes—

8= (.540-)—184) 0.78;

consequently, we obtain—
0.78 :
04614—16905 :
S:7 = 0.6084, M2 =2 7227, 8,2 4 M =3. 3331 and
2 Sa. Ms__ 2.5972,
The angle of retardation « for low water was deduced in the same way as that for lngh water,
and corresponds to 0! 48™ == q, .
Substituting these values in equation II, we havefor the expression of the low-water mequallty
in height—

hy = — v/ 33331 § 9.5972 cos 2 ((mP — &) — 0" 48%) (B) :

Where I represents the depression of the pole of the inverted tidal spheroid below a . fixed level.

‘With these two formula, A and B, we computed the values of kand &;. To obtain the inequality
proper, the mean value of kand M, of the two computed series, has to be found and subtracted
from each single value of % and I, respectively ; the difference will be the corresponding inequality.

The close agreement between observed and computed values is shown in the table given helow,
and also in the diagram. '

The largest difference between the observed and computed high-water and low-water inequality
amounts to 1!» only.

Semi-mensual inequality in height,

FOR HIGH WATHER. FOR LOW WATER.

[ g

g 5 Observed Computed g -g Observed Computed

+* g Al .

[ FEE ] 0 Q . ] Q - .

@ g & = = T @8 S = ‘S @
52 & | E 2 S lgs | ® ] B g, g

< ] & Il @ = E D < g &

= =] = = = [=} 20 = = < S =]

h. m. Feet. | Feet. Fect, . Fect. Feet. h. m. Feet. | Feet. | Feel. Feet. Feet,
0 28 7.22 ] 40.83 | 2,92 +0.81 | --0.02 0 23 1,84 | —0.69 | —2.43 —0.69 | 0,00
128 7.24 | 4-0.85 | +2.91 +0.80 | +0.05 126 1.89 | —0.64 | —2.41 —0.67 | T0.03
2 29 7.03 | 4-0.64 | +2.73 +0.62 | ~-0.02 2 20 2.04 1 —0,49 | —2.23 —0.49 1 40,00
329 6.78 | 4-0.29 | 4-2.40 -+0.29 { 4-0.10 329 2.24 | —0.29 | '—1.94 —0.20 | —0,09
431 6.21 | —0,18 | 4-1.94 —0.17 | —0.01 4 31 2,76} +0.23 | —1.56 +0.19 | 40,04
531 5.73 | —0.66 | -1.46. —0.65 | —0.01 531 3.15 | +0.62 | —1.14 0. 60 --0.02
6 31 5 39| —1,00 | +-1.12 —0.99 | —0.01 630 3.40 | 4-0.87 | —0.88 4+0.86 | 4-0.01
728 5,43 1 —0.96 | 41,15 —0,96 | 0,00 728 3.32 | 40,81 | —0.04 -+0.80 | 4-0.01
8 28 5.79 | —0.60 | -}-1.52 —0.59 | —0.01 8 29 2.93 | 40,40 | —1.30 +0.44 | —0,04
9 29 6.23 | —0.16 | 4-2.01 —~0,10 | —0.06 9 29 2.59 | 40,06 | —1.70 -+0.04 0,02

10 29 6.62 | +0.23 | 42,43 40,32 | —0,09 10 29 2.17 | —0.36 | —2.06 —~0,32 | —0.04

11 29 7.07 | 4-0.68 | +R.75 --0. 64 +0,04 11 29 2.06 | —0.47 | —2,31 —0.57 -0, 10

Mean..| 6.39 ++2.11 | Mean §-— 40,035 || Mean..| 2.53 {ceeeu.en —1.74 | Mean % = | =£0.033
o R ' werror § * - ' . " error § ’
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Semi-mensual inequality in height.

For high water. For low water.
Feet, g Teet.
+0.9 I +0.9
0.5 0.5
0.0 § 0.0
+0.0 [ i
0.5 0.5
~ 150 i —1. 0

0b= QL 456 8 7 10 /0b "2 4 6 8 10 o

The mean rise and fall of the tides deduced from observation was found to be 6%.39 — 253 =
31%.86. The computed mean elevation of high water above a fixed level is h= 2%.11, and the
mean depression of low water &; = —1".74. This gives mean elevation minus mean depression, or
mean rise and fall from computation, 2,11 — (— 1.74) = 3.85, which agrees within {;;* with the
value from. observation.

In the following diagram we use the values of & and &, of the preceding table for the construc-
tion of the curves of the semi-mensual inequality in height, for the purpose of determining the
semi-mensual inequality in the mean levels between high water and low water, corresponding to
the same hour of the moon’s transit.

The diagram is constructed thus:

From a fixed level, T, the values of  and h; are measured off as ordinates, respectively, for
high water above and low water below FF for each hour of transit. The points thus obtained
are connected by full lines, and represent the curves of the computed semi-mensual inequality of
high water and low water, and the vertical distances between them represent the rise and fall for

.each hour of transit. For comparison with the observed values we measure off & = 2%11 as ordi-

nates above and 7; = —1™.74 below FT, and find MM, the mean of & and h;. Below this mean level
MM we measure 4".46, which is the mean between the average high-water and low-water levels as
found from observation— ( 6,39 4 2053 T )

e e dndh,

This gives us a line of reference from which the observed heights of high water and low water as
given in the preceding table were plotted as ordinates and represented by points.

To obtain the variation or semi-mensual inequality in the mean level between high water and
low water, the mean height between each high-water and the corresponding low-water level was
found. The points derived from the computed values are connected by full lines, those from the
observed values are represented by dotted ones. ;

The semi-mensunal inequality in the mean level is very distinctly expressed by the numerical
values derived from the observations and represented in the diagram. Its range is very small,
amounting to about 2 only. For hours of transit between 11t and 5" this inequality is positive,
or above its mean, while it is negative for the remaining hours. The appended table gives the
result for each hour of transit:
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I
X
Y

ou 1 23 4 5 6 7 8 9 10 11 oh

Semi-mensual inequality in the mean level.

w

-

g - Mean level. Inequality.

ug é Difference.

[

E | Observed. | Computed. | Observed. | Computed.

h. m. Feet. Feet. TFeet. Feet. Feet.

0 28 4.530 4,620 | +0.070 --0.060 | --0.010

127 4. 565 4,525 -+0.105 0. 065 0. 040

2 2 4.53b 4,525 | +-0.075 0. 065 [ +-0.010

3 29 4.510 4.505 | 4-0.050°| 0,045 | 0. 005

4 31 4. 486 4.470 | +40.025 ~+0.010 | --0.015

5 31 4. 440 4,435 | —0.020 —0.025 | --0,005

6 30 4.39% 4.395 | —0.065 —0.065 | ==0.000

7 28 4,375 4,39 | —0,085 —0,070 | —0.015

8 28 4. 360 4.385 | —0.100 —0.075 | —0.025

929 4,410 4,430 | —0, 050 —0.030 | —0.020
10 29 4.395 4,460 | —0.065 +0.000 | —0.070
11 29 4, 565 4,495 | +4-0.110 +0.035 | +-0.060
Mean ' Mean i .
valans§| . 4.468 A ABLEN Lo, % eoil= 0,023

Nore.—The third decimals are only approximate.
AGE OF THE TIDE.

The mean retard of the tide as deduced from the time inequalities is @ = & (0" 53™ 4 O» 42m,6)
=0" 47,8, Theage of the tide is found by dividing this quantity ¢, expressed in minutes of time,
by 48.8, (the mean separation in right ascension of the moon from the sun in a solar day.) This

gives for the age of the tide 47’8=0.9795 days, or 23.6 hours. The mean value of « from the

188
Lieight inequalities is a = (08 56™ 4 0b 48m) = b 52m; therefore the age of the tide is 4%23 &
o5 :
?ﬁﬂ_—;_uo-ﬁ_= 24,5 hours.

1.065 days, or 25,6 hours. The mean age therefore is
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EFFECT OF CHANGES IN THE MOON’S PARALLAX ON THE SEMI-MENSUAL INEQUALITY IN TIME AND
HEIGHT. ;

As the semi-mensnal inequality deduced in the preceding discussion is not a constant value,
but dependent on the varying declinations of the sun and moon, and on their distances from the
earth, a certain correction will be required on that account. It has been fully proved by Mr.
Whewell, in accordance with the theoretical law, that this correction depends on the simple
ratio between the moon’s parallax and -its mean value. In the investigation of this subject it
was found by others that the best results are obtained by making use of the parallax corre-
sponding to an epoch anterior to the time when the effect takes place, by the amount of the
retard of the tide. We found the mean retard of the tides at Polaris Bay to be about 24
hours. The parallaxes were accordingly taken from the Nautical Almanac for a time earlier
by 24 bours than each corresponding high-water or ‘low-water epoch of the series. The lunitidal
intervals and heights were then classed for hours of moon’s transit between 0 and 1%, 1" and 2», &e.,
and the mean para]la,zt for each hour found. The mean parallax for the series from the values for
each hour is 57°.22 for both high water and low water. ~In order to obtain as many values as possi-
ble in a group we separated the lunitidal intervals and heights for each hour into two groups only,
viz, the values corresponding to parallaxes below and those above the mean value for each hour.
The resulting means of the separated groups are given for time and height in Table A for high
water, and in Table B for low water.  For the sake of comparison we also give the values of the
semi-mensual inequality in the middle groups of the tables.

TABLE A.—For the determination of the eﬁect of the moon’s parallax on the semi-mensual inequality of
 high water.

1

FOR TIMES AND HEIGHTS OF HIGH WATER.
Average mean parallax —=
*55/.26. 57792, 59'.19.

- ~ . oL o a . ool p é . [ 3

I 2 |2 E | 3 B2 18] 8 | ¢ =3 | §

@ E u> = @ & W2 =] = £ e =2

a 3 =% > o 3 2% I ] z =% 8

S g Fa & S g 35 | & g . i F e &

=1 - = 2 = t* =] 2 =51 — [ =] 15

K = &2 = g« R - 188 2 g @ ] I8 2

3 I I e B NI R N B BRI [ = | £ |52 |

e = =] U B L = i Yt

-}
= A m (2 = = R H 2T & = A "= Z
h. m, h. m. | Feet. ! h. m h. m. | Feet. ! B, m, h, m. | Feet. !

0 26 12 30 | 7.14 | 55.54 15 0 28 12 24 } 7.22 | 57.77 30 0 30 12 18 | 7.31 | 59,99 15
128 12 14 | 7.05 | 55.67 16 198 12 05 | 7.24 | 57.79 30 123 11 57 | 7.46 | 60.21 14
2 30 11 52 | 6.88 | 55,61 15 229 11 46 | 7.03 | 57.72 30 2 29 11 41} 7.17 | 59.84 15
32| 1135 6,56 | 55.55 15 329 11 27 | 6.78 | 57.53 30 329 11 18 | 7.00 | 59.51 15
4 31 11 25 | 6.17 | 55.40 16 4 31 11 16 | 6.21 | 57.25 31 4 30 11 07 | 6.26 | 59,20 15
5 31 11 11 | 5.68 | 55.04 17 5 31 11 14 | 5.73 | 56. 66 32 5 31 11 17 | 5.77 | 58,49 15
631 12 04 | 5.11 | 55.03 16 631 1159 | 5.39 | 56.63 32 629 | 11531 5,68 | 568,22 16
7 32 12 54 | 5.26 | 55,04 17 7 28 12 42 | 5.43 | 56.57 32 7 26 12 26 5 62 | 58.30 15
820 | 13 24 | 5.56 | 54.93 17 828 1306 | 5.79 | 56.62 33 8 27 12 45 | 6.02 | 568,41 16
9 27 13 18 | 6.10 | 55.08 15 929 1307 |6.23 | 57.21 33 9 29 12 56 | 6.33 | 58,97 18
10281 13 10 6.46 | 55.24 17 10 29 12 59 | 6.62 | 57.34 34 10- 30 12 48! 6,76 | 59,44 17
11 28} 12 56.) 6.95 | 55.00 15 1129 1244 | 7.07 | 57.50 32 11 30 12 35 | 7.17 | 59, 68 17
Mean o Total,i Mean 5 |Total, | Mean § o 0% Total
values % 12 23 | 6.24 | 55,26 191 || values § 12 14 { 6.39 | 57.22 379’ || values 12 05 | 6.64 | 69,19 188’
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TABLE B.—For determining the effect of the moow's parallax on the semi-mensual inequality of low

water.
FOR TIMES AND HEIGHTS OF LOW WATER.
Mean parallax = -
5529, : 57'.22. : , 59'.20.
[} ) . i ' . 1) 1 ..
g 3 &g | 2| 8 3 &g | £ | 4 5 &g |4
2 B B 2 E E = S B & 2 2
2 8 Ko ] 2 2 o = 2 2 Mo 2
| b= - 0 -] + - @ > -] +2 =
=] g EH i+ S s k=) aH |9 & s g = M E
g% | = EE 2| 8% | = EE | 2| 85 | = £2 | ¢
Do g & | &2 3 E i 3 & | R s e 3 I -
e B = =P ™ S pe = SN e gt = 2] -
3 g B (235L) 9 5 g B |88 S 2 3 CIRE--F- N IR
5] g ‘3 o 0% S . =) g ‘D PR 3 =] =} K S 0@ 3
B (A |\ g (&) 8 | Al ala | & &8
h. m.| k. m.|Feet | ! h. m. | ‘h. m. | Feet. ‘ ho m. } h. m. | Feet. ! .
02| 1834 (2165554 15 028 1828 1.84 57,77 30 023 | 1821 1.51 | 59.96 15
127 18 10 | 2,07 | 565.55 15 1261 1805 ) 1.83 | 57.80 30 130} 1801} 1.72} 60,00 15
231 17 47 | 2,19 | 55.60 15 229 17 45 1 2.04 | 57.70 30 228 17 44| 1.82 | 59,78 15
328 |.17 39 | 2.49 | 55,64 16 B2 17 37 | 224 57.47 30 329] 17 35| 2.00 | 59.55 14
430(°17 26 | 3.06 | 55,48 17 4 31 17 25 | .76 | 57.13 31 431 17 24|2.3959.12 14
531 17 28 | 3,45 | 55.03 17 531 17 31| 3.15 7 56. 60 32 5921 17 34)2.81 ; 58.38 15
.633] 1825 (3,46 |565.11 | 17 6 30 18 12 | 3,40 | 56,58 32 628 17 57 | 3.34 | 68.24 15
792 1922 13,49 | 55,06 17 7-28 1 1903 ) 3,32 56.60 - 32 725 18 43 |3.15 | 58.35 15 ]
8 28 19 35 3,15 | 54,97 17 8 29 19 22 [ 2.93 | 56.75 34 8 29 19 07 | 2.72 | 58,54 17
9291 192927956513 15 929 19 18 2,59 | 57.30 33 97 19082435910 18
10267 19 14 | 2.28 | 55.39 18 1029 | 19 05 | 2.17 | 57.41 34 10 31| 18 54 | 2.02 | 59,68 16 -
11 281 18 52 | 2.39 § 55.04 15 11297 18 47 1 2,06 | 57.53 32 1131 1840 | 1.78 | 59.74 17
Mean . Total,)| Mean Total,|| Mean ] Total
Mean % 18 30 |-2.75 | 55,20 | Totuly Mean § 18 23 | 2.58 | o7.22 | Toial) Mean § 1816 | 2.31 | 59.20 | T3

From the above tables it appears that the non-periodical effect of a change in the lunar paral-
lax on the mean establishments and mean heights of hlgh water and low water is very nearly
expressed by t;he following formulgs: ‘

‘ 128 147 — 49,6 [P — 57/.22] for high-water establishments.
182 23m — 3.7 [P — 57°.22] for low-water establishments.
639 + 0%078 [P — 57.22] for mean high-water heights.
20,53 — 0™113 [P — 57/.22] for mean low-water beights.

Or, in other words— .

(a.) For the times : As thie parallax increases, the mean establishments decrease for high water on
the average by nearly 4.6, and for low water by nearly 3.7, for 1’ of parallactic change.

" (b.) For the heights : As the parallax increases ', the mean heights of high water increase at.the
rate of nearly 0,078, while the mean heights of low water decrease at the rate of about 0113,

The angle of retardation «, and, consequently, the age of the tide, increases with an increase of
parallax for times as well as for heights.

The periodical effect on the semi-mensual inequality in time and height is exhibited in Tables O
and D, which contain the differences or inequalities of each Iunitidal mterval or height from its
mes u value in the last horizontal lines of the preceding tables.

10 m
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TABLE O.—Periodical effect of the moow's parallax on the semi-mensual inéquah‘ty of high water.

ON THE TIMES OF HIGH WATER. ON THE HEIGHTS OF HIGH WATER.
. Parallax = . . Parallax =
55'.26 - 5722 59'.19 55,26 57/.22 . B9.19-

R e o = ‘ 2 =

o a =] = =] =)

P T I P e O e I I O I PO e

8% £ 25 £ 5% £ EE ey % £ EE £
G [oe] =] — e - 4 — St =] by =

2| E | G2 | % EE ROl EE|E|GE R OEE|OC

2 g v g g% g g . g g g g g
% A = k= = 5 g A = 8 o 4
h,  m. m. h. m m.| h. m m h. m Feet. h,* m. Feet. . m. Feet.
02 | + 7| o028 +10] 030 | +13] 0 2 | +09 ! 0 28 {408 0 30 | 40.74
127 — 9 1 28 — 9 128 - 8 1 27 0.81 1 28 0.85 1 28 0.92
2 30 31 2 29 28 2 29 24 2 30 0. 64 2 29 0,64 2 29 0.63
3 28 48 3 29 47 3 29 47 3 28 | -+0.32 3 29 | 40.39 3 29 [ -0.46
4 31 58 4 31 58 4 30 58 4 31 | —0.07 4 31 | —0.181 ‘4 30 {—0.28
5 31 72 5 31 60 5 31 48 5 31 0.56 5 31 0. 66 5 31 0.77
6 31 — 19 6 31 — 15 6 29 — 12 6 31 1.13 6 31 1,00 6 29 0.86
7 32 4 31 7 28 4 28 7 2 -4 21 7 32 0.98 7 28 0.96 7 26 0.92
8 29 61 8 238 52 8 27 40 8 29 0.68 8 28 0.60 8 27 0.52
9 27 551 9 29 53 9 29 51 9 27 | —0.14 9 29 | —0,16 9 2 |—0.21
10 28 47 | 10 29 45| 10 30 43 | 10 28 | 40,22, 10 29 | 40.23] 10 30 | -40.22
11 .28 433 11 29 430 11 30 430 11 2 | 40,71 | 11 29 | 40.68| 11 30 | -40.63

Range. .. 133 foeeennian 113 jeeeeenanes 109 {| Range...| 2.038 : .......... 1.85 |.eerenann. 1.84

TABLE D.— Periodical effect of the moow's parallax on the semi-mensual inequality of low water,

ON THE TIMES OF LOW WATER, ON THE HEIGHTS OF LOW WATER.
Parallax — Parallax =
55/.29 57'.22 59'.20 55,29 ’ 57'.22 59'.20
2 2 2 &2 2 a2
o <] =1 =]
8.3 £, 2. 5 S 5 g 5 Sy £ Sy 2
g | 2 | B2 | 2| 8% | g | fT | £ | £ | 5 | &% | Z
I 3 =] I S = ] 88 3 g = s S & =
g5 & 58 Z 58 & EE & 5 & 5% &
s = ] = i & 5] = s = 3] =
h, m. n. k. m ‘m. b, m. m. he . Feet. B m. Feet. T m.. | Feet.
027} + 4| 02 | 4+ 5 092 | 4+ 54 09 |—059] 0 2 | —0.63| 0 2 |_—0.80
19 | —2 | 192 | —18| 1 30 | —15 1 2 0.68| 1 26 0.64| 1 30 0.59
2 3 431 2 29 38 2 28 32| 2 31 0.56] 2 29 0491 2 28 0. 49
3 28 51| 3 29 46| 3 29 41 3 98 |—0,26| 3 29 |—029]| 3 29 |.—0.2
4 30 64 4 31 58] 4 31 52 4 30 | 40311 4 31 | 4023 4 31 | 40,08
5 31 62| 5 31 527 5 29 2 5 31 070 5 31 0.62! 5 29 0.50
6 33| — 5} 63 ) —11} 6 2 | —19 6 33 0.71] 6 30 0.87] 6 98 1.03
729 | 4521 7 2 | 440 7 95 | 497 7 99 0.74| 7 28 081 7 2 0.84
8 98 65| 8 29 59| 8 29 51 8 28 0.40| 8 29 0.40| 8 29 0.41
9 29 591 9 29 55| 9 27 sell 9 99 {40.04| 9 29 [40.06] 9 27 | 012
10 26 44| -10 29 42| 10 3 38l 10 96 | —0,47] 10 29 | —0.36] 10 31 | —0.20
11 98 | +22| 11 29 | 24| 11 31 | 424l 11 28 [ —0.36| 11 29 | —0.47| 11 31 | —0,53
‘Range...| 120 |....... SIS 4 PO e 104 || Range ..| 1.4% |.......... 1,56 |ooee e, 1.83

The inequality ranges, as given in these tables, are the algebraicél differences between the
largest inequalities with opposite signs. They will differ somewhat from the true ranges on account
of incidental irregularities in the numbers of the tables, and when deduced graphically the ranges
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will probably be more approximate. The ranges appear to be governed by the following general
law: )

. (a.) For the times: As the parallax increases the ranges decrease both for high water and low
water.

(b.) For the heights: An increase of parallax appears to decrease the range of the hlgh -water
inequalities, while for low water the range will increase.

The law respecting the ranges, as deduced from the tides at Port Foulke* (latitude 78° 18’ N,,
longitude 73° W),, is the same as the above for high-water and low-water times and for hlgh-water
heights ; for low-water heights, however, the law is the reverse, although, as stated in the discus-
sion, this result is not regarded as fully established.

In the following table the periodical effect is also shown in form of a, correction to be applied
to the semi-mensual inequality in time and height, as deduced approximately from the ratio between
the values, when P is below and above the mean parallax 57'.22. The correction in the column
headed “P = 57/.22 " has to be added to the semi-mensual inequality, which is also- given in the
table. The adjoining column contains the approximate correction for each minute of parallactic
increase or decrease, to be added to the semi-mensual inequality for P = 57'.22, the former with
the upper the latter with the lower sign :

Correction of the semi-mensual inequality in time and height for the pemodwal effect of changes in tha
moon’s parallaw.

g FOR NIGH WATER, FOR LOW WATER,

:; .

5 i

8 Jorrection of the semi-mensual Correction of the semi-mensual |

g inequality— inequality— -

e - .

44 |Semi-mensualin- Semi-mensual in-

e @ equality in— Yor each mim(llte _equalify in— For each miméte

: 3 . : increase or de- Em increase or de-

% For P = 57'.22. crease .of P— For P =57".22. crease of P=

E 57'.22 for— 57'.22 for—

g

E‘- Time: |Height.| Time. } Height.| Time. | Height. | Time. |Height.| Time. | Height.| Time. | Height.

R m. m. Feet. n. Fecl. m. Feet. m. | Feet. m. Feet,’ m. Feet

0 30 410 | 40,83 | +L.5|—0,02 | 27| 1.0.038 4 6|—0,69 | -1.6 | -0.08| FR9| F0.147

1 30 —9 0.85 2.1 0.05 3.7 0.090 —18 0. 64 1,2} 0.05 2.0 0. 031
2 30 28| 0.64 1.2 0. 03 2.6 0. 069 38 0. 49 0.3 0.04 0.7 0. 088

3 30 47 | +-0.39 1.3 | —0.03 4.3 0.111 46 | —0.29 -+0.2 | 4-0.03 1.0 0.110

4 30 58 | —0.18 0.1 4-0.00 | F4.7 0. 023 58 | 4-0.23 { 0.0 | —0.02 | F0.5 0.184

5 30 60} 0.66] -—0.9) -40.01 41.7 0. 026 52 0.62 | —1.1 0,12 +1.8 0.191

6 30 —15 1.00 2.0 0.10 | 3.4 0.179 —11 0.'87 5.7 0.02 | 89 0.035

7 30 --28 0. 96 5,6 0,07 8.6 0,110 -+40 0.81 7.4 0. 06 11,9 0.103

8 30 52 0.60 { —6.7 | -4-0.08 11.2 0.132 59 0.40 | —3.7 | —0.06 7.8 0,120

9 30 .63 —0,16 | 4-0.0 | -}-0,00 b. 6 0, 059 65 | 40.06 | +4-0.4 | 0,01 5.3 0, 088
10 307 45| -+0.923 -+0.6 | —0.01 5.3 0.070 42 1 —0.36 1.1 0.01}| - 4.7 0. 060
11 30 +30 | 4-0.68 | +1.3 | —0.01| F4.5| J-0,048 +R4 | —0.47 | 40.8 | 40,04 | F26!| F0.129
Monn 2 ................ 40.6 | 40,01 | F46| 40.080 |oeernerefeannnnen —1.0| 0.0 | F3.8( F0.111

From the above table it appears that the corrections for the times are positive or negative,
according as the parallax decreases or increases, for all hours of transit, except for that between
5t and 6%, where the reveise is the case. This exception does not appear to be due to in-
cidental irregularity in the numbers, as it is noticeable for both high-water and low-water
times for the same hour of transit. The corrections for the high-water heights are positive, and
those for low-water heights negative, for all hours of transit for increasing, and the reverse for
decreasing parallax.

* Physical Obse1vatlons in the Arctic Seas, by I. I. Hayes. Reduced and discussed by Charles A. Schott. Smith-
sonian Contributions to Knowledge, 196. Washington City, Smithsonian Institution, 1867, p. 104,
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The effect of changes in the sun’s parallax on the semi-mensual inequality is smaller than that of
the moon, and, therefore, it is more difficult to trace. As no reliable results could be obtained from
so short a series of observations as ours, this subject was not investigated.

EFFECT OF CHANGES IN THE MOON’S DECLINATION ON THE SEMI-MENSUAL INEQUALITY IN TIME
AND HEIGHT OF HIGH WATER AND OF LOW WATER.

To obtain perfectly reliable results of the declination effect of the moon, a much longer series
of observations is needed than the one on hand. Our results, therefore, will only be approximate,
especially those concerning the periodical effect or variation of the semi-mensual inequality for
different values of declination. '

The method used in the investigation of this effect is the same as for the parallactic effect.
We first found the mean declination D for each hour of transit, and then separated the lunitidal
intervals and heights into two groups of values corresponding to D below and D above the mean
declination for each hour of transit. The number of observations was too small to allow us to
form more than two groups. The declinations were taken from the Nautical Almanae for a period
earlier by 24 hours, or by the amountof the age of the tide, than the corresponding time of high water
or low water. No distinction was made in the tabulation between upper and lower transits, nor in
regard to the sign of declination. Table A contains the resulting mean values for each hour of
transit for the times and heights of high water; and Table B for those of low water. For conven-
ience’ sake, the lunitidal intervals and heights of the semi-mensual inequality are also given.

TABLE A.—For the determination of the ¢ffect of the moow's declination on the semi-mensual inequality
: . of high water. '

FOR TIMES AND HEIGHTS OF HIGH WATER. -
g Average mean declination =
:: -
=)
3 79.8 ‘ 159.5. ’ 21°.5.
8
° . o [ - . o Gt . . =] Yy -
52 | % . | B | ¢ . | E| F g, | E
- B EE | 5 | B 22 | 5| & 5213
P 2 =4 g £ = £ < =R £
8 = g 4 g A g .q & = 8 o &
g a TS 3 2 i Te . 2 = Tes | &
B < & a8E o = FERE n%'g S = & a8 | o
8 "g ’fo S B g “S E ’Eo @S “3 E 'gn < s 5 '*5‘
= = k= haRs S 2 G o8 8 S = D o 3 8
< = o = Z - = = = = - w = =1
k. m. h. m. Feet. ° k. m. Feet. ° h.  m. Teet. °
0 30 12 28 6.88 8.7 13 12 24 7.22 15. 4 30 12 22 7.48 20.4 17
1 30 12 11 6489 7.4 13 12 05 7.24 15.5 30 12 02 7.61 21.6 17
2 30 11 556 | 7.01 8.5 14 11 46 7.03 15,9 | 30 11 40 7.04 2.3 16
3 30 1 32 6. 99 8.7 13 11 27 6.78 16. 4 30 11 23 6. 62 22. 4 17
4 30 11 32 6.75 8.5 13 11 16 6.21 16.6 31 11 05 5. 82 2.5 18
5 .30 11 33 6. 34 7.6 12 11 14 573 |.16.9 32 1 02 5.35 2.5 20
. 6 30 11 58 6. 09 8.8 14 11 59 5.39 16.0 32 11 59 .| 4.85 21.6 18
7 30 12 44 5,81 7.6 15 12 42 5.43 14.8 3R 12 40 5,09 2.9 | 17
-8 30 13 00 5.89 7.8 16 13 06 5.79 14.9 33 13 13 5. 67 21,5 17
9 30 13 09 6.21 7.4 17 13 07 6.23 14.0 33 13 03 6.24 21.0
10 30 12 48 6.41 6.7 15 12 59 6. 62 14.3 34 13 08 6.77 20,4 1A
11 30 12 40 6,61 6.2 14 12 44 7.07 156.7 32 12 49 7.43 20,6 19
1R
Mean ' Total Total .
values z 12 17,5/ 6.49 7.8 169 | 12 14 6, 39 16,5 379 12 12,2 6.32 21.6 Total,
210
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TABLE B.—For the determination of the effect of the moon’s declination on the semi-mensual inequality
of low water.

FOR TIMES AND HEIGHTS OF LOW WATER.
g Average mean declination =
; .
= B
g 8.1 159.5. . 21°.6.
g
bl
S 4 8% | £ 4 g8 | 4 | 4 g% | 4
gF & B E ) > =4 g & - 2
= 5 23 b g g8 5 g g6 g
Q + = e - = B = = E .
- g 2 & 8 % ] 2 2 o 5
8 - G MR- R I oRs | 2 G TR
g T £ 1228 g | E £ (a3l g | E | £ 1=%%) ¢
3 T | 0% |sEE| % | § | B |esE| ¢ | § | B |szE|®
2 1= 154 e S =] 5] Aol od S B ] halad ]
- e ) = = | | = = | = = %
h. m h, m. Feet, © h. m. Feet. ° h. m. | Feet. °
S0 30 18 29 1.29 8.9 13 18 - 28 1.84 15.5 30 18 26 2.25 0.5 17
1 30 18 13 1.48 8.0 12 18 05 1.89 16.1 30 17 59 2,17 | R2L5 18
2 30 17 50 1.92 7.4 12 17 45 2.04 | 15,9 30 17 40 2.13 21,6 18
3 30 17 45 2.37 9,2 14 17 37 2.24 16.3 30 17 30 2.22 2.5 16
4 30 17 35 3.13 7.5 13 17 25 2.76 16.0 31 17 17 2.48 22,2 18
5 30 17 47 3.52 8.7 14 17 31 3.16 16,4 32 17 18 2. 87 ‘R2.4 18
6 30 18 09 3.72 9.0 13 18 12 3.40 15.6 32 18 14 3.18 22.3 19
7 30 19 00 3.29 8.1 16 19 03 3.32 14.4 32 19 06 3.37 0.7 16
8 30 19 17 2.62 8.0 17 19 22 2.93 15.0 34 13 25 3.24 |- 21.9 17
9 30 19 11 2.22 6.9 16 19 18 2,59 14.0 33 19 23 2.94 20.6 17
10 30 18 58 1,563 7.0 16 19 05 2.17 14.4 34 19 12 .72 0.9 18
11 30 18 37 1.68 8.9 15 18 47 2,06 15.9 32 18 54 2.40 | 22,0 17
Mean Total T Total ' . | Total
values } 18 24.2] 2,40 8.1 171 7118 23 2,563 15.5 340 7| 18 22 2. 66 21,6 209 K

The results for the non-periodical effect as expressed by the meaun establishments and mean
heights in the preceding tables are as follows:

(@.) For the times: When the moon’s declination increases the mean intervals decrease for high
water and for low water. The total decrease between zero and maximum declination is, approxi-
mately, from 6 to 7 inches for high water, and 3 to 4 inches for low water.

(b.) For the heights : An increase in the moon’s declination appears to be followed by a slight
decrease in the mean heights of high water, and by an increase of about 5= between zero and
maximum declination in the mean heights of low water.

(¢.) For the angle of retardation or age of the tide: By a graphical process we find that an increase
of declination corresponds to a decrease in the angle of retardation «, for the times as well as for
the heights of high water and low water. The decrease is nearly the same for the times of high
" water and low water, and amounts to about 5 minutes between D = 8% and 15°.5, and to about 4

minutes between D = 15°.5 and 219.5,

Periodical effect : The periodical eﬁect of changes in the moon’s declmatlon is exhibited in
Tables C and D for high water and low water separately. The inequalities are ‘the differences
"between each lunitidal interval and height and its mean value ih the last horizontal line of each
of the preceding tables. :
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TABLE C.—Periodical effect of the moon's declination on the semi-mensual inequality of high water.

et
E-fé FOR THE TIMES OF HIGH WATER. | FOR THE HEIGHTS OF HIGH WATER.
2E
g "2 Declination = ’ Declination =
28 .
g ,
4&«5 70.8. 159,5. 2105, 7°.8. 15°.5. 21°.5,
k. m, m. m. | m. Feet. Feet. Feet,
0 30 11 4+ 10 410 -4-0.39 40,83 4-1.16
130 — 6 — 9 — 10 0.40 0.85 1.19
2 30 22 28 32 0.52 0.64 0.72
3 30 45 , 47 49 0.50 -+0. 39 ~-0. 30
4 30 45 ’ 58 67 -1-0.26 ~—{(.18 ~0.50
5301 . 44 60 70 —0.15 0.66 0.97
6 30 —19 — 15 — 13 0. 40 1. 00 1. 47
7 30 427 -+ 28 + 28 0. 68 0.96 1.23
. 830 43 52 61 0.60 0. 60 0. 65
9 30 52 53 - bl 0.28 —0.16 —0.08
10 30 31 45 56 —0.08 +0.23 4-0. 45
1130 - 923 + 81 + 37 1012 0. 68 41.11
Range. 97 113 131 1.20 L8| 266

TABLE D.—Periodical effect of the moon’s declination on the semi-mensual inequality of low water.

=

g% FOR THE TIMES OF LOW WATER, | FOR THE HEIGHTS OF LOW WATER.

=g

g2 Declination = Declination =

g8

E‘g 80.1, 15°.5. 21°.6. 8°.1. 150.5. 21°.6.

h. m, m. . . - Feet, Feet. - Feet.
0 30 + 5 + 5 + 4 ~1.11 —0.69 | —0.41
130 — 1] . — 18 — 23 0,92 0.64 0,49
2 30 34 38 42 0.48 0.49 0,53
3 30 39 | 46 52 -0, 01 —0.29 0,44
4 30 49 58 65 +0.73 -4-0.23 —0,18
5 30 37 52 64 1.12 0.62 --0.21
6 30 — 15 — 11 — 8 1.32 0.87 0,52
7 30 + 36 4 40 4+ 44 0.89 0.81| 071
8 30 53 59 63 ~+0.22 0.40 0.58
9 30 47 55 61 —0.18 --0. 06 0.28

10 30 34 42 50 0. 87 —0, 36 -+0. 06

113 + 13 - 24 -+ 32 ~0.72 —0, 47 —0.206

Range. 102 our 128 2.43 1.56 i.24

The ranges as given in the last horizontal line of each table are merely the algebra,lca,l
differences between the largest positive and negative inequality values in each column.

From the above tables it becomes evident that—

(a.) For the times: An increase of the declinatiou is followed by an increase in the range of
high water and of low water; the increase appearing to be larger for the former than for the latter.

(b.) For the heights: An increase of declination increases the range of high water while it
decreases the range of low water.

By comparing the above ranges with those of the parallactic effect we find them to follow the.
contrary law, when both declination and parallax increase or decrease.

Before closing this subject we will add the result of a second investigation of the declination
effect, intended mainly as a check upon the first. The method we followed was similar to the one
used before, only that we separated the lunitidal intervals and heights into three groups of values
for declinations between 0° and 129, 12° and 219, and 21° and 250,

Asit would require too much space to print thé complete tables, we merely give the condensed
result-in the following table of the mean intervals, mean heights, and ranges of mequahty in time
and height, to which we add the values of the first investigation to facilitate comparison.
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Table of mean establishments, mean heights, and inequality ranges depending on changes in the moow's

declination. .
FOR HIGH WATER. FOR LOW WATER.
g | 2 g ' N & .
2 g S 43 Rangesofin- | 2 g D 43 Ranges of in-
2,13 24 . equality. e |5 g8 . equality.
-1 g b < E E -] S B E ﬁ
8| "¢ =4 ko = 8| " g =g == e
nk | OF D D . = s o2 &= (5) . =
EE1RT | SRl 2l E| R 2% s oL s | & EF
5|2 | 88 | g | 1< VB || % | & |% 3
o |« & = | & A8 |=&w |« o = | 8] A
‘ o h. m. | Feet. m. | Feet. o h. m. | Feet. m. | Feet.
127 591 1217.7 | 6,560 | 103 | 1.12 128 6.1 1825,3.| 230 109 | 2,77
B 169 7.81 12 17.5| 6.49 97 1.20 171 8.1 18 24.2 | 2.40 | 102 | 2.43
379 | 15,5 12 14,0 6.39 | 113 | 1.85 380 | 165.5| 1823.21 2,53 | 117 | 1.56
1247 16,8 12 13,71 6.38 ) 1081 1.89 126§ 16,81 18 23,0 2.563| 101 1.64
210 21,5 | 12122 | 6.321 131 | 2.66 209 21.6 | 18220 2.66| 128 1.24
128 | 23.3 | 12 12.0 | 6.34 139 3.29 126 ] 23.5| 1821.7 | 2.84| 143 ] 1.58

It is easy to perceive that the non-periodical effect increases or decreases very regularly as the
declination changes, thus showing that the values of the mean establishments and mean heihts
of high water and low water for the different values of D are reliable. The inequality ranges,
which are in every case the algebraical differences between the largest positive and negative
values of each group appear less regular, except the ranges for high-water heights, which are
more harmonious. The general law, however, may clearly be traced, viz, increasing declination
will increase the range of the timé and beight inequality, except in the case of low-water heights,
for which the law is reversed. This irregularity in the ranges is doubtless due to incidental irreg-
ularities in the numbers from which the ranges are deduced and which would disappear if the
observations were extended over a longer period of time. The periodical effect on high-water and
low-water times and heights is given in the tables below in the form of a correction to the lunitidal
intervals and heights of the semi-mensual inequality, so that the reader will find no difficulty in
constructing, from the values derived from the second investigation, tables of the same form as the
preceding ones. The result of the first investigation is also given.

Correction to the semi-mensual inequality in time for the effect of changes in the moow's declination.

.}:; . FOR HIGH-WATER TRMES, FOR LOW-WATER TIMES.

g - v

:; Average declination = Average declination ==

& ‘

8 : 5 B
,E 5°.9, 7°.8. 16°.8. | 21°.5. | 23°.3. ;é 6.°1. 8.1, 16°.8. | 21¢.6. | 23°.5. :3
o =] =
[ o =
g . g o g
'; . i o Z o ’;3 . ?: o ?&’ 9 &

Q Q 3 ) ] Q Y] s
RN NSNS
" Q o & > 2 =] s} o] & > % g
g & | & | & | 8 | & ko A e e R
= s - ° . . ! . s . .

h. m. m. m. m. m. . h. m. nts +ml. mé m. m h. m.
030 1 + 4 + 2 — 2 — 3 1224 | 4« — — 2 +2 - 1828
1 30 +6 6 — 4 3 + 12 05 8 & +0 6 — 6 18 05
2 30 9 9 4+ 8 6 —12 11 46 9 5 |+ 3 5 17 17 45
3 30 15 5 — 4 4 10 11 °7 16 8 — 4 7 8 17 37
4 30 11 16 + 3 11 10 11 16 4 10 +13 8 13 17 25
5 30 15 ~+19 8 —12 16 11 14 18 -+16 b —13 17 17 31
6 30 3 |—1 |4+8 |+0 |—16 1159 [|+3 | —3 2 |+2 |—8 18 12
730 [+ 2 4 2 —12 — 2 13 1242 || —7 3 + 7 3 +1 19 03
830 | —11 — 6 +1 +4 7 11 - 13 06 4 5 — 8 3 12 19 22
930 [+ 3 2 | —IR -— 4 3 13 07 6 7 9 5 17 19 18
103 |—5 1 | +1 1409 5 | 1259 8 7 | =3 7 14 19 05
1130 | —5 — 4 —3 |45 411 1244 | —10 —10 0 -4 7 + 6 18 47
Means...| 4+ 3.6 | 4+ 30| — 03—~ 19| —20 1214 | +221 4111 —02|—1.1]—14] 1823}
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Correction to the semi-imensual inequaiity in height for the effect of changes in the moow’s declination.

FOR HIGH-WATER HEIGHTS. FOR LOW-WATER HEIGHTS.

g Average declination = Average declination =

g :

5 £ 5

] 5°.9 7°.8 16°.8 | 21°.56 | 239.3 = 6°. 1. 8C.1, | 16°,8./| 210,6 | 23°,5 5
[T 2 - =1
g ot [~
3% g g

A g o o % . o k=

o R . . o B o . w o 0 o i

£ o % < ] =] o o — @ D =]

I A T - 2 P A S S O

]

H e | & | & | & | & | & g e | & | & | &5 | B
2, . . . . . . . - . . .
= 43 S 43 P 3 g + 43 3 3 3 g

T |8 & 22| & 3| & |2 |83 3|33

h, m. Feet. Feet. Feet. Feet, Feet, Feet., Feet. Feet. Feet. Feet. Feel. Feet.
030 | 40.42 | 4-0.49 | 4-0.64 | 4-1.09 | 4-1.51 7.22 || —1.42 | —1.24 | —0,81 | —0.28 | 4-0.25 1.84
130 0.42 0.50 0.68 1.12 1. 44 7.24 1.18 1,05 0,83 0.36 | —0,02 1.89
2 30 0.48 0.62 0.76 0. 65 0. 66 7.03 0,58 0.61 0.39 0.40 0.47 2.04
3 30. 0.70 0.60 | 4-0.38 | 4-0.23 | 4-0. 17 6.78.|| —0.18 | —0.16 | —0.1571 0.31 0.40 .24
4 30 0.43 | 4-0.36 | —0.27 | —0.57 | —0.54 6.21 -+0.56 | 4-0.60 | 4-0.35 | —0.05 | —0.16 2,76
530 | +40.08{—0.05 0.46 1.04 1.28 5.73 0.83 0.99 0.81 | 4-0.34 | 4+0.33 3.15
6 30 |-—0.30 0.30 0,87 1.564 | 1,78 5,39 1.33 1.19 0.81 0.65 0.45 3.40
7 30 0.42 0.58 1.12 1.30 1.53 5.43 0.88 0.7 0.45 0. 84 1.11 3.32
8 30 0.36 0. 50 0.85 0.72 0. 64 5791 +40.02 | 40.09 0.29 0.71 0.99 2.93
9 30 0.18 { —0.18 | —0.03 | —0.15 | —0.24 6.23 |1 —0.43 | —0.31 | 4-0,33 0.41 0.63 2.59

1030 | —0.13 ) +0.02 | 40.44 | 40.38 | 4-0.40 6. 62 1.13 1,00 | —0,27 0.19 0.42 2.17

11 30 | 40.23 | 4-0.22 | 4-0.58 | -+1,04 | 4-1.32 7.07 —1.44 | =0.85 | —0,73 | 4+0.13 | -4-0.68 2.06

Means...[ 40.11 { 4-0.10 { —0.01 | —0.07 | —0.04 6.3 —0.19 | —0.13 { —0.01 | 4-0.15 | +4-0.32 2.63

The values in these tables are additive to the lunitidal intervals and heights of the semi-men-
sual inequality for the respective hours of the moon’s transit. For convenience’ sake, the semi-
mensual inequality is also added. As the periodical effect from so short a series can give but an
approximation to the true result, the values for some hours of transit appear to be more or less
irregular in the above table. - By combining the values of the first and second investigation and
taking the means, the resulting values would probably be more approximate.

We also investigated the declination effect on the variation in the semi-mensual inequality of
. the average mean level between high water and low water. While we find that the average mean
levels of the different groups increase by a small amount between zero and maximum déeclination,
when D increases, the range of this inequality is a2 minimum for a mean value of D =15°.5 and
increases when D is below or above 159.5. The resulting average mean values of the levels for
the different declination values and also the ranges of this inequality are shown in the appended
table. For comparison we also add the result of a similar investigation with regard to the paral-
lactic effect. I

Table of the average mean levels between high-water and low-water heights for different values of
declination and ranges of the semi-mensual inequality in these levels. ‘

Average declination = Average parallax =—

For declination effect. For parallactic effect. -
6°. 82.° | 1505, | 16°.8. | 210,5. | 230.4, 55'.27. | 57°.22. | 59'.20.
Teet. | Teet. | Feet. | Feel. | Feet. | Feet. Feet. | Feet. | Feet.

Average mean level...| 4,440 | 4.444 | 4.463 | 4.462 | 4.493 | 4.597 || Average mean level ...| 4.497 | 4.463 | 4.443

Range of the semi-men- Rangeof the semi-men- _
sual inequality - ....| 1.125 | 0.900 { 0.250 | 0. 4751 0.970 | 1. 665 sual inequality . ....| 0.385 | 0.250 | 0.300

-




TIDAL OBSERVATIONS. . . 81

THE SUN’S DECLINATION EFFECT.

The same reason that prevented us from investigating the sun’s parallactic effect led us to-
omit the investigation of the effect of changes in the sun’s declination on the semi-mensual inequality.
‘We merely limit ourselves to the statement that the sun’s effect is much smaller than that of

the moon, the correction amounting to from £ to # of that of a corresponding value of the moon’s
declination.

DIURNAL INEQUALITY.

The diurnal inequality in height and time is the difference in height and in the lunitidal inter-
val between the morning and afternoon tides, respectively. This difference or irregularity being
caused by the interference of two independent waves called, on account of their periods of oscil-
lation, the semi-diurnal and diurnal waves, has been found to depend closely on the varying declina-
tions of the moon and sun. This inequality goes through its changes in a semi-lunation, reaching
its maximum at the epochs of the moon’s greatest north or south declination and vanishing when
her declination is zero. Practically, however, the epochs of maximum and minimum inequality do
not, in most cases, coincide with the epochs of the moon’s highest or zero declination, but are
usunally retarded.

Diurnal Inequahty in Height,—~The diurnal mequallh in height was made out by a graphlcal
process in the following manner:

First, the observed epochs and heights of high water and of low water were laid down as
absciss®e and ordinates on a system of lines drawn for this purpose on Plates I and II. To obtain
the high water inequality the high waters next following the moon’s upper transit and those next
following the lower transits were connected by separate auxiliary lines. The vertical distances
between these auxiliary lines were then plotted on a straight axis as abscissw® on Plates IIT and 1V,
and their extremities connected by curves. The ordinates of these carves represent the values of
the diurnal inequality in height of high water. To obtain the diurnal inequality in height of low
water the same process was applied to the low waters.

On Plates III and IV the low-water height inequality is shown below the high-water height
inequality of each month. The vertical distances belonging to the high waters and low waters
next following the moon’s upper transit are connected by full lines, those belonging to the lower
transit by broken ones. It must be remembered that in north latitudes the south transit of the
moon is the upper, the north transit the lower one. The phases of the moon and the epochs of the
. moon’s zero and maximum declination are also indicated on the plates.

The diurnal inequality in height appears to be governed by the following rule:

For north. declination that high water or low water which follows the moon’s upper transit, on
the average after an interval of 121 hours for the former and of 185 hours for the latter, will be
the higher one of the two high waters or the two low waters of .that day; while if the moon’s dec-
lination be south it will be the lower one. This rule requires a certain correction, to be given here-
after, as the epochs of the moon’s zero declination and of the disappearance of the diurnal inequal-
ity do not coincide. The same rule was found for the Port Foulke tides, but properly for the high
waters only, the diurnal inequality in height of low water presenting the anomaly of disappearing
at about the time when the diurnal inequality in height of high water reaches its maximum value.
‘We further find that a high low water is as a rule followed by a low high water,* with exceptions,,
however, at about the time of the moon’s crossing the equator. For the coasts of Europe this rule
is different, a high low water being usually followed also by a high high water.

The diurnal inequality in the heightsis very small, being less than half of that for Port Foulke
and Van Rensselaer Harbor, which are the two next stations south of Polaris Bay where tides have
been recorded. The inequality curves of our series are irregularly shaped lines, intersecting -the
axis near the epochs of the moon’s zero declination. In conformity with the rule given above, the
curves depending on upper transits fall. above theaxis, or their ordinates are positive, when themoon’s
declination is north; and they fall below the axis, or are negative, when it is south. The difference

*According to Koldewey the tides of Sabme Island show the same peculiarity. Compare ¢ Die zweite deutsche
Nordpolarfahrt,” vol. II, p. 662.
11 m
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between the average range of the high-water and low-water inequality is very small, the mean
maximum range amounting, by measurement of the curves, for both high and low water to about 1
foot. This swall range appears to be quite in conformity with the tidal theories, according to which
the inequality is small in high latitudes. The interval between the epochs of the moon’s zero
declinations and the epochs of disappearanece of the diurnal inequality in height is exhibited in the
following table:

Table showing the epochs when the diurnal inequality in height vanishes, and also the intervals between
these epochs and those of the moon’s zero declination.

The diurnal inequality in

. A 1 .
Moon’s zero declina- height vanishes— Interva
tion, mean time, ‘
Polaris Bay. For high For low For high For low
water. wafter. water. wadter.

1871.—Nov. 94 21h | Nov, 114 14'*‘ Nov. 74 08b% 414 198 | —2d4 138¢

Dec. 7 07 |Dec. & 04 | Dec. 6 02 +1 2 | —1 05
Dec. 19 20 | Dec. 22 04 | Dec. 19 02 42 08 | —0 18
1872—~Jan. 3 15 | Jan. 8 18 | Jan. 3 08 15 03 | —0 09

Jan. 16 03 | Jan. 20 03 | Jan. 16 14 -4 00 40 11
Jan. 30 21 | Feb. 4 20 | Jan. 31 - 04 +4 23 40 07
Feb. 12 12 | Feb.18 05 | Feb. 14 14 “+5 17 -+ 02

Feb. 27 01 |..............Feb.26 11 |............] —0 14
Mar.10 21 | Mar.14 16 | Mar.10 13 43 19 —0 08
Mar. 256 08 | Mar.29 23 | Mar.25 22 +4 15 +4-0 14
Apr, 7 06 ) Apr. 9 05 | Apr. 6 13 +1 23 —0 17
Apr, 21 17 | Apr.22 13 | Apr. 19 10 40 20 | —2 07
May 4 14 |May 5 21 | May 2 12 41 07 —2 02
May 19 03. | May 20 06 | May 17 02 +1 03 —2 01
May 31 20 | June 2 22 | May 30 22 +2 02 —0 22

Mean intervals........cocoiiai il 42023 —0 17

The average retard or interval from 14 semi-lunations is 2.9 days for the high-water inequality.
The low-water inequality presents the anomaly that the intervals are confined to about two days
before and two days after the epochs of the moon’s zero declination. Thus for high water the min-
imum inequality happens on the average 2.9 days after and for low water 17 hours before the epoch
of minimum force.* We are not aware of similar results for other places, but we believe that at Kur-
rachee, India, from three years of observation the maximum of the diurnal tide has been found to take
place before the maximum of the force. According to Sir J. Lubbock, the lunar component of the
diurnal inequality can be expressed by the formula, &, = C sin 2 é,,, where 4,, denotes the declination
of themoon and C a constant to be determined from observation. In our case the small range and
the complex form of the inequality curve make its mathematical representation from so short a series
unreliable, and . therefore of little value. The average form of the diurnal inequality carve, freed
more or less from all incidental irregularities, is probably nearly enough expressed by the formula—

o, = 14.5 sin 2 d,, for high water, and
&, = 13.05 sin 2 6, for low water.

Diurnal Inequality in Time.—The diurnal inequality in time has been made out on Plates V and '
VI in a manner similar to that for the height inequality. The lunitidal intervals were laid down

* For Van Rensselaer Harbor the diurnal inequality in height of high water disappears on the average 1.6 days and
) fqr Port Fonlke 1.9 days after the epoch of the moon’s zero declination. For the latter place the apparent retard of the
diurnal'inequality in height of low water is on the average 9.8 days, this long retardation being explained as the effect
of interference of the diurnal with the semi-diurnal wave, but we do not believe that such an explanation could apply
to.our cage. If we were to deduce the intervals given in the above table that now have a negative sign, throughout,
from the preceding epoch of the moon’s zero declination, we should obtain a retardation extending not only over the
whole period of a. semi-lunation, but it would, in one instance, be at least two days longer. This explanation might
be plausible if the tides observed at Polaris Bay were produced by the same wave as those at Van Rensselaer Harbor
and at Port Foulke; but a comparison of the cotidal hours of the three places conclusively shows tha.b the two tidal
waves are propagated from entirely dlﬁ'erent directions.
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as ordinates, with the time of the corresponding moon’s transits as abscissee. The lunitidal inter-
vals depending on upper transits are distinguished by full lines, those deponding on lower transits
by broken ones.

The vertical distances between these two lines are plotted on an axis like the height inequal
ities, and connected by curves. Plate VII represents the time inequality for the high waters and
Plate VIII that for the low waters of the whole series. The time inequality as represented on the
. plates appears to follow no well-defined law, Sudden changes from high to low values, and from
positive to negative ones, occur several times in succession. The epochs of disappearance of the
inequality are very variable, and appear for high water to be confined to between 3.3 days after and
1.1 days before the moon’s zero declination, representing in this respect the same anomaly as the
height inequality of low water. The average acceleration of the epoch of disappearance amounts
for the high-water inequality to about 1.9 days. The low-water inequality epoch varies from 4.1
days after to 1.3 days befure the moon’s zero declination., The average retard is 2.1 days, which is
nearly the same as for the height inequality of high water. The average maximuin ranges of this
mequality are very nearly alike for high water and low wctter, being a.bout; 1» 13™ for the former
and 1t 9™ for the latter. :

SEPARATION .OF THE RESULTANT TIDE WAVE INTO ITS COMPONENT PARTS.

The compound tidal wave, as is well known, cousists of a combination of the semi-diurnal and
diurnal waves. The former has, on an average, half a lunar day for its period from low water to
low water, while the latter, which depends for its beight chiefly on the declination of the moon,
goes through its changes from low water to low water in about a solar day, and produces the diur-
nal inequality in the heights and times of the tides.

In order to study these two waves, the resultant tidal wave, as observed, has to be separated
into its two component waves, which may either be done analytically or by means of the graphic
process devised by 1. F. Pourtales. As the former treatinent involves too much labor, we made
use of the latter. :

The result derived in this manner is given on Plate IX, where the series from January 1 to
January 8, and from May 22 to June 6, 1872, are represented. We purposely chose these series
because they are the most accurate and complete ones, consisting mostly of half-hourly observa-
tions or of readings taken at intervals of 10 minutes near the turn of the tide. The observed or
resultant wave is indicated by a broken and dotted line, and the semi-diurnal and diurnal waves
by tull lines, the latter. being shown below the two former., Itappearsasa very low wave of irreg-
ular shape, with a maximum range of about 13 inches, which is considerably less than the range of
the diurnal wave observed either at Port Foulke or at Van Rensselaer Harbor. The relation
between the declination of the moon and the diurnal wave is shown clearly in the series from May
22 to June 6, the spring and neap tides being marked by a slight difference in height. The irregu-
larity of the diurnal wave and its small range render a detailed investigation of its form very diffi-
cult, and, as the series of observations is short, the result would be perfectly unreliable. For this
reason we limited ourselves merely to the investigation of the form of the resultant spring and

neap tide waves.
¥

INVESTIGATION OF THE FORM OF THE TIDE WAVES.

The tide wave being the result of the action of periodic forces, its form, aside from non-peri-
odical disturbances, ought to correspond very closely to the laws governing the action of such -
forces.

In the following we give the results of our investi gatlon of the form of the two most prominent
waves in each semi-lunation, namely, of the spring and neap tide waves:

The spring and neap tldes, that is, the hourly observed heights of the tide oceurring about one
day after new and full moon, and the heights of those occurring about one day after the first and
last quarter of the moon, as also those of the tide preceding and following each spring and neap
tide, were extracted from the whole series. These tides were next classed for springs and neaps
" separately into groups corresponding to tides of equal periods of time from low water to low water.
A tide having its low water, for instance, at T 30™ a, m, and the succeeding low water at 7 p. m.,
its period would be classed as 4 and 11'; a tide having its low water at 6" a. m. and the next
low water at 5" 30™ p. m., its period was set down as 11" and #"; a tide having its low water
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_at1:15™ p. m. and the following low water at 1" 45™ a. m., its period was counted £" and 12" and ",
&c.  The hourly heights ot ‘each group, as also those for the fractional hours at the beginning.and
end of each period, were then added up and their mean values found. The mean values of each
group were then thrown into curves, the heights being laid down as ordinates and the correspond-
ing times as abscissse. The period from low water to low water in each curve was then divided into
12 equal parts and the height corresponding to each was carefully measured off with the scale
used in the construction of the curves.* The 13 eqtidistant ordinates from each curve were then
set down in 13 columns, and each column added up and its mean value taken. For the mean
ordinates of the spring-tide wave from 42 observed tides we obtained the following values:

11,93, 231, 3%.27, 47,59, 57,97, 691, T~32, 695, 5497, 4%55, 321, 2“ 32, 202
and for the neap tide wave from 39 observed tldes

323, 3%.40, 381, 436, 4%.90, 529, 542, 5%.31, 4", 89 4", 34 3,82, 3".49, 3*.30.

Applying to these values Bessel’s well-known function of the action of perlodlc forces, the
spring-tide wave will be found closely represented by the expression—

J = (2%69+1%.93) 4 2664 siu, (042700 027) 4+ 0035 sin (26 + 850 16')
and the neap-tide wave by—
h = (1713 4.3%23) 4 1% 058 sin (0 4 2690 507) 4 0", 015 sin. (2 0+ 1440 47'.)

For these equations the period from low water to low water is conceived to correspond to 3600
of phase; for 12 equidistant observations of heights between the two low waters the angle ¢
increases therefore successively from 0° to 300, 60° . . . . 3000, 3300, 360°. As the difference of
level Detween the two low waters is less than 1 in each of the two waves, the constants in the above
eqaations were computed directly from the numbers representing the mean ordinates of-the waves,
after subtracting from each ordinate 193 and 323, respectively. For the computation of the
ordinates these values have again to be added, and appear, therefore, in the first term of each

equation..
For Van Rensselear Harbor the corresponding expressions for the form of these two waves are,

for the spring-tide wave—
b = 583 + 558 sin (0 4 278°) + 0%20 sin (2 ¢ 4 281°)
and for the neap-tide wave—
ho= 242 4 20,25 sin (6 + 269°) - 0*.09 sin (2 6 4 290°.)
For the form of the diwrnal and semi-diurnal waves observed at Port Foulke the following
expressions were found:
for the diurnal wave—
: h = 150 + 1756 sin (¢ + 270°) 4 0,08 sin (26 + 1350)
and for the semi-diurnal wave—
b= 3%75 4- 3%, 79 sin (8 4 275°) 4 0™.21 sin (2 6 4 194°. )
The agreement besween the observed values and those computed by means of our formulsa is
ghown in the table given hereafter and also in the annexed diagram.

Observed and computed values for the form of the spring and neap tide waves.

For the spring-tide wave. For the neap-tide wave.
Phase. | Observed. | Computed. Dlgﬁ%me, Observed.: | Computed. D 13'61(3105.

© Feet. Feet. Teet, Feet, Feet. Feet,
0 1.93 1.99 —0.06 3.23 3.31 —0.08
30 2.31 2,33 0,02 3.40 3.43 -0, 03
60 3.27 3.27 --0.00 3. 81 3.81 4.0, 00
90 4.59 4,59 10.00 4,36 4.35 0. 01
120 | © 5.97 5,93 ~+0.04 4,90 4,89 0. 01
150 6.91 6.94 —0.03 5.29 5.29 -1.0, 00
180 7.32 7.32 4-0. 60 5.42 5.43 —0. 01
210 6. 95 6.95 -}-0. 00 5.31 5.27 0. 04
240 5.97 5.93 ~+0.04 4,89 4,88 +0.01
270 4.55 4,58 -0, 03 4,34 4.35 —0.01
300 3.27 3.27 4-0. 00 3.82 3.84 ~—0. 02
330 2.33 .32 +-0. 01 3.49 3.46 +4-0. 03
360 2,02 1.99 -0, 03 3.30 3.31 —0.01

* In using this method, the scale’employed should be large enough to allow of measuring the ordinates accurately
within 0701,
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It appears that the two slopes in each wave are very nearly symmetrical, which is quite in
accordance with the durations of the rise and fall of the tide, as these differ very little, the rise
occupying but 6 minutes longer than the fall.

PROGRESS OF THE TIDAL WAVE.

Having discussed thus far the tides of Polaris Bay, it only remains to investigate from which
direction the tidal wave is propagated to the loeality in question ; whether it is the Atlantic wave
entering Davis Strait or a wave traveling along the east and north coasts of Greenland; whether
it originates in the Polar Sea, or whether it comes from the Pacific Ocean through Bering Strait.

Evidently, the wave reaching Polaris Bay cannot be propagated through Davis Strait, as an
examination of the following table will readily show ; the ditferent localities given there being
all situated on the west coast of Greenland, and arranged according to increasing latitude.

LOI’.%]::S’OW}LE# of | Mean u? :ntt‘l‘_bl ish Range of— Cotidal hour—
el R s S2ry
ali ﬁ S :3 . E B
Locality. E *; = § 4 < g
B K] g ) 2 £ el ) g
ot [ s e =] a = o o
deneiaRe e TG )
H | 4 S 3 ) = S S
SAR oy ho m. h. m. I m. Teet, Feet. he m. D m.
Julianshaab:. .......... 60 35 46 05 3 04 47865 s aemcsss 7.00 5.00 7635 B Ao
Frederickshaab........ 62 00 50 05 320 ObD T e s 12. 50 9.25 (211D e e e AR
Holsteinborg .......... 66 56 53 42 3 35 (01 e D TR 10:00:8 s =aa L Nr DR, R
‘Whalefish Island ...... 68 59 5313 3 33 8105 S|t o8 i ) s oA L2 a] et s
Godhavn ... .0 oaan 69 12 53 28 3 34 BB TR Tob0Es e 124002 o on s nh
Upernivik;<cclicaiviess | 72 47 56 03 3 44 102001 SRR el 8.00. [.ce-c-o.. 1L DA e e
‘Wolstenholm Sound.... 76 33 68 56 4 36 s ETETS e P e 7.50 7.00? ADHLR SN = A
Port.Fonlke - voocsiiiass 78 18 73 00 4 52 11 14 17::29..57| 2 9::90 5. 00 15 43 21 27
Van Rensselaer Harbor.| 78 37 70 53 4 44 11 43 17 48* | 10.80 4,90 16 04 21 56
Polaris Bay s s s 81 37 61 44 4 07 12 14 18 23 5. 40 199 15 56 2152

Tt will be seen that there exists aregular progress of the wave in a northerly direction between
Julianshaab and Van Rensselaer Harbor, the cotidal hour of the former station being 7" 51, that
of the latter 16® 04™, and the difference of latitude bevween the two places about 18 degrees. As
he cotidal hour of Polaris Bay, situated 180 nautical miles north of Van Rensselaer Harbor, is 8
minutes earlier than that of the more southern station, it is easy to perceive that the two localities
must necessarily be under the influence of different waves.
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During our stay in Greenland we were led to the belief that the tidal wave reaching Polaris
Bay was coming from the Pacific Ocean through Bering Strait; but when, after our return, we
could compare the literature on this subject we soon found this to be an erroneous conclusion. In
order to show that the wave in question cannot be a derivative of the Bering Strait tide, it will be
sufficient to state that the latter is a simple lunar semi-diurnal tide.

As up to this time. we do not know positively whether there is an extensive body of water
around the pole, where a tidal wave might originate, we may be allowed to conclude that the wave
reaching Polaris Bay is an Atlantic wave, progressing along the eastern and northern coasts of

. Greenland.. In support of this view we give the following table, containing the result of the tidal
observations made in East Greenland during the second German expedition under Captain Kol-
dewey.

Mean establish-
ment—
: Latitude [Longitude| ’ ————— | Riseand | Cotidal
Locality. north, west. Date. Of high | Of low fall. hour.,
water. water.

o o /. h. m. h. m. Feet. o, h. m.

Nukarbik .ccoovviivnenicarann. 63 24 42 02 1870.—Apr. 12 400 |eeeeenn... 2.00 6 30

Eleanor Bay .ececeovevecenanns. 73 25 03 Aug. 13 l..o..eoaa. 600 |...... ..l 10 45

-Cape Broer RUy8 .. cccveuaanaa-. 73 28 20 04 Aug. 3 |eeeaoaooan 2124 |..........] 1051
B . Aug. 4 B B e - X 1 T PO

Jackson Island....cccvvemun e 73.54 | 20 00 “Aung. 1 13 31 |ieeceennaa]onnnss co..| 71103
’ ; Aug. 2 2 26 19 48 3.22 |.........
SabineTsland «...cocaveioianal T4 B2 i i i e e s eowel 1114

Pendulum Island...ccce'vnuenn.. . 74 37 18 29 1869.—Aug. 28 2 38 8 46 2.85 12t
: . . 14 56 20 58 .49 (...,
) Aug. 29 | 306 |..e.eoooo. oae Gemes S (SR

Cape Philip Broke........v.cc.-. - 74 56 1739 1870.—July ‘24777 Q1 13 .ioi... ealemeeaiuaed 11 98
' , July 5 | 914 |85\ R66 |..oil. ...
Cape BOrgen « coeeuevavacn e, 75 26 17 59 July 27 1116 [ooonooarfeaass PSS PR

23 26 30 30 2.06
July 28 12 30 18 00 2.54 % 12 07
July 29 100 Jeceieoeanfomnnennnnn

The accompanying map, based on the results given above and on others derived from various
sources, shows the approximate cotidal lines of the North Atlantic and North Pacific Oceans and
of the Arctic Seas, - A comparison of this representation with others of earlier date, where no use -
had been made of the Greenland observations, will show that we had to modify the course of our
lines considerably in order to satisfy the different: observations. The lines norih of latitude 810
are purely hypothetical and. were merely put in to show the probable correctness of our view that
the Polaris Bay wave rounds Greenland before it reaches this place. The heavy line running
across Smith Sound represents the approximate place of junction of the two. Atlantic waves, and
we suppose that the one entering through Davis Strait does not affect that pOI'thIl of the Sound
: Wlnch is shaded by vertncal llnes on our map
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